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THORIUM 

A Bibliography of Published Literature 

ABSTRACT 

This supplement contains 2190 annotated references to published literature which ap
peared in Chemical Abstracts from 1906 to 1954. Author and subject indexes are included. 

INTRODUCTION 

This bibliography supplements TID-3044, THORIUM. A 
BIBLIOGRAPHY OF UNCLASSIFIED LITERATURE, dated 
November 1953. It contains annotated references to tho
rium which appeared in Chemical Abstracts during the 
period 1907 through 1952. In most cases, abstracts are 
identical to those published in Chemical Abstracts. The 
compilation was performed by Mound Laboratory personnel 
under the supervision of Dr. A. W. Martin. Acknowledg
ment is due also to E. N. Bosque, A. S. Hauenstein, and the 
Research Reference Services Section, Mound Latxiratory, 
for assistance in checking and compiling the references. 

The preparation of manuscript, author and subject indexes, 
appendix, and printing were done by the staff of the Techni
cal Information Service, Oak Ridge. 

The bibliography is arranged by subject as is listed in 
the table of contents. An appendix, author, and subject in
dex follow the references. 

A complete listing of thorium-containing minerals, 
GLOSSARY OF URANIUM- AND THORIUM-BEARING 
MINERALS, 3rd Edition, Geological Survey Bulletin 1009-
F, may now be purchased for $0.20 from the U. S. Gov
ernment Printing Office. 

^ 
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REFERENCES 

BIOLOGICAL AND MEDICAL STUDIES 

THE ACTIVE PRINCIPLE OF BIOCHEMICAL RAY REAC
TIONS. G. Schwarz. Berlin Klin Wochschr., 50, 396 
(1912). 

Thorium X solution containing no detectable amounts of 
Oj or H2O2 causes energetic lutein and lecithin cleavage of 
egg yolk in 24 hours. Even high concentrations of HjO; are 
unable to do this in the specified time. Accordingly, neither 
O] nor H2O2 are causative factors in this reaction. (E, F, 
Hirsch) 

2 
AGGLUTINATING AND ANTIHEMOLYTIC ACTION OF 
SALTS OF THE RARE EARTH METALS. Albert Frouin 
and S. Ledebt. Compt. rend. soc. biol., 72, 1038-9(1912). 

The sulfates of La, Th, Pr, Ne, and Y all showed an 
agglutinating action in vitro which varied in intensity with 
the metal and the species of corpuscle; this agglutinating 
action was inhibited by a trace of serum. These salts had 
an antihemolytic action toward prepared, but not toward 
normal sera. (H. S. Paine) 

3 
BEHAVIOR OF LECITHIN TOWARD RADIUM EMANATION 
AND THORIUM X. C. Neuberg and L. Karczag. (Berlin) 
Radium in Biol., 2, 116-22(1913); Zentr. Biochem. Biophys., 
14, 819-20(1913). 

The authors attempted to determine if the hemolytic action 
of Th X and Ra emanation is due to a cleavage (possibly 
saponification) of lecithin in the erythrocytes. Solutions 
containing lecithin and Ra emanation or Th X did not show 
a greater acidity after long-continued incubation than did 
aqueous solutions of lecithin alone; since the therapeutic 
doses were considerably exceeded in obtaining the activ
ities employed, it is not probable tliat hemolysis is due to 
decomposition of lecithin. (H. S. Paine) 

4 
SOME MICROBIOLOGIC CONSEQUENCES OF THE OXI
DIZING PROPERTIES OF THORIUM X. P. Lemay and L. 
Jaloustre. Compt. rend. 175, 1053-4(1922). 

The growth of the anaerobic Bacillus butyricus in a suit
able culture containing 200 micrograms of Th X was hin
dered, while the growth of the aerobic Bacillus lacticus 
under similar conditions was facilitated. The cultures were 
kept under vaseline oil, thus excluding atmospheric air, and 
therefore the observed differences from the controls due to 
oxidation were very marked. The authors conclude the 
experiments indicate that the oxidizing properties of Th X 
exhibited in chemical experiments (C. A. 16, 1701) are also 
exhibited in microbiologic phenomena. (G. Failla) 

5 
ACTION OF THORIUM X ON DIASTASES AND ON BAC
TERIA. J. P. Aversenq, L. Jaloustre and E. Maurin. 
Compt. rend. 176, 193-5(1923). 

Experiments with controls proved that Th X, lOOy, pro
moted the action of salivary ptyalin and of pancreatic amyl
ase in vitro in 24 hrs. at 37°. The X, SOy, Increased the 

amount of NHj in 50 cc. of urine, increased the oxidation by 
the oxidases of the blood serum, and the oxidases of the 
saliva. The change of starch to sugar by amylase of barley 
is increased by Th X, lOy, but Th X 400y, appears to have no 
action. Th X has a similar activating effect upon emulsin 
and accelerates the development of staphylococci and gono-
cocci and prolongs the vitality of spermatozoids. (L. W. 
Riggs) 

6 
RESEARCHES ON THE BACTERIOCIDAL ACTION OF 
THORIUM EMANATIONS. J. Cluzet, A, Rochait, and A. 
Chevallier. Compt. rend. soc. biol. 88, 510-2(1923). 

Considerable doses of Th emanation are required even 
to diminish the vitality of microbes. Sterilization can be 
obtained but the dose is greater than that necessary to Idll 
a guinea pig. (S. Morgulis) 

7 
EFFECT OF THORIUM B ON DEPANCREATIZED ANI
MALS AND ON DIABETICS. A. Slosse. Compt. rend, 
soc, biol. 89, 814-6(1923). 

Experiments with a depancreatized dog and with a dia
betic in an advanced condition were performed. Following 
a definite glucose administration the subject was treated 
with thorium B emanation. The urine for the corresponding 
periods was analyzed for glucose, /3-hydroxybutyric acid 
and total N, The results indicate a distinct fall in the elim
ination of ketone bodies but the other results are not so 
clear cut and, therefore, more difficult to interpret. The 
diminution in the elimination of the |3-hydroxybutyric acid 
is considered as being due to a transformation in the glu
cose which makes it more available in the metabolism of 
the organism, thus sparing the fat and also the protein, as 
is also indicated by the diminished N excretion during the 
radiation treatment. (S, Morgulis) 

8 
BACTERIAL LUMINESCENCE. IV. ACTION OF RADIO
ACTIVE SALTS. G. Zirpolo. Riv. sci, nat, "Natura" 12, 
8 pp.(1921). 

In concentrations between 1 in 5 and 1 in 50 U acetate 
and Th acetate act toxically on Bac. plerantonii. In weaker 
concentrations the luminescence appears earlier the 
weaker the concentration of the salt—e.g., with 1 in 200 U 
nitrate after 96 hrs., and with 1 in 1,000 after 72 hrs,, and 
with lower concentrations after 48 hrs. The luminescence 
is maintained the longer, the lower the concentration of U 
acetate, the times varying between 29 and 135 days in the 
experiments made by Z, In tubes that contained Th nitrate 
in a concentration of 1 in 100 the bacteria became lumines
cent after 48 hrs. and the luminescence was maintained for 
25 days. With lower concentrations of the salt the time was 
increased up to 132 days. V, ACTION OF CERIUM 
NITRATE, Boll, soc, nat. Napoli 1922, 5 pp. Ce nitrate 
behaves similarly to U and Th nitrates in regard to its 
action on Bac. plerantonii. High concentrations between 1 
and 5 and 1 in 50 act toxically, somewhat lower concentra
tions (1 in 200) allow luminescence for only 2 days, whereas 
very low concentrations (1 in 20,000,000) allow it to proceed 
for 103 days. (H.G,) 

TID-3044(Suppl. 1) 3 
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9 
ACTION OF THROIUM X UPON THE MATURATION OF 
EGGS, THE GERMINATION OF SEEDS AND THE GROWTH 
OF PLANTS, Aversenq, Delas, Jaloustre, and Maurin, 
Compt, rend, 178, 1491-2(1924), 

Eggs of Ascaris lombricoides subjected to lOy per week 
of Th X at about 15° showed a development of the embryo in 
23 days, control eggs in 32 days, and eggs subjected to 36y 
Th X per week showed no development after 2 months. Anal
ogous results were obtained with seeds of Raphanus by 
immersion in radioactive water of 5 and lOOy, respectively. 
The growth of Lemma polyrrhiza was increased over the 
control by exposure to 5y per week of Th X, and decreased 
as compared with the control by exposure to 50y per week of 
Th X. (L, W. Riggs) 

10 
INFLUENCE OF THORIUM X UPON THE BLOOD FORMULA. 
Aversenq, Delas, Jaloustre, and Maurin. Compt. rend. 178, 
1321-4(1924). 

A count was made of the red and white blood cells of a 
guinea pig after which the animal received a subcutaneous 
injection of 50 micrograms of Th X, and blood counts were 
made 3, 8, and 36 hrs . and 7, 11, and 18 days after the in
jection. A transient increase in both red and white cells 
occurred during the few hrs . immediately following the 
administration of Th X. This condition was followed by a 
decided fall then a rise in the red cell count. The rise and 
fall in the white cell count was even more striking. Before 
injection of Th X the mononuclears were 56%; after injection 
the lymphocytes increased to 96% on the 7th day, then slowly 
decreased to 86% on the 18th day. A second animal was given 
successive weekly injections of 20y for 8 weeks, resulting in 
similar changes of the blood elements. Tests with a rabbit 
with medium and strong doses were followed by leucopenia 
with marked lymphocytosis and a moderate reduction of the 
red cells. With very strong doses there is a remarkable r e 
duction of the red cells accompanied by a certain increase 
in the leucocytes for the defense of the organism. (L. W. 
Riggs) 

11 
RADIOACTIVITY AND HEART FUNCTION. G. Viale. Arch, 
sci, biol (Italy) 6, 209-43(1924), 

The action on the heart of salts of U or Th differs from 
that of salts of K, which has a specific exciting or inhibitory 
influence not possessed by either U or Th, The action of K 
is , on the other hand, inhibited by the contemporary presence 
of U or Th, which emits or-rays of sign contrary to that of 
the /3-rays, Na uranate Increases temporarily the rhythm 
and frequency of the heart contractions and the tonus of the 
preparation, A heart, stopped through circulation of Ringer 
fluid without K, may be restarted by Na uranate, but this 
phenomenon is transient. In general, radioactivity, though 
an important stimulus, is not as necessary to organic func
tion as the presence of K. (H.G.) 

12 
BIOLOGICAL ACTION OF RONTGEN RAYS, HI. ANALYSIS 
OF SENSITIZATION OF R 6 N T G E N RAYS BY THORIUM 
SALTS, Ph, Elllnger and Oskar Gans. Arch exptl. Path, 
Pharm, 110, 295-9(1926), 

The changes of chemical or colloid-chemical nature tak
ing place in tissues through the action of active protein-
precipitating agents are not of sufficient magnitude to explain 
the increased susceptibility to irradiation; thus it must be 
assumed that the changed susceptibility following Th is a 
result of an increased electron emission, (G,H,S,) 

13 
OCCURRENCE OF UNUSUAL ELEMENTS IN FOODS, AND 
IN HUMAN EXCRETA, R. Berg, Biochem, Z, 165, 461-2 
(1925). 

The following elements have been observed in foods and 
excreta: Mn, Co, Nl, Zn, Th, Cu, Pb, and Ti. (W.D.L.) 

14 
THE INFLUENCE OF THORIUM X UPON AMMONLACAL 
FERMENTATION. Alfred Maubert. Compt. rend. 182, 
1182-5(1926). 

Ammoniacal fermentation of urine by Micrococcus ureae 
is activated by Th X. Activation begins at concentrations of 
about 0,5y Th X per cc. of the frementing medium, reaches 
a maximum at l.Oy, then decreases about 9% and remains 
constant at concentrations up to 5.0y per cc. In these exper
iments the urine was sterilized, then Inoculated with 0.1 cc. 
of an emulsion of Micrococcus ureae and Th X added. 
Suitable controls were run in each experiment, (L. W. 
Riggs) 

15 
INFLUENCE OF LEAD AND THE METALLIC IONS OF 
COPPER, ZINC, THORIUM, BERYLLIUM, AND THALLIUM 
ON THE GERMINATION OF FROG'S SPAWN AND ON THE 
GROWTH OF TADPOLES, W, J. DlUing and C. W. Healey. 
Ann. Appl. Biol. 13, 177-88(1926). 

Pb salts have a greater inhibitory influence on the ger
mination of frog eggs than salts of the other metals tested, 
and also retard the growth of tadpoles in lower concentra
tion without causing early death. Th salts inhibit germination 
of the eggs somewhat less than Pb and do not retard growth 
of the tadpoles. Zn salts do not inhibit development of the 
eggs, but are fatal to, or delay, growth of the tadpoles. Cu 
salts do not arrest development of the eggs, but are very 
toxic to the tadpoles, retarding growth In weak solution. 
Tl salts do not delay development of eggs but are toxic to 
tadpoles. Tl salts were relatively inert. (C.H.R.) 

16 
THE DETECTION AND ESTIMATION OF MESOTHORIUM 
IN LIVING PERSONS. I. Herman Schlundt, Howard H. 
Barker, and Frederick B. Flinn. Am. J. Roentgenol, and 
Radium Therapy 21, 345-54(1929). 

Seven persons who had worked in Ra refineries or 
luminous-material plants and who might have ingested 
radioactive material were studied. Electroscope meas
urements of the y-ray activity of the subject were made 
with a Wulf-Hess quartz-fiber instrument. Emanation 
measurements of the expired air were made with a Lind 
Instrument with a large ionization chamber. Methods for 
estimating the total radioactive material present, and for 
discriminating between Ra and MsTh are given. (E.H. 
Quimby) 

17 
THE PHARMACOLOGICAL ACTION OF TITANIUM, ZIR
CONIUM AND THORIUM. Eitaro Marul. Folia Pharmacol 
Japon. 8, 20-35(1928); Ber. ges. Physiol exptl. Pharmakol, 
49, 136(1929). 

The tartrate salt of the metal with Na was used. Large 
doses produced motor and respiratory paralysis with sub
sequent death in frogs, mice and rats . In the rabbit a fall 
in blood pressure is caused. The salts have a paralyzing 
action on the isolated heart of the frog and rabbit. Perfused 
through the blood vessels of the thigh of the frog and the 
ear of the rabbit, Ti and Zr cause contraction while Th 
causes dilatation. Small doses of the salts Increase the 
respiration. Ti and Th paralyze the Isolated rabbit intes
tine, while Zr stimulates it; all paralyze the isolated rab
bit uterus. (R. C. Willson) 

18 
THE SOJOURN OF RADIOACTIVE SUBSTANCES IN BODY 
FLUIDS. Walter Kropatscheck. Biochem. Z, 218, 191-
205(1930). 

Thorium B does not readily become dialyzed from a col-
lodial solution as it does from a solution free from colloids. 
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Injection of Thorium B enables one to determine the plasma 
volume because the indicator is fixed to the serum proteins. 
Furthermore, the demonstration of a radioactive substance 
is marked by great sensitivity. (S. Morgulis) 

Toxicity and Tissue Distribution 

19 
EXPERIMENTAL STUDIES ON THE RETICULO
ENDOTHELIAL SYSTEM BY MEANS OF A THORIUM 
SALT. L CHANGES IN THE BLOOD AND HEMOPOIETIC 
ORGANS. D. Barbieri and U. Romano. Boll. soc. ital. 
biol. sper. 7, 585-92(1932). (Peter Masuccl) 

20 
EFFECTS OF TOXIC AND NON-TOXIC DOSES OF 
THORIUM DIOXIDE IN VARIOUS ANIMALS. C. J. 
Tripoli and E. V. Haam. Proc. Soc. Exptl. Biol. Med. 
29, 1053-6(1932). 

The work was undertaken to determine the possible 
danger of intravenous injections of colloidal suspensions 
of Th dioxide (Thorotrast) used in rontgenographic vis
ualization of the liver and spleen. The dog, albino rat, 
guinea pig, white mouse and rabbit were used. All ani
mals given 0.8 g. per kg. of body wt. remained in good 
health and showed no pathological changes in the following 
6 months; Th was found only in the liver and spleen. Ani
mals given 10 times the above dose in some instances 
showed eml}Oli and minimum necroses in the spleen and 
retrograde changes in the liver and kidneys which may or 
may not be permanent. The reticulo-endothelial cells, 
particularly in the liver and spleen, exhibited their char
acteristic property of engulfing foreign particles from 
the circulation. (C.V. Bailey) 

INFLUENCE OF THORIUM ON METABOLISM, J. 
Zapatero Dominguez. Biochem. Z. 251, 141-7(1932). 

The C quotient was lowered by the administration of Th 
to rabbits. The body wt. was not affected in any definite 
manner, except in single instances. The N excretion in 
the urine was not altered; only that of C has decreased. 
Th, therefore, stimulates the oxidative processes, espe
cially in larger doses of 0.2-0.6 g. ThCl^ per kg. It is 
thought that Th exerts its action on the metabolism 
through its affinity for liver tissue. (S. Morgulis) 

21 

22 
THE DEGREE OF PURITY OF THORIUM X PREPARA
TIONS. P. M. Wolf and H. J. Born. Strahlentherapie 70, 
349-51(1941). 

Long-lived radioactive substances are injurious to health 
when introduced into the organism and must be removed 
from the short-lived substances. After the use of the sepa
ration process of W. and B. the short-lived Th X still con
tains 0.05% radiothorlum (I). After the administration of 
2-3 mg. The X, 5-7.5 x IQ-'g. I is retained in the human 
body; this, in contrast to Ra, however, has a half-life period 
of only 1,9 years and is , therefore, not harmful. For the 
separation of Th X from I a faintly acid (HCl) solution, which 
contains Fe and Th in addition to I, is rendered faintly am
moniacal. Upon filtration Th X passes into the filtrate, 
while Fe, Th and I are retained on the filter. More Th X 
can be obtained from the precipitate by resolution and 
reprecipitation. (Herbert Deuel, Ruth Berggren) 

23 
BIOLOGICAL ACTION OF RADIOACTIVE SUBSTANCES. 
V. INFLUENCE OF THORIUM AND URANIUM ON THE 
RATE OF DEVELOPMENT OF FEATHERS IN THE 
PIGEON. V. Bevilotti (Univ. Palermo, Italy), Boll. soc. 
ital. biol. sper. 20, 557-8(1945). 

Colloidal thorium oxide and uranium acetate stimulated 
the production of feathers in pigeons. (Helen Lee Gruehl) 

24 

25 

PARENTERAL THORIUM-X APPLICATION IN ANIMALS. 
Heinz Spiess (Univ. Klnderklinik, Gottingen, Ger.). Z. ges, 
exptl. Med. 117i 567-86(1951). 

Intravenous injections of large amounts of Th X into 
rabbits cause the following: a decrease in the number of 
leucocytes, erythrocytes, and hemoglobin; a lymphocytosis; 
a predominance of mononuclear cells in the bone marrow; 
an initial decrease, then increase of red cell sedimentation 
rate; a prolonged coagulation time; a brief rise in blood 
sugar; a stationary total serum protein with a decrease of 
albumin but increase of gloublln; variable effect on serum 
Ca; increase in inorganic P; increase of blood alkali reserve; 
and a larger amount of P excreted in the urine. The bones of 
a fetus contain traces of radioactive material transmitted 
from the mother via the placenta. X-ray photographs and 
radioautographs of bones of rabbits treated with Th X show 
the localization of the ion. (John H, Welsburger) 

ON THE TOXICITY OF SOME RARE METALS: THEIR 
INFLUENCE UPON DIFFERENT KINDS OF FERMENT 
ACTION. Alexandre Hebert. Bull. soc. chim., 35, 1299-
1304(1906), 

The sulphates of thorium, ceriu, lanthanum, and zir
conium in small doses are nontoxic to frogs and guinea 
pigs. Fishes are killed by relatively small doses and 
plants are less susceptible than fishes. Inferior organ
isms, such as aspergillus nlger, and diastase and emul
sion are unaffected. (F. P. Underhill) 

26 
PHARMACOLOGIC INVESTIGATIONS ON THORIUM, 
Torald SoUmann and E. Brown (Pharm, Lab., Western 
Reserve Univ., Cleveland, O.). Am. J. Physiol., 18, 
426-56(1907). 

Thorium resembles aluminium closely in its chemical 
and pharmacological actions. The precipitation reaction, 
the solubility of the precipitates, and the prevention of the 
precipitation by various substances are detailed. The for
mation of doubled, non-precipitable salts with certain 
organic salts and proteids was investigated. Methods for 
the quantitative estimation of thorium were elaborated and 
found satisfactory for pure solutions and for thorium added 
to urine; but they proved unsatisfactory when applied to the 
recovery of administered thorium. When thorium is given 
by mouth, it can Ije discovered in the feces, Imt not in the 
urine; when it is injected into the tissues or into the c i r 
culation, it can be demonstrated in the urine, but not in the 
feces, indicating that it is neither absorbed nor excreted by 
the alimentary canal. The excretion by the urine begins 
promptly; more could be demonstrated after the second day. 
The failure of the quantitative method to recover more than 
a fraction of the thorium renders the conclusions as to 
absorption and excretion insecure. Thorium nitrate has 
the properties of an astringent irritant. Its toxicity is very 
low. The irritation effects of thorium nitrate can be avoided 
by dissolving it in a solution of sodium citrate. The experi
ments were performed on rabbits, dogs and frogs. (F. P. 
Underhill) 

27 
PRELIMINARY OBSERVATIONS ON THE POISONOUS 
ACTION OF THORIUM. Arthur Chase and William J. 
Gies (Lab. Biol. Chem. Columbia Univ. Coll. Physician 
and Surg., New York). Am. J. Physiol., 18, 457-75(1907). 

Thorium chloride readily desolves in water. The solution 
is strongly acid in reaction, markedly astringent in effect, 
and has an acid metallic taste. Aqueous solutions of thorium 
chloride precipitate proteins and protoplasmic materials in 
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general, blacken and precipitate blood, bleach and harden 
muscle, and harden and shrivel practically all tissue. Upon 
the unbroken skin it has no appreciable effect. Fairly con
centrated aqueous solutions, when introduced into the rectum 
or stomach harden and shrivel the gastro-intestinal parts 
involved; when injected under the skin they induce local 
precipitation, liardening and degeneration, and, when passed 
into the blood, precipitate the proteins. The reflexes were 
abolished preceding death in their usual order. Doses of 
more than 4 mg, per g, of body weight whether introduced 
into frogs subcutaneously, per os, or per rectum invari
ably resulted fatally. Doses of 0,3 g. per kg, in dogs, 
whether introduced subcutaneously or per os failed to pro
duce death. Very small doses intravenously injected suffice 
to bring about death, (F, P, Underhill) 

28 
THE BIOLOGICAL ACTION OF MESOTHORIUM. II. 
ACTION OF RAYS AND DIGESTIVE FERMENTS. D, Minami 
(Univ. Berlin). Ber. kiln. Wochschr., 48, 1798-1800(1911). 

Two hr. exposure of salivary or pancreatic diastase to /3-
and y-rays had no apparent effect, after 24 hr. slight inhi
bition. Pepsin and trypsin were at times slightly aided, 
ra, EMANATION ACTION, A, Bickel, IWd., 2107-8, 
TV, EXPERIMENTAL RESEARCHES ON THE RESORP
TION OF THORIUM X AND THORIUM EMANATIONS FROM 
THE DIGESTIVE TRACT, THEIR PASSAGE INTO THE 
BLOOD AND THEIR EXCRETION THROUGH THE KIDNEYS, 
Otto Emsmann, Ber. Klin. Wochschr., 48, 2108-11(1911). 

Th is absorbed and eliminated In the urine. The blood 
contains Th emanations which are rapidly removed through 
the lungs, Th emanations act on enzymes similarly to Ra 
emanations. They are more active than /3- and y-rays from 
mesothorium, (F, C, Koch) 

29 
THE BIOLOGICAL ACTION OF THORIUM, Werner von 
Bolton. Z, Elektrochem,, 17, 816(1912), 

Lots of 10 g, of pure Th metal, prepared according to 
Matlgnon (CCI4 + ThOj = ThCl, + Na = Th + NaCl boiled with 
HNO,; washed with distilled H,0 till neutral) were put into 
100 cc vials filled with H2O which had been exposed to the 
air, then glass-stoppered and sealed with paraffin. At the 
end of 6 months bacteria cultures were visible on the sur
face of the Th, Inoculated agar gelatin (37°) developed white, 
yellow, and red colonies. Some of the vials were kept sealed 
12 months; the surface cultures were tested and found to be 
lifeless, B. concludes: Th at first furthers the growth of 
plant life and later tends to destroy it. Other metals, Ag, 
Cu, Fe, Pt, Al, Mg, Hg, Zn, Sn, were similarly tried but no 
biological effect was observed. Lots of 200 g, of sterilized 
sand were mixed with Th metal and others with ThOj, These 
were poured into separate glass vessels containing 21 of sea 
water and 12-15 Amphloxus lanceolatus each. Air was bub
bled through the water day and night. All of the fish had 
died after 5 weeks in the vessel without any Th or ThO; and 
the walls were completely covered with algae. In the vessel 
with 10% Th, 10% were alive after 3 months; with 25% Th, 
30% were alive after 3 months; with 50% Th, 90% were alive 
after 7 months and only traces of algae growth; with 25% 
ThO,, 10% after 3 months; with 50% ThO, , 10% after 7 
months, Timothy, Phleum pratense, was sown in garden soil 
containing 10~50% Th and in soil free from Th. The plants 
in the latter were the first to develop; the plants in the Th 
soil attained but half the normal development when they 
withered. B. suggested that Th metal might be used for the 
destruction of bacterial growths in animals without seriously 
affecting the animal tissues. (C. G, Fink) 

30 
THORIUM X ACTION, J, Plesch and L, Karczag (Berlin). 
Munch, med, Wochschr., 59, 1442-4(1912). 

In one case of obesity, thorium X caused a decrease in 

weight (17 leg, in 19 days, and the following 3 weeks only 
2,5 leg,). It also caused a marked increased uric acid excre
tion in gout and a smaller increase in leucemla. In leucemia 
it causes a decrease in myelocytes even to normal in one 
case. In a case of pernicious anemia small doses of thorium 
X caused an increase in reds and O capacity. Improvement 
was obtained in scleroderma, arthritis deformans and cases 
of articular and muscular rheumatism. The authors warn 
against subcutaneous injections of thorium X, (H. J. Corper) 

31 
THORIUM-X-ACTION. J. Plesch and L. Karczag (Berlin). 
Munch, med. Wochschr., 59, 1363-6(1912), 

In 2 cases (human) examined, 2,9 and 1,13% of the radio
active substance taken in was eliminated by the kidneys, 
16.6% and 9,69%, respectively by way of the feces. The excre
tion of Th X in the perspiration in one case was 0,08%. The 
body had practically retained about 80%. In rabbits the bones 
and bone marrow had fixed 38% of the Th X and 21% of the Th 
A in an hr. After 24 hr. 64% Th X and 26% Th A was found in 
the bones, the intestines contained 13% X and 10% A, the 
liver 9% X and 9% A, muscles and heart 8% X and 6.4% A, 
the blood 1.4% X and 4.6% A, and the rest of the organs were 
negative. After 24 hr, 0.1 g. Ra bromide was distributed as 
follows in a rabbit: 75% in the bones, 8,2% in the intestines 
and contents, 5% in the lungs and trachea, 4% in the uropo-
etic system and urine, 3.4% in the liver, 1.6% in the ovaries, 
1,2% in the brain and cord, 0.8% in the blood and 0,3% in 
the spleen. The amounts per 100 g, organ are also given, 
Th X did not influence the fermentation of glucose, galac
tose or cane sugar by yeast. Trypsin digestion is also un
affected by Th X, B. coll was not Influenced even by the 
strongest activity. Physiologically the respiration is not 
influenced but in pathological respiratory cases a favorable 
influence is exercized by the Th X, In pathologically 
Increased blood pressure it causes a definite drop in the 
pressure. The O capacity of the blood is not changed by it, 
but there is an increased CO; and Oj tension in the venous 
blood, and there is an increased consumption of O per min. 
and a decrease of the pulse pressure. (H. J. Corper) 

32 
OBSERVATION ON THE TOXICITY OF THORIUM X FOR 
MAN AND ANIMALS, H, Lohe (Univ, Berlin). Arch, path, 
Anat, Virchow, 209, 156-67(1912), 

Dogs injected with Th X showed lesions similar to those 
found in 2 human cases of poisoning in which Th X had been 
received by mouth or injection. Most prominent were 
hemorrhages into the kidney, and especially into the large 
intestin, the latter being especially subject to the action of 
excreted Th. Weekly administration of 1,000,000 M E 
appears to be the maximal non-toxic dosage for man. 
(E. R. Long) 

33 
CERTAIN BIOCHEMICAL RADUTION REACTIONS, 
EXPERIMENTS WITH THORIUM X. Gottwald Schwarz 
and L, Zehner (Vienna). Deut, med, Wochschr,, 38, 1776-7 
(1912), 

In vitro Th X decomposes lecithin (egg) and lipochrome. 
It also displays a hemolytic action upon sheep corpuscles 
with a change of the oxyhemoglobin to methemoglobin. Th 
X also has the power of splitting protein, this power being 
more marked with nucleoprotein than with albumin (egg), 
(H, J. Corper) 

34 
THE BIOLOGICAL ACTION OF MESOTHORIUM, Minami. 
Berl, kiln. Woch,, 49, 781-3(1912). 

Thorium X emanations accelerate or retard peptic, tryptic, 
and diastatic digestion, the direction of the action depending 
in part upon the time during which they act. Possibly the 
autolytic ferments are influenced by the of-rays, (E, F, 
Hirsch) 
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35 
EXPERIMENTAL AND HISTOLOGICAL INVESTIGATIONS 
ON THE PRINCIPLE OF THE ACTION OF THORIUM-X 
ON THE ORGANS IN GENERAL, AND THE HEMATO
GENIC APPARATUS IN PARTICULAR. A. Pappenheim and 
J. Plesch (Univ, Berlin), Folia Haematol,, 14, 1-12(1912). 

The chief effects are hyperemia in lungs, spleen, lymph 
glands, bone marrow, kidney and liver; cell degeneration, 
especially in marrow, liver and kidney, slight in spleen and 
lymph glands, hemorrhages in marrow, spleen, liver, and 
adrenal. The brain and testicles are unaffected. The lethal 
and the effective doses are very close to one another. 
(H.G.W,) 

36 
BIOLOGY OF THE METAL THORIUM. Arnold Rossel. 
Arch, sci, phys, nat,, 32, 347(1912). 

Into 2 liter bottles were placed, sea water, a nutrient 
substance, and various proportions of Th powder from 0 
to 50%. Rudimentary fish were allowed to grow in this. It 
was found after some time had elapsed that the greater the 
amount of Th present the better the condition of the fish. 
Death occurred in the absence of Th. R. Concludes that Th 
like Ra possesses properties whereby it destroys germs 
injurious to life, (Max Kahn) 

37 
INFLUENCE OF THE SALTS OF URANIUM AND THORIUM 
ON THE DEVELOPMENT OF B. TUBERCULOSIS, P, Bec-
querel. Compt. rend,, 156, 164-6(1913), 

The nitrates of U and Th were used in small portions in 
veal bouillon cultures of B, tuberculosis (Vio to Viô ooo) 
and cultures were compared at the end of 3 weeks on the 
basis of relative amounts of surface growth. These salts 
behave from a physiologic point of view like many radio
active salts. There is an optimal dose above which the 
growth of bacteria is retarded or prevented. Below this 
optimal dose no effect is noticeable. (Max Kahn) 

38 
INFLUENCE OF URANIUM AND THORIUM SALTS ON THE 
DEVELOPMENT OF THE. TUBERCLE BACILLUS. Albert 
Frouin, Compt, rend, soc, biol., 74, 282-4(1913). 

Contrary to results obtained by Becquerel, Frouin 
observed that the development of B. tuberculosis was 
slightly favored by Th salts, and not at all by U salts 
(sulfate and nitrate). Becquerel measured the surface of 
the colonies, while Frouin weighed the dry cultures;'this 
and the different culture media employed may partially 
explain the contradiction. The protoplasmic condensations 
observed by Becquerel with U salts are doubtless due to 
precipitation of the albuminous substances of the bouillon. 
Salts of Th, and of rare earths in general, cause precipi
tation of albuminous substances in neutral or alkaline 
solutions; no precipitation occurs in acid solution, even 
when the latter is boiled. The culture medium to which the 
salts of the rare earths were added consisted of 1 kg. dis
tilled H2O, 5 g. asparagine, 40 g. glycerol, 1.5 g. Na citrate, 
1.5 g. K2HPO4, 1.5 g. MgS04. This medium alone is very 
favorable to the development of B, tuberculosis and the pro
duction of tuberculin, (H, S, Paine) 

39 
THORIUM X ACTION ON BLOOD CELL LIFE, Arneth 
(MUnster i/W). Deut. med. II achschr., 39, 733-7, 787-92 
(1913). 

"Arneth used (in rabbits) thorium X subcutaneously 
(600-2000 electrostatic units) and studied the exact 
changes in the blood picture. It caused in normal animals 
a marked drop in total leucocytes (with a relative increase 
in lymphocytes) which gradually again returned to normal. 
The relation of the various types of leucocytes was also 
changed. This change seems to be due to a destructive or 

inhibitory action on the new cell production in the central 
organs. The changes in the erythrocytes were also studied 
and the effect of thorium X in pathological conditions con
sidered, (H, J. Corper) 

40 
ACTION OF THORIUM X ON THE CIRCULATION AFTER 
INTRAVENOUS INJECTION INTO THE RABBIT, A, 
Tsiwidis. (Univ. Berlin), Arch. ges. Physiol,, 148, 204-72 
(1913), 

Injection of large doses of Th X into the ear vein of the 
rabbit produces a temporary fall in blood pressure in the 
carotis, which then rizes above the normal and again returns. 
The heart slows and the pulse amplitude increases, both 
going hand in hand with the blood pressure increase. The 
alterations of the heart beat were followed in detail by the 
electrocardiograph. (Walter A, Jacobs) 

41 
BACTERICIDAL ACTION OF MESOTHORIUM, O. Bondy, 
Zentr. F. Gynakol., 37, 1148-52(1913). (Max Kahn) 

42 
ACTION OF THORIUM X ON THE CIRCULATION. T. A, 
Maass and J. Plesch (Berlin), Z, exp. Path, Ther., 12, 
85(1913). 

A study of the effect of perfusion of cold-blooded hearts 
with Ringer solution containing Th X and of injections into 
mammals. A decrease of the excitability of the vagus inhib
itory fibers of their terminals in the heart muscle appears 
to be the immediate effect of the substance. This may be 
followed later by a slight increase in excitability, (H. C. 
Bradley) 

43 
HISTOLOGICAL 5TUDY OF THE EFFECTS OF THORIUM X, 
J. Pappenheim and J. Plesch (Berlin). Z. exp. Path. Ther,, 
12, 95(1913), 

Congestive hyperemia in the parenchymatous organs and 
alterations of the hematopoetic apparatus results from 
injecting fatal doses of Th X into rabbits, (H, C, Bradley) 

44 
THE EFFECT OF THORIUM X UPON RESPIRATORY 
METABOLISM. Nikolaus Roth and J. V. Bunezny (Buda
pest). Arch. Path. Anat. (Virchows) 213, 515-9(1913), 

Human subjects were given large amounts of Th X 
(300-500 electrostatic units being given by mouth and 
1500-2000 units intravenously). This treatment was con
tinued for several days, the normal metabolism having 
been previously determined. The analysis of the expired 
air was begun 10-30 minutes after the taking of the Th 
X and the respiratory metabolism determined during the 
next hour. After large amounts of Th X the O used, the 
CO2 expired and the respiratory quotient were corre
spondingly larger than after smaller doses, but this result 
was not invariable. The effects of Th, as is true of all 
radioactive substances, shows decided individual variations. 
While after the administration of Ra Em the O used and 
the CO2 expired showed a lesser increase, the respiratory 
quotient remained unchanged. This last value was most 
decidedly increased with Th X, (G,T.C.) 

45 
BIOLOGICAL ACTION OF MESOTHORIUM; INFLUENCE 
OF THORIUM-X ON BLOOD COAGULATION, Grinev 
(Berlin). Z. Strahlenther., 3, 94-103(1914), Zentr. Bio
chem. Biophys., 16, 150(1914). 

Intravenous injection of Th Em caused an increase in 
the fibrinogen and fibrin enzyme of the blood. (H. S, Paine) 

46 
BIOLOGICAL ACTION OF THORIUM X TOGETHER WITH 
OBSERVATIONS UPON THE INFLUENCE UPON ANIMAL 
AND HUMAN TUMORS. H. Hirschfeld and S. Meidner. 
Z. kiln, Med. 77, 407-37(1914). 
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Administration of Th X in rabbits led to a loss in weight, 
fall in hemoglobin, erythrocytes, and leucocytes. Examina
tion of the tissues disclosed numerous hyperemic areas. 
Similar results were obtained with rats, mice, dogs, and 
hens. Th-X failed to exert any noteworthy influence upon 
blood pigment, hemolytic and antitryptic power of rabbit 
blood, bacterial growth, spermatozoa or trypanosomes. Th-
X likewise failed to disclose any influence upon human, 
mouse, and rat tumors. (M.S,F.) 

47 
DISTRIBUTION OF THORIUM X AND THORIUM B IN THE 
ORGANISM, Walther Metzener, Z. kiln. Med., 77, 394-
406(1914). (M.S.F.) 

48 
THE EPINEPHRINE CONTENT OF THE ADRENALS IN 
THORIUM X INTOXICATION. V. Salle and E. Apolant. 
Z. kiln. Med,, 78, 255-6(1914), (M,S,F.) 

49 
INVESTIGATIONS ON BLOOD PRESSURE FOLLOWING 
THORIUM X INTOXICATION, Walther Sushoff and Ernst 
Wild. Z. klin. Med., 78, 257-65(1914). (M,S.F,) 

50 
BACTERICIDAL AND ANTITOXIC ACTION OF LANTHANUM 
AND THORIUM SALTS ON CHOLERA VIBRIOS, A, Frouin 
and D, Roudsky, Compt, rend,, 159, 410-3(1914), 

Ten guinea pigs after intraperitoneal injection of 4 cc, of 
emulsion of vibrios (twice the lethal dose) in 8 hr,, sur
vived when treated with Na sulfate. Ten guinea pigs simi
larly injected but treated with the sulfate of Th, also 
survived, Cynomolgus that ingested 40 cc, of 2% Th sulfate 
six hr, after the ingestion of cholera vibrios showed no 
noticeable effects. Two controls given 40 cc, of water in
stead of the sulfate, died 30-36 hr, after the ingestion of 
the vibrios, (R, Bersohn) 

51 
THE ANTITRYPSIN CONTENT OF THE BLOOD SERUM 
WITH LEUCOCYTOLYSIS BY THORIUM X. Georg Rosenow 
and Gerhard Farber. Z. exp, Med, 3, 377-84(1914), 

In these experiments, dogs were used exclusively because 
aside from men and apes these animals alone, possess prote
olytic enzyme in their leucocytes, A modification of the Vol-
hard method for the determination of trypsin was used. With 
an enormous destruction of leucocytes in the blood stream, 
there is lacking a corresponding visible increase of the anti-
enzyme, Th X directly destroys the leucoprotease, injures 
it so that it loses its antigenic properties or hinders the 
production of antienzyme in some other way, (G.T,C.) 

52 
THE RESISTANCE OF THE DIFFERENT TYPES OF LEU
COCYTES TO THORIUM X. Georg Rosenow. Z. exp. Med, 
3, 385-96(1914), 

In the decrease of the total leucocyte count, the lympho
cytes are at first chiefly concerned. The lymphocyte ele
ments may be decreased to 3% or even 1,5% with a corre
sponding relative Increase in the neutrophiles. After this 
level has been reached, the relation between the lympho
cytes and polymorphonuclear leucocytes changes completely. 
The polymorphonuclear elements can be made to disappear 
entirely from the blood while all the remaining white cor
puscles are lymphocytes, (Geo. T, Caldwell) 

53 
THE ACTION OF THE RARE EARTHS ON BACTERIA, A, 
Slmonini (Wien), Centr, Bakt. Parasltenk., I Abt, 76, 398-
407(1915), 

The cultural and morphological characteristics of bac
teria are changed when they are treated with Th salts and 
grown again in bouillon, (Julian H. Lewis) 

54 
THORIUM X AND URIC ACID, E, Kuznitzky (Breslau). 

Berlin klin, Wochschr. 52, 159(1915); Zentr, Biochem, 
Biophys, 18, 227(1915), 

Kuznitzky tested the action of Th X on uric acid in a case 
of deposition of uric acid crystals in the cornea of each eye. 
Five g. Th X were injected intravenously at weekly inter
vals. No decrease in uric acid was observed either before 
or after the injections and it appears that Th X has no direct 
action on uric acid. (H. S, Paine) 

INFLUENCE OF VARIOUS RAYS ON THE EYE, A, Chalu-
pecky (Prague), Biol, listy, p 641 (vol. not given); Zentr, 
Augenheilk. 37, Suppl,-Heft 437(1915); Zentr. Biochem. Bio
phys. 18, 175-6(1915). 

The influence of ultraviolet rays is explained by the fact 
that they are readily absorbed by the crystalline lens (also 
by the conjunctiva and cornea). Chemical transformations, 
such as production of globulins and insoluble proteins with 
consequent opacity, result from this absorption. ROntgen 
rays produce changes in almost all portions of the eye 
(least pronounced in the crystalline lens, although they are 
absorbed by the lens to a considerable extent); Rontgen rays 
readily cause cataract formation. Ra produces conjunctivitis 
and smoky opacity of the cornea; contrary to Blrch-
Hirschfeld Chalupecky observed no changes in the soft spots 
of the eye. Emanation in the form of radioactive H2O, was 
absorbed without reaction when intraocularly Injected. 
Meso-Th (10 mg. placed for 1-2 hr. daily on the eyelids) 
caused pronounced conjunctivitis, suppuration and opacity 
of the cornea in rabbits; the crystalline lens and soft spots 
of the eye remained unaffected. (H. S. Paine) 
i 

SEARCH FOR THORIUM IN CANCEROUS GROWTHS. J. 
Joly. Sci. Proc. Roy. Dublin Soc. 14, 345-8(1915), 

The tissue was macerated with concentrated HCl on a 
water bath. The solution was diluted until it boiled freely; 
Ra emanation was boiled off; a steady current of air was 
drawn through the briskly boiling liquid, then passed 
through a condenser and drying tubes to remove steam, 
and finally entered a calibrated Au-leaf electroscope for 
the determination of Th emanation, whence the Th content 
of the tissue was calculated. The results were consistently 
negative, for the Th content of the various cancerous tissues 
did not exceed the following values: Cancer of stomach and 
lymphatic glands 1,4 x 10~' g, Th per g, of tissue. Cancer 
of liver 8 x 10~* g, Th per g. of tissue. Sarcoma of ovary 
9 X 10~' g, Th. per g. of tissue. Myoma of uterus 1,3 x 10~' 
g. Th per g. of tissue. Cancer of breast 2.2 x 10"' g. Th per 
g. of tissue. Sarcoma of knee 2.5 x 10"' g. Th per g. of t is
sue. (Joseph S. Hapburn) 

r 
BIOLOGICAL ACTION OF THORIUM, ESPECIALLY ON 
THE BLOOD. A, da Sllva Mello (Berlin), Z, klin. Med. 
81, 285-354(1915); Zentr. Biochem. Biophys. 18, 437-8 
(1915). 

The integrity of the elements of the bone marrow in 
rabbits which had received a single injection of Th X was 
partially maintained at the time the animals succumbed. 
The lesions produced by Th in the hematopoietic organs 
were distinct from those caused by Ra and RSntgen rays. 
The erythrocytes were usually not impaired in death 
caused by Th. A single dose of Th was capable of so injur
ing the animal that it did not recover and finally succumbed 
even after a period of several months; the dosage (within 
certain limits) was of minor importance in this connection 
and the injury was in many instances confined to anemia or 
leucopenia. Anemia continued even after regeneration or 
hyperplasia of the bone marrow ensued. Chronic poisoning 
terminating in death after many months was also produced 
by Th, Death of the animals cannot be attributed to impair-
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ment of the hematopoietic organs in either acute or chronic 
Th X poisoning. Leucopenia is not in anyway the expres
sion of the changes in the blood-forming organs and may be 
entirely lacldng in many cases. Hemoglobin and erythro
cytes were capable of being regenerated (even in excessive 
amounts). The action of Th X on lymphoid tissue was rela
tively slight; its effect on myeloid tissue was considerably 
greater. (H. S. Paine) 

58 
THE RESISTANCE OF LEUCOCYTES TO THORIUM-X, 
G. Rosenow. Berl. kiln. Wochschr, 54, 577-8(1917), 

The author does not agree with all the results published 
by Pappenheim and Plesch (C. A. 7, 380, 4012). The ema
nations produce a pronounced leucopenia, the only colorless 
cells left being the lymphocytes. (Julian H. Lewis) 

59 
A STUDY OF THE COMPARATIVE EFFECTS OF THORI
UM AND OTHER SUBSTANCES ON THE RENAL PAREN
CHYMA WHEN RETAINED. J. Edward Burns and P. B. 
Hopkins (Johns Hopkins Hosp,). J. Edward Burns and P. B. 

The solution retained in the renal pelvis has no damaging 
effect whatsoever on the renal parenchyma. Cortical 
abscesses and pyelitis are due to the presence of infection 
and not to retained solution. The cortical changes after the 
introduction of Th solution are purely pressure phenomena 
and are the same after either simple ligation of the ureter 
or the introduction of sterile NaCl solution or H2O into the 
renal pelvis, Collargol retained in the renal pelvis causes 
not only great damage to the kidney itself but systemic poi
soning, most often resulting in death. Ligation of the ureter 
either alone or after the injection of some solution causes 
hydronephrosis. The size of the hydronephrosis depends 
entirely upon the development of the compensatory collat
eral capsular circulation. (Julian H. Lewis) 

60 
RESEARCHES ON URIC ACID METABOLISM IN MAN. F. 
Gudzent, C. Maase, and H. Zondek. Z. klin. Med. 86, 34-63 
(1918). 

Uric acid should be detd. in both blood and urine, in 
studies of purine metabolism. Administration of nucleic 
acid to healthy persons and to leukemia patients produced 
a parallelism between the uric acid of the blood and of the 
urine. Exts. of glandular organs (thyroid, pancreas, spleen, 
adrenals) produced a somewhat transient, but considerable, 
increase in the uric acid content of both the blood and the 
urine. The gout remedies—colchicum, atophan, and thorium 
X (used as a radioactive substance) — gave rise to a tem
porary increase in the uric acid content of both fluids; 
purgatives produced a similar result. Astringents exerted 
no action on the purine metabolism. Ca, and possibly I, 
increased the uric acid content of the urine and decreased 
that of the blood, evidently by action on the kidney. (Joseph 
S. Hepburn) 

61 
THE EFFECT OF THORIUM X ON ACTIVE ANAPHYLAXIS 
IN THE GUINEA PIG. H. J. Corper (Chicago). J. Infect. 
Dis., 25, 248-55(1919). 

Th X given in about '/2 the lethal amt, 7 days before or 
coincident with the primary injection of egg white, normal 
horse serum or milk proteins, or 7 days before or with 
the 2nd injection of these proteins had no appreciable effect 
on the severity of the anaphylactic symptoms in guinea pigs 
on reinjection of protein 16 to 18 days after the primary 
injection. Likewise the repeated administration of smaller 
doses of Th X sufficient to maintain a leucopenia as low as 
2000 leucocytes per cm, throughout the entire interval of 
16 to 18 days between the first and 2nd injections, or very 
small repeated injections not appreciably affecting the no, 
of leucocytes, had just as little effect on the severity of 

the anaphylactic symptoms. There was no direct relation 
noted between the anaphylactic symptoms and the leuco
cyte counts as affected by the Th X. In the larger doses 
the effect observed seemed to be due to the combined 
action of 2 toxic substances—the Th X, a chronic poison, 
and the anaphylatoxin, an acute poison. (Julian H. Lewis) 

62 
BIOLOGICAL ACTION OF THORIUM. H. Jastrowitz, Bio
chem. Z. 94, 313-58(1919). 

No demonstrable influence of Th on nuclease or uricolysis 
was observed. After injections of thorium into dogs, there 
was a tendency for a higher excretion of uric acid than nor
mal. The fact that Th may delay the sepn. of uric acid from 
its supersatd. soln, in serum is held to be of importance 
from a clinical point of view. The peptolytic enzymes are 
not influenced by Th but the peroxidase is inhibited, (C, J, 
West) 

63 
AFFINITY OF THORIUM FOR VARIOUS ORGANS. F, 
Gudzent and Herschfinkel (Berlin), Strahlentherap, 7̂ , 
519-25; Zentr. Biochem. Biophys. 19, 102(1917), 

Expts, in vitro showed that Th does not accumulate to 
any great extent in the spleen, muscle and bone marrow, 
A distribution relation such as was observed on injection 
of Th X in the animal body was not detected in vitro. 
(H. S, Paine) 

64 
BIOLOGICAL RADLANT ACTION, ESPECIALLY OF a-
RAYS; THE BACTERICIDAL INFLUENCE OF THORIUM 
X, EITHER ALONE OR IN CONNECTION WITH VARIOUS 
CHEMICAL DISINFECTANTS, Erich Kuznitzky (Breslau). 
Z. Hyg, 88, 261(1919); Zentr. Biochem. Biophys. 21, 180 
(1924), 

K.'s expts, indicate that Th X with predominant or-
radiatlon has a pronounced biological action on bacteria, 
especially in connection with certain chem, agents. Increase 
in disinfecting power was observed under these conditions 
in the case of all substances investigated. Gonococci and 
pneumococci were used primarily in expts, (H, S, Paine) 

65 
THE INFLUENCE OF THORIUM X ON ANTIBODY FOR
MATION. Ludvig Hektoen and H. J, Corper (John McCor-
mick Inst, for Infect. Dis.). J. Infect Dis. 26, 330-5(1920). 

In rabbits treated with Th-X in the early stages of anti
body production, the amt, of precipitin in the blood may be 
reduced even when there is no definite reduction in the leu
cocytes in the peripheral blood. This result indicates that 
Th-X may act on the mechanism of production rather than 
on the precipitin itself, especially when taken in conjunction 
with the fact that Th-X seems to have no effect on the amt. 
of precipitin in the blood if injected when the precipitin pro
duction is well under way, that is on the 6th day or so after 
the injection of antigen. From the results obtained it is un
certain whether the Th-X as given in the expts. exercized 
any definite effect on the formation of lysin. In this respect 
Th-X would appear to differ in effect from benzene and 
Rontgen ray, which have been found to restrain the output 
of lysin as well as precipitin. It is noteworthy also that 
Th-X like benzene and the RSntgen ray, seems to be with
out effect on the antibody content of the blood when intro
duced near the height of the curve but that unlike the other 
2 agents, it causes leukopenia as promptly at this time as 
earlier. Further and more diversified expts. are required 
to det. whether these are const, and fundamental differences 
in the actions of agents which disturb in some way the pro
duction of antibodies at the same time they destroy leuco
cytes, marrow and lymphoid cells, (Julian H. Lewis) 

66 
COLLOIDAL THORIUM HYDROXIDE AS A SUBSTITUTE 
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FOR POTASSIUM IN RINGER SOLUTION, A, M, Streef 
(Utrecht), Thesis (1918); Onderz. Physiol. Lab. (5) 19. 
1-67(1918). 

Colloidal Th(OH)4 was prepd, by chem. dispersion. The 
modified Ringer soln., which contains Th, was further mod
ified by replacing its Th(NO])4 content with a corresponding 
amt. of Th(OH)4. A frog heart was stopped by use of K-free 
Ringer soln.; it was then ferfused with the Ringer soln. con
taining Th(OH)4 It resumed beating, and continued for hrs. 
When Ringer soln. containing K or Rb or Cs was perfused 
through this beating heart, it immediately ceased to beat. 
The antagonistic elements were counterbalanced in certain 
solns., which consequently did not produce beating on trans
fusion through the heart; when these solns. were followed 
by K-free Ringer soln., beating was resumed, since the K 
ions left the organ more readily than the heavier colloidal 
particles. Addition of fluorescein to the counterbalanced 
soln. made the heart more susceptible to the action of the 
Of- and ^-rays, and shifted the equil. between K and Th(OH)4; 
this equil. was restored by increasing the amt, of K. Eosin 
shifted the equil. in the opposite direction. If fluorescein 
was used first, its effect was neutralized by subsequent use 
of eosin. However, fluorescein did not neutralize effects 
produced by previous use of eosin. Apparently neither the 
large Th(0H)4 colloidal complexes nor the K ions penetrate 
the protoplasm; adsorption probably occurs; the heavier 
colloidal particles are more readily adsorbed and less 
readily washed off. (Joseph S. Hepburn) 

67 
THE TOXICITY OF PYELOGRAPHIC MEDIUMS, REPORT 
OF DEATH FOLLOWING THE USE OF THORIUM NITRATE. 
E, H, Weld. J, Urol . l , 415-26(1919). 

Death following the use of Th(NOj)4 as a pyelographic 
medium lead to the investigation of the toxicity of various 
mediums for pyelography. An intravenous Injection of 2 or 
3 cc, of a 25% soln, of KI into a dog caused death. Only a 
slight reaction was caused by the Injection of 50 cc, 25% 
soln, of Nal, No reaction was obtained with 55 cc, of a 25% 
NaBr soln. Th(NO])4 is highly toxic, the degree depending 
on the age of the soln. One of its actions is to produce car
diac failure. (Julian H. Lewis) 

S8 
THE EFFECT OF RONTGEN RAY AND THORIUM X ON 
PNEUMOCOCCUS AND STREPTOCOCCUS INFECTION IN 
MICE. H. J, Corper (Denver, Colo,). J, Infect, Dis, 27, 
491-8(1920). 

Mice subjected to a single non-lethal exposure to the 
RSntgen ray, capable, however, of producing a leucopenia, 
or given a single non-fatal injection of Th X, also capable 
of causing leucopenia, and shortly afterward inoculated with 
pneumococci (4 types) and, hemolytic streptococci, human 
and bovine, revealed an Increased susceptibility to all of 
these organisms, as is indicated by the increased and ear
lier mortality among the treated animals and the earlier 
appearance in and longer persistence of the cocci in the 
blood, as compared with animals subjected only to inocu
lation. These observations are significant since they reveal 
a similar increased susceptibility of the mouse subjected to 
these manipulations to all the organisms tested and bear 
out the results of Winternitz and his co-workers, who used 
benzene and the pneumococcus, and Lawen, who used the 
Riintgen ray as a leucotoxic agent and staphylococci and 
pyocyaneus, anthrax and typhoid bacilli as the infecting 
organisms. The tubercle bacillus, however, stands out 
distinctly from these acute microorganisms, in this 
respect, as noted by the author previously, as well as by 
Kellert and Weinberg, the course of tuberculosis in guinea-
pigs being uninfluenced by the leucotoxic agents. The expla
nation for this difference is probably associated with the 

relatively greater importance of various immune processes 
and the defensive functions of the circulating leucocytes in 
the acute diseases than in chronic diseases like tubercu
losis, (Julian H, Lewis) 

69 
COLLOID-CHEMICAL ACTION OF THE SALTS OF THE 
RARE EARTHS AND THEffi RELATION TO THE FLOC-
CULATION OF ANTIBODIES. R. Doerr (Basel). Kolloid-
Z. 27, 277-92(1920). 

Salts of the rare earths, Th, Ce, Pr, and La, agglutinate 
suspensions of red-blood corpuscles, bacteria or spores of 
molds and give a ppt. with protein solns. whether the salt 
is in soln. as a colloid or as a non-hydrolyzed crystalloid 
and even in every dil. soln. (1 part Th(S04)2 to 5000 to 
10,000 parts reaction mixt.). The pptg. action is stronger 
the higher the valence of the rare earth and also varies 
with unknown characteristics of the rare earth as well as of 
the protein. These salts are toxic for plant and animal pro
toplasm; the toxicity varies with the nature of the cation and 
of the living cell, and is not due to simple protein pptn. 
which is reversible in excess of protein, while the poison
ing is not. Spores of bacteria and molds are not poisoned 
because of their impermeable membrane; the ease with 
which they are agglutinated indicates agglutination to be a 
surface process. Protein pptn, by salts of the rare earths 
is prevented by an excess of either of the reaction components. 
There is a threshold value of salt concn. below which there 
is no pptn, and this varies in the different cations, being 
lowest for Th. The ppt. consists of weak combinations of 
protein and salt, coUoid-chemically inactive and easily 
reversible, dissolving quickly and completely in an excess 
of either component or of other rare earth salts. Analysis 
of the process with Loew's interferometer shows that the 
amt. of the ppt. depends not only on the relative concn., but 
also on the cation; Th gives a ppt. 3 times as great as that 
resulting from the use of 20 times the quantity of CeClj. 
Immune pptn, resembles in many respects the protein pptn. 
by Ce and Th salts. It shows the same relation to concn. of 
the reaction components, is prevented by an excess of one 
component and is characterized by reversibility. Studied 
by means of the Interferometer, the ppt. accounts for all of 
the material lost from soln. on mixing the components, 
whether it is immune pptn. or pptn. by a rare earth salt; 
therefore the assumption of fermentative processes of the 
protein antigen is unnecessary in the explanation of immune 
pptn. (H, I, Mattill) 

70 
AGGLUTINATING POWER OF THORIUM SULFATE ON 
THE SPORES OF ASPERGILLUS FUMIGATUS FR. A, 
Sartory and P. Bailly. Compt. rend. 172, 1257-8(1921). 

In studying the agglutinating power of Th(S04)2, in concns. 
of Vloo to Vto.OM, on homogeneous emulsions of the spores 
of Aspergillus fumigatus Fr., S. and B. established that the 
agglutination phenomenon is very distinct for concns. of 
Vioo-Viooo, very feeble for concns. of %^ and dilns. above 
Vio.ooo ^nd practically nil for very coned, solns. The aggluti
nation is very rapid and reaches its max. at Viooô Viooo-
In prepg. the salt solns. double distd. HjO must be used. 
The spore emulsions are prepd, by mechanically agitating 
for 1 hr, 50 cc. double distd. H2O and a 15-20 day culture 
grown on potato. After filtration, the Th(S04)2 is added 
and the tubes are incubated at 37°. Examn. is made both 
macroscopically and microscopically. The floccules pro
duced on agglutination are constituted of individual spores 
enveloped in a fine recticulum, which, when the action is 
complete, fall to the bottom leaving the supernatant liquid 
clear. Expts. carried out identically with salts of La, Er, 
Yt, Nd, and Pr gave negative results. Frouin and Mousalli 
have similarly observed that the bactericidal and aggluti-
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nating power of Th salts on B. pyocyaneous and B. dysenteriae 
was much greater than that of the other rare earths. (A, T, 
Frascati) 

71 
TREATMENT OF RHEUMATISM BY THORIUM X. ACTION 
ON THE WHITE BLOOD CELLS. Ch. Aubertin. Bull. mem. 
soc. med. hOp. P a n s 38, 582-8(1922). 

A. injected subcutaneously 300 micrograms of Th X into 
patients with various types of chronic rheumatism. The 
dose was well tolerated. The results were variable and not 
particularly favorable. The substance caused a marked 
diminution in the white cells ol the blood, recovery from 
which occurred after withdrawl. (F. S. Hammett) 

72 
MODE OF ACTION OF POTASSIUM UPON ISOLATED 
ORGANS. A. J. Clark. J. Pharmacol. 18, 423-47(1922). 

Rubidium acts as a perfect substitute for K in all of the 
isolated tissues examd. Cesium acts as an imperfect sub
stitute. Thorium and uranium do not act as substitutes but 
they act as irritants to the frog heart and will induce auto
matic beats in hearts arrested by lack of K. (C. J. West) 

73 
COMBINED EFFECT OF AGITATION AND OF THORIUM 
SULFATE ON ASPERGILLUS FUMIGATUS. C. A. Sartory 
and P. Bailly. Compt. rend. soc. biol. 87, 242-3(1922), 

Agitation evidently has little effect on the development 
of cultures, but spherical forms of colonies, often induced 
by agitation alone, were recovered from all. (S.M.) 

74 
ACTION OF THORIUM X ON THE CATALASE OF THE 
LIVER. Alfred Maubert, Leon Jaloustre, and Pierre Lemay. 
Compt. rend. 176, 1502-5(1923). 

The catalase used was prepd. according to Bertrand and 
Thomas and was dild. for the tests 1 to 7000. The catalase 
was allowed to act on H2O2 alone and in the presence of Th 
X, the concn. of the latter ranging from 0.1 microgram up 
to 200 y. It was proved that Th X had no action on H2O2 in 
the absence of catalase. It was found that Th X in small 
doses activates catalase of the liver but in large doses par
alyzes the catalase. This action is caused by the o-radia-
tion. The Th enamation generated solely from a-rays acts 
the same as Th X. (L. W Riggs) 

75 
EXPERIMENTAL STUDIES OF THE ACTION OF BEN
ZENE, THORIUM X, AND LEUCOTOXIC SERUM ON THE 
WHITE CELLS. Pierre Mauriac and J. Gallacy. Compt. 
rend. soc. biol. 89, 1163-5(1923). 

Benzene given by mouth to guinea pigs in progressively 
increasing doses does not produce leucopenia. Thorium X 
seems to cause a destruction of leucocytes, apparently 
mostly of the polynuclear type, provided it is administered 
in sufficiently large doses. Even very large doses have not 
caused death of the animals. Leucotoxic serums produce a 
transient diminution, (S. Morgulis) 

76 
THE BIOLOGICAL ACTION OF THORIUM. O. M. Bernardi. 
Boll. soc. biol. sper. 1̂ , 246-7(1926); Ber. ges. Physiol, 
exptl. Pharmakol. 38, 213(1927). 

Striated muscles contract under the action of small or 
large doses of Th, In smooth muscle the lowest effective 
dose causes relaxation, occasionally also variation of tonus; 
higher doses give rise to contractions, which disappear on 
the addn, of a trace of La salts. The biol. effect of Th cannot 
be explained by either its high valence or the characteristic 
acidity of the solns. or by the radioactivity alone. (Mary 
Jacobsen) 

77 
ACTION OF THORIUM ON THE FIXATION OF MINERAL 
PHOSPHORUS IN THE ORGANISM. H. Doriencourt. 
Compt. rend. soc. biol. 97, 1282-4(1927). 

Four lots of young white rats were given a normal com
plete diet. One lot served as control. The 3 remaining lots 
received Th(AcO)4 in daily doses of 1, 2, and 5 mg., resp , 
for 30 days, when the ammals were killed. Histologic 
examn. did not show indications of rickets. Chem. analysis 
of the bones proved a loss of P amounting to 20.11, 21.49, 
and 31.99%, resp. , for 3 lots. The diminution of P was 
roughly proportional to the wt. of Th ingested whether this 
ingestion took place in 10 or 30 days. The Ca content of the 
bones remained nearly const. (L. W. Riggs) 

78 
STUDIES ON X-RAY SENSITIZATION. IL CHEMICAL 
SENSITIZATION OF SIMPLE ORGANISMS. S. A. Nikitin. 
Zhur. exptl. Biol. Med. 11, 28-33(1929). 

Free living protozoa are not sensitive to x-rays, reported 
results to the contrary are ascribed to faulty technic. 
X-rays have no visible action on the rhythm of division of 
Paramecium caudatum in . SENSITIZING EFFECT OF 
THORIUM NITRATE. Ibid 34-40. The effect of Th(NOj)4 
and x-rays is not due to emission of secondary radiations 
and electrons but to a summation of the poisonous action of 
the Th(N0s)4 and the noxious action of the x-rays. (S.M.) 

79 
DISTRIBUTION OF THORIUM IN THE ANIMAL ORGANISM. 
G. von Hevesy and O. H. Wagner. Arch, exptl. Path. u. 
Pharmakol. 149, 336-42(1930). 

Unlike Bi, subcutaneously injected Th or Pb compds, are 
not selectively bound by tumor tissue of white mice. The 
proportion of Th bound by body organs is intermediate as 
compared with the other heavy metals. (Harry Eagle) 

80 
THE BILIRUBIN-FORMING ABILITY OF THE SURVIVING 
SPLEEN FROM DOGS TREATED WITH THORIUM DIOXY-
SOL. Susumu Tsunoo and Hidso Nakamura, J, Biochem 
(Japan) 12, 133-8(1930). 

The reticulo-endothelial system of dogs was blocked by 
means of intravenous injections of a 5% Th02 colloidal soln. 
in combination with 5% glucose. The exptl. results show 
that this affects very markedly the ability of the spleen to 
produce bilirubin. (S. Morgulis) 

81 
INVESTIGATIONS ON THE MECHANISM OF THE ACTION 
OF LEUCOCYTE-DECREASING SUBSTANCES. Gunter 
Wallbach. Folia Hematol. 45, 340 58(1930). 

The leucopema produced by benzene is easily counter
acted by inflammatory processes, but that caused by Th 
X IS not. (John T. Myers) 

82 
THORIUM IN RADIOGRAPHY OF THE RETICULO-
ENDOTHELIUM OF THE LIVER AND SPLEEN. Carlos 
Heuser. Semana med. (Buenos Aires) 1931, II, 244-5, 

Some com, prepns, showed a high toxicity, (A, E, 
Meyer) 

83 
HISTOLOGICAL ASPECTS OF THE FIXATION OF THO
RIUM DIOXIDE IN ORGANS. P. Lambin. Compt. rend, soc 
biol, 109, 66-9(1932). 

Injections of 5 cc.Ag. thorotrast-Heyden (colloidal Th02) 
in rabbits affect the reddish splenic pulp considerably, and 
therefore produce the impression of Gaucher's disease. In 
the liver considerably less of the product is deposited and 
still less in the bone marrow. L. concludes that the Th02, 
on account of its low toxicity and its ability to remain a long 
time m the cells, accumulates in considerable amis, in the 
reticulo-endothelial elements of the liver, tlie spleen and the 
bone marrow and that it is one of the best means for block-
admg this system. When large doses of thorotrast (e.g., 
40 cc./kg.) are repeatedly administered serious lesions of 
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the liver result, whereby the parenchyma is nearly entirely 
replaced by fibrous tissue. Administration of higher doses 
of thoroplast leads to an aplastic anemia with subsequent 
replacement of the muscle tissue by syncytia which are 
filled with thorotrast and fibrous tissue. The manipulation 
with this product is considered to be easier than with trypan 
blue, India ink, Fe saccharate, collargol, and colloidal HgS, 
(Erich M. H, Radde) 

84 
COMPARATIVE STUDIES ON THE EFFECT OF VARIOUS 
METAL SALTS UPON THE CENTRAL NERVOUS SYSTEM 
OF RABBITS, A, Pentschew and H. Kassowitz. Arch, 
exptl. Path. Pharmakol, 164, 667-84(1932). 

Salts of heavy metals (LiCl, KCl, RbCl, CsCl, NH4CI, 
MgClj, CaCl,, SiCl2, BaClj, CuSO,, CuClj, AgNaSjOj, AuClj, 
ZnS04,'cdCl2, HgCl2, AlCl,, La(NO,)j, TINO,, Th(NO,)4, 
KSbOC4H40|, Biammonium citrate, uranyl acetate, MnS04, 
FeClj, FeCls, FeS04, Co(N03)2, NiClj) Injected suboccipi-
tally into rabbits are uniformly very toxic. Contary to 
expectations, Pb is not particularly so as compared with 
other metals; Cu and U proved most toxic, Li, Rb, and Th 
the least toxic. Unlike most of the other metals, however, 
the quantity of Pb salts required to cause immediate death 
is 6-10 times the dose which kills in 48-72 hrs. In 5 of 8 
metals tried (Au, Al, Th, Mn, and Fe) the lethal dose upon 
repeated small injections is approx. the same as the acute 
lethal dose; this is not true for Ag, Hg, or Cu. 
(Harry Eagle) 

85 
SOME HISTOLOGICAL STUDIES AFTER THE INTRAVE
NOUS INJECTION OF COLLOIDAL THORIUM. P. Ravenna. 
Minerva med, 1, 606-7(1932). 

Preliminary report. (E. S. G. Barron) 
86 

FINDINGS IN THE LIVER AND SPLEEN OF A DOG IN
JECTED WITH THORIUM DIOXIDE SOL. AND OBSERVED 
OVER A 2-YEAR PERIOD. Th. Naegeli and A. Lauche. 
Klin Wochschr. 11, 2029-30(1932). 

Despite the fact that the dog had ceased to excrete Th, the 
drug was gradually being stored in the lymph channels and 
glands, as shown by radiographic visualization. At autopsy 
the liver was not found to be damaged; the lymphatic tissue 
in the spleen was significantly decreased. (Harry Eagle) 

87 
BLOOD CHANGES PRODUCED BY THOROTRAST. Maria 
Salanitro. BoU. soc. ital. biol. sper. 7, 1229-31(1932). 
(Peter Masucci) 

88 
THORIUM OXIDE SOLUTIONS. Chemische Fabrik von 
Heyden A.-G. French patent 740,229, Oct. 20, 1931. 

A colloidal soln. of Th02 is rendered suitable for intro
duction into the bladder and kidneys to permit of x-ray 
diagnosis, by adding to the soln. colloidal or semi-colloidal 
carbohydrates, e.g., amyloses. This has the effect of 
removing the pos. charge and rendering the soln, stable in 
neutral or alk, medium. 

89 
HISTOLOGIC CHANGES IN RABBITS AND IN DOGS AFTER 
THE INTRAVENOUS INJECTION OF THORIUM PREPARA
TIONS. E. Shute and M. E. Davis. Arch. Path. 15, 27-34 
(1933). 

By means of intravenous injections of thorotrast and sim
ilar Th prepns,, visualization was secured of the spleen and 
liver in rabbits and dogs but not of the placenta. Smaller 
relative doses were used than other authors used for suc
cessful placental visualization in the rat. These doses, 
however, produced intense degeneration, particularly of the 
liver and spleen, caused one of the rabbits to abort, and 
produced spontaneous rupture of the spleen as well as a 

fatal post-partum hemorrhage in this animal. At present 
colloidal Th prepns. have no place in clinical work. The 
placenta of the dog and of the rabbit appears to be an effec
tive barrier to the transmission of Th to the fetus. The 
placental cells do not show the destructive changes seen 
in the cells of the liver and spleen. The metal could be 
found in the rabbit placenta up to 11 days after injection. 
Particles of thorotrast practically disappear from the liver 
and spleen in 2 or 3 months after their injection, and the 
cells by that time regain almost a normal appearance. 
(H.F.H.) 

90 
THE EFFECTS OF SMALL AMOUNTS OF THORIUM X 
AND BENZENE ON BLOOD LEUCOCYTES. Gunter Wall-
bach. Z. ges. exptl. Med. 87, 340-58(1933). 

As the dose of benzene or Th X is decreased, the leuco
penia which results becomes manifest only as a change in 
the distribution of various kinds of leucocytes without a 
change in total no. The picture becomes more nearly nor
mal until non-effective doses are reached. (Milton Levy) 

91 
LOCAL REACTION PHENOMENA PRODUCED BY BEN
ZENE AND THORIUM X. Giinter Wallbach. Z. ges. exptl. 
Med. 87, 359-81(1933). 

Benzene and Th X produce inflammatory reactions when 
injected into subcutaneous connective tissues. A direct lethal 
effect on the inflammatory cells could not be demonstrated. 
Therefore, these leucopenic substances must exert their 
effect on the leucopoietlc organs. (Milton Levy) 

92 
THE EFFECT OF THORIUM X ON CULTURES OF HUMAN 
LEUCOCYTES. GUnter Wallbach. Z. ges. exptl, Med, 87, 
382-96(1933), 

The X does not destroy leucocytes in tissue culture, and 
its presence protects them against certain poisons. The 
leucopenic action of Th X must be concerned with the leu
copoietlc organs. (M.L.) 

93 
THE ACTION OF THORIUM X AND BENZENE ON LEU
COCYTE CULTURES. Gunter Wallbach. Strahlentherapie 
46, 675-96(1933). (Milton Levy) 

94 
THE EFFECTS OF COLLOIDAL THORIUM ON THE BLOOD 
PICTURE. R. Gottlieb. Can. Med. Assoc. J. 28, 496-7 
(1933). 

Colloidal Th in small doses, when injected intravenously, 
is stored in the reticulo-endothelial system and results in 
an Immediate leucopenia with a subsequent temporary leu-
cocytosls. In concn. necessary for rbntgenography, colloi
dal Th has no effect on the erythropoietic mechanism, and 
the transient effect mentioned above Is of no consequence. 
Larger doses may produce an aplastic type of anemia. (G. 
H. W. Lucas) 

95 
EXPERIMENTS ON THE GROWTH AND LONGEVITY OF 
THE WHITE MOUSE. I. THE INFLUENCE OF INJEC
TIONS OF THORIUM OLEATE IN OLEIC ACID AND OF 
OLEIC ACID ALONE. T. B. Robertson, M. C. Dawbarn, R. 
G. Thomas, J. W. Walters, and J. D. O. Wilson. Australian 
J. Exptl. Biol, Med, Sci. n,99-108(1933). 

Injections of 0.5 to 1 mg. Th02 equiv. per week short
ened the life-span approx. 10% and suppressed growth 
compared to controls receiving oleic acid only. From 16 
to 60% of the Th injected was retained, chiefly in the bones, 
skin and kidneys. (C. G. King) 

96 
LATE HARMFUL EFFECTS OF THORIUM DIOXIDE IN 
LYMPH GLANDS, THREE YEARS AFTER THE INTRA-
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VENOUS INJECTION. Th. Naegeli and A. Lauche. Klin. 
Wochschr. 12, 1730-1(1933). 

As late as 3 years after the injection there is no evi
dence for the excretion of Th02 in significant quantities. It 
IS gradually shifted from the original site of deposition to 
the lymph glands, where it causes widespread necrosis 
upon reaching sufficiently high concn. Its diagnostic use 
IS contraindicated. (Harry Eagle) 

97 

98 

99 

THE TOXIC ACTION OF CATIONS ON CELLS OF DIF
FERENT ORGANS CULTIVATED IN VITRO. Charles 
Sannie and Jean Verne. Compt. rend. 199, 389-91(1934). 

The renal epithelium is particularly sensitive to Pb and 
Cu and the liver epithelium to Zn, Co, and Ni, Th is inju
rious to the growth of the axone The toxicity of the chlo
rides of the alk. earth and alkali metals is of the same 
order for the different tissues. The heavy-metal salts, 
however, show a sp. action on the fibroblasts. (Rachel 
Brown) 

8 
THE DISTRIBUTION AND EXCRETION OF THORIUM 
AFTER INJECTION OF THOROTRAST. Theodor Leipert. 
Wiener klin. Wochschr. 46, 994-6(1933). 

Of the Th injected in rabbits about two-thirds is per
manently retained in the spleen and liver, the concn. being 
9 times greater in the former. Less is retained in the 
marrow and lungs; in time Th deposited in the lungs dis
appears. Results are similar in man. No difference could 
be detected in the Th content of normal liver tissue and of 
liver metastases. (D, B. Dill) 

9 
ANIMAL EXPERIMENTS WITH COLLOIDAL THORIUM: 
A STUDY IN LYMPHATIC ABSORPTION. Raphael Pomer-
anz. Radiology 23, 51-9(1934). 

A comparison of intravenous and intraperitoneal use of 
colloidal Th was made by x-ray examns. and microscopic 
findings. In the former case, degenerative changes in the 
liver were found as a result of radioactivity The visual
ization of several tissues is made possible as is the meas
urement of rate of absorption into the blood stream. (G. L. 
Clark) 

100 

101 

102 

MODE OF ACTION OF ANTHNFLAMMATORY SUB
STANCES. Gunter Wallbach. Arch, intern, med. exptl. 9, 
317-23(1934). 

Treatment with Th X caused an almost complete inhibition 
of the inflammation produced in white mice by the subcutane
ous injection of CjHj. Other antiinflammatory agents, CaCl2 
cmchophen, qumine, and acetylsalicylic acid, varied in the 
degree of inhibition, m the type of cells affected and in the 
time required to produce the max. effect. (E. R. Main) 

1 
RETICULO-ENDOTHELIAL AND FIBRINOGEN FORMA
TION. H. Heinlein. Verhandl. deut. path. Ges 18, 177-84 
(1934) 

Differential blood counts were made on a series of rab
bits, together with globulin albumin ratios and fibrinogen 
detns. In some animals the spleen was removed. The effect 
of Cu at various dosage levels, thorotrast, benzene and t ry
pan blue were followed. In general, a decrease in reticular 
cells was observed. The smus of the spleen was filled with 
red and white cells: the liver showed parenchymal necrosis 
and occasionally cloudy swelling. The bone marrow was 
particularly rich in megakaryocytes. Splenic atrophy was 
conspicuous following exposure to benzene. The liver 
showed fatty degeneration: The bone marrow showed few 
megacaryocytes. (J.C.M.) 

! 
CLINICAL, ANATOMICAL AND SPECTROGRAPHIC 
INVESTIGATION OF THE CENTRAL NERVOUS SYSTEM IN 

ACUTE METAL POISONING WITH PARTICULAR CONSIDER
ATION OF THEIR IMPORTANCE FOR FORENSIC MEDI
CINE AND TISSUE PATHOLOGY. L Strontium, barium, 
magnesium; aluminum, thorium (radioactive material), 
thallium; zinc, cadmium, mercury. A. Esser . Deut. Z. 
ges. gericht. Med. 25, 239-317(1936). 

Mainly review. (Frances Krasnow) 
103 

THE EFFECT OF THE PARENTERAL ADMINISTRATION 
OF PROTEIN AND NONPROTEIN COLLOIDS ON THE 
BLOOD PROTEINS. H. Heinlein. Arch, exptl. Path. Phar
makol. 179, 127-44(1935). 

Not only foreign proteins, but also colloidal Cu, "Bismuth-
Diasporal," colloidal S, "Siliquid" and "Thorotrast" cause 
an increased blood fibrinogen content on parenteral admin
istration. The total globulin also increases to a less degree, 
as does the total blood protein; the serum allximin content, 
however, usually decreases somewhat. It is suggested that 
the increase results from cellular degeneration. (Harry 
Eagle) 

104 

105 

PHARMACOLOGICAL EFFECT OF THORIUM NITRATE IN 
SMALL DOSES. Enrico Adami. Boll. soc. ital. biol. sper. 
n , 15-16(1936). 

Histological examn. of white rats after they had received 
0.077-0.153 mg. thorium mtrate and of guinea pigs that had 
received 0,153 mg. daily for 25-100 days showed an 
increase in liver fats and m some cases renal alterations 
similar to those observed after the action of certain metal
loids (P, As). (Helen Lee Gruehl) 

5 
THE EFFECTS OF ADMINISTRATION OF THORIUM DIOX
IDE. A. J. Fleming and W. H. Chase. Surg., Gynecol. 
Obstet. 63, 145-8(1936). 

Injection of Th dioxide may produce toxic after-effects. 
(J. B. Brown) 

106 
THE ACTION OF THORIUM EMANATION (thoron) ON 
ENDOCRINE GLANDS, Giacomo Pighini. Biochim, terap, 
sper, 23, 225-32(1936), 

Moderate doses of Th emanation have no influence on the 
thyroid gland, but have a slight hyperemic and stimulating 
action on the hypophysis, adrenals and ovaries. (A. E. 
Meyer) 

107 
ROLE OF THE RETICULO-ENDOTHELIAL SYSTEM IN 
THE FIXATION OF RADIOTHORIUM. K. Shakhovich, 
D. K. lovanovich, and M. Vishmcheva. Glas Srpske 
kralewske Akad, 78, 65-73(1933), (E, Bame) 

108 

109 

EFFECTS OF THORIUM, ZIRCONIUM, TITANIUM AND 
CERIUM ON ENZYME ACTION. Bernard S. Gould. Proc. 
Soc. Exptl. Biol. Med. 34, 381-5(1936). 

Expts. in vitro with Th(NOj)4 (I), Ce(NOj),.6H2O (H), 
Zr(NOj)4 (ra) and TiCl, (IV) showed that only I appreci
ably inhibited amylolytic activity. Invertase or saccharase 
activity was accelerated by H and was slightly inhibited by 
1, ra and IV, the last producing the most pronounced effect, 
rv and n i markedly inhibited blood phosphatase activity; I 
showed slight inhibition and II inhibited only in very high 
concn. The rare metals were used in concns. of 1.83-
9 1 X 10-* M (C. V. Bailey) 

COAGULATION OF BLOOD. NEODYMIUM AND THORTOM 
AS ANTICOAGULANTS. H. F. KUrten. Z. ges. exptl. Med. 
99, 112-18(1936). 

Nd and Th inhibit coagulation of blood. (Milton Levy) 
110 

ACUTE POISONING WITH THORIUM X. 
Deut. med. Wochschr. 63, 675-6(1937). 

L. Roemheld. 
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A case report of patient who drank a soln, contg, 40,000 
electrostatic units of radioactive Th X. (Arthur Grollman) 

111 
THE RADIOACTIVITY OF THORIUM DIOXIDE SOL. Robert 
B. Taft. J. Am. Med. Assoc, 108, 1779-81(1937), 

One clinical dose of Th02 sol (75 c c ) gave the y-ray 
equiv, of 1,37 y of Ra, Half of the total dose was found in the 
liver after death and a large amt, in the spleen. The use of 
Th02 sol is considered dangerous, A method for detg, the 
Ra activity of the liver of the living patient by means of a 
Geiger counter is described. (F, P, Griffiths) 

112 
CERTAIN INTERESTING CASES FROM TOXICOLOGICAL 
PRACTICE. O. Noetzel. Pharm. Zentralhalle 78, 529-33 
(1937). 

The cited cases involve either accidental or criminal 
poisoning with tincture of 1, Th salt, K oxalate and strych
nine in form of poison wheat. (W,0,E,) 

113 

114 

EFFECT OF HYPERTROPHIC CARTILAGE ON BONE-
MARROW GROWTH, Charles Huggins and Kenneth McLane 
Smith, J, ExpU, Med. 67, 41-8(1938), 

Intravenous Injections of colloidal Th02 in moderate amis. 
in rabbits caused no significant change in the cellular ele
ments of venous blood. The Th02 was held locally with great 
tenacity in the cells of the reticulo-endothelial system in 
the bone marrow and showed little tendency to migrate, 
despite drastic stimuli to the marrow in the form or anemia 
and plethora, (C, J. West) 

4 
ACTION OF RADIOACTIVE EMANATIONS ON DISSOLVED 
PROTEINS. J. Cluzet and P, Ponthus, Arch, phys, biol. 
14, 5-17(1937). 

When a gelatin soln, is treated with radon or thoron there 
is a decrease in optical density and viscosity, no change in 
n, and an increase in elec, cond. The pH decreases. Prob
ably a hydrolytic deamination occurs. Similar but much 
less marked changes occur in irradiated blood serum. (L. 
E, Gllson) 

115 
TH^ EXCHANGE OF SALT AND WATER BETWEEN 
MUSCLE AND BLOOD. IV. CORRECTION OF VALUES 
FCHl VOLUME PHASES OF SKELETAL MUSCLE. METH
ODS FOR DETERMINATION OF BLOOD VOLUME IN MUS
CLE. Lillian Eichelberger and Walter G, Bibler. J. Biol, 
Chem. 122, 323-32(1938). 

When correction is made for the vol. of the blood present, 
normal fat-free skeletal muscle of dogs was found to con
tain a max. of 16 mM of chloride per kg., a value which is 
remarkably const. The corrected data give a max. value 
for the vol. of the extracellular (interstitial fluid) phase of 
14%, for the intracellular (cells) phase of 86% and for the 
percentage of H2O in the intracellular phase of 73%. The 
values previously reported were 17, 83 and 71.7%, resp. 
The amt. of blood present in muscle was detd. by injecting 
intravenously into dogs approx. 0.8 cc. per leg. of body wt. 
of colloidal Th02 contg. 0.25 g. of Th02 per cc. and analyz
ing blood and muscle for Th which is not stored in skeletal 
muscle in detectable amis, Estns. of blood vol. from hemo
globin concns. gave results only slightly higher than those 
estd. from Th detns. Methods are described for the detn, 
of Th in blood and muscle, (A, P, Lothrop) 

116 
A STUDY OF THE EFFECT OF THORIUM DIOXIDE SOL 
INJECTED IN RABBITS. C. R, Orr, G, D, Popoff, R, S. 
Rosedale, and B. R. Stephenson. Radiology 30, 370-81 
(1938), 

Injected thorium is engulfed by the reticulum cells of the 
splenic pulp, lymphatic tissue, bone marrow, endothelial 

cells of the liver capillaries, lymph sinuses and splenic 
sinuses, suprarenal capillaries and phagocytic cells in con
nective tissue. There is no evidence of elimination of this 
substance over a 4-year period, Th dioxide sols should not 
be injected into human beings since it is not eliminated, 
blockades the reticulo-endothelial system, damages the 
liver and spleen and is radioactive with dangerous cumula
tive effects. (G. L. Clark) 

117 
PHAGOCYTOSIS OF BACTERIA INDUCED BY TANNING 
AGENTS. Frederick C. Thompson, and J. Gordon. Stiasny 
Festschr. 390-5(1937). 

Opsonins are substances which act on bacteria so as to 
render them capable of being engulfed by leucocytes, i.e., 
promote phagocytosis and produce agglutination of the 
bacteria. Examples are normal serum, gallotannin, Fe^ '̂, 
Cr'll, Al'll and Ttf^ salts and silicic acid. It is pointed 
out that the order of decreasing opsonic effect is that of 
decreasing tanning power. Opsonins act on the protein part 
of the bacteria, giving an "insol." combination which is 
resistant to washing. Agglutination is protein pptn,, or sim
ply a "salting out" if it occurs without opsonizing effects. 
Tanning agents do not discriminate between harmful bac
teria and body proteins. (B.C.P.A.) 

118 

DISTRIBUTION OF RADIOACTIVE SUBSTANCES IN THE 
BODIES OF TUMOROUS MICE AFTER THE INJECTION 
OF SOLUTIONS CONTAINING THORIUM B. D. Cittmar. 
Z. Krebsforsch. 48, 121-8(1938). 

Following the method of Ehrenberg (ibid. 35, 348(1931)) 
intraperitoneal, intravenous and intratumoral injections of 
solns. contg, Th B were made in mice with implanted 
tumors. More radioactive substance was found in the kidney, 
liver, spleen, and bones than in the tumor. This was also 
the case when the Th B was treated before injection with 
tumor exts., serums from normal and tumor-bearing ani
mals, colloidal metals and colloidal dyes in the hope of 
anchoring the radioactive substance in the tumor. The ther
apeutic use of Th B injections is therefore out of the ques
tion. (H.F.H.) 

119 
PULMONARY CANCER WITH SMALL CELLS AND MULTI
PLE METASTASES AND WITHOUT PULMONARY SYMP
TOMATOLOGY. ACUTE PERNICIOUS ANEMIA AFTER 
TREATMENT WITH THORIUM. P. Nicaud and M. Ham
burger. Bull. mem. soc. med, h6p, Paris 53, 1310-20(1937), 
(Ruth Berggren) 

120 
RATE OF REMOVAL OF THORIUM DIOXIDE FROM THE 
BLOOD STREAM, H. L, Harrington and Charles Huggins, 
Arch. Internal Med. 63, 445-52(1939). 

As a method of study of reticuloendothelial activity the 
rate of removal of colloidal ThOj from the blood stream of 
dogs was investigated. The colloid is removed fastest dur
ing the 1st 20 min. after injection, then more slowly dur
ing the next 10-12 hrs. The rate of disappearance was not 
affected by ether and pentobarbital anesthesia, by nephrec
tomy or by splenectomy. The rate was slower after removal 
of V4 of the liver and was increased during diabetes. (J. B. 
Brown) 

121 
EFFECT OF METAL SALTS ON THE ISOLATED HEART 
MUSCLE. Erzsebet Mezey and Kalman Mezey. Magyar 
Biol Kutatointezet Munkki 10, 371-5(1938). 

The contractions of an isolated frog heart muscle strip, 
stimulated rhythmically in Ringer soln., were stopped by 
YCls in concn. of 1: lO', even after previous treatment 
with atropine or ergotamine. The min. effective dose of 
LaClj was 1:600,000, or CeClj 1: 50,000, of NdClj.eHjO 
1:1,500,000, of ThCli 1: 250,000 and of ZrOCl2.8H20 
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1:60,000. These min. doses caused reversible changes in 
the heart muscle. (S. S. de Finaly) 

122 
DETERMINATION OF THE THORON CONTENT OF AIR 
AND ITS BEARING ON LUNG-CANCER HAZARDS IN INDUS
TRY. Robley D. Evans and Clark Goodman. J. Ind. Hyg. 
Toxicol. 22, 89-99(1940). 

Air contg. 10~' curies per 1. results in high incidence of 
lung cancer. 10"*' curies is considered a safe working con
dition. A portable sampler is described. (A. L. Elder) 

123 
ACTION OF BENZENE AND THORIUM-X ON LEUCOCYTES. 
G. Wallbach. Le sang 13, 719-38(1939). 

W. reviews his previous studies on Th-X and Ijenzene 
poisoning and their effects on the circulating blood and the 
hematopoietic organs. An extensive bibliography is listed. 
(I. Arthur Mirsky) 

124 
ELIMINATION OF RADIOACTIVE ELEMENTS IN PATIENTS 
WHO HAVE RECEIVED THOROTRAST INTRAVENOUSLY. 
Wilhelm Stenstrom and Irwin Vigness. Proc. Soc. Exptl. 
Biol. Med. 44, 18-22(1940). 

No excretion of Th itself was detected, but radioactive 
elements of the Th series were found in the feces, urine, 
and breath. The ash of the feces contained thorium X. 
Thoron was exhaled, since thorium B was indentified in the 
radioactive deposit from the breath. Methods are described. 
(L. E. Gilson) 

125 
VASCULAR CHANGES AFTER INTRAVENOUS INJECTIONS 
OF THORIUM OXIDE OR THOROTRAST. Leif Efskind. 
Acta Chir. Scand. 84, 177-86(1940). 

Injection of thorotrast causes reversible mild degenerative 
changes of the blood vessels, and it also forms deposits which 
become epithelialized, producing degeneration of the elastic 
tissue. (S. Morgulis) 

126 
MODE OF ACTION OF RARE EARTHS. H. A. Oelkers. 
Arch, exptl. Path. Pharmakol. 194, 477-92(1940). 

The anticoagulant effect of Nd and Pr chlorides is more 
marked when the substance is not added in vitro, but intra
venously injected. Intravenous injections (in rabbits) of 
60—100 mg. of NdCls per kg. have instantaneous antico
agulant action; with smaller doses there is a definite latent 
period. The chlorides of La, Ce, Pr, Dy, Nd, or Th in a 
concn. of 6-10 mg.% cause a cessation of the movements of 
rabbit isolated gut. The substances are also toxic to the frog 
heart. (B.C.P.A.) 

127 
TOXICITY OF THORIUM EMANATION. Adolf Krebs. Natur-
wlssenschaften 28, 766-7(1940). 

The effect of Tn on mice was studied. The tolerance dose 
of Tn in air is less than 70 mst per cc. (55-day test), the 
presence of 1750 mst per cc. causes death in 5 days. Rel
atively Tn is less active than Rn. (Read and Mottram, Brit. 
J. Radiol. 12, 54(1939)). (B. J. C, van der Hoeven) 

128 
THE FATE OF NATURALLY RADIOACTIVE SUBSTANCES 
IN THE ORGANISM AFTER PARENTERAL INTRODUCTION, 
Joachim Gerlach. Naturwissenschaften 29, 300(1941), 

Healthy persons were given intravenous and suticutaneous 
injections of Th X in Ca-contg, isotonic soln. The activity of 
blood samples taken periodically from a vein showed a max. 
40 sec. after intravenous injection and 15 min. after subcu
taneous injection; the value of max. activity in the latter case 
was much smaller. The Th X concn. of the blood decreases 
slowly but is regularly higher after intravenous Injections. 
If distribution is even, 40 sec. after intravenous injection 
only 30% of the total activity introduced remains in the blood; 

this indicates a fast absorption of Th X by the tissues. Only 
1% of the total doses is excreted in the urine during 24 hrs . 
When Th X was given in the form of the salt of pyrocatechol-
disulfonic acid, there was no difference in trend as compared 
with the previous expts.; absorption by the tissue seems to 
be faster in this case, as indicated by the fact that the abs. 
activity values of the blood were lower and the amt. which 
was excreted in the urine was the same as before, (Hans 
Schindler) 

129 
THE DISTRIBUTION OF NATURALLY RADIOACTIVE SUB
STANCES IN THE ORGANISM AFTER PARENTERAL 
ADMINISTRATION, P, M, Wolf and H, J, Born, Strahlen
therapie 70, 342-8(1941), 

Expts. on rats revealed that the Th X content of the blood 
decreased very rapidly after intravenous injection of Th X 
in isotonic soln. contg. Ca and in the complex org. form as 
pyrocatecholdisulfonate. The X was, therefore, rapidly 
excreted or taken up by the tissues. In the organs most of 
the Th X was found in the kidneys, intestines and skeletal 
parts. The greater part of the Th X in the intestine was 
excreted. In spite of the high content in the kidneys, how
ever, only 1% was excreted in 24 hrs . in human beings. The 
distribution of Th X in the organs differed from that of Th B, 
evidently because of the difference in chem. nature. Further 
expts. showed that Th X was taleen up by the tissues more 
rapidly after administration in complex form than when 
administered as ionized Th X. (Herbert Deuel, Ruth 
Berggren) 

130 
RECOGNITION OF LIVER CIRRHOSIS INDUCED BY p -
DIMETHYLAMINOAZOBENZENE (BUTTER YELLOW) 
BY X-RAY AND Th02. Bernhard Steinberg, Catherine 
T, Walliker, and Ruth A. Martin. Proc. Soc. Exptl. Biol. 
Med. 55, 165-7(1944). 

The intracardiac injection of 0.5 cc. of Th02 sol (thoro
trast) facilitates rontgenography of the spleen and liver. In 
the liver the Th02 is fixed only in the connective tissue. The 
replacement of damaged liver cells by connective tissue 
can thus be visualized. (L. E. Gilson) 

131 
EFFECTS OF INHALATION OF AIR RENDERED RADIO
ACTIVE BY PASSAGE OVER THORIUM OXIDE. J. Cluzet. 
Compt. rend. soc. biol. 135, 949-51(1941). 

The com. thorium oxide used for Auer gas mantles is 
radioactive, but much less so than the oxide of radiothorlum. 
Air drawn over a large amt. of the com. oxide becomes 
radioactive. Guinea pigs exposed for 50 days or more to 
such radioactive air showed no ill effects. Their leucocyte 
count increased for about 20 days then gradually returned 
to normal, (L. E, Gilson) 

132 
BLOOD AND TUMOR REACTIONS TO INTRAVENOUS 
ADMINISTRATION OF SHORT-HALF-PERIOD RADIO
ACTIVE COMPOUNDS OF THE Th SERIES. W. G. 
Deucher and Alice Leigh-Smith, Schweis, med, Wochschr. 
73, 1092-5(1943); Chem. Zentr. 1, 356-7(1944). 

In rabbits a single intravenous injection of a very small 
dose of Th C (half-period 1 hr.) produced first a leucocy-
tosis, then a decrease in leucocyte count. The max, leuco
penia was reached in 3 - 5 days and a return to normal 
occurred by the 7th to Uth day after the injection. Larger 
doses produced a more prolonged leucopenia. A similar 
injection of Th B (half-period 10 hrs.) produced a much 
more marked leucopenia with very slow recovery or some
times fatal results. After injection, Th C, being an isotope 
of Bi, is found in the liver, intestine, and kidneys, Th B is 
deposited in the bones, and also in the bone marrow where 
it may interfere with leucocyte regeneration. Small doses 
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of Th C were of no apparent benefit in treatment of car
cinoma, (L, E, Gilson) 

133 
ACTION AT A DISTANCE OF THORIUM OXIDE ON FIBRO
BLASTS CULTIVATED IN VITRO; NUCLEAR CHANGES, 
G, Frada and A. Monroy (Univ., Palermo), Boll, soc, ital. 
biol, sper, 15, 716-18(1940), 

Chick embryo fibroblast cultures were exposed to the 
radiations from Th02 for 1-24 hrs. Many vacuoles devel
oped in the cytc^lasm. The Feulgen reaction and the stain
ing properties of the nuclei were intensified. Only a few 
of the nuclei disinteerafprf. (J,. E. Gilson) 

134 
BIOLOGICAL ACTION OF RADIOACTIVE SUBSTANCES, 
rv, INFLUENCE OF COLLOIDAL THORIUM OXIDE ON 
THE ACTIVITY OF THE PROTEOLYTIC FERMENT OF 
THE PANCREAS, Vittorio Bevilotti (Univ,, Palermo, Italy). 
BoU, soc, ital, biol. sper. 20, 129-30(1945). 

Expts. similar to the above but using thorium oxide 
showed that concns, of 1:100,000 did not affect the enzy-
mlc activity, concns. of 1:10,000 gave slight acceleration, 
1:1,000 gave max. acceleration, and concns, of 1:100 
diminished the activity of the enzyme. (Helen Lee Gruehl) 

135 
ANIMAL EXPERIMENTS WITH RADIOACTIVE INDICA
TORS. [Thorium B.] RudoU Ehrenberg, Arch, ges, 
Physiol, (Pfluggers) 249, 191-208(1947). 

Three hundred mice were injected with Th B and the 
distriliution of radioactivity detd. in all tissues after the 
animals were sacrificed. Radioactivity was found in the 
skeleton, skin, liver, and kidney and in the plasma pro
teins. Little activity was found in other tissues and none 
in nerve tissues. The exchange occurred in % to 4 hrs, 
(G,E.P.) 

136 
ACTION OF THORIUM B ON THE BLOOD AND THE HEM
ATOPOIETIC ORGANS OF RATS. P. M. Wolf and A. 
Catsch. Z. ges. exptl. Med. 114, 377-82(1945). 

Rats received 0.4-0.7 milllcuries of Th B in isotonic 
soln. The leucocytes of the blood, the parenchymal cells 
of bone marrow, and to a lesser extent, the spleen and 
lymph nodes were harmed. Younger cells were more sen
sitive than mature cells. (E. K. Welsburger) 

137 
EFFECT OF THORIUM X ON DYE UPTAKE BY CELLS. 
H. Spiess, H. Poppe, and O. Wiinsche (Univ., Gottingen, 
Ger.). Z. ges. exptl. Med. 116, 344-52(1950). 

Injection of high doses (5 doses of 150 electrostatic units 
in 2.5 weeks) of Th X into rabbits, followed by 8 ml. of 1% 
trypan blue, gave a higher serum and urine dye level in a 
period of 72 hrs. than in animals not receiving Th X. Inter
posing 10 days between the last Th X injection and the dye 
injection maintained this difference. Smaller doses (15 
doses of 25 units in 8 weeks) caused a reversal, in that 
serum and urine dye levels were lower than those of con
trol animals not receiving Th X. (J. H. Welsburger) 

138 
THORIUM-X INVESTIGATIONS: HISTOLOGICAL STUDY 
OF THORIUM-X APPLICATIONS ON RABBIT SKIN. Har
old C. Fishman (Cedars of Lebanon Hosp., Los Angeles, 
CaUf,), J. Invest. Dermatol. 15, 71-4(1950). 

An alcoholic soln. of a thorium-X compd, (1000 electro
static units per ml,) applied to the skin of adult rabbits pro
duced a hyperkeratosis starting in the sec, week and per
sisting through the 6th week. Some vacuolization of the 
cytoplasm and occasional acanthosis were observed, (P, 
Y. Jackson) 

139 
THORIUM-B-LABELED RED CORPUSCLES, G. Hevesy 
(Univ. Stockholm). ArMv Kemi 3, 425-8(1951), 

P" and K " are not satisfactory for following labeled 
erythrocytes in the circulation for long periods of time 
because of their participation in exchange reactions and 
consequent diln, by Inactive isotopes. In the present 
method, a stream of O was passed over a radiothorlum 
prepn. of about 1 microcurie activity and then through 4 
ml. of rabbit blood. Red cells were sepd., washed 2 - 3 
times with Inactive plasma, and then shaken with inactive 
plasma for 2 hrs. at 37°. The decay of Th emanation 
(thoron) resulted in the formation of Th B (half life 10.6 
hrs.), most of which remained In the cells. Max. loss from 
the cells in 2 hrs. was 0.48%. About 75% of the active deposit 
in the cells was found to be in the colloidal or protein-bound 
state. (Fred. H. Snyder) 

140 
CHEMICALLY INDUCED DEGENERATION OF THE CHICK 
MESONEPHROS. A, H. Lankenau, M. W. Olsen, L. J. Mach-
lin, and C. A. Denton (U. S. Bur. of Animal Ind. Lab., Belts-
ville, Md,), Proc, Soc, Exptl, Biol, Med, 79, 165-8(1952), 

The kidneys of 10-day and 15-day chick embryos, but not 
those of 18-day embryos or day-old chicks, were severely 
damaged by injection into the allantoic cavity of Ta hydrox
ide (25 mg,). La chloride (20 mg,), Th chloride (50 mg,), 
DIralanine (50 mg,), anthranilic acid (20 mg,), or 3-
hydroxyanthranilic acid (6 mg,). It thus appears that these 
substances exert a toxic effect on the mesonephros but not 
on the metanephros, (L, E, Gilson) 

141 
STUDIES OF THORIUM X APPLIED TO HUMAN SKIN, I, 
ROUTES AND DEGREE OF PENETRATION AND SITES OF 
DEPOSITION OF THORIUM X APPLIED IN SELECTED 
VEHICLES. Victor H. Witten, Milton S. Ross, Eleanor 
Oshry, and Arthur B. Hyman (New York Univ. Post Grad
uate Med, School, New York, N, Y,). J, Invest, Dermatol, 
17, 311-22(1951). 

Thorium X as the chloride in iso-PrOH was applied with
out rubbing to human skin in vivo in amis, from 0.06 to 3.0 
microcuries; the area was then covered with a protecting 
coat of collodion. After 1-5 days the collodion was removed 
and a sample of the skin excised, frozen, and sectioned. 
Autoradiograms produced by sections show that under these 
condition thorium X penetrates the epidermis and is distrib
uted in the prickle cell and basal layers; that it enters hair 
follicles, penetrates the follicular wall, and enters sweat 
glands. Some of the activity was found in the cutis, but it 
is not possible to say whether this originated from in vivo 
penetration. (P. Y. Jackson) 

142 
THE DISTRIBUTION OF THORIUM IN THE ORGANISMS 
AFTER INJECTION OF THOROTRAST. Theodor Leipert. 
Wiener klin. Wochschr. 44, 1135-6(1931). 

After injection of a colloidal Th02 soln., most of the Th 
is found in the spleen and liver. (D. B. Dill) 

143 
EXPERIMENTAL HEPATITIS AND CIRRHOSIS FROM 
THORIUM DIOXIDE. Rene Huguenin, Auguste Nemours, 
and Guy Albot. Compt. rend. soc. biol, 108, 879-81(1931), 

A suspension of Th02 contg, 22 g, per 100 c c , injected 
intravenously in amts. of 5—20 c c , produces injuries to 
the liver that resemble hepatitis and cirrhosis, (C, M, 
McCay) 

144 
EXPERIENCES WITH UROSELECTAN, SHODAN AND 
THOROTRAST, Max Einhorn, Wm, H, Stewart, and H, E, 
niick. Arch, Verdauungskrankh, 50, 265-74(1931), 

The intravenous injection of uroselectan has proved of 
value in radiographic visualization of lesions of the urinary 
system. Skiodan is Na iodomethanesulfonate, contg. 52% of I2. 
Given intravenously, by mouth or by rectum, it also enables 
radiographic visualization of the ureters and kidney pelvis. 
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"Thorotrast" (thorium oxide sol) injected intravenously 
causes the liver and spleen to cast a shadow on the x-ray 
plate (H.E.) 

145 
LIVER DAMAGE BY INTRAVENOUS THOROTRAST INJEC
TIONS. Hans.L. Popper and Rudolf Scholl. Wiener klin. 
Wochschr. 45, 363(1932). 

Injections of thorotrast (Th02) may cause liver damage. 
(D. B. Dill) 

146 
EFFECT OF THOROTRAST INJECTION UPON THE HEMO
LYSIN TITER OF THE BLOOD. A. Held. Klin Wochschr. 
11, 463-4(1932). 

The injection of thorotrast does not affect the formation 
of anti-human red cell amboceptor in rabbits. Once the 
antibody has appeared in the serum, the administration of 
the drug causes a fall in its titer within 5 hrs. (Harry 
Eagle) 

147 
LATER EFFECTS OF INJECTIONS OF THORIUM DIOXIDE. 
P. Lambin. Compt. rend. soc. biol. I l l , 225-6(1932). 

The changes in the blood and tissues of rabbits, caused 
by the injection of colloidal Th02 several months previously, 
are described. (L. E. Gilson) 

148 
EFFECTS OF INJECTIONS OF THORIUM DIOXIDE ON 
BLOOD-SUGAR TESTS AND EXPERIMENTAL GALAC-
TOSURIA. M. J. Gerard. Compt. rend, s o c biol. I l l , 
227-9(1932). 

The injection of colloidal Th02 (thorotrast Heyden) into 
rabbits is followed in a few weeks by a marked hyperglu-
cemia and a decreased galactose tolerance, probably due 
to liver damage, (L, E, Gilson) 

Thorotrast fTtiOg), Pathology and Distribution 

149 
RADIOGRAPHIC VISUALIZATION OF THE LYMPHATICS 
BY MEANS OF COLLOIDAL THORIUM DIOXIDE [THORO
TRAST], Giuseppe Sorge. Boll. soc. ital. biol. sper. 7, 
1215-19(1932). (P.M.) 

150 
THORIUM STORAGE, m. Karl Ehrhardt, Klin. Wochschr. 
U , 1830-3(1932). 

Thorotrast injected intravenously into gravid mice 
(0.3 c c ) , rats (1.5—2 cc.) or rabbits (30 cc.) causes radio
graphic visualization of the placenta even early in preg
nancy. The placenta, unlike the liver and spleen, not only 
stores the thorotrast, but gives it up within 24 hrs., when 
the x-ray shadow disappears. Human placental tissue 
Implanted into mice does not take up thorotrast. (Harry 
Eagle) 

151 
HISTOLOGICAL STUDIES ON THE EFFECT OF INTRA
VENOUS INJECTION OF THORIUM DIOXIDE SOL, Paolo 
Ravenna, Klin, Wochschr, 11, 2151-2(1932) 

Th02 IS stored in all organs contg, reticulo-endothelial 
cells, as well as in the endothelial cells of the renal glo
meruli. The function of the Th-loaded cells is probably not 
impaired. No immediate histological changes in the organs 
could be demonstrated; but the possibility of later changes 
IS not excluded. (Harry Eagle) 

152 
HEPATOLIENOGRAPHY BY MEANS OF THOROTRAST 
[HEYDEN 1073a] AND ITS PRACTICAL VALUE IN INTER
NAL MEDICINE. J. L. A, Peutz. Nederland. Tijdschr, 
Geneeskunde 76, m, 4429-37(1932), 

Distinct x-ray shadows of spleen and of liver are obtamed 
after intravenous injections of 30-40 cc, of a colloidal soln. 

of Th02 (thorotrast, Heyden). This injection proves to be 
harmless. (R. Beutner) 

153 
THE STORAGE OF THOROTRAST AND IRON METAB
OLISM Georg Barkan. Klin Wochschr 12, 1658(1933) 

The injection of thorotrast into rabbits, with the result
ant storage of the particles by the cells of the reticulo
endothelial system, does not affect the serum bilirubin or 
the concn. of readily split or acid-sol Fe in the blood. 
(Harry Eagle) 

154 
MODIFICATION OF THE BLOOD PLATELETS COUNT BY 
THE ACTION OF THORIUM DIOXIDE. Mario Deganello. 
Biochim. terap. sper. 20, 577-83(1933). 

Injections of Th02, as used in radiology, cause m the rab
bit a reduction of thrombocytes followed by an increase. 
A normal count is obtained after a few days. The time of 
reduction is characterized by prolonged time of bleeding 
and clotting. (A.E.M.) 

155 
REACTIONS OF BLOOD AND TISSUE CELLS TO COLLOI
DAL THORIUM DIOXIDE. I. C. Wen and T. S. Jung, 
Chinese J, Physiol, 8, 85-95(1934). 

"Thorotrast" was mjected into rabbits. It stimulates a 
marked phagocytic action by the monocytes and neutrophilic 
leucocytes. When these cells are laden with Th02 they are 
still capable of absorbing such dyestuffs as trypan blue. 
(C. M. McCay) 

156 
HISTOLOGICAL AND CHEMICAL INVESTIGATION OF THE 
DEPOSITION OF THOROTRAST IN THE ORGANS OF RAB
BITS. Marianne Angermann and Karl Overhof. Z. ges. 
exptl. Med. 94, 121-6(1934). 

Seventy percent of the injected amt. of Th02 sol can be 
recovered from the liver and spleen of rabbits. It is not 
excreted in 2 months. Because injurious effects are not 
excluded the material should not be used in man, (Milton 
Levy) 

157 
raSTOLOGICAL STUDIES OF THE LIVER, SPLEEN AND 
BONE MARROW IN RABBITS FOLLOWING INTRAVEN
OUS INJECTION OF THORIUM DIOXIDE, Ernst A, Pohle 
and Gorton Ritchie, Am, J, Roentgenol Radium Therapy 
31, 512-19(1934), 

"Thorotrast," a prepn. of Th02, was injected into the ear 
veins of more than 80 rabbits, in doses varying from 0,25 
to 1.0 cc. per leg. of body wt. Visualization of liver and 
spleen radiographically is possible after these doses, and 
the amt. is tolerated without evidence of immediate injury. 
The radiopacity manifests itself within 15—45 min., and 
lasts for over 493 days. The thorotrast is seen in the 
reticuloendothelial cells of the liver, spleen, and bone 
marrow, and is scattered m fine granules through the liver 
cells. Early changes in the liver are hydropic degenera
tion, edema of portal spaces and dilatation of lymphatics, 
followed by recovery. In the spleen there is early stimu
lation, followed by fibrosis. The bone marrow undergoes 
early hyperplasia, followed by a partial disappearance of 
blood-formmg centers and serious atrophy of fat. (E,H,Q,) 

158 
THOROTRAST ENCEPHALOGRAPHY BY CISTERNA 
PUNCTURE. F. O. Coe, L. S. Otell, and O. F. Hedley. 
Med. Ann. Dist. Columbia 2, 277-9(1933). 

Death followed the intracisternal injection of colloidal 
Th oxide (thorotrast) in Macacus rhesus weighing 3 kg. 
(James C, Munch) 

159 
SECONDARY STORAGE OF THORIUM IN THE BONE 
MARROW. Georg Barkan and Friedrich Kienast. Klin. 
Wochschr. 14, 896-7(1935). 
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Rabbits injected with "Thorotrast" (2-12 cc./kg.) show no 
immediate changes in the bone marrow. A year later, how
ever, x-rays give definite evidence of storage of the Th 
oxide in the bone marrow of all the bones, (Harry Eagle) 

160 
PRODUCTION OF CANCER IN THE WfflTE RAT BY THO
RIUM DIOXIDE. G. Roussy, Ch. Oberling, and M. Guerin. 
BuU, acad, med. 112, 809-16(1934). 

Subcutaneous injections cause development of sarcoma 
identified histologically and by its transmissibility, (A, E. 
Meyer) 

161 
THE DEMONSTRATION OF BODIES IN THE BRAIN TISSUE 
BY MEANS OF THOROTRAST. Jorns. Klin. Wochschr. 
14, 1650-1(1935). 

After 10 daily intravenous injections of 2 cc. of thorotrast 
into rabbits, foreign bodies or exptl. damaged areas in the 
cerebral cortex become clearly visible on x-ray examn. of 
the skull. (Harry Eagle) 

162 
EXPERIMENTAL PRODUCTION OF SARCOMA WITH 
THOROTRAST. Frederick R. Selbie. Lancet JI, 847-8 
(1936). 

Sarcomas appeared at the site of the injections 11-15 
months after the subcutaneous injection of 0.6 cc. of thoro
trast into rats. (E. R. Main) 

163 
THE SARCOMATOGENIC ACTION OF COLLOIDAL THO
RIUM DIOXIDE. EXPERIMENTAL RESULTS. G. Roussy, 
Ch. Oberling, and M, Guerin, Bull assoc. fran. etude 
cancer 25, 716-21(1936). 

In the production of malignant tumors by subcutaneous, 
intravenous or intraperitoneal injections of colloidal Th02 
(Thorotrast), the rat proved more sensitive than the mouse, 
while the chicken was entirely resistant. In the rat the con
nective tissue was more susceptible than the reticuloendo
thelial, and sarcomas were produced in 10 out of 10 animals 
by a 5-cc. dose of Thorotrast, in 11 out of 17 by a 2.5 cc. 
dose and in 4 out of 10 by a 0.5-cc. dose. The rapidity of 
tumor production varied directly with the dose. In the 
mouse pulmonary and buccal epitheliomas, but no sarcomas, 
were produced. The results indicate that Thorotrast may be 
of potential danger when used clinically in arteriography. 
(M.H.) 

164 
THE DEAMINIZING ACTION OF THE LIVER AFTER 
GLYCINE INJECTIONS. Scipione Caccuri and Alfonso 
Chicariello. Arch. mal. appar. digest. 24, 840-72(1934); 
Ber, ges, Physiol, exptl. Pharmakol. 83, 558(1935). 

The amino N content of the blood normally ranges between 
6 and 10 mg.%. When 10 cc. of 12% glycine soln. is intra
venously injected the amino N of the blood 15, 30, and 60 
min. later is plotted, showing an increase with return to 
normal after 60 min. in patients with normal livers. In 
patients with disturbed liver function there is a smaller 
increase and a more rapid return to normal; with greater 
liver involvement there is a slow progressive increase 
or decrease at 15 min., reaching a max. at 60 min. The 
amino acid curve for normal rabbits is ascending at 15, 
30, and 60 min., returning to normal later. After poison
ing with P, CS2, trichloroethylene or thorotrast, the curve 
is higher at 15 min., but returns to normal at 60 min. 
after injection. (James C. Munch) 

165 
PRODUCTION OF A SARCOMA (SPINDLE-SHAPED CELLS, 
ARRANGED IN NARROW BUNDLES) IN THE MUS MUSCU-
LUS VAR. ALBA. Luigi Boglioli. Pathologica 29, 372-6 
(1937). 

The sarcomas were induced by subcutane6»s injections 

of thorotrast (colloidal Th0225, carbohydrates 50, water 
25%. (G. A. Bravo) 

166 
FATE OF THORIUM DIOXIDE (THOROTRAST) IN CERE
BRAL ARTERIOGRAPHY. D. W. C. Northfield and D. S. 
Russell. Lancet 1937, I, 377-81. 

Evidence has been obtained of retention of Th02 in the 
lumen or walls of cerebral vessels or in perivascular 
macrophages. (B.C.A.) 

167 
THE ACTION OF THORIUM SALTS ON HUMAN LEUCO
CYTE CULTURES. Gunter Wallbach, Folia Haematol. 57, 
417-31(1937). 

Th(NO})4 and Th02 decrease the no. of granulocytes and 
increase the no. of fibroblasts in leucocyte cultures. Inac
tive Th X has no effect. Hence Th salts influence leucocyte 
growth but the atom as such does not. (John T. Myers) 

168 
RATE OF DEPOSITION OF THOROTRAST IN THE HUMAN 
LIVER AND SPLEEN. Wallace M. Yater. Am. J. Roent
genol. Radium Therapy 38, 447-9(1937). 

Owing to lack of information regarding possible late 
injury following intravenous injection of thorotrast radiol
ogists have been reluctant to use it. Y. has followed over 
200 cases for several years and has found no evidence of 
harmful effects. In order to ascertain the rate of deposit 
of the medium in the liver and spleen, radiographs were 
made at frequent intervals after the injection of different 
quantities. No severe reaction was observed for total 
doses up to 0.5 cc. per lb. of Ixjdy wt. Within 15 min. after 
the injection some shadow is cast by the liver and spleen, 
and after 1% hr. satisfactory definition is obtained, (E.H.Q.) 

169 
TUMORS IN RATS AND MICE FOLLOWING THE INJEC
TION OF THOROTRAST. F. R. Selbie. Brit. J. Exptl. 
Path. 19, 100-7(1938). 

Tumors can be readily induced in rats by the subcutan
eous injection of thorotrast, a colloidal soln. of Th dioxide 
contg. 19 to 20% Th dioxide by weight, extensively used in 
radiology as a radio-opaque substance. The proportion of 
tumors induced in rats surviving 52 weeks after the injec
tion of 0.6 cc. thorotrast has been 58%, and the proportion 
of tumors in mice surviving 52 weelOB after the injection of 
0.2 cc. thorotrast has been 26%. It is suggested that the 
carcinogenicity of thorotrast is due not only to its radio
activity, but also to the susceptibility of the inflammatory 
tissue which it produces. (Harriet F. Holmes) 

170 
POSTMORTEM FINDINGS AND RADIOACTIVITY DETER
MINATIONS FIVE YEARS AFTER INJECTION OF THORO
TRAST. Lillian E. Jacobson and David Rosenbaum. 
Radiology 31, 601-7(1938). 

A case is reported in which 75 cc. of thorotrast was 
injected intravenously 5 years before death. The ash of 
the liver preserved in 10% neutral formalin for 6 months 
showed that the liner still retained 27% of initial y-ray 
activity of the soln., the ash activity being 0.3y of Ra. It is 
likely that the pathol. changes noted were caused by the 
presence of Th in the organs for a long period of time and 
not to antecedent disease. (George L. Clark) 

171 
EXPERIMENTAL BLASTOMAS PRODUCED BY THORIUM 
OXIDE, n. Luigi Bogliolo. Pathologica 30, 422-30(1938). 

Injection of 6 cc. of thorotrast into the subcutaneous 
tissues of albino rats Invariably produced blastomas. The 
blastemas are descril>ed. (G. A. Bravo) 

172 
EXPERIMENTAL PRODUCTION OF SARCOMA BY THORO
TRAST. Sigeyuki Miyamoto. Strahlentherapie 64, 683-90 
(1939). ~ 
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In white rats injections of thorotrast, a 25% Th02 sol 
stabilized with carbohydrates, very readily produced sar
coma after an av. of 321 days. Rather a distinct relation 
existed between the latency period and frequency of sar 
coma development and the dosage used. The spindle-celled 
sarcoma tissue developed mainly in the vicinity of the Th 
granuloma. Transplantations were always pos., the grafted 
tumors generally resembling the original tumors. The r e s 
piration and glucolysis of the tumor tissue were identical 
with those of malignant growths. The velocity of growth of 
the grafted tumors showed no definite value. The survival 
period of 7 animals averaged 63.4 days. (Ruth Berggren) 

173 
EFFECT OF THOROTRAST (COLLOIDAL THORIUM DIOX
IDE) ON EPENDYMAL LINING AND RELATED PARTS OF 
THE BRAIN. D. Beers. Arch. Path. 28, 49-57(1939). 

Thorotrast (colloidal Th02) is not readily excreted by the 
central nervous system and may remain in the ventricular 
cavity for long periods (in this case, for 27 days) in spite 
of the absence of obstruction to the flow of the cerebrospinal 
fluid. Thorotrast produces extensive inflammatory and des
tructive changes in the ependymal lining. The source of the 
macrophages in the ependymal lining. The source of the 
macrophages which ingest the granules of thorotrast may 
be traced in part at least to ependymal cells. The use of 
thorotrast for the visualization of ventricular cavities is un
safe. (Harriet F. Holmes) 

174 
PRODUCTION OF TUMORS OF THE SPLEEN IN RABBITS 
BY MEANS OF INJECTIONS OF THOROTRAST. C. J. van 
Mervennee and P. A. ten Thlje. Nederland. Tijdschr. 
Geneeskunde 83, IV, 5622-31(1939). 

The injection of 3 to 4 cc. of thorotrast per kg. kills 
rabbits in 8 to 10 hrs . After the injection of repeated 
smaller doses the authors observed a development of 
tumors of the spleen with metastases. (R. Beutner) 

175 
LOCAL CHANGES INDUCED BY THE INJECTION OF 
THORIUM DIOXIDE (THOROTRAST). Leif Efskind, Acta 
Chir. Scand. 84, 79-95(1940). (S. Morgulis) 

176 
A COMPARISON OF THE DISTRIBUTION BETWEEN 
VARIOUS ORGANS OF ARSENICATED SERUM PROTEINS 
AND OF COLLOIDAL THORIUM DIOXIDE (THOROTRAST) 
FOLLOWING THEIR INTRAVENOUS INJECTION. W. E. 
Gaunt and G. Payling Wright. J. Infectious Diseases 67, 
217-21(1940). 

The distribution of arsenicated serum and of Th02 follow
ing their intravenous injection was found by chem. detn. of 
As and Th in the various organs. There was a general sim
ilarity between the distribution of the 2 metals. High concns. 
of both were found in the spleen, bone marrow and liver, 
lower concns. in the lungs and scarcely any in the brain and 
skeletal muscles. The only organ among those examd. that 
exhibited any gross divergency between its As and Th 
concns. was the kidney, whose high As content appeared 
to be due to the fairly rapid excretion of the foreign pro
tein into the urine. (Julian H. Lewis) 

177 
TUMORS IN MICE INJECTED WITH COLLOIDAL THORIUM 
DIOXIDE. Howard B. Andervont and Michael B. Shimkin. 
J. Natl. Cancer Inst. 1, 349-53(1940). 

Two spindle-cell sarcomas and 1 hemangioma were 
induced in 9 mice 15—18 months after the subcutaneous 
injection of 0.2 cc. of colloidal Th02. The compd. did not 
induce primary pulmonary tumors in strain A mice after the 
injection of 0.2-0.8 cc. (Felix Saunders) 

178 
ELIMINATION OF RADIOACTIVE ELEMENTS BY PATIENTS 
AND RABBITS AFTER INJECTION OF THOROTRAST. Wil

helm Stenstrom. Radiology 37, 698-704(1941). 
Values obtained for the distribution of Th in the tissues 

agree with reports of other authors. Some elements in the Th 
series are distributed in a different manner and are elim
inated to a considerable extent from the tissues. The pres 
ence of Th in a living animal or patient can be revealed by 
means of y-ray measurements, but such measurements do 
not give quant, values for the Th, Th X is consistently found 
in the feces and thoron is exhaled in the breath. From detns, 
of the different radioactive elements in the Th series it 
would be necessary to det, the range of the a-particles and 
make |3-ray measurements. The relative amts. of the differ
ent elements depend partly upon the time elapsed since the 
Th was coned. Excretion of Th after intravenous injection of 
thorotrast in patients has not been discovered as yet; a great 
portion of the Th must have remained in the tissues of two 
patients who received injections 6 and 7 years prior to the 
measurements. (G, L, Clark) 

179 

EFFECT OF THORIUM DIOXIDE ON NORMAL AND 
ESTRINIZED TUMOR-BEARING RATS. Jacob Helman, 
Cancer Research 2, 25-7(1942). 

Th02 does not produce malignant epithelial changes in 
benign fibroadenoma of rat breast. The combined action of 
thorotrast and estradiol benzoate does not induce a malig
nant change in either spontaneous or transplanted benign 
epithelial tumors nor does it elicit malignant epithelial 
tumors in normal ra ts . Granuloma and sarcoma could be 
induced by thorotrast whether or not the rat bore a spon
taneous or a transplanted benign fibroadenoma, (Felix 
Saunders) 

180 
EXPERIMENTAL CANCER PRODUCED BY THORIUM 
DIOXIDE, Gustave Roussy and Maurice Guerin, Presse 
m6d, 49, 761-3(1941); Chem. Zentr. 1942 H, 541. 

A review is given on the exptl. development of sarcoma 
in animals by injections of Thorotrast, a colloidal soln. of 
Th02, used as a contrast medium in radiology. Its use in 
human medicine is not void of danger since its fixation in 
the organism may cause severe damage and eventually 
cancer. (A. E. Meyer) 

181 
CARCINOGENIC PROPERTY OF THOROTRAST. G, 
Natucci and G. Dall'Armi. Arch. ital. med. sper. 4, 
591-616(1939). 

Tests with rats are described, in which thorotrast was 
injected subcutaneously. The substance remained in the 
tissues for from 11 to 14 months and produced large tumors 
(fibrosarcomata) in 4 of 11 laboratory animals. Following 
sul)cutaneous transplantation of small fragments of these 
tumors into 3 rats an histologically identical tumor appeared 
within 40 days in one animal. No lymphoglandular or vis
ceral metastasis was observed in any of the cases. (R. 
P. E. Hopf) 

182 
ACTION OF THOROTRAST FOLLOWING INTRAVENOUS 
ADMINISTRATION. G. Natucci. Arch. ital. med. sper. 
4, 865-78(1939). 

Thorotrast Heyden was administered intravenously to 
rabbits; 2 or 3 months later slight lesions, such as degen
erative and congestive symptoms, as well as hyperplasia 
of the reticulo-endothelial system were observed. After 1 
or 2 yrs . there were severe diffuse lesions such as chronic 
interstitial hepatitis, especially in the portal region; pro
liferating reaction of the septal cells of the lung combined 
with formation of compact nodes; rarefaction of follicular 
and pulpal tissue of the spleen assocd, with hyperplasia of 
the reticular tissue, and other diffuse degenerative phenom
ena. This proves the extreme toxicity of thorotrast even 
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in small doses and its slow and prolonged injurious effect, 
(R. P, E, Hopf) 

183 
CONTRAST MEDIA FOR USE IN ARTERIOGRAPHY. Paul 
C, van der Linden, Arch, intern, pharmacodynamie 67, 
14-60(1942). 

The intra-arterial injection of coned, solns. of Nal, KI, 
or NaCl, or of Na 5-iodo-2-oxopyridine acetate (uroselec
tan), Na diiodomethanesulfonate (tenebryl) or Na iodometh
anesulfonate (uropac) causes much irritation of the vessel 
walls, and the clinical use of such substances is not desir
able. Diethanolaminoduodopyridone acetate (perabrodil) 
is much less irritating. Colloidal Th02 (thorotrast) is free 
from irritating action but remains in the reticulo
endothelial system for a long time. (M. L. C. Bernheim) 

184 
EFFECT OF THOROTRAST ON ANAPHYLACTIC SHOCK 
IN THE DOG. Andres Goth and James Holman (South
western Med. Coll., Dallas, Texas). J. Pharmacol. 89, 
379-81(1947). 

Thorotrast m large doses injected intravenously 10-240 
min. previously protects dogs against anaphylactic (serum) 
shock. Since thorotrast has been shown to have no anti
histamine or antiheparin actions, it is suggested that it 
prevents the liberation of these substances. (L.E.G.) 

185 
EXPERIMENTAL PRODUCTION OF MALIGNANT TUMORS 
BY RADIOACTIVE SUBSTANCES. R. Biltris. Verhandel. 
Komnkl. Vlaam, Acad, Geneesk, Belg. 1_, 76-89(1939-40). 

The literature is reviewed and original results are 
descriljed. Malignant tumors of internal organs can be 
produced by radioactive substances like thorotrast. (B.A.) 

186 
THE PERMEABILITY OF THE PLACENTA FOR COLLOI
DAL THORIUM (THOROTRAST). Paul Kneip (Univ. Frau-
enklinik, Graz, Austria). Z. Geburtshiilfe u. Gynakol 126, 
204-11(1944). 

Varying amts. (1.3-4.0 cc.) of thorotrast were injected 
into 21 pregnant guinea pigs. The 49 young, obtained by 
section or birth at 8 hrs . to 26 days after the injections, 
were found to contain no Th, showing that none came through 
the placenta. (E. K. Weisburger) 

Plant Physiology 

187 
THE ACTION OF RADIOACTIVE SALTS OF URANIUM AND 
THORIUM ON VEGETATION. C. Acqua. Annali di botanica, 
6, 387-401(1908); through Botan. Centr., 110, 18, 453(1908). 
(E.M.B.) 

188 
THE INFLUENCE OF THORIUM X UPON GERMINATING 
PLANTS. Friedel Kahn. Kiel. Miinch. med. Wochschr., 
60, 454-5(1913). 

K. Studied the action of Hi X upon oats and cress . It 
did not differ greatly in action from that of Ra; small doses 
stimulated growth while large doses were inhibitory. 
(H. J. Corper) 

189 
ACTION OF THORIUM ON SEEDS. J. Munoz Del Castillo. 
Bol. asoc. agr. espanol No. 58, 50(1914); Bull. Agr. Intel
ligence 5, 878(1914). 

With regard to increasing the growing power of seeds, 
the action of Th is superior to that of Ra for cereals and 
other food plants. Soils possessing radioactivity on ac
count of Th emanations ought to be used particularly for 
seed production. (M.X.S.) 

190 
ACTION OF THORIUM X UPON THE MATURATION OF 
EGGS, THE GERMINATION OF SEEDS AND THE GROWTH 
OF PLANTS. Aversenq, Delas, Jaloustre, and Maurm. 
Compt. rend. 178, 1491-2(1924). 

Eggs of Ascaris lombricoides subjected to lOy per week 
of Th X at about 15° showed a develc^ment of the embryo 
in 23 days, control eggs in 32 days, and eggs subjected to 
36y Th X per week showed no development after 2 months. 
Analogous results were obtained with seeds of Raphanus by 
immersion in radioactive water of 5 and lOOy, resp. The 
growth of Lemna polyrrhiza was Increased over the control 
by eiqiosure to 5y per week of Th X, and decreased as com
pared with the control by exposure to 50y per week of Th X. 
(L. W. Riggs) 

191 
DEVELOPMENT OF THE CASTOR OIL PLANT IN A MEDI
UM CONTAINING THORIUM X. Aversenq, Jaloustre, and 
Maurin. Compt. rend. 182, 804-5(1926). 

The test plants were watered once in 5 days with water 
contg. 10 micrograms of Th X. Controls received the same 
amt. of water without Th X. Eight ordinary factors of growth 
were mcreased by Th X. The test plants flowered 10 days 
before the controls. A study of the influence of Th X on the 
compn. of the plant and its products is under way (L W. Riggs) 

192 
INFLUENCE OF LEAD AND THE METALLIC IONS OF 
COPPER, ZINC, THORIUM, BERYLLIUM AND THAL
LIUM ON THE GERMINATION OF SEEDS. W. J. Dilling. 
Ann. Appl. Biol. 13, 160-7(1926). 

Pb salts at concentrations > 0.01% of Pb ion delay the 
germination of cress and mustard seeds; at 0.1-0.2% 
concentrations the Pb ion inhibits germination for 18 days 
or more without destroying the vitality of the seeds. Th, 
Zn anl Gl gave similar but less marked effects. Cu stunts 
the growth of inhibited seeds whereas Tl destroys their 
vitality. (C.H.R.) 

193 
VARIATION IN ALKALOID CONTENT OF THE POME
GRANATE DUE TO CERTAIN SOIL TREATMENTS. E. 
Maurin. Bui. soc. bot. (France) 75, 280-2(1928). 

The alkaloid content of the pomegranate was more 
than doubled by the application of CaHP04 or a solution 
of thorium X to the soil. (NH4)2S04 and FeSO^ were only 
slightly less effective, but K2SO4 reduced the alkaloid con
tent. The favorable treatments should be of commercial 
importance for growers who raise the pomegranate for its 
alkaloid content. (A. E. Hitchcock) 

194 
THE ACTION OF THORIUM X UPON THE ACTIVE-PRIN
CIPLE CONTENT OF CERTAIN MEDICINAL PLANTS. 
Aversenq, Jaloustre, and Maurin. Compt. rend. 188, 345-7 
(1929). 

It i s well known that radioactive substances are capable 
of influencing biological phenomena. A study was made to 
determine the role played by thorium X in the formation 
of certain glucosides, alkaloids and other substances used 
therapeutically. The following plants were selected and 
their roots sprinkled with HjO containing the Th: grenadm. 
Datura stramomum, black mustard, rhubarb and ricm. The 
plants were harvested at the regular time and the medici
nal content was determined by standard methods. In every 
case the active-principle content was mcreased by the tho
rium X treatment. The alkaloid content of grenadm was a l 
most doubled by the treatment. Conclusion: Radioactivity 
plays a very important role in the active-principle content 
of medicinal plants. (M. H. Soule) 

195 
THE INFLUENCE OF THE RADIOACTIVE ELEMENTS 
URANIUM, RADIUM, THORIUM AND ACTINIUM ON THE 
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YIELD OF PLANTS. A. A. Drobkov. Compt. rend. acad. 
SCI. U R.S.S. 17, 229-32(1937) (In English) 

The yields of the vegetative mass and of the seeds of 
pea plants grown in water culture containing Hellrigel's 
mixture + Bu were mcreased 86.27 and 182.35%, respec
tively, by the addition of 10~" g. of Ra to 6 1. of water. 
The Ra content of the roots and stalks of the plants in
creased greatly. This amount of Ra was optimum. As the 
Ra dose mcreased, the yield of both roots and vegetative 
mass decreased gradually, but doses of 10~' g. per 6 1. of 
water were not lethal for the plants. From 3 yr. experi
ments the author concludes that radioactive elements are 
necessary nutrient substances for the plant, that the radio
active elements U, Ra and Th cannot be used as substi
tutes for other nutrient elements, and that K cannot r e 
place the other radioactive elements. Whether or not Ra, 
Th and U can replace each other has not been determined 
(E Curzon) 

196 
THE INFLUENCE OF METALLIC IONS ON THE GERMI
NATION OF SEEDS AND ON THE INITIAL DEVELOPMENT 
OF PLANTS. COMPARATIVE STUDIES. Luciano Maz-
zanti. Arch, intern, pharmacodynamie 58, 249-66(1938). 

The acetates of Na, Hg, Pb, Cu, Th and Sn in equimolar 
solutions influence in varied measure the germmation and 
the initial development of plants. (P. F. Metildi) 

197 
EFFECT OF CRYSTALLINE HORMONES ON THE GROWTH 
OF YEASTS. A. P. Weber. Ann. fermentations 3, 15-29, 
65-86(1937). 

The growth (rate of formation of dry matter) of Rhodo-
torula sugari and of R. glutinis, var. Saitoi, is stimulated 
by foUiculm, dihydrofoUiculin benzoate or testosterone 
at a concentration of 0.0001%, the activity depending on the 
rate of growth. The effect of androsterone, insulm, thyrox
ine or heteroauxin is less marked, while adrenaline shows 
no action. The activity of the hormones is small in the ab
sence of Zn and is augmented by addition of Th, Mn, Cu, I 
and B. Other yeasts examined were not affected by the 
hormones. (B.C.A.) 

198 
INVESTIGATION OF WATER LENTILS AND POND 
WATERS AS TO THEIR CONTENT OF RADIOACTIVE 
ELEMENTS OF THE THORIUM SERIES. B. K. Bru-
novskii and K. G. Kunasheva. Akad. V. I. Vernadskomu k 
Pyatidessyatiletiyu Nauch. Deyatelnosti 1_, 191-202(1936); 
Chem. Zentr. 1938, I, 1559 

Investigations carried out at various seasons of the year 
are reported. In spite of the demonstrated Th content of 
the pond water, no Th could be detected in the water lentils. 
It is shown that the Rd-Th present m the water lentils is 
produced only from meso- Th 1 and penetrates the tissue 
of the plant only as a recoil atom, so that it is therefore 
very difficult to remove. (M. G. Moore) 

199 
SOME EFFECTS OF METAL SALTS ON YEAST DEHY
DROGENASE. Chas. Wm. Hock. Plant Physiol. 14, 797-
807(1939). 

By use of the methylene blue technique of Thunberg the 
effects of KCl, KNO3, CUCI2, HgClj, MnClj, BaClj, AuClj, 
La(N03)3 and Th(N03)4 on the dehydrogenase of yeast and 
mascerated yeast extract were noted. Cations inhibit the 
dehydrogenase activity of yeast cells as follows: Hg > Cu > 
Au > Th > La > Ba > Mn > K. The ions showed the same 
effect on dehydrogenase system of yeast extract except 
that Mn and K showed no inhibitive action. Mn, Ba and K 
accelerate dehydrogenase action of yeast extract. Th, Cu 
and Au cause slight acceleration at low concentrations. 
(D. M. Doty) 

200 
EXPERIMENTS ON THE STIMULATING ACTION OF 
THORIUM NITRATE ON PLANT GROWTH. C. v. GiUern. 
Bodenkunde u. Pflanzenernahr. 27, 197-202(1942). 

In pot experiments with oats (Avena sativa) and mead
ow grass (Poa pratensis), 5-, 25-, 50-, and 500-mg. ap
plications of Th nitrate were mixed with 6 and 6.5 kg., 
respectively, of loam or of a sandy soil. All pots received 
1 g. Nitrophoska. It is concluded tentatively that Th has a 
stimulatmg effect on plant growth. This is more marked on 
loam soil than on sandy soils and a larger effect is noted, 
with cereals, on the straw yield than on the gram yield. 
Since, on the other hand, Th favorably affected the growth 
of the grass it can be concluded that in general Th has a 
more positive stimulating action on the stalks than on the 
seed development. (Colm W. Whittaker) 

201 
THE INFLUENCE OF ALKALI CHLORIDES (Ll, K, NH4, Cs 
AND Ru) AND OF Th AND U RAYS ON SPORE FORMATION 
BY MEGATHERIUM AND MESENTERICUS ON AGAR 
SLANTS. Maria Cicconi. Zentr. Bakt. Parasitenk., I Abt., 
Orig., 150, 263-7(1943). 

Cells of B. megatherium and B. mesentericus produce 
spores when held m an icebox on nutrient agar slants at 
3-5°. If the medium contains 1.0 3.0% of any of the alkali 
chlorides, no spores form and the organisms die within a 
few months. These compounds have no effect at room tem
perature. Th and U rays have stimulatmg effects on spore 
formation and cell vitality. (John T. Myers) 

202 
THE STIMULATING ACTION OF Th COMPOUNDS ON THE 
GROWTH OF PLANTS. C. V. Gillern. J. Landw. 89, 233-
9(1943); Chem. Zentr. 1943, H, 1968-9. 

Pot experiments showed that the growth of lupines is 
stimulated by Th(OH)4 (optimum quantity 5 mg./kg.), as a 
result of better absorption of the nutritive substances from 
the substrate. (W. R. Henn) 

203 
CYTOLOGICAL REACTIONS INDUCED BY INORGANIC 
SALT SOLUTIONS. Albert Levan (Cytogenetic Lab. 
Svalof, Sweden). Nature 156, 751-2(1945). 

The cytological effect of the salts of a no. of metals, 
mostly nitrates, on root menstems of Allium cepa was 
studied. A dilution series of concentrations for each sub
stance, covering the whole range from total lethality down 
to such weak concentrations that no cytological effect could 
be detected was used Fixations of root tips were made 
after 4 and 24 hrs. , respectively. All slides were stamed 
with crystal violet. Colchicine mitosis was a common re 
sult of these treatments In many cases the activity thresh
old of colchicine mitosis was considerably lower than it is 
in colchicine. Salts of the followmg metals were used: Li, 
Be, Na, K, Cr, Fe, Co, Nl, Cu, As, Rb, Y, Pd, Cd, Ba, La, 
Ce, Nd, Er, Au, Hg, Tl, Pb, Bi, Th, Al, Ti, Zr, Mo, Cs, W, 
U, and Sb. (E. D. Walter) 

204 
THE INFLUENCE OF HEXADECYLTRIMETHYLAMMO
NIUM BROMIDE ON THE INHIBITION OF THE RESPIRA
TION OF YEAST CAUSED BY METALLIC IONS.' L. Mas-
sart and J. Schoon (Univ. Ghent, Belg.). Rec. trav. chim. 
71,33-42(1952) (In French). 

Hexadecyltrlmethylammonlum bromide (I) in nontoxic 
concentrations protects yeast against the mhibition of r e s 
piration caused by V02'^, Th*"*̂ , and Ag'*' ions if it is added 
first. With Hĝ '*' and Cû '*' ions it increases the inhibition. 
This indicates a competition between the former ions and I 
at the cell surface, suggestmg that this inhibition is a sur
face action. (Amy LeVesconte) 
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Health Physics 

205 
NEW OBSERVATIONS ON THE SURVIVAL OF THYROID-
ECTOMIZED ANIMALS. ACTION OF SALTS OF THO
RIUM AND OF LANTHANUM. A. Frouin. Compt. rend, 
soc. biol., 68, 313-5(1910). 

LaCl2 fed daily in doses of 1 g. appeared to diminish the 
frequency of convulsions, but did not prolong life, for the 
thyroidectomized animals died in 8 days. ThCl4 fed dally 
in doses of 1 g. checked the convulsions. The animals died 
on the second and fourth day, after having refused food. 
ThCl4 fed to normal animals 42 days caused no bad effects 
and no loss in weight. (I. K. Phelps) 

206 
THE BIOLOGICAL ACTION OF MESOTHORIUM. Kenji 
Kojo. Berl. klin. Woch., 49, 779-80(1912). 

After the ingestion of thorium X solutions, large amounts 
of emanations may be detected in the respired air and in 
the urin. The period of emanation elimination is, within 
limits, proportional to the amount Ingested. After inhala
tion, emanations cannot be detected In the ejqiired air or 
in the urin. (E. F. Hirsch) 

207 
THORIUM X IN BIOLOGY AND PATHOLOGY. Plesch, 
Karczag, and Keetman (Berlin). Z. exp. Path. Ther., 12, 
1(1913). 

Injections of measured amounts of Th X (estimated as 
electrostatic units) leads to its retention by the bone mar
row chiefly, liver next, and other organs practically not at 
all. It is excreted largely in the feces, somewhat in the 
urin, a little in the perspiration. Thorium X has no effect 
upon the rate of tryptic hydrolysis of peptone, nor upon glu
colysis. It inhibits slightly galactolysis and the Inversion 
of cane sugar. On normal individuals Th X produces no res 
piratory effect. In cardiac dyspnea it increases the r e s 
piratory rate. Inhalation of Th X lowers blood pressure. 
Utilization of O and excretion of CO2 Increased with a shift 
of the respiratory quotient from 0.72 to 0.94. Small in
jections are frequently fatal to dogs and rabbits, but large 
variations In tolerance were found. In man, inhalation, 
small injections, or ingestion in water produces practically 
no symptoms. With increasing doses diarrhea and bloody 
stools may result. The substance may be recognized 
following minute doses by means of the photographic plate. 
The effects of Th X upon a large number of pathological 
cases of considerable diversity are recorded. (H. C. Brad
ley) 

208 
BIOLOGICAL ACTION OF THORIUM X. V. SaUe and A. 
vonDomarus. Z. klin. Med., 78, 231-54(1914). (M.S.F.) 

209 
DANGERS IN REFINING RADIOACTIVE SUBSTANCES. 
Herman Schlundt, Wm. McGavock, Jr . , and Mildred Brown. 
J. Ind. Hyg. 13, 117-34(1931). 

The investigations were carried out during 3 yr. in a 
laboratory where the final stages of refining commercial 
MsTh in 100- to 300-mg. quantities were carried out. 
Gamma radiations and the radioactive gases, radon and 
thoron were the sources of danger. Precautions were 
taken to reduce these dangers to a min. and then the 
laboratory atmosphere and workers were carefully 
examined for radiation. The thoron content was IO3 greater 
than the radon content and constituted the chief danger as 
the gamma radiation was small. A method for the determina
tion of thoron in the laboratory atmosphere was devised and 
showed 10~* curies ofThoron per cu. m. as a representa
tive value and under these conditions the lungs of a worker 
will contain 9 x IO5 atoms of thoron and 1,400,000 a-par -

ticles will be produced per min., which is approximately 
2% of the no. occurring in the body of a person carrying an 
amount of Ra just within the limits of tolerance. Workers 
were examined monthly by the y-ray method (less reliable) 
and the expired-air method. The latter method gives a 
timely warning of danger sooner and more accurately than 
any other. Workers develop a distinct radioactivity with 
time but lose it gradually. One worker by the expired-air 
method 2 days after stopping work in the laboratory showed 
a net drift of 22 divisions but 3 months later only 1.9 divi
sions. Blood counts of 3 workers showed no abnormalities. 
None of the 5 workers experienced any debilitating effects. 
Previous workers in the laboratory before precautions were 
used did not show any harmful effects 10 yr. after ceasing 
work. (Oden E. Sheppard) 

210 
HEALTH ASPECTS OF RADIUM DIAL PAINTING. HI. 
MEASUREMENTS OF RADIOACTIVITY IN WORKERS. 
James E. Ives, Fred L. Knowles and RoUo H. Britten. J. 
Ind. Hyg. 15, 433-46(1933). 

To measure y-rays, the rate of discharge of a Wulf bifi-
lar electroscope was measured, the probable error being 
0.3y. For Rn and Tn, expired air in a Douglas bag was 
placed near an electroscope, and the movements were meas
ured. Standardization curves were made, the half-life 
period of thoron being 54.5 sec. Results of determinations 
made upon Ra workers are given. (W. D. Langley) 

211 
DIMERCAPROL AND THE BILIARY EXCRETION OF LEAD 
IN RABBITS. Michael Ginsburg and Miles Weatherall. 
Brit. J. Pharmacol. 4, 274-6(1949). 

Pb(OAc)2 containing Pb2i2 (Th B) was administered to anes-
thetizled rabbits arranged for the collection of hepatic bile. 
Pb analyses were made on samples of bile collected hourly 
for 4 hr. The amount of Pb excreted reached a max. on the 
2nd hr and decreased thereafter. Pb excretion continued to 
rise when dimercaprol (2,3-dimercapto-l-propanol, BAL) 
was given on the 2nd hr. (Richard F. Riley) 

Therapy 

212 

THE USE OF CERIUM OXALATE FOR THE RELIEF OF 
VOMITING: AN EXPERIMENTAL STUDY OF THE 
EFFECTS OF SOME SALTS OF Ce, La, Pr, Nd AND Th. 
G. Baehr and H. Wessler (Lab. Biol. Chem., Columbia Univ., 
Coll. Physicians and Surgeons). Arch. Intern. Med., 2, 516-
31(1908). 

The oxalates of the elements named above when adminis
tered with the food (a standard diet) to dogs were found to be 
non-toxic. The dose per day in the case of Ce was 0.01-50.0 
g. and of the others 6-22.5 g. Cerium oxalate had no inhibi
tory effect whatever on vomiting of central origin (produced 
by subcutaneous injection of 0.002-3 g. apomorphine-HCl), 
but it sometimes inhibited vomiting due to local irritation 
of the gastric mucosa (produced by 4 cc. sirup of ipecac) 
but only if given in large enough doses and long enough to 
coat the stomach wall well. The oxalate is not absorbed 
from the alimentary canal. Ce nitrate, administered per os, 
hypodermlcally, intraperitoneally or intravenously, causes 
vomiting, diarrhoea and congestion of the intestinal mucosa. 
In these experiments Ce was usually eliminated in the feces, 
never in the urine; it was also found in the washed intestines 
and small amounts in the liver and spleen. A fraction of mg. 
of Ce could be detected by the method detailed, which is as 
follows: The substance was incinerated (after drying in the 
case of urine or blood). After preliminary heating with the 
blast-flame, for further ignition of carbon, the ash was 
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fused with KHSO4. After coolmg, the white flux was dissolved 
m a little dilute HNO3, the solution neutralized with powdered 
K2CO2 to precipitate iron, and filtered. The clear filtrate 
was reacidified with HNO3, heated, treated with a few g. of 
lead peroxide and boiled for 1-2 min. After the lead oxide 
settled, the supernatant fluid showed a canary-yellow if 
Ce was present. (Israel S. Kleiner) 

213 
THORIUM OXYANHYDRIDE, ITS USE IN THE APPLI
CATION OF THE RONTGEN RAYS TO THE HUMAN GAS
TRO-INTESTINAL TRACT. AN AMPLIFICATION AND 
PARTIAL SUBSTITUTION FOR BISMUTH. C. Kaestle 
(Kuranstalt Neu-Wlttelsbach and Pharm. Inst. Tierartzl . 
Hochsch., Munich) Munch, med. Wochschr., 55, 2666-7 
(1908). ~ 

Experiments were performed on children, dogs and rab
bits. 10-15 g. of Th were given to 12-year old children and 
older ones received up to 30 g. This was mixed with the 
food, 1 part of Th to 3 or 4 parts of food. Th and the oxy-
anhydride (Th02) pass through the body unchanged, being 
recovered m the feces quantitatively. All poisoning ac
tion IS eliminated. The author considers Th02 the better 
form to use. Bi compounds are said to have toxic action 
on the system but possess high power of absorbing the 
Rontgen rays. The author suggests the use of other in
soluble chemical compounds, i. e., HgS, BaS04 and Ca 
salts. (F C Cool) 

214 
A CERIUM-THORIUM PREPARATION FOR RONTGEN 
DIAGNOSIS AND AS A THERAPEUTIC AGENT IN STOM
ACH AND INTESTINAL DISEASES. E Grunmach 
(Rontgen Ray Inst., Univ. Berlm). Intern. Beitr. Path 
Therap , 3, 228-32(1911-12). 

A Ce-Th preparation (oxides) was used instead ol Bi2(C03)3 
The amount used to produce satisfactory results was about 
33% compared to the weight of Bi2(C03)3. In addition to its 
diagnostic value, it acted as a medicant, healing diseases 
of the digestive organs. (C A Brautlecht) 

215 
MESOTHORIUM, THORIUM X, AND THORIUM EMANA
TIONS, AND THEIR THERAPEUTIC USE. D. Turner. 
Edmburgh Med. J., 9, 220-3(1912). 

Th X injected into tumors caused first a local swelling, 
then a diminution in size of the tumor, often with hemor
rhagic liquefaction. No albumin could be detected in the 
urm. In vitro Th emanation decomposed uric acid into urea 
and CO2. (H B. Lewis) 

216 
THORIUM TREATMENT OF LEUCEMIA. Nagelschmldt 
(Berlm). Deut. med. Wochschr., 38, 1830(1913). 

N. reports prelim mary observations on Th treatment of 
leucemia. (H. J. Corper) 

217 
THE BIOLOGICAL ACTION OF THORIUM. J. Plesch. 
Berl. klin. Woch , 49, 739-41(1912) 

P. used the "Dorat" Thorium X preparation injecting it sub
cutaneously. Injections increased the respiration rate in 
dyspnea. They further mcreased the diastole, caused a vaso
dilation and a drop in blood pressure. Beneficial effects 
were noted m gout and leucemia. Elimination is chiefly 
through the mtestmes, some passmg out with the urme and 
sweat. (E F. Hirsch) 

218 
MESOTHORIUM-, THORIUM X-, AND THORIUM-EMANA
TION THERAPY. A. Bickel (Univ. Berlin). Berl. klin. 
Woch., 49, 777-9(1912). 

B. considers briefly his observations on these as thera
peutic agents in chronic arthritic rheumatism, and arthritis 
deformans. Their apparently beneficial effects m some 

cases indicate possibilities, but no very definite conclusions. 
(E. F. Hirsch) 

219 
MESOTHORIUM THERAPY IN CANCER. A. Pinkuss. 
Berl. klm. Woch., 49, 935-7(1912). 

The ingestion, subcutaneous or mtravenous injection 
of mesothorium or thorium X have no curative effects up
on carcinomatous growths. Mesothorium emanations ap
plied directly seem to have healmg properties. (E. F. 
Hirsch) 

220 
RADIUM AND THORIUM X THERAPY. C. von Noorden 
(Vienna). Med. Record 83, 95-103(1913). (Max Kahn) 

221 
THE TREATMENT OF PSORIASIS WITH THORIUM X. F. 
Gudzent and Winkler (Berlm). Deut. med. Wochschr., 39, 
925-6(1913). 

Thorium X did not prove itself as a drug of choice m 
treatment of psoriasis, but the authors believe when all 
other drugs are contramdicated a thorium X treatment may 
be tried to advantage. (H. J. Corper) 

222 
THERAPEUTIC EXPERIMENTS WITH LOCAL THORIUM 
CHLORIDE TREATMENT IN CARCINOMA MICE AND 
SARCOMA RATS. Albert Caan. (Frankfurt a/M). Munch, 
med. Wochschr., 60, 1078-9(1913). 

C. gave ThCl4 by intratumoral administration to sarcoma 
rats (0.75 cc. of a 5% solution m H2O (distilled) every 2 days 
for 6 injections) and carcmoma mice (0.5 cc. of a 2 V2% so
lution every 2nd day for 5 injections). In the majority of 
cases results (liquefaction and necrosis) were obtained 
after the 2nd or 3rd mjection. The healmg occurred more 
rapidly in the rat tumors than m the mouse carcmoma. C. 
IS engaged m trying intravenous treatment. (H. J. Corper) 

223 
MESOTHORIUM AS A SUBSTITUTE FOR R O N T G E N RAYS 
IN GYNECOLOGY. Boigts (Berlin). Miinch. med. Woch
schr., 60, 1188-91(1913). (H. J. Corper) 

224 
THE TREATMENT OF CARCINOMA WITH ROENTGEN 
LIGHT AND MESOTHORIUM. Krdnig and Gauss (Frei
burg). Deut. med. Wochschr., 39, 1233-7(1913). (H.J.C.) 

225 
THORIUM IN PERNICIOUS ANEMIA. S. M. Livshitz (Ber
lin). Russki Vratch, U , 1693-4(1912). 

L. reports a case of pernicious anemia treated success
fully with water charged with Th (50,000 Mache imits). 
After drinking this water for a month the patient was r e 
lieved of all his symptoms and the blood became pract i
cally normal. (M.K.) 

226 
MESOTHORIUM, A NEW TREATMENT FOR CANCER. 
Pharm. Ztg., 58, 522-3(1913). 

Essay. (L. E. Warren) 
227 

THERAPY OF LEUCEMIA WITH THORIUM X. Georg 
Rosenau (KBnigsberg). Munch med. Wochschr., 60, 2214-
6(1913). 

R. regards Th X as a valuable auxiliary m some cases 
in the treatment of leucemia, but it never accomplishes 
more tlian the Rdntgen rays and often fails entirely. 
(Lydia M. DeWitt) 

228 
ACTION OF THORIUM X ON EXPERIMENTAL ANEMIA. 
M. Chernorutsku (St. Petersburg) Charkovslu med. J., 
15, 244-71(1913). 

In cases of rabbits suffering from phenyl-hydrazine 
anemia, Th X m small doses has no effect and m larger 
doses it prevents regeneration of blood cells. C. recom-
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mends that Th X be not used m human cases suffering with 
anemia. (Max Kahn) 

229 
THOraUM — A NEW AGENT FOR PYELOGRAPHY. T. E. 
Burns (Baltimore). J. Am. Med. Assoc. 64, 2126-7(1915). 

Solutions of Th(N03)4 cannot be used on account of their 
irritating action and the precipitation of msoluble salts m 
the urine; also when mtravenously admmistered, mtra-
vascular clotting is produced. The neutral solution of 
Th(N03)4 and Na3C(H507 possesses the necessary opacity to 
ROntgen rays, and apparently all other desirable qualities. 
To make 100 cc. of a 10% solution 10 g. of Th (N03)4 CHjO 
are dissolved m as little H2O as possible; to this solution, 
kept hot on a water bath, 30 cc. of a 50% solution of 
NasCgHjOt are added in small amounts with stirring. A white 
precipitate is formed after the first addition of the citrate; 
this dissolves on further addition. This mixture is then 
made neutral with N NaOH and H2O added to 100 cc. On 
filtermg a clear limpid solution is obtained; its stability 
is not affected by boiling. "This solution can be mjected 
intravenously up to 1.5 cc. per kg. of body wt., and given 
by the stomach up to 4 cc. per kg. of body wt. in dogs with
out causing any change m the phenolsulfonephthalem out
put, blood urea content, hemoglobin content, or cellular 
elements of the blood." (L. W. Riggs) 

230 

RARE EARTHS IN THERAPY. C. Richard B6hm. Z. angew. 
Chem. 28, 1, 333-6, 346-8(1915). 

Review of the history, preparation, and uses of cerium, 
mesothorium, and thorium X in therapy. (B. Horowitz) 

231 
A NEW GROUP OF ANTAGONIZING ATOMS. I. T. P. 
Feenstra n . Vers. Akad. Wetens. Amst. 25, 37-41(1916). 

The same effect was observed with Th(N03)4, even after 
thorough purification. The ratio Th(N03)4/CaCl2 must not 
exceed ' / u . The other elements of the Th group give heavy 
ppts. in Ringer mixture and could not be studied in this 
connection. (J. F. Smith) 

232 
THORIUM IN PYELOGRAPHY. J. E. Burns (Baltimore). 
J. Am. Med. Assoc. 68, 533-5(1917). 

The value of a Th soln., containing approx. 10 or 15% of 
Th in the form of a double citrate of Th and Na, was dis
cussed with reference to its use as a pyelographic agent in 
185 cases in which "no untoward effect whatever" was ob
served. This soln. fulfills all the conditions necessary for 
an ideal pyelographic medium. It is non-toxic, non-irri-
tating, readily eliminated from the urinary tract, does not 
stain linen like Ag compds. and is about one-third as cost
ly as coilargol. (L. W. Riggs) 

233 
ACTION OF THORIUM SALTS ON AMEBIC DYSENTERY 
Albert Frouin. Compt. rend. soc. biol. 80, 136-8(1917), 

Th (804)2 administered per os (4 -6 g. daily) and per 
rectum (latter in 2:100 concn.) had a pronounced intestinal 
antiseptic action and exerted a curative action in amebic 
dysentery. The use of La salts or of double La and Th salts 
is also suggested for intestinal antisepsis. Th may be em
ployed as Th(N03)4 if desired. (H. S. Paine) 

234 
ATTEMPTS TO REDUCE THE RESISTANCE OF THE GUIN
EA PIG TO TUBERCULOSIS BY MEANS OF VARIOUS 
AGENTS. THE EFFECTS OF THE RONTGEN RAY, BEN
ZENE, THORIUM X, TUBERCULIN, ETHER AND CHLO
ROFORM. H. J. Corper (Chicago). Am. Rev. Tubercu
losis 2, 587-603(1918) 

These expts. were performed to find a substitute (avail
able to all) for the X-ray for increasing the susceptibility 
of the guinea pig to tuberculosis, a method recommended by 

Morton (J. Exp. Med. 24, 419-27(1916)) for hastening the 
animal diagnosis of tuberculosis A single exposure to the 
Rontgen ray(as directed by Morton), sufficient to cause a 
temporary leucopenia in guinea pigs infected with a small 
amt. (0 000001 mg ) of virulent human tubercle bacilli, pro
duced no appreciable effect upon the course of the macro
scopic tuberculosis in these animals Likewise a leucopenia 
(as low as about 2500, as compared to a normal of about 12, 
UOO leucocytes per cu mm of peripheral blood) occasioned 
by the X-ray, existing at the time and persisting throughout 
the period of infection, produced just as little effect. CjHj, 
in a single large (7-5 cc.) or repeated small (1 cc ) subcu
taneous injections with an equal part of paraffin (m. 56°), 
or inhaled once or twice daily for a month to the point of 
anesthesia, had no appreciable effect upon the course of 
the macroscopic tuberculosis in guinea pigs produced by 
the injection of virulent human tubercle bacilli. Benzene 
injected subcutaneously into guinea pigs with an equal part 
of paraffin is slowly absorbed, V2 remaining the first day, 
1/3 after the second, '/j after the third and Vio after the 
tenth day. Th X in amt. sufficient to maintain a marked 
leucopenia (as low as approx 1500 leucocytes per cu mm 
of peripheral blood) throughout the entire period of infec
tion of guinea pigs by the subcutaneous injection of viru
lent human tubercle bacilli (0.000001 mg ) produced no 
effect upon the course of the macroscopic tuberculosis 
in these animals. Tuberculin (Koch's O. T.) in large doses 
also had no appreciable effect upon the course of human 
tuberculosis in the guinea pig. Et20 by inhalation to the 
point of light anesthesia daily for about a month did not 
increase the susceptibility of guinea pigs to tuberculosis 
CHCI3 inhalation proved highly toxic and were only given 
a short time without effect upon the tuberculosis of the 
guinea pig (H. J. Corper) 

235 

CESIUM IONS AND HEART ACTIVITY [BIOLOGICAL 
ANTAGONISM BETWEEN K, Rb, Cs and U, Th, Ra, Ra Em ] 
H. Zwaardemaker Vers. Akad Wetenschappen Amsterdam 
26, 776-81(1918); Proc. Acad. Sci Amsterdam 20, 773-8(1918) 

An excised frog heart can be kept beating by replacing 
the KCl of Ringer soln by either (A) CsCl or RbCl (40-80 
mg. per 1.) or (B) radioactive salt, namely U02(N03)2 or 
U02(OAc)2 (1 -6 mg per 1.) or Th(N03)4 (2-10 mg. per 1 ) 
or Ra salt (less than 3~° mg. per 1.) or Ra emanation (less 
than 100 Mache units). The action of the salts A (to which 
also belongs KCl) is balanced by the salts B; if both are 
present in proper concn. the heart will be at rest; if one is 
present in excess the heart will beat again. Thus, e.g., a 
heart beating with CsCl (40 mg.) (= Cs-beating) comes 
suddenly to rest with Th(N03)4 (20 mg.) (= Cs-Th-equil ) and 
resumes beating (= Th-beating) again after 25 min. Compare 
also K-U-equil. in C. A n, 3058 The addition of fluorescein 
(100 mg. per 1.) shifts the equil for a heart at rest by the 
presence of both (A and B) will resume beating Fluorescein 
sensitizes the heart more for the influence of B than for A. Cs 
(like K and Rb) very probably emits /3-rays, upon which its 
activity depends. (I W. D. Hackh) 

236 

EXPERIMENTAL AND THERAPEUTIC RESULTS OF THE 
ACTION ON TUMORS OF THORIUM X ADSORBED BY IN
SOLUBLE SUBSTANCES H. Hirschfeld and S. Meidner 
(Berlin) Therap. Gegenwart 57, 414-9(1918); Zentr Bio-
chem. Biophys. 19, 182(1917). 

These expts. relate to the action on rat and mouse sar
comas of Th X adsorbed by Al2(OH)j. Th X even m insol. 
form had an influence on the tumors when injected directly 
therein The action was greater than that of Th X injected 
intravenously in sol form. The local treatment of human 
tumors in this manner is, however, not promising. (H.S. P.) 
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237 
GENERAL EFFECT OF HYPODERMIC INJECTIONS OF 
THORIUM X UPON THE ORGANISM G Petit, L Marc-
hand, and J Loustre Compt rend m , 1171-3(1921) 

A therapeutic advantage that Th X presents i s a loss 
of its radioactivity in 5 days to about 6%, which avoids the 
addn of doses success ive ly injected In these expts ThBr4 
was used in solns isotonic with physiol serum The unit 
of activity was the amt of this product of which the radia
tion > was equiv to that of one-millionth of a g of cryst 
RaBrj This unit was called microgram of Th X The 
doses varied from 200 y to 850 y Injections were made in 
the anterio-external portion of the thigh and repeated 
each week For doses above 600 y the injections were 
divided equally between the 2 thighs The subjects were 
women Injections below 250 y were followed by no local 
action Injections of 200 to 300 y, repeated for several 
weeks, produced a marKed leucocytosis 6 t imes , caused 
at first a hyperleucocytosis with a diminution in the num
ber of red ce l l s , then a leucopenia and finally a pigmen
tation There i s a "vertiable discharge" of uric acid and a 
diminution of the oxidases of the blood Weekly doses of 
600 to 800 >, beyond the above mentioned phenomena, cause 
a syndrome resembling the accidents of scorbutus (L W 
Riggs) 

238 
RADIOACTIVITY OF (A SPRING AT) I'ECHAILLON IN 
MAURIENNE J Cluzet and A Cheval Lier Compt rend 
175, 1163-5(1922) 

The sediments emit Th Em, the dissolved gases contain a 
little Ra Em, and the undissolved g a s e s Ra Em (but the 
method used would not have shown Th Em if present) The 
air in the neighborhood i s highly ionized This i s the only 
natural water in France contg Th Em suitable for thera
peutic use (Norris F Hall) 

239 
NOTE ON THE EFFECT OF THORIUM X IN DIABETES 
A Slosse , J Goffin, and P Ingelbrecht Compt rend soc 
biol 89, 1182-3(1923) 

In the sick organism thorium X has a definite influence 
on the metabolism of fats and carbohydrates which e x p r e s s e s 
itself in a diminution of the sugar in the urine, also of the 
acetone bodies (S M ) 

240 
STUDIES IN TUMOR IMMUNITY IV IMMUNIZATION 
WITH THORIUM X Masao Yahauchi Z Krebsforschung 
21, 230-40(1924) 

Th X has a relatively slight effect on immunity against 
inoculated carcinomatous mice , somet imes increasing it 
slightly It attacks the neutrophile leucocytes and s o m e 
t imes immunity was observed in animals in which all the 
neutrophiles had been removed, and only eosinophiles r e 
main in the blood (Florence B Seibert) 

241 
RADIOELEMENTS AS INDICATORS F Paneth Nature 
120, 884-6(1927) 

A brief summary of P 's investigations on the use of 
radioelements a s indicators in chem investigations with 
the common elements P rightly anticipates that the 
method will become more commonly used the more familiar 
the advantages of the method become to non-radiologists 
The method i s based on the isotopic behavior of certain 
radioactive bodies with the ordinary e lements Thus Th 
C IS chem inseparable from Bi and consequently, once 
added to Bi , it always st icks to Bi through all possible 
chem reactions Th C is eas i ly detected and measured 
by means of ordinary ionization app (e lectroscopes , etc ), 
and it may therefore be used to indicate the presence , or 
otherwise, of Bi in a particular prepn Other valuable 

methods of using the isotopic property are outlined in the 
paper, and a table i s given showing the various radioactive 
indicators and their common isotopic e lements An appli
cation of Th C-Bi i s suggested in therapeut ics—to measure 
the proportion of Bi stored in the body, etc The applica
tions are very numerous (H G ) 

242 
NEUTRALIZATION OF VARIOUS POISONS BY THORIUM 
X Aversenq, Jaloustre, and Maurin Compt rend 191, 
734-6(1930) 

The injection of 5 - 1 0 > of Th X into a guinea pig 5 min 
after the injection of a lethal dose of sparteine sulfate pre
vents the development of toxic symptoms A bowl of fish 
was rendered resistant to a lethal dose of picrotoxin by the 
addn of 100 •)- of Th X to the water in which they swim 
Kephir grains in a favorable medium have their growth 
arrested by picrotoxin but this poison has no effect in the 
presence of 10 > of Th X Th X i s a lso able partly to neu
tral ize the effects of tetanus toxin (C M McCay) 

243 
STUDIES IN CANCER CHEMOTHERAPY X THE 
EFFECT OF THORIUM, CERIUM, ERBIUM, YTTRIUM, 
DIDYMIUM, PRASEODYMIUM, MANGANESE AND LEAD 
UPON TRANSPLANTABLE RAT TUMORS L C Max
well and F Bischoff J Pharmacol 43, 61-70(1931) 

The following compds had no effect on growth of rat 
sarcoma 10 or Hyde rat carcinoma ThCl4, CeCl3, 
Er(N03)3, YKNOjia, Pr(N03)3, "didymium n i tra te , ' 
colloidal Pb phosphate and (AcO)2Pb (Ac02)Mn had 
no effect on rate of growth of Hyde rat carcinoma, but 
did decrease liquefaction in some instances (C Riegel) 

244 
THE ACTION OF BENZENE AND THORIUM X ON 
INFECTIOUS PROCESSES Gunter Wallbach Folia 
Hematol 49, 241-67(1933) (John T Myers) 

245 
THE INTRODUCTION OF ARTIFICIAL RADIOACTIVITY 
IN THERAPEUTICS Auguste Lafay and Bernard Lafay 
Compt rend 204, 1593 4(1937) 

Salt solns (arsenicals and iodides) in ampoules, ready 
for injection, were radioactivated by bombardment with 
neutrons No increased therapeutic activity of the arsen
ica l s has yet been established Radioactive Nal (I) g ives 
at least as good resul ts in rheumatism as do mesothorium, 
Th X and Rn, and causes no appreciable blood ce l l change 
I provides a source of |3-rays at the s i te of cancerous 
t i ssue Momentary radioactivation of cancerous t i ssue by 
the accumulation of radio-iodide in the t i s sue permits diag
nosis of the carcinoma by elec methods (D S Seagle) 

246 
THE VALUE AND ACTION OF THORIUM X IN THE 
TREATMENT OF SKIN DISEASES W Scholtz Dermatol 
Wochschr 105, 1242-7(1937) 

The efficacy depends on the use of a fresh prepn of high 
radioactivity The ale soln i s most convenient to be applied 
to the SKin After drying, a protective layer of varnish i s 
necessary Indications are psor ias i s , e czemas , hyperkera
t o s e s , lupus erythematodes and alopecia (A E Meyer) 

247 
THE TREATMENT OF ERYTHREMIA BY INJECTIONS OF 
THORIUM X P Emile Weil and Menetrier Saug 11, 2 2 1 -
9(1937) 

Two c a s e s of polycythemia were successful ly treated by 
the administration of thorium X (I Arthur Mirsky) 

248 
THORIUM X IN RHEUMATISM Mathieu-Pierre Weil and 
Renee Galabert P r e s s e med 46, 294-5(1938) 

The accidents which occurred in manuf and therapeutic 
use of Th X prepns were caused by tremendous e r r o r s of 



26 TID-3044(Suppl. 1) 

dosage, mistakes in handling and the use of unsuitable units 
in measurements. Contamination with other radioactive 
substances presents the principal danger. Properly prepd. 
products given intramuscularly are claimed to be void of 
hazard. (A. E. Meyer) 

249 
THORIUM X DEGEA. L. M. van den Berg. Pharm 
Weekblad 75, 627-31(1938). 

Ointments and solns. of Th X are used externally in 
treatment of skin disorders; injections and tinctures for 
internal use to correct blood and metabolic disorders are 
also available from a Berlin pharmaceutical house. The 
usual concn. is 1000 electrostatic units per g. ointment or 
per cc. soln. or a dose of 40-150 electrostatic units per 
day, when taken internally. Since Th X has a half-life of 
3.64 days, it must be ordered to be delivered for use at a 
particular time. (W.G R.) 

250 
THE INFLUENCE OF a-, fi- AND >-RAYS FROM THE 
RADIOACTIVE ELEMENTS THORIUM C (a, (3, y,), POLO-
NIUM(a) AND RADIUM E (fi) ON THE VIRULENCE OF 
THE ANTHRAX BACTERIA. Alice Leigh-Smith and C. 
Melanidi. Prakt. Akad. Athenon 12, 361-7(1937) (in 
French). 

Thorium C exerts a noxious action on anthrax cultures, 
but because of this element's short period Po is preferred 
Po causes lysis of anthrax cultures and the rare resistant 
germs undergo a hereditary attenuation that is transmitted 
to subcultures. Future worK aims at applying this idea to a 
new techmque for prepn. of antianthrax vaccines. (Lucien 
Y. Dyrenforth) 

251 
A NEW ORGANIC THORIUM COMPOUND FOR X-RAY 
DIAGNOSTIC PURPOSES. F. R. Greenbaum and A. F. 
Peters . Radiology 35, 45-50(1940). 

Sodium thorium tartrate is suggested as a diagnostic 
agent, particularly for the gastrointestinal tract. Expts. 
on rabbits showed a complete lack of toxicity if the compd. 
IS given per stomach over a period of more than 60 days. 
The x-ray film obtained after administering 20 cc. of the 
compd. to rabbits is superior to that obtained with Ba 
suUate. (G.L.C.) 

252 
EFFECT OF THORIUM EMANATION ON CANCEROUS 
WHITE MICE. H. Lederer. Helv. Med. Acta 6, 395-
405(1939). 

Small quantities of emanation generally produce necrosis 
only in the central part of growth, leading to complete ne
crosis and disappearance of the tumor. Large doses pro
duce keratoplasty in the center of the growth, which crum
ples up and may lead to complete necrosis and disappear
ance. The spleen was slightly enlarged in all animals. Metas
tases were found only in 2 mice. (B.C.P.A.) 

253 
ANTIDOTES. IV. MECHANISM OF ACTION James C 
Munch. Pests 10, No. 12, 22-4(1942). 

Antidotes for AS2O3, BaCOs, fluorides, P compds., 
strychnine and Th are discussed. (H.H. Richardson) 

254 
THOROTRAST IN NEUROLOGIC DIAGNOSIS. Walter 
Freeman Herbert H. Schoenfeld, James W. Watts, and 
Robert H. Groh. Trans. Am. Neurol. Assoc. 67^ 89-91 
(1941). 

During 7 yrs . ' clinical experience the authors have 
found stabilized Th02 suspension (Thorotrast, I) useful as 
a contrast agent for x-ray examn. of the nervous system 
(ventriculography, cerebral angiography, myelography, 
and visualization of brain abscesses and cysts) in cases in 
which air has proved unsatisfactory. In normal persons, I 

IS eliminated from the cranium in 4 hrs . and produces only 
mild inflammation. Because I has a high sp gr. and is 
freely miscible with cerebrospinal fluid, it penetrates to 
the dependent part of the ventricular system and gives an 
unusually clear picture of the aqueduct of Sylvius and the 
4th ventricle. In persons with ventricular obstruction, 
severe suppurative ependymitis is produced by I remaining 
in the ventricle; such a reaction was fatal to 1 patient. 
Severe reactions have been prevented by withdrawing I 
immediately upon completion of roentgenography. Patients 
observed up to 3 yrs . after ventriculography have shown no 
evidence of progressive granulomatous process consequent 
to the initial ependymitis Myelography with I has proved 
useful in demonstrating protruded intervertebral disks; 
approx. 90% of the 10 cc. of I injected can be recovered by 
spinal drainage. If I is injected in small amts. and allowed 
to remain in the subarachnoid space, the colloidal suspen
sion IS broken down, and Th02 particles are deposited m the 
piaarachnoid and carried along the perineural lymphatics 
Meningography and neurography with I have been employed 
only to a limited extent; their clinical value is not yet 
proved. (Marion Horn Peskin) 

255 
INHIBITION OF THE THROMBOPLASTIC EFFECT. Erwin 
Chargaff and Charlotte Green (Columbia Univ.). J. Biol. 
Chem. 173, 263-70(1948). 

Expts. were carried out so as to distinguish between 
antithromboplastic and antithrombic effects, (a) Solns. of 
thromboplastic protein (I) and inhibitor were mixed, kept 
0.5 hr at room temp., then added to a soln. contg. prothrom
bin (II) and Ca^^. After 20 mm. 0.2 ml. of a 1.4% fibrinogen 
(HI) soln. was added to 0.03 ml. of the mixt. and clotting 
time detd. (b) Solns of I, H, and Ca^*" were mixed, kept 20 
min. at room temp., inhibitor soln was added, then III 
Compds. were tested for inhibitory action over the range 
0.025 to 0.00005 M. NaAs03, NaCN, NaF, NaN3 NaI03, 
NaS20j, I, and HONH2 exhibited no antithromboplastic 
effect. Of the cations tested (Cu""*, Ag+, Zn*" ,̂ Cd^+, Sc'^*•^ 
Y*-+% La++% Nd+^% T1+, Ce*++, P b ^ ^ Th+*^+, Cr^^^ U«^ 
Mn^^, and Co'̂ '*') only Tl^ and Mn** showed no antithrombo
plastic effect, Zn'̂ '̂ , Cd'̂ '̂ , Sc^^' , Y*"̂ *", La^'^^, Nd*""*", 
Pb** ,̂ Cr^'*'^, and Co*'^ showed no antithrombic effect. Na 
desoxycholate is antithromboplastic but not antithrombic. 
The inhibition by Cu^^ was not reversed by subsequent 
addn. of NaCN. The inhibition by Ag* was partially r e 
versed by dil NaCl. (J.P. Danehy) 

256 
"PETEOSTHOR" AND ITS COMPONENTS. I. THE ACTION 
OF THORIUM X ON TUBERCLE BACILU IN VITRO. Lud-
wig Popp and Hermann E. Egelhaaf (Brickler and Co , 
Braunschweig, Ger.). Zentr Bakt. Parasitenk. 1 Abt. 154, 
49-56(1949). 

"Peteosthor ' is a Pt-eosin compd. contg Th. A definite 
amt. of Th X can only inhibit a definite quantity of tubercle 
bacilli for a given period of time in vitro. Tubercle bacilli 
treated with Th X are no longer virulent. (John T. Myers) 

257 
ANEMIA OF INFECTION XH EFFECT OF TURPENTINE 
AND COLLOIDAL THORIUM DIOXIDE ON THE PLASMA 
IRON AND PLASMA COPPER OF DOGS. Clark J. Gubler, 
Geo. E. Cartwrlght, and Maxwell M. Wintrobe (Univ of 
Utah, Salt Lake City). J. Biol. Chem. 184, 579-87(1950). 

The mtramuscular mjection of a smgle dose of 5 cc. of 
turpentine into dogs decreased the plasma Fe content by 
77% within 24-48 hrs. The intravenous injection of a smgle 
2-cc. dose of colloidal ThOj per kg body wt. resulted in an 
av. decrease in plasma Fe of 29% in 24 hrs. However, the 
intravenous injection of 3 consecutive daily doses of the 
same amts. of Th02 resulted in an av. increase in plasma 
Fe 446% within 3 to 7 days The intramuscular injection of 
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5 cc. of turpentine into dogs previously treated with consecu
tive daily doses of ThOj, decreased the hypoferremic effect 
of turpentine to an 18% plasma Fe loss The results are 
discussed in relation to the reticulo-endothelial system. (B V ) 

258 
THEORETICAL CONSIDERATIONS AND RESULTS ON 
STUDIES CONCERNING THE EFFICACY OF THORIUM X 
AND OTHER SUBSTANCES ON ENZYME ACTION (INVES
TIGATED ON THE HYALURONIC ACID-HYALURONIDASE 
SYSTEM) Ch. Wilberg (Wielandstr. 25/26, Berlin W 15) 
Arztl Wochschr 7, 127-9(1952) 

Based on clinical experience with thorium X the combined 
effect on hyaluronic acid and hyaluronidase in the human 
body was investigated The org inhibiting substances (per
centage inhibition given) are sex hormones, cortisone, 
substances preventing blood clotting, vitamins especially 
C and P, salicylates in high doses, and morphine. Hyaluron
idase IS ineffective at a pH <4 or >7.5. In case of invasion 
by germs or a vitamin-deficient nutrition the body arrives 
at a pH which is optimal for the cleavage by hyaluronidase, 
where the inhibitors can not intervene. Healthy joints have 
a pH of 7.9 to 8; in case of strain the pH shifts to the acid 
side bringing about degradation of the cartilage and since 
blood flow in the joints is slow, it is hard to bring about an 
alkalimzation or to bring into the joints hyaluronidase-
inhibiting substances As a therapy to restore a pH of 8 in 
the joints or to inhibit hyaluronidase at an acid pH birutan 
(Merck) (similar in effectivity to vitamin P) inhibits, but 
only near neutrality Steroids have a wider pH range of 
action Radioactive springs and peteosthor have shown 
the effectivity of radioactive radiation. The Schering test 
also shows that thorium X has an inhibiting action on 
hyaluronidase If the hyaluronic acid-hyaluromdase equil. 
IS normalized by thorium X, the gradual building of new 
cartilage should occur. The hyaluronic acid-hyaluroni-
dase system is not the only one responsible for the 
processes taking place in the mesodermal tissue; other 
enzymes e g. phosphatases might also take part. Enzymic 
processes in other diseases are also discussed. A healing 
of bone metastases might be a possibility. (A L Grauer) 

259 
ACTION OF SALTS OF ZIRCONIUM AND OTHER 
METALS ON PLUTONIUM AND YTTRIUM DISTRIBUTION 
AND EXCRETION. Marcia R. White and Jack Schubert 
(Argonne Natl. Lab., Chicago). J. Pharmacol Exptl. Therap. 
104, 317-24(1952). 

In rats injection of a Zr salt prior to injection of Pu^'' or 
Y " compds. lowered the amt. of Pu and Y subsequently 
deposited m the skeleton and mcreased the amt. of Pu in 
the kidneys Zr salt mjected 24 hr after Pu and Y prevented 
further deposition of these radioelements in bone, but had 
no other observable effect on their organ distribution. 
Readily hydrolyzable org. salts of other metals such as Mn, 
Fe, Ti, Al, and Th also reduced bone deposition of Pu, but 
had various effects on the amts. deposited m other organs. 
Al and Th increased the Pu content of the liver and other 
soft tissues. Mg gluconate, not readily hydrolyzable, had 
no effect on distribution of Pu or Y. The mechanism by 
which some of the salts act is discussed, with reference to 
possible adsorption of the radioelements on colloidal aggre
gates in the circulation and the relation between particle 
size and the resulting distribution of the aggregates. (L. 
E. Gilson) 

CHEMICAL AND PHYSICAL PROPERTIES 

260 
AP 25,864, Nov 15, 1906. Hans Kuzel, Villa Sinus, 
Baden, near Vienna, Austria. 

Process of converting into the colloidal state, Cr, Mn, 
Mo, U, Ta, Nb, Ti, B, Si, Th, Zr, Pt, Os, and Ir, previously 
comminuted as fmely as possible by mechanical means or 
cathodic atomizmg, characterized m that these elements are 
alternately treated, under moderate heating and good agita
tion, for a prolonged period, first with dilute solutions of an 
acid character, and then again with dilute solutions of a 
basic character or neutral, and washing with distilled water or 
other imbibition liquid taking place each time between such 
treatments, this alternate treatment bemg so often repeated 
until the elements used have completely gone mto solution 
with distilled water or other imbibition liquid. 

261 

SOME OBSERVATIONS ON THORIUM-CERIUM MIXTURES. 
R. J. Meyer and A. Anschutz (Berlin). Ber., 40, 2639-47 
(1907). 

The authors tried to find out whether the cerium was 
present actually as dioxide or partially or entirely as ses -
quioxide. The weight of thoria and ceria formed by ignition 
of the mixed nitrates agreed very closely with the calculated 
value. They determined the active oxygen lodometrically, 
and found that in every case only a certain portion of the 
cerium dioxide used would react with hydriodic acid, and 
that therefore a part of it was rendered passive. The pas
sivity was not caused by mechanical occlusion because on 
filtering, washmg and triturating as finely as possible, the 
residue would give no more iodine on bemg distilled with 
hydriodic acid. Neither was the passive residue combmed 
salt-like with the thona as sesquioxide for on boiling the 
dried precipitate with cone. H2SO4 all of the cerium was 
changed to ceric sulphate. Their experiments showed that 
when enough ceria was present m the mixture, the amount 
not detectable m the residue was quite constant at about 7% 
and where the amount of ceria used was about 7% or less, the 
amount not detectable decreased. The mixtures containing 7% 
ceria may be looked upon as saturated solutions and the 
others as unsaturated. That in these latter the cerium 
dioxide should lose its activity toward HI is not strange be
cause dilution in a solid solution must exercise a much 
more restrictive influence upon the speed of reactions 
than in liquid solutions. The authors found that 500° was 
the lowest temperature at which the mixed nitrates were 
decomposed completely with some rapidity. They detected 
the existence of a higher oxide of cerium at this tempera
ture and once obtained a product correspondmg to CeOs. 
This oxide they found incapable of existence at 600°. Hence, 
the Killing and Bunte and the Lewes theories of the effect of 
oxygen-carrymg on the light emission of the Welsbach 
mantle, wUl not hold. With 2 hours heatmg at 500° of a 
mixture containing 9.8% ceria, saturation was not reached 
(the mixture after heating contained 3.3% of the dioxide not 
detectable), but heatmg for the same length of time at 650° 
and at 1000° caused saturation (7.6 and 7.2%). These ejqieri-
ments confirm the conception that the Welsbach mantles are 
a very dilute unsaturated solid solution. It seems that 
homogeneity of the solid solution is a necessary condition 
for the appearance of an elective temperature radiation of 
high emission. These thmgs do not, of course, e:qilam the 
circumstance that the maximum of effect is obtamed by a 
concentration of 1% ceria. It may be that the light emission 
comes not from the entire mass of dissolved dioxide, but 
only from the dissociated portion and that 1% is the con
centration at which the ceria is completely dissociated. 
Such a hypothesis has been suggested by Goldstem in 
e^lanation of the lummescence phenomena shown by 
certam substances under the influence of the cathode rays. 
The authors found further that the Welsbach material 
would give no luminescence when e^qiosed to the action of 
cathode rays. (Benton Dales) 
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262 
ACTION OF THORIUM AND URANYL NITRATES ON 
ALBUMENS. B. Szilard. J. chim. phys., 5, 495-6(1908). 

A 2% solution of thorium or uranyl nitrate peptonizes 
albumens such as the white of an egg which has been coag
ulated by boiling. In this way very concentrated solutions 
of albumens may be obtained. These salt solutions, when 
saturated with one colloid, are unable to peptonize any 
other colloid. (Saul Dushman) 

263 
AN INTERMEDIATE PRODUCT OF SHORT PERIOD BE
TWEEN MESO- AND RADIOTHORIUM. Otto Hahn. 
Physik. Z. 9, 246-8(1908). 

Mesothorium is not a simple substance but consists of a 
long-lived rayless body (ordmary mesothorium) and a sub
stance emittmg 0-rays and having a period of 6.2 hours. 
The new product is difficult to separate from a mixture of 
thorium products, and is therefore easily overlooked, but 
may readily be separated from pure mesothorium by pre 
cipitating it with NH4OH, m the presence of some substance 
precipitated by that reagent, notably zirconium. The author 
was not able to detect the growth of radiothorium from the 
new substance, although appreciable quantities of the former 
can be grown from ordinary mesothorium, but he is inclmed 
nevertheless to assign to Thorium 2 a place in the direct 
Ime of descent. (Stewart J. Lloyd) 

264 
HEAT DEVELOPED IN A MASS OF THORIUM OXIDE, DUE 
TO ITS RADIOACTIVITY. G. B. Pegram and H. W. Webb 
(Phys. Lab., Columbia Univ.). Phys. Rev., 27, 18-26(1908). 

About 4 kilos of Th02 were placed in a Dewar flask which 
was enclosed m an evacuated steel cylinder, contained in 
an ice bath. By means of thermocouples, it was shown that 
the temperature of theTh02 was appreciably higher than 
that of the ice bath, owing to the heat developed by radio
activity; and also that the temperature was higher in the 
center of the mass than near the walls of the flask. To 
determme the amount of heat developed, additional quanti
ties of heat were introduced, at known rates, by sending 
electric currents through wires embedded m the Th02. In 
each experiment the difference m temperature was deter
mined after a constant thermal state had been reached. 
The electric heatmg was 1.5- to 3-fold that due to radio
activity alone. It was assumed that the heat developed was 
in each case proportional to the difference in temperature 
between the Th02 and the ice bath, a conclusion in good 
accord with the results when the electric heatmg was var
ied. Five series of experiments, with numerous repetitions 
in each series under identical conditions, gave concordant 
results. Heat was produced by the ThOj used at the rate of 
4.55 X 10"' watts, or 9.60 x 10"* g. cal. per hr per g. of 
material, which was not chemically pure, but contained, 
accordmg to a determination by O. Hahn, 90% of Th02. The 
material (old Welsbach mantles) was but 46% as active as 
Th02 containmg the equilibrium amounts of its products, 
the difference m activity bemg due largely to the decay of 
radiothorium durmg the mterval since the preparation of 
the material from the mineral. From these results it was 
calculated that the rate of heat development by Th02, con
taining the equilibrium amounts of its products, is 2.1 x 
10"' cal. per g. per hr. (H N. McCoy) 

265 
CONDENSATION OF ACTINIUM AND THORIUM EMANA
TIONS. S. Kinoshita. Phil. Mag., 16, 121-31(1908). 

The actinium emanation begins to condense at about 
-120° and some of the emanation remains uncondensed below 
that temperature. At about-150° it condenses as a whole 
These, and the mtermediate temperatures, at which a cer
tam proportion of the emanation condenses, vary with the 

pressure of the air in the condensmg spiral, but the varia
tion becomes less when the pressure increases. Experi
ments on similar lines with thorium emanation show that it 
condenses at a temperature about 2-3° higher than the actm-
lum emanation, the dependence of their condensation points 
upon pressure bemg very similar. The apparatus used is 
figured and the method of experimenting is described. The 
percentages of emanations remaining uncondensed at the 
different temperatures and pressures are given m tables 
and are represented by curves. (H. Schlundt) 

266 
THE RELATIVE ACTIVITY OF THE EMANATION AND 
THE ACTIVE DEPOSIT FROM THORIUM AND FROM 
ACTINIUM. H. L. Bronson (McGiU Univ., Montreal). 
Phil. Mag., 16, 291-99(1909). 

A comparison of the lomzation produced by the emana
tion and the active deposit from Th and actinium, allowing 
duly for the difference in the mean free paths m each case, 
does not support the view usually advanced, that each atom 
of the various radioactive bodies m suffermg transformation 
loses one or no a particle. The emanation was carried by 
means of a regular air current through a cylindrical test-
mg vessel until the active deposit reached the maximum 
value. The total lonizmg effect was then measured. The 
air current was stopped, and after the emanation had de
cayed to a negligible amount the residual activity was meas
ured; knowing the transformation constants of all the prod
ucts concerned the maximum value of the activity of the 
active products could be calculated. The activity of the 
emanation was thus obtained by difference. Now, on the 
assumption that the a-particles from Th emanation are 
similar to those from Th B and Th C, the ionizing effect 
due to the former should be less than that due to the active 
deposit. In fact the ionization due to the active deposit 
was less than half that due the emanation. The ratio of 
the ionization due to the active deposit to that due to emana
tion varied from 0.34 to 0.40, dependmg upon the size of 
the vessel. The calculated ratio, 1.51, is almost exactly 
four times that found. With actmium this ratio varied 
from 0 28 to 0.41, or on the average was about two times 
the calculated ratio. There is no evidence that these r e 
sults are due to the presence of other active substances 
of short transformation periods. The author suggests 
that atoms of Th B and Th C give off the same number of 
a particles in breakmg up, and that an atom of Th emana
tion gives off four times that number; also that an atom of 
actinium emanation in breaking up gives off twice as many 
a-particles as an atom of its active deposits. No knowledge 
has been gained as to the actual number of a-particles 
thrown off by any substance. (G. 0. Ashman) 

267 
U. S Patent, 917,191, April 6, 1909. Adriaan P H 
Trivelli (Scheveningen, Netherlands). 

Obtaining radioactive substances from uranium or thori
um, etc. U, Th, or their compounds are exposed m vacuo to 
the simultaneous action of cathode rays and of radioactive 
bodies. 

268 
ELEMENTS AND ELECTRONS. W. Ramsay. J. Chem. 
Soc, 95, 624-37(1909). 

Presidential address delivered at the annual meeting of 
the Chemical Society, Mar. 25, 1909. The various arguments 
in favor of the possibility of the transmutation of elements 
are discussed, and the foUowmg new expts. dealing chiefly 
with the formation of CO2 are described: AgNOs soln. was 
treated with the Ra em. from 0.2 g. Ra for over a month. 
No change was observed other than the deposit of 0.23 g. 
Ag, and evolution of 1.038 cc. O2, 0.071 cc. H2; 0.084 cc. 
N2, and 0.016 CC.CO2. A soln. of 270 g. Th(N03)4 in 300 cc. 
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of water was placed m a flask and evacuated with a T6pler 
pump. After 168 days 3.535 cc. of gas were obtamed which 
gave a doubtful trace of He. The flask was sealed and after 
250 days 0.588 cc. COj, 0.017 cc H2 + O2, and 5.145 cc. N2, 
and again after 173 days 1.08 cc. CO2, 0.02 cc. H2 + O2, and 
1.64 cc. N2 were obtained with a doubtful test for H2. A 
control experiment in which 300 g Hg(N03)2 was used gave 
0.015 cc. CO2 in 237 days. A little Hg was mtroduced into 
the bulb so as to shut off the Th(N03)4 soln. from the grease 
on the stopcock. No bubbles could be detected between the 
stopcock and the Hg but instead of 3-4 cc. of gas, as expected, 
180 c c , containing 0.622 cc COj, were collected m 310 days. 
A quantity of Th(N03)4 soln. was treated with Ra em. in the 
absence of air and grease. NO2 was present in the gases 
and was removed with Hg and O2. Of the remaining gas, 
0.551 cc. was CO2, 1 342 cc O2, and 3.686 Nj A second 
trial with less Ra em. gave 0.124 cc. CO2, 1.026 cc. O2 and 
0.639 N2 with some oxides of N. Zr(N03)4 soln was "dosed ' 
with Ra em. and 0.124 cc. CO2, 0.002 cc. CO, 0.456 cc. Nj 
and 3.831 cc. O2 were obtained. H2SIF{ was "dosed" and 
0.106 c c CO2 and 10.1 Hj + O2 obtained. Pb(C103)2 soln 
was treated with Ra em , a thick deposit of PbOj bemg 
obtained on the bulb, with no CI2 5 192 cc O2, and 0 007 
cc. COj. Bi perchlorate was dosed and 0.150 cc. C02, and 
48 cc O2 found. The author is careful merely to state the 
facts observed. 

269 

THE ACTION OF RADIUM EMANATION ON THE ELE
MENTS OF THE CARBON GROUP. Sir William Ramsay 
and Francis L. Usher (Univ. Coll.) Ber., 42, 2930-1(1909). 

The Em. from a soln. of RaBr2 containing 0.211 g. of Ra 
was freed from the accompanying H and O and the last trace 
of CO2 removed with KOH. The residual gas containing a 
known amt. of Em. was placed in a small glass tube to
gether with a soln. of an element of the C group. The con
tents of the glass tube were then allowed to stand for a 
month after which the gas was pumped out and analyzed. 
It was found that the elements of the C group without excep
tion furnish C compounds under the action of the Em. In 
the foUowmg table the results are arranged to show the 
quantity of C which comes from each soln. under the action 
of 1 cu. mm. of Em.: 

Zr(N03)4. Th(N03)4. 

Soln of. H2SiFe. Ti(S04)2 I. IL I. II. Pb(C103)2. 

C 0.518 0.982 0.071 0.873 2.93 0.968 0.102 

The authors consider it probable that elements which pos
sess high at. wt. are m general more easily decomposed 
than those of lower at. wt. An exception appears in the 
case of Pb which shows little tendency to change into C. 
HgNOs when subjected to the same treatment with the Em. 
gives no trace of CO2 or CO. Similar ei^js. are bemg made 
with compounds of other elements. (W. H. Ross) 

270 
SOME FURTHER RESULTS ON THE ABSORPTION OF 
THORIUM EMANATION BY CHARCOAL. R. W. Boyle 
(McGiU Urav.). Trans. Roy. Soc. Can., [3] 2, in, 141-52 
(1908). 

The absorption of Th Em by different charcoals at differ
ent rates of flow of air bearing the Em for different temps, 
was studied. The absorption (1) depends on the nature of 
the charcoal used, being greatest for coconut, intermediate 
for animal, and least for wood alcohol; (2) is increased by 
decreasing the size of particles (increasing the absorbmg 
surface); (3) depends on the temperature, foUowmg the law 
for ordmary gases: lowermg temp, increases absorption, 
while increasing temp, decreases absorption, the curve 
of absorptive power bemg asymtotic to the temp, ordinate; 
(4) IS increased by lowermg rate of gas current bearing the 

em., being greatest at the slowest possible speed. (Ralph 
E De Lury) 

271 
ABSORPTION AND ADSORPTION OF RADIOACTIVE 
EMANATIONS. R. W. Boyle (McGiU Univ., Montreal.) 
Radium, 7, 200-4(1910). 

The results of expts. with Th emanation and charcoal 
are given m C. A., 4, 1575. The solubility of Th emanation 
increases consecutively m CUSO4 soln., CaCl2, H2O, H2SO4, 
alcohol, petrol; the order is the same as with Ra Em. With 
these solns. the same temp, variations are obtained as with 
charcoal. (A. T. Cameron) 

272 
NEW EXPERIMENTS OF SIR WM. RAMSAY ON THE DEG
RADATION OF ELEMENTS. Ph A Guye. Arch. sci. 
phys. nat., [4] 28, 348-51(1909). 

A report of the work of Ramsay and Usher (C. A., 4, 
991) on the degradation of the elements Si, Ti, Zn, Th and 
Pb to C, which confirms Ramsay and Cameron's earlier 
work on the formation of Li from Cu. (C. H. Viol) 

273 
THE MOLECULAR WEIGHT OF THORIUM EMANATION. 
May Sybil Leslie. Compt. rend., 153, 328-30(1911). 

The app devised by Debierne (C. A., 4̂  3163) for detg. 
the mol. wt. of Ra Em. by diffusion through a small opening 
was used by the author with some modifications to det. the 
mol. wt. of the Th Em. As a result of a number of expts. 
in which the rate of diffusion of the Th Em. was compared 
with that of O, it was found that the mol. wt. of the former 
must be in the neighborhood of 200 (W.H.R.) 

274 
MEASUREMENTS OF SPECIFIC HEAT AT LOW TEMPERA
TURES. Alexander S. Russell (Univ Berlm). Physik. Z., 
U , 59-65(1912). 

By means of the Nernst-Koref-Lindemann Cu calorim
eter (C. A., 4, 2396) mean sp. heats of the foUowmg sub
stances were detd. over the approx. ranges 45° to 0° 0° to 
-78°, and-78° to-190° . -CuO, PbO, MgO, HgO, FejOj, 
Cr203, AS4O8, AI2O3, SCjOj, Ce02, Th02, PbOj, MnOj, U3OB, 
WO3, TI, Si (cryst.). Si (amorphous), Hg, HgS, CuS, Sb2S3, 
CdS, NaCl, KCl, TlCl, SiC. From these data the conclusion 
IS drawn that Kopp's law (mol. heat capacity of a compd. 
equals sum of at. heat capacities of components) does not 
hold at low temp, where the Dulong and Petit law does not 
hold. Or expressed m terms of the new theories of sp. heat, 
the frequency of vibration of an atom in a compd. is not the 
same as in the free state. The most striking illustration of 
this failure of Kopp's law is the fact that the mol. heat ca
pacity of SiC at 138° abs. is less than the at. heat of Si. 
(Grinnell Jones) 

275 
THE RELATION BETWEEN THE ABSORPTION SPECTRA 
OF METALLIC IONS AND THEIR VALENCY. CecU R. 
Crymble (Belfast and London). J. Chem. Soc, 101, 266-73 
(1912); P r o c Chem. Soc, 27, 68(1912). 

The term non-absorptive is applied to all solns. when 
the N soln. transmits all rays of a wave length greater than 
2350 through a layer 10 mm. in thickness. The metals which 
yield non-absorptive salts are: Li, Na, K, Rb, Cs, Gl, Mg, 
Ca, Ba, Sr, Zn, Cd, Th, Al, Zr. Those that are absorptive 
are Cu, Au, Ti, Ce, V, Cr, U, Mn, Fe, Co, Ni, Pd, Pt, which 
give visible colored solns.; and Ag, Hg, TI, Sn, Pb, Sb, Bi, 
which give solns. that absorb the ultraviolet rays. The 
metals of the non-absorptive group have a constant valency, 
while those of the absorptive group are of varymg valency 
as detd. by the formation of more than one series of chlo
rides or fluorides The more electropositive metals are 
found to have a const, valency, and to form salts whose 
solns. are non-absorptive. (W. D. Harkins) 
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276 
A COMPARISON OF THE COEFFICIENTS OF DIFFUSION 
OF THORIUM AND ACTINIUM EMANATIONS, WITH A NOTE 
ON THEIR PERIODS OF TRANSFORMATION. May Sybil 
Leslie (Univ. Manchester). PMl. Mag., 24, 637-47(1912). 

The values found for the diffusion coeff. of the radio
active gases depend on the amt. of ionization in the diffu
sion vessel, and on the arrangements made for collecting 
the active deposit. Comparison for Th and Act. emana
tions, under conditions as nearly identical as their differ
ences of period wUl allow, indicates that the mol. wts. of 
the two gases are very nearly equal. Their real coeffs. of 
diffusion are not greater than, and probably less than 0.085 
and 0.098, resp. The periods of transformation of Act. and 
Th emanations have been remeasured, the results not dif
fering materially from those previously recorded. (A. T. 
Cameron) 

277 
SOLUBILITY OF THE ACTIVE DEPOSIT OF THORIUM IN 
VARIOUS SOLVENTS. C. F. Hogley. Phil. Mag., 25, 330-
2(1913). 

Water and solns. of salts, hydroxides, and acids dissolve 
both Th B and Th C(C„ C2, and D inclusive), the former in 
relatively larger amt. Boiling water dissolves 35% in 15 
min., 70% after an hr. Boiling KI soln. dissolves the active 
deposit at twice this rate, while dU. solns. of acids have a 
much more rapid action at ordinary temps. In organic sol
vents Th C is dissolved more rapidly than Th B. Th B is 
absolutely insol. in CS2 and CH2I2, while Th C is sol. to the 
extent of 20% In 10 min. (A. T. Cameron) 

278 
THE ELECTROMOTIVE SERIES OF THE RADIO-ELE
MENTS. G. v. Hevesy. Z. Elektro-chem., 19, 291-5 
(1913); Le radium, 10, 65-9(1913). 

The diff. methods which may be used for detg. the elec
tromotive series of the radio-elements are discussed, and 
it is known that, in the case of the short-lived elements, 
only the electrochem. method is applicable. This method 
consists in the detn. of the proportions in which 2 radio 
metals are deposited from a soln. on an electrode of const, 
potential source. A comparison of the quantities of Ra A 
and Ra C deposited on a Cu electrode from a CUSO4 soln., 
containing approx. the same number of ions of each, showed 
the latter substance to be twice as electropositive as the 
former. In the same way Ra D, Ra E and Ra C were found 
to be, resp., 17, 3.4 and 2.7 times as electropositive as Ra 
F. The results obtained by this method were controlled by 
detg. the proportions in which 2 radio-elements go into 
soln. in a given time; by ascertaining the compds. with 
which the substances under consideration cryst., and by 
detg. the chem. reactions in which they are pptd. The 
establishment of the chem. character permits the combi
nation of the electromotive series for the short-Uved 
elements with that for the long-lived elements. The 
electromotive series of the radio-elements contains both 
strong electropositive and electronegative metals, and 
shows gradations similar to those for the other metals. 
The order of the radio-elements in the electromotive series 
is as follows: 

(Electro- Ra, Th X, Act X, Meso-Th 1. Ra D. 
positive) Th, Radio-Th, Radio-Act, lo, V X. Ra E. 

U 1, U 2. RaCi, ThC,, Act C,. 
Th D, Act D, Ra C^. Ra A, Th A, Act A. 
Ra B, Th B, Act B. Ra T. (Electro

negative) 

The product of every transformation, whether accompanied 
by the omission of a- or ^-particles, occupies a position 
in the electromotive series that is widely sepd. from that 
occupied by the mother substance. (H. Jermaln Creighton) 

279 
THE CHEMICAL PROPERTIES AND RELATIVE ACTIVI
TIES OF THE RADIO-PRODUCTS OF THORIUM. Herbert 
N. McCoy and Charles H. Viol (Univ. Chicago). Phil. Mag., 
25, 333-59(1913); Orig. Comm. 8th Intern. Congr. Appl. 
Chem. (Appendix), 26, 607-8(1912). 

Various chem. reactions of the radioactive products of 
Th have been studied. Each product has its own character
istic properties, and from a knowledge of these properties 
methods have been worked out for the sepn. of the various 
products from inactive substances, and for the prep, free 
from radioactive impurities of Meso-Th 1, Meso-Th 2, 
Radio-Th, Th X, Th B and Th C. The relative activities 
of Th B + Th C + Th D, and Th X + Th Em. + Th A was 
detd. by preparing Th X entirely free from Th B, Th C 
and Th D and detg. its change of activity with time. The 
activity o f T h B + ThC + ThD was found to be 0.427 of 
that of Th X + Th Em. + Th A. Detns. of the initial activ
ity of pure Radio-Th and its increase with time showed 
tliat its products are 5.23 times as active as itself. New 
detns. have confirmed the accepted periods of Th X 
(3.64 days), and Th B (10.60 hrs). The period of Th C is 
60.8 min. (instead of 60.4, the value previously found by 
V. Lerch). The accepted value of the range of Th X, 5.7 
cm., is Incorrect, the true value being 4.1 cm. in good 
accord with that ejcpected from the period of this sub
stance. It is theoretically probable that the total ioniza
tion of an a-particle is proportional to the V3 power of ' 
its range. The activities actually measured for the Th 
products are in excellent agreement with this theory. 
(A. T. Cameron) 

280 
THE PERIODS OF TRANSFORMATION OF URANIUM AND 
THORIUM. H. N. McCoy (Univ. Chicago). Physic. Rev., 
[2], I, 401-4[1913]. 

The periods of U and 'Th may be accurately ca l c from 
the formula T = I48SRV37I' M, where R is the range of 
the a-ray, I ' the ionization current of 1 g. of the mother 
element and M the at. wt. The periods of U and Th, calc. 
in this way, are 5.0 x 10* and 1.8 x lO'" yrs. , resp. (H. 
Jermain Creighton) 

281 
DURATION OF LUMINOSITY OF ELECTRIC DISCHARGE 
IN GASES AND VAPORS. R. J. Strutt. Proc. Roy. Soc. 
London, 88A, 110-7(1913). 

Reference is made to S.'s previous papers on the after
glow; to the work done upon the duration of the luminosity 
of sparks from metallic electrodes more or less volatU 
(due to metallic vapor); and to the "s t reamers" (of luminous 
metallic vapor) shot from the electrodes during oscUlatory 
discharges. The "aureole" of the Hg vapor lamp consists of 
streamers, the moving stream of Hg vapor carrying lumi
nosity with it. In the present paper Strutt produces stream
ers of metallic vapor by setting electrodes within a glass 
tube containing an opening betweeivthe electrodes. The 
streamers are thus blown out of the opening and the dura
tion of the luminosity can be studied. The effect becomes 
conspicuous at a pressure of a few mm. of Hg gas in the 
discharge tube. The length of the luminous blowout may 
reach several mm. The fclowout streamers of Na, Th, Ca, 
Zn, Cd, Hg, Sb, Mg, Pb, Se, S, P, I, H, N, O and CO2 are 
described. The afterglows may last for several mlnutek, 
whereas the blowout streamers never last as long as '/jj,, 
of a second. The afterglows are due to secondary chem. 
reactions whereas the nature of the luminosity of the 
streamers is not well understood. (W. W. Strong) 

282 
THE DISINTEGRATION SERIES OF THE ACTIVE DEPOSIT 
OF THORIUM. Lise Meitner (Univ. Berlin). Physik. Z., 
13, 623-6(1912). 
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Measurements of a - and y-rays from different Th C 
preps, confirm the conclusions of Marsden and Barrett 
(C. A., 6, 2356) that Th C, and Th Cj (with a-ray ranges 
m air of 4.8 and 8.6 cm., resp.) belong to different branches 
of the disintegration series of Th B. Th D, however, is 
formed from only one of the Th C products. (W. D. Collins) 

283 
INVESTIGATIONS AT HIGHER TEMPERATURES. I. 
FUSION AND VAPORIZATION OF REFRACTORY OXIDES 
IN THE ELECTRIC VACUUM FURNACE. Otto Ruff (Dan
zig.). Z. anorg. Chem., 82, 373-400(1913). 

A study of the behavior of BeO, MgO, CaO, AI2O3, Zr02 
(with H. Seiferheld), Y2O3, Sn02, T1O2, Ce02, ThOj Cb205, 
Ta205, Cr203, and La203 (with Joseph Suda) when heated to 
a high temp, m vacuo in an atm. of N, with especial refer
ence to their use as reference temp, standards. BeO melted 
at reduced pressures at about 2525° with sublimation; m a 
N atm. it was partially decomp., with formation of carbide; 
MgO was also strongly attacked both in acuo and m N, m. 
about 2550°; CaO gave trouble due to carbide formation 
and sublimation, m. above 2450°; AI2O3 sublimed rapidly, 
but gave the most repoducible m.p. of any of the oxides 
examd., 2010 ± 10°; Zr02 (m. about 2585°) and TiOj both 
formed lower oxides; Zr02 in a much smaller degree; 
T1O2 lost O rapidly with possible formation of Ti70,2. None 
of the other oxides examd. gave a good m. p., due chiefly 
to reaction with the supports and to carbide formation; 
approx. values found were: Y2O3, , 2415° (carbide forma
tion); SnOs, 1625° (reduction to Sn); Ce02, 1950°; ThOj, 
2440°; Cb205, 1520°; TajOj, 1875°; CrjO,, undetd. due to 
formation of lower oxide; La203, 1840°. The article is 
replete with exptl. details. (George W. Morey) 

284 
THE POSITION OF RAMIFICATION IN THORIUM SERIES. 
P. Beer and K. Fajans (Karlsruhe). Physik. Z., 14, 947-
51(1913). 

Although the existence of ramification in the Ra and Th 
series is considered a well established fact, up to the 
present time it has not been completely proved whether the 
ramification occurs with the B or C, members of the series: 
After discussmg the previous work on this subject, B. and F. 
show that all observations pointing to the existence of 2 
separable transformation products of Th B are the result of 
secondary factors, and that all known facts are reconcilable 
with the followmg scheme of Marsden and Darwin (C. A., 
7, 450): 

tt^Th D—-— 
Th B-^Th C, s 

^ ^ T h C2—2-
(H. Jermain Creighton) 

285 
THE RAMIFICATION RELATIONS AND THE ATOMIC 
WEIGHT OF THE C, MEMBERS OF THE THREE RADIO
ACTIVE TRANSFORMATION SERIES. K. Fajans (Karls
ruhe). Physik. Z., 14, 951-3(1913). 

Simple relationships exist between the at. wt. and the 
life of the members of a pleiad. A comparison of the mem
bers of a pleiad which send out ot-rays shows that the life 
of each decreases with decreasing at. wt.; while, on the 
other hand, a similar comparison shows that the life of 
those which emit j3-rays mcreases with decreasing at. wt. 
Accordmg to the transformation schemes 

„ . R a C 2 - ^ „ T h D - ^ 7 
e / 8 / 

Ra B—- Ra C. « and Th B-»Th C, » 
Ra C—-Ra D ThC,—>- ? 

a ' a 
Cj and Th Cj simultaneously emit a- and |3-rays, part of 

the at. changing to one substance and part to another. The 
a-radiatlon transforms but '/10000 of the Ra Ci at., and 
'Vioo of the Th Cj at The Ufe of the members of the 
Act series conforms to the foregomg rule. Since the at. 
wt. of Act C, is 210.5, it should be expected that for this 
substance A^ is greater, and Xp smaller than Th Cj. Al
though there is little or no data for the Act series, it is 
very probable m agreement with the above conclusion that 
here, in contradistinction to the Ra series, the a - t rans -
formation as opposed to the ^-transformation is most 
favored. The accompanying figures Ulustrate the in-
creasmg tendency towards a-transformation with de
crease in at. wt., and toward j3-transformation with in-
creasmg at. wt.: 

Act CjQ! 
Th Ciu 
Ra Cia 

Half period 

2.15 mm. 
2.87 hrs . 
45 days 

At wt. 
210.5 
210.5 
212.4 
214.5 

Half period. 
5 days 

? 
1.55 hrs . 

19.5 min. 

Ra E^ 
Act c / 
ThCi^ 
RaCjP 

The at. wts. used for Th Cj and Ra C) have been calc. from 
those of Th and U. The fact that for Th Ci the ^- t rans
formation in comparison to the a-transformation is not so 
strongly favored as for Ra Ci is a necessary consequence 
of the rule. The supposition that ramification occurs with 
the C] members foUows from the difference in the at. wts. 
of the Ci members, and the rule governing the dependence 
of the o! - and ^-transformation tendency of the products of 
a pleiad on their at. wts. In conclusion, it is shown that in 
view of the precedmg arguments, ramification cannot take 
place at the B-members of the radioactive ser ies . (H. 
Jermain Creighton) 

286 

THE EXTRACTION OF RADIOACTIVE SUBSTANCES 
FROM THORIUM. Fritz Glaser (Wiesbaden). Chem. Ztg., 
37, 1105-6(1912). 

In a previous paper (C. A., 7, 3451) a process was de
scribed whereby there was sepd. from monazite sand a 
substance which was identified as Th X since it had the 
same rate of decay, but which differed from it in some 
chem. properties. This anomalous behavior of Th X was 
ejgilamed by the presence of mactive impurity. This impu
rity IS now shown to be Pb derived from the crude H2SO4 
used, and which bemg pptd. as PbS04 in the procedure 
carried the Th X along with it by adsorption. A method is 
given for sepg. the Th X from the Pb, and a process for 
which a patent has been apphed, and which is based on the 
adsorption capacity of PbS04 for radioactive substances, 
is described for sepg. Th X from Th solns. A review is 
given of the different methods proposed for extracting 
Meso-Th from monazite sand. (A. R. Merz) 

287 
THE DETERMINATION OF THE PERIODS OF TRANS
FORMATION OF THORIUM AND ACTINIUM EMANATION. 
P . B. Perkins (Univ. Manchester). Phil. Mag., 27, 720-31 
(1914). 

An ionization chamber was so arranged that it could be 
connected to the leaf of a Wilson-Kane electroscope, and 
also a set of variable capacities. A pendulum was also a r 
ranged to manipulate the earth key, and key leading to the 
ionization chamber, at regular mtervals. As the decay of 
the emanation proceeded after being quickly swept into the 
chamber, smaller and smaller capacities were inserted, 
and the deflections of the Au leaf for 4 beats of the pendu
lum were recorded. The half-value periods of Th Em and 
Act Em were found in this way to be 54.53 ± 0.041 and 3.92± 
0.004 s e c , corresponding to A = 0.01271 and 0.1768 s e c , 
resp. (T. S. Taylor) 
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288 
RADIO-ATOMS: THEIR ATOMIC WEIGHTS AND VALENCIES. 
F. H. Lorlng. Chem. News., 109, 241-2(1914). 

It IS considered probable that the radio-elements are made 
up of associate atoms differmg in at. wt., and that they are 
exactly whole numbers taken from a Rydberg at. wt. series. 
The branchmg in the Th series at Th C suggests the possi
bility that at this point the associates virtually part company, 
and that the respective end-products may be considered as 
consisting of homogenous whole-number at.-wt. atoms stand
ing m proportionate numbers in each other in the same ratio 
as the products Th D and Th C2, viz., 0.35% to 0.65% i e , as 
5 to 9. Then Th itself should be a mixt. made up 5 
atoms of at. wt. 235 to 9 of at. wt. 231. The mean value is 
232.428 which is in agreement with the present accepted 
value for Th, viz., 232.42. It is considered further that Th 
Em has associates of at. wts. 223 and 219 m the proportion 
of 5 to 9, and that Ra Em and Act Em are also made up 
from exactly the same Rydberg numbers, but in a different 
proportion. The most probable ratio of the associate atoms 
in the elements of the U-Ra series is taken to be 1 to 5. A 
table is given showmg the at. wts., valencies, etc., of the 
radio-elements as deduced from this study. (W. H. Ross) 

289 
VOLATILITY OF THORIUM ACTIVE DEPOSIT. T. Barratt 
and A. B. Wood. Proc. Physic Soc. London, 26, 248-60 
(1914). 

By heating Th active deposit to various accurately meas
ured temps, up to about 1250°, it is found, when measured 
by the a-radiation, that Th B and Th C each begin to vola-
tUize at 750°, but that the volatilization is not complete until 
1200° is reached. The Th C curve has the peculiarity of be
ing similar to 2 of the Th B curves placed end to end, the 
inflection occurrmg between 750° and 900°, where about 35% 
of the a activity has been removed. When measured by the 
/3-radiation, Th C is not volatile until a temp, of 900° is 
reached. Th D begins to volatilize at 500°. To explam these 
results it is assumed that the part of Th C which produces 
the ^-rays. , viz., Th Cn, is a sep. product which is not so 
readily volatile as Th C^ and Th C2 as shown in the follow
mg scheme: 

a(5 0 cm ) By 

a Soft B 

t t f 
Th A—Th B—ThCs 
0 14 sec 10.6 hr ->" " -

^ .ThC„ ThD—»' 
B o.'JX 1 min (7) 3 07 mm 

a(8 6 cm ) 

, t 
T h C j — " ? 

10"" sec 

(W. H. Ross) 
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THE ATOMIC WEIGHT OF LEAD FROM CEYLON THORITE. 
F. Soddy and H. Hyman. J. Chem. Soc, 105, 1402-8(1914); 
P r o c , 30, 134-5(1914). 

The calc. at. wt. of Pb derived from U is 206 and that 
from Th 208.4, smce the isotopes are formed from Ra and 
Th by the loss of 5 and 6 atoms of He, resp. In Ceylon 
thorite the ratio of U to Th is not greater than 0.03, so that 
if the Pb in the mmeral is entirely of radioactive origin, 
about 10 parts of it will be derived from Th to 1 from U. 
Its at. wt. should, therefore, be about 208.2. Several p re 
liminary detns. give values from 208.3 to 208.5, a devia
tion from the value of ordinary Pb in the right direction and 
of the proper order of magnitude. (E.S.) 

291 
THE VOLATILITY OF THORIUM D. WITH A NOTE ON 
THE RELATIVE BETA ACTIVITIES OF THORIUM C AND 
D. A. B. Wood (Univ. Liverpool). PhU Mag. 28, 808-18 
(1914). 

The temp, of volatilization of Th D untreated with acid is 
520°, treated with HNO2, 520°, and treated with HCl, 270°. 
The results support the views of Schrader (C. A. Tj 728), 
Russel (C^A. 7, 933), and Barratt and Wood (C. A. 8, 3530) 
on the formation of dennite chem. compds. of the active 
deposits. Whether Th C is free of combined with acids, Th 
D recoils from it in at. form. When Th C is dissolved m 
HCl a portion of the recoiling atoms of Th D recombine with 
the free CI liberated. The relative ^ activities for Th C and 
Th D are found to be 1.5 to 1. This value for the ratio of 
the activities of these elements is in fairly good agreement 
with that obtained by Marsden and Darwm (C. A. 7, 450), 
and supports the scheme of dismtegration of the Th series 
as suggested by these authors. (A. T. Cameron) 
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GERMAN PATENT, 278, 260, Sept. 18, 1913. E. Ebler. 

In a process of working mixtures containing radium or 
mesothorium, the crude sulfates are mixed intimately with 
CaC2 or materials yielding it, and heated for 6—8 hrs . , with 
exclusion of air, to a bright red. The product is extd. with 
H2O or acid or with solns. of acid salts. By the reducing 
action of the carbide and of the resulting Ca vapor, the sul
fides are formed from the sulfates, and these sulfides dis
solve in dil. HCl or HOAc, while the PbS formed at the same 
time IS insol. in these solvents. The Si02 present m the 
crude sulfates is reduced at the high temp, to elementary Si 
or rendered msol. in dil. acid, thereby losing the property 
of takmg Ra out of soln. by adsorption and fixmg it, just as 
the PbS lost this property. The other products of the heat 
treatment, such as the Fe, Mg, Sr, and Ca compds , as well 
as the Ca of the carbide, go into soln. in the dil. HCl as 
chlorides, so that upon evapn. of the lye, only crude chlo
rides are obtained. From these, pure Ra Ba chloride or 
Ra-Meso-Th-Ba chloride may be converted, as by treat
ment with H2SO4, mto sulfates and these may be converted, 
through the carbonates, mto pure chlorides. 

293 
THE CONDENSATION OF THORIUM AND RADIUM EMANA
TIONS. A. Fleck (Glasgow Univ.) Phil. Mag. 20, 337-62 
(1915). 

When Th Em and Ra Em are mixed with air at atm. p res 
sure, the former appears to be condensed about 5° above the 
Ra Em. This apparent difference is probably due to the Ra 
Em m the gaseous phase over the condensed phase being 
swept away by the air current. As the cone of the Em in a 
highly exhausted tube diminishes, the Em becomes more 
easily condensed. In certam circumstances the condensation 
curve of Ra Em exhibits 2 maxima, one about —75°, the 
other about —161°. It is suggested that the existence of this 
property may be dependent on the presence of H2O vapor. 
At liquid-air temp, in a lighly exhausted tube, 0.0915% Ra 
Em remained uncondensed. With a mixt. of the 2 emana
tions in such a tube, Ra Em appears to be condensed more 
easily. The difference is probably caused by the rapid 
disintegration of Th Em. (A. T. Cameron) 

294 
THE DISTRIBUTION OF THE ACTIVE DEPOSIT OF THO
RIUM IN AN ELECTRIC FIELD. G. H. Hunderson (Dal-
housie Univ., Halifax, N. S.). Trans. Nova Scotian Inst. 
Sci. 14, 1-16(1914-15). 

A new type of vessel for this kind of work has been 
developed and its advantages noted. It has been shown 
that in dry air all the Th rest atoms are mitially positively 
charged. In pure Et20 vapor all the Th rest atoms are 
imtially uncharged, and m a mixture of Et20 vapor and air 
the charged condition of the rest atoms depends on the 
relative amounts of Et20 vapor and air present. The same 
appears to be true with H2O vapor. (H. Jermain Creighton) 

295 
THE INFLUENCE OF FOREIGN SUBSTANCES UPON THE 
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ADSORPTION OF URANIUM Xi BY CHARCOAL. H. Fre -
undlich and H. Kaempfer (Braunschweig). Z. physik. Chem. 
90, 581-716(1915). 

The expts. of Ritzel (C. A. 4, 1843) on the removal of U X, 
from animal charcoal by Th have been confirmed. The ac
tion occurs in the presence of small quantities, a content of 
about 0.0004 miUimol. of Th(N03)4 (equiv. to about 0.2 mg. 
per 1.) mcreased the quantity of U Xj remaining m the soln. 
after shakmg with charcoal by about 20%. This action is 
not sp. for Th or the radioelements, but occurs with a large 
number of substances: Zr salts, BzOH, strychnine nitrate, 
basic dyes, etc. Investigation has shown that a difference 
exists between the adsorption of Th(N03)4 and the other for
eign substances. The adsorption of BzOH, strychnine nitrate 
and ZrOCl2 by animal charcoal can be measured by the help 
of radioactivity as follows the end concn. of these sub
stances in the soln. is detd. on the basis of the displacing 
action which they exert upon the U Xj, when they are ad
sorbed together with this substance by the charcoal In 
this way the usual adsorption isotherm has been found for 
BzOH and ZrOCl2 in the concn. region investigated; 
strychnine nitrate tends towards a satu. In all 3 cases an end 
point IS reached which is independent of the time. The adsorp
tion of Th(N03)4 by animal charcoal differs from that of the 
above-mentioned substances, inasmuch as the end concn. 
appears to decrease considerably as the time mcreases. 
This increase is not confirmed, however, when the end concn. 
of Th(N03)4 is measured with the nephelometer on the liasis 
of the small solubility of Th(C204)2. This contradiction is 
explained on the assumption that, after shaking with animal 
charcoal, a Th(N03)4 soln. is able to remove the U Xj to a 
much less extent. It has also been found that U X, is more 
strongly adsorbed from a soln. of U02(N03)2 that has been 
shaken with charcoal and in which the U Xj has formed 
anew, Uian from a soln. that has not been so treated. The 
precedmg observations are best ejgilained on the assump
tion that in the Th or the U02(N03)2 soln. unknown sub
stances, such as radioelements, are present, which in even 
small quantities brmg about the removal of U Xj from char
coal. Th(N03)4 differs from the other active substances m 
that it does not merely bring about the removal of U X, in 
consequence of simultaneous adsorption, but also when it 
IS subsequently added to a charcoal that has adsorbed U X,. 
The other substances do not remove U Xj on subsequent 
addition. This difference m behavior may be explamed by 
assuming that both Th(N03)4 and the foreign substances 
contained m this substance are coned, not only on the sur
face of the charcoal but also in the mterior. In conse
quence of this, subsequent additions of Th(N03)4 can r e 
move the U XJ compressed m the interior of the charcoal, 
while those substances which are only coned, on the sur
face of the charcoal (such as BzOH) 'cannot do so. The r e 
sults of the investigation lead to the conclusion that Soddy's 
view, that the removal of U Xj from charcoal by Th depends 
on the isotopy of both substances, is not sustamed. On the 
other hand, the fact that other substances remove U Xj 
from charcoal does not contradict the isotopy of Th and U 
X, or the far-reaching chem. simUarity of isotopic ele
ments. The adsorption of Th(N03)4 by animal charcoal has 
been measured by the detn. of the end concn. by means of 
the nephelometer. The e:q)onent in the adsorption isotherm 
was, as in the case of the adsorption of U X, by charcoal, 
approx. equal to unity. The removal of U Xj from charcoal 
by the other active substances depends chiefly upon their 
adsorbability. Not only is the removal due to the adsorp
tion of the foreign substances, but also to the fact that they 
actually hmder the adsorption of the U X,. (H. Jermain 
Creighton) 

296 

THE VOLATILIZATION OF THORIUM B AND THORIUM C. 

St. Loria. Sitzb. kais. Akad. Wiss., Wien, Anz. 1915, 206; 
Beibiatter Ann. Physik 39, 754(1915). 

The volatilization of Th B and Th C prepared from Th A 
begins at 700°. At 800° Th B and Th C are, resp., 80% and 
20% vaporized, and at 900°, 90% and 35%; at 1200° both are 
gaseous. If Th C is prepared by electrolysis from a weak 
HCl soln., volatUization begms at 900° and is not yet com
plete at 1300°. Both curves, however, have the same form. 
(G. L. Wendt) 

297 
THE VOLATILIZATION OF CONDENSED EMANATIONS: 
THORIUM EMANATION. St. Loria Sitzb. kais. Akad. Wiss., 
Wien, Anz. 1915, 203; Beibiatter Ann. Physik 39, 754(1915). 

Th Em begms to volatilize at-164°, at-150° one-half 
escapes, and at 125° it is completely gaseous. Ra Em begins 
to vaporize at the same temp, but the process is much 
swifter. (G. L. Wendt) 

298 
REVISION OF THE ATOMIC WEIGHT OF THORIUM; 
ANALYSIS OF THORIUM BROMIDE. Otto HSnigschmid and 
Stefanie Horovitz (Radium Inst., Vienna). Sitzb. kais. Akad. 
Wiss. Wien. Abt. Ila 125, 149-78(1916); Monatsh. 37, 305-34 
(1916). 

Pure ThBr4 was prepared by igmting Th02 with sugar 
charcoal in a stream of N and Br and was purified by redis
tillation into a quartz boat in a tube system of pure quartz. 
Two series of analyses were made. In Series I of 12 analy
ses, 54-45867 g. ThBri required 42.58666 g. Ag and formed 
74.13448 g. AgBr, whence the at. wt. of Th is 232.15 ± 0.016. 
In Series U, comprizing 15 analyses, 74.30630 g. of ThBr4 
required 58.11096 g. Ag and formed 101.15848 g. AgBr, 
whence the at. wt. of Th is 232.12 ± 0.014. In both series 
the ratio ThBr4/4Ag gives precisely the same value for the 
at. wt. of Th as does the ratio ThBr4/4AgBr. The values of 
the ratio Ag/AgBr from Series I average 0.574450; those 
from Series n give 0.574455. Baxter's standard value is 
0.574453, which is the av. of both these series, so that the 
at. wt. of Br, 79.916, is identical with Baxter's value. Be
cause of the better agreement of Series II with tills value 
that series is preferred and the value 232.12 is given as the 
maximal value for the at. wt. of Th. (G. L. Wendt) 

299 
THE STABILITY OF LEAD ISOTOPES FROM THORIUM. 
Frederick Soddy (Univ. Aberdeen). Nature 99, 244-5(1917). 

Because Th minerals often contain so little Pb in com
parison with what IS to be expected from their age. Holmes 
(C. A. ̂ , 1147) and Boltwood have concluded from geological 
evidence that Pb cannot be the end product of Th. S. now 
points out, however, that there are 2 end products of Th, 
both being isotopes of Pb with the same at. wt. Th C, an 
isotope of Bi, disintegrates dually, 35% of ^ e atoms ex
pelling first an a- and then a j3-ray, and. 65% first a /3-
and then an o-ray. More energy is evolved in the latter 
mode than in the former, and although the 2 isotopes have 
the same at. mass and the same chem. character there may 
be a difference in stability. From analogy with the U-series 
where the same thing is true for Ra C, except that all but a 
minute fraction follows the second mode, it is the 65% 
isotope of Th Pb which should disintegrate for it is analo
gous to Ra D. On the assumption that only the 35% isotope 
IS stable enough to accumulate, it is shown that much more 
concordant results are obtained in calcg. the age of Th 
minerals from their Pb content; and further that if the at. 
wt. of the Pb isotope derived from Th is taken as 206.0 
and that from the U in the mineral as 208.0, then the value 
obtained for the at. wt. of thorite Pb caled. on this basis is 
found to be 207.74 in exact agreement with that actually 
found from the density and at. wt. detns. (W. H. Ross) 

300 
THE STABILITY OF LEAD ISOTOPES FROM THORIUM. 
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Arthur Holmes (Imperial Coll. Sci. Tech.). Nature 99, 245 
(1917). 

A recalcn, has been made of the Pb ratios in a number of 
Th minerals on the assumption that 35% of Th gives Pb as a 
stable end product; or in other words that wt. for wt., Th 
produces in any given time only Vr as much Pb as U. The 
av. value found for the recalcd. Pb/(U + 0.14 Th) ratio in 14 
samples of thorite and thorianite minerals amounts to 0.09 
which approaches the corresponding ratio (0.063) found for 
uranlnite much more closely than in the case of the simple 
PbAJ ratios which amount to 0.18 and 0.064, resp. In further 
support of Soddy's suggestion it is pointed out that in the case 
of the Pb from Ceylon thorianite on which Richards and 
Lembert made at. wt. detns., the at. wt. should be 207.32 if 
the whole of the Th disintegrated into Pb, whereas if only 
35% of the Th formed Pb then the at. wt. should be 206.73. 
The at. wt. actually found was 206.82. (W. H. Ross) 

301 
INVESTIGATIONS AT HIGHER TEMPERATURES. DC. 
THE PREPARATION OF ARTICLES OF ZIRCONIA. Otto 
Ruff and Georg Lauschke. Z. anorg. allgem. Chem. 97, 
73-112(1916); J. Chem. Soc. 112, H, 95(1917). 

The fusibility of mixts. of Zr02 with other oxides was 
studied in a C tube furnace, the atm. of the furnace being 
at low pressure. Zr02, 98.73% pure, the impurities con
sisting of Si02 and FejOs, melted at 2563° ± 10°; the temp, 
of the previous shrinking operation was without influence. 
Th02 could not be melted in the reducing atm. of the furnace; 
the oxide cracked and gave off fumes at 2450° without fusion. 
BeO, AljO,, Y2O3 and Th02 are suitable for addition to Zr02, 
causing little volatilization, while MgO causes fuming and 
SiOj lowers the m. p. excessively. For the prepn. of cruci
bles, the addition of 1% AI2O3 is recommended for use at 
2000°, or 1% ThO, at 2200°, and from 1-3% YjO, at 2400°. 
The addition of larger quantities increases the porosity and 
has no advantage. Both the porosity and the contraction vary 
with the temp, of firing. MgO and BeO reduce the porosity. 
Pure ZrOj is readily sol. in HF at 25°, hence it can be sepd. 
from Th02 by this means. Details for the prepn. at sepn. of 
Th02 and Zr02 are given. (George W. Morey) 

302 
VELOCITY OF REACTION IN HETEROGENEOUS SYSTEMS 
AND SIZE OF GRANULES. Emil Podszus. Z. physik. Chem. 
92, 227-37(1917); J. Chem. Soc. 112, H, 300(1917). 

It has been fovmd that certain oxides, which in ordinary 
circumstances do not react with HCl, are dissolved by this 
reagent to a very appreciable extent when the oxides are 
reduced to a fine state of subdivision. The expts. were made 
with AI2O1, Th oxide, and Zr oxide; in each case the oxide is 
dissolved when the diam. of the particles is of the order 1 fx. 
The results recorded show the progress of the dissoln. when 
the concn, of the acid and the temp, are kept const., and, 
further, the influence of the variation in the acid concn. It 
would seem that oxides which are apparently insol. in acids 
may be dissolved provided the size of the particles is suffi
ciently reduced. The observations cannot be explained in 
terms of the diffusion theory, and in consideration of the 
smaU size of the particles it is not surprizing that the be
havior should deviate from that which has been found asso
ciated with reactions in heterogeneous systems. Although 
the size of the particles of a substance is known to have a 
considerable influence on many of its properties, including 
the soly., it does not seem possible to account for the ob
served facts on this basis. (E.J.C.) 

303 
This reference has been intentionally omitted. 

304 
END-PRODUCT OF THORIUM. J. R. Cotter (Trinity CoU., 
Dublin). Nature 101, 425(1919). 

Thorianite was examd. with a view to the quant, detn. of 
TI which had been suggested by Soddy (C. A, 11, 2167) as a 
possible end product of Th, No TI could lie detected in the 
mineral, and it is claimed that it does not contain as much 
as even 0.905% of this element, 

305 
Frederick Soddy. Nature 101, 444(1918), 

S. concurs with the result found by Cotise and expresses 
tlie opinion that there is now very little exptl, evidence in 
favor of the view that TI is an end product of Th, Reference 
is made to unpublished work that has been carried out at 
the Ra Inst., Vienna, which indicates that both the isotopes 
of thoria-Pb are stable. (W. H. Ross) 

306 
This reference has been intentionally omitted. 

307 
NEW ATOMIC WEIGHT DETERMINATIONS. (THORIUM-
LEAD AND SCANDIUM.) O, Honigschmid, Z, Elektrochem. 
25, 91-7(1919). 

An account is given of a series of at, wt, detns. of Th-Pb 
and Sc. Pb from thorite was converted into chloride, and 
the ratios PbCl2:2Ag and PbCl2:2AgCl detd. From these 
expts., the values 207.88 (one expt.) and 207.91 (two expts.) 
were obtained, respectively. The mean value for Pbji, is 
207,90 ± 0,013, which is the highest value yet obtained for 
any variety of Pb, Further expts, were also made by the 
same method with Pb from three different samples of tho
rianite of unknown origin, but probably from Ceylon. The 
following mean values were obtained: (1) 207.21, (2) 
206.91, and (3) 206.84 for the three samples. From the re
sults of the investigation, H. is of the opinion that a Pb iso
tope of at. wt. 208.1 probably exists, and tliat in all proba
bility Th-D is not absolutely stable, but has a very long av. 
life. The general question of the origin of the various Pb 
isotopes is discussed, and the recent work of Soddy, Fajans, 
and others.reviewed in this connection. It is pointed out 
that all of the at. wt. detns, of Sc have been made by the 
sulfate method, and that very divergent results, fluctuating 
between 44.1 and 45,2, have been obtained by different inves
tigators, H, has, therefore, made a series of analyses of 
the bromide by the Richards method. The bromide was 
prepd, by heating the oxide in a quartz tube with C and Br 
vapor, and the product purified by sublimation in a quartz 
tube. The product was collected and treated generally in 
the way adopted by H in his detns, of the at, wts, of U and 
Th (C, A, 10, 2436; 11, 1598), The sublimation of Sc bro
mide does not take place below about 1000°, at which temp, 
the substance has not melted. It is also found tliat after sub
limation the quartz tube has lieen attacked to a slight extent 
by the bromide, according to the equation 4ScBrs + SSiOj = 
3SiBr4 -I- 2SC2OJ. The amt. of the reaction is not great, and 
was detd. by weighing the quartz tube liefore and after the 
expts. A correction based on this action was introduced 
into the final calcns. For the purpose of reducing the 
weighings to vacuum standard, the sp. gr. of Sc bromide 
was detd., and the value 3.910-3.913 obtained. Two speci
mens of Sc were used in the expt.: I, supplied by R. J. Mey
er, and II, supplied by Sterba-Bohm. These specimens had 
been purified by different methods, and a spectroscopic 
examn. by Hatschek indicated that they were both absolutely 
pure—so pure, in fact, that the very persistent Yt line \ = 
3694,37 was not present in the spectra. Specimen I gave a 
mean value for the at. wt. Sc = 45.105 (eight expts.), and 
specimen n the value Sc = 45.093 (ten expts.), the mean of 
the whole being 45.099 ± 0.014, a value which is rounded to 
45.10, and is one unit higher than the value 44.1, at present 
adopted by the Intern, At. Wt. Committee. (J.C.S.) 

308 
THE MELTING POINTS OF THE PURE ELEMENTS. W. 
Guertler and M. Firani. Metallkunde VL, 1-7(1919). 
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Si 
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Sn 
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<1850° 
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1700° (? ) 

(W.T.H.) 

309 
THE INDEPENDENT ORIGIN OF ACTINIUM. Elliott Quincy 
Adams (Washington). J. Am. Chem. Soc. 42, 2205-8(1920). 

Piccard's hypothesis that the Act series springs from a 
3rd isotope of Uj and U2 is shown not to involve identity of 
the periods of Ui and the 3rd isotope. A. assumes that P. ' s 
Act-U is formed from a hypothetical /3-radiating isotope of 
protoactinium, which has long since all decayed. The at. 
wt. 235 is assigned to this atom-species, which gives Act 
a wt. of 227 and Act-Pb a wt. of 207, in agreement with 
Honigschmid's detn. of 206.05 as the at. wt. of U-Pb con
taining approx. 3% of Act-Pb. The names "radon, thoron, 
actinon" are suggested for the emanations. (Norris F. 
HaU) 

310 

THE ABSORPTION OF X-RAYS BY CHEMICAL ELEMENTS 
OF HIGH ATOMIC NUMBERS, William Duane, Hugo Fricke, 
and Wilhelm Stenstrbm, Proc, Nat, Acad, Sci, 6, 607-12 
(1920), 

The authors measure by the ionization method the K 
absorption limits for the elements from W (74) to U (92), 
(F. C. Hoyt) 

311 
MOBILITIES OF RADIOACTIVE IONS IN THE BUNSEN 
FLAME, Herbert Schonborn. Z. Physik. 4, 118-30(1921). 

Using the method of H. A. WUson (Phil. Mag. 192, 499 
(1899)), S. finds for the mobility of recoil atoms of Th C 
in the Bunsen flame 200 to 400 cm./sec, per volt./cm., 
depending on the temp. These atoms carry a positive 
charge. There is a critical summary of related work, (F, 
C, Hoyt) 

312 
PRECISION MEASUREMENTS IN THE L-SERIES OF THE 
HEAVY METALS, Dirk Coster (Lund), Z. Physik 4, 178-
88(1921). 

The measurements of Hjalmar (C. A. 15, 1101) are con
tinued from W to U, although the accuracy is slightly less. 
Besides the lines found in the light elements there appears 
in W, Pt, TI, Pb, and Bi a pair of weak lines having the 
characteristic L doublet difference. The measurements 
show Sommerfeld's A-doublets {Pi—P^ and y4—yj) do not 
have accurately the same frequency difference at the 
same element and hence are not real doublets. A weak 
companion of 35 is observed in W, Pt, Au, and TI. (F.C. 
Hoyt) 

313 
VOLATILIZATION OF THORIUM B AND THORIUM C DE
POSITED ON GOLD. Stanislaw Loria. Krakauer Anzeiger 
1917. 260-4. 

The volatilization of a radioactive product deposited on 
metal was examd. in the case of Th B + Th C deposited on 
Au. The volatilization of Th B from Au begins sooner than 

from Pt and Pd and throughout the temp, interval 300-1000° 
is greater from Au than from the other two metals. The 
volatilization of Th C from Au is very similar to that from 
Pt. In lx)th cases there occurs a discontinuity on the volatili
zation curve at about 760°, which may be referred to the 
occurrence of Th C oxide, stable in this region of temp. 
This discontinuity is not shown for Th C on Pd. (J. C. S.) 

314 
THE DISTRIBUTION OF ELECTRONS IN HEAVY ATOMS. 
A. Dauvillier and L. DeBrogler. Compt. rend. 173, 137-9 
(1921). 

One of the authors has listed the absorption frequencies 
necessary to account for the emission lines of U on the 
theory of combinations. Each orbit contg. one or more 
stable electrons represents such a frequency; thus the X-
ray spectra of heavy elements are richer. A study is now 
made of the Moseley curves of absorption frequency of 
elements W to U, extended by the results of Duane and Pat
terson and by calcn. on combination theory from the emis
sion line values of Coster and the authors. Details of the 
points of intersection with each other and with the axis are 
given, these having an important bearing on the numbers 
of electrons in the various orbits; and schemes of the 
authors and of Bohr are compared as follows: 

K L M N' N " O P Q 
2i 82 I83 I84 144 I83 8, 6, 

Large figures represent the numbers of electrons in 
each orbit and subscripts show the number of energy 
quanta associated with each. Bohr's N series combines 
N' and N " of this scheme, and the authors' O series 
combines N " ajid O. The authors believe that X-ray evi
dence and many physical-chemical properties are in ac
cord with their scheme. (Harry Clark) 

315 
ADSORPTION OF THORIUM-B AND THORIUM-C BY 
FERRIC HYDROXIDE. J. A. Cranston and R. A. Burnett. 
J. Chem. Soc. U9, 2036-44(1921). 

Reference is made to the work of McCoy and Viol (C. A. 
7, 2012). They showed that Th-B and Th-C could be quantly. 
sepd. by adsorption of Th-C with Fe(OH)3. C. and B. investi
gate further the influence of the H-ion concn. on the adsorp
tion effect of Fe(OH)3. The ratio Th-B to Th-C was calcd. 
from the form of decay curve and measured by means of the 
a- ray electroscope. HCl was used. In the first series of 
expts. definite quantities of certain normalities of HCl were 
added. In the second the H-ion concn. was followed. Th-B a 
and Th-C were adsorbed by Fe(OH)3 in proportions varying 
with the acidity of the soln. The effect seems to be true 
adsorption. A colloidal theory involving a change from 
ionic to the colloidal state is proposed. The acidity of the 
soln. controls this change. (L.D.R.) 

316 
INFLUENCE OF RADIOACTIVE SUBSTANCES ON ACETIC 
FERMENTATION. Laborde, Jaloustre, and M. Leulier. 
BuU. soc. chim. biol. 4, 415-8(1922). 

Mesothorium in small doses favors, and Th X inhibits 
this fermentation. (A. T. Cameron) 

317 
ADSORPTION OF THE B AND C MEMBERS OF THE RA
DIUM AND THORIUM SERIES BY FERRIC HYDROXIDE. 
J. A. Cranston and Robert Button. J. Chem. Soc. 123, 
1318-24(1923). 

Previous work on the adsorption of—B and —C mem
bers of the Ra and Th series by Fe(OH)3 has been contin
ued. Under similar conditions, the ratio of Th B/Th C 
adsorbed by Fe(OH)3 is greater than the ratio of their 
isotopes Ra B/Ra C, even when the initial different rela
tive concns. of the solns. are taken into account. The in-
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terval of time lietween prepg. the solns. and the carrying 
out of the adsorptions has been found to be an important 
factor in detg. the ratio adsorbed. The influence of this 
time factor is in quant, agreement with that expected from 
the theory put forward to explain the greater proportion of 
the —C memlier adsorbed with the lapse of time. (James 
M. Bell) 

318 
RADIOACTIVE CONSTANTS; THEIR STATUS IN 1923. 
Stefan Meyer. Jahrb. Radioakt. Elektronik 19, 334-44 
(1923). 

Tables show for U, Th, and Act families the period of 
half decay, the decay const., the av. life, the initial veloc-
ties, the range, the total no. of ion pairs in the path of an 
a particle in air, the absorption coeff. for Al and the rela
tive wt. of each element in equil. with 1 g. Ra. The terms 
radon, acton, anc thoron for the corresponding emanations 
are not used in the tables, but are recognized in a note. 
The no. of a-particles emitted per sec. by 1 g. Ra is ac
cepted as 3.72 X 10'°. The no. of ion pairs in the path in 
air of an a-particle from Ra C is given as 2.20 x 10* in 
preference to the previous value, 2.37 x 10*. Proportional 
corrections are made for the no. of ion pairs produced by 
Of-particles from other elements. (D.C. Bardwell) 

319 

THE DIFFUSION COEFFICIENT IN SOLIDS AND ITS 
TEMPERATURE COEFFICIENT. Saul Dushman and Irving 
Langmuir. Proc. Am. Phys. Soc. 1922, Phys. Rev. 20, 113 
(1922). 

Equations are given by which the temp, coeff. of the dif
fusion coeff. of solids in solids can be calcd. from the val
ue of the diffusion coeff. at any one temp. Examples are 
given for the diffusion of Th through W. (S. K. Allison) 

320 
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321 
SYSTEMATIC AFFINITY PRINCIPLE. XXV. THE BE
HAVIOR OF CERTAIN HALIDES TOWARD HALOGENS. 
Wilhelm Biltz and Erich Meinecke. Z. anorg. allgem. 
Chem. 131, 1-21(1923). 

CeCls, ZrCl4, ThCl4, and PbCl4 were detd. to be insol. 
in Uquid CI. The tabulated solubilities of other chlorides 
in CI show that those which are sol. are elec. insulators 
which consist of undissociated mols.; whereas the insol. 
ones are e lec conductors, and are ionized. The prepn. 
of pyridineleadhexachloride is described. From it was 
prepd. PbCl4. F.-p. curves of the systems consisting of 
CI and each of the following chlorides are of the simple 
eutectic type, and show no compd. formation between CI 
and the chlorides, namely, CCI4, SiCl4, TiCl4, SnCl4, and 
AsCI]. AsClg was not formed. Eutectic temp, and compn. 
are: CCI4-CI,-114.5°, 86-87 at. % CI; SiCl4-Cl, -117°, 
86 at. % CI; TiCl4, -108°, 87.5 at. % CI; SnCl4-Cl, -106°, 
86 at. % CI. The curve for the system, CBr4-Br, has a 
point of inflection and a min., but compd. formation cannot 
be inferred definitely. In the case of each of the Group 4 
chlorides the eutectic compn. corresponds closely to 
XCI4.6CI. However, for SnCl4 the measured vapor pressure 
of the mixt. on either side of the eutectic point is the same, 
and equal to that of pure CI. Therefore, at the eutectic 
point there is a mixt. of the 2 pure components, and not a 
compd. It is probable, that, when dissolved in CI, CCI4 and 
SiCl4 are monomol., TiCl4 somewhat polymerized, SnCl4 
more than bimol. and ASCI2 about % normal mol. size. 
(R. H. Lombard) 

322 

THE COMPLEX SULFATES OF QUADRIVALENT CERIUM 
AND THE PLACE OF THIS ELEMENT IN THE PERIODIC 

CLASSIFICATION. V. Cuttica with L. Bonamici. Gazz. 
chim. ital. 53, 761-8(1923). 

The salts that crystallize from a soln. of Ce(S04)2 have 
been frequently studied because the equil. Ce '^ =* Ce'H 
changes with temp and H2SO4 concn. Th(S04)2 forms many 
soUd hydrates but at 47° seps. Th(S04)2.4H20 in rhombic 
crystals of the same system as those of Ce(S04)2.4H20. 
Solns. of these 2 salts when mixed in equimol. amts. and 
placed on a H2O bath sepd. solid solns. of these isomor-
phous salts in which the ratio of Ce: Th decreased from 
1:4.8 to 1:2.2 in the 4 successive fractions that were ana
lyzed. Mixts. of Ce(S04)2 and guanidine sulfate gave the 
double salt 2Ce(SO4)2.C(NH)(NH2)2.05H2SO4.10H2O. A hot 
acid soln. of Ce(S04)2 treated with excess urea sepd. the 
double sulfate Ce(S04)2.5CO(NH2)2-H2S04, which is 

(CO(NH2)2)5 ] 
Ce (HS04)2 in the light of Werner's so-

SO4 J 
called oxonium salts. (E. J. Witzemann) 

323 
SURFACE PHENOMENA. H. THE RELATION BETWEEN 
OVERVOLTAGE OF HYDROGEN WITH PURE METALS 
AND CERTAIN PROPERTIES OF THE METALS. A. Thiel 
and W. Hammerschmidt. Z. anorg. allgem. Chem. 132, 15-
35(1923). 

The 4 principal factors in understanding overvoltage are 
(1) the nature of the sepg. material, (2) the kind of electrode 
(3) the compn. of the electrolyte, and (4) the current d. 
This investigation was concerned with the kind of electrode 
and especially the relation which surface-active materials 
exert. A platinized-Pt electrode in the same electrolyte as 
the electrode under investigation, and subjected to a slow 
stream of H2 at atm. pressure was the zero point. All sub
stances were carefully purified. The values for the over-
voltage at 25° with 2N H2SO4 as electrolyte are as follows: 
Pd 0.00000 ± <0.00001, Pt 0.000002 ± 0.000001, Ru 0.00043 
± 0.00003, Os 0.00148 ± 0.00006, Ir 0.00255 ± 0.00007, Rh 
0.004 ± 0.002, Au 0.0165 ± 0.0005, Ag 0.097 ± 0.002, V 
0.1352 ± 0.0006, Ni 0.1375 ± 0.0002, W 0.157 ± 0.015, Mo 
0.168 ± 0.003, Cu 0.19 ± 0.03, Si 0.192 ± 0.002, Sb 0.233 ± 
0.008, graphite 0.335 ± 0.001, As 0.369 ± 0.014, Bi 0.388 ± 
0.004, Ta 0.39 ± 0.02, Pb 0.402 ± 0.004, In 0.533 ± 0.007, 
Hg 0.570 ± 0.003. Other metals in different electrolytes 
gave the following values: Co (0.01 N H2SO4) 0.067 ± 0.007; 
Fe (0.1 N H2SO4 or M FeS04) 0.175 ± 0.005; Cr (0.01 M 
Cr(C2H302)2, acidity 5.2) 0.182 ± 0.004; Ti (0.01 N H2SO4) 
0.236 ± 0.009; Al (0.01 N HCl or H2SO4) 0.296 ± 0.006; Mn 
(0.1 M Mn(C2H302)2, acidity 6.5) 0.37 ± 0.03; Th (0.05 M 
Th(C2H302)4, acidity 3.8) 0.38 ± 0.01; Cd (0.01 N H2SO4) 
0.392 ± 0.002; Sn (0.01 N H2SO4) 0.401 ± 0.001; Zn (0.01 
M Mn(C2H302)2, acidity 5.3) 0.482 ± 0.002; TI (0.01 N_H2S04) 
0.570 ± 0.003. Attempts were made to find overvoltages 
for Ce and Te but both reacted with the electrolyte. The 
metals of periodic groups VU, I and VI have small over-
voltages, while those of groups H, HI, and IV have large 
overvoltages. Ta occludes H2 much but shows a very high 
overvoltage. This contradicts the occlusion theory of 
overvoltage. Similar wires of various metals were prepd. 
freed from occluded gases at high temps, and used as 
cathodes. When equal currents were imposed different 
periods of time were required before H2 was evolved. Pt, 
12 s e c ; Pd, 14 s e c ; Ag, 20 s e c ; Ni, 25 s e c ; Cu, 40 s e c ; 
Ta, 60 sec. These "latent times" are in the same order as 
the overvoltages. Elements which catalyze H2 addn. reac
tions show a low overvoltage. Perhaps it is because H2 =^ 
2H is reversible and metals which catalyze the formation 
of 2H of course hasten the union of 2H to form H2. (F. E. 
Brown) 
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324 
THE ELECTROLYTIC CONDUCTIVITY OF FUSED CHLO
RIDES. Arthur Voigt and Wilhelm Biltz. Z. anorg. allgem. 
Chem. 133, 277-305(1924). 

The chlorides here studied are nearly all sensitive to 
decompn. by H2O. They were prepd. H2O- and HCl-free by 
chlorinating the oxides of the metal in a closed app. of 
quartz or glass which was continuous with the cond. cell. 
The procedure of prepn. is described in detail in each case. 
Following are the mean values of the sp. cond. K at the low
est and the highest temp, at which measurements were 
made: BeCl2, 451°, 0.00319, 472°, 0.00868; UCI4, (dark-
green, melts to a dark red liquid, and distils as a red 
vapor in a CO2 stream), 570°, 0.34; 620°, 0.48; ThCl4, 
814°, 0.61; 922°, 0.78, (b. p., 618°; f. p., 567°); LaClj, 
950°, 1.30, 1135°, 1.77 (m. p., 860°); PrCl3, 824°, 0.82; 
965°, 1.26 (m. p., 785°); NdCl3, 775°, 0.63; 900°, 0.945 
(m. p., 784°). The above chlorides were prepd. from their 
oxides. (R.H.L.) 

325 
PHOTOELECTRIC THRESHOLDS OF ELEMENTS UNDER 
ORDINARY CONDITIONS. Richard Hamer. J. Optical Soc. 
Am. 9, 251-8(1924). 

Light from a C arc, after dispersion by a mirror mono-
chromator with a fluorite prism, was focusses through a 
fluorite window on the slit of the evacuated photoelec cell 
contg. a strip of the element being studied connected to a 
sensitive string electrometer, and the satn. photocurrent 
as a function of the wavelength was detd. Commercially 
pure samples were tested with surfaces cleaned by sand
papering. The fairly great intensity of the arc even to 
2600 A. gave reasonably large photocurrents as soon as 
the threshold wave length was passed and enabled it to be 
detd. from within ± 30 A. at 2600 A. to ± 100 A. at 3600 A., 
correspondmg to from ± 0.06 to ± 0.10 equiv. v. as detd. 
by the formula V = hvo / e The results in Angstroms for 
Ag, Al, Bi, graphite, Ca, Cd, Cu, Fe, Ni, Pb, Pt, Se, Sn, Th, 
W and Zn are, resp : 3390, 3590, 2980, 2615, 4000, 3130, 
2665, 2870, 3050, 2980, 2780, 2670, 3180, 3460, 2615, and 
3240. (M.F.) 

326 
NEED FOR THE REDETERMINATION OF THE ATOMIC 
WEIGHTS OF URANIUM: THORIUM AND RADIUM. A. S. 
Russell. Nature 114, 717-8(1924). 

Small unexplained differences exist between the deter
mined values of the at. wts. of U, Th, Ra, RaO', ThJJ and 
the values calcd. for the members of the various radio
active series on assuming any one of the detd. wts. to be 
correct, if 4.00 is allowed for the mass of the particle and 
a correction made for the conversion of mass into energy 
of these particles. The differences are of the order of 0.1 
to 0.15 at wt. Attempts to explain them by assuming the 
existence of an isotope of U are not entirely satisfactory, 
since such an isotope would show its presence by a sep. 
product. Exptl. evidence is against the existence of such 
a product in appreciable concn. at least. This and other 
uncertainties seem to make a redetn. of the at. wts. of 
these elements advisable (Frank C. Kracek) 

327 
THERMIONIC EMISSION OF ELECTRICALLY CHARGED 
PARTICLES. H. J. Spanner. Ann. Physik 75, 609-33 
(1924). 

In general, substances giving copious electron emission 
(e. g., the alk. earth oxides) also give rise to appreciable 
anode-ray emission. The decrease of positive emission 
from Pt IS due to gradual expulsion of H''" occluded within 
the metal. Although this anode-ray emission is a second
ary phenomenon, S, believes that it should be considered 
jointly with electron emission in order to comprehend the 

mechanism of the latter; i.e., whether or not it involves 
emission of free or "bound" electrons. Detns. of the elec. 
cond. of compressed metallic oxide pellets between 2 
massive Pt electrodes confirms proportionaUty between 
electron emission and conductance. The expts. were 
carried out in Pt resistance ovens maintained at temps, 
of 200-1000°. The sp. cond. of MgO was found to be an 
exponential function of the temp., and is expressed 
empirically by the equation A= [C/(l + oT +j3T') ] . ' e - ^ T 
where C, D, a and ^ are characteristic consts. When D = 
edA, values of dA thus calcd. (e is the charge and dA the 
work of sepn.) are of the same order as the thermionic 
d<l>. The approx. const, ratio of the lonixation potentials to 
values of dip exptly, detd. for Be, Mg, Ca, Sr, Ba suggests 
an association between position in the periodic table and 
the const. B in Richardson's equation 1 = ATV2 e - , A 
examn. of the thermionic properties of the series of ox
ides Be203, AI2O3, SC2O3, Y2O3 of the third group, and 
Th02, Zr02, T1O2, S1O2 of the fourth group presents evi
dence for the hypothesis that B (or its equiv. d0) is a 
simple function of the nuclear charge and the no of va
lence electrons. The empirical equation d<(> = c(N /Z ) + c' 
(in which Z is the nuclear charge, N the no. of valence 
electrons, and a, b, c are consts.), is in conformity with 
the observations. Work of removal increases with the no. 
of valence electrons; thus Pt, W and Ta whose d<t> values 
are 6.0, 4.5 and 4.2 give relatively small electron emissions. 
Finally, an investigation of the characteristics of sulfide 
carbide, fluoride, arsenide and hydride compds. shows 
(with exception of the hydrides) that the electronegative 
component exerts only a negligible influence on thermionic 
properties. The loss of electrons from the metal atom 
would seem to be the deciding factor. (H R Moore) 

328 

INVESTIGATIONS ON MATERIALS OF LARGE SURFACE 
BY RADIOACTIVE METHODS AND THE APPLICATION 
TO CHEMICAL AND RADIOACTIVE PROBLEMS. Otto 
Hahn. Naturwissenschaften 12, 1040-6(1924). 

A small quantity of radioactive material is pptd. with 
the substance to be studied and the changes m activity 
are followed by convenient means. The method is appli
cable only where the emanation is not adsorbed. Adsorp
tion takes place on charcoals to a marked extent, under 
certain conditions quantitatively; but hydroxides in 
normally moist air adsorb but little. Removal of CO2 
from the air increases the adsorption of the Rn. Rigorous 
drying agents such as P2O5 bring about adsorption by the 
Rn IS reUberated when the hydroxide is placed in moist 
air. By observing conditions minimizing adsorption, it 
was found that Fe(OH)3 gel prepd. in the cold shows high 
Rn. This IS due to large "inner surface". Drying at 100° 
to 110° decreases the Rn somewhat, and ignition practically 
reduces it to zero. This decrease is not due to crystal 
growth since placing in moist air restores the Rn and thus 
the surface. The explanation offered is a shrivelling of gel 
canals. Ni(OH)2 gel does not go through the reversible 
process so that its crystals must grow in the drying. The 
Rn method yields information as to abs. surface only in 
restricted cases. For producing active and lasting Th and 
Ac prepns. the best method is to ppt. as rare earth hydrox
ide in the cold with NH3—not allmli—wash and dry at a 
low temp. Act prepns. emanate to 50% and Th to 75 to 85% 
theoretical. The difference is due to the difference in the 
half periods of the emanations. Care must be taken to sep. 
the prepn. completely from the filter as the rays decompose 
the latter and the decompn. products are later dissolved 
with the prepn. Ra is more difficult. When pptd. with LaF3 
a substance of 70% emanation is obtained but it soon grows 
weaker. The same is true of ordinary pptn. with colloidal 
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BaS04 owing to the growth of the crystals of this latter. If, 
however, this crystal growth is hindered by a protector, 
very satisfactory prepns. can be obtained, with only the 
sUght decrease from 99% to around 96% in several months 
and remaining above 90% for several years. (A. E. Steam) 

329 
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330 
PIEZOCHEMICAL STUDIES. XXVHI. DETERMINATION 
OF SOLUBILITIES UNDER HIGH PRESSURES, BY AN 
ELECTRICAL RESISTANCE METHOD. E. Cohen and J. 
C. van den Bosch. Z. physik. Chem. 114, 453-84(1925). 

A method is devised based on the elec. cond. of solns. 
by which solubilities can be detd. under high pressures 
with the same accuracy as under atm. pressure. It is, 
however, applicable only to electrolytes, and is t ime-
consummg on account of the slow rate at which equil. is 
attained. The soly. of Th2S04 is detd. from 1 to 1500 atm. 
The results agree with those found by direct detn., and 
lead to the following formula for the pressure coeff. of 
soly. of Th2S04 at 30.00°: (dC/dp)3o.oo = 0.003295 -
0.000000218 p. (G. Calingaert) 

331 
THE ELECTRIC CHARGE CARRIED BY THORIUM X AND 
EMANATION RECOIL ATOMS IN GASES. G. H. Briggs. 
Phil. Mag. 50, 600-12(1925). 

The recoil atoms from Th X and Th Em have been examd. 
with respect to their charges at the end of their paths in a 
number of gases, including He, O2, Hj, N2, air, N2O, C2H2, 
NHs, etc. The results are practically identical in all the 
different gases, namely 100% of the Th X, 0% of Th Em 
recoil atom having + charge at the end of their paths. By 
including previous results for Th A and Th B the following 
series can be set up: Th X (100%), Th B, Th A, Th Em 
(0%). The corresponding nos. of electrons m the outer 
shell are 2, 4, 6 and 8, showing a relation to the electron 
affinities that would be expected from the general relation 
of at. structure and ionization. (S. C. Lind) 

332 
THE MOBILITIES OF THE IONS OF THE ACTIVE DE
POSITS OF THORIUM AND RADIUM. H. A. Erikson. 
Phys. Rev. 26, 629-32(1925). 

Two positive active bodies differing in mobility were 
found m the active deposits of thorium and radium. It is 
more probable that the different mobility is due to one 
body being singly charged and the other doubly charged 
than that it is due to a deposit of an A product and a B 
product successively. (D. C. Bardwell) 

333 
THE BEHAVIOR OF SELENIUM SUBJECTED TO THE AC
TION OF THE RADIATIONS OF MESOTHORIUM. Washing
ton Del Regno. Atti accad. Lincei [6] 3, 201-5(1926). 

The behavior of Se under the action of X-rays and the 
radiations of radioactive substances have been very little 
studied. Del R. studied the action of the radiation of 
mesothorium on a sensitive Griffin cell. The results are 
described in detail. It is concluded that this continuous 
radiation affects the internal structure of Se. (E. J. Wit
zemann) 

334 
ATOMIC STATES AND SPECTRAL TERMS. J. C. McLen
nan, A. B. McLay, and J. Grayson Smith. Proc. Roy. Soc. 
(London) 112A, 76-94( 1926). 

The foundations have recently been laid for the interpre
tation of spectra in terms of at. states and it appears that 
one can predict, almost with certainty, the structure and 
chief characteristics of any optical spectrum of the atom 
of any element when the extra-nuclear electronic configu
ration that gives rise to it is known. Conversely, if the 

characteristics of any optical spectrum of an atom be 
known, it is possible definitely to describe the extra 
nuclear electronic states of the atom involved in the 
production of such spectrum. The Heisenbery-Hund theory 
of spectral terms (C. A. 20, 18) is briefly reviewed, and 
without going into the mathematical development, 14 rules 
which serve as a basis for the method of detg. the lowest 
spectral energy levels involved in the structure of the 
arc spectrum or in that of any spark spectrum are given. 
The procedure to be followed in calcg. the term types 
corresponding to a given electron configuration is illus
trated by notes on the spectra of C, N, O, Ne, Ti, Ni, Zr, 
Hf, Th, Nd, U, W and a table is given showing the electron
ic configurations and lowest spectral levels for each of the 
92 chem elements. (W. F. Meggers) 

335 
SELF-DIFFUSION IN SOUD METALS. G. von Hevesy and 
A. Obrusheva. Nature 115, 674-5(1925). 

Two thin foils, one of ordinary lead, the other with lead 
contg. Th B in homogeneous mixt., were pressed together 
in vacuo. The rate of self-diffusion of radioactive lead 
into inactive lead was measured by comparing the number 
of scintillations on the observing screen of the a-particles 
due to the diffused atoms or their successive products of 
disintegration with the number of scintillations produced 
by the active foil at the beginning of the expt. The values 
for 260° and 324° are 6 x 10"' and 1.4 xl0~* cm.' day ' \ 
resp. Values for intermediate temps, are given. The 
diffusion rate 2° below the m. p. is thus only 10,000 times 
smaller than in molten lead. The coeff. of diffusion of Th 
B into the crystal lattice of a single lead crystal even at a 
temp, just below the m. p. is less than 10"' cm.' day " ' . 
Coeffs. of diffusion of two very similar metals are anal
ogous to those obtained in self-diffusion—that of Pb in TI 
at 285° being 2 x 10"* cm.' day " ' . Coeffs. of diffusion of 
Po into Pb foils and single crystals were found to be about 
the same. At 310°, D = 1.3 x 10"* cm.' day " ' . The atoms 
of Po thus loosen the lattice of the individual Pb crystals 
and diffuse as if through amorphous lead. (Florence N. 
Schott) 

336 
REGULARITY IN THE PRECIPITATION AND ADSORP
TION OF SMALL QUANTITIES OF SUBSTANCES AND 
ITS RELATION TO THE RADIOACTIVE PRECIPITATION 
RULE. Otto Hahn. Ber. 59B, 2014-25(1926). 

The absorption of small quantities of all substances is 
not in accord with the radioactive pptn rule that a radio-
element IS pptd. out of a dil. soln. with a ppt. of a similar 
element, if this element is pptd. under a condition which 
the radio-element in question would be pptd., if it were 
present m weighable quantities. An element will only be 
pptd. out of a dil. soln. with a cryst. ppt. if it is bound in 
the cryst. structure of the ppt. so that it forms mixed 
crystals with it. If it does not do this it remains in the 
filtrate, even when its compd. with the oppositely charged 
constituent of the crystal is very difficultly sol. in the soln. 
medium. Several expts. with Th B, Th X and U X are cited 
in support of this rule. Also, an element will be adsorbed 
on a ppt. out of any diln. whatever if to the ppt. surface 
charge is given opposite to the charge of the element being 
adsorbed and if the adsorbed compd is difficulty sol. m 
the soln. medium. This is experimentally proved with Th 
B and Th X by adding an excess of first the neg. ion and 
then the pos. ion of the ppt. An excess of neg. ion in
creases the amt. adsorbed. Adsorption phenomena are 
very complicated and not everything is yet explained. 
(Mane Farnsworth) 

337 
NEW PRECIPITATION AND ADSORPTION RULES. Otto 



TID-3044(Suppl. 1) 39 

Hahn, Otto Erbacher, and Nora Feichtinger. Naturwissen
schaften 14, 1196-9(1926). 

According to Hahn's rules radioactive elements in soln 
will be pptd. only by those salts with which they form mix
ed crystals. Neither Th X (Ra) ppts. with CaS04 not Th 
B(Pb). They do ppt with K2SO4 to the extent of 70 to 90%; 
isomorphism is not necessary. With Al2(S04)3 these ele
ments ppt. in 50% a l e , not in strong HCl; with K Al 
sulfate or monoclinie Na2S04 pptn. never occurred. Adsorp
tion of the radioactive elements on finely divided ppt. takes 
place when the surface charge of the latter is of the opposite 
sign and the adsorbed compd. little sol. Rapidly pptd. CaS04 
adsorbs RaS04 and PbS04 if SO4 ions in excess cause a 
negative charge, not when Ca ions charge positively. 
Na2S04 acts similarly; Agl adsorbs not in the presence of 
excess Ag, but of I in excess. Hg2Cl2 never adsorbs, 
probably because of its homopolar lattice structure. (B. 
J. C. V. d. H.) 

338 
THE PEPTIZATION OF THORIUM META-OXIDE. G. R. 
Levi and A. Reina. Atti accad. Lineel [6] 5, 174-80(1927). 

An x-ray study was made of the compact form of Th 
oxide, the meta-oxide and the meta-oxide peptized to det. 
the change m the size of the particles on passing through 
these 3 states. The results show that the meta-oxide is 
more finely subdivided than the ordinary oxide, that there 
IS no further subdivision of the individual cryst. granules 
in the meta-oxide, and there is no increase in the distance 
between the atoms of the cryst. lattice when the meta-oxide 
IS peptized. The characteristic appearance of dry gelatin 
IS to be attributed merely to an intimate surface adhesion, 
and the property of giving stable colloidal solns. depends 
upon the ability of the ions of the added electrolyte to 
adhere to the granules. Research in progress indicates 
that, contrary to Posnjak (C. A. 20, 3273), the feebleness 
of the reflection produced by a- and /3-hydrated stannic 
oxides IS to be ascribed to a small quantity of Sn02 dis
persed in a relatively large mass of amorphous oxide, 
rather than to a high degree of subdivision of a mass 
entirely cryst. (C CD.) 

339 
INFLUENCE OF THORIUM X ON LACCASE. Alfred Mau-
bert. Compt. rend. 184, 781-3(1927). 

Macerations of laccase in glycerol 0 5 cc. and 1% guaia-
colated water 20 c c were mixed and made up to 50 cc. with 
water The mixt. was treated with Th X in concns from 0 1 
to over 100 micrograms. Th X in amts. of 1 to 5 micro
grams activates laccase. In amts. above 10 micrograms it 
totally inactivates the enzyme. (L. W. Riggs) 

340 
ABSORPTION SPECTRA OF SOME METALUC VAPORS. 
J. C. McLennan and Elizabeth Cohen. Trans. Roy. Soc. 
Can. 20, 365-76(1926). 

The absorption spectra of the metallic vapors of Mn.... 
Th and U were investigated between wave lengths A6000A. 
U. and A1450 A.U. Hilger quartz spectrographs were used 
for the shorter wave lengths. The fluorite spectrograph 
was used for the region A2000 A.U —A1600 A.U. The usual 
standard spectra for the regions covered were used for 
reference. 3 types of furnace were employed One was that 
of preceding abstract. When longer columns of metallic 
vapors were required an elec. resistance type of carbon 
tube furnace was used. For use with the fluorite spectro
graph water cooling of the C chucks was necessary and 
this required a third type of furnace design. Tables, contg. 
the absorbed wave lengths accompany the paper. 

341 
THE ELECTRICAL PROPERTIES OF AMALGAMS AKred 
Schulze Helios 31, 121-6, 133-7, 145-8(1925); Z MetaU-

kunde 17, 100, 132-3, 170, 203-4(1927); J. Inst. Metals 34, 
436(1925) 

A short account of the theory of the mol. constitution of 
amalgams is given. The rest of the paper consists mainly 
of tables giving very fully all the published data on the 
elec. cond. of amalgams, and the effect of compn. and 
temp. Amalgams of the following metals are considered: 
Na, K, Cs, Rb, Ba, Li, Au, Ag, Mg, Zn, Cd, Th, Pb, Bi, Ca, 
and Sr. (E.H.) 

342 
ELECTRICAL CONDUCTIVITY AT LOW TEMPERATURES. 
J. C. McLennan and C. D. Niven. Phil. Mag. [7], 4, 386-
404(1927). 

the resistance-temp, curves of Pb, Dc, and In were inves
tigated and the results found confirmed the work of other 
experimenters. Resistance-temp, curves of samples of Be, 
Cr, Ru and Th were investigated. The results showed that 
the temp, gradient was small for all pure metals at very 
low temps.except for those that were superconducting; and 
even in the case of the latter the temp, gradient rapidly 
diminished just before the sudden disappearance of the 
resistance. The results obtained for Cr showed it to be 
a fairly poor conductor with a steep temp, gradient at 
room temp. The effect of aging electrolytic Cr was to 
reduce its sp. resistance at room temp, from 44 to 17 
microhms; the very high value for the electrolytic Cr 
was due to occluded gas, and when this was driven off 
the resistance-temp, curve was moved down towards the 
temp, axis with very little alteration in its shape. The 
resistance of Ru was measured at 2.63° K, and no sign 
of superconductivity was apparent. The resistance-temp, 
curve of an alloy of Na and K was investigated down to 
the temp, of liquid H2. It resembled the curves for the 
pure metals composing it; the curve for the alloy indi
cated a much higher resistance at 0° K. than the residual 
resistance of either Na of K. (George Glockler) 

343 
THE HIGH-TEMPERATURE EQUILIBRIUM BETWEEN 
THORIUM OXIDE AND CARBON. C H. Prescott, J r . and 
W. B. Hincke. J. Am. Chem. Soc. 49^ 2744-53(1927). 

Temp, pressure measurements were made of the equil. 
between thorium oxide and C. The m. p. of thorium carbide 
IS about 2773° K. Its heat of formation is — 78.930. Temps, 
could be read with the app. used to about 25° at the highest 
temp, measured. (R H. Lambert) 

344 
THE INTERNAL ENERGY, MAXIMUM WORK, AND FREE 
ENERGY OF THE ELEMENTS. R. D. Kleeman. J. Phys. 
Chem. 31, 1669-73(1927). 

Through the use of the consts. and equations for the sp. 
heat at const, vol. of elements of Class I as developed by 
Lewis, Gibson and Latimer, the internal energies for a 
number of elements are calcd. and listed at 298° K. The 
max. work is obtained by the application of the common 
thermodynamic formula A = U — TS. A reversible cycle 
involving changes in these quantities at the abs. zero is 
considered. (William J. Sweeney) 

345 
INFLUENCE OF THORIUM X ON THE ACTIVITY OF 
EMULSIN. Alfred Maubert. Compt. rend. 185, 669-
71(1927). 

Very small quantities up to 0.05 microgram per cc. of 
Th X seems to accelerate the action of emulsin on amyg-
daloside. Greater concns. up to 12 per cc. destroy or 
completely paralyze the action. The ;3" and especially the 
y-rays acting alone have much less influence against 
emulsin. The accelerating influence is attributed to a-
rays. (L. W Riggs) 
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346 
WORK OF DILUTION AND HEAT OF DILUTION IN THE 
SPHERE OF CONCENTRATED SOLUTIONS. R. Fricke 
and L. Havestadt. Z Elecktrochem. angew. physik. Chem. 
33, 441-55(1927). 

An app. IS described whereby small vapor pressures 
have been accurately measured for a large no. of solns. at 
various concns. Data are obtained at 0°, 10° and 15° for 
NaOH, ZnCl2, Th(N03)4, MgCl2, BeS04, AICI3, NaC2H302, 
LiOH, glycerol, cane sugar, AgN03, urea, 2KI.Hgl2 and 
NH4NO3. The results are calcd. into heats of diln. by 
Kirchoff'd law. These are represented graphically. 
(Raymond H. Lambert) 

347 
GOLD PURPLE. II. C. G. Fontana. Atti accad. Lincei 
[6], 6, 231-5(1927). 

Since the proportion of Sn02 adsorbent does not influence 
the size or dispersion of the Au particle the nature of the 
adsorbent was varied to det. the effect, pptn. with Al(OH3), 
Zr(OH)4 and Th(OH)4 being tried. The solns. were prepd. 
by the method of Kruyt and van Arkel-Adriani (C. A. 15, 
1238). To prep, the AU-AI2O3 mixt., the method of Zsig-
mondy (Ann. 301. 375(1898)) was followed, the solns. contg. 
0.1 g. of Au and 6.2 g. of K alum, resp., which gave a dry 
product contg. 10.80% Au, 66.60% AI2O3 and 21.61% H2O. 
Rontgenographic analysis showed this AU-AI2O3 purple 
to have a structure identical with the purple of Cassius 
(Au-Sn02). The AuZr02 purple has not been described pre
viously. Prepd. from Au sol. contg. 0.1 g. of Au and coned. 
Zr(S04)2 (contg. 2 g.) with NH4OH and NH4CI to aid and 
complete the pptn. as before, it contained when dry 10.21% 
Au, 63.56% ZrOj and 25.37% H2O. It had a structure like 
that of Au-Sn02 and Au-Zr02. Prepd. from solns. contg. 
0.12 g. of Au and 1.68 g. of Th(NOj)4.12H2O, resp., with 
NH4OH and NH4CI, Au-Th02 purple contained 11.80% Au, 
63.53% ThOj and 24.87% H2O. Rontgenographic analysis 
gave negative results; so definite evidence was not ob
tained regarding the condition of the Au, perhaps because 
the Au IS buried in the Th02. (C. C. Davis) 

348 
THE CHEMISTRY OF ACTINIUM. L. Imre. Z. anbrg. 
allgem. Chem. 166, 1-15(1927). 

Expts. are carried out for sepg. RdAct on the basis of 
its distribution between 2 liquid phases. The influence of 
HNO3 on the affinity of Th and RdAct toward EtjO is studied. 
On the basis of this affinity change there is shown to be a 
pronounced parallel between the two. RdAct cannot be sepd. 
into 2 components by this reaction, which affords a new 
proof for its homogeneity. The decompn. const, for the 
RdAct, sepd. by this reaction is measured and found to be 
0.0365 ± 0.8% day"*. A method is given for freeing the 
Act prepn. of Ce. An app. is described for the analytical 
sepn. of FeCl3 from a chloride mixt. on the basis of the 
distribution between 2 liquid phases. (Mane Farnsworth) 

349 
THE UNDER-WATER SPARK SPECTRA OF VARIOUS 
METALS. Elizabeth J. AUin. Trans. Roy. Soc. Can. 
[3], 21, Sect. 3, 231-5(1927). 

This is a continuation of work already abstracted. 
Emission and absorption lines are given for W, Te and 
Th. No reversed lines were observed for U, but a per
fectly continuous, intense spectrum without either absorp
tion or emission lines in it was given. The under-water 
spark spectrum of U should be a useful source of contin
uous radiation m the ultra-violet. Wave-length tables 
accompany the paper. (J. W. Shipley) 

350 
RELATIONS BETWEEN THE IONIZATION POTENTIALS 
OF THE FIRST AND THE SECOND ORDERS OF HOMOL

OGOUS ELEMENTS. G. Piccardi. Atti Accad. Lincei 
[6], 6, 428-31(1927). 

By utilizing the system of curves in the way suggested, 
the ionization potentials of various elements were detd. 
These values, hitherto unlmown, are precise in the 1st 
decimal place. Ge 7 52, As 9.04, Sb 8 46, Bi 8 48, Se 
9.02, Te 8.43, Po 8.46, CI 12.26, Br 10.47, I 9.76, ele
ment 85 9 65, X 12.33, Rn 11.96. Potentials of elements 
of the 2nd order are related by const, ratios for homol
ogous series, though lack of exptl. data precludes a 
verification of this for all elements This ratio is approx. 
2.2 for the noble gases, for the alk. earth metals and Zn, 
Cd and Hg it is 1.9; and for almost all other elements it 
lies between 1.9 and 2.2. For Al and Th it is extremely 
high, viz, 3, for Cu (and probably for the noble metals) 
It IS 2.65. For the alk. earth metals the ratio dimin
ishes almost linearly with the at. no. from Mg to Ba. 
From this Ra (I) is calcd. to have an ionization potential 
of 5.35, element 87 one of 4.24, and Be (II) one of 18 8. 
The ratios of the alk. metals are discordant, indicating 
that when successive ionizations take place, not on the 
same orbit nor on 2 successive orbits of the same series, 
but on 2 orbits belonging to 2 different series, then the 
law IS very different. (C. C. Davis) 

351 

THE RELATION BETWEEN HYDRATION AND STABILITY 
OF A SOL AND THE ANOMALOUS COAGULATION OF 
FLUORIDE ION IN SOME HYDROSOLS. S. Ghosh and N. 
R. Dhar. KoUoid-Z 44, 149-56(1928) 

The coagulating power of CI", Br", and I~ ions for Ce-
(0H)4 and Th(OH)4 sols is the same whether the sols are 
prepd. hot or at room temp. For Fe(0H)3 sol these ions 
coagulate at lower concn in the sol prepd. hot than in the 
one prepd cold. The alkali cations have the same coagu
lation powers for Zn(OH)2 sols prepd. cold. F ion acts 
like a bivalent ion rather than a univalent ion in coagu
lating Ce(OH)4, Th(OH)4 and Fe(OH)3 sols This is ex
plained on the ground that F~ exists in soln. as F2—. 
Ce(OH)4 prepd. cold is lyophilic and shows no ion antag
onism in electrolyte mixts. Freundlich and Scholtz's 
explanation of ion antagonism is incorrect. The great 
difference m coagulating power of different ions with the 
same valence cannot be related to the degree of hydration 
of the colloid particles. Strongly solvated colloids are 
not always more stable toward electrolytes than less 
solvated ones An ion that can decomp. the stabilizing 
electrolyte of the sol has a higher coagulating power than 
other ions of the same valence. The role of ion hydration 
and sol hydration in coagulation has been exaggerated by 
other workers. The basicity of an acid can be established 
by measuring the coagulating power of its K or Na salt 
toward a positive sol. (F.L.B.) 

352 

ADSORPTION EXPERIMENTS ON GLASS AND FILTRA
TION SUBSTANCES USING THE METHOD ON RADIO
ACTIVE INDICATORS. Herta Leng. Sitzb. Akad. Wiss. 
Wien, Abt. Ila 136, 19-42(1927). 

The adsorption of Th B, Th C and Po on filter papers, 
dialyzing substances, various kinds of glass paraffin is 
studied. The radioelements alone as well as Pb mixed 
with Th B as an indicator are used. The influence of the 
state of the radioelements on adsorption on filter paper 
and dialyzing substances is studied and it is shown that 
with both satn. with Pb is reached. With the colloidal 
form of the radioelements, adsorption plays a role not to 
be disregarded; it is found that in a neutral soln., Th B 
causes a lowering of the dialyzing ability. Adsorption on 
glass tends to satn., with many glasses satn. is reached 
when only a small fraction of the surface is covered. 
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Expts with acids and lye show that the charge on the wall 
influences the adsorption in the sense that when the wall i s 
posit ive, the adsorbed quantity diminishes. With paraffin 
adsorption i s detectable only with certain solns . Hard Jena 
g lass adsorbs l e s s Po than soft g lass and should be used 
for storing Po solns . (Mane Farnsworth) 

353 
HEATING EFFECTS OF THORIUM AND RADIUM PROD
UCTS S. W. Watson and M. C. Henderson. Proc . Roy. 
Soc. (London) A118, 318-34(1928). 

The heat evolution of 5 combinations was measured by 
a res is tance thermometer method. Agreement within 2% 
of the Hess and Lawson rate of emiss ion of a part ic les 
from Ra (3 72 x 10'° per g per sec . ) was obtained. (L. 
D. Roberts) 

354 
ISOMORPHISM RELATIONS BETWEEN THE HEXACHLORO 
SALTS OF PYRIDINE WITH CERIUM, THORIUM, TIN, 
LEAD AND QUADRIVALENT TITANIUM. (C5H5NH)2XC1,. 
V. Caglioti. Atti II congresso naz. rhim. pura applicata 
1926, 1182-93. 

(C5H5NH)2CeCl8, prepd. by the method of Koppel (Z. 
anorg. Chem. 28, 305(1898)), had d,, 1.901. The m i c r o -
crys ta l s are probably monoclinie, and decomp. on expo
sure to air. (C5H5NH)2SnClj, prepd. by the method of 
Weinland and Bames (C. A. 4, 879), had d^ 1.830. The 
crys ta l s are probably monoc l in ie (C5H5NH)2ThCle, prepd. 
by the method of Roseheim and Schilling (Z. anorg. Chem. 
35, 426(1903)), had di, 2 148. The crysta l s are very de l i 
quescent and could not be measured. (C5H5NH)2PbClj, 
prepd. by the method of Gutbier and WissmuUer (C. A. 9, 
1014), had djg 2.070. (C5H5NH)2TiCle, prepd. by the meth
od of Rosenheim and Schutte (Z. anorg. Chem. 26, 239), 
was so unstable m air that neither i ts d nor its c r y s -
tallographic character is t ics could be detd. These compds. 
were chosen to study the formation of isomorphous mixed 
crys ta l s because of the difficulty of prepg. (NH4)2CeCl8. 
From SnCl4 and CeCl4 were obtained 3 s e r i e s of mixed 
crys ta l s which contained 3,25, 16,81 and 35.64% of 
(C5H5NH)2CeCl8, resp . , had d. 1.835, 1.845 and 1.855, 
resp . , and were of a pale yellow, yel low and golden 
yel low color, resp. The method of Zambonini (C. A. 18, 
947) was used to prove that all 3 crys ta l s were true solid 
so lns . The sp. vols , calcd. from the d. showed that the 
Retgers law was valid. The great difference i s soly. 
between CeCl4 and PbCl4 was an obstacle m obtaining 
mixed crysta l s . One type of mixed crystal was obtained, 
which contained 14.39% (CsH^NHj^CeCl^TdTj 2.041, and the 
color of which was between the co lors of the components. 
Here the Retgers law held true. Because of the instability 
of (C5H5NH)2TiCle, mixed crysta l s of this and (C5H5NH)2-
CeClj were prepd. by concg. a mixed soln. of the 2 sa l ts 
and then adding C5H5NHCI. One type of mixed crystal 
was obtained, which contained 11.68% (C5H5NH)2TiCl8. Its 
d. could not be detd., but it was orange-yel low and m i c r o -
cryst . From ThCl4 and SnCl4 were obtained 2 s e r i e s of 
mixed crysta l s which contained 8.81 and 90.32% (C5H5NH)2-
ThClg, resp . , and had d. 1.859 and 2.110, resp . , the Retgers 
law being followed. Both were deliquescent. From ThCl4 
and PbCl4 with a soln. very rich in ThCl4, was obtained 1 
type of mixed crystal , which contained 71.5% (C5H5NH)2-
ThClg. It was pale yellow, was very deliquescent, had dig 
2.132 (conforming to the Retgers law) and the angle of its 
optical axes was between those of i ts components. Also 
from ThCl4 and T1CI4 was obtained 1 type of mixed crysta l 
which contamed 15.01% (C5H5NH)2TiCl6 and was so e x 
tremely unstable in air that neither i ts d. nor crys ta l lo -
graphic propert ies could be detd. The isomorphism of the 
various groups i s confirmed by the almost identical mol. 
vols , of the individual members . (C. C Davis) 

355 
INVESTIGATIONS ON PARAMAGNETISM—THE MAGNETIC 
MOMENTS OF THE IONS OF THE ELEMENTS OF THE 
TRANSITION GROUPS. D. M. Bose and H. B. Bhar. Z. 
Physik 48, 716-21(1928). 

The magnetic susceptibi l i t ies of various sa l ts of the 
e lements of the transition groups were measured with a 
Curie balance, and the no. of Weiss magnetons assocd. 
with each metall ic ion was computed. PD^, Ta^, Os™, Pt", 
P t ^ , T h ^ , and U^I, were diamagnetic. The moments of the 
others were: v m , 12.6, M0+++, 18.1 and 18.4; Rh™, approx. 
1.5; RJ™, approx. 1.5; w m , approx 2; W'V 8.9; IrlV, 9.5; 
IrDI, approx. 2.4; U'^ 12.1. The interpretation of these r e 
sults in t erms of Hund's theory and of B. 's modification of 
Hund's theory i s d iscussed, and tables are given in which 
exptl. and computed values are compared. (W.W. Stiller) 
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THE INTERNAL PRESSURE AND THERMAL OSCILLA
TIONS OF SOLIDS. E. N. Gapon. J. Russ . Phys. Chem. 
Soc. 59, 933-49(1927). 

By assuming that only ' / s of the heat energy i s used in 
overcoming internal pressure , the Richards formula i s 
made to read P = Cv(dT/dV)/3 (1). Since (dV/dT) = aV, 
the equation of Traube ( a V / * ) = '7273 i s obtained if Cy = 6. 
According to Gruneisen, a = const, x Cp By neglecting 
the difference C p - Cy, from (1): [d(PV)/dT] = 0. Another 
equation of Gruneisen, leads to P = 588 7A 9/v (2). P bemg 
in atm. per sq. cm. , PV' / s i s termed mol. internal p r e s 
sure. G. points out that PV' / s = OOOTfl (3) (where TS m. p. 
in °K) quite c lose ly for the meta ls , P being obtained from 
(2) P increases with the at. wt. in Ga-Tl, F e - O s , Co-Ir, 
V-Ta; decl ines with the increasing at. wt. in B e - B a , Zn-
Hg, B-La , C and Si, Ti -Th. Other groups show min. or 
max. From P * = RT, where * i s the covol. ( v - b ) , and 
(1) the following relationship i s obtained; ( a V / * ) = (14.13 
Cv/RT). Or, the coeff. of expansion of * i s proportional 
to at. heat. If P/3 = const. (4), (jSTe/v'/j) = const . , where 
/3 IS the compressibi l i ty . The value of the const, for 
metals actually var ies between 0 .00021-0 .00030 , the mean 
being at 0.000265. If a mol. contains n atoms, equation (3) 
becomes P = 600Te/(nVVj). Combining it with (2), G. has 
n = 1.029[Tflv'/3/(MA)] V2, from which n i s computed for 
the alkali metals (Li 10.5, Na 2.3 etc.) . Equation (3) i s 
modified to apply to binary sa l ts : P = n'/3 T6 v%. P of 
the alkali halides decl ines in the s e r i e s Cl-I and Na-Cs . 
The covols . of sa l t s follow roughly the additive law. The 
following relationship holds within 5%: Uĵ x o^x P ^ A ~ 
8.6 X 10' where a i s ionic diam. From (1) and (4) resul ts 
[aV/(^C)] = 90.6 (5), which has been obtained by Mie from 
different p r e m i s e s , a of complex compds, deviates little 
from the mean of 0.0038. Ice i s a complex of the formula 
(H20...H)20. From the express ion of Lindemann for v, and 
Guldberg's Â  = [E/(40d)] , G. deduces v = 5 x 1 0 " / E 7 k 
bes ides the following empircial relationships: v = 10.5 x 
10"(Cv/M)Vd(Cp-CT) = 6.24 x 1 0 ' V ( D M V 2 ) . E denotes 
the modulus of e last ic ity, D diffusion coeff. of the metal 
into Hg at room temp. , M at. wt., v frequency of at. 
vibration. From (5) and Cp= Cv+ TV o ' / ^ follows Cp = 
Cv(l + 2aT) , or C p / C y i s a linear function of temp. G. 
obtains A^ = 0.074 V^/n where A^ i s wave length m the 
ultra-violet; the equation holds for Na, K, NaCl and 
KCl within 5%. For binary compds. P = 1.05 x 10"* x 
vV3(C,i + C,2 + C44) (ZjZj) where Z, and Z2 are the moL 
fractions. (Basil C. Soyenkoff) 

357 

THE YIELD ON 3 RECOIL OF THORIUM B. K. Donat 
and K. Philipp. Naturwissenschaften 16, 513(1928). 

Recently (C. A. 22, 538) a recoi l yield of 2 to 6.5% of 
the theoretical value was found for Th B on ^ emiss ion . 
The explanatory assumption then made of evapn. of the 
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recoil atoms from the receiving plate in vacuo was now 
tested by cooling the plate by liquid air. The yield was 
found to increase to 9 to 11% at -90°, to 33% at -170°, 
Contamination of the plate by active material was negli
gible. Apparently many atoms can during ^ emission 
overcome the surface forces holding them. (B. J. C. 
van der Hoeven) 

358 
TRIBO-ELECTRICITY AND FRICTION. H. GLASS AND 
SOLID ELEMENTS. P. E. Shaw and C. S. Jex. Proc. Roy. 
Soc. (London) A118, 97-108(1928). 

By means of an arrangement designed to give const, con
ditions of pressure and surface, measurements have been 
made to the sign and amt. of charge acquired when glass 
rods and various solid elements are rubbed together. The 
elements tested were of a high degree of purity, special 
attention being paid to surface cleanliness. The glass was 
cleaned by boiling in chromic or nitric acid, followed by 
exhaustive treatment with boiling water. The following ele
ments never, with any type of glass surface tried, give a 
neg. charge: C, Cd, Fe, Pb, Bi, Ag, Cu, Au, Pt, Mg, W. 
The elements Zn, Sn, Al, Sb, Ni, Co, Se, Te, As, Cr, Th, 
and S acquire an ultimate neg. charge. The initial pos. 
charge shown is attributed to the slight acid effect residual 
on the glass. In the few cases tested, rubbing in a vacuum 
gives the same result as in the open air. Little difference 
in degree is found, and none in sign, between the behavior 
of soda and lead glass. Evidence is given of the predomina
ting influence on the charging of residual acid, alkali or 
water films on the glass. Hg, tested in a vacuum by a 
special method, shows pos. charges, but becomes neg. if 
air is introduced. Various theories of frictional electricity 
are discussed, and an attempt is made to apportion to each 
recognized source of charge its own weight in the various 
expts. (B.C.A.) 

359 
THERMODYNAMIC ASPECTS OF THE CONSTITUTION OF 
COMPOUNDS OF TERVALENT AND MULTIVALENT ELE
MENTS. Gottfried Beck (Univ. Zurich). Z. anorg. allgem. 
Chem. 174, 31-41(1928). 

The application of the logarithmic contraction equation 
kQ = 546(log V a - log Ve) where Q = heat of formation, to 
compds. of tervalent and multivalent elements is studied, 
particularly the role of the reaction const, k as a function 
of electron configuration and its significance for the quan
tum mech. explanation of certain chem. processes. Values 
of k are given in a table for the halides, oxides, sulfides 
and sulfates of various metals. The normal value for the 
halides is found to vary from 0.57 to 0.60, and with this 
value the most stable complex formation is of the type 
Me'3Z"'Xj, having the coordination no. of 6. The only 
exception to this is VCI3, which forms the compd. KVCI4. 
The higher values of k obtained for the Bi halides and 
FeCl3 (0.8-0.9) indicate a different mol. structure, the 
normal type of complex here being Me'2Z"'X5. For Sb and 
Bi fluorides the normal form is Me'Z"'F4. The extreme 
values of k obtained for the iodides of Sb and As (1.61 and 
3.08) Indicate that here with a corresponding contraction a 
smaller quantity of energy is liberated. This is explained 
as due to the rotation of the valence electrons on a widely 
extended orbit with a low energy level. For the rare earth 
halides values of k are about 0.44, indicating a more closely 
confined orbit for the valence electrons. The oxides in 
general agree very closely with the chlorides. For the sul
fates the group Al, Fe, Cr, In with k about 0.30 from alums; 
the group TI, Sb, Bi, Mn with k 0.55 to 0.62 are in general 
quantitatively hydrolyzed; the rare earths with k about 
0.12 probably have a different ion lattice. The relation 
between electron configuration, chem. behavior and 

values obtained for k is discussed for many of these compds. 
It is shown that the sulfates of Th and U on the one hand and 
Zr and Ce on the other hand are thermodynamically equiv. 
and therefore show similar complex salts. Density detns. 
and measurement of the heat of formation of some of these 
compds. are made. In the case of the sulfates the reaction 
is between oxide and SO3 and in the case of the halide be
tween metal and halogen. Q in kg.-cals. is given as follows: 
Tl2(S04)3 105, Mn2(S04)2 85, Sb2(S04)3 79.1, Bi2(S04)3 102, 
Sn(S04)2 46.5, Zn(S04)2 104, Ce(S04)2 103.5, Th(S04)2 115.5, 
U(S04)2 78, U02(S04)2 50, ZrCl4 142, TeBrj 57, LaF3 402. 
(H. Stoertz) 

360 
INVESTIGATION OF ADSORPTION ON GLASSES AND 
FILTERING MEDIA BY THE METHOD OF RADIOACTIVE 
INDICATORS. Herta Lang. Weiner Ans. 1927. 7-8; 
Physik. Ber. 8, 766(1928). 

The adsorption of Th B, Th C and Po on filtering media, 
dialyzing membranes, various kinds of glass, quartz and 
paraffin was measured and earlier work of Paneth and God-
lewski substantiated and extended. In many glasses satn. 
was reached when only a small fraction of the surface was 
covered. Hard Jena glass adsorbs much less Po than soft 
glasses and is therefore to be preferred. (G. L. Clark) 

361 
DILATOMETRIC MEASUREMENT OF THE THERMAL EX
PANSION OF UNSTABLE CRYSTALLINE SALTS. Wilhelm 
Klemm, Woldemar Tilk, and Sigelin v. Miillenheim (Techn. 
Hochschule, Hanover). Z. anorg. allgem. Chem. 176, 1-22 
(1928). 

The thermal coeff. of cubic expansion (a) is detd. for 
various cryst. slats by a dilatometric method, in which the 
fused or sintered salt is placed in a small flask, which is 
highly evacuated and then filled with clean Hg. The flask is 
equipped with a capillary tube, the level of the Hg in this 
tube being read as the app. is heated in a paraffin oil bath. 
The expansion of the salt can then be calcd. from the differ
ence between the observed vol. change and that of the Hg 
and flask material. Quartz is used for BeCl2, ZnCl2, CdCl2, 
MgCl2, CaCl2, Cal2, LaCl3, ThCl4, potash glass for ZrClj, 
and ordinary Thuringian glass in all other cases. The 
manipulation of the app. is described in detail. Before any 
measurements are made, it is heated for several hrs . at 
the highest temp, to be attained, traces of H2O and gases 
being removed from the salt. The heating velocity used 
in the test is 1° in 1 to 2 mins. The results are as follows, 
expressed as a x 10*, in most cases being the av. of 
several tests: maphthalene (temp, range — 20 to +70°), 
~ 280; anthracene (20-180°), -213; camphor (20-150°), 
-434; benzoic acid (20-110°), -90; saUcyUc acid (20-
120°), -100; KCl (20-100°), -113; BaClj (20-170°), -60; 
LaCl3 (20-190°), -48 ; CuCl (40-140°), -30; CuBr (20-
120°), -56 ; Cul (20-120°), -67; TlCl (20-120°), -168; 
TlBr (20-120°), -172; PbCl2 (20-120°), -93 ; Pbl, (20-
120°), -108; Cdl2 (20-140°), -107; HgCl (20-120°), -103; 
ZnF2 (20-120°), -34; CdF2 (20-120°), -80; MgF2 (20-120°), 
-32; AICI3 (20-170°), -60; Al-Brj (20-80°), -283; AII3 (20-
160°), -182; BiClj (20-120°), -167; SbCl3 (-20 to +60°), 
-239; TiBr4 (-20 to +30°), -283; TU4 (-30 to +125°), -
222; BeClj (0-160°), -113; ZnCIj (20-120°), -87; CdCl2 
(20-120°), -73 ; MgClj (10-190°), -74; CaCl2 (20-190°), 
-67; Cal2 (20-160°), - 9 1 ; ThCli (10-200°), -30; ZrClj 
(20-100°), :=90; LiOH (20-120°), -80; NaOH (20-120°), 
-80; KOH (30-130°), -190. In prepg. the samples the 
salts are as a rule fused in Pt crucibles in an elec. fur
nace. LaCl3 is prepd. by chlorinating La203 in a CI2S2CI2 
stream. CuCl, CuBr, Cul, TlCl, TlBr, PbClj, Cdl3, and 
HgCl are prepd. in the wet way, chiefly by pptn., and are 
dried in a vacuum and fused, except HgCl which is pressed 
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into tablets in a hand press ZnF2 and CdF2 are fused in a 
Pt crucible with a cover of NH4F. MgF2 is pptd. by action 
of HF upon a MgS04 soln , and is also fused under NH4F. 
AICI3, AIB3, AII3, B1CI3 and SbCl3 are prepd. by reaction 
of the metal with the H halide gas or the halogen, followed 
by distn. TiBr4 and T1I4 are prepd by the action of HBr or 
HI upon T1CI4; BeCl3, ZnClz and CdClj by combustion of the 
metal m CI2; MgCl2, CaCl2, Cal, by slowly heating mixts. 
of the halide hydrate and the corresponding NH4 salt in a H 
halide stream in quartz app.; ZrClj by action of a stream 
of CI2-CCI4 upon ZrO, followed by sublimation. The alkali 
hydroxides are heated to 100° above the m. p. for 1 hr. to 
remove traces of H2O. Some D. measurements are made 
and given as follows as d", H2O being used for anthracene 
and camphor, Hg for TiBr4 and Til4, and petroleum for the 
others: anthracene 1.283, camphor 0.992, TiBr4 3 37, T1I4 
4.40, Pbl2 6.06, MgF2 3.13, ZnFz 4.95, CdF2 6.11, ZnClj 
2.92, LiOH 1.43, NaOH 2.02, KOH 2.12. Anion vols, are 
calcd. from mol. vol. extrapolated to — 273°, with the 
following results. TiBr4 19.8, T1I4 24.2, Pbl2 28, MgF2 
6.4, ZnF2 5.8, CdF2 5.7, ZnCl2 18.4, LiOH 10.4, NaOH 8,0, 
KOH 3.6. (H Stoertz) 

362 
THE ^-POTENTIAL AND THE LYOTROPIC SERIES 
David R. Briggs (Univ. of Minn.) J. Phys. Chem. 32, 1646-
62(1928) ~ 

The J-potential, H, of a cellulose-water boundary was 
measured in the presence of the chlorides of K, Na, Li, 
Cs, H, Ba, Sr, Al, TH^V NH,, and of NH4OAC at the 
following normal concns.: 0.0, 0.00005, 0.0001, 0.0002, 
0.0004, 0 0008, and 0.0016 The method of measurement 
was the streaming potential. Chlorides of univalent cations, 
except HCl, increase the value of H with increasing concn 
up to 0.00005 or 0.0001 N and then decrease the value of H 
Bivalent ions decrease the value of H more rapidly than 
univalent ions, but in no case does the value reach zero. 
Tervalent Al reduces H to zero, and quadrivalent Th m 
increasing concns. first decreases the value of H, then 
reverses the sign of the double layer and increases the 
potential at an almost uniform rate. The effects of the ions 
of a series are in the same order as their mobilities. The 
mobilities are in the inverse order of the lyophilic capacities 
of these ions in water. It is from the relative lyophility of 
the ions for the phases of the system (cellulose and water 
in this case) that the f-potential arises and it is in this prop
erty of the ions that the lyotropic effect of the ions has its 
theoretical foundation. When NH4OAC is substituted for 
NH4CI slightly greater effects on H are produced for equal 
concns. The effect that a salt soln has upon H is a function 
not alone of the ion carrying the charge opposite to that of 
the colloid, but also of all ions present in the system to 
which the interface is accessible. When kH/P is plotted 
against log of concn., straight lines result in the cases of 
Th, Al and H. The potential varies with the concn. of the 
salt soln. in the same manner as the variation of the 
partial molal free energy of a substance dissolved in a 
solvent varies with its concn. in that solvent C = ae ' 
and c = e^/KT being the equations defining these similar 
phenomena. The total surface energy is lowered by adsorp
tion, but ions of Th continue to be adsorbed and build up a 
comparatively large p. d. There must be other forms of 
energy m the interface which are being decreased. The 
change of f-potential is , in some cases at least, second
ary to other free surface energy changes. (F. E. Brown) 

363 
SOLUBILITY AND DIFFUSION OF HYDROGEN IN METALS. 
G. Borehus. MetaU Wirtschaft 8, 105-8(1929). 

H dissolves in the following metals, given in the order of 
increasing soly.. Ag, Pt, Cu, Fe, Ni, Pd, V, Ta, Ti, Zr, Th 

and Ce From Pd on, H-rich phases are obtained which are 
probably metallic hydrides. In general the concn. (c) of H 
in soln. in the metal is given by the expression c = const. 
^fp, in which p IS the pressure of H2 in the gas phase. 
Curves are given in which log c is plotted against 1/T for 
different metals (T = abs. temp.), while in another set of 
curves g. atoms H/g. atoms metal is plotted against temp. 
These curves show that for Th, over 3 atoms of H per 
atom of Th can be taken up at atm. pressure. The relation 
between the concn. of H in the metal c to that of monatomic 
H in the gas phase y is given by the equation c/y = Ae"''/ '^, 
in which A and b are consts. The quantity of H per sq. cm. 
per sec. (M), which diffuses into a metal, is given by the 
expression M = i;/d (cj - C2), in which d is the thickness of 
the metal, Cj and C2 are the H concns. on each side of the 
metal, and TJ IS the diffusion const. If the H2 supply at the 
metal surface is more rapid than the diffusion into the 
metal, then Cj and C2 equal the equil concns. at the partial 
pressures p, and P2 and the expression reads M = const. 
'fpi — Vpi/d. Deviations from this are found with Fe and Ni 
at low temps. For P2 = 0, the diffusion of H mcreases 
with / p in a linear manner but is not proportional to it. 
The relations are qualitatively the same as in the diffusion 
of gas through a porous substance. Where H is liberated 
electrolytically or by chem. action at the surface of a 
metal, enormous quantities can be absorbed. In electrolysis 
the concn. of H taken up by the metal is proportional to a 
const. X VT, where I is the c d. Calcn. of the pressure 
equiv. of c. d. shows that for Fe in 2% NaOh with a c d. 
of 1 amp./sq. cm. the pressure equiv. is 17,000 atm., 
and for Pd in 0.2 N H2SO4 at 90° and 1 amp./sq, cm, 
the pressure equiv. is 12,000 atm., illustrating the 
enormous effectiveness of this manner of loading metals 
with H. Fe contg. C deviates considerably from both the 
VT and Vp laws. (H.S ) 

364 
METHOD OF DETERMINING THE ABSOLUTE MAGNI
TUDE OF SURFACES. O. Hahn and F. Bobek. Ann. 462, 
174-85(1928). 

An extension of previous work (C. A. 19, 1090). The 
methods already described have been applied to the detn. of 
the specific surfaces of two Th salts, with U X as the radio
active indicator. Th oxalate, pptd. from a hot soln. of Th 
nitrate by means of oxalic acid and then kept under the 
supernatant liquid for 2*72 hrs . at 100°, had a sp. surface 
(defined as g. of substance in surface per 1 g. of sub
stance) of 0.0205%, while for Th oxalate pptd. m the cold 
the corresponding figure was 0.136%. Th hypophosphate, 
obtained by pptn. of a boiling soln. of the nitrate with hypo-
phosphate, gave the figure 9.35%. The abs. surfaces of the 
3 specimens are, therefore, 0.12, 0.78 and 52 sq. cm, resp., 
since the abs. surface = pVN/Ms', where M= mol. wt., N is 
Loschmidt's number, p is the specific surface, and s is the 
density of the substance under examn. (B.C.A.) 

365 
THE CHANGE OF ELECTRICAL CONDUCTIVITY IN 
STRONG MAGNETIC FIELDS. I. EXPERIMENTAL RE
SULTS. P. Kapitza. Proc. Roy. Soc. (London) A123, 292-
341(1929). 

The change of resistance in a transverse magnetic field 
up to 300,000 gausses at room temp., at the temp, of solid 
CO2 and ether and at the temp, of liquid N was measured in 
metals of each of the groups of the periodic table which in
clude: Li, Na, Cu, Ag, Au, Be, Mg, Zn, Cd, Hg, Al, Ga, In, 
TI, C, Ti, Ge, Zr, Sn, Pb, Th, V, As, Sb, Bi, Ta, Cr, Mo, Te, 
W, Mn, Fe, Nl, Pd and Pt, in a Au-Ag alloy and in CU3AS. 
The app. was similar to that used in earlier expts. with a 
specially wound transformer added to the circuit when the 
resistance of the conductor was too small to obtain larger 
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deflections in the oscillograph with the same current. The 
change of resistance, is a parallel field was measured for 
Cu, Cd, Al, Ga and Mo. The increase of resistance, AR/R, 
m all the metals is proportional to the square of the mag
netic field in fields up to 60,000 to 100,000 gausses, and in 
stronger fields follows a linear law, AR/R being propor
tional to H. The sources, analyses, and details of prepn. of 
the sep. metals for measurement are given. Phys. change 
produced in a conductor by hardening and annealing and by 
transformation to polymorphic modifications influences the 
change of resistance as well as other properties. Impurities 
tend to reduce the change of resistance, n . The analysis 
and the interpretation of the experimental results. Ibid 
342-72. The change of resistance follows the linear law 
with increasing magnetic field and is masked in weaker 
fields by initial disturbances in the metal distributed at 
random throughout the conductor. When the disturbances 
produced by the outside field grows larger than that of the 
inside field, there is a gradual approach to a linear law. 
Corresponding to the external and internal disturbances 
are the ideal and addnl. resistances, resp. Formulas are 
deduced, agreeing with the exptl. facts, which permit an 
evaluation of these sep. resistances and it is shown that 
while the addnl. resistance is independent of temp, the 
ideal resistance has a const, value for a given temp, for 
each metal. The addnl. resistance is equal to the residual 
resistance which is observed close to abs. zero. A perio
dicity appears in the variation of the coeff. of the linear 
law with the position of the metal in the periodic system. 
The observed phenomena are not adequately explained by 
the existing theories for change of resistance such as 
deflection of the paths of free electrons, alteration of the 
no. of free electrons, irregularity in the crystal lattice, 
and disturbance of crystal lattice due to foreign atoms. 
K. favors the hypothesis that the magnetic field increases 
the scattering power of each atom by disturbing the 
symmetry of its structure which decreases the free path 
of an electron and thus increases the resistance. (H. W. 
Walker) 

366 
DIFFUSION IN METALS IN THE SOUD STATE. J. A. M. 
van Liempt. Metallwirtschaft 7, 558-9(1928). 

A review of investigations on the diffusion velocities of 
solid Mo in W, C in W and Th in W. Diffusion coeff. depends 
on the method of prepg. W and on the state of metal, whether 
it IS in the single or polycryst. form. References are given 

for work reviewed. 

367 
MEASUREMENTS ON THE ELECTRICAL RESISTANCE OF 
SOME METALS BELOW THE BOILING POINT OF OXYGEN. 
W. Tuijn. Proc. Acad. Sci. Amsterdam 32, 115-23(1929). 

Measurements on the elec. resistance of Cd, Cu (crystals), 
Au, In, Pb, Pt, Th, Zn, and Sn (smgle crystal) are given for 
temps, below 90° K. (J. B. Austin) 

368 
CHANGES IN THE VISCOSITY AND HYDROGEN-ION CON
CENTRATION OF SOME INORGANIC SUBSTANCES DUR
ING THE PROCESS OF JELLY FORMATION. Satya Prak-
ash and N. R. Dhar. J. Indian Chem. Soc. 6, 391-409(1929). 

Viscosity and pH measurements were made on sols of 
Fe(OH)j, Cr(OH)3, A1(0H)3, Sn(OH)4, HgO, mercunsulfosaU-
cylic acid. FeAs04, FeP04, Fe2(Mo04)3, CrAsOj, Sn(W04)2, 
Sn(Mo04)2, ferric borate, Th3(P04)4, Th(Mo04)2 and Th3-
(As04)4 during gelation. There are 3 stages in the viscosity 
changes (1) very little change, (2) a regular exponential 
change with time, (3) a rapid increase in viscosity ending 
in the formation of a jelly. (1) Coincides with the change 
from true soln. to colloid, (2) with the partial neutraliza
tion of the charges on the micelles and their hydration, 

^3) with the formation of the jelly. During gelation the 
concn. of H ion falls 50 ± 20% of the original value. The 
firmness of jellies is directly proportional to their 
transparency. Transparency depends on hydration, which 
in turn depends on slow neutralization of charges on the 
colloidal particles. Slow neutralization permits high hy
dration before coagulation occurs. Excess of electrolytes 
even in a clear jelly promotes agglomeration and conse
quent syneresis. (F. E. Brown) 

369 
SUPERCONDUCTIVITY OF THORIUM. W Meissner 
Naturwissenschaften 17, 390-1(1929). 

Supercond. was found on a single crystal of Th 12 x 3 
mm.; its residual resistance in liquid He was 0.017 of the 
resistance at 0°C. The point of discontinuity in the resist
ance is about 1.4° abs.; at 1.3° the resistance is less than 
0.0001 of the resistance at 0°C. The decrease in resistance 
occurs within a range of 0.2°. The transition point here 
found IS the lowest so far obtained. Si decreased m resist
ance 4 times between 4° and 1 2° abs (B J. C. van der 
Hoeven) 

370 
THE THERMODYNAMIC BEHAVIOR OF CONCENTRATED 
SOLUTIONS. R. Fricke. Z. Elektrochem. 35, 631-40(1929). 

A continuation of previous work on the heat and work of 
diln. Exptl. data are given for the vapor pressures of solns. 
of Th(N03)4, NH4NO3, NaOH, urea and glycerol at different 
concns. Heats of diln for solns. of ZnCl,, MgClj, Th(N03)4, 
NaOH, NaOAc and glycerol were detd. calorimetrically. 
The calorimeter is described. From these data the differ
ential heats of diln. are calcd. by Kirchoff's equation The 
work of dUn. is also computed. F. 's previous statement that 
for solns. with strong pos. heats of diln. the heat is greater 
than the work at high concns. and less than the work at low 
concns. is confirmed except for MgCl2 and glycerol Con
clusion: The Kirchoff equation gives the best results for 
solns. with high diln. heats. (J. B. Austin) 

371 
This reference has been intentionally omitted. 

372 
THE PRECIPITATION AND ADSORPTION OF SMALL 
QUANTITIES OF SUBSTANCES. HI. THE ADSORPTION 
LAWS, APPLICATIONS, RESULTS AND CONSEQUENCES. 
Otto Hahn and Ludwig. Imre. Z. physik. Chem. Abt A. 144, 161-
86(1929). 

Th C IS adsorbed by AgCl and AgBr very markedly in 
the presence of excess halide ions but hardly at all in the 
presence of excess Ag ion or on uncharged Ag halides. In 
the adsorption of Th B and Th C the results are somewhat 
anomalous, because of the tendency to hydrolyze to colloidal 
hydroxides. The above and further expts. on HgBr as ad
sorbent show that the adsorption of ions takes place only on 
oppositely charged ion lattices. (Arthur Fleischer) 

373 
CONTACT POTENTIAL MEASUREMENTS WITH ABSORBED 
FILMS. Irving Langmuir and K. H. Kingdon. Phys. Rev. 
34, 129-35(1929). 

Measurements have been made of the contact p.ds. be
tween a clean unhealed W filament, and the same filament 
coated with an adsorbed film of Th, Cs, O2 or a mixt. of Cs 
and O2. The values found for the contact potentials between 
cold surfaces are: Cs-O-W-W 3.1 v., Cs-W-W 2.8 v., 
Th-W-W 1.46 V. and W-O-W 0.8 v. The surface on the 
left IS pos. to that on the right. These values of contact 
potentials do not agree with those calcd. from the therm
ionic emission consts. An example is given of the appli
cation of the method to the measurement of the changes in 
work function produced by heating a W filament to various 
temps, in the presence of Cs vapor, thus changing the amt. 
of adsorbed Cs. (Bernard Lewis) 
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374 
CHANGE OF VISCOSITY OF SOLS OF PRECIPITATING 
CONCENTRATIONS OF ELECTROLYTES WITH THEIR 
PURITY AND THE CHANGE OF THE RATIO OF PRECIPI
TATING CONCENTRATIONS WITH THE TEMPERATURE 
OF COAGULATION. V. Gore and N. R. Dhar. J. Indian 
Chem. Soc. 6, 641-52(1929) 

Viscosity measurements on sols of Fe{OH)3, Sn(OH)4, 
Ce(OH)4, Zr(OH)4 and Th(OH)4 show that at const, concn. 
viscosity increases with purity of the sol. This is revers
ible and viscosity decreases when peptizing agents are 
added The coagulum from a pure Sn(OH)4 sol is nearly 
transparent, that from an impure sample is white and less 
hydrated. The ratio between the concns. of uni-, bi- and 
ter-valent salts necessary for pptn. of these sols decreases 
with purity of the sol and with increase in temp, of the sol 
at the time of pptn. Sols of Fe4[Fe(CN)g], Cu2[Fe(CN)g], 
UFe(CN)8, mastic and gamboge fail to give definite relation
ships because of continued hydrolysis. (F. E. Brown) 

375 
HEAT RATES OF SOME RADIOACTIVE MINERALS. Allcja 
Dorabialska. Roczniki Chem. 9, 615-22(622 French)(1929). 

The measurements of the rates of heat evolution of the 
following radioactive minerals were made by using an adia-
batic microcalorimeter: uraninite 5.7 x 10"* cal . /hr. /g. , 
johannite 3.3 x 10"* , tonanite 7.5 x 10"*, orangite of 
Arendal 7.2 x 10"*, orangite of Langesund 3.6 x 10"', 
thorite 1.8 X 10"' and monazite 3.6 x 10"*. The 3 minerals 
orangite, thorite and monazite give a much higher value 
than would be predicted from their compn. The results 
obtained with uraninite, johannite and thorianite conform 
with their chem. compn. and radioactive properties. Two 
ways are proposed to explain the anomalies. (J.K.) 

376 
THE EFFECT OF PRESSURE ON THE RIGIDITY OF 
SEVERAL METALS P. W. Bndgman. Proc. Am 
Acad Arts & Sci. 64, 39-49(1929). 

The rigidities were measured up to pressures of 12,000 
kg./sq. cm. At 10,000 kg. the percent increase of rigidity 
was: Ta 0.3-1.5; Mo 0.15; W-0.3; Pt 2.4; Zr-0 .17; Pd 
1.1; Nl 1.8; Th 5.7. The discrepancies between various 
springs of the same metal are probably due to internal 
strain. The neg. coeffs. of W and Zr may be due to lack 
of perfect homogeneity of the wires. The increase in 
rigidity is notably less than the increase in incompressi-
bility with pressure increase. (Arthur Fleischer) 

377 
USE OF AN ADIABATIC MICROCALORIMETER FOR 
MEASUREMENTS OF RATES OF FLOW OF HEAT OF 
URANIUM, THORIUM AND RADIOACTIVE MINERALS. 
Alicja Dorabialska. Roczniki Chem. 9., 494-502(503 
French) (1929). 

An adiabatic microcalorimeter was constructed and 
applied to measurements of thermic effects of 10"* - 10"* 
cal /g. /hr . The method is based on the use of the sub
stance studied as inner calorimeter which causes the 
radioactive substance to heat itself. The measurements 
being adiabatic, the heat evolved during a desired time can 
be accumulated. This allows measurement of very small 
rates of heat flow. In this case the duration of expts. was 
6-24 hrs . It is possible to calc. the rate of flow of heat 
Q cal./g. due to the radiation of the substance studied 
according to Q = c At where c is the sp. heat of the 
substance and At the increase of temp, of the calorific 
system per in. The functioning of the app. was investi
gated in measurements of rates of flow of heat due to the 
radiation of VjOg, Th02 and pitchblende. The results are 
in agreement with calcns. and investigations of other 
authors. 6.37 x 10"* cal /hr . /g . was obtained for the rate 

of heat flow of pitchblende. That gives for the rate of 
flow of heat of one g. U in radioactive equil. 1.10 x 10"* 
caL/hr. (J.K.) 

378 
SUPERCONDUCTING METALS. W. J. de Haas. Metall
wirtschaft 9, 149-54(1930). 

The metals Hg, Sn, Pb, TI, In and Ga, all of which are 
superconducting, have 2, 3, or 4 electrons in the outer 
shell and 18 in the next shell. Recently Ta and Th have 
been shown to be superconducting, although the drop in 
resistance is not so sharp. White Sn is superconducting, 
below 3.8° abs. but gray Sn does not show supercond. The 
superconducting state is influenced by a magnetic field, 
but there is a marked retardation is resuming the original 
resistance on removing the field. The resulting hysteresis 
curve is continuous for Sn, but discontinuous for Hg be
cause of the presence of Hg crystals which become super
conducting one after another. B15TI3 becomes supercon
ducting at 6.2° abs. while TI becomes superconducting at 
2.48° abs. Ag3Sn becomes superconducting at 3° abs. 
Cu3Sn shows no supercond. The intermetallic compds. 
which are superconducting lie close to one another in the 
periodic table. The eutectic mixts. of Sn-Bi, Sn-Zn and 
Sn-Cd become superconducting at about the same temps, 
as Sn (3.76° abs.) and similarly the eutectic mixts. of Tl-
Cd and Tl-An become superconducting at about the same 
temp, as Tl(2.48°). Pb-Ag, Pb-Cd-Sb and Pb-Bi,eutectics 
all become superconducting above the b. p. of He. The 
eutectic of Au-Bi, neither component of which is super
conducting, IS sharply superconducting at 1.96-1.93° abs. 
It IS concluded that supercond. is manifested only in those 
metals in which the outer electron shell can move inde
pendently of the kernel at low-temps. There is thus a 
regular vibration about a zero point in this outer shell 
which is stabilized by a magnetic field. Hence, the metal 
IS only superconducting where the current actually is 
passing. (Hans C. Duus) 

379 
SCHOTTKY EFFECT AND CONTACT POTENTIAL MEAS
UREMENTS ON THORIATED TUNGSTEN FILAMENTS. 
Neil B. Reynolds. Phys. Rev. 35, 158-71(1930). (Bernard 
Lewis) 

380 
DIELECTRIC BEHAVIOR OF OXIDE HYDRATES. L. Have
stadt and R. Fricke. Z. anorg. allgem. Chem. 188, Schenck-
Festschnft 357-95(1930). ~ ~ 

Dielec. consts. of the oxide hydrates of Th, Si, Sn, Cr, Ga, 
Al and Be were measured in relation to time. The values 
obtained were considerably above the dielec. const, of H2O. 
The effect of aging upon these values is plotted in curves, 
and parallel measurements of cond. are made. RSntgeno-
graphic measurements show that increase in dielec. const, 
coincides with the appearance of cryst. structure and this 
increase goes through a max. with increasing progress of 
crystn. Amorphous substances always show a decrease m 
dielec. const, with time. A study of electrophoretic phenom
ena shows that dielec const, r ises with increasing electro-
kinetic charge as a result of the increased polarization of 
the individual particles. A comparison of the various meas
urements indicates that the strong shift in values of dielec. 
const. IS due to definite morphological alterations in the 
hydroxide particles. Al(OH)3, pptd. from cold acid solns., 
ages under H2O m the cold through bohmite to bayente. 
Metastable cryst. Be hydroxide is formed from the 
amorphous compd. even on aging under cold H2O. A 
crystd. oxide hydrate of Ga is obtained which shows a 
Rdntgenogram entirely different from that of the oxide. 
(H. Stoertz) 
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381 
MEASUREMENTS BY MEANS OF UQUID HELIUM. VII. 
THE CURVE OF TRANSITION TO SUPERCONDUCTIVITY 
OF TANTALUM AND THORIUM. W. Meissner. Z. Physik 
61, 191-8(1930). 

The character of the mcrease of cond. with decreasing 
temp, depends very much on the purity and the previous 
treatment of the material as shown when 4 different speci
mens of Ta were studied. (E.B.) 

382 
THE EFFECT OF HEATING UPON RADIOACTIVE DE
POSITS. W. Seith and A. H . W. Aten, Jr . Z. physik. 
Chem., Abt. B, 10, 296-8(1930). 

The effect of heating radioactive films of Th deposited 
by distn. upon surfaces of Pt foil has been investigated At 
temps, as high as 550° the uniform distribution of material 
is modified by the appearance of small aggregates although 
a uniform background remains. Upon heating to 700° the 
background disappears and all the matter is brought mto 
these sep. aggregations, some of which appear on parts of 
the surface not originally covered. A deposit formed upon 
quartz glass is more permanent. The explanation presum
ably lies in the formation of a silicate with the radioactive 
material. By aid of these phenomena evidence has been 
produced to show that a kinetic interchange occurs be
tween the Pb ions of a Pb oxide surface and those of a 
Pb chloride film deposited upon it. (C.J.H.) 

383 
ISOMORPHISM AMONG OXIDES OF QUADRIVALENT 
METALS. THE SYSTEMS: Ce02-Th02, Ce02-Zr02 AND 
Ce02-Hf02. L. Passerini. Gazz. chim. ital. 60, 762-76 
(1930). 

The expts. continue similar investigations of isomor
phism in oxides of metals of lower valency, the results 
of which have been recently published for binary systems 
of tervalent metal oxides. Besides the chief object of the 
work, which is devoted to the problem of isomorphism, 
attention was also devoted to the cubic form of Hf02 and 
Zr02. The existence of a monometric modification of 
these oxides is established for Zr02, but not for Hf02 
except by analogy in the similar chem. behavior of Hf 
and Zr. However, solid cubic solns. between Zr02 and 
Hf02 were obtained, in which each oxide was dissolved in 
a greater proportion of the other oxide; therefore it was 
possible to det. the dimensions of the cell of the cubic 
modification of Hf02 and thus to est the diam. of the 
JJJ++++ jpj^ jjjg oxides were prepd. by calcination, at 
approx. 800°, of solid solns. of the hydroxides, which 
had been pptd. by KOH from calcd. quantities of the 
nitrates or sulfates. The systems Ce02-Th02, Ce02-
Zr02 and Ce02-Hf02 were then examd. by x-rays (with 
the powder method). They consist of solid solns. which, 
like CeC2 and Th02, crystallize in the cubic system with 
a lattice structure of the fluorite type. In the Ce02-Th02 
system, the components are sol. in all proportions, and the 
lattice consts. and the d. are proportional to the compn. of 
the solid solns. In the Ce02-Zr02 and the Ce02-Hf02 
systems the soly. is only partial. The max. proportions 
dissolved are approx. 27% CeOj in Zr02 and 23% Zr02 in 
Ce02, and 25% Ce02 in Hf02 and 32% Hf02 in Ce02. These 
limits are slightly greater than the limits for the bivalent 
and tervalent metal oxides, where the difference in dimen
sions of the metal ions is equal to that between the Ce'*'*''"''" 
and Zr"'"'""''"'' ions. From the solid solns. obtained it was 
possible to calc. by extrapolation the lattice dimensions of 
the cubic form of Zr02 and of the probable cubic form of 
Hf02. These were for ZrOj: a = 5.065 ± 0.01 A. U., v = 
129.94 x 10"'* c c , d. 6.27; for Hf02: a = 5.115 ± 0.01 A. U., 
V = 133.82 x 10"'* c c , d. 10.43. The 2 oxides are qualita

tively similar to those of the bivalent and tervalent metal 
oxides, insofar as the soly is an inverse function of the 
ratio between the dimensions of the metal ions in any 
system. Quantitatively, however, the soly. differs in that 
the limits of soly. between the quadrivalent metal oxides 
are slightly higher than those of the oxides of the metals of 
lower valency. Consequently, the ratios between the diams. 
of the metal ions which delimit the solubilities (total and 
partial solubilities and insoly ) are 1-2% different from 
those of the bivalent and tervalent metal oxides (C. C. 
Davis) 

384 
THE SYSTEM- THORIUM NITRATE-ETHER-WATER 
BETWEEN 0° AND 20°. P. Misoiatelli, Gazz. chim. 
Ital. 60, 833-8(1930). 

It is necessary to have data on the quaternary system: 
U02(N03)2-Th(N03)4-H20-Et20, and therefore in turn of 
the ternary systems. U02(N03)2 -Et20-H20 and TH(N03)4-
Et20-H20, to establish the conditions for the sepn of Th 
from U m the presence of water by the aid of Et20. Of the 
systems: Et20-H20, Th(N03)4-Et20 and Th(N03)4-H20, 
only the latter is unknown, so this was first studied. The 
following data give the temp, and the no. of g of Th(N03)4 
in 100 cc. of satd. soln.: cryoscopic method: -0 .2 , 1; 
- 0 . 5 , 2; - 1 , 5.2; - 1 . 5 , 9; - 2 . 1 , 13; - 2 . 9 , 16; - 4 , 20; 
-4 .6 , 23.5; -5 .4 , 26.4; -5 .6 , 27.3; - 6 , 33; -6 .6 , 37; 
- 9 , 41; -11.2 , 43; -12.2 , 44.5; -13 .5 , 46.2; - 1 5 , 47.7, 
-16.6, 49.8; - 1 9 . 1 , 51; -23 .3 , 53.1; - 2 5 , 55.7; -28.6, 
58; -31 .3 , 59,2; - 3 5 , 60.6; -40,6 , 62; -43 ,5 , 64; 
synthetic method: -43.5 , 64 (Th(N03)4.6H20); analytic 
method: - 2 2 , 64.2; 0.65; 10, 65.2; 20, 65.6. Equil. in 
mixts. of Th(N03)4, Et20 and water was very slow, in some 
cases 20 days being required. The results of the meas
urements at 0° and 20° are given in tables and triangular 
diagrams, which must be consulted for the quant, data. The 
method used for obtaining these data is described in detail. 
In the prepn. of anhyd. Th (N03)4, the ordinary nitrate was 
freed of traces of Ce by pptn. with Na2S203 and H2O2, crystn. 
as Th(N03)4, distn. of N2O5 over this to remove 4H2O, and 
treatment of the residue with a current of dry air for 
several days. (C. C. Davis) 

385 
See reference No. 377 

386 
NUCLEAR SPIN OF NITROGEN. W. R. van Wijk Arch, 
neerland. sci. IHA, 13, 29-57(1930). 

In certain band spectra of mols in which the atoms are 
identical, alternate lines are very weak or even missing. 
This IS ascribed to the symmetry of the mol. and to res 
onance in the at. nuclei. The theory of this method of 
investigating the nucleus, by photometric measurements of 
the intensities of the lines in the band spectrum, is outlined, 
with special reference to the N2 mol. Exptl. details are 
given for work carried out on spectra emitted by the N2"'' 
and the neutral N2 mols. The ratio of the alternating 
intensities of the neg. bands at 3914, 3884, 4278 and 4237 
A. U. was found to be 2:1. A Maxwell-Boltzmann distribution 
among the rotational levels was found. The ratio for the 
nuclear spin was confirmed by other measurements, mclud-
mg work on the resonance line of Th at 3776 A. U. (W. W. 
Stifler) 

387 
THE CHEMICAL REACTIVITY OF THE FUSED BASES. 
I. THE ACTION OF THE ALKALI AMIDES UPON ELEC
TROPOSITIVE METALS. W. Conard Fernehus and F. W. 
Bergstrom. J. Phys. Chem. 35, 740-55(1931). 

An app. IS described for the study of reactions of pure 
fused alkali amides which avoids contamination of the melt 
and permits viewing the reaction, controlling the temp.. 
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altering the fusion aims., quant, collection of gases and 
extn. of the melt with liquid NH3. Mg reacts, with NaNH2 
or KNH2 in an HN3 atm. to liberate the alkali metal: Mg + 
2KNH2 ^ Mg(NH2)2 + 2K, the equil. point being far to the 
right. Subsequent reactions are: Mg(NH2)2 + 2KNH2 — 
Mg(NHK)2 • 2NH3; 2NH3 + 2K — 2KNH2 + H2. Ca and Al also 
liberate K; Ca forms CaNK- 2NH3 and Zn forms 
Zn(NHK)2 • 2NH3, while Al forms AIN • NH3 + adsorbed 
KNH2. Be forms BeNNa- 2NH3 with NaNH2, Ce, Th and 
Mn are slightly attacked by fused KNH, while Hg, Cu, Cd, 
TI, Ti, Zr, Ta, Cr, Ni, Pt and Ir are not noticeably at
tacked. Na gives with fused NaOH a blue color; Mg gives 
a similar color suggesting the reactions: Mg + 2NaOH ^^ 
Mg(OH)2 + 2Na; Mg{OH)2 + 2NaOH — Mg(OH)2 + 2H2O; 
2Na + 2H2O — 2NaOH + H2. Ca and Na appear to give some 
hydride upon reaction with NaOH. (W. C. Fernehus) 

388 
CHANGE IN RESISTANCE OF GRAPHITE, THORIUM, 
TITANIUM AND TITANIUM-ZIRCONIUM BETWEEN 20.4° 
K. AND 1.1° K. W. J. de Haas and P. M. van Alphen. Proc. 
Acad. Sci. Amsterdam 34, 70-4(1931). 

Samples about 15 mm. long were prepd. from a block of 
Ceylon graphite, with the principal axis perpendicular to the 
direction of the current. The change in resistance near the 
temp, of liquid He was slight. At 1.1° K. the value of R/R^ 
was about 0.12 and this remained nearly const, up to 5° K., 
after which it increased gradually to approx. 0.214 at 20.4° K. 
Measurements on a part of a single crystal of Th indicated 
that it became supraconducting at 1.4° K. In the region be
tween 1.4° and 1.9° K. the resistance increased gradually 
until it acquired its normal resistance at the latter temp. 
These results differ considerably from those obtained by 
Meissner tor another part of the same crystal. The resist
ance of Ti falls rapidly from 1.88° to 1.63° K., at which 
temp, it becomes supraconducting. The resistance of the 
Ti-Zr mixed crystal decreased rapidly between 1.63° and 
1.12° K. at which point it became supraconducting. It is 
difficult to obtain reproducible results with these metals. 
(W. W. StiUer) 

389 
SELECTION RULES FOR THE ABSORPTION SPECTRA OF 
RONTGEN RADIATION. Manne Siegbahn. Z. Physik 67, 
567-71(1931). 

It easily seems from the energy diagrams that the My ab
sorption edge can be calcd. from M^ = Ljjj - LjjjM^ (LjjjM^ 
IS the frequency emitted in transitions from level M^ to 
level Liii) but the experimentally measured value differs 
considerably from the calcd. It is therefore suggested that 
the electron in the absorption act is not brought to the 
"surface" of the atom, but received in one of the unoccupied 
O-levels. Selection rules identical with those for the emis
sion time are supposed to hold tor these transitions. The 
various cases for the elements from W to U are explained 
in a Grotrian diagram and in tables. (E. Bretscher) 

390 
DEHYDRATING CHLORIDES SUCH AS THOSE OF MAGNE
SIUM, CERIUM AND THORIUM. (Soc. de Produits Chimiques 
des Terres Rares.) British Patent 344,601, Jan. 18, 1929. 

Chlorides which have been partially dehydrated and posses 
a porous structure are further dehydrated in a current of 
HCl at such a temp, that no softening occurs, temps, of 400-
450° being suitable or up to 620° with MgCl2. A furnace for 
use in the process is described. 

391 
PHYSICOCHEMICAL STUDIES OF COMPLEX ACIDS. VI. 
THE PRECIPITATION OF MOLYBDATES. Hubert T. S. 
Britton and Wm. L. German. J. Chem. Soc. 1931, 1429-35. 

Potentiometric titrations of metallic salt solns. with 
0.045 M solns. of Na2Mo04, NajO • 2.33M0O3 and Na30 • 

4M0O3 were made with a quinhydrone electrode, and where 
possible the p jj values obtained confirmed with a H2 elec
trode. The solns. used and the Pn values at which pptn. was 
found to begin are: 

Solns u s e d (100 cc ) NajMoO, 

0 01 M Z r C l , 1 75 

0 01 M ThCl , 3 02 
0 00667 M Al , (S0 , ) j 4 39 
0 02 M CuSO, 5 28 
0.00667 M Cr i (SO,) i , KjSO, 4 54 
0 02 M BeSO, No pptn 
0 01 M NlSO, (200 cc ) No pptn 
0 02 M MgSO, No pptn 

The c o m p n s of the p p t s a r e 

Soln used NaMo04 
Z r C l , ' 

T h C l , T h O , 2 07MoO, 
Alj (SO,l , AljOj 2 6IM0O3 
Cr , (S04) j C r A 2 BOMoOj 
CuSO, CuO 0 7OM0O3 

p^ a t which pptn 

NajO 2 33MQO; 

1 74 
3 00 

No pptn 
No pptn 
No pptn 
No pptn 
No pptn 
No pptn 

Na^O 2 33MoO, 

Z r O , 0 86M0O, 
ThOj 2 21MoOj 

No pptn 
No pptn 
No pptn 

b e g i n s with 

N a ; & 4 M o O j NaOH 

1 75 
2 97 

Na iO 

ThOi 
No 

1 33 
3 51 
4 14 
5 20 
5 34 
5 69 
6 66 

10 49 

4MoO, 
9 

2 82MoO, 
pptn 

No pptn 
No pptn 

Curves of the changes in pjj values occurring with addn. of 
the molybdate solns. are plotted. (J. Balozian) 

392 
PREPARATION OF HIGHLY CONCENTRATED SOURCES 
OF POLONIUM. Mme. Irene Curie and Frederic Joliot. 
J, Chim, phys, 28, 201-5(1931), 

In order to ext, Po from acidified solns, (0,5 N HNOj, 
0,1 N HCl) of Ra D (obtained from old Rn tubes)"the Po is 
deposited on a thin Ag foil. The foil is dissolved in hot 
HNO3 and the Ag pptd, as AgCl, A strong, dense source of 
radiation is obtained by plunging a polished sheet of Ag or 
Nl glued to a glass surface into the soln, and rotating rap
idly. The Po IS volatilized in a current of H, and carried 
through a narrow opening to a cold metallic plate, where it 
IS redeposited, Ra C or Th C may be similarly deposited. 
The coloration of intense sources on Ni seems to be due to 
Po oxide; such sources excite luminosity in atm. N. (I. J. 
Patton) 

393 
COORDINATION. H. ABSORPTION SPECTRA OF METAL
LIC DERIVATIVES OF BENZOYLCAMPHOR. Thomas M. 
Lowry, Henry Burgess, Ivor J. Faullmer, and Ralph C. 
TraiU. Proc. Roy, Soc. (London) A132, 387-97(1931). 

The absorption spectra have been detd. for the following 
derivs, of benzoylcamphor in ale, and cyclohexaue: Na, Li, 
Be, cupric, manganous, nickelous, cobaltous, cobaltic, Al, 
chromic, ferric and thoric. Curves are given. The spectra 
of the Li and Na derivs, each show 2 max, corresponding to 
those of the single max, in each form of the parent sub
stance. These derivs, behave as metallic salts. With the 
Be compd, the max, are displaced; while with the other 
derivs, only one of the max. lies within the range of the 
exptl. All except the alkali compds. behave as coSrdination 
compds. The selective absorption is attributed to polar 
activation of the unsatd, system. The unsatd, system is not 
destroyed by coordination although it may be modified, 
(William E, Vaughan) 

394 
THE APPEARANCE OF CONTINUOUS SPECTRA ON 
CATHODE-RAY BOMBARDMENT, m. THORIUM IN HIGH 
VACUUM. WiUi M. Cohn, Z, Physik 70, 679-94(1931). 

A Th cylinder anode was subjected to electron bombard
ment by a wire cathode running along the axis of the Th 
cylinder. The characteristic blue points appeared on the 
anode, and the cylinder gradually suffered disintegration. 
The range and extent of the blue light spectrum was the 
same as previously found. Temp, spectra were obtained 
by heating the Th by electron bombardment to 850°. (H. R. 
Moore) 
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395 
STUDY OF THE VOLATILIZATION OF POLONIUM AND 
OF THE ACTIVE DEPOSIT OF THORIUM IN A GASEOUS 
CURRENT. Marcel Lecoin. J. chim. phys. 28, 411-20 
(1931). 

Photographs of the phosphorescence which appears in the 
quartz tube during volatilization of Po in a stream of var
ious gases confirms the work of Curie and Lecoin (C. A. 25, 
4782) indicating the existence of a volatile compd, of Po in 
a stream of CO + CO2, With the method of C, and L. evi
dence is found for the existence of a volatile compd, of Po 
with A or its impurities but not with H or N, A study of the 
volatilization of the active deposits of Th in a stream of O 
shows that of a mixt, of Th B + Th C + Th C one may easily 
sep, Th C" which is most volatile, Th B and Th C are of 
about the same volatility and difficult to sep, but probably 
can be sepd, by this method. (Oden E. Sheppard) 

396 
ORDINAL NUMBER AND HEAT OF FORMATION. W. A. 
Roth. Naturwissenschaften 19, 860(1931). 

For members of the C group the heats of formation of the 
dioxides were detd. by bomb combustion. Values in kg.-cal. 
found were (solid dioxide, const, vol.): for t 100, for Si 
205.1 (±0.5), for Ti 218.1 (±0.3), for Zr 257.4 (±0.6), for 
Hf 271 (±5), for Th 292.0 (±1.4). A curve of the heat vs. 
the at. no. shows that Hf falls below the value expected 
from a smooth curve (Ti also to a lesser extent). (B. J. C. 
van der Hoeven) 

397 
THE RESULUTION OF K^, AND K^, LINES OF THE HEAVY 
METALS H. Seemann. Z. Physik 73, 87-106(1931). 

It IS easily possible to resolve the Kjj and Kjj lines of 
the elements Ta to U with the "pm hole" method suggested 
by S It IS especially pointed out that Bragg's method fails 
because the depth of penetration of the radiation into the 
resolving crystal (1.5 mm. for calcspar) causes a broadening 
of the spectral lines. The spectrograph is described in de
tail. 

398 
THE APPEARANCE OF CONTINUOUS SPECTRA ON 
CATHODE-RAY BOMBARDMENT. IV. INVESTIGATIONS 
ON THORIUM AND OTHER ELEMENTS IN THE PRESENCE 
OF GASES. Willi M. Cohn. Z. Physik 72, 392-422(1931). 

The continuous spectrum previously obtained in high 
vacuum is also shown by electron bombardment of Th, U, 
and Po at air pressures of 10"' mm. Hg. It is independent 
of the anode material but not shown by other metals. It 
appears only above a certain threshold potential, remains 
after heating the radioactive materials with cathode-ray 
bombardment but not after other kinds of heating. It doesn't 
appear if the cathode is coated with oxide or carbide. At 
higher potentials, Th shows a violet-colored light that is 
also continuous with a mix. at 3600 A.U. The energy dis
tribution of the spectrum from Th was compared with that 
from a W ribbon lamp but differs from it and from the H 
continuous spectrum. It is not a series limit continuum. 
It doesn't show polarization and it contains very hard x-
rays. 

399 
THIXOTROPIC BEHAVIOR OF THORIUM JELLIES. Satya 
Prakash and N. N. Biswas. J. Indian Chem. Soc. 8, 549-56 
(1931). 

The jeUies were Th molybdate, phosphate and arsenate 
The first 2 are highly thixotropic but the last is so only 
when freshly prepd. The time of original setting of a jelly 
IS much greater than the time of thixotropic setting. The 
thixotropic time becomes almost const, unless agglomera
tion takes place, when it decreases (arsenate) The thixo
tropic time IS greater in dil than in coned, jellies. Thixo-

tropy IS attributed to a setting free of structurally imbibed 
liquid by shaking, the liberated liquid providing a dispersion 
medium for the jelly-forming elements. Glycerol and sugar 
increase the original and the thixotropic times by acting as 
peptizing agents. GlycocoU in small quantities decreases the 
thixotropic time by decreasing the pj^ but in higher concns 
it has a slight stabilizing effect. Addn of K2SO4 decreases 
both the original and the thixotropic times of setting. (F L.B ) 

400 
ABSORPTION JUMPS IN THE L-BAND HEADS OF HEAVY 
ELEMENTS Hans Kustner Physik. Z. 33, 46-9(1932). 

The differential method for exciting monochromatic x-
rays (C. A. 25, 5084) was used to investigate absorption m 
the L-band heads of the following metals' Ba, La, Ce, W, Au, 
Hg, TI, Pb, Th and U. 

401 
APPLICATION OF DUHRING'S RELATION TO SOLUBILI
TIES R L Harris Ind Eng. Chem 24, 455-7(1932). 

Duhrmg's relation in the form, C + KT = fM, where C and 
K = constants, T = temperature and M = solubility m moles/ 
1000 grams H2O, can be used to predict the solubilities of 
non-hydrated, inorganic salts in H2O over a temperature 
range Examples are given. Th(N03)4 is the only exception 
to the rule found. (S. Lenher) 

402 
ATOMIC NUMBER AND HEAT OF FORMATION. W. A. 
Rothbraunschweig. Naturwissenschaften 42, 860(1931). 

The heats of formation of the oxides of C,Si,Ti,Zr,Hf, and 
Th are plotted against the atomic numbers. 
ATOMIC NUMBER AND HEAT OF FORMATION. W. A. 
Roth and G. Becker. Z. physik. Chem. A159, 1-26(1932). 

The following heats of formation at constant pressure at 
20° were determined: ... Th02,292.e 1 4 kg.-calorie The 
following heats of formation were calculated: ThC2,45 7 
kg.-calorie . The crit. examination of data for the heats of 
formation of oxides and chlorides of elements in groups 1-
6 of the periodic classification shows that only in excep
tional cases IS there a linear relation lietween atomic num
ber and heat of formation of compounds. 

403 
M- AND N-SERIES. E Lindberg. Nova Acta Regiae Soc. 
Sci Upsahensis 7, Number 7, 7-74(1931). 

M-Emission spectra of U,Th,Bi,Pb,Tl,Au,Pt,Ir,Os,Re, 
W,Ta, and Hf were studied; the difference in wave length 
for a doublet is approximate constant for different ele
ments. M- and N-series lines of Lu,Yb,Er,Ho,Dy,Tb,Gd, 
Eu,Sm,Nd,Pr,Ce,La, and Ba, and M-absorption spectra of 
U,Th,Bi,Pb,Tl,Hg,Au,Pt, and W were also studied. 

404 
VAPOR PRESSURES, EVAPORATION, CONDENSATION 
AND ABSORPTION. Irving Langmuir. J Am. Chem. Soc. 
54, 2798(1932). 

The factors determining rates of evaporation and conden
sation of both liquids and solids are analyzed. Equations 
are derived giving the amount of absorbed gas on a solid 
even when forces between adjacent adsorbed atoms must be 
considered. Vapor pressures of liquids and solids can be 
expressed by the equation p = ATfe"*"/', p being the pres
sure in baryes, A,B and y being constants. Trouton's rule 
IS equivalent to postulating 7 = 0 and A = a universal con
stant. Published vapor-pressure data for 20 elements give 
log A = a value 10.65 ± 1.19. Hildebrand's rule is obtained 
by putting y = 1.5 and log A = then becomes 7.83 ± 0.52. A 
still better rule is obtained by putting y = 1.5 and log A = 
6.9 gives good agreement with experimental data; much 
larger values of A are obtained if the vapor molecules have 
internal degrees of freedom. Application of this vapor equa
tion to adsorption shows that the rate of evaporation of atoms 
or molecules from monatomic films on surfaces is given by 
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the equation y - A,_5(27rmk)"/2 QTe~^'^ where 9 is the frac
tion of the surface covered by the adsorbed gas molecules 
of mass meter. Experimental data for Th,0, and Cs films 
on W agree well with this equation The existence of mon-
atomic and polyatomic adsorbed films is worked out by 
means of the Clausius viral for molecules that repel as di-
poles By use of Gibbs' equation for the adsorption isotherm 
the rate of evaporation can be obtained in terms of 6, T and 
M, the dipole moment These equations combined with those 
of Boltzman and of Saha permit calculation of the rate of 
evaporation of electrons and of ions from surfaces that 
agree with experimental data. In the case of W, apparently 
all of the surface is homogenous except about 0.5%; this 
latter portion holds adsorbed Cs atoms much more strongly 
than the remainder of the surface. Apparently repulsive 
forces between the adsorbed atoms held on this 0.5% of the 
surface are negligibly small. 

405 
VARIATIONS IN EXTINCTION COEFFICIENTS DURING 
THE COURSE OF JELLY FORMATION. Satya Prakash. 
J. Phys Chem. 36, 2483-96(1932). 

Variations in the extinction coefficients during jelly for
mation were studied with ferric, chromic, Al and Zr hy
droxides, Th, stannic and eerie arsenates, stannic phosphate, 
Th, ferric and Zr molybdates, Zr borate and mercurisulfo-
salicylic acid The jellies may be (1) perfectly transparent, 
with no change in the extinction coefficient, (2) opalescent 
at the point of setting but finally becoming opaque and (3) 
opaque before or at the point of setting. Opposing hydration 
and agglomeration tendencies cause these results The same 
jelly may be opaque or transparent, according to conditions. 
(Cornelia T. Snell) 

406 
SPECIFIC HEATS OF SEVERAL RADIOACTIVE MINER
ALS. A Dorabialska, T. Niwiriski, and E. Turska. 
Roczniki Chem. U , 727-33(733 in French)(1931). 

With the aid of a previously described microcalorimeter 
the specific heats of the following minerals, as determmed 
at 18-21°, are: uraninite 0.0999, johannite 0.1674, bloms-
trandite 0.1502, thorianite 0.0880, orangite 0.1637, thorite 
0.1516; fergusonite 0 1122 calorie/gram degree (J 
Wiertelak) 

407 
SURFACE-COMBINED AND STRUCTXniALLY COMBINED 
WATER IN INORGANIC GELS. Satya Prakash KoUoid-Z 
60, 184-91(1932) 

The viscosity of systems forming gels increases expo
nentially with time, except near the settmg, where it increases 
more rapidly. Extrapolation of the curves, by a modification 
of the Hatschek equation, enables a calculation of the change 
of surface hydration For gels of Ce borate, ZrOj, Fe arse
nate, Fe phosphate, Sn arsenate and molybdate, and Th a r 
senate the surface hydration is about 80%, in agreement with 
the values from syneresis and thixotropy determinations. 
Jones and Gortner's and Hill's criteria are insufficient to 
determme the hydration. (Arthur Fleischer) 

408 
ENERGY-DISTRIBUTION CimVES OF THE DISINTEGRA
TION ELECTRONS. B. W. Sargent. Proc. Cambridge 
Phil. Soc. 28, 538-53(1932). 

A method is described for obtaining the absorption curves 
for continuous 0-ray spectrum from experimental results on 
the absorption of homogeneous ^-rays in Al. Fair agreement 
is obtained with certain known spectral distributions. Dis
tribution curves, energy and momentum values are given for 
U X2, Ra B, Ra C, Ra E, Act C", Ms Th 2, Th B, Th C and 
Th C" (G M. Murphy) 

409 
CRYOSCOPY OF SEVERAL ELECTROLYTES IN THE 

MELTED HYDRATE CaClj + 6H2O. E. Darmois and R. 
Chalin. Compt. rend. 195, 786-8(1932). 

The freezing-point constants of urea, KCl, CdCl2, CaBr2, 
Calj, Ca(NOj)2, Ca(C10,)2, KNO„ Mg(NO,)2, La(NOj)j, 
Th(NOj)«, NH«Br, CdBrj, Lil, KI, Cdl2, Na malate, Na 
acid malate dissolved in CaCl2.6H20 were determined and 
their significance was discussed. (Frank Urban) 

410 
ANOMALOUS HEAT EFFECTS OF SOME RADIOACTIVE 
MINERALS. Ahcja Dorabialska. Roczniki Chem. 12, 
416-25(in French, 424-5) (1932) 

The heat effects of thorite, orangite and monazite are con
siderably greater (10~* to 10"' calories per gram per hour) 
than would follow from their content of radioactive elements 
(C. A. 24, 1280; 25, 1731). This effect is not due to adsorp
tion of H2O since heat of adsorption can be observed only on 
dry minerals and it is not constant. The heat of radiation of 
orangite is the same in air as in N2 atmosphere; hence a 
chem. process is excluded as the source of the energy. 
Similarly, the effect cannot be ascribed to morphological 
changes taking place within the crystals The constancy of 
the observed heat is characteristic. Orangite shows un
changed radiation during 3 years, while the effect caused by 
adsorption or oxidation lasts but several days. The contmu-
ous evolution of heat is apparently associated with the La 
and Yt fractions and is absent m the Ce and Er fractions, as 
IS evident from the heat effects given by commercial r a r e -
earth preparations. The temperature increase per g. per 
hr amounted to. Ce nitrate 0.000°, La nitrate 0.0070°, Yt 
nitrate 0 0091°, La oxide 0.0321°, Yt oxide 0.0143°, Er oxide 
0 001°. (J. Wiertelak) 

411 
LOW STATES OF THE HEAVIEST ELEMENTS. Ta-You 
Wu and S. Goudsmit. Phys. Rev. « , 496(1933). 

Calculation of energy of the 5f, 6d, 7s and 7p states of the 
atoms built upon the Rn core show that the energies depend 
chiefly on the degree of ionization and very little on nuclear 
charge from Z = 92 to 89. The configurations to be expected 
are given for lowest states of Act, Th, Pa and U. In U the 
5f state begins to be prominent; this indicates that the ele
ment 93 very probably contains at least one 5f electron and 
IS possibly the beginning of a series of elements similar to 
the rare earths in their relation to the periodic table, though 
different in chemical properties. (D. Haas) 

412 
MAGNETIC PROPERTIES OF METALS AT LOW TEM
PERATURES. W. J. De Haas and P. M. Van Alphen. Proc. 
Acad. Sci. Amsterdam 36, 263-70(1933). 

Measurements were made in the region of liquid-H tem
perature (20.4°-14.2°K.) on the magnetic susceptibilities of 
graphite, Cu, Zn, Ag, Cd, Sn, Sb, Te, W, Au, Pb, Th, Mg, 
Mo, I, Cb, and Bi. Most of them show increasing suscepti
bility as the temperature is lowered except when this effect 
is masked by decreases due to paramagnetic impurities. 
(Morris Muskat) 

413 
THE ADSORPTION OF THORIUM B BY THALLIUM HALIDE 
CRYSTALS IN THE PRESENCE OF VARIOUS IONS. J. F. 
King and Paul R. Pme. J. Phys. Chem. 37, 851-74(1933). 

The purest TlBr and Til that could be prepared showed a 
negative charge and adsorbed Th B ions. The adsorption of 
Th B by Til decreases with mcreasmg concentration of 
HNOj. The adsorption increases in the presence of excess 

1 ions and decreases in the presence of excess Tl ions. The 
effect of anions on the adsorption is m the order I > CNS > 
Br > CI. The effects of chromate, phosphate, oxalate, Ag, 
Cu and Pb ions also were determined. (P. T. N.) 

414 
THE ATOMIC WEIGHTS OF RADIOACTIVE SUBSTANCES. 
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Forrest Western and Arthur E. Ruark. J. Chem. Physics 
1, 717-22(1933). 

Atomic weights of the lead isotopes 206, 207 and 208 are 
obtained in 3 independent ways from chemical and mass-
spectrograph data. They are: 205.98, 206.98 and 207.98 ± 
0.03. By adding the mass lost in disintegration in the form 
of a - and S-particles and y-rays, atomic weights of all 
known radioactive substances are obtained. Some results, 
correct to ± 0.03, are: Po, 209.99; Rn, 222.02; Ra, 226.02; 
MsTh,, 228.03; lo, 230.03; Th, 232.03; Pa, 231.03; Ujjt, 
235.04; U:^, 234.04; Uj,!, 238.04. These data extend the 
packing-fraction curve to U. The following relation is ap
proximately true: W-N = -0.02 + 0.00214 (N-206), where 
W = atomic weight of a radioactive isotope and N = nearest 
integer. (M. M.) 

415 
THE EFFECT OF THE ALKALI AND THE ALKALINE 
EARTH IONS ON THE ADSORPTION OF THORIUM B BY 
SILVER BROMIDE CRYSTALS. J. F. King and U. T. 
Greene. J. Phys. Chem. 37, 1047-59(1933). 

The adsorption of Th B ions on AgBr crystals in the pres 
ence of various concentrations of alkali and alkaline earth 
bromides was studied. The order of repression of the ad
sorption of Th B is Cs"^ > Rb'^ > K* > Na* > Li"^ at aU con
centrations measured. There appears to be a relation be
tween the adsorbabllity of these cations and their heats of 
hydration, their ionic size and solubilities of their bromide 
salts. There is little difference in the repressing effect of 
Ba, Ca, and Sr ions. (P. T. Newsome) 

416 
THE USE OF THE RADIOACTIVE ISOTOPE OF LEAD, 
THORIUM B, IN THE STUDY OF METALLIHIGICAL PROB
LEMS. G. Tammann and G. Bandel. Z. Metallkunde 25, 
153-6, 207-9(1933). 

Th B is prepared by precipitating an active deposit from 
the emanation on a metal sample strip connected to the 
negative pole of a lighting circuit (220 v.) in a glass vessel 
covered by Cu connected to the positive pole. 1.3 mg. radio-
Th precipitates 8 x 10~* mg active deposit in 24-48 hrs . , 
10% of which is deposited on the metal sample strip; the 
deposit is chiefly Th B. The metal strip is melted under H, 
polished (not etched) and laid upon a photographic plate to 
effect photographic registration of or-particles. A large 
number of such contact radiographs are shown: solid Pb 
dissolves Th B and thus only a general darkening is ob
tained; Tl is similar; Mg shows stars which disappear to 
uniform blackening on annealing the sample; Bi, Sn, Sb, Ag, 
Au and Cu show deposition of Th B in dendrites, Ni at grain 
boundaries; Cd shows dendritic structure, which on anneal
ing gives way to uniform blackening because of diffusion, 
thus showing Th B (and Pb) to be slightly soluble in Cd. 
Solid solubility of Pb in metals shown in this way is r e 
markably low; for some metals it is lower than 10~°, though 
the effect of Pb already present in the sample confuses the 
point somewhat; previous data showing higher solubility of 
Pb in thin metals are probably wrong. Th B preferentially 
dissolves in liquid inclusions and thus offers a means for 
recognizing them even when submicroscopic, such as oxides, 
sulfides, and phosphides in Fe and steel. The primary cast
ing structure is also shown, by reason of the concentration 
of Th B between dendrites and at grain boundaries. This 
concentration is not affected by any transformation In the 
solid state, thus offering an unaffected record of the origi
nal casting structure, as exemplified by the pearlite trans
formation in steels and transformations in the systems 
Ag-Zn (8), Cu-Zn (0), Mg-Cd, Au-Cd. Cast Al shows Th 
B to be between dendrites; Th B dissolves in the included 
AI2O3. Th B also dissolves preferentially in MgO and thus 
records this compound in Mg ingots. When liquid Al con

taining Th B is shaken with liquid Pb, the Th B migrates 
entirely to the Pb; a similar parting is shown when Al is 
shaken with Bi, Tl or Cd, the latter metals taking the Th B; 
similarly Th B migrates to Pb and Tl from molten Zn. Cast 
Cd shows Th B at grain boundaries and in dendritic struc
ture; cold rolling elongates these films, and this elongation 
may be perceived even after lower-temperature recrystal-
lization, though high-temperature annealing destroys the 
record by the progressive solution of the Th B in solid Cd. 
(R. F. Mehl) 

417 
THE FREE MOBILITY OF LEAD IONS IN AMICRONIC 
CRYSTALS OF LEAD SULFATE. I. M. Kolthoff and Charles 
Rosenblum. Phys. Rev. 45, 341(1934). 

Freshly formed microscopic crystals of PbSOj have a 
spongy structure. They consist of primary crystalline par
ticles (of 1000 to 10,000 molecules) separated by fine capil
laries through which Th B ions can move freely, but which 
are impervious to wool violet (4BN). On aging, the internal 
surface decreases. Pb ions can move freely through the 
primary particles and cause a homogeneous distribution of 
Th B through the entire system; it is concluded that Pb ions 
can move freely through the amicronic primary particles. 
With crystals of PbS04 up to 1 by 2(i, Th B was uniformly 
distributed through the entire crystalline precipitate by 
shaking with a radioactive Pb solution 3 minutes Immedi
ately after the formation of the precipitate, or in 17 hrs . , 
starting 50 minutes after precipitation. (Gerald M. Petty) 

418 
THE CHEMICAL AND PHYSICAL-CHEMICAL PROPER
TIES OF POLONIUM. I. A CHEMICAL STUDY OF SEV
ERAL COMPOUNDS OF POLONIUM. M. Servigne. J. 
chim. phys. 31, 47-64(1934). 

Po was precipitated as the oxalate from dilute HNOs solu
tions containing La, Y, Sc, Ca, and Sr. The Po precipitate 
was entrained best, and about equally, by the La and Y; next 
by Sc; and rather poorly by Ca and Sr. The analogy with the 
trivalent elements gives further proof that the element is 
trivalent. Metallic acetylacetonates of the Al, Fe, In, group 
have the general formula M(Ac2CH)j; of the rare earth group, 
M2(Ac2CH)8; Th(Ac2CH)4 distils with slight decomposition, at 
8-10 mm. and at 260-270°. The Po acetylacetonate distils 
at 10 mm. and at 230° with partial decomposition; it is solu
ble in organic solvents, and practically insoluble in H2O. 
(G. M. P.) 

419 
CRYOTROPIC BEHAVIOR OF SOME INORGANIC JELLIES. 
Satya Prakash. Indian J. Physics 8, 231-42(1933). 

Jellies that are again converted into a soluble after 
freezing in liquid air and warming to room temperature are 
called cryotropic. The soluble, on standing, is again con
verted to jelly, and the process can be repeated indefinitely. 
The same substance may give a cryotropic or noncryotropic 
jelly according to the method of preparation. Jellies that 
have developed marked agglomeration tendency are non
cryotropic. Ferr ic phosphate and arsenate, Al(OH)j and 
Zr(OH)4, and Th molybdate and phosphate are cryotropic 
and Fe(OH)j, Cr(OH)j, Th arsenate and phosphate are not. 
(E. R. Rushton) 

420 
THE THERMAL ACTIVITY OF LANTHANUM AND OF 
THORIUM MINERALS. Alex. Sanielevici. J. chim. phys. 
31, 184-91(1934). 

Poole (C. A. 6, 830) and Dorabialska (C. A. 25, 1731) 
showed that Th minerals have an anomalous production of 
heat. Orangite, a mineral containing 20% Th, produces 
15.18 X 10"' cal. /g./hr. La, Y, Er, Sc, Pr, Nd, Ta, As, Sb, 
and Bi emit small amounts of heat. The production of heat 
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by La is apparently due to simple physicochemical causes, 
and not to any new atomic property. (Gerald M. Petty) 

421 
CONSTITUTION OF Hf AND OTHER ELEMENTS. F. W 
Aston. Nature 133, 684(1934) 

The analyses of Th232 by the mass spectrograph are r e 
ported 

422 
KINETICS OF COAGULATION N. V Karekar and A M 
Patel. Trans Faraday Soc 30,493-6(1934) 

The rate of coagulation of Th(OH)4 soluble dialyzed 
for different periods, in the presence of varying concentra
tions of KCl, MgCl2, and AICI3, was studied by the photoelec
tric-cell method. With progress of dialysis, the autocata-
lytic nature of the coagulation velocity curves begins to 
disappear. These curves become more sigmoid in the pres 
ence of multivalent cations because of their greater stabi
lizing effect. (R. Roseman) 

423 
COMPARISON OF SOME PHYSICAL AND CHEMICAL 
ATOMIC WEIGHTS. Gregory P. Baxter. J. Chem. Educa
tion n , 441-4(1934); Nucleus May, 1934 

Data for He, F, P, Se, As, I, Cs, and Br, which are sup
posed to be simple (non-isotopic), show only a small differ
ence between physical and chemical atomic weights. Radio
genic Pb and the ages of U and Th minerals are discussed. 
(E R. Rushton) 

424 
THE DISTRIBUTION OF Th B IN SEVERAL METALS. W. 
Seith and A. Keil Z Metallkunde 26, 68-9(1934). 

When an alloy of Pb and Th B is prepared by electrolyz-
ing PbCl2 inoculated with Th B, the distribution of Th B 
throughout the alloy is uniform, this is shown by a contact 
photographic print of the surface; an alloy of Cd and Th B 
(plus Pb) prepared in the same way showed Th B at the 
grain boundaries, though the amount of Th B and Pb was 
less than the solid solubility of Pb. Similar results were 
obtained by melting Cd inoculated with Th B Th B pene
trated Pb along grain boundaries. Thus Th B can only be 
used to study the diffusion of Pb in Pb and m Tl, but not in 
Ag, Bi and Cd The difficulty seems to lie in a higher solu
bility of Th B and Th C in the material at the grain bounda
r ies in these metals than in the grain itself. Uncertainties 
concerning the true solid solubility of Pb and Bi in the 
metals studied render definite conclusions difficult. (R F 
Mehl) 

425 
ADSORPTION OF SULFATE ION BY THORIUM HYDROX
IDE SOLUBLES, DIALYZED TO DIFFERENT DEGREES. 
N. V Karekar and A. M. Patel. Kolloid-Z 68, 286-9 
(1934) 

The coagulation of Th(OH)4 hydrosol, 4 71 g. Th02 per 1., 
as prepared, dialyzed for 7 days, and dialyzed for 14 days, 
was determined for K, Mg and Al sulfates in the presence 
of MeOH, EtOH and iso-PrOH There is a decrease in ad
sorption in the presence of nonelectrolyte, the lower mem
bers of the homologous series being most effective. 
(Arthur Fleischer) 

426 
THE DISTRIBUTION OF Th C" IN SOLUTIONS OF THAL
LIUM SALTS. I Johannes Zirkler. Z Physik 89, 439-
42(1934). 

A certain amount of Th C" (isotope of Tl) is introduced 
as nitrate into a solution of Tl nitrate. This solution is 
mixed with Tl sulfate containing no radioactive atoms. The 
salts are then separated again and it is seen that the activity 
IS now equally distributed on both salts. The same experi
ment has been carried out with activated sulfate and inactive 
perchlorate. The measurements require special methods 

because of the short lifetime (3.1 minutes) of Th C". The 
result IS a direct proof of electrolytic dissociation. (R. 
Peierls) 

427 
STUDIES OF THE SURFACES OF IRON OXIDES BY THE 
EMANATION METHOD. Otto Hahn and Vera Senftner. 
Z. physik. Chem. A170, 191-211(1934). 

The behavior of Fe205 gels and other gels differing in 
method of preparation and preheated to temperatures from 
20° to 1200° was studied by the emanation method (Hahn, 
C A 23, 5381; Strassmann, 25, 5084) The method reveals 
the changes in structure and surface caused by heating. 
Loss of adsorbed H2O results in shrinking of the prepara
tions A rapid decrease in surface begins at approximately 
400° which IS connected with the "cessation of glowing" of 
Fe20s. The preparations above 400° still contain traces of 
H2O in the lattice that disappear above 850-900°. The 
amount of this H2O varies with the pretreatment of the sam
ple A gel aged under H2O contains relatively much struc
tural H2O while an alcogel contains little or none. Loss of 
the structural HjO mechanically loosens the lattice and ef
fects recrystallization of the Fe20s. Heating to still higher 
temperatures brings about further loosening of the lattice 
because of greater molecule motion. Mixtures of Fe20j and 
AI2O5 behave differently according as the oxide mixtures 
form mixed crystals or not. Th02 behaves much like Fe20j 
but Th(C204)2 acts quite differently (F. L. Brown) 

428 

DISINTEGRATION OF A MONOATOMIC Th FILM ON A W 
CATHODE IN A DISCHARGE IN MERCURY VAPOR. N. 
Morgulis and M. Bernadiner. Physik. Z. Sowjetunion 6, 
309-11(1934) 

A preliminary note on the calculation of the minimum 
critical potential of the ion sufficient to cause disintegration. 
Curves showmg the change of this potential (Vo) with tem
perature are given. The dependence of Vo on the discharge 
current in Hg vapor is shown by curves. 
IONIZATION OF ALKALI METAL ATOMS ON W, ON MO 
AND ON Th-COVERED W. L. Dobretsov. Z. Physik 90, 
788-801(1934). 

If the surface is covered to less than 60% the temperature 
dependence is practically the same as for pure W. 

429 
SYNTHESIS AND COMPOSITION OF THE METAL IONS IN 
WATER SOLUTIONS. AQUO-COMPLEXES AND HYDRA
TION OF THE METAL IONS. H. Brintzinger and Charng 
Ratanarat. Z. anorg. allgem. Chem. 222, 113-25(1935). 

By the dialysis method of B. the dialysis coefficients of 
a number of metal ions in aqueous solutions were deter
mined and from these the ionic wts. of the aquo-metal com
plexes and the hydrated aquo-metal complexes were calcu
lated. From these values and known metal atomic weights 
the number of water molecules chemically bound to form the 
complex aquo-metal ion and the number of water molecules 
electrostatically bound to form the hydrated aquo-metal 
ion were calculated. After each metal are given first the 
number of water molecules forming a part of the complex 
aquo-metal ion and second the additional water molecules 
bound as water of hydration of the aquo-metal ion. Li 5, 10; 
Na 3, 5; K 0, 4; Be 12, 25; Mg 6, 15; Ca 6, 16; Sr 4, 17; 
Ba 0, 14; Al 8, 39; La 6, 24.5; Ce(3) 6, 27; Th 12, 49; Cr(3) 
15, 34; Fe(3) 18, 41; Fe(2) 6, 18.7; Mn(2) 6, 17.7; Co 6, 
17.7; Ni 6, 17.5; Cu(2) 6, 18.2. The total hydration of the 
ion IS a linear function of the potential of the ion. (Oden 
E Sheppard) 

430 
SPECIFIC HEAT OF MINERALS AND OF RARE EARTH 
SALTS. W. Swietoslawski, J. Salcewicz, J. Usakiewicz, A. 
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Zmaczynski, and J. Zlotowski. Roczniki Chem. 15, 12-14 
(1935). 

By use of an ice calorimeter, average values for the spe
cific heat Cj were obtained for the following: Ag, Cj = 
0.05532; Sb, c, = 0.04745; johannite, c,_5 = 0.1290; thorite, 
Cj = 0.1320; samarskite, c, = 0.1078; monazite, c,j , = 
0.1024; SCFJ.3NH4F, CT., = 0.4223; Y nitrate, c,., = 0.2752; 
La nitrate, c,,( = 0.2713; Y oxalate, Cj 4 = 0.4640; La oxa
late, c, J = 0.2647; cane sugar, c, 5 = 0.2774, c, = 0.2610, 
dc/dt = 0.00113 and c, = 0.2689. (J. F. Matejczyk) 

431 
AN INVESTIGATION OF POSITIVE AND NEGATIVE CAR
BON SURFACES BY Th B ADSORPTION. H. R. Kruyt and 
Truus Kruyt. Proc. Acad. Sci Amsterdam 38, 570-7(1935). 

Heating of C at 1000° in CO2 yields a positive surface 
while heating at 450° with O yields a negative surface when 
placed in H2O. These are explained as sorption of CO2 on 
the surface and the—C—O— with H2O yields a carboxyl-
like group while the latter case gives exposed —O—which 
with H2O yields OH groups. Because of electrophoresis the 
surfaces are oppositely charged in H2O and repel anions and 
cations, respectively. Pure adsorption is noted for KOH on 
negative C and acid and Th B on the positive C while a 
mixed character is indicated for Th B on negative C. (R. 
E. DeRight) 

432 
ELECTRICAL FACTORS AFFECTING THE RATE OF 
FILTRATION OF AQUEOUS ELECTROLYTE SOLUTIONS 
THROUGH CELLOPHANE MEMBRANES. H. L. White, 
Betty Monaghan, and Frank Urban. J. Gen. Physiol. 18, 
515-21(1935). 

The filtration rate of ThCl4 solutions through these mem
branes at the isoelectric point was compared with the rate 
for solutions at other electrokinetic p. ds. The maximum 
rate was found at the isoelectric point; the rate fell as the 
potential difference increased. The results show an Inverse 
relation between the electrokinetic potential difference and 
the filtration rate; but the parts played by the 2 proposed 
mechanisms, "stream potential-electroosmotlc back-trans
port" and variation in effective pore diameter, resulting 
from orientation of water dipoles by electric factors, cannot 
be evaluated. Lepeschkin's membrane resistance (C. A. 
26, 5812; 28, 9525 is probably an artifact. 

433 
A COMPARISON OF THE ELECTROPHORETIC VELOCI
TIES OF CELLOPHANE AND COLLODION SUSPENSIONS 
WITH ELECTROOSMOTIC VELOCITIES THROUGH MEM
BRANES OF THE SAME MATERIALS. Betty Monaghan, 
H. L. White, and Frank Urban. J. Gen. Physiol. 18, 523-30 
(1935). 

The isoelectric concentration of ThCl4 for electroosmosis 
in small-pored membranes of Cellophane and collodion is 
much greater than for the electrophoresis of particles of 
these materials. This behavior of the membranes probably 
results from the effect of the small pores in preventing 
complete development of the electrical double layer. Theo
retical discussion. (C. H. Ricliardson) 

434 
THE TEMPERATURE SCALES OF COLUMBIUM, THORIUM, 
RHODIUM AND MOLYBDENUM AT 0.667 )i. L. V. Whitney. 
Phys. Rev. 48, 458-61(1935). 

To establish temperature scales for Cb, Th, Rh, and Mo 
spectral emissivities were measured for these metals at 
X = 0.667 (1. The Mendenhall V wedge was used for Cb and 
rolled cylinders were used for the other metals. Rolled 
cylinders were more satisfactory. Rigorous heat treatment 
was found necessary for accurate results. Emissivities for 
all 4 metals were constant with temperature. Results are: 

Cb 
Th 
Rh 
Mo 

Emissivity 
X = 0.667 (1 

0.374 
0.380 
0.242 
0.382 

Temp, range 
covered °K. 

1300-2200 
1300-1700 
1300-2000 
1300-2100 

(Bernard Lewis) 
435 

IONIZATION OF ATOMS OF ALKALI METALS ON THE 
SURFACE OF TUNGSTEN, MOLYBDENUM AND THORl-
ATED TUNGSTEN. L. N. Dobretsov. J. Exptl. Theoret. 
Phys. (U. S. S. R.) 4, 783-95(1934). 

The variation of ionization n with temperature for Na 
vapors on W and Mo follows the Langmuir-Saha law. For 
Na the reaction chamber was heated to 330-60°, for K to 
220-40°. On Th-covered W, n varies with temperature as 
for pure W unless 9 is greater than 0.6. For K, n also 
varies very little with 9. Ionization takes place on Th free 
spots. (F. H. Rathmann) 

436 
EMISSION OF POSITRONS FROM A Th-ACTIVE DEPOSIT. 
A. I. Alikhanov, A. I. Alikhan'yan, and M. S. Kozodaev. 
Nature 136, 475-6(1935). 

The energy distribution of positrons emitted by Al, acti
vated by ThB + C, is shown graphically. A distribution 
curve for positrons from Pb, activated by ThC" y-rays, is 
given for comparison. The Al positron curve is analyzed 
into a curve which agrees with the asymmetry theoretical 
curve of Jaeger and Hulme (C. A. 29, 3229) for the conver
sion of the y-line (h2 = 2620 e.kv.), and an almost symmet
rical curve probably due to the effect of fl-radlation. The 
probability of internal conversion of ThC" y-rays is 
4.5-5.5 X 10~*, close to the theoretical value of Hulme 
and Jaeger. The yield of positrons from ThC + C" and RaC 
^-particles is 0.02-0.03%. 

437 
INVESTIGATIONS OF SOME PROPERTIES OF GELS. N. 
A. Yajnik, D. N. Goyle, J. D. Verma, and C. L. Rampal. 
Kolloid-Z. 73, 57-67(1935). 

A cellulose acetate gel in benzyl alcohol and the following 
hydrogels were studied: stannic phosphate, Th phosphate, 
manganous arsenate, silicic acid, agar, and gelatin. Vari
ous properties were measured and tabulated including 
gelling time, surface tension, elasticity, density, velocity of 
sound, resistance to cutting, loss of liquid on heating, and 
light absorption. Brief comments are given on each prop
erty. (O. T. Q.) 

438 
EFFECTS OF HIGH SHEARING STRESS COMBINED WITH 
HIGH HYDROSTATIC PRESSURE. P. W. Bridgman. Phys. 
Rev. 48, 825-47(1935). 

A method is described by which thin disks can be subjected 
simultaneously to hydrostatic pressures up to 50,000 kg./sq. 
cm. and shearing stresses up to the point of plastic flow. 
Substances unaffected by these conditions were graphite, 
mica, NH4NOJ, sugar, rosaniline, CuS, Si02, tremolite, 
NH4F, CuO, MgO, Ag2S, FejO,, LiF, AgCl, K2C204, NaBrOj, 
Si, Rochelle salt, HgNOj and K2Cr20,. Substances that de
composed with detonation were celluloid, iodoform, PbOj, 
KMn04, AgjO, Mn02, (NH4)2Cr20,, AgNOj, Sr(N05)2, Cr2 
(S04),.-K2S04.24H20, Cr2(S04),.K2S04, Al2(S04)j and CuClj.-
2NH4CI.2H2O. Combinations that reacted with detonation 
were Cu + S, Fe20, + Al, SiO, + Mg, K2C204 + Al, Si + MgO. 
Rubber, duprene, wood, paper and linen cloth were changed 
to horn-like substances, in some cases translucent. Bromo-
thymol blue became insoluble Amorphous Se partially 
changed to the metallic form, but crystalline S became 
amorphous. PbO decomposed to the metal without detona
tion. Red HgO and red P both changed to the black varieties. 
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Besides these qualitative observations, curves of maximum 
shearing stress against pressure were determined for sub
stances showing no permanent change, and used to locate 
polymorphic transitions. Brealis in the curves were found 
for Li, Sr, Ca, Ba, Cd, Zn, V, Mn, Sb, Te, I, La, Ce, Er, 
Tl, Bi, Th, Sn, Y and Pr. No breaks were found for Be, B, 
C as graphite, Na, Mg, Al, Si, P, S, Ti, Cr, Fe, Ni, Co, Cu, 
Ge, As, Se, Zr, Cb, Mo, Ru, Rh, Pd, Ag, In, Ta, W, Re, Os, 
Ir, Pt, Au, Pb and U; these substances therefore probably 
have no transitions within this pressure range. (L. S. 
Kassel) 

439 
ELECTROKINETICS. XVII. SURFACE CHARGE AND ION 
ANTAGONISM. Laurence S. Moyer and Henry B. Bull. J. 
Gen. Physiol. 19, 239-47(1935). 

The surface charge (negative in sign) for cellulose in 
contact with solutions of 4 K salts follows the order: CI < 
SO4 < CO3 < PO4. For ThCl4, the surface charge is negative 
at low concentrations, becoming positive with higher con
centrations. For NaCl solution (2 x 10~* N) the charges 
plotted as logs against 1/temperature give a curve with a 
break at 39°. Since the specific heat of water shows a mini
mum at 37.5°, and the adsorption of ions probably involves 
the desorption of water, the break in the heat of absorption 
of the charge may result from the change in desorption of 
water at this point. The explanation probably rests in the 
smaller dielectric constant at the higher temperatures, re 
sulting in an increased attractive force between the ions 
and the charged wall. A marked ion antagonism was found 
between mixtures of the following pairs of compounds when 
surface charge was calculated as a function of concentra
tion: NaCl-KCl, KCl-MgCl2, NaCl-MgCl2, NaCl-CaClj, 
KCl-CaCl2, CaCl2-MgCl2. This is the first time ion antago
nism lias been directly traced to electric effects. The cause 
of the lower charge for salt mixtures than for single salts 
probably lies in the tendency toward independent adsorption 
of the cations of the mixture while the adsorption of the CI 
ions remains much the same for both salt mixtures and sin
gle salts. This results in a smaller net negative charge. 
Probably ion antagonism in biological systems is of the 
same nature. (C. H. Richardson) 

440 
THE DISTRIBUTION OF THORIUM C" IN THALLIUM SALT 
SOLUTIONS. Johannes Zirkler. Z. Physik 98, 75-6(1935). 

It has been shown that the radioactive Tl isotope Th C" 
does not distribute itself between the Tl* and T1+** ions 
according to the masses present. If the radioactive isotope 
is added to a mixture of Tl* and Tl*** of equal concentra
tions, then NH3 precipitation of the Tl*** shows that the 
Tl*** contains about 30% of the total y-ray activity, and the 
precipitate formed with the Tl* and HCl contains 70% of the 
y-ray activity. The relative abundances of the Tl Isotopes 
203 and 205 are 29.6 and 70.4%. The valency change thus 
leads to an isotope separation, the heavier isotope tending 
more to go to the single-valued ion form. (S. T.) 

441 
STRUCTURAL CHANGES TAKING PLACE DURING THE 
AGING OF FRESHLY FORMED PRECIPITATES. VII. 
THE KINETICS OF THE DISTRIBUTION OF THORIUM B 
THROUGH FRESH LEAD SULFATE. I. M. Kolthoff and 
Charles Rosenblum. J. Am. Chem. Soc. 58, 116-20(1936). 

Differences between freshly precipitated and aged PbS04 
with respect to distribution of radioactive Th B are descril)ed. 
The rate is expressed mathematically. Comparable effects 
with radioactive Pb(N03)2 solutions are observed under cer
tain conditions of concentration. 
VIH. INFLUENCE OF AGITATION UPON THE AGING AND 
THE SPEED OF DISTRIBUTION OF THORIUM B. Ibid. 
121-2. 

Both speed of aging and of distribution of Th B are inde
pendent of stirring provided settling is prevented. Recrys
tallization is not of the Ostwald ripening type. (Raymond 
H. Lambert) 

442 
EFFECT OF OXYGEN UPON THE PHOTOELECTRIC 
THRESHOLDS OF METALS. H. C. Rentschler and D. E. 
Henry. J. Optical Soc. Am. 26, 30-4(1936). 

The effect of O on the change of photoelectric sensitivity 
with wave length was studied for Th, U, Ca, Ba, Cs, Zr, Ti, 
Fe, Ni, Ag and Au. With Th, U, Ca and Ba, small amounts 
of O shift the threshold to longer wave lengths. Excess O 
forms the metallic oxide and destroys the photoelectric 
sensitivity except for very short wave lengths. A small 
amount of O increases greatly the red sensitivity of Cs 
deposited on Ag. Complete oxidation destroys the emission 
but the red sensitivity is restored by diffusion of Cs into the 
cell. A reaction between Cs and CS2O is indicated. With 
Zr, Tl, Fe, Ni and Ag, O lowers the emission and shifts the 
threshold to shorter wave lengths. The sensitivity of the Ag 
is restored by heating and evacuating the cell. The photo
electric emission of Au is not affected by O. (E. J. 
Rosenbaum) 

443 
STRUCTiniAL CHANGES TAKING PLACE DURING AGING 
OF PRECIPITATES. IX. THE MECHANISM OF THE AD
SORPTION OF LEAD ON AGED BARIUM SULFATE. I. M. 
Kolthoff and W. M. MacNevin. J. Am. Chem. Soc. 58, 499-
504(1936). 

Aged BaS04 does not adsorb Pb(NOs)2 measurably in aque
ous solution in contradiction to assumptions by others of 
true adsorption. No final state of equilibrium is reached on 
shaking but active Pb is removed from aged BaS04 contin
uously owing to recrystallization of the latter. Tempera
ture , particle size, and composition of solution affect the 
speed of removal of Th B. The speed is greatly reduced by 
50% EtOH. Excess Ba salt desorbs Th B as a result of 
kinetic exchange. (Raymond H. Lambert) 

444 
EFFECT OF TEMPERATURE AND SALT ADDITIONS ON 
THE VISCOSITY OF BOROSILICATE GLASS. P. E. Frank 
and O. N. Spiridonova. J. of Opt. and Mech. Ind. (U. S. S. R.) 
1934, Number 9, 6; J. Soc. Glass Tech. 19, 219A. 

The glass Investigated was of Pyrex composition, namely, 
SiOj 80.40, BjOj 11.99, NajO 5.11, AS2O3 0.50, AljO, 1.49 
and MgO 0.51%. The following salts were Introduced into 
the batch: U02(NOj)2.-6H20, Th(NO,)4.12H20, (NH4OH). 
H2O.7M0OJ, BeC03, Ce(CO),.5H20 and NajSiF,. These salts 
were added in quantities of 0.5 and 1.5%, so as to form the 
oxides UO3, Th02, MoO,, BeO and Ce02. Melting was car
ried out in alundum crucibles. The viscosities were deter
mined over a range of 30 to 10,000 dyne sec./sq. cm. by 
means of a torsional balance of special design, a Pt ball on 
a Pt rod being immersed in the melt. The possible error in 
the viscosity determinations did not exceed 5%. With Pyrex 
glass having a viscosity of 275 units at 1475° the addition of 
1.5% UO, increased the viscosity to 2375 units, 0.5% M0O3 
to 1270, 0.5% BeO to 1210, 0.5% Ce02 to 1345. At 1400' the 
addition of 0.5% Na2SiF, Increased the viscosity of the glass 
by 645 units and 1.5% of the same compound by 540 units. 
At 1400° 0.5% UO, or CeOj altered but little the viscosity of 
Pyrex glass; with 0.5% Th02 and 0.5% BeO at the same tem
perature the viscosity was increased by 510 and 540 units, 
respectively. The temperature-viscosity coefficient varied 
with the temperature and with different additions at the 
same temperature. (G. G.) 

445 
NEW TRANSFORMATION PROCESSES OF URANIUM 
IRRADIATED WITH NEUTRONS. Llse Meitner and Otto 



54 TID-3044(Suppl. 1) 

Hahn. Naturwissenschaften 24, 158-9(1936). 
Irradiation of U with neutrons gives rise to a number of 

processes condensed into the following series: I. U238 + 
n, = Th23j + a; Th23s(3) = Pa28s(3) = VasiP) = eka-Re235 (and 
possibly = Pa28i). This process mainly occurs with slowed-
down neutrons (paraffin), little if any with fast neutrons. 
The eka-Re235 is probably of fairly long life, the U236 has a 
half life period of 24 minutes. (B. J. C. van der Hoeven) 

446 
ADDITIONAL DATA ON THE ANOMALOUS DISTRIBUTION 
OF Th C BETWEEN THE UNIVALENT AND TRIVALENT 
TIION. Johannes Zirkler. Z. Physik 99, 669-70(1936). 

The distribution of the radioactive Tl isotope Th C" be
tween equal masses of the univalent and trivalent Tl ion is 
approximately that of the Isotope abundance ratio 70/30. The 
e^lanatlon given is that this ratio is a physical constant. 
The distribution ratios of Th C"/Th C"'* for varying 
masses of Tl* and Tl'* can be calculated by multiplying the 
quotient Tl*/Tl'* by the factor 2.3. (S.T.) 

447 
THE CHEMISTRY OF SURFACES. Irving Langmuir. 
Tech. moderne 28, 85-7(1936). 

Inter-atomic forces are assocd. with surface adsorption. 
Methods are described for measuring films On water. Uni-
molecular layers of Cs and Th are deposited on tungstates. 

448 
This reference has been intentionally omitted. 

449 
THE SOLUBILITY OF Th IN Hg. W. Geo. Parks and Geo. 
E. Prime. J. Am. Chem. Soc. 58, 1413-14(1936). 

Amalgams prepd. by heating together Th and Hg at 400° 
or electrolytically were shaken at 25° and filtered. The av. 
wt. soly. was 0.0154% or 0.0136 at.%. The authors reach 
the same conclusion as a previous worker on Ag amalgams 
that filtration may not be a conclusive criterion of homoge
neity. The value given represents the max. soly. at 25°. 
The soly. is considered theoretically. The amalgams are 
unsuitable for precise e.m.f. measurements. 

450 
WORKABLE RARE METALS, V, Th, AND U. W. DroU. 
Z. Metallkunde 28, 30-3(1936). 

Reduction of V2O5 with Ca In a mixt. of fused CaCl2 and 
BaCl2 yields a semicoUoidal powder which cannot be con
verted into a workable form by pressure and heat. If the 
powder is mixed with more Ca and the mixt. heated with 
CaCl2 and BaCl2 the resulting metallic powder can be read
ily pressed into slugs which, after sintering in vacuum in 
an induction furnace, can be cold-forged and rolled. Work
able Th can be prepd. in a similar way. Both V and Th 
sheets are embrittled by heating in BaCl2, but can be an
nealed in borax. 

451 
DISTRIBUTION OF RADIUM AND ITS ISOTOPES IN CRYS
TALLIZATION OF BARIUM CHLORATE. Bertrand Gold-
schmidt. Compt. rend. 203, 619-20(1936). 

The possibility that the distribution of the radioactive 
isotope between crystals formed from a satd. soln. of Ba 
(C103)2 to which the radioactive Isotope had been added, and 
the remaining soln. might vary according to the isotope has 
been examined, by crystg. Ba(C10,)2 to which had been 
added Ra (wRa"'), Act X („Ra'"), and Th X (e»Ra'") and 
detg. the activities of the products. No difference beyond 
es^tl. error, was found. (C. A. Silberrad) 

452 
HIGH-FREQUENCY MEASUREMENTS OF THE DIELEC
TRIC CONSTANT OF SEVERAL MINERAL SALTS IN DI
LUTE SOLUTION IN DIFFERENT SOLVENTS. Maurice 
Beauvilain. Ann. phys. 6, 502-60(1936). 

The method of resonance of tension at the terminals of 

the condenser of an oscillating circuit was adopted to meas
ure the dielec. consts. of aq. solns. contg. 0-0.0015 g. 
equiv./l. of soln. for the following salts: chlorides and ni
trates of Li, Rb and Cs; halides, chlorates, bromates, lo-
dates and nitrates of Na and K; chlorides of Mg, Ca, Sr, Ba 
and Cd; sulfates of Na, Mg, Zn, Cu, Th, La and Al; nitrates 
of Ca, Sr, Ba, La and Th; NaMoC4, LaCls, ThCl4, K3Fe(CN)j, 
K4Fe(CN),, Ca2Fe(CN)8; also, pure Me2CO, EtOH, MeOH, 
BuOH, glycol and glycerol, their solns. in water, and solns. 
of KCl in these pure and dil. solvents. The dielec. consts. 
of salts in water, glycerol and mixts. of these decrease 
linearly when the concn. of solute increases but for solns. 
of salts in the other solvents they decrease only after a cer
tain concn. is reached. The results are compared with those 
of others. Neither Debye's theory nor the theory of propa
gation in an ionized medium is verified. (Janet E. Austin) 

453 
PREPARATION OF AMINES FROM HIGHER ALCOHOLS. 
Yuichi Shinozaki and Hiraki Kubo. J. Agr. Chem. Soc. 
Japan 13, 1-5(1937). 

Cetyl a l e , m. 49°, and stearyl a l e , m. 58°, were prepd. 
from palmitic and stearic acid by hydrogenation under high 
pressure in the presence of Co. Twenty g. of the ales, were 
heated with 2 g. of powd. Th02 and 10 cc. of liquid NH3 un
der high pressure at 300-400°. The yield of amine was 
max. at 380°. The reaction product obtained from stearyl 
ale. consisted of stearylamine, which was identified as the 
HCl salt, Bz deriv. and Pt salt. Free cryst. stearylamine, 
m. 55-6° (m. 93° after standing in the air), was also prepd. 
Cetylamine, m. 78°, was also prepd. from cetyl ale. in the 
same manner and identified as the HCl and the Pt salt. 
Th02 was superior for the prepn. of the amine to other cata
lyzers such as AI2O3 and Ti02. (Y. Kihara) 

454 
MELTING-POINT CURVES OF INERT OXIDES. VIH. 
SYSTEMS WITH Ce02. H. v. Wartenberg and K. Eckhardt. 
Z. anorg. allgem. Chem. 232, 179-87(1937). 

M.-p. curves were detd. for mixts. of Ce02 with BeO, 
CaO, MgO, AI2O3, TIO2, Th02, Fe304, Mn304 and Cr20j. 
Only Cr203 forms a compd., CeCrO,. In the mixts., the 
Ce02 is more or less reduced to Ce203, but also it is quite 
stable and infusible up to 2600°. It is the only oxide that 
gives mixts. with Th02 melting above 2600°; it is therefore 
the most fire-resistant oxide known, and is very suitable as 
a ceramic material for severe requirements. The m.-p. 
curves of the mixts. La20s-Mg0, La203-Zr02 and Th02-
TiOj were detd. also. (H. Stoertz) 

455 
THREE-COMPONENT SYSTEMS COMPOSED OF COBALT 
CHLORIDE AND WATER WITH EITHER CALCIUM, STRON
TIUM OR THORIUM CHLORIDE. Henry Bassett, Horace 
F. Gordon, and Joseph H. Henshall. J. Chem. Soc. 1937, 
971-3. 

Complete data for the systems are given tabularly and in 
form of a phase diagram. No indications of double-salt or 
solid-soln. formation were found. (Gregg M. Evans) 

456 
COMPOSITE REFRACTORY BODIES SUITABLE FOR 
ELECTRON EMITTING ELEMENTS. Hallam E. Mendenhall 
(to Bell Telephone Laboratories, Inc.). U. S. Patent 
2,091,554, Aug. 31, 1937. 

A plurality of layers of pure Th are sepd. by a layer of 
W. 

457 
ELECTRON-MICROSCOPIC OBSERVATIONS UPON FIELD 
CATHODES. Erwin W. MuUer. Z. Physik 106, 541-50 
(1937). 

The description is given of a simple arrangement for the 
observation of the distribution of the directions of the elec-
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trons which are ejected from a single crystal when very 
high fields are used. The adsorption of electroneg. mate
r ia l s can thus be studied. By a corroding p r o c e s s fme me
tall ic points with perfectly flat surfaces can be produced 
and these are used for the examn. of field emiss ion . If such 
a cathode point i s placed opposite a phosphorescent screen 
an electron microscope i s obtained with a very high lateral 
magnification reaching up to 2 x 10°. This field electron 
microscope gives important information concernmg the de
pendence of field emiss ion upon the crystal structure, since 
the fine cathode point cons is ts of a single crystal . The dif
ferences between the works of emiss ion in the different 
crystallographic directions can readily be observed The 
effect of the adsorption of Th and O can be studied. (S. 
Tolansky) 

458 
L a SATELLITES OF SOME HEAVY ELEMENTS AND 
RARE EARTHS. Yvette Cauchois. Compt. rend 205, 519-
21(1937). 

The l ines h of Gd, and or,, Qt2, and TJ of Dy were r e m e a s -
ured, and one or more of a', a^, a'"', a'^, a^, of^" and 
at"" measured of Th. . . 

459 
COORDINATION NUMBER EIGHT. W. G. Penney and J S. 
Anderson. Trans. Faraday Soc 33, 1363-8(1937). 

Exptl. evidence indicates that at most only 8 e lements . 
Zr, Mo, Ru, Ce, Hf, W, Os and Th exhibit coordination no. 
e i g h t Twenty-four e lectrons can be absorbed into bonding 
orbitals in an eight coordinated complex. This i s true of 6 
of the above 8 e lements; Mo and W are exceptions which 
form complexes with groups of 25 or 26 valency electrons. 
The theory of mol. orbitals supports these facts . (M. 
McMahon) 

460 
DATA ON THEORETICAL METALLURGY VH THE 
THERMODYNAMIC PROPERTIES OF SULFUR AND ITS 
INORGANIC COMPOUNDS. K. K. Kelley. U. S. Bur. 
Mines, Bull. No. 406, 154(1937). 

The thermodynamic propert ies of S, SO2, SOs, SO, H2S, 
SO2CI2, Sb2S3, BaS, B12S3, CdS, CaS, CSj, COS, CoS, CU2S, 
CuS, FeS, FeS2, PbS, MnS, HgS, MoSj, MoSj, NiS, NH4HS, 
PtS, PtSj, RUS2, Ag2S, SrS, TI2S, SnS, WS2, ZnS, Al2(S04)s, 
BaS04, BeS04, CdS04, CaS04, C0SO4, CUSO4, FeS04, Fe2(S04)3, 
PbSOi, basic Pb sulfates , L12SO4, MgS04, MnS04, Hg2S04, 
N1SO4, K2SO4, Ag2S04, NajSOi, NaHS04, Na2S20,, SrS04, 
TI2SO4, Th(S04)2, T1SO4, VOSO4, ZnS04 and Zr(S04)2 are 
presented and crit ical ly discussed. A se l f -consistent s y s 
tem of thermodynamic relations for these substances i s 
given. By use of these data it i s shown (1) how approx. 
thermodynamic properties of a mixed sulfide can be obtained 
from the properties of its constituents, (2) that AI2CI3 can 
be made from Al2(S04)8 and NaCl, (3) or from Al2(S04)3 and 
CaCl2, (4) that the action of Mn in desulfurizing steel de
pends largely on reaction taking place during cooling, (5) 
that the interaction of sulfides and oxides of Fe permit r e 
covery of much of the S va low-grade Cu mat a s elemental 
S without the use of reducing fuel and (6) under certain con
ditions (detailed), use of Fe in reducing ZnS in complex Zn-
Pb sulfide ores appears feasible. A bibliography of 177 ref
erences IS given. (Alden H. Emery) 

461 
THE ATOMIC MASSES OF THE HEAVY ELEMENTS. A. J. 
Dempster. Phys. Rev. 53, 64-75(1938). 

Comparisons have been made between a s e r i e s of differ
ent at. m a s s e s by means of a double-focusing m a s s spectro
graph. A small displacement between the positions of mul
tiply charged ions of one m a s s and atoms of another m a s s 
i s measured and g ives a value for the difference in the 
packing fractions of the two at. m a s s e s . The following pair 
of ions were compared: S n * - T h * * . 

462 
EXTREMELY HIGH SOLUBILITY OF NITROGEN AND 
OXYGEN IN SEVERAL METALS; STUDIES ON ZIRCONIUM 
AND TITANIUM. J. D. Fast . Metallwirtschaft 17, 641-4 
(1938). 

Just a s metals such as Pd, V and Ti have unusually high 
H soly. so are there metals with abnormally large N and O2 
soly. The harmful influence of these g a s e s on the mech. 
propert ies i s very great. If msol . nitrides or oxides are 
formed in the metal the harmful influence i s much smal ler . 
Tl and Zr have great N and O2 soly.; Th forms msol . oxides 
and nitrides. X-ray mvestigation has shown that the l imit 
of O2 soly. in Zr i s about 40 atoms %; that of N soly. in Zr 
about 20 atoms %. The transformation of hexagonal a to the 
cubic 3 Zr resul ts after soln. of O2 or N or both g a s e s , no 
longer at a definite temperature (865° ± 10°) but over a 
temp, range whose s i ze depends upon the amt. of dissolved 
gas , at 10 atoms % O2 this amounts to over 600°. The sp. 
gr. of a Zr rod was increased from 6.54 to 6.60 by 10 atoms 
% O2. In contrast to H, the O2 and N taken up in Zr and Ti 
cannot be driven off by heating in high vacuum. Twenty 
re ferences . (C. B. Jenni) 

463 
THE DISINTEGRATION CONSTANT OF THORIUM AND 
THE BRANCHING RATIO OF THORIUM C. Alois F. 
Kovarik and Norman I. Adams, Jr. Phys. Rev. 54, 413-21 
(1938). 

Thorite from the same lot used by Geiger and Rutherford 
was used; it contained only a small amt. of U and correction 
was made for the ionium present. The half-value period of 
Th was found to be 1.39(10)'° years and the branching ratio 
Th C" to Th (C + C ) , IS 0.663. A method of impounding the 
Th, yet permitting or-particles to escape , i s described. 
(S. L Gerhard) 

464 
THE ELECTRIC POLARIZATIONS OF SOME METALLIC 
ACETYLACETONATES. A. E . Finn, G. C. Hampson, and 
L. E Sutton. J. Chem. Soc. 1938, 1254-63. 

The chelated structure often given for the metal acetyl 
acetonates IS expected to be nonpolar. Yet measurements 
at 25° in nonpolar solvents (CsHj, CCI4, n-C8Hi4, decalm, 
CS2) on several metal der ivs . (Be, Zn, Cu**, Al, Fe***, 
Co***, Cr***, Th, Zr) give total mol polarizations P 
greater than the electron mol. polarizations Pg by about 
45% of Pg. " P - P g shows only second-order dependence 
on the solvent " For the Be deriv. in decalin, P i s practi
cally mdependent of temp. T over the interval 25-142°. Ex
planation of these anomalies on the bas i s of chelate rmgs of 
low symmetry or solvent effects s e e m s unlikely. Incom
plete chelation cannot be the answer, for the completeness 
of chelation would vary with T, causing variation of P with 
T. Transitory e lec . moments may be imagined to ar ise 
from slow bending within the mol. due to thermal bombard
ment. "But rough calcns . indicate that the frequency of 
bending would be too high for the mol. to orient while bent. 
The only other explanation i s that the field can induce con
siderable moments by causing internuclear movements , a 
p r o c e s s called 'atom polarizat ion. '" (Oscar T. Quimby) 

465 
THE ABSORPTION SPECTRUM OF Th. T.L. de Bruin and 
J.N. Lier . Proc. Acad. Sci. Amsterdam 41 , 956-64(1938). 

Both the under-H20 spark and the method of e;qploding 
wires were used to investigate the absorption spectrum of 
Th. With the spark the observed spectrum cons i s t s of a 
contmuum on which are superimposed emiss ion l ines of 
Th' ' ' and absorption l ines of Th^^. With discharges of lower 
intensity the T h " l ines appear a l so in emiss ion . With the 
e:q>loding wires the observed contmuum i s c ros sed only by 
absorption l ines attributable to Th" and Th' and identical 
with the absorption l ines observed with the spark. A l i s t i s 
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presented of nearly 450 Th lines observed in absorption be
tween 5050 and 2187 A. 

466 
MAGNETIC PROPERTIES OF SUPERCONDUCTORS. D. 
Shoenberg. Nature 142, 874-5(1938). 

A magnetic field-magnetic moment curve for the super
conducting alloy Au2Bi approximates that of an ideal super
conducting element rather than that of a typical alloy. Since 
this alloy has a definite compn. (it is Insol. in Au or in Bi), 
it is evident that the behavior of superconducting alloys is 
not due to the fact that they are alloys, but to some second
ary cause such as inhomogeneity of compn. H(.-T curves 
are given for AU2BI, CuS and Th; their transition temps, are 
1.73°K., 1.61°K. and 1.32°K., resp. (G. M. Petty) 

467 
ARTIFICIAL PRODUCTION OF URANIUM Y FROM THO
RIUM. Y. Nlslna, T. Yasaki, K. Klmura, and M. Ikawa. 
Nature 142, 874(1938). 

Th nitrate, carefully freed from rhesothorlum and from 
other disintegration products except radiothorlum, was ex
posed to fast neutrons from Li which was bombarded with 
deuterons. Th, chemically sepd. from the irradiated sam
ple, showed 2 periods of /3-decay, one due to T h ' " (26 mln.), 
and one due to U Y (24.5 hrs.): T h " ' + n' — U Y " ' + 2n'. 
The 0-ray is neg.; the absorption coeff. In Al is 246 per cm. 
(G. M. Petty) 

468 
POSITRON SPECTRUM OF AN ACTIVE THORIUM DE
POSIT. A. I. Alikhanov and V. P. Dzhelepov. Compt. rend, 
acad. sci. U. R. S. S. 20, 113-14(1938) (in English). 

The positron spectra emitted by active Th deposits (C. A. 
30, 5118|) were repeated with a stronger positron source 
and improved app. Besides the y-line at 2600 kv. 6 new 
rays with energies 1350, 1500, 1600, 1800, 2200 and 3200 
kv. were found. The energy levels of the Th D and Th C 
nuclei were constructed. (E. A. G.) 

469 
ELECTRIC CONDUCTIVITY OF METALS AT VERY LOW 
TEMPERATURES. M. Desirant. Rev. universelle mines 
15, 73-8(1939). 

The various theories propounded to e:q>laln the elec. 
cond. in metals and supercond. at lowest temps, are dis
cussed. According to most recent investigations it is a s 
sumed that the usually measured resistance is not a funda
mental metal const, but depends quite particularly on ori
entation and cryst. condition of the metal; a polycryst. 
metal has a larger elec. resistance than a monocryst. met
al, e. g., the cond. of polycryst. Cu is 0.584 x lO' ohm"' 
while that of monocryst. Cu is 0.662 x lO' ohm"'. The ap
plication of quantum-theoretical considerations for the ex
planation of the behavior of temp, coeff. by the movement 
of the electron in a field of pos. ions is explained and ap
plied to Pt, Cd, Th, Sn, and Pb. Thirty-seven references. 
(M. Hartenheim) 

470 
THE IONIC SCHOTTKY EFFECT ON COMPLEX SUR
FACES. I. D. Konozenko. J. Exptl. Theoret. Phys. 
(U. S. S. R.) 7, 1412-15(1937). 

The Schottky effect for ionized Na atoms on a Th wire 
surface was studied at 1475-1810° and a dependence of the 
ionic current on the elec. field was found. When 6 = 0.02, a 
Schottky effect is found but for 6 = 0.2 or 0.4 deviations 
therefrom are observed. (F. H. Rathmann) 

471 
THE FORMATION OF ATOMIC GROUPS OF RADIOACTIVE 
ELEMENTS. Vladimir Majer. Chem. Listy 33, 8-12(1939). 

The spontaneous transformation of radioactive substances 
Is ascribed to the formation of an at. group and to the recoil 
of an aggregate. During the prepn. of radioactive substances 

by the method of repeated recoils of aggregates, this phe
nomenon expresses itself in the product as an invisible ac
tive ppt. which is contaminated by the maternal element: 
the active ppt. of Th by Th X and of Th C" by Th C, etc. 
Using an electrometer as well as a Geiger-Miiller counting 
chamber and employing the repeated-recoil method for the 
activation, M. followed the activity of a Th C" prepn. and 
found not only the usual Th C and Th B but also Th X which 
had not been reported previously. After a 15-min. period of 
activation the prepn. of Th C" contained 10% of atoms as 
Th X and 13% of atoms as Th B. The formation of at. groups 
must be considered as a frequently occurring phenomenon. 
The formed aggregates possess enough stability to pass 
from one Pt electrode to another Pt electrode during their 
activation in an elec. field and later to pass from the 2nd 
Pt electrode to the 3rd electrode during the subsequent ac
tivation and double filtration. (Frank Maresh) 

472 
XXXin. MAGNETIC PROPERTIES OF CERTAIN ELE
MENTS. Li Klemm. Z. Electrochem. 45, 354-7(1939). 

Measurements on carefully purified specimens gave the 
following results: 

xio' 

B 
Ti 
Zr 
Th 
V 

H' 
+20°C. 
-0.62 
+3.19 
+1.34 
+0.57 
+4.5 

' xu 
-183°C. 
-0.63 
+3.02 
+1.30 
+0.66 
+4.5 

f . t " 

+20°C. 
-6.7 
+153 ± 5 
+122 ± 5 
+132 ± 10 
+230 ± 30 

X U 

-183°C. 
-6.8 
+145 ± 5 
+119 ± 5 
+150 ± 30 
+230 ± 30 

where Xg is the gram and Xat is the atomic susceptibility. 
(W. W. Stifler) 

473 
EFFECT OF ADDN. OF NONELECTROLYTES AND OF 
TEMP ON THE TIMES OF SETTING OF SOME TRANS
PARENT INORGANIC GELS. Mata Prasad and D. M. 
Desai. J. Indian Chem. Soc. 16, 117-26(1939). 

The gels studied were Th arsenate(I), Th phosphate, Th 
molybdate. The nonelectrolytes used were Me, Et and Pr 
ales. , glycerol and pyridine. The addn. of increasing quan
tities of nonelectrolytes increased the time of setting of all 
gels except (n) in which an increase in temp, decreased 
the time of setting of all gels except that of (I) which showed 
an increase. The decrease in time of set can be explained 
on the basis of an increase in the agglomeration tendency 
and a decrease In the hydration tendency of the colloidal 
particles at higher temp. 

474 
ELECTROCAPILLARY THEORY OF THE SPLITTING OF 
HEAVY NUCLEI BY SLOW NEUTRONS. Ya. I. Frenkel. 
J. Ejqjtl. Thoret. Phys. (U. S. S. R.) 9, 641-53(1939). 

Theoretical-math. The artificial disintegration of U or 
Th atoms into 2 similar nuclei following absorption of a 
neutron is considered as a process involving surface effects 
of liquid droplets. When the ratio Eo (electrostatic) to Ug 
(surface energy) equals or exceeds 2.17 the spherical drops 
become unstable and disintegration should take place. 
(F. H. Rathmann) 

475 
FURTHER CONTRIBUTIONS TO THE PROBLEM OF THE 
ARTIFICIAL RADIOACTIVITY OF THORIUM. Elizabeth 
Rona, Herta Scheiehenberger, and Robert Stangl. Sitzber. 
Akad. Wiss. Wlen, Math.-naturw. Klasse, Abt. Ila, 147, 
209-15(1938). 

The relations of the transmutation processes brought 
about by bombarding Th with neutrons are examd. It is 
found that in agreement with Hahn and Meitner (C. A. 29, 
5737T) the actinium isotope with a half period of 12 mln. is 
formed from the 1-min. substance. The 1-min. and 12-min. 
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substances as well as the 3.5-hour product are largely 
produced by fast neutrons. Cd, Ag and Au filters did not 
show any influence. The activity of the 25-min. product is 
caused by thermal neutrons to an extent of 75-80%. This 
activity is not affected by Ag, Au, and Th absorbers. 
(Robert Simha) 

476 
REGULARITIES IN THE 3RD SPECTRUM OF Th. R. J. 
Lang. Phys. Rev. 56, 272-3(1939). 

The Th spectrum is very rich in lines and extends into 
the far ultraviolet beyond 200 A. The lines have been clas
sified into II and IH and IV as far as 1500 A. by means of 
the pole effect. A condensed spark in air and in N2 between 
metallic electrodes was used. The Th III spectrum lies on 
the short side of 3500 A with most of its strong lines be
tween 3000 and 2200 A 24 energy levels are given. 

477 
THE BINDING OF WATER IN HYDRATES OF MANGA
NESE DIOXIDE, TITANIUM DIOXIDE AND THORIUM DI
OXIDE. Oskar Glemser. Z. Elektrochem. 45, 820-9(1939). 

The greater proportion of the H2O in Mn02, Ti02, and 
Th02 hydrates is found to be loosely bound, the binding being 
•lapillary or osmotic (Hiittig's definition). The prepns. can 
be thought of as penetrated by canals of radius of about 100 
A. The remainder of the H2O is considered as bound in the 
interior of the colloid. (H. C. Thomas) 

478 
NUCLEAR ISOMERISM IN SELENIUM AND KRYPTON. 
Alexander Langsdorf, J r . , and Emilio Segre. Phys. Rev. 
57, 105-10(1940). 

The authors have studied the radioactive chain Se** -^ 
B r " — Kr**', and have identified the last as an excited state 
(Kr*") of the stable Kr", have shown the presence of an 
isomeric pair in Se" '^ " , and have chemically sepd. the 2 
genetically related nuclear isomers and confirmed and 
identified Se" . Further, they have shown that Kr" and B r " 
are produced by the fission of U and Th as well as by the 
bombardment of Se with deuterons and slow neutrons. (F. 
Gonet) 

479 
PROPERTIES OF SOME SUPERCONDUCTORS. D. Shoen
berg. Proc. Cambridge Phil. Soc. 36, 84-93(1940). 

The crlt. field curves of pure Al, Ga, Th and Zn were 
measured by a magnetic induction method. The values of 
the transition temps., Tj, in °K. and of dHg/dT in gausses 
per °K. are , resp.: Al, 1.150 ± 0.005°, 140 ± 5; Ga, 1.056 ± 
0.010°, 88 ± 5; Th, 1.368 ± 0.002, 191 ± 2; Zn, 0.84 ± 0.05, 
100 (± 10% approx.). A marked supercooling effect was 
found in Al and a smaller effect in Ga. A table is given for 
the degree of supercooling, s = l -HgHc, of Al. Ha is the 
value of the magnetic field (< He) above which the specimen 
remains in its normal state after the temp, has been in
creased through TQ and returned to its initial value at const. 
H. Only on reducing the field below H g does the diamagnetie 
moment appear. For Al, s ranges from 0.15 to 0.63. In 
e^qits. on Ti no superconducting state was found; the failure 
to find the effect is discussed. Mo did not become super
conducting above about 0.3°K.; U did not above 0.98°K. 
(H. C. Thomas) 

480 
A SECOND SERIES OF RARE EARTHS IN THE PLACE 
RESERVED FOR ACTINIUM IN THE PERIODIC SYSTEM. 
G. E. Villar. Ann. acad. brasil. sci. 12, 51-7(1940). 

On the analogy of the law governing the position of the 
rare gases in the periodic system it is concluded that tho
rium (90), protoactinium (91), uranium (92) and the 11 fol
lowing elements should occupy the place now occupied by 
actinium, a conclusion suggested by Madame Curie. It is 
also shown that on the basis of at. no., at. vol. and cohesion 

Th should belong to the subgroup of Sc and not to that of Tl. 
4 references. (A. H. Krappe) 

481 
CAPTURE CROSS SECTIONS FOR THERMAL NEUTRONS 
IN THORIUM, LEAD AND URANIUM 238. Lise Meitner. 
Nature 145, 422-3(1940). 

The total cross section for thermal neutrons in Pb is 
(2.5 ± 0.2) X lO"** sq. cm.; in Th it is (6.0 ± 0.3) x 10"'* sq. 
cm.; in u " ' , (1.5 ± 0.2) x 10"" sq. cm. The exptL proce
dure is described in detail. (G. M. Petty) 

482 
DISCHARGE TUBE. C. Lorenz A.-G. French Patent 
843,532, July 5, 1939. 

The current-supply wires which are exposed to chemical 
actions, particularly to atm. influences are covered with a 
layer of Th. The application of the layer is carried out by 
a galvanic method. 

483 
A SPATIAL-ENERGY CAUSE FOR COMPLEX FORMATION. 
G. Beck. J. prakt. Chem. 156, 227-40(1940). 

If the formation of a compd. from its elements Involves 
a marked contraction accompanied by a small energy 
change, a strong tendency to form complexes or double 
salts will be shown. The formation of the complexes or 
double salts leads to expansion and a large evolution of en
ergy. This is most marked for the alkali and alk. earth 
metal oxides, ammonia and the anhydrides of the strong 
acids. The application of the contraction exponent and the 
energy quotient, developed previously, to indicate the p res 
ence of strain or hypertension in the mols. is demonstrated. 
These values have a periodic character if oxides, fluorides 
or other compds. are plotted against the at. no. I r revers
ible hydrolysis takes place in compds. in which the con
traction e^onent is negative: that is , expansion rather 
than contraction takes place in the formation of the compds. 
The ds. of solns. of the rare earth sulfates were detd. and 
the molal vols, calcd. The values are high or low as the at. 
no. of the rare earth is odd or even. The contraction e:q)0-
nents of the oxides and sulfates show similar oscillation in 
value. The mln. in the oxides corresponds to the max. in 
the sulfates. The molal vols, for R2(S04)3 where R is La, 
Ce, Pr , Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er , Tu, Yb, Y, Sc, Ga, 
Rh, are , resp. , 147.7, 145.0, 150.1, 145.6, 145.0, 148.7, 
145.6 149, 161.3, 160.6, 161.4, 160.4, 160.2, 158.0, 145.4, 
131.9, 143. PdS04, 50.5 KjR(S04)j where R is La, Ce, Pr , 
Nd, 162.6, 168.5, 167.2, 170.9. The tendency of the anhy
drides of strong acids to enter into complex reactions was 
examd. by the detn. of ds. of solns. of resultant compds. 
and the calcn. of molal vols., contraction exponents and 
energy quotients. The compds. examd. and molal vols, 
found were: Na azidosulfonate (I), 72.7; Na sulfamate, 53.7; 
barium sulfamate, 104.4; sulfamic acid, 45.7; potassium 
fluosulfonate, 56.3; potassium fluochromate, 59.4; K3W2CI,, 
226.2; Rb2WOCl5, 155.5; thorium tetrafluoride (II), 48.8; 
zirconium pyrophosphate, 84.8; potassium osmate, 71.8; 
barium thiocarbonate, 73.4, gallium acetate, 133.0; scan
dium acetate, 140.5. Methods of prepn. are given for I and 
II, and detailed information as to the purity of the rare 
earth salts is listed. Much-less stable fluonltrates and 
fluopermanganates were prepd. but densities were not ob
tained. (J. P. McReynolds) 

484 
THE FOURTH (4n + 1) RADIOACTIVE SERIES. A. V. 
Grosse, E. T. Booth, and J. R. Dunning. Phys. Rev. 59, 
322-3(1941). 

(1) The Th capture product and the U capture product are 
not identical. (2) Th has a strong resonance capture above 
the Cd cut-off at less than 25 e.v. (3) J J A " ' could not be 
found. (4) j jeka-Ta" ' , a daughter of Th" ' , has a period of 
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27.4 ± 0.4 days; it emits neg. electrons with a max. energy 
less than 300 e. kv., and strong y-rays. (5) Hahn and 
itrassman have suggested that their 25-day j iPa" ' (C. A. 
32, 78154) might be an isotope of Zr (Naturwissenschaften 
28, 543(1940)); their first interpretation was correct. 
(G. M. Petty) 

485 
STUDIES ON AGING AND COPRECIPITATION. XXXIV. 
The aging of freshly precipitated lead chromate. I. M. Kol
thoff and F. T. Eggertsen. J. Am. Chem. Soc. 63, 1412-18 
(1941). 

Data are given for the effect of the manner of mixing of 
reagents, the effect of concn. of precipitants, and the effect 
of temp, and acidity during pptn. upon particle size of Pb-
Cr04. The speed of aging was measured (1) by following the 
rate of penetration of thorium B ions into the ppt. and (2) 
by measuring the rate of decrease of sp. surface with the 
wool violet adsorption method to make surface detns. Data 
are tabulated for the speed of penetration of Th B in PbCr04 
and for the rate of aging of PbCr04 in various media. The 
av. particle size of PbCr04 pptd. at room temp, decreased 
markedly with more vigorous stirring of the reaction mixt. 
Contrary to the von Weimarn rule the particle size of 
PbCr04 ppts. decreased with decreasing concn. of the pre
cipitants. Upon shaking relatively fresh imperfect ppts. of 
PbCr04 with a radioactive Pb soln. there is a rapid pene
tration of Th B into the solid. With fresh products a pro
nounced max. in the distribution of the Th B is found. The 
rates of recrystn. and of aging of fresh ppts. were found to 
be of the same order of magnitude in H2O, 0.01 M Pb(N03)2 
and 0.01 M K2Cr04, although the solubilities of the ppt. in 
these media are widely different. Apparently, the rate of 
aging is detd. by the rate of exchange of lattice ions be
tween the solid and the H2O film surrounding the particles. 
No indication of Ostwald ripening was found in media In 
which the soly. of the ppt. was small. The aging of PbCr04 
is greatly enhanced by the addn. of acids that increase the 
soly. With Increasing soly. part of the aging may be attrib
uted to Ostwald ripening. No aging was found in 95% etha-
nol. The soly. of PbCr04 in this medium is extremely 
small. (A. B. Garrett) 

486 
THE RESONANCE ENERGY OF THE THORIUM CAPTURE 
PROCESS. Llse Meitner. Phys. Rev. 60, 58-60(1941). 

It was pointed out in an earlier note (C. A. 34, 35829) r e 
garding the capture cross section for thermal neutrons in 
Th that the pure capture process has a resonance cliaracter 
with a large contribution from thermal neutrons. Expts. 
are now carried out to det. the resonance energy of this 
process. In, Rh and Au were used as detectors, having reso
nance energies 0.9, 0.9 and 3.5 e. v., resp. The results 
show that for E = 0.9 e. v. the exptl. cross section is much 
larger than the calcd., while for E = 3.5 e. v. the exptl. 
cross section appears to be somewhat smaller than that 
calcd. according to the 1/v law. The conclusion is that Th 
has a resonance level between 0.2 e. v. and 3.5 e.v. and 
probably in the neighborhood of 2 e. v. (Bernard Lewis) 

487 
THE SPREADING OF OILS ON WATER. I. IONIZED 
MOLECULES HAVING ONLY ONE POLAR GROUP. W. A. 
Zisman. J. Chem. Phys. 9, 534-51(1941). 

The spreading phenomena on water of drops of mineral 
oils contg. a wide variety of org. acids and amines having 
but one polar group were studied under conditions where 
dissocn. at the oil-water Interface could most readily occur. 
Particular emphasis is placed on the homologous series as 
an aid in sepg. the variables involved. Various phenomena 
of edge diffusion are described and a qual. theory is pre
sented. Edge diffusion is not a serious source of error in 

measuring the cross-sectional areas of the adsorbed mols. 
if there are over 13 C atoms per straight chain. The dif
ferent types of film spreading and break-up effects are 
described and the various phys. and chem. factors involved 
are discussed. The changes in the spreading effects due to 
varying the pH and to the presence in the water of Ca**, 
Cu**, Pb**, Fe***, Al***, La*** and Th**** on the inter-
facial film are described. Only the long-chain monobasic 
satd. acids form rigid films when affected by metallic ions, 
whereas other acids are either condensed somewhat or are 
unaffected. Short-chain metallic salts of these fatty acids 
are often oil-sol. and have brief lifetimes of adsorption. 
An exptl. proof is given that dissocd. long-chain acids and 
amines have infinite lifetimes of adsorption. The lifetime 
is short for mols. having less than 14 C atoms. The effect 
of Ca** on the spreading of oleic-stearic acid mixts. is 
given in some detail and also a theory of the results. The 
adsorbed acid mols. form two-dimensional film complexes 
with hydrocarbon mols. derived from the oil. (G. M. Petty) 

488 
THE ROLE OF MODE OF FORMATION AND PRELIMINARY 
TREATMENT IN THE ESTIMATION OF THE CHEMICAL 
ACTIVITY OF SOME TECHNICALLY IMPORTANT PREP
ARATIONS. TV. MEASimEMENTS OF THE IONIC MO
BILITY IN ELECTRONIC SEMICONDUCTORS BY THE 
EMANATION METHOD. J. A. Hedvall and Robert Jagitsch. 
Iva. 1940, 113-20. 

The emanation power of substances with electronic cond. 
indicates the faulty structures (lattice disturbances) of 
particles of atomic size while the movements of the elec
trons are without influence on it. Herewith, a supplemen
tary method of investigation for the elec. cond. in semicon
ductors is obtained. Measurements were carried out with 
ZnO, Th02, CuO, Fe20s, PbO and Ag2S, with Rd-Th indica
tor, and the faulty structures over greater temp, ranges 
are discussed. 
V. DIFFUSION OF RARE GASES IN SOLID SUBSTANCES. 
Ibid. 1941, 41-7. 

The concordance of the temp, increments of various salts 
as obtained from measurements in the literature of the 
emanation power on the one hand, the elec. cond. and diffu
sion on the other hand, leads to temp. Increments for the 
diffusion of rare-gas atoms in the lattice equal to that of 
the autodiffusion of the salt ions themselves, i. e., twice as 
high as that calcd. from the theory. An explanation assum
ing a proportionality between the no. of faulty structures 
and that of diffusion steps of the rare-gas atoms in the lat
tice is suggested. In addn., the diffusion in porous sub
stances and in crystals with inhomogeneous indicators is 
discussed where the emanation power is an almost linear 
function of the temp. (George Nachod) 

489 
A MODIFIED CALORIMETER FOR HIGH TEMPERATURES. 
THE HEAT CONTENT OF SILICA, WOLLASTONITE AND 
THORIUM DIOXIDE ABOVE 25°. J. C. Southard. J. Am. 
Chem. Soc. 63, 3142-6(1941). 

The calorimeter described here is to measure heat con
tents at high temps, (to 1500°); it is a modification of the 
standard one in which a capsule contg. the sample is heated 
in a furnace to a detd. temp, and at a given moment dropped 
into a calorimeter of known heat capacity. The modifica
tions described were introduced primarily to remove the 
necessity for dismantling a considerable portion of the app. 
to return the sample to the furnace in prepn. for another 
detn. This permits more rapid operation than has previously 
been consistent with good work. Data are given for the heat 
content above room temp, for woUastonite (to 1150°), tho
rium dioxide (to 1514°) and silica glass (to 1250°). The data 
are fitted with simple equations and the heat capacity de-
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rived therefrom The following values were obtained for 
H|oi,|)''K.-H29e i°K. andSiooo'K -S298 i°K. for woUastonite, 
thorium oxide and silica glass, resp. , 18,800, 12,160, 10,-
380, and 31 5, 20.5 and 17.2. (A. B. Garrett) 

490 
PHENOMENA OF ADSORPTION ON CELLULOSE Mme. 
J. Georges Gavoret. Ann chim. 15, 97-186(1941). 

Cond. detns. were made at const. pH and variable concn , 
then at variable pH and const, concn. by use of very dil. 
solns. of Pb and Th (chlorides, nitrates, picrates) and of 
Cu (ammoniacal complex) to study their adsorption by 
cellulose (purified cotton) at room temp. Conclusions: (1) 
Cellulose adsorbs the heavy metals with a preferential ad
sorption of their solvent (water) at a crit. point of low 
concn.; (2) it does not adsorb anions at the same pH as cat
ions nor at the same time except at the isoelec point; (3) 
it has a threshold of adsorption (I) at pH = 2.7 toward the 
heavy cations; (4) it possesses an adsorption and swelling 
which are dependent variables, both functions of pH; (5) it 
has a min. point of hygroscopicity concordant with I; (6) it 
possesses acidity and its crit. pH is an isoelec. point in the 
sense of neutrality with min. ionization (its basicity is pre
sumably very feeble, manifesting itself at a much lower 
pH), (7) it adsorbs heavy and hydrolyzable cations as me
tallic hydroxides in an exchange adsorption between H* of 
the cellulose with the cations, (8) it possesses a much lower 
I than or-cellulose whose pH is 4.5 regardless of its origin 
On the basis that 0- and y- differ from or-cellulose only in 
their phys states of less condensation, depolymerization of 
cellulose is accompanied by an increase in swellmg, reac
tivity and adsorption capacity. A review and discussion of 
cellulose structure, its amphoteric character, theories of 
fiber swelling, etc., is given with 121 general references 
and 67 special references relating to adsorption of metals 
by cellulose (S A. Hall) 

491 
A SUGGESTED REVISION OF THE SEVENTH PERIOD OF 
THE PERIODIC TABLE. G. E. ViUar J. Chem. Education 
19, 286(1942) 

The position of Th, Pa and U is questioned (Philip D 
Adams) 

492 
THE DISTRIBUTION OF AUTOELECTRONIC EMISSION 
FROM SINGLE-CRYSTAL METAL POINTS. II. THE AD
SORPTION, MIGRATION AND EVAPORATION OF THO
RIUM, BARIUM AND SODIUM ON TUNGSTEN AND MO
LYBDENUM. M Benjamin and R. O. Jenkms Proc Roy 
Soc (London) A180, 225-35(1942). 

A description of the field emission patterns from clean 
W and Mo is extended to include the surfaces covered with 
thin films of electropos. material. The deposited electro-
pos. atoms distribute themselves only over certain crystal 
faces for an optimum covering The conditions inhibiting 
surface migration are examd. The app used is described. 
Migration occurs at relatively low temps. Certain crystal 
zones are avoided by the migrating atoms. The atoms evap. 
more readily from certain crystal zones. Th is first mobile 
over a single crystal surface at about 870°K. Evapn. first 
appears at 2100°K. For an optimum covering of Th there 
IS a definite distribution of Th atoms leading to the cover
ing of about lialf the surface. No Th ever appears on a part 
of the surface corresponding to a (110) direction. The final 
Th distribution does not depend upon whether the Th is ob
tained from within the crystal by diffusion or externally by 
deposition. Evapn. takes place uniformly from the covered 
surface. Ba migrates at about 770°K. The distribution is 
similar to that of Th. On evapn. the Ba leaves the (110) and 
(100) regions first and adheres strongly to regions around 
(211) Evapn is evident at 900°K. The margin between the 

evapn. and migration energies is small so that on a poly
cryst wire Ba may evap. before migratmg. Na migrates 
readily over both Mo and W. Migration is observed at room 
temp, with thick films of Na, and is complete m a very short 
time at this temp Na, like Ba and Th, has also a preferen
tial distribution over the surface. From studies of Th on W 
compared with observations on thoriated W it is shown that 
the diffusion of Th occurs through the crystal lattice along 
certain preferred directions. (S. Tolansky) 

493 
FIRST SPARK SPECTRUM OF THORIUM CLASSIFICA
TION AND ZEEMAN-EFFECT DATA ON Th II. J Rand 
McNally, J r . , George R. Harrison, and Helen B. Park. 
J. Optical Soc. Am. 32, 334-47(1942). 

Five sets of exposures to the Th arc in silver, burning m 
a Bitter electromagnet at fields up to 93,000 oersteds, have 
given resolved Zeeman patterns for more than 800 lines of 
Th II. Data obtamed from these plates, measured with an 
automatic comparator and used in connection with improved 
wave-length measurements, have made possible classifica
tion of 1091 Imes of Th II as arising from 219 levels. These 
levels belong to two groups of terms between which no 
combinations have been found. Group A contains even terms 
arismg from d's (with a* Fjyj lying lowest), from d', and 
from ds ' , and odd terms from d'p, dsp and fds. About half 
of all terms expected from these configurations have been 
identified. Group B contains odd terms expected from fs' 
(with o ' ^1%° lying lowest), and fds, and even terms from 
fsp and fdp. g values are given for all levels, in many cases 
to withm 0.002 unit, which makes available a large no. of 
fairly exact exptl data for evaluation of perturbations. 
Partial tests of the g sum rule show good agreement with 
theory, though all terms are not yet available for inclusion. 
Perturbations of even those terms which lie low are rather 
large (W F. Meggers) 

494 
A SUGGESTED REVISION OF THE POSITION OF THORIUM 
IN THE FOURTH PERIOD OF THE PERIODIC TABLE. G. 
E. Villar. J. Chem. Education 19, 329-30(1942). 

The hypothesis of the existence of a second series of rare 
earths m the position of Act (at. no. = 89) ra ises the ques
tion whether the place now occupied by Act should be filled 
by the elements that follow it in the Periodic Table, or 
whether their respective at. nos. should be increased by 14 
units. The chem. and phys. properties of Th are explored 
in detail: they justify its transfer to the position occupied 
by Act. In its new position Th would be m subgroup A of 
Group HI, composed of elements whose similarity to it is 
greater than that found by those forming subgroup A of 
Group IV, where Th is now placed. A comparative study of 
the at. masses of the elements grouped with Th, Pa and U 
shows the incorrect position of these elements and suggests 
their transfer to the position occupied by Act. (G. M. Petty) 

495 
PHOTOACTIVATION OF ADSORPTION OF HYDROGEN ON 
THORIUM OXIDE. A. Luyckx, J. Bodart, and G Rens. J. 
Am. Chem Soc 64, 1731-2(1952). 

Irradiation of the system ThOj-H, after the pressure be
comes const, (about 2 mm.), with the light from a Hg lamp 
produces a regular and contmuous decrease of pressure; 
practically complete H adsorption occurs after 10 hrs . ; 
rates up to 1 cc. H at 2.3 mm. pressure per mm. for 40 sq. 
cm. of irradiated surface and 18 g. of Th02 have been ob
served In 1 case more tiian 8 cc. of H at normal temp, and 
pressure was taken up by 100 g. Th02. Thermally activated 
adsorption was observable at 420°. Adsorption is observa
ble only with the irradiation from a cold Hg lamp; this in
dicates that resonance radiation is involved and that it is 
at. H which is taken up by the adsorbent. At 20-30 mm. no 
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photoactivation is measurable. After many days of alternate 
irradiation and evacuation at 700° the rate of adsorption 
slowly decreases and falls to 10% of its initial value. The 
presence of O on the surface of the catalyst appears essen
tial. An increase in the rate of thermally activated adsorp
tion of H has been found for Cr03 and reduced Ni when a 
certain amt. of O was introduced to the adsorbent. (C. J. 
West) 

496 
STRUCTURE AND ZEEMAN EFFECT OF DOUBLY ION
IZED THORIUM, Th HI. T. L. de Bruin and P F A. 
Klinkenberg. Proc. Acad. Sci. Amsterdam 43, 581-90 
(1940); Chem Zentr. 1941, I, 7. 

The Th spectrum was studied by means of a Lummer 
plate and variable magnetic field. Since at an increased 
field strength the lines of higher ionization level become 
more mtense, the author succeeded m identifying the vari
ous lines corresponding to higher, ionization levels. The 
relative values, electron configuration, g-values, and term 
designation are given. The Imes of Th IH are tabulated ac
cording to their wave length, frequencies, intensities and 
term transitions. Many of the Th HI lines were formerly 
ascribed to Th II and Th I. A comparison with the spectra 
of La II and Ce HI shows that the relative arrangement of 
levels of similar configuration are similar. However, the 
relation of analogous terms is not similar. Thus, the fs 
configuration in Th IH as compared to the fd term is much 
lower than in Ce III. In the isoelec. series Ra 1, Ac II and 
Th in, the lowest configurations in Ra I are s ' , sp and sd, 
in Th m , as far as known, the lowest are fd and fs. (M. 
Hoseh) 

497 

MEASUREMENT OF THE HEAT OF EVAPORATION OF 
ELECTRONS FROM A THORIATED TUNGSTEN SURFACE 
IN AN ELECTRIC FIELD. L. N. Dobretsov. J. Exptl. 
Theoret. Phys. (U. S. S. R ) 11, 503-14(1941). 

Measurements were made in the region of the anomalous 
Schottky effect. Within the limits of error of the measure
ments, the results support the hypothesis that the anomalous 
Schottky effect is due to a change of the latent heat of evapn. 
produced by the elec field. (F H. Rathmann) 

498 
STUDIES OF THERMAL EXPANSION OF SOLIDS AT LOW 
TEMPERATURE. IH. CALCIUM, COLUMBIUM, THO
RIUM, VANADIUM, SILICON, TITANIUM. Hanns-Dleter 
Erfling. Ann. Physik 41, 467-75(1942). 

The expansion coeffs. of various elements were meas
ured between 40 and -215°, and compared with the theory of 
Griineisen (C. A. 7, 722). 

The following characteristic temps., 9, and values of y = 
a V/CpX at 10° were obtained. 

Element Ca Cb Th V Si Ti 

0 220 280 200 450 — 400-430 

y 1.14 1.59 1.3 1 30 1.2 1.30 

Good agreement with theory was noted with the first 4 ele
ments, except with V at temps, above -60°. The expansion 
coeff. of cryst. Si decreases from a small pos. value at 
room temp, to zero at about -130°, and at lower temp, be
comes neg. similar to that of molten Si. Rolled sheet of Ti 
was measured, so the value given is the av for a polycryst 
structure. Various samples of Zr differed greatly, and 
those having larger values at 0° decreased more rapidly as 
the temp, was lowered. (E Bleuler, H. P. Knauss) 

499 
EFFECT OF IMPURITIES IN THE COPPER ON THE ELEC
TRIC PROPERTIES OF CUPROUS OXIDE RECTIFIERS. 
P. V. Sharavskii. J. Tech. Phys. (U. S. S. R.) 12, 149-68 
(1942). 

Eighteen impurities were investigated: Be, Al, Si, Ag, P, 
Mn, Fe, Co, Ni, Zn, As, Cd, Sn, Sb, Au, Th, Pb and Bi In 
some cases it was impossible to prep rectifiers from the 
prepd alloys, mainly because of nonadherence of the CuO 
layer. This occurred for higher concns. of Al, Be, Si, Ni, 
As, Sn, and Sb. With Al and Si it was almost impossible to 
oxidize the surfaces. In general the elements were divided 
into 2 classes: (a) Be, Al, Si, P , Fe, Zn, Ag, Au, Sn, which 
increase the rectifier resistance m the conducting direction 
and decrease it in the reverse direction; and (b) Co, Ni, As, 
Cd, Sb, Pb, Bi, which increase the rectifier resistance in 
both directions Sb and Pb m limited concn scarcely change 
the resistance in conducting direction; they increase that m 
the reverse direction. Beneficial addns recommended are 
Sb 0.1% and Pb 0.1%. Any admixt to Cu increases the rec
tifier resistance The neg. effect of Zn can be compensated 
by Sb Photomicrographs of the surfaces are shown and 
discussed particularly in relation to diffusion rates of the 
added metals. (G. M Kosolapoff) 

500 
EXISTENCE OF A COMPLEX OF ELEMENTS IN THE 
PLACE RESERVED FOR ACT IN THE PERIODIC SYSTEM. 
G. E. Villar Proc. 8th Am. Sci. Congr. 7, Phys. & Chem 
Sci 39-43(1940) (Pub 1942). 

Considerations and analogies drawn from at nos. and 
electronic configurations indicate the existence of a group 
of radioactive elements m that place in the periodic table 
now occupied only by actinium. Either Th and the 13 suc
ceeding elements must be moved to join actinium, or their 
atomic nos. must be increased 14 units if they are to be 
retamed in their present places. (O. W. Willcox) 

501 
PHENOMENA OF REVERSAL OF CHARGE H R Kruyt 
and S. A Troelstra. KoUoid Beihefte 54, 262-86(1943) 

Various amts. of HNO3 (or NaOH) were added to a neg. 
Agl sol; varying amts of A1(N08)3, Th(N03)4, hexol nitrate, 
or strychnine nitrate were then added and the sign of the 
charge on the sol particles was observed Similar tests 
were made after addn. of alkali and Zn, Cd, Mg, Be and Ba 
nitrates to the Agl sol. In all cases reversal of charge 
occurs in the presence of small amts. of NaOH and suitable 
quantities of other electrolyte. For all cations studied ex
cept Cd and Mg a 2nd reversal can be obtained with higher 
concns. of NaOH Only Th shows reversal in weakly acid 
medium. Al, Be and Th form stable pos. sols; the pos sols 
of Zn, Cd and Mg ppt. Small inorg. multivalent ions alone 
are not able to reverse the charge on a colloid. The rever
sal with Al or Th is traced to a covering of strongly pos. 
hydrolysis products. In the same way artificial reversal of 
charge can be produced in alk. medium by bivalent cations 
if the hydroxide is insol. Univalent surface-active agents 
can accomplish reversal of charge, as well as ions that r e 
act with the surface or the adsorbed ion. The soly. products 
of the hydroxides were calcd. from the charge-reversal 
curves, as follows: Zn 10"" to 10"", Mg 10"", Al 10"", 
Th 10~". The amt. of K4Fe(CN), required to discharge a 
sol of Fe203 is proportional to the concn. of Fe203. Posi
tively-charged Fe203 sol particles are assumed to be 
charged by FeO* ions; neg. Fe203 is formed in alk. soln. by 
FeO.O" ions. Mutual flocculation of Agl and Fe203 sols 
yields a charge for the Fe203 less than half that obtained 
with the Fe20j sol and K4Fe(CN)8. (Donald C. Bond) 

502 

THE DIFFUSION OF SOME ELECTROLYTES IN VARIOUS 
ETHYL ALCOHOL-WATER MIXTURES Saara Asunmaa. 
Ann. Acad. Sci. Fennicae A53, No 11, 95 pp.(1940); Chem. 
Zentr. 1941, H, 1371. 

The diffusion coeffs. in water-ale. mixts. were detd by 
the method of &holm at 14 and 25° (calcd. throughout to 20°) 
for the following electrolytes: Nal, LiCl, KCl, KI, CsCl, 
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CaCl2, Ca(N03)2, CdBr2, Cdlj, AlClj, Al(N03)j, LaCl3, ThCl4 
and Th(N03)4. With the exception of the Nal studies, where 
10% concn. intervals, were used, the ale.-water mixts. con
tained 25, 50 and 75 vol.-% ale. The relation between the 
diffusion coeffs. and the electrolyte concn. was detd. over 
the concn. range of 0.10 to 1.00 equiv. per 1. except in the 
case of Nal, where an electrolyte concn. of 0.50 equiv./L 
was used throughout The equiv. conductivities of the solns. 
used were also detd. and compared with the diffusion coeffs. 
The equiv. conductivities at infinite diln. were obtained by 
extrapolation. From the values of x«, so obtained and the 
known transport nos. of the CI ion in solns. of KCl in water-
ale mixts. the ionic mobilities of the univalent ions K, Li, 
CI and I were calcd for the water-ale. mixts. used. From 
these values the diffusion coeffs. at infinite diln. were 
calcd. by use of the Nernst formula. (M. G. Moore) 

503 
ADSORPTION OF Th ON Ta. Charles J. Gallagher. Phys. 
Rev. 65, 46-50(1944). 

Th was evapd. from thoriated W onto a well-outgassed Ta 
ribbon, and the thermionic emission at 1390°K. was studied 
as a function of the time of evapn. The work function of the 
ribbon changed from 4.07 volts to 2.52 volts and the emis
sion const, decreased by a factor of 30. The ribbon was then 
held at 1550°K and the emission from the two sides was 
studied separately. The emission from the activated side 
decreased, whereas that of the clean side increased until 
both reached the same final level after about 20 hrs. This 
indicates that the adsorbed Th had migrated around the 
edges of the ribbon and distributed itself uniformly over the 
emitting surface (Guenther von Elbe) 

504 
THE ELECTRICAL CONDUCTIVITY OF THE SYSTEM 
ThOj-CeOj Mare Foex. Compt rend. 216, 443-5(1943). 

ThOj and Ce02 are isomorphous and form solid solns. in 
all proportions The apparent ds , true ds., and porosities 
of the mixts. ranged regularly from the values 7.7, 10.2 and 
25%, resp. , for pure Th02 to the corresponding values 5.0, 
7.3 and 31.5%, resp. , for pure Ce02 Resistivities meas
ured in O2, N2 and vacuum were at a max. for the mixt. 
eontg. 99 mols. ThOj to 1 mol. Ce02. In a reducing atm. 
(H) there was no max. but the resistivity decreased rapidly 
with Ce02 content. The resistivities were: for Th02 in O2 
and N2, 800,000 and 2,800,000, ohms-em., resp. , at 800° and 
15,000 and 42,000, resp., at 1200°; for 99 ThOj-l Ce02 in O2 
and N2, 1,800,000 and 6,200,000, resp., at 800° and 32,000 
and 80,000, resp., at 1200°. They then decreased regularly 
with Ce02 content to the values for pure Ce02 in O2 and N2, 
65,000 and 22,000, resp., at 800° and 340 and 90, resp., at 
1200°. The cond. of Ce02 is but slightly affected by small 
amts of ThOj. (L E. Sterner) 

505 
THE DIFFUSION AND DIALYSIS COEFFICIENTS OF POSI
TIVELY CHARGED ELEMENTARY IONS. THE DETER
MINATION OF THE DEGREE OF HYDRATION OF ELE
MENTARY IONS. H. Spandau and G. Spandau. Z. physik. 
Chem. 192, 211-28(1943). 

By measuring dialysis coeffs. Brintzinger, et al. (C. A. 
29, 35789, 5334j) evaluated the degree of hydration of many 
elementary ions. Kiss and Acs (C. A. 36, 6O665) found that 
in general the degree of hydration cannot be detd from 
dialysis measurements. To settle the question S. and S. 
examd. the dialysis data critically and compared them with 
the corresponding diffusion data. The results of neither B. 
nor K. are in agreement with the diffusion measurements. 
A redetn. of some of the dialysis coeffs. with a Cellafilter 
membrane in the usual app. gave results differing from 
those of both B. and K. For univalent ions and for Mg** and 
Ba** the new dialysis coeffs. are proportional to the diffu

sion coeffs. (proportionality const. = 1.42 ± 0.04); for ions 
of higher valence there is still no agreement. These results 
prove the superiority of Cellafilter membranes over those 
of cellophane of Cuprophan. It is concluded that only diffu
sion measurements give a reliable indication of the degree 
of hydration of ions. If it is assumed that the ion having a 
max. value for D|oz Vl^ (D,,, = diffusion coeff. at 10°, z = 
relative 77 of the soln., M = mol. wt. of the simple ion) has 
min. hydration and if it is further assumed that the hydra
tion IS 0, then this ion can be used as a reference ion for 
calcg the actual hydration of other ions. If Tl* is chosen 
as the reference ion on this basis the degrees of hydration 
calcd. for bi- and trivalent ions are improbably large (54 
for Ba**, 182 for Th***). This difficulty is eliminated by 
choosing a reference ion for each valence group (Tl*, Ba**, 
Bi***, Th****). The degrees of hydration found for other 
ions are then: CI 10, I 3 5, K 9.5, Be 10, Mg 9, Zn 9, Cu 
7.4, Ni 8.5, Al 13, Y 11, Ce*** 6.7, Cr*** 16.5, Fe*** 10.5 
The relation of von Hevesy (C. A. 8, 2526), D = ku/n (u = ion 
mobility, n = ion charge), is approx. true for a large no. of 
ions; the av. value of 1/k is 54.2. (T. H. Dunkelberger) 

506 
EMISSION SUPERMICROSCOPY WITH MAGNETIC LENSES. 
E. Kinder. Naturwissenschaften 30, 591-2(1942). 

The electron microscope has objective diapliragm 1 mm., 
Wehnelt diaphragm 2 mm., distance Wehnelt cylinder to ob
jective 10 mm.. Mo band to Wehnelt cylinder 0.5 mm. With 
50-e. kv. electrons, the electronoptieal magnification was 
1800, linear 15,000: 1. Distances of 150 rati could well be 
distinguished. The material photographed was thoriated Mo. 
(B. J C. van der Hoeven) 

507 
THE CAPACITY OF A Hg CATHODE IN THE PRESENCE 
OF MULTIVALENT CATIONS. M. Vorsina and A. Frumkin. 
Acta Physicochim. U. R. S. S. 18, 242-63(1943) (in English); 
J. Phys. Chem. (U. S. S. R.) 17, 295-310(1943) (in Russian). 

The capacities of the surface of a Hg electrode in dil. 
solns. of BaCl2, LaCls and ThCl4 have been measured. 
Throughout the eases examd. capacity maxima were ob
served at potentials corresponding to not very high neg. 
values of the surface charge. The magnitude of the surface 
charge, that of the potential at the distance of one ionic 
radius from the interface and the equiv. capacity of the elec
trode were calcd. from exptl. data. These calcns. show that 
the presence of multivalent cations brings about a reversal 
of the neg. charge of the electrode surface. Possible inter
pretations of this effect are discussed from the viewpoint of 
the double-layer theory. (F. H. Rathmann) 

508 
ELECTROENDOSMOSIS. TV, V. M. de Smet. Meded. Kon. 
Vlaamsche Acad. Wetenseh., Letteren schoone Kunsten 
Belgie, Klasse Wetenseh 4, No. 8, 31 pp.(1943); Chem. 
Zentr. 1943, H, 1865. 

The speed of electroendosmosis was detd. for solns. of 
A1(N02)3, La(N03),, Ce(NOj)3, Th(N03)4 and crystal violet at 
concns. of 0.01, 0.1, 1, 10, 100, 1000 and 10,000 miUi-
equivs. / I . Near the concns. at which the charges reverse 
the detns. could not be made because of the small forces 
acting on the particles. Crystal violet also reversed its 
charge. These and previous exptl. results are discussed 
theoretically and relations between eleetroldnetic and 
electro-energetic quantities are given. (T. H. D.) 

509 
THERMODYNAMICS AND STATISTICS OF ZEOLITIC 
SOLID SOLUTIONS. R. M. Barrer. Trans. Faraday Soc. 
40, 374-84(1944). 

The thermodynamic properties of the solns. of gases and 
vapors in zeolites are calcd. and the equil. const. K is in
terpreted in each of 3 ways, namely, thermodynamieally. 
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kinetieally and statistically. The existing data for the soln. 
of gases and vapors in zeolites and of H2 in Pd, V, Zr, Th 
and Ti are used to calc. the free energy and the entropy 
changes. The solute mols. are assumed to possess various 
degrees of mobility within the crystal lattice, and isotherms 
are then calcd. and compared with quantities derived from 
e^qitl. data. Good agreement was obtained when the solute 
mols. or atoms were treated as possessing a mobility cor
responding to 3 vibrational degrees of freedom in the inter
stitial vol. and with free rotation. No large fraction of the 
solute mols. can possess even one-dimensional translational 
freedom within the zeolite. A formal expression is derived 
for the occlusion of long-chain solutes that requires a spe
cial treatment to account for the gas-phase configurations 
which are no longer possible in the zeolitic channel. A 
thermodynamic criterion is given to show when occlusion 
will occur continuously and when new phases will appear. 
(Victor R. Deitz) 

510 
THE INCLUSION OF U IN A NEW SERIES OF "RARE 
EARTHS." G. E. Villar. Bol. facultad ing. Montevideo 11, 
No. 7, 14(1944). 

The evidence that U is a member of a second group of 
ra re earths is reviewed. It is concluded that this group in
cludes Th, Pa and U with the electron configuration of Rn 
plus (Of', Pd', Qs'), (Of', Pd', Qs') and (Of', Pd', Qs') elec
trons, resp. The chem. properties of U, in particular the 
tetravalency, are accounted for on this basis. (T. H. 
Dunkelberger) 

511 
THE EFFECT OF SOME ADDED ELEMENTS ON THE 
OXIDATION OF Ni. Lore Horn. Z. Metallkunde 36, 142-5 
(1944). 

Four exptl. Ni alloys contg. Ce 0.18-1.7, Th 0.25-3.4, 
Be 0.19-2.25, and Cr 1.95-29.2%, with addns. of Mn 0.5 and 
Si 0.3%, were heated In air at temps, up to 1200° for periods 
up to 160 hrs . and resistance to oxidation detd. Rates of 
oxidation increase parabolically with temp, generally; ex
ceptions in the Ni-Cr and Ni-Be alloys were due to increased 
protection provided by change in oxide compn. Apparent 
max. temps, for use are 1200° for Ni-Cr, 1150° for Ni-Be, 
and 1000° for Ni-Ce and Ni-Th. Complete data are given 
graphically. X-ray analysis identified the oxide on Ni-Cr 
alloys, with high Cr content, to be NiO.Cr203. (W. A. 
Mudge) 

512 
THE EFFECT OF THORIUM CHLORIDE ON THE POTEN
TIAL AT THE INTERFACE BETWEEN VITREOUS SILICA 
AND SOLUTIONS OF POTASSIUM CHLORIDE. Lloyd A. 
Wood (Harvard Univ.). J. Chem. Phys. 13, 429-39(1945). 

The effect of the presence of lO"* M ThCl4 on the £-po
tential at the interface between vitreous silica and 3 solns. 
of KCl was detd. by the streaming potential method. This 
trace of Th changed the f-potential, which was strongly neg. 
with the same solns. without added Th, to pos. values of 
smaller magnitude. The theory of Langmuir (C. A. 33, 
1195|, 11968) ^y which can be calcd. the thickness of the 
wetting fUm owing to the J-potential was extended to apply 
to these 4-1 , 1-1 electrolyte mixts., and the effect of this 
wetting film on the capillary rise of these same solns. was 
studied. With only one soln. (10"° M KCl) contg. added Th 
was the £-potential low enough so that the wetting film was 
negligible in the capillarimeter of Jones and Ray (C. A. 37, 
8I74). (G. M. Petty) 

513 
THE CHEMICAL AND RADIOACTIVE PROPERTIES OF 
THE HEAVY ELEMENTS. Glenn T. Seaborg (Univ. of 
Chicago). Chem. Eng. News 23, 2190-3(1945). 

Wartime research greatly accelerated the study of the 

elements of at. no. greater than 88—Act, Th, Pa, U, Np, 
and Pu. The hypothesis of a rare-earth-l ike transition 
series beginning with Act and called the "actinide" series, 
analogous to the "lanthanide" series beginning with La, is 
briefly discussed. The discovery of elements 95 and 96, of 
a new isotope of Np (Np'"), and of the occurrence of Pu in 
nature, and the large-scale production of Pu at Hanford are 
outlined. (Grant Crane) 

514 
MAGNETIC ROTATORY POLARIZATION. MOLECULAR 
ROTATION OF ORGANIC ACIDS AND THEIR SALTS. 
Rene de Mallemann and Fernand Guillaume. Compt. rend. 
220, 740-2(1945). 

The mol. rotation n of pure liquid AcOH (A = 578 mji) is 
148 X 10"° radians (hereafter the const. 10"' is omitted). 
The COOH group has O = 72 calcd. from the at. rotations 
for C and H detd. exptly. on gases. This value of U is 
accurate for the higher homologs but il for HCO2H is 73. 
A precise study of AcOH solns. gives O = 148-150.5 calcd. 
by difference from H2O in passing from pure AcOH to N 
AcOH soln. for oxalic acid n = 162 or twice that obtained 
for COOH from oxalic acid at equiv. dilns. Succinic, malic, 
tartaric, and other acids in aq. solns. lead to lower values 
for COOH, approx. equal to that for AcOH. For succinic 
acid n. lO' , 26.1 (calcd. 26.0), malic 26.55 (calcd. 26.6), 
tartaric 271 (calcd. 27.2). Mellitic acid contains 6 COOH's 
joined directly to one benzene nucleus. At c = 45.5 Q = 
900. For the benzene nucleus O = 490, and 490 + (6 x 72) = 
922. The difference is not much beyond the exptl. error . K 
mellitate confirms this value. Citric acid and its K, K2, and 
K3 salts show a diminution of about 5% arising possibly from 
the presence of a 3° OH group. PhCOOH in EtOH gives fZ = 
644 whereas the value calcd. for dil. aq. solns. is 654. As
suming n for COO" in AcOH is 72, the rotations of the me
tallic ions as detd. in the acetate solns. at 1.25 N ionic 
equiv. concns. are Na*33, K*54, NH4*88, Mg** 0-5, Ca** 
15, Zn**36, Sr**40, Ba**85, Cd*+105, Pb**585, Th*555. 
The value for K is confirmed by measurements of the for
mate, oxalate, tartrate, malate, benzoate, and mellitate. 
The preceding series is also confirmed by the data for the 
chlorides, bromides, sulfates, and nitrates. (A. P. S.) 

515 
RESEARCHES ON ELECTROENDOSMOSIS. A. J. Rutgers 
and M. de Smet (Univ. of Ghent, Belgium). Trans. Faraday 
Soc. 41, 758-71(1945). 

The velocity with which a thread of liquid in a capillary 
moves under the influence of an elec. field of 120-60 v./cm. 
was measured by means of a microscope with ocular mi
crometer. The calcd. zeta potentials are independent of the 
radius of the capillary over a 2.5-fold range. Zeta poten
tials were detd. at a wide range of concns. for aq. solns. of 
the nitrates of K, NH4, Li, Cs, Ag, H; also KCl, KI, KOH, 
K2SO4, and K4FeCN8; nitrates of Zn, Ca, Mg, Ba, Al, La, Ce, 
and Th; solns. of crystal violet and of Na isobutylnaphtha-
lenesulfonate. The zeta potential-log c curves for the elec
trolytes with univalent cations (except HNO3 and KOH) had 
the same character. The glass wall behaved as a H-ion 
electrode or as the metal-ion electrode depending on the 
concn. and the electrolyte. Zeta potentials were also detd. 
for solns. of KI in water, acetone, MeOH, EtOH, PrOH, and 
iso-PrOH at several concns. The zeta potential-log c 
curves did not differ In principle from those obtained from 
water solns. The extension in concn. at which the glass 
wall behaved as a H-ion electrode decreased in the order: 
water, MeOH, EtOH, PrOH, iso-PrOH, and acetone. The 
zeta potential in the cases of EtOH, PrOH, and iso-PrOH 
could be reversed by use of KI. (Victor R. Deitz) 

516 
COORDINATION COMPOUNDS OF ETHANOLAMINES AND 
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ETHYLETHANOLAMINES, AND THE TANNING ACTION 
OF ETHANOLAMINECHROMIUM COMPLEXES. H. 
Brintzinger and B. Hesse (Friedrich-Schi l ler-Univ . , Jena) 
Z. anorg. Chem. 252, 293-304(1944). 

By reaction of MeOH solns . of metal chlorides , bromides , 
or sulfates with ethanolamine (em), diethanolamine (diem), 
triethanolamlne (triem), ethylethanolamine (Etem) or ethyl-
diethanolamine (Etdiem), the following new compds. were 
prepd.: [Th(em2-2H)]Cl2; [Th(diem-2H)]Cl2.diemHCl, yellow, 
[Cr4(diem-H)4(OH)8]Cl2.4H20, blue-black; [Th(triem-2H)]-
Cl2.tr1emHCl.3H2O, co lor l e s s ; Th(triem-2H)Cl2.4H20, co lor
l e s s ; Sn2(triem-H)Cl3.3H20, co lor l e s s ; [Cr4(triems-2H) (OH),] 
CI2.IOH2O, blue-black; [Co(Etem-H)]-Cl. 2H2O, dark green; 
[Cu{Etem-H)]Cl, green; [Cu(Etdiem-H)Cl], dark green, 
[Zn{Etdiem-H)Cl], white; [Co(Etdiem)2]Cl2, rose ; [Ni(Et-
diem)2]Cl2, blue; [Ni(Etdiem)2]Br2, blue-green; [Ni(Etdiem)2] 
SO4, pale blue and [Th(Etdiem-2H)]Cl2.EtdiemHCl, yellow. 
The formulas were established by analys is . In their tend
ency to form complex compds. , the ethyl-substituted etha-
nolamines lie between triethylamine and trietlianolamine. 
The polynuclear Cr complex compds. of diethanolamine and 
triethanolamlne are able to harden sheet gelatin and to con
vert hide into leather. This leather, however, exhibits a 
considerable shrinlcage by heat and also has the blue colora
tion of the ethanolamine complex. (Carolyn Kruse) 

517 
PERMUTOID TRANSFORMATION OF FATTY ACID 
CRYSTALS INTO METALLIC SOAP CRYSTALS AND THE 
TEMPERATURE DEPENDENCE OF THE TWO-DIMEN
SIONAL PRESSURE OF MONOLAYERS. A. A. Prapeznikov 
(Colloid-Elektrochem Inst., Acad Sci . , U. S S. R.). 
Compt. rend acad. s c i U. R. S. S 47, 344-7(1945); Doklady 
Akad. NaukS. S. S. R. 47, 349-53(1945). 

The penetration of crysta ls by e lectrolytes and the dif
ferent s tages of the interaction of multivalent cations with 
fatty acid mols . within the crystal become apparent in a 
study of the temp dependence of the two-dimensional equil. 
pressure of the monolayers that form upon spreading. The 
effect of e lectrolytes contg. multivalent cations manifests 
itself in the marked lowering of the two-dimensional p r e s 
sure a s compared with the equil. pressure on pure H2O. 
Following IS the equil. pressure (dynes/cm.) of a palmitic 
acid monolayer m contact with different underlying solns . 
Temp, is 75° above the m.p. of the crysta ls . H2O 31.7; 0.02 
N CaCl2 33.0; 0.02 N Th(N03)4 19.5; 0.02 N CUSO4 8.7; satd. 
Ca(OH)2 13.7. This a lso furnishes a new method of obtaining 
pure metal l ic soaps , free from univalent cations. The in
teraction of fatty acid crysta l s with e lectrolytes reaffirms 
that crysta l s in the hydrated state are three-dimensional 
analogs of monolayers (Lewis J. Ross) 

518 
NEW ELECTROCAPILLARY PHENOMENA. A. N. Frumkin 
(Inst of Colloid- and Elec tro-chemis try , Acad of Sc iences 
of the U S.S.R , Moscow) J. Colloid Sci. 1, 277-91(1946). 

The effect of the double layer on (1) the dynamic behavior 
of metals m the liquid state and (2) the mech. hardness of 
metals in the solid state i s considered. The action of an 
e l ec . field on the charges of the double layer, which in the 
case of a dielec . particle in electrolyte solns . g ives r i se to 
the usual electrokinetic movement, induces e lectrocapil lary 
movement in the case of a liquid metal drop in an electrolyte 
soln. The velocity of e lectrocapil lary movement i s a func
tion of the field intensity, surface charge, particle radius, 
7) of the liquid metal, and of the electrolyte soln. The nature 
of the damping effect exerc i sed by the charges of the double 
layer on the movement of the liquid metal surface i s con
sidered. The motion of the surface i s related to the polaro-
graphic max. observed in the current-voltage curves of 
dropping-Hg e lectrodes . The values of the potential ob

served at the max. of the electrocapil lary curve for molten 
Te , Pb, Zn, and Th (as measured by Karpachev and Strom-
berg, C A . 37, 3322;) correspond c lose ly to the potentials 
observed by Rebinder and Venstrem ( C A . 39, 24463) ^t the 
max. liardness of the solid metal. (H. K. Livingston) 

519 
SOLUBILITY DETERMINATIONS BY MEANS OF MICRO-
HARDNESS TESTS. Helmut Buckle (Kaiser Wilhelm-Inst. 
fur Metallforschung, Stuttgart, Germany). Metallforsch. 1, 
43-7(1946). 

A method i s described by which soly. can be detd. by 
means of microhardness t e s t s . This i s based on the fact 
that the microhardness of mixed crysta l s increases in the 
homogeneous range in proportion to the concn. up to the 
l imit of satn. , above which point the hardness becomes 
const . , but increases in concn. are made perceptible m the 
structure by an increasing no. of sepd. part ic les . A dia
mond pyramid indentor i s used, and the app. and measuring 
technique are descriljed. The soly. of Be, Ti, and Th in Al 
were detd. The resu l t s show: for Be 0.063% at 645, 0.047% 
at 635, 0.024% at 600, 0.009% at 500, and 0.005% at 400°; for 
Tl 0.14% at 640, 0.11% at 600, 0.08% at 500, and 0.07% at 
400°; for Th 0 001% at 620°. (H. Stoertz) 

520 
EMANATION METHOD IN THE GLASS LABORATORY. I. 
Ni ls Aberg (Inst. Sililcatkemisk forskning, Goeteborg). Ar -
kiv Kemi, Mineral. Geol. A18, No. 15, 9 pp.(1944)(in Ger
man). 

Th X IS either fused together with g l a s s , or a soln. of Th 
X IS evapd. on the g lass surface. The sample i s heated in 
the furnace and the radioactive emanation is transported by 
a gas s tream into an ionization chamber. The curve of 
radioactivity v s . temp, shows inhomogeneities indicative of 
changes in the g lass . A. thus shows the different steps dur
ing the fusion of a pulverized Na si l icate. He a l so dets . the 
transformation intervals of 3 g l a s s e s of the compn. (1) S1O2 
75.7, NajO 13, CaO 11.3%; (2) S1O2 72 3, AI2O3 1.0, Na20 
15.2, KjO 0.7, CaO 10.4, Fe203 0.1, MnO 0.13%; (3) Si02 
69.5, AI2OJ 3.7, Na20 16.2 , K2O 0.9, CaO 9.25, Fe203 0 .1 , 
MnO 0.3%, to be 550-640; 475-560; 500-590°, resp. (S. 
Pakswer) 

521 
INTERMETALLIC COMPOUNDS OF THE MORE ELEC
TROPOSITIVE ELEMENTS. A. landelli (Univ. Genova, 
Italy). Gazz. chim. ital. 77, 24-45(1947). 

The e lements concerned in the study are c lass i f ied in 4 
general groups: (A) contg. the alkali, alk. earth, and rare 
earth metals ; (B) contg. transition e lements from the Ti to 
the Ni groups; (C) contg. e lements intermediate between 
metals and metalloids; and (D) metalloids. Included in (A) 
are Li, Na, K, Rb, Cs , Mg, Ca, Sr , Ba, Ra, Sc, Y, rare 
earths; in (B) Ti, Zr, Hf, Th, V, Cb, Ta, Cr, Mo, W, U, Mn, 
Re, Fe , Ru, Os, Co, Rh, Ir, Ni, Pd, Pt; in (C) Cu, Ag, Au, 
Be, Zn, Cd, Hg, B, Al, Ga, In, Tl; in (D) C, Si, Ge, Sn, Pb, 
N, P, A s , Sb, Bi, O, S, Se, Te , F, CI, Br, I. This c lass i f i 
cation IS d iscussed cri t ical ly in connection with the e l e c 
tronic structures of the e lements , their capacity to form 
al loys with one another, and the possible types of valence 
in the corresponding intermetall ic compds. The factors that 
govern the formation of an intermetall ic compd of a metal 
of group A and an element of another group are , with r e 
spect to the metal of group A, its tendency to ionize when 
it comes in contact with the atoms of e lement X, the no. of 
pos charges acquired as a result , and the dimensions of 
the ions formed. With respect to element X, the governing 
factors include its electronic affinity, i ts tendency to form 
a partial neg. lattice (which might be regarded as e lectronic 
lattice affinity), the no of e lectrons that the partial lattice 
of atoms of X can acquire, and the dimensions of the atoms 
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of element X that form a lattice of this kind. Of the elec
tronic affinity and tendency to form a partial lattice, the 
first has the greater effect with the most electroneg. ele
ments of group D, the second with the other elements of 
group D and those of groups B and C The no. of electrons 
acquired by the partial lattice varies from a min. no. nec
essary to stabilize the structure to a max. corresponding to 
the no. of bonds between the X atoms (the electronic concn. 
for the X atoms). The greater their dimensions, the smaller 
their ionization potentials, and the higher their charges, the 
greater are the differences between metals of group A and 
those of the other groups. For X elements that are not 
highly electroneg., i.e., metals of groups B and C, the higher 
the at. no. the greater the tendency to form intermetallic 
compds., either because of the corresponding increase in 
dimensions, or by a greater no. of bond orbits. In compds. 
formed of elements of group A with elements of other 
groups, the forces that act in the intermetallic phases in 
accordance with the Hume-Rothery law are in part mani
fest. In 1 phase the 2 metals contribute equally to the 
stability of the lattice to the extent that it is maintained 
within a certain range in the proportions of the 2 atoms in 
the alloys (whereby the ratio of electrons to atoms varies 
from a min. to a max.). In the other phase, the metal of 
group B, C, or D forms a partial lattice in a similar way, 
whereas the sole function of the metal of group A is to give 
up the necessary electrons. In this case too, for any given 
dimensions of the element of group A, the lattice is within 
a definite range of concn. of the valence electrons. Whereas 
for the Hume-Rothery phases, this concn. can be varied 
continuously because the 2 atoms function equally, in the 
other case this cannot in general happen except discontinu-
ously because of the difference in the 2 atoms. If there 
were sufficient data available, it should be possible to c a l c , 
for any given structure, the ranges of electronic concns. 
(in this case calcd. differently from the Hume-Rothery 
phases) that would render this possible for any dimensions 
of A atoms. (C. C Davis) 

522 
THE VAPOR PRESSURES OF POTASSIUM FERRICYANIDE 
AND THORIUM NITRATE SOLUTIONS AT 25°. R. A. 
Robinson and Barbara J. Levien (Auckland Univ. Coll., 
Auckland, N. Zealand). Trans. Proc. Roy. Soc. New 
Zealand 76, 295-9(1947). 

The vapor pressures of aq. solns. of K3Fe(CN)8 and Th-
(N03)4 were detd. at 25° by the isopiestic method. The os
motic and activity coeffs. were detd. from these data. Ions 
of high neg. charge cause greater deviations from ideal be
havior than ions of high pos. charge. It is postulated that 
this effect is due to the extensive hydration of the pos. ions 
in contrast to the neg. ions. (S. E. W.) 

523 
THE STUDY OF CONDENSATION PHENOMENA IN INOR
GANIC CHEMISTRY. I. METHODS OF DIFFUSION AND 
DIALYSIS. P. Souchay. (Faculty sci., Paris). Bull. soc. 
chim. France 1947, 914-24. 

The principles of methods of diffusion and dialysis is 
given, which with cryoscopy permit the direct detn. of the 
degrees of condensation of inorg. ions. The conclusions of 
Brintzinger on dialysis methods are compared with those 
derived from other techniques and shown to be generally 
inexact. The results of dialysis methods differ greatly with 
the membrane used. The diffusion method cannot give the 
degree of condensation of the ions exactly because (a) it is 
not an exact method and the formula of Riecke is only 
approx.; (b) the degree of hydration of the comparison ion 
has not always been considered and is not known with pre
cision; (c) contradictions in the calcns. of the masses of 
ions derived from the exptl. results of Jander were revealed 
(especially in the case of vanadic ions). 

n . UTILIZATION OF CRYOSCOPY IN SALINE MEDIA. 
Ibid. 143-56. 

S. measured the cryoscopic depressions accompanying 
the titration of solns. of the following salts with acid: Na 
stannate, Na silicate. Be sulfate; the nitrates of Cr, Al, Fe, 
and Th; the selenitomolybdates and sulfitomolybdates; the 
methylarsinatomolybdates, the molybdomalates and molyb-
dotartrates. Cryoscopy in saline soln. often permits the 
detn. of the degree of condensation of numerous iso- and 
hetero-complexes. This method is more rapid, less deli
cate, and leads to easier interpretations than do the tech
niques of diffusion and dialysis. (L. A. Sarver) 

524 
This reference has been intentionally omitted. 

525 
MECHANISM OF ATTAINMENT OF EQUILIBRIUM IN THE 
DISTRIBUTION OF A MICROCOMPONENT BETWEEN A 
SOLID CRYSTALLINE ISOMORPHIC PHASE AND A MELT. 
V. G. Khlopin, V. R. Klokman, A. N. Murin, and V. D. 
Nefedov. Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk 
1950, 127-36. 

The distribution coeff. K of Ra between a melt of NaN03 + 
Ba(N03)2 13.5 mol. %, kept at 315°, and crystals of initially 
inactive Ba(N03)2, in an amt. corresponding to 40-50% of the 
total Ba(N03)2 present, was detd. with crystals of a definite 
nearly uniform size. With crystals of an av. diam. of 2.9 x 
10"* cm., the equil. K was detd. to be 0.45, and the rate of 
attainment of the equil. distribution was independent of the 
rate of stirring; the same K value was attained in 4 hrs . 
with and without stirring. If, on that basis, it is concluded 
that the distribution process of Ra between the melt and the 
crystals is detd. mainly by diffusion of Ra in the solid, the 
diffusion coeff. of Ra in Ba(N03)2 crystals of the given size 
is calcd. to 1.03 x 10"' sq. cm./24 hrs. In another series 
with crystals of av. diam. 2.6 x 10"' cm., i.e. 100 times as 
coarse as in the 1st series, equil. was attained in 8 hrs. , 
i.e. required only twice as much time. This casts consid
erable doubt on the rate-detg. role of the diffusion of Ra in 
the solid phase. With crystals of the av. diam. 5.4 x 10"', 
grown slowly in order to ensure as nearly perfect a surface 
as possible, equil. was attained in 15 hrs . , i.e., in a time 
only 3.5 longer than with crystals 10* times finer, and the 
diffusion coeff. is calcd. to 1.2 x 10"* sq. cm./24 hrs . , in 
Impossible disagreement with the value found with the 
finest crystals. The true value of the diffusion coeff. of Ra 
in cryst. Ba(N03)2 was, on the other liand, obtained by direct 
detn. by the emanation method. A known amt. of Ta was ad
sorbed on the crystals and the amt. of Rn measured at defi
nite time intervals. The emanating ability of the prepn. de
creases with time as a result of slow diffusion of Ra from 
the surface into the Interior of the crystals. From these 
detns., the diffusion coeff. at 300° is calcd., for rather Im
perfect crystals with an initial emanating capacity of only 
30%, to 2.3 X 10"", and for 2 samples of more perfect 
crystals with an initial emanating capacity of 41.5% (i.e. 
close to 50%), to 2.8 x 10"" and 1.2 x 10"" sq. cm./24 hrs. 
Similar detns. made with Th X, by emanation of thoron, 
gave a diffusion coeff. of Th X in Ba(N03)2 somewhat higher 
than that of Ra, with the ratio of the diffusion coeffs. of Ra 
and of Th X = 0.74. The deviation from unity is accounted 
for by exptl. uncertainties. The true rate of diffusion of Ra 
in solid Ba(N03)2 being as low as 10~", this process cannot 
be detg. for the attainment of the distribution equil. The 
rate-detg. process is rather the recrystn. of the solid phase 
in contact with the melt. (N. Thon) 

526 
RATE OF VAPORIZATION OF BRINES. Antoni Basiiiski 
and Zenon Czerwinskl. Przeglad Gorniczy 6, 269-76(1950). 

In the recovery of NaCl from satd. solns. of rock salt 
(NaCl 97.81, KCl 0.87, MgCl2 0.18, MgS04 0.37, CaSO, 0.66, 
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and Ca(HC02)2 0.08%), evapn. was greatly retarded owing to 
formation of a supernatant crust of pyramid like crystals 
of NaCl This was caused by river water used for making 
up the brine and having a temporary hardness of 6.16-12 30° 
German. The greater the hardness, the tougher the crust 
With distd H2O, evapn was rapid, the surface was free 
from crust, and the crystals were cubical throughout. The 
following means were effective in overcoming the deleteri
ous effect of Ca(HC03)2 in the brine (1) addn. of org or 
inorg acids in amt. sufficient to reduce the pH to 2 10-
3.50; (2) addn. of various vegetable oils (which, however, 
form insol Ca soaps), paraffin oil, paraffin, or turpentine 
to provide 0 238-0.370 mg. of the surface-tension-reducing 
agent per each sq. cm. of brine surface, (3) filtering through 
adsorbents such as activated C, silica gel, "kationite," or 
Permutit; (4) addn. of multivalent metal salts ThCl4, 
2Zr02.3N205, CeCl3, AlClj, La(CH3COO)3, U02(NOj)2, 
KA1(S04)2.12H20, FeCl3, and "dldymium" nitrate, which un
dergo hydrolysis to form free acids for the reaction with 
Ca(HC03)2, whereby CO2 is liberated and the metals are con
verted to gelatinous hydroxides acting probably as adsorb
ents, (5) addn. of K3Fe(CN)8 or K4Fe(CN)8 which, however, 
causes crystn. of NaCl in the form of fine powder having a 
pronounced tendency to creep upwardly along the wall of the 
glass vessel; (6) addn. of (NH4)2C204 or (NH4)2C03 followed 
by removal of the ppt. in the latter case; and (7) electrolysis 
with current of 2 4 v. and c d of 0 5 miUiamp./sq. cm., 
which gave very favorable results on an industrial scale 
Expts. with artificial brines showed that Ca and Mg ions in 
combination with SOj" cause crystn. of NaCl in the form of 
hollow pyramids which are buoyed by air and steam but 
readily sink, unless Ca(HC03)2 is present in relatively large 
amt to cause their agglomeration into a compact crust 
Smce 1948, KA1(S04)2 has been used on an industrial scale 
with a large increase in output (Bruno C Metzner) 

527 
SEVERAL SCHEMES OF DISINTEGRATION ACCORDING 
TO THE METHOD OF COINCIDENCES. G. A Renard 
(College of France, Pans ) . Ann. phys. 5, 385-450(1950). 

The method of coincidences is utilized to study the dis
integration schemes of several nuclides. The principles, 
theory of measurements, limits to which the method may 
be employed, and practical applications of the method are 
discussed. V " is studied and found to emit a group of 
weak electrons which are not coupled with /3-rays. These 
electrons are from the isomeric transition of v " with a 
period of 3.74 mm., the transition corresponding to C r " 
having a period of 2.5 min. The y-rays of this transition 
have an energy of approx. 250 e.kv. and are almost entirely 
converted. The simplicity of the spectrum of Au'" is con
firmed by the measurement of the 0-y coincidences. The 
y-y coincidences show that only a y-ray of 0.4 m.e.v. fol
lows the decline, the coeff. of the internal conversion being 
approx. 5%. No pos. results have been obtained concerning 
the possibility of disintegration by K capture, but if it does 
exist, K capture is of the order of 1% of the no. of disinte
grations The efficiency curves for y-ray counters m the 
energy range of 0.4-3 m e v. are presented for the method 
of coincidences and for direct abs. measurements where 
the various rays of the nuclides V", Al", Au'", and Th C" 
are employed. 76 references. (Gilbert E Klein) 

528 
SOLUBILITIES OF ELEMENTS OF THE PERIODIC SYS
TEM IN NICKEL. I. I. Kornilov (N. S. Kurnakov Inst. Gen. 
and Inorg. Chem., Acad. Sci. U.S.S.R., Moscow). Izvest. 
Akad. NaukS.S.S.R., Otdel. Khim. Nauk 1950, 475-84. 

Analysis of literature data shows that the rule of forma
tion of solid solns. based on the comparability of the at. 
radii of the solvent and the solute is applicable to solid 

solns in Ni. However, Ni has a somewhat greater tendency 
to form solid solns. than Fe, namely, it forms uninterrupted 
series of solid solns. up to an 11% difference in the at. 
radii (as agamst up to 8-9% in the case of Fe), and partial 
(limited) solid solns up to 17-18% difference (as against up 
to 15-16% in the case of Fe). Plots of the solubilities in Ni 
by groups and periods of the periodic system permit pre
dictions about the formation or the absence of solid solns. 
in Ni. Thus, uninterrupted solid solns. m Ni can be ex
pected for Rh and Ir, and the existence of an uninterrupted 
solid soly in the system Ni-y-Mn is confirmed. Limited 
soly in Ni can be expected for Ru, Os, and Re, on account 
of the differences of the crystal lattices of these elements 
and of Ni, and for P and U, on account of the differences of 
the at. radii (10 and 12.8%, resp.). Absence, or only in
significant solid soly. in Ni can be predicted, on account of 
the large difference of the at. radii (over 20%), for Se, Hf, 
Th, Sc, all elements of the 1st main group and of the 2nd 
main group, with the exception of Be. Deviations from the 
soly. rule are found in the subgroups, e.g. Ag forms no 
solid solns. with Ni despite the favorable size factor, 
whereas Sn and Sb do form solid solns. despite an 18-20% 
difference in at. radii. Solubilities in other elements of the 
Vlllth group, Co, Pt, and the Pt-group metals, can be in
ferred by analogy with Ni. (N, Thon) 

529 

MAGNETO6PTIC EFFECTS IN GLASS. I. PRELIMINARY 
OBSERVATIONS ON THE APPLICATION OF MAGNETO-
O P T I C PROPERTIES TO STRUCTURAL CONSIDERATIONS. 
H Cole. J. Soc. Glass Technol. 34, 220T-37T(1950). 

Verdet consts. for a no. of optical glasses were detd., and 
the plot of Verdet const, agamst reciprocal dispersion for 
all glasses, and for certain liquids and crystals, yields a 
smooth curve Deviations from the simple Becquerel rela
tion were calcd. and the value of the magnetobptic anomaly 
thus obtained was correlated with the nature of the chem. 
bonds present m crystals and glasses. On this basis it is 
deduced that, particularly in dense Ba crown glasses, Ba 
can participate in the glass-network structure to a greater 
extent than has hitherto been assumed Similarly, La and 
Th in glass appear to have appreciable covalent bond char
acter and to behave as network-forming atoms. (H. F. 
Kriege) 

530 
SYNTHESIS OF SPINEL. V. EFFECTS OF MINERALIZER 
AT 1535° Choji Noguchi. J. Japan. Ceram. Assoc. 56, 
77-82(1948); Ibid. 54, [622] 25-28(1946). 

Cylmdrical specimens made from an equimol. mixt. of 
MgO and AI2O3 were heated for 30 min. at 1535° m an oxi
dizing atm. The mineralizers were added in amts. of 0.01, 
0.03, and 0.05%. Shrinkage, porosity, water absorption, 
apparent and true ds. , and hardness of the fired specimens 
were examd. In addn. to the compds. of Li and B already 
reported, compounds of Ti and V were found effective. 
Compds. of Ca, Sr, and Ba showed neg. effects. 
VI Ibid. 149-52. 

The expts. reported m Part V were carried out at 1700°. 
Mineralizers, added in an amt. of 0.03%, were sepd. into 3 
classes. Class 1 compds. yielded octahedral crystals of 
spinel: Be, Al, Ti, Zn, Br, Zr, Pd, Cd, Sn, Ce, W, and Th. 
Class 2 compds. yielded mrxts. of octahedral and round 
crystals: CI and Cu. Class 3 compds. yielded round crys
tals: Li, B, C, F, Na, Mg, Si, P, S, K, Ca, Cr, Mn, Fe, Co, 
Ni, Rb, Sr, Mo, Ag, Sb, Ba, Pt, Pb, Bi, and U. 
VH. Ibid. 57, 22-25(1949). 

The same expts. were carried out at 1800°. At this temp, 
the following compds. were effective: W, Zn, Th, Ce, Cd, 
Pd, Tl, and Ag. The addn. of these compds. yielded octa
hedral spinel crystals. At 1800° mixts. of octahedral and 
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round crystals were not observed. No remarkable differ
ences were found in crystal size at 1700° and 1800°. The 
sizes obtamed in the presence of mineralizers were: Be 
13-16, Tl 16-20, Zn 16-23, and with no mineralizer 6-10 ji-
VIII. Ibid. 80-3. 

Synthesis of spinel from equimol. mixts. of AI2O3 and 
MgO was carried out at 1000°. Forty kinds of mineralizer 
were added in an amt. of 0.3% and all yielded octahedron 
crystals of spinel. When Cu, Mu, or Na compds. are added, 
about half of the spinel crystals formed are 50-67 fi long. 
DC. Ibid. 145-48. 

The effects of Li2C03 (I) as a mineralizer on the synthe
sis of spinel at 1450° to 1800° were studied. The addn. of I 
increased the growth of the spinel crystals and resulted in 
the formation of a glassy substance. The color of the glassy 
substance is black when I is not added and yellow with the 
addn. This yellow glassy substance contained Li and acted 
as a mineralizer. (R. D. Hanks) 

531 
THE NATURE OF EMULSIONS. I. CORRELATION BE
TWEEN EMULSION STABILITY AND OTHER PHYSICAL 
PROPERTIES OF LIQUID. Toshizo Isemura and Ryo 
Tachibana. Mem. Inst. Sci. Ind. Research Osaka Univ. 6, 
54-62(1948). 

The stability of emulsions in the ternary system benzene-
fatty acid-water was studied. A low rate of liquid drainage 
from the emulsion and a low rate of coalescence of the in
dividual emulsion units favored stability of the emulsion. 
High viscosity and small differences in the ds. of the two 
phases were favorable to low drainage rates. Low coales
cence rates are favored by a reduction of the mterfacial 
tension, by formation of adsorbed films of high mech. 
strength, and probably by conferring elec. charges on the 
globules. The stability of the emulsion increased with in
crease in the length of the C cliain of the fatty acid. 
II. EFFECTS OF THE ELECTROLYTE ON THE STABIL
ITY OF EMULSIONS. Toshizo Isemura and Ryo Tachibana. 
Ibid. 7, 97-103(1950). 

The stability of benzene-water emulsions in 2:8, 4:6, 6:4, 
and 8:2 mixts. and AmOH-water emulsions in 9:1, 8:2, 5:5, 
2:8, and 1:9 mixts. was measured in the presence of LiCl, 
KI, KNO3, K2SO4, BaCl2, Al2(S04)o, AICI3, Fe2(S04)3, FeCl2, 
K4Fe(CN)8, K3Fe(CN)8, and Th(NOj)4. The electrolytes did 
not confer any appreciable stability on the benzene-water 
emulsions: The stability was increased from 7 sec in the 
absence of electrolyte to a max. of 41 sec. m the presence 
of Th(N03)4. KI, KCl, KNO3, BaCl2, Th(NO,)4, AlClj, and 
Fe2(S04)3 were very effective in mcreasmg the stability of 
the AmOH-water emulsions. In the presence of KI (0.0835 
mole/I.) and an ale./water mixt. in 8:2 ratio, the emulsion 
required 2 hrs. 40 min. to sep. into 2 distinct layers as 
compared with 6 sec. m the absence of electrolyte. In the 
electrolytes with the same anion, the cation of higher va
lency conferred the greatest stability on the emulsions. In 
the electrolytes with the same cation, the anions of higher 
valency decreased the stability. The stability conferred by 
the electrolytes apparently was caused by changes in the 
mterfacial elec. potential. 

in. THE PHASE INVERSION. Toshizo Isemura and Yuzo 
Kimura. Ibid. 104-9. 

The conditions for forming water-in-oil emulsions and 
oil-in-water emulsions were investigated for the benzene-
water system in the presence of oleic or stearic acid as 
emulsifier and NaOH in the original aq. phase. The type of 
emulsion obtained depended on the method of agitation. 
Water-m-oil emulsions were generally obtained by vertical 
shaking at 10-20° with NaOH concns. less than 0.002 N and 
acid concns. of 0.0025-0.01 N. Oil-in-water emulsions had 
greater tendencies to form with NaOH concns. in excess of 

0.2 N. Oil-in-water emulsions formed more readily at 28-
30°. (Henry Leidheiser, Jr.) 

532 
PHYSICS OF METALS. DIFFUSION OF GASES IN METALS. 
Fe-H SYSTEM. Paul Bastien Metaux & corrosion 25, 
248-62(1950). 

Cliaracteristic phenomena of gas diffusion in metals are 
explained and mathematically expressed especially for the 
Fe-H system. The quantity of hydrogen absorbed by Cu, 
Co, Ni, and Fe increases with temp. Th, Ti, and V can ab
sorb 10' to 10' times more H at the same temp than Fe, 
Ni, or Cu, the amt. decreasing with increasing temp. The 
brittleness of steel is indicated as due to H2 absorption. 46 
references. (G. T. Motock) 

533 
DIFFUSION OF THORON IN SOLIDS. I. INVESTIGATIONS 
ON HYDRATED AND ANHYDROUS ALUMINA AT ELE
VATED TEMPERATURES BY MEANS OF THE HAHN 
EMANATION TECHNIQUE. J. N. Gregory and S. Moorbath 
(At. Energy Research Establishment, Berks, Engl.). Trans. 
Faraday Soc. 47, 844-59(1951). 

Phase changes and recrystn. processes are clearly in
dicated in the heating of hydrated y-Al203 in the range 100° 
to 1200° From an analysis of the results of reheating 
curves on y- and a-Al203, considerable information was 
obtamed regarding diffusion processes and phys. changes 
such as sintering, grain growth, etc., which depend on dif
fusion. Variation of O partial pressure above a-Al203 
showed how the diffusion of the inert gas depends on lattice 
defect equilibria. The diffusion consts. of Th in AI2O3 were 
calcd. by means of simple relations together with an ap
proximation for mean particle size (Victor R Deitz) 

534 
MAGNETOCHEMISTRY OF THE HEAVIEST ELEMENTS 
V. URANIUM TETRAFLUORIDE-THORIUM TETRAFLU
ORIDE SOLID SOLUTIONS. J. K. Dawson, C J. Mandel-
berg, and D. Davies (At. Energy Research Establishment, 
Harwell, Berks., Engl.). J. Chem. Soc. 1951, 2889-92 

The magnetic susceptibilities at a single field strength 
were detd. for 6 solid solns. of UF4 and ThF4 ranging from 
90% to 5% U. For each solid soln., measurements were 
made at 4 temps, in the range 90° to 350°K At all dilns. 
the U(IV) ion obeys the Curie-Weiss law. The calcd r e 
sults for the Weiss const.. A, and the effective magnetic 
moment, ix, are tabulated for each solid soln Extrapolation 
to infinite diln. at 300°K. gives the values x " 6360 x 10"° 
and fi = 4.05. These are close to the theoretical values 
calcd. for a 5f' electron arrangement with the j - j type of 
coupling. In contrast to this, the results of previous meas
urements on oxides of U and Th gave values of susceptibility 
and magnetic moment at infinite diln. corresponding to a 6d' 
electron configuration The exptl. methods for the prepn. of 
UF4 and ThF4 from com. uranyl sulfate and Th(N03)4 and 
for the prepn. of the solid solns. are outlined m some de
tail. (W W. Stifler) 

535 
NATURAL AND ARTIFICIAL ORDERS OF RADIOACTIVE 
ELEMENTS. Vilem Santholzer. Chemie (Prague) 3, 56-8 
(1948). 

Besides showing the transformations occurring in the 
natural U-Ra, Ac, and Th orders, S. presents a table show
ing the decompn. products of the artificially prepd. u ' " and 
Pu'*' isotopes (F. Maresh) 

536 
MULTIPLE SCATTERING IN A SEMI-INFINITE MEDIUM. 
John W. Weymouth (Univ of California, Berkeley). Phys 
Rev. 4, 766-75(1951) 

Math. The Boltzmann equation for the multiple scattering 
of charged particles is solved for a semi-infinite medium 
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by means of the Laplace transformation. The sources are 
isotropic and distributed throughout the medium, corre
sponding to a thick layer of electron-emitting atoms The 
soln IS obtained as a series in spherical harmonics and is 
carried as far as the P2 coeff In order to obtain a soln it 
is necessary to assume that the transport mean free path 
X IS not a function of energy. As a particular evaluation of 
the soln the flux on the surface is examd. and modified to 
correct for the energy dependence of X by comparing with 
the corresponding soln of the age diffusion equation. The 
resulting spectrum is compared with an exptl. case of 
301.3-e kv photoelectrons produced in a thick Th converter 
By using the exptl. spectrometer resolution of 1.5% the 
theoretical spectrum is integrated over the window curve 
and a shift of the peak from the edge of the primary spec
trum of 4 3 e kv. IS obtained Considering the e r rors in
volved, this compares favorably with the exptl peak shift 
of 3.5 e.kv. for a converter thickness of 25 mg./sq. cm. 
(G M Petty) 

537 
INFRARED ABSORPTION SPECTRA OF METALLIC 
ACETYLACETONATES. Jean Lecomte (Sorbonne, Pans) . 
Discussions Faraday Soc. 1950, No. 9, 125-31. 

Infrared spectra from 525 to 1750 cm."' are given for 7 
metallic acetylacetonates: Be, Cr, Fe***, Cu, Zn, Th, and 
U The results are discussed by comparison with the spec
trum of acetone and for the vibrations of the C chain. Other 
vibrations are interpreted as due to the CH2 and CH3 groups. 
The spectra indicate that the compds. are of the enol form 
and are probably cyclic in structure. The principal changes 
in spectra produced by changes in the metal are in the 600-
700 cm " ' region. The nature of these changes indicates 
that the metal is present in the form of a complex rather 
than a salt. The bonding of the metal in the structure has 
not been clarified. (S. E Whitcomb) 

538 
THE EVEN CONFIGURATIONS d' + d's + ds ' of Th H. Y. 
Eisenberg (Hebrew Univ., Jerusalem, Israel). Physica 18, 
177-81(1952)(in English). 

Math The exptl. and calcd. energy levels and g values of 
the low, even configurations d' + d's + ds ' of Th n are com
pared in intermediate coupling with interaction between the 
configurations. The energy levels are in satisfactory agree
ment, the mean error being less than 1% of the configura
tion width. The Lande g-factors are also in good agreement 
with expt The calcd parameters for Th II are compared 
with the corresponding parameters for Th III. (Abraham 
S. Friedman) 

539 
THE FLUORESCENCE OF THE SALTS OF 8-QUINOLINOL. 
F Feigl, C Torok, and H Zocher (Lab. mineral Products, 
Rio de Janeiro) Anais assoc. quim. Brasil 9, 21-7(1950). 

The results are tabulated of examns. with ultraviolet 
light from a quartz lamp (Hannovia Utility Model) of the 
fluorescence of 18 metallic salts of 8-quinolinol in both the 
hydrate and anhyd. form and acid salts of 8-quinolinol. The 
metallic salts were those of Li, Na, K, Ag, Be, Mg, Ca, Sr, 
Ba, Zn, Cd, Al, T1(I), Zr, Th, Sn(II), Sn(IV), and Pb. The 
acid salts were those of HF, HCl, HI, HNO3, H2SO4 (neutral 
and bisulfate), HCIO4, H3PO4, H3BO3, H2Se04, H2Se03, oxalic, 
tartaric, salicylic, phthalic, and picric acids. (H. F Pool) 

540 
EXCHANGE REACTIONS WITH RADIOACTIVE TRACERS 
AND THE DETERMINATION OF SPECIFIC SURFACE. I 
LABORATORY TECHNIQUE. J. M. Gamboa and A. G. 
Maddock (Cambridge Univ., Engl.). Anales real soc. espan. 
fis. yquim. 47B, 401-12(1951). 

The technique for counting and for measuring exchange 
between metallic ions in aq. soln and oxide crystals is 

described. Precautions in the use of t racers are given. 61 
references. 
H. EXPERIMENTS WITH Pb304. Ibid. 471-88. 

The kinetics of exchange between Pb** ions in aq. soln. 
and powd cryst. Pb304 was detd with ThB as a tracer. 
ThB was prepd. by electrolysis of solns. of Th(N03)4 or of 
mesothorium. There is a fast initial exchange due to sur
face reaction followed by a much slower process due to r e 
action with ions in the body of the crystal. Calcn. of the sp. 
surface is based on the 1st stage (J. B. Austin) 

541 

A 3-SPECTROGONIOMETER FOR COINCIDENCE AND 
ANGULAR-CORRELATION MEASUREMENTS. Kai 
Siegbahn (Nobel Inst. Phys. Stockholm). Arkiv Fysik 4, 
223-71(1952)(in English). 

Two S-ray spectrometers were arranged so that one was 
movable from a 180° to a 90° position with respect to the 
other and to the centrally located source. The lenses of the 
spectrometers were made short by using flat coils of 15 
cm. inside diam. so that the field was highly coned, in 
comparison with the distance to the source and thus the in
terference of one spectrometer with the other was mini
mized. Geiger counters were used as detectors. The angu
lar correlation between the strong 0 line of Tm"" and the 
contmuous spectrum at 3430 Hp seemed to be isotropic. 
The neutron cross section of Au"' calcd. after detg. the 
conversion coeff. was 3 x 10* barns. The angular correla
tion between the electrons of the F line and the continuous 
spectrum near the F line is isotropic for 10.6-hr. Th B. 
Evidence for the simultaneous emission of electron-posi
tron parrs from the 2.76-m.e.v. transition of Na'* is given. 
Decay schemes are given. (J. E Hudgens) 

542 
INTERNAL-CONVERSION /3-SPECTRUM EMITTED IN 
THE TRANSMUTATION THORIUM X — THORON. 
Salomon Rosenblum, Manuel Valadares, and Marcel GuiUot. 
Compt. rend. 234, 1767-9(1952). 

In the magnetic spectrum of S-ray emission from Th X, 
as well as radio-Th, 4 new lines were observed with en
ergies of 30.1, 42.8, 142.2, and 226.7 e.kv. The origin of 
the first 2 is uncertain; the 3rd and 4th are attributed to 
the transmutation Th X — thoron. (C. C K.) 

543 
ORIGIN OF SPIRAL EUTECTIC STRUCTURES. R. L. 
Fullman and D L. Wood (General Elec. Co., Schenectady, 
N Y ) . J. Metals 4, 1039-44(1952). 

Eutectic structures in which the two phases appear 
spiralled about each other in cross section have been ob
served in the systems Zu-Mg (Schell, C. A. 41, 636b) and 
Al-Th (Buckle, C A. 41, 635i). It is proposed that this type 
of structure is produced when one phase grows faster m all 
directions lying in the plane of the spiral, and the other 
pliase IS the faster-growing one in the direction perpendic
ular to the plane of the spiral. Observations of the three-
dimensional shape of the spirals in an alloy of Zu + 3% Mg 
are in agreement with predictions based on this hypothesis. 

544 
RECTIFICATION BY CONTACT ON TELLimiUM. J. 
Lagrenaudie. J. phys. radium 1^, 308(1952). 

The properties of Te-metal contacts were tested sys
tematically in an app. similar to a Ge detector. Mg, Ca, 
Sr, Ba, Li, Na, and K had a rectifying action; Zn, Be, and 
Al, only in some cases; and Fe, Cu, Sn, Pb, Ag, Au, Pt, La, 
Zr, and Th did not. Rectification was always in the direc
tion from Te to the metal. An oxide film on the metal is 
thought to be essential. Cd was generally nonrectifying, but 
could rectify if treated to give a Te-Cd compd at the inter
face. (H. Newcombe) 
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Compounds 

545 
CHLORIDE, OXYCHLORIDE, HYDRIDE AND NITRIDE OF 
THORIUM. C Matignon and M Delepine Ann. chim. 
phys., [8] 10^ 130-44(1907) 

Thorium chloride was prepared by heating thoria in a 
current of dry carbon monoxide and chlorine, also by heat
ing m a current of carbon tetrachloride The chloride ob
tained by the second method was completely soluble in water 
and contained no oxychloride unless large amounts of thoria 
were taken If large amounts of the thoria were taken the 
oxychloride formed was separated from the chloride by its 
insolubility in absolute alcohol. Washing the oxychloride 
with boiling alcohol causes a partial decomposition, the r e 
sulting body being poorer in chlorine ThOCl2 absorbs 
water from the air , and at 10° forms a hydrate with 6H2O. 
This body loses one molecule of water in a vacuum and 
seems to turn slowly into the hydrate, ThOCl2.3H20. The 
hydrate with three molecules of water is formed when a 
water solution of the oxychloride is evaporated in a vacuum 
over sulphuric acid. Heating the chloride of thorium with 
metallic sodium gave a mixture containing 74% of metallic 
thorium. The hydride, ThH4, was obtained by heating the 
metal in a current of hydrogen and cooling slowly in the 
same gas. Hydrogen, found 1.70% calculated for Thorium 
1.72%. The reaction is reversible and the temperature of 
dissociation at atmospheric pressure is 390°. The heat of 
formation as calculated from this gives '/2 Th(solid) + 
H2(gas) = '/2 ThH4(solid) + 21.4 Cal. Thorium nitride, Th3N4 
was prepared by strongly heating the metal in nitrogen. It 
IS not dissociated when heated m a vacuum to the tempera
ture of the softening of glass. Nitrogen found 7.04%, calc 
for Th3N4 7.46%. Both the nitride and the hydride burn in 
the air with incandescence. The nitride is decomposed 
slowly by cold water but on boiled the decomposition is im
mediate and according to the equation. Th3N4 + 6H2O— 
3Th02 + 4NH3 Prepared in this way the nitride is brownish 
yellow instead of a citron yellow, as was the nitride obtained 
by Kohlschutter (Ann. 307, 170) which different properties 
were ascribed. (R. D. Hall) 

546 
THE PREPARATION OF THE OXYSULPHIDES OF Zr AND 
Th. Otto Hauser (Charlottenburg. Techn. Hochschule). Z. 
anorg. Chem., 53, 73-77(1907). 

The oxysulphides and sulphides of Zr and Th with the ex
ception of ThS2, have not hitherto been made. The author 
has now prepared the oxysulphides as well defined individu
als by heating the dry sulphates in a current of dry hydro
gen sulphide gas. Analyses show the quantitative formation 
of the oxysulphides ThOS and ZrOS. The sp. gr. of the for
mer is 6.44, that of the latter 4.87. Both substances take 
fire spontaneously when exposed to the air , the Zr com
pound more readily than that of Th. 

547 
SULPHUR COMPOUNDS OF THORIUM. A. Duboin. Compt. 
rend., 146, 815(1908). 

Berzelius obtained a product which he supposed was the 
sulphide of thorium, by the action of sulphur on thorium at 
high temperatures, while Kruss and Voleh, by the action of 
carbon disulphide on a thorium compound, obtained a sub
stance which they supposed was the oxysulphide. The author 
has studied the action of hydrogen sulphide on anhydrous 
thorium cliloride. The product obtained is treated with 
water and sifted. The residue contains a brown substance, 
in the form of micaceous plates, of the composition ThS2. 
The sifted portion is treated with nitric acid at 40° to r e 
move the brown product, the final residue consisting of 
crystals very similar to pyrite with well developed faces. 

This substance was analyzed and found to be the oxysul
phide. (J. E Gilpin) 

548 
ABNORMAL BEHAVIOR OF SALTS OF Zn, Mg, Th, Ce, Ni 
AND Co ON HYDROLYSIS H. G Denham. Liverpool 
Muspratt Laboratory. Z anorg. Chem. 57, 378-94(1908) 

The author has studied a considerable number of salt 
solutions with regard to their hydrolysis by means of elec
tromotive force measurements obtained with a hydrogen 
electrode These measurements disclosed two classes of 
abnormality. Firstly, the electromotive forces varied most 
irregularly from day to day over long periods Secondly, 
the hydrolytic equilibrium attained with rising temperature 
apparently differed from that attained with falling tempera
ture The salts named in the title were anomalous in their 
behavior and the author refers to certain results of Ley 
(Z. physik. Chem., 30, 193(1899)), which are explicable ac
cording to the theory here advanced It is concluded that in 
these abnormal cases we have to do with a heterogeneous 
instead of an homogeneous equilibrium, the simple phe
nomena being complicated by the presence of colloids, basic 
salts or hydrates. (R C. Wells) 

549 
OXYFLUORmE AND FLUORIDE OF THORIUM A Haller 
Compt rend., 146, 973(1908). 

Moissan and Etard prepared the fluoride of thorium by 
the action of fluorine on the carbide of thorium, and Duboise 
prepared it by the action of potassium and sodium fluoride 
on thorium sulpliate. The author obtained this compound 
(ThF4) by the action of anhydrous HF on the anhydrous chlo
ride or bromide of thorium. The author also obtained an 
oxyfluoride by the following method: The fluoride obtained 
by adding AgF to a solution of thorium nitrate contains four 
molecules of water When this substance was heated to 800° 
in a tube in a current of dry HF, a white, insoluble powder 
of the composition ThOF2 was obtained. (J E Gilpin) 

550 
lODOMERCURATES OF THORIUM AND ALUMINIUM. A 
Dubois Compt. rend., 146, 1027(1908). 

Using a method which has already enabled the author to 
obtain many new iodomercurates the author has obtained the 
compounds TM4.5Hgl2.18H20 and AlIj.HgI2.8H2O. The method 
consists in treating the thorium carbonate with HI and iso
lating the iodide which is then dissolved in water with the 
Hgl2. By careful crystallization large crystals of the com
position given above were obtained. (J E. Gilpin) 

551 
BASIC SULPHATES OF CERIUM AND THORIUM. Otto 
Hauser and F. Wirth (Anorg. Lab d kgl tech Hochschule 
zu Charlottenburg). Z anorg Chem , 60, 242-6(1908) 

The authors consider the basic Th sulphates described by 
Demarcay (Compt. rend., 96, 1860) to be mixtures of the 
hydrogel, Th hydroxide and H2SO4, or of a basic salt and the 
neutral hydrated sulphate Th(S04)2.4H20. Pure ThOS04.H20 
IS obtained by heating a solution of Th(S04)2 containing 1 
part salt to 140 parts water, 4-5 hours in a sealed tube at 
125-180° Aqueous solutions of Ce sulphate (1:20) deposit 
in the cold, in 24 hours, minute, light yellow crystals of the 
formula 4Ce02.3 SO3.I2H2O. From cone, solutions, an im
pure salt, probably of the formula 2 Ce02.3 SO3.4H2O is ob
tained with difficulty. (E. S Hall) 

552 
PHOSPHATES OF Th. A. Colanl Compt. rend. 149, 207-
10(1909) 

The author has proved the existence of a chlorophosphate 
of thorium (2P2O4 3Th02.ThCl4) and of double phosphates of 
Th with Sr and Ca, resp. (P205Th02SrO) and (P205Th02CaO). 
These facts help to bear out the analogy found between 
compds of Th and U. 

http://AlIj.HgI2.8H2O
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553 
SOME COMPOUNDS OF THORIUM H. Duboin. Ann 
chim. phys. , 17, 354-64(1909). 

By melting 1 mol. of Th(S04)2 with 4 mols . K2F2 in a Pt 
crucible lined with KCl or with 4 mols . Na2F2, using NaCl 

4 to line the crucible , the author prepared the double fluoride, 
KFThF4. ThCl4 heated to redness in H2S in a porcelain tube 
gave ThOS, a yellow substance, and ThS2 a brown one. A 
substance, which by analysis corresponds to the formula 
K20,Th02,2Si02 resulted from dissolving Th02 in melted 
K2F2 to which S1O2 had been added. The author descr ibes 

/ an attempt to make a s i l icate of Th02 in a wet way. (E. M 
Terry) 

554 
HYDRATES OF THORIUM CHLORIDE AND BROMIDE. E. 
Ohauvenet Compt. rend., U 9 , 289-92(1909). 

Th chloride has the following forms: ThCl4, ThCl42H20, 
ThCl44H20, ThCl47H20, ThCl48H20. At temps, above 100° 
ThCl48H20 forms Th(OH)Cl2H20 and then ThOCl2 (C A , 3, 
2097) Th bromide ex i s t s as ThBr4, ThBr47H20, 
Th4Br4l0H2O and ThBr4l2H20. At 50° ThBr4l2H20 becomes 
Th(OH)Br3H20 and at 105° forms ThOBr2. (E. M. Terry) 

555 

U S , PATENT 941,071, NOV. 23, 1910. Johann L. Huber, 
Niederschoneweide, near Berlin, Germany. Assignor to 
Kunheim u. Co , same place. 

Making thorium sulphide, by the action of H2S on a heated 
mixture of KCl or NaCl and ThCl4 below the sublimation 
temp, of the latter. 

556 

A STUDY OF HYDRATES, THE VAPOR PRESSURES OF 
WHICH VARY CONTINUOUSLY WITH THE COMPOSITION. 
E . Lowenstein (Phys. chem. Inst. , Univ. Gottingen). Z. 

'' anorg. Chem., 63, 69-139(1909) 
The vapor pres sures were detd. at a temp, varying from 

24.5-26°, by exposing weighed samples of the substance to 
the desiccating action of solns . of H2SO4 of various strengths 
and reweighing at intervals until the wt. was constant. The 

I material investigated was brought into initial equilibrium 

over 5% H2SO4 soln.; it consisted of crystal l ine hydrates, 
which remain clear during dehydration, belonging to four 
c l a s s e s of substances, (a) Zeol i tes and their substitution 
products: The natural zeol i tes chabazite (22.2% H2O), d e s -
mine (18.7%), heulandite (16.5%) lost , over 97% H2SO4, 7.2%, 
4.9% and 4.5% H2O. Substitution of their Ca by K (by digest
ing the powdered mineral for about 100 hrs . at 100° with 
frequently renewed 10% KCl soln.) caused a decrease in the 
amt. of H2O present, but an increase in the vapor pressure 
for the same water content. By treatment of these K z e o 
l i tes with CaCl2 so lns . , artificial Ca-zeo l i tes were obtained, 
which proved as regards their water content and vapor 
pressure , to be identical with the original zeol i tes within 
the experimental error , (b) Hydrated s i l i c ic ac ids , pre
pared from various sources , were investigated. Different 
spec imens showed different vapor pres sures for the same 
water content; but whether this was due to chemical differ-

( ences or to differences in the colloidal state could not be 

detd. In no case were discontinuities observed; wherefore 
the conclusion that definite hydrates exist , a s repeatedly 
al leged by Tschermak, appears to be without foundation, (c) 
Clays and analogous minerals: The water appears to be 
combined partly a s loose ly bound hydrate water, which i s 

V given off with continuously diminishing vapor pressure , and 

partly as water of constitution, which i s not lost at all over 
97% H2SO4. On the basis of these differences, these sub
stances may be divided into at least 6 c l a s s e s , with the 
comps. (1) 2Si02.Al203.2H20aq (plastic f ireclays and sedi 
mentary c lays) , (2) 2Si02.Al20j.lH20.1H20aq (halloysite), (3) 
4Si02.2Al203.3H20aq (kaolins), (4) Si02.Al203.2H20aq (col-

lyrite) , (5) 4S1O2.Al2O3.H2O (pyrophyllite), (6) 4S1O2.AI2O3. 
H20aq (montmoriUonite). (d) The vapor pressure changed 
discontinuously during the dehydration of the nitrates of Ce, 
La, Y, Zr and UO2, and of the sulphates of Ce, La, Y, Di, 
Zr and Th; and in these c a s e s the crysta l s lost their c l ear 
n e s s , owing to the formation of a hydrate containing l e s s 
water. By this means the existence of a number of new hy
drates was demonstrated, while in certain c a s e s no evidence 
was obtained for the existence of hydrates which, according 
to other authors, crystal l ized as such out of so lns . The 
vapor pressure curves of the oxalates of the above metals 
were , however, continuous, and the continuity of the curve 
IS not affected by the presence of impurit ies , though the ab
solute value of the vapor pressure i s lowered thereby. The 
2 mm. long doubly refracting crysta l s of Zr(C204)22Zr(OH)4 + 
aq lose water continuously without becoming dull, and also 
p o s s e s s the property of again absorbmg water, which causes 
them almost to double in s i z e , though it i s without effect on 
the crystal form or the birefringence. Certain double oxa
lates were a l so investigated: in some of these the curve was 
wholly continuous, in others only partly so . The rate at 
which equilibrium i s attained, is in general greater for those 
hydrates, the vapor pressure of which var ies continuously 
during dehydration, and depends on the s ize of the part ic les 
only when the curve i s discontinuous. On rehydration the 
original hydrates could be again obtained, except in the case 
of the s i l i c i c acids . The author considers that the form of 
the curve for crystal l ine hydrates i s different from that for 
amorphous hydrates: namely, that, for the former, d'p/dc' 
(the second differential of the pressure with regard to the 
c o n e ) IS posit ive, while for the latter it i s negative. (J. 
Johnston) 

557 
SOME DOUBLE SULPHATES OF THORIUM. M. Barre. 
Compt. rend. , 150, 1599(1910). 

In the system H20-K2S04-Th(S04)2, a s the c o n e of 
K2SO4 i s increased the solubility of Th(S04)2 increases to a 
max. and then fal ls off to practical ly zero . At 16°, 1.390 
pts. Th(S04)2 are sol . in 100 of H2O; the solubility reaches a 
max. in the presence of 1.152 g. of K2SO4; and in the p r e s 
ence of 4.825 g. K2SO4 only 0.003 g. Th(S04)2 are sol. in 100 
of H2O. The compds. Th(S04)2.K2S04.4H20; Th(S04)2.2K2S04. 
2H2O; and Th(S04)2.3.5K2S04 were isolated. With NajSOi the 
max. of 3.962 g. Th(S04)2 in 100 g. HjO i s reached in the 
presence of 2.98 g. of Na2S04 and decrease s to 1.04 in the 
presence of 15.36 of Na2S04. The compd. Th(S04)2.Na2S04. 
6H2O was found here. With (NH4)2S04 3 compds. were found: 
1. e . , Th(S04)2.(NH4)2S04.4H20, Th(S04)2.2(NH4)2S04.2H20, 
and Th(S04)2.3(NH4)2S04.3H20. The max solubility of 
Th(S04)2 IS 13.330, in the presence of 16.56 g. (NH4)2S04, and 
It decrease s to 1.653 in the presence of 69.94 g. (NH4)2S04. 
The above solubil i t ies are all at 16°. (George W. Morey) 

558 
HEATS OF HYDRATION AND VAPOR PRESSURES OF 
THE HYDRATES OF THORIUM SULPHATE. I. Koppel 
(Wissenschaft. Chem. Lab. Berlin) Z. anorg. Chem., 67, 
293-301(1910). 

The heats of soln. of the tetrahydrate and the octahydrate 
of Th(S04)2 were detd. in c o n e K2CO3 soln. (on account of 
their slight solubility in H2O). The difference g ives Th(S04)2, 
4H2O — Th(S04)2, 8H2O = 13523 cal. (detd. at 16°). The 
transition p. i s , in pure water, 42°; m 33% H2SO4, 19.5% 
HCl, or 31% HNO3, it IS 30°. The partial pressure of water 
in these acids should be the same and equal to the v. p. of 
Th(S04)2, 8H2O at 30°. Calculation of this v. p. by the Raoult 
formula g ives 25.13 mm. a s an average. By the same for
mula, from the known c o n e of the satd. soln. at 42°, the 
V. p. of Th(S04)2, 8H2O IS calc. = 60.87 mm. Substituting 
these f igures , together with the v. p. of water at 30 and 42° 

http://4S1O2.Al2O3.H2O
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In the formula ln(p|/p',)/ln(p2/p'2) = Q(T| - T2)/2T,T2, the 
ht. of hydration is calc = 14424 cal. Substitutmg the values 
calc. for 42° and the experimentally found value of Q in the 
eq. din (p,/p',)/dT = Q / 2 T ' , we have for the v. p. of Th(S04)2, 
8H2O log p ' = log p - 3381/4.606T + 2.3286, where p = v. p. 
of water. For a slightly soluble salt, or one not at all or 
only slightly dissociated, we have lnCi/C2 = L(T, - T2)/ 
2T,T2, where C = cone of the satd. soln. and L = heat of 
soln. From soly. data, the heat of soln. of the two hydrates 
IS calc. for 20 and 42°. The difference gives the heat of hy
dration, 12459 cal. for 20° and 16380 cal. for 42°. The calc. 
value for 20° is not too divergent from that found for 16°. 
The quick rise of the heat of soln. of Th(S04)2, 8H2O corre
sponds to the rather steep rise of the soly. curve. (R. H. 
Jesse, Jr.) 

559 
THORIUM SULPHATE. M. Barre. Compt. rend., 151, 231 
(1910). 

The cond. of an aqueous soln. of Th(S04)2 at its f. p. is in 
accord with the laws of Bouty and Raoult. The cond. meas
urements of a soln. of Th(S04)2 and K2SO4 points to the ex
istence of a stable double salt in soln., confirming the r e 
sults of the solubility detns. (George W. Morey) 

560 
THORIUM SALTS. Georges Karl (Inorg. Lab. Roy. Techn. 
Hochsch., Berlin). Ber., 43, 2068-70, (1910); Z. anorg. 
Chem., 68, 57-62(1910). 

Thorium picrate, Th(C8H2OjN3)4.10H2O, is prepared from 
aqueous solns. of Th(N03)4 and NH4 picrate; aggregates of 
microscopic needles, m. 52-3°. At higher temps, it ex
plodes. At 25°, 100 cc. of H2O dissolve 0.3052 g The anhy
drous salt IS yellow and vitreous. Thorium hippurate, 
Th(02CCH2NHBz)4, is prepared in a similar manner; white, 
crystallin powder; at 25°, 100 cc. of H2O dissolve 0.0318 g. 
Basic thorium chloroacetate, (H0)2Th(02CCH2Cl)2.H20, 
from the carbonate and chloroacetic acid; small, white 
needles from a l e Basic thorium dichloroacetate, 
(HO)2Th(02CCHCl2)2, IS prepared in a similar manner 
from dichloroacetic acid; small prisms, or plates from 
a l e Basic thorium trichloroacetate, (HO)2Th(02CCCl3)2, 
from trichloroacetic acid; lustrous, transparent, small 
octahedra containing H2O, which is evolved in air. (J. B. T.) 

561 
BASIC THORIUM SULFATE. O. Hauser (Tech. Hochsch., 
Berlin). Ber., 43, 2776-8(1910). 

The author claims priority over Barre (Compt. rend., 
151, 24(1910). C A. 4, 2614) in showing 3Th(S04)2.2H20. 
ThOS04.2H20 (Demarcay Compt. rend., 96, 728) to be a 
mixture of hydrates of normal and basic sulfates. ThOS04 
2H2O was previously shown by the author to be stable at 
125-80°. ThOS04.H20 is experimentally shown to be stable 
at 100°, in agreement with Barre 's statement. (A. R. 
Middleton) 

562 
DOUBLE SALT OF THORIUM NITRATE AND OXALATE. 
O. Anzelucci (Org. Chem. Lab., Turin). Atti accad Lincei, 
18, I, 526-30(1909) through Chem. Zentr., 1909, H, 418. 

In order to determine the source of the CO2 observed by 
Ramsay m the gases evolved from Th nitrate soln., the 
author used 5 kg. of this salt (d. 2.25-2.3) The substance 
pptd. by heating the H2O soln. of the salt is thorium oxa
late, Th(C204)2.2H2O, and HNO3, H2O and ThOj detns. 
show that the supposed nitrate is really a double salt 
6Th(N03)4.Th(C204)2.48H20. The CO2 evolved results, 
therefore, from the decomp. of the oxalate and is not due 
to radioactivity. (Chas. A. RouiUer) 

563 
HOLTKAMP, H.: Beitrage zur Theorie der Fabrikation von 
Thoriumsalzen. Berlin: 8; 46 pp., 2 M. 

564 
COMPOUNDS OF THORIUM CHLORIDE WITH AMMONIA. 
E. Chauvenet. Compt. rend., 151, 387(1910). 

ThCl4 forms three series of compounds with NH3: (1) 
The chloride treated with liquid NH3 yields the series 
ThCl4.18NH3, I2NH3, 7NHj, 6NH3, 4NH3, these compds. 
forming, under atm. pressure, at - 23°, - 5°, 15° and 45°, 
resp. They are addition compds , are decomposed by water 
and lose NH3 in vacuo, to the limit ThCl4.4NH3. The same 
limit IS reached on heating above 100°. (2) Action of NH3 
gas on ThCl4 gives the series, different in properties from 
the first, ThCl4 7NH3, 6NH3, 4NH3, the approximate temps, 
of formation being 20°, 90-100° and 120°. Water is without 
action on members of this group and they do not lose NH3 
in vacuum They seem to be hydrochlorides of Th tetramide, 
as Th(NH3Cl)4. (3) Members of the second series are able 
to add NH3 from liquid NH3, giving series such as Th(NH3Cl)4. 
nNH3 At 250-300°, Th(NH3Cl)4 loses HCl and passes into 
the tetramide Th(NH2)4, and this at red heat forms the imide 
Th(NH)2, with loss of NH3. (Geo H. Burrows) 

565 
CARBONATES OF THORIUM. Ed. Chauvenet. Compt. 
rend., 153, 66-8(1911). 

CO2 IS rapidly absorbed by Th(OH)4 under ordinary pres
sures, up to 5 or 6% CO2. The action then becomes slower, 
and stops at 7.14% of CO2, corresponding to the compd. 
C02.2Th(OH)4. In COj under a pressure of 30-40 atms. this 
compd. again absorbs CO2 and forms ThC04.2H20. Anhy
drous Th02, if prepared by calcination at red heat will not 
absorb CO2, but if prepared at about 430°, it slowly absorbs 
CO2 under 1 atm. of pressure, and more rapidly under 30 
atms., yielding ThC04.6Th02. More CO2 cannot be absorbed 
When a Th salt is treated with Na2C08 it yields a white ppt 
of ThC04.8H20 (air dried). In a dry vacuum this loses 6 
H2O and forms ThC04.2H20 as above. This compd. is stable 
only below 50° At 120° it yields ThC04.Th02.1.5H20; at 
240°, ThCO4.3ThO2.H2O: at 300°. 4Th02.H20, and at 430°, 
ThOj. (E.W.) 

566 
THE ACTION OF RADIUM EMANATION ON THORIUM 
SALTS. M. Herschfinkel. Compt. rend., 153, 255-7(1911) 

The author repeated the expts. of Ramsay and Usher 
(C A., 4, 991) on the formation of CO2 through the action 
of Ra Em. on (ThN03)4 by using a special app., to be de
scribed more in detail elsewhere, in which all contamina
tion from grease on the stopcocks could be completely 
avoided. The Th(N03)4 used was carefully purified to r e 
move all organic impurities, but when 125 g. of the salt 
were exposed in soln. for 12 days, the CO2 which formed in 
the soln. amtd. to 1 cc. When the Th soln. was replaced 
with pure water only a very small amt. (0.1 cc.) of CO2 was 
obtained, and when the Th soln. was allowed to stand for the 
same length of time without being exposed to the Em only 
a trace of CO2 was formed, but when a small amt. of KMn04 
was added, a larger quantity of CO2 was obtained than when 
the Th soln. was exposed to the Em. It is therefore con
cluded that the CO2 obtained in a soln. of Th(N03)4 e:q)osed 
to the Em. does not come from a transformation of the Th 
into C as started by Ramsay and Usher, but results from 
the oxidizing action of the Em. on some organic impurities, 
probably oxalic acid, in the Th(N03)4 soln. (W. H. R ) 

567 
ACTION OF NITON (RADIATION EMANATION) ON THO
RIUM SALTS. Sir William Ramsay. Compt. rend , 153, 
373-4(1911) 

In reply to the criticism of Herschfinkel, the author states 
that the quantity of Th(NOj)4 exposed to Ra Em. in the expts 
of Ramsay and Usher was not as great as stated by Hersch
finkel; that the small quantity really exposed to the Em 
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was first freed from organic impurities by igniting to red
ness after which the residue was dissolved in HNO3, and 
crystallized several times in a dust free atm.; that the Em. 
in equil with 0.6 g of RaBr2 to which the soln of the pure 
crystals obtained were exposed, had been carefully freed 
from CO2, and had not come in contact with either greases 
or rubber; that CO2 was always obtained when Th(N03)4 
was exposed to the Em. but not when the nitrates of Bi, Hg 
or Ag were used instead; and that the expts. of Herschfinkel 
only prove that the Th(N03)4 used by him contained some
thing which yielded CO2 when treated with KMn04 which or-
dmarily of itself evolves a considerable amt. of CO2 when 
Ignited. (W H. R.) 

568 
THE STUDY OF HALOGENATED AND OXYHALOGENATED 
DERIVATIVES OF THORIUM. Ed. Chauvenet (Montpellier). 
Ann. chim phys., 23, 425-90(1911) 

Largely a summary of work previously abstracted (C A., 
2, 2343; 3, 1001, 1968, 2097, 2780; 4, 1267; 5, 1036, 1716, 
3206). By pptg. Th(N02)4 with AgF and drying the ppt. in the 
air ThF4.8H20 was obtained Further drying in vacuum 
gives ThF4.4H20, which becomes ThF4.2H20 at 100° and 
Th(OH)F3.H20 at 250°. Anhydrous ThClj was prepd. by (1) 
the COCI2 method ( C A., 5, 1036), (2) evapn. and subsequent 
Ignition of a ThCl4-NH4Cl soln., (3) ignition of ThOClj. The 
heat of formation of ThCl4 is 339 43 cal. Hydrates of ThCli 
with 7, 4, and 2 HjO were prepd from ThCl4.8H20 by drying 
in air , at 90°, and at 100° respectively. Th(OH)Cl3.H20 was 
obtained at 120-160° and ThOClz at 250° From Th(OH)Ij. 
IOH2O, prepd. by evapn of a soln of Th(0H)4 in HI, ThOIj 
3 '/2H2O is prepd by drying in the air, and ThOl2 by drying 
at 50° in a current of H Freshly pptd thorium hydroxide 
loses H2O in the air until the comp Th(OH)4 l.SHjO is 
reached. Dried in vacuum Th(OH)4 is obtained, dried at 95° 
in a current of H, Th(OH)4 in a polymerized form, at 175°, 
metathoric acid, ThOz H2O, at 220°, (Th02)6 5H2O, and at 
430°, Th02 The heat of formation of Th02 is 330 cal. 
ThCOj ThO 4H2O was prepd by the action of CO2 on Th(OH)4, 
prepd. m vacuo. The heats of formation and soln. of a large 
no of compds. are included m the paper. (George W. 
Morey) 

569 
THORIUM PEROXIDE. F Calzolari. Atti r. accad sci. 
Torino, 46, 195-202(1911). J. Chem. Soc , 100, U, 404(1911). 

C has investigated the comp of the hydrated thorium 
peroxide which is pptd when H2O2 acts on solns. of Th salts. 
The method adopted consisted in the estn. of the excess of 
H2O2 and of the liberated acid present in an aliquot portion 
of the clear soln. after the ppt. had settled. The ppt. ob
tained by the action of H2O2 on Th(N03)4 contains for every 
2 atoms of Th 3 atoms of active O and 2 equivs. of combined 
HNOj. The ppt. which seps. from solns. of ThCl4 contains 
for every 2 atoms of Th 3 atoms of active O and one equiv 
of HCl. From solns of Th(S04)2, ppts. contain for every 2 
atoms of Th 2 equiv. of combined H2SO4 and either 2 or 3 
atoms of active O, according to the conditions. In no case 
do the active O and liberated acid reach the proportions 
given by Pisarzhevsku (Z. anorg. Chem., 31, 359-67(1902)). 
When to a dilute (about 2%) soln ThClj an excess of 1% 
H2O2 soln. IS added, no ppt. forms, but thorium peroxide is 
present in the liquid in colloidal form The pure colloidal 
soln. may be prepared by dialysis. It evolves O on warming, 
but remains clear; addition of an electrolyte (NH4CI) causes 
pptn (J J M.) 

570 
This reference has been intentionally omitted. 

571 
THE SOLUBILITY OF THORIUM SULFATE IN SULFURIC 
ACID AND IN SOLUTIONS OF LITHIUM SULFATE. M. 

Barre. Bull. soc. chim., 11, 646-8(1912). 
The solubility at 25° of Th(S04)2 in water is 1.722 g. to 

100 g. of soln. When 3.843 g. of H2SO4 are present the solu
bility reaches a max. of 2.061 g., which falls to 1.702 g. 
with 10.105 g. of H2SO4. The solubility of Th(S04)2 in 100 g. 
soln. IS 1.722 g., 2.061 g., and 1.702 g., resp. , when the 
amts. of H2SO4 present are 0, 3.843, and 10.105 g. 2.061 
represents the max. solubility of Th{S04)2 in H2SO4 solns. 
When L12SO4 IS the salt added the solubility of Th(S04)2 in 
100 g. of water increases from 1.722 in water to 18.87 g. 
when the amt. of L12SO4 added is 18.87 g. With 2.57 g. of 
L12SO4 the solubility is 4.13 g., so the solubility rises with 
extreme rapidity with the increase of the amt. of L12SO4. 
(W. D. Harkins) 

572 
THORIUM PEROXIDE. F. Calzolari. Gazz. chim. ital., 
42, n , 21-8(1912) (Chas. A. Rouiller) 

573 
THORIUM COMPOUNDS. F. Halla (Vienna). Z. anorg. 
Chem., 79, 206-12(1913). 

Anhydrous Th(S04)2 when warmed with solid MgC03 in 
presence of H2O gives off CO2, and a sandy ppt. of the comp. 
ThOS04 IS obtained; the same compd. is obtained as a white 
amorphous mass by boiling Th(S04)2 or Th(NOs)4 with 
MgS04 soln. From the amt. of hydrolysis observed with Th 
compds.. It IS concluded that Th(OH)4, pptd. from Th(S04)2 
with NH4OH, cannot be washed free from H2SO4 with NH4OH, 
and expts. confirm this conclusion. When MgCl2 is added to 
a soln. of Th(N03)4 containing (NH4)2C03, a ppt. in the form 
of small clear drops is obtamed, which changes on drying 
to a mass of glassy particles of unknown comp. Mg(OH)2 
treated with Th(N03)4 soln., or Th(OH)4 treated with 
Mg(N03)2 soln. gives a colloidal soln. which dries to an opal
escent mass. (George W. Morey) 

574 
SOLUBILITY OF THORIUM OXALATE. A. Colani. Compt. 
rend , 156, 1075-6(1913). 

The amt. of Th(C204)2 dissolved by H2O containing HCl 
increases with the acid content of the H2O; expts. were car
ried on with solns. containing up to 21.6% HCl. In stronger 
HCl solns. Th(C204)2 is transformed to the chloro oxalate 
and H2C2O4 IS set free. The sol. Th(C204)2 in HCl is greatly 
lessened by the presence of H2C2O4. (L. F.) 

575 
THE RELATION OF URANOUS SALTS TO THORIUM. 
Alexander Fleck (Glasgow Univ.). J. Chem. Soc , 105, 247-
51(1914). 

It IS now known that when an element gives off an a - r ay 
the number of the group of the periodic system to which the 
resulting product belongs is diminished by 2 units; that 
when an element gives off a 8-ray the number of the group 
IS increased by 1 unit; and that when any number of radio
active elements occupy one place of the periodic table these 
elements are nonseparable. The present investigation was 
made to det. whether the change of atomic charge in ordi
nary electrochem. change of valency in one element would 
likewise produce changes of chem character mdistmguish-
able from those observed in radioactive changes. The oxi
dation of quadrivalent uranous compds. to sexavalent uranyl 
compds. may be regarded as a process in which the U atom 
loses 2 electrons, and is analogous to the process in which 
U X, isotropic with Th, loses 2 8-particles, and forms U 2, 
isotropic with U. It was, therefore, examd. as to whether 
uranous salts are non-separable from Th salts. In making 
this test, a mixt. of Th and uranous salts was fractionally 
pptd. with a soln. of KF. All operations were carried out in the 
cold, and in an atm. of CO2 to prevent oxidation of the U. It 
was found that although the properties of the uranous and Th 
ions are similar, yet there is a distinct difference, and that 
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they can be sepd. chemically from one another. It therefore 
follows that there is an essential difference between the loss 
of 2 electrons by means of electrochem. change, and the loss 
of 2 electrons expelled as 2 successive 8-rays. It is con
cluded that the electrons expelled in 3-ray changes come 
from the central nucleus of the atom, and not from its ex
ternal ring. The electrons of the external ring can either 
give up or receive other electrons from the exterior, as in 
ordinary electrochem. change of valency, but in chem. 
changes there is no transference of the electrons of the 
nucleus to the outer ring. (W. H. R.) 

576 
LEAD AND THE FINAL PRODUCT OF THORIUM. Arthur 
Holmes (London). Nature 93, 109(1914). 

An exam, of the analyses of a large number of radioactive 
minerals has shown that the ratio of the Pb present to the 
sum of the end products of the U and Th series as calc. 
from the % of U and Th present, is not const, for minerals 
of the same age, and does not vary as the age of the min
eral. In many cases a large % of Th may be present, but, 
unless U is also present, Pb is nearly always absent. In the 
few examples where Pb and Th occur alone, the ratio Pb/Th 
is variable and bears no relation to the geological age of the 
minerals. This would indicate that the end product of the Th 
series Is not isotoplc, or chemically identical with Pb. An 
exam, of other minerals is being made. (W. H. Ross) 

577 
SPECIAL METHODS FOR PRODUCING HIGHER TEMPERA
TURES IN VACUO, AND THE BEHAVIOR OF SOME MET
ALS, OXTOES AND CARBIDES. Erich Tiede and Erich 
Blrnbrauer. (Berlin). Z. anorg. Chem. 87, 129-68(1914). 

Two forms of app. used for producing very high temp, 
are described, one of which is the cathode-ray vacuum 
furnace of T. ( C A. 7, 3454) and the other the high vacuum 
furnace of Fisher and T. (C A. 5, 3641) slightly modified; 
the mode of construction of the joints in the latter case is 
given in detail. All expts. were made in a high vacuum; 
temps, were measured with a Holborn-Kurlbaum pyrometer. 
Th02 was examined in the cathode-ray furnace and found 
that It could be melted in small pieces but the m.p. could 
not be detd. because it and the b.p. are too close to one 
another. 

578 
THORIUM AMMONIUM OXALATE. C James, C F. 
Whittemore, and H. C Holden (New Hamp. Coll.). J. Am. 
Chem. Soc , 36, 1853-6(1914). 

From a study of the solubility curves of mixts. of the two 
salts in HjO it is concluded that at 25° only 2Th(C204)2. 
(NH4)2C204.7H20 and 2Th(C204)2.(NH4)2C204.2H20 can exist. 
(A. R. M.) 

579 
THE VOLATILITY OF THORIUM B AND THORIUM C 
COMPOUNDS. F. V. Lerch (Univ. Innsbruck). Sitzb. kais. 
Akad. Wiss., Wlen., Abt. Ila 123, 699-712(1914). 

Further proof of the analogy of Th B and Th C with Pb 
and Bi, resp. , is furnished by the lower sublimation temp. 
(100°) of Th C chloride. Added NH4 salts, or urea, carry 
Th C with them on volatilization, but the effect of Ba salts 
Is to hold the Th C until Th B has volatilized. These facts 
are applied in a new method for the sepn. of Th B and Th C. 
A redetn. of the half-period of Th C under adequate and 
const, potential gave 60.48 ± 0.035 mln. (G. L. Wendt) 

580 
THE ABSORPTIVE POWER OF ALUMINIUM OXIDE. H. 
Miething. Ber. deut. physik. Ges. 18, 201-12(1916); J. 
Chem. Soc. 110, II 463(1916). 

With a view to the employment of alumina for the meas
urement of high temps, by the radiation method, the radiant 
properties of this substance at high temps, have been in

vestigated. The influence of foreign substances (Fe203 and 
Cr203) on the behavior of AI2O3 was also examd. A simple 
form of app. is described, by means of which measurements 
of the absorption coeff. were made at temps, between 1200° 
and 1600° for light rays of various wave lengths. The r e 
sults obtained show that the absorption coeff. of pure AI2O3 
varies with the color of the light, but is independent of the 
temp. A similar result was obtained in presence of Cr203, 
but admixt. of Fe203 causes the absorption coeff. to change 
with the temp. Some results obtained with Th02 and with 
porcelain are also communicated. (E. H.) 

581 
COMPOUNDS OF THORIUM. I. ADDITION AND SUBSTI
TUTION COMPOUNDS OF THORIUM CHLORIDE. G. 
Jantsch and W. Urbach. Helvetica Chim. Acta 2, 490-500 
(1919). 

The following new compds. are described: ThCl4. 
4CH3COC8H5, by heating 3 g. ThCl4 and 7 g. acetophenone in 
100 cc. dry CHCI3 to complete soln. and crystallizing over 
P2O5 and CaCl2 and washing the white needles with dry Et20. 
Very hygroscopic; slowly gives up all acetophenone in vacuo 
over P2O5. ThCl4.4C8H5COC8H5, like the preceding, from 3 
g. ThCl4 and 7 g. benzophenone; appearance and properties 
like the preceding Thorium acetate, Th(OAc)4, by heating 3 
g. ThCl4 with 100 cc. glacial AcOH on the water bath, then 
over free flame till evolution of HCl ceased. Yield, 5 g. 
Thorium benzoate, Th(OBz)4, by heating 3 g. ThCl4 and 6 g. 
freshly sublimed BzOH, dried at 95° in 100 cc. xylene till 
evolution of HCl ceased. Thorium chlorobenzoate, 
ThCl(OBz)3 by heating the same amts. in high boiling ligroin 
6 days in an oil bath. Very hygroscopic; insol. in CsHj and 
CHCI3. By heating 3 g. ThCl4 and 4 g. salicylic aldehyde in 
100 cc. dry Et20 an addition product, ThCl4.2C8H4(OH)CHO, 
was obtained in bright yellow, fine crysts. , not entirely 
pure; Th:Cl = 1:3.89. Upon longer heating in Et20 or better 
in CHCI3, a disubstitutlon product, ThCl2(OC8H4CHO)2, was 
obtained after heating till evolution of HCl ceased, filtering 
off a small ppt. in dry air and dropping the deep yellow liq
uid into 100 cc. freshly distd., low boiling ligroin. Very 
hygroscopic. With methyl salicylate was obtained an addi
tion product, ThCl4.C8H4(OH)C02CH3, in which Th:Cl = 
1:4.02-3.42, in different conditions; by shaking or slightly 
warming in dry Et20. White, finely cryst. Upon heating 
ThCl4 with excess of the ester in various high boiling sol
vents until evolution of HCl ceased, the mono, di-, and t r i -
substitution products were obtained. In boiling CHCI2, 
ThCl30C,H4C02CH3; in boiling C,H,, ThCl2(OCjH4C02CH3)2; in 
boiling xylene, ThCl(OC8H4C02CH3)3. Even in boiling methyl 
salicylate the fourth CI atom could not be eliminated. All 
three substitution products are white and finely cryst. They 
are extremely hygroscopic and evolve HCl on standing in 
air. ThCl4 was freshly prepd. for each expt. by heating 
Th02 at red heat in vapors of SCI2. The reaction flasks 
were provided with ground-in condensers and drying tubes 
for exclusion of moisture. (A. R. Middleton) 

582 
MOLECULAR COMPOUNDS OF INORGANIC HALIDES. 
Vn. OXY-CARBOXYLIC ACID TITANATES, POLYPHENOL 
TITANATES AND SOME ANALOGOUS COMPOUNDS. 
Arthur Rosenheim and Ottokar Sorge. Ber. 53B, 932-9 
(1920). 

The previously described (a) [Ti(O.C6H4.C02H)2Cl]HCl 
upon long exposure to air loses gradually CI and HCl and 

changes to white trisalicylic acid titanate, C8H4 T i -
^CO 

(O.CeH4.C02H)2, sol. in EtOH to a yellow soln. the color of 
which deepens on addn. of coned. AcOH or H2SO4. The dry 
compd. becomes again deep red in a current of HCl gas. The 
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a l e soln. yields with pyridine (Py) the previously described 
dibasic pyridinium salt; with NaOAc the Na salt gold-yellow, 
eas i ly sol . in EtOH; s imi lar ly the K salt , st i l l more sol . in 
EtOH and by double decompn. heavy metal sa l ts , yellow to 
yellow-brown. The free acid in a current of dry NH3 forms 
the NH4 salt , deep yellow, very stable powder, eas i ly sol . 
in abs. EtOH. By addn. of ale . NH3 to an ale. soln. of 
the previously described disal leylate , Ti(O.C8H4.C02)2, 
a yellow, cryst . ppt. of NH4 disal icyl ic oxytitanate, 
OTi(O.C8H4C02.NH4)s, much l e s s sol . in EtOH than the 
NH4 tr isal icyl ic titanate; addn. of Hg(OAc)2 to a boiling 
a l e soln. of Ti(O.C8H4.002)2 g ives the Hg salt a s a deep 
yellow powder. These compds. , particularly the hitherto 
unlcnown tr isa l icy l ic acid titanic acid, make certain the 
course of the action of TiCl4 on sa l icy l ic acid. 

C8H4<' >Ti(O.C8H4.0.NH4)2.H20, yellow by transmitted, 

pleochroic by polarized light. The complex-const , of Ti i s 
in this compd. so great that the salt can be obtained in 
large amts. by gradual addn. of titanic acid hydrate to a 
boiling aq. NH3 soln. of pyrocatechol. Similarly by addn. of 
K2CO3 (not KOH) was prepd. the K salt and by double de
compn. heavy metal sa l t s . Toward alk. so lns . of pyrocate
chol behave s imi lar ly to TiCl4 other halides of the 4th group 
e lements . An Et20 soln. of SiCl4 with 3 mols . of pyrocate
chol forms a m a s s of very deliquescent, white crysta ls which 
give off HCl; from the coned. EtOH soln. of these ale . NH2 
ppts. NH4 tripyroeatechol s i l icate , C8H402:Si(O.CeH4.0.NH4)2, 
white, cryst . Similarly an a l e soln. of Py gives the pyri
dinium salt , bright yellow, p r i s m s . Similarly was ob
tained by adding to a boiling aq. NH3 soln. of pyrocatechol 
1 mol. of ZrOCl2 or of Th(N03)4 the NH4 tripyroeatechol 
zirconate and thorate, both difficultly sol . white needles with 
7 H2O. Addn. of 3 mols . pyrogallol to an Et20 soln. of 1 mol. 
TiCl4 causes a red color and evolution of HCl; after r e 
moval of Et20 and HCl the sirupy residue with the min. 
amt. of coned, aq. NH3 gave dark, red-brown cryst . grains 
of irregular form, distinctly doubly refracting and e x 
tremely sol . in EtOH and water. Analysis indicated 
HO.Ti[O.C8H30H.O.NH4]3.3H20, a formula differing from 
the pyrocatechol titanates. (A. R. Middleton) 

583 
THORIUM SALTS. H. Wade. Brit ish Patent 156,892, Oct. 
11, 1919. 

A salt having the compn. Th(P03)2S04 i s obtained by heat
ing at about 280° a soln. of Th sulfate to which has been 
added H3PO4. After several hrs . the product seps . as 
needle-shaped crys ta l s insol. in H2O or dil. acid. Alterna
tively Th phosphate may be heated with H2SO4 of, for a l e s s 
pure product, a native Th phosphate such as monazite may 
be used; the new product s eps . out while the rare earths do 
not. 

584 
THE EXISTENCE OF A GASEOUS HYDRIDE OF THORIUM. 
Albert Klauljer and Julius MeU von Mellenheim. Z. anorg. 
a l lgem. Chem. 113, 306-16(1920). 

An alloy of Th and Mg was prepd. by heating Th oxide, 
Th02, with 2 - 2 ' / 2 t imes i ts wt. of Mg powder for 45 min. to 
a dull red heat in a s tream of H. A blackish brown to grey 
product was obtained, which, when powdered in a mortar, 
gave a characterist ic odor of ThH4. The gas was formed 
when the alloy was treated with water or dil. ac ids , and had 
a tendency to ignite spontaneously. To Identify the gas , the 
method used by Paneth ( C A. 1_5, 213) for identifying Pb and 
B hydrides was used, the gas being passed through a heated 
Marsh tube, when a deposit of Th was obtained, which was 
identified by a number of characterist ic reactions. The Th 
i s at f irst deposited in the form of a brown ring, which, on 

further heating, becomes dark grey with a metal l ic appear
ance, indicating the existence of two modifications of Th. 
The hydride i s very unstable, and Is produced in greatest 
amt. at a temp, of 1 5 - 2 0 ° . The compn. of the hydride could 
not be detd. The gas can be condensed with liquid air . Its 
radioactivity i s very slight. (J. C. S.) 

585 
MELTING OXIDES WITHOUT CONTAMINATION. E. F. 
Northrup. U. S. Patent 1,378,189, May 17, 1921. 

In melting oxide of Al, B, Th, or Mg or s imi lar materia ls , 
in an e lec . heated furnace, a crucible i s used which i s 
formed of an oxide, e. g., of Ti or Zr, having a m. p. at)Ove 
the temp, required for the furnace operation. The crucible 
contains a body of molten metal the oxide of which i s to be 
melted. 

586 
THE COMPILATION OF THE MOLECULAR VOLUMES OF 
THE OXIDES IN THE PERIODIC SYSTEM. D. Balareff. 
J. prakt. Chem. 102, 283-6(1921). 

Following are the latest data: (I) Li20 8.3, Na20 13.4, 
K2O 17.7, CU2O 12.5, Rb20 23.5, Ag20 15.4, CsjO 31.2 , AU2O 
16.5; (II) BeO 8.4, MgO 11.8, CaO 16.4, ZnO 14, SrO 22.5, 
CdO 15.8, BaO 26.7, HgO 19.4, RaO—; (HI) B2O3 19.1, 
AI2O3 12.8, SC2O3 17.6, Ga203 18, Y2O3 22.4, IU2O3 19.2, 
La203 25.1 , Yb20j 21.3, TI2O3 22.3; (IV) CO2 28.2, Si02 26.1 , 
Ti02 18.0, Ge02 22.1 , Zr02 22.2, SnOj 22.5, CeOj 25.5, 
Pb02 25.4, Th02 26; (V) N2O5 32.9, P2OJ 29.5, VjOj 25.6, 
AS2O5 26.8, Nb205 29.1 , Sb205 28.6, Ta20j 30 .1 , Bi20j 
48.6; (VI) SOj 41, CrO, 35.4, M0O3 32, TIO3 34.5, WO3 36.6, 
UO3 56; (Vn) CI2O, 85, Mn20, 46.2. (G. L. C.) 

587 
THORIUM AND RARE-EARTH SULFATES. Soc. Miniere 
et industrielle Franco-Bres i l ienne . Brit ish Patent 189,698, 
Feb. 9, 1922. 

Phosphate ores of Th and rare earths such as monazite 
are decomposed by strong H2SO4 and the insol. sulfates are 
sepd. mechanically from the liberated H3PO4, the sulfates 
being freed from remaining H3PO4 by washing with strong 
H2SO4, after which the washings are used for treating a 
fresh batch of ore. The Th i s sepd. from the mixed sulfates 
in the known ways. Alternately the reaction m a s s may be di
luted with dil. H2SO4 which causes most of the Th to d i s so lve , 
while a part of the Th and the rare earth sulfates remain 
insol. in a cryst . condition. The Th, sepd. from the rare 
earths in the known manner, i s added to the acid soln. and 
Th sulfate i s subsequently recovered by concg. the soln. 

588 
INVESTIGATIONS OF THE CHROMATES OF THORIUM 
AND THE RARE EARTHS. I. SYSTEM THORIUM 
OXIDE-CHROMIUM ANHYDRIDE-WATER AT 25°. H. T. S. 
Britton. J. Chem. Soc. 123, 1429-35(1923). 

Th(Cr04)2.3H20 became remarkably sol . in so lns . of 
K2Cr20j, of an acid chromate the compn. of which by 
extrapolation from the phase diagram according to the 
residue method of Schreinemakers agreed with 
Th(Cr04)2.Cr03.3H20. During pptn. of basic Th chromate 
by K2Cr04 the concn. of hydrogen was found to decrease 
until pptn. began but to remain const, during the greater 
part of pptn. The concn. required for pptn. of bas ic 
chromate i s that required for pptn. of Th(OH)4 by alkali. 
Hence it i s concluded that basic chromates are adsorption 
compds. of hydroxide and chromate. No basic chromate of 
definite compn. was found. 

589 
THE ISOMORPHISM OF THE COMPOUNDS OF THORIUM 
WITH THOSE OF QUADRIVALENT CERIUM. V. Cuttica 
and A. Tocchi. Gazz. chim. Ital. 54, 628-33(1924). 

In order to interpret the constitution of certain rare earth 
minerals contg. Th some authors have suggested that Th 
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may be substituted for Ce '^ between certain limits. But 
this was not proved. In a previous paper on complex sulfates 
of Ce rvc . and Bonamlci (C. A. 18, 1252) observed that 
solns. contg. Ce(S04)2 and Th(S04)2 at about 70° sep. bright 
yellow crystals resembling those of Th(S04)2.4H20, in which 
Ce and Th were present in nonstoichiometric ratios. In this 
paper results of a detailed examn. of these products are 
given. The salts used were those in which the mass of the 
anion does not have too preponderant a value in the mol. 
The simple sulfates and the double nitrates with NH4 and 
with Nl were used. Ce(S04)2 seps. as Ce(S04)2.4H20 from 
solns. sufficiently acid with H2S04.Th(S04)2.4H20 seps. from 
aq. solns. at temps, above 60°. When these 2 salts were 
crystd. from H2SO4 soln. at 75° in a thermostat mixed 
crystals, (Th, Ce)(S04)2.4H20, were obtained. The 1st frac
tion was bright yellow, the 4th fraction orange. The compn. 
was studied by detg. Th02 and Ce02 and this dropped from 
52.7% for the 1st fraction to 47.2% for the 4th fraction. For 
this purpose the salt was dissolved in H2O and a little H2SO4. 
NH4OH and H2O2 were added. The ppt. was filtered, washed 
and calcined. The 1st fractions were richer in Th. The 2 
salts (NH4)2Ce(NO,), and (NH4)2Th(NO,)e were prepd. (Meyer 
and Jacobl, Z. anorg. Chem. 27, 2(1901).) From HNOs-contg. 
solns. of these salts kept in a thermostat 6 fractions of 
mixed crystals, (NH4)2(Ce, Th)(NO}),, were obtained which 
appeared perfectly homogeneous under the microscope but 
in which CeOj + ThOj varied from 33.6 to 39.3%, i. e., with 
increasing Th content, which corresponds to the color change 
from dark orange-red to bright orange. The salts NiCe(N03)5. 
8H2O and NiTh(N03)5.8H20 were mixed in HNO3 soln. and 
gave mixed crystals Ni(Ce, Th)(N03),.8H20, showing the 
same types of changes in color and compn. The significance 
of these results in relation to the general subject of isomor
phism and of the periodic claasification of the elements is 
discussed in connection also with the results of Cuttlca and 
Bonamlci (C. A. 18, 1252), of Goldschmidt and Thomassen 
(C. A. 17, 1609) and of Zamboninl (C. A. 17, 2683). (E. J. W.) 

590 
THE THERMAL EXPANSION OF SOME FUSED OXIDES 
USED AS REFRACTORIES. G. E. Merritt. Trans. Am. 
Electrochem. Soc. 50 (preprint), 10 pp.(1926). 

The thermal expansions up to 900° of the oxides of Si, Th 
and Zr, of a mlxt. of one-to-one mol. proportions of Th02 
and Zr02, and of the refractories made of MgO, AI2O3 and 
Zr02 were measured. The results are exhibited in graphi
cal form and intercompared. From the "S" form of the 
curves and other evidence, it is concluded that a combina
tion takes place when Th02 and Zr02 are fused in these 
proportions. (C. G. F.) 

591 
DENSITY MEASUREMENTS OF FUSED CHLORIDES. 
Wllhelm Klemm. Z. anorg. allgem. Chem. 152, 235-51 
(1926). 

Ds. of a large no. of fused salts were desired to convert 
sp. cond. data into mol. cond. In general, the method fol
lowed was to seal the carefully prepd. fused material into a 
tube with a calibrated stem and read the vol. at a series of 
temps. Control expts. were made with AgNOs and KCl. 
Modifications of the procedure were introduced in the hy
groscopic compds. and those which attack glass. The ds. of 
a few solid salts and a few m. ps. were also detd. The r e 
sults are summarized in a table which gives the m. p., d. 
at m. p., the d. and sp. vol. temp, coeffs., dj ' , and the mol. 
vols for the following salte: AgNOj, KCl, RbCl, CuCl, 
BeCl2, MgCl2, ZnCl2, HgCl, ScCl,, YCl,, LaClj, TlCl, ThCl«, 
and SnCl2. (A. W. Kenney) 

592 
CLARIFYING SOLUTIONS OF TITANIUM, THORIUM AND 
ZIRCONIUM SALTS. Spencer, Chapman & Messel, Ltd., 

and J. B. Llebert. British Patent 249,647, Feb. 19, 1925. 
Solns. of compds. of Ti, Th and Zr such as are obtained 

by treating ilmenite or monazite with H2SO4, are clarified 
by adding gelatin or glue of animal origin and a light solid 
substance such as sawdust or asbestos. The mixt. is 
allowed to settle for a time and then filtered. 

593 
THE COMPLEX STANNIC AND STANNOUS IODIDES. Tey-
phon Karantassis. Ann. chim. 8, 71-119(1927). 

K. describes the prepn. of Snl4 and discusses equil. be
tween Snl4. H2O and HI, properties of soln. and action of the 
ales., Et20, and Me2CO; prepn. of Snl5.Cs2; properties of 
SnIjRb2 with action of heat and solvents, H2O, abs. a l e , 
anhyd. Et20, CHCI3, CS2 and CCI4; properties of Rblj, prepn. 
of SnI,[(CHj)4As]2,Snl4(C,H5NH2)2,s,4 and 5. [SnBrj.,5lo.25]K2, 
[SnBr5.j5lo.e5](NH4)2, [SnBr4.j,I,,i,]Rb2 and SnBr8Rb2 (prepn. 
of the lodobromostannate mixts. of Sr and Ba was tried with
out result); and the prepn. of [SnCl5_j4lo.oeJ(NH4)2 and 
SnCl|Rb2. An attempt to prep, a titanium iodide of Rb r e 
sulted in a residue consisting of a mixt. of Rbl3 and Tl(OH)3l. 
2H2O. ZrOl2.8H20, Thl4.xH20, CeCl, and CeCl|5[(CH3)4As]2 were 
prepd. The iodide of Ce does not exist. Ale. solns. of ani-
line-HCl and of CeCls formed a ppt., but this could not be 
analyzed. There were prepd. complex salts of Snl4 of the 
types Sn(Hal)jM.H20 and Sn(Hal)4M2.2H20, in which Hal 
represents halogen and M represents K or NH4; SnIsRb, 
Sn2l5Rb, SnIjCs, SnIjN(CHj)4, SnljNHCjHs, 2Snl2.CsI, and 
2Snl2.RbI; SnClI, Snl2 (by the direct action of I2 on Sn in a 
sealed tube, the action of SnCl2 on KI, from SnCl2 and Nal 
in the presence of HCl, and the action of I2 on Sn in the 
presence of HI), SnCl4, SnBrI, SnBr2 and SnClBr. Points of 
fusion of various mixts. of Snl2 and SnCl2, Snl2 and SnBr2, 
and SnCl2 and SnBr2 are given. Double-decompn. reactions 
were found to take place between SnCl4 and ASI3, Bils, PI3 
and Til4; Snlj and AsBr,, AsCl,, SbCls, SbClj and PbClj; PI3 
and AsClj, SbCl,, BlClj, PbClj, TiCl4, and SbClj; PClj and 
Ti I4; PCI5 and Sbls. No reaction was observed between PCI3 
and Asl,, Sblj, Bilj, Pbl2,Snl4 or SiCl4; PI3 and ZrCli or 
ThCl4; Snl4 and SiCl4, TiCl4, ZrCl4, or ThCl4. (N. M. 
Bonder) 

594 
THE FORMATION OF THORIUM HYDROXIDE FROM THE 
SOLUTION OF A SALT AS A FUNCTION OF pH. J. A. 
Atanasiu. Ber. 60B, 2507-9(1927). 

Pyridine may be used, as well as NH3 or oxalic acid, for 
gravlmeteric detn. of Th. It is shown that at about the neu
tral point (pH 7), or in exceedingly weak acids or alkalies, 
Th(OH)4 is pptd. quantitatively. The quantity of pyridine 
added does not exert a special influence on the pptn. Under 
the conditions traces of Fe, as well as metals belonging to 
the Ce and heavy-metal groups, are not pptd. (J. Balozian) 

595 
This reference has been intentionally omitted. 

596 
MOLDING ZIRCONIUM AND OTHER OXIDES. Deutsche 
Gasgliihlicht-Auer-G. M. B. H. French Patent 652,256, 
Apr. 5, 1928. 

Zr02, Th02, and Be02 are made plastic or capable of 
being cast for making objects therefrom, by mixing with 
water and less than 5% of MgO or AI2O3 or mixts. thereof 
and a small quantity of a salt soln. of the oxide to be made 
plastic or of the oxide to be added. 

597 
SPECIFIC HEATS AND VAPOR PRESSURES OF SYSTEMS 
FORMED FROM WATER AND THE OXIDES ZIRCONIUM, 
THORIUM AND TIN. Gustav F. Hiittlg, S. Magierkiewicz 
and J. Fichmann. Z. physik. Chem., Abt. A, 141, 1-34 
(1929). 
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Changes in such systems which are usually attributed to 
"ageing" may be followed by means of sp.-heat measure
ments. Measurements made with prepns. of varying water 
content in the systems: Zr02-H20, Th02-H20 and Sn02-
H2O by the method of Huttig and Wehling (C. A 20, 3631) 
show that the relation between the sp. heat and the water 
content is given as a first approximation by log Cj/c = k/N, 
where CQ IS the mol heat of pure water, c is the mol heat 
of the hydrate contg. N mols of water to 1 mol. of oxide and 
k IS an empirical const vapor-pressure measurements 
have also been made and a similar connection is found to 
hold between the vapor pressure and water content. The 
changes in the "ageing" process are discussed. (B. C. A.) 

598 
THE KINETICS OF COAGULATION. A. M. Patel and 
B. N. Desai. Trans. Faraday Soc. 26, 128-33(1930). 

The coagulation of Th02 was studied by means of photo-
elec.-cell method. Characteristic S shaped coagulation-
velocity curves were obtained. The S-shape gradually dis
appears as (1) the stabilizing electrolyte is removed by 
dialysis, (2) the sol is dild. and (3) the concn. of coagulating 
electrolyte is increased. (Oscar T. Quimby) 

599 
THE PROPERTIES OF CERTAIN METAL HYDRIDES 
A Sieverts and A. Gotta. Z anorg. allgem. Chem. 187, 
155-64(1930). 

The d. of Zr is confirmed as 6.53 and of Ta as 16.62. 
ZrHi 92 gives d. 5.67 and TaHj 75 d 15 10 Combustion of 
Zr to Zr02 in O2 gives 255 cal.; Ta to TajOj, 479 cal 
Heat of formation of ZrHj 92 is 38.9 cal. or as ZrH2 40.5 
cal. The heat of formation of TaH is slightly pos. The 
heats of combustion of Ti, Zr and Th fall on a straight line 
By interpolation the value for Hf is 290 cal. 
(Foster Dee Snell) 

600 
SOLUBILITY OF SOME RARE-EARTH NITRATES IN 
ETHER R. C. Wells J Wash Acad. Sci. 20, 146-8 
(1930). 

A few g. of each of 9 nitrates were agitated with 20 ml. 
of ether and allowed to stand overnight at 20°. Ten ml. of 
the resulting ethereal soln. was then evapd. and the ignited 
mg. residue weighed There was obtained 0 2 g. of BeO, 
80.3 mg. of Y2O3, 0.4 mg. of ZrOj, 0.1 mg of La203, 13 9 
mg. of Ce02, no Pr203, 267 mg. of Nd203, 190 mg. of ErjOj 
and 367 mg. of Th02 The degree of dehydration of the 
nitrates greatly affects the soly in ether and drying at a 
given temp, does not produce the same degree of dehydra
tion. The ether treatment obviously has its limitations with 
respect to the HiUebrand treatment of U02(N03)2 with 
ether to remove rare earths. Possibly ether may find 
some application in a method for sepg. the rare earths To 
Sep. them from UO2, however, use oxalic acid but avoid the 
NH4 salt (W. T. H.) 

601 

THE TEMPERATURE RADIATION OF NON-METALLIC 
BODIES, ESPECIALLY OXIDES. Franz Skaupy and 
Gerhard Liebmann. Z. Elektrochem. 36, 784-6(1930). 

Lowering the grain size in a non-metallic body radiating 
selectively causes an increase in its absorptive power over 
the whole spectral region so that a fine-grained body has 
equal or better selectivity than a single crystal of the same 
material. Curves are given for AI2O3 and Th02. 
(J. B. Austin) 

602 
THE TEMPERATURE RADIATION OF UNCOLORED OX
IDES m THE VISIBLE. Gerhard Liebmann. Z. Physik 63, 
404-36(1930). 

A new simple method of pyrometric temp measurement 
of bodies of unknown radiation characteristics is developed 

and compared with the earlier methods. To lay the founda
tions for this method the visible emissivity of a no. of un-
colored oxides (AI2O3, MgO, BeO, Th02, CryOs) is investi
gated as to dependence on temp., wave length, grain size, 
and emission angle. (W. F. M.) 

603 
THE DECOMPOSITION TENSION OF ANHYDROUS 
URANYL NITRATE AND OF ANHYDROUS THORIUM 
NITRATE. P. Misciatelli Gazz. chim. ital. 60, 882-5 
(1930). 

Anhyd U02(N03)2 was prepd., not by the method of 
Marketos (Bull. soc. chim. U , 244(1912); C. A. 6, 3376) 
or of de Forcrand (C. A. 9, 1882) but by treatmg U02(N03)2-
6H2O with liquid N2O5 by the procedure used by Guntz and 
Martin with Mn(N03)2 and Cu(N03)2. The app. is described 
and illustrated. According to the literature pure anhyd. 
Th(N03)4 has not been prepd. heretofore except in an expt. 
by Kolb, which could not be repeated. In the present work, 
a product contg. only 0.6% excess N2O5 and no H2O was ob
tained. The tensions corresponding to the equil.: 
Th(N03)4 =;= Th02 + 4NO2 + O2 and 2U02(N03)2 =^ 2UO3 + 
4NO2 were measured by the dynamic compensation method 
of Centnerszwer and Krustmson (C. A. 21, 689; Crustlnson, 
Acto Univ. Latviensis 17, 665(1928)). Following are the 
temps, and the pressures (mm. of Hg), resp.: U02(NOj)2, 
87°, 95; 131°, 157; 141°, 119; 150°, 340; 160°, 540; Th(N03)4, 
124°, 82; 134°, 119; 145°, 119; 161°, 359. The same results 
were obtained with partially decompd. nitrates and with 
those contg. only 4% N2O3. Therefore in this thermal de-
compn., basic salts are not formed and 2 phases are p res 
ent in the systems at equil., viz , anhyd. nitrate and oxide. 
From the decompn. tensions the heats of decompn. can be 
calcd. by the approx. formula of Nernst. For U02(N03)2. 
Q has a mean value of 39,442 and for Th(N03)4 a mean val
ue of 81,828. (C C. Davis) 

604 
PHOTO-IONIZATION OF SALT VAPORS. A. Terenin. 
Phys. Rev. 36, 147-8(1930). 

The photo-ionization of the halides of Th was investigated 
with wave lengths longer than 1850 A. U. The ionization and 
dissocn. energies and the stability of the neutral and the 
ionized mol. are discussed. The photo-ionization decreases 
from the iodide to the chloride. (Bernard Lewis) 

605 
DIOXIDES OF TITANIUM, ZIRCONIUM, HAFNIUM AND 
THORIUM. Imperial Chemical Industries, Ltd. and F. L. 
Clark. British Patent 339,608, Sept. 7, 1929. 

An alk. soln. or suspension of raw material contg. a 
compd. of the metal, such as a suspension of ilmenite, is 
electrolyzed to deposit impurities such as Fe in the 
metallic state (suitably under 20-atm. pressure of H or 
air at 90-120° with an insol. anode of C, Ni, or Cr steel). 
Various details and examples are given. 

606 
PHYSIOCHEMICAL STUDIES OF COMPLEX ACIDS. V. 
THE PRECIPITATION OF TUNGSTATES. Hubert T. S. 
Britton, and Wm. L. German. J. Chem. Soc. 1931, 709-17. 

The change m the H-ion concn. of dil. aq. solns. of ThCl4, 
ZrCl2, BeS04, Al2(S04)3, K2SO4, Cr2(S04)3, CUSO4, MgS04 and 
NiSOi on titration with 0.045M Na2W04, 3Na2 0.7 WO2 and 
Na20.4 WO3 solns. is followed with the quinhydrone and the 
H2 (when the pptn. range is above pH 7) electrodes. In 
general, the pH values at which pptn. begins in these t i 
trations are approx. the same as those at which the pptn. 
of the respective hydroxides begins, excepting when the 
normal tungstates (e.g. those of Cr and Th) are formed. 
Ppts. were obtained, on titrating with Na2W04, m those 
salt solns, in which the hydroxides are pptd. in the acid 
zone. These expts. show that the 3 : 7 and 1:4 tungstates 
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of the different metals are not produced by double de
compn. The pptn. of the various tungstates i s directly con
nected with that of their respect ive b a s e s . Their compns. 
were indefinite; s e e Table 1. 

formed by adding an e x c e s s of cold soln. of K3VO4 to 
Hg(N02)3. Au vanadate forms a yellow ppt. when vanadic 
acid or vanadic compds. are added to an ale. soln. of Au 
or one contg. an electrolyte like NH4CI. It i s unstable and 

Table 1 

Soln. used 
Na2W04 

ppt. 
3Na20 • 7WO2 

ppt. 
Na20-4W02 

ppt. 

Al2(S04)3 A l 2 O j l . 7 4 W O 3 i 2 . 5 H 2 O A12O3-2.81WO3-7.30H2O 
ThCl4 (a) ThO2-2.05WO3-15.60H2O Th02-3.57W03-4.3IH2O Th02-3 .62 

W03-4.76H20 
(b) Th02 • 2.O2WO3 • 6.73H2O 

CUSO4 CuO-0.84WO3-3.03H2O CuO • I.23WO3 • 2.36H2O 
Cr2(S04)3 Cr203 • 2.94WO3 • ll.OSHjO CrjOj • 4.7OWO3 • 9.46H20 
ZrCl4 Zr02-1 .56 

W03-4.27H20 
BeS04 BeO • O.54WO3 • 3.I7H2O 

It i s considered that H2WO4 ex is t s in soln. as a comparative
ly strong acid: H2[0,(W03)jj] === 2H+ + [0,(W03)x]~~, where 
X = or > 4 , which acid might be formed by the interaction 
of a polytungstate and a strong acid. (J. Balozian) 

607 
COMPLEX PYROCATECHELATES OF QUADRIVALENT 
ELEMENTS. Arthur Rosenheim, Bas ia Raibmann, and 
Gerhard Schendel. Z. anorg. al lgem. Chem. 196, 160-76 
(1931). 

About 40 complexes of Si, Ti , Zr, Th, and U were prepd. 
Bes ides the inorg. cations, (H2N)2C:NH, C^HgN, PhNH2 and 
PhNMe2 were used. In some c a s e s the org. base replaced 
some of the water of crystn. in the compds. The tripyro-
catechol titanates were sepd, into their optical i s o m e r s by 
the use of cinchonine. (V. F. H.) 

608 
PHYSIOCHEMICAL STUDIES OF COMPLEX ACIDS. VI. 
THE PRECIPITATION OF MOLYBDATES. Hubert T. S. 
Britton and Wm. L. German. J. Chem. Soc. 1931, 1429-35. 

Potentiometric titrations of metal l ic salt so lns . with 
0.045M solns . of Na2Mo04, NajO" 2.33M0O2 and Na20-
4M0O2 were made with a quinhydrone electrode, and where 
poss ible the pH values obtained confirmed with a H2 
electrode. The so lns . used and the pH values at which pptn. 
was found to begin are: 

pH at which pptn. begins with 

Solns. used (100 cc ) . NajMoO, Na,0-2.33MoO, NaiO-4MoO, 

O.OlM ZrCl, 1.75 1.74 
O.OIM ThClj 3.02 3.00 
0.00667M Al,(SO,)j 4.39 No pptn. 
0.02M CUSO4 5.28 No pptn. 
0.00867M Cri(SOi)„ KjSO, 4.54 No pptn. 
0.02M BeSO^ No pptn. No pptn. 
O.OIM NiSO4(200 cc.) No pptn. No pptn. 
0.02M MgSO, No pptn. No pptn. 

The compns. of the ppts. are: 
Soln. used NaMoO, Na,0 • 2.33M0O3 

ZrCl, ZrOjO.eeiHoO, 
ThCl, ThO, • 2.07MOO, ThO,-2. 21MoO, 
Al,(SO,), A1,0, • 2.8IM0O, No pptn. 
Crj(S0,)j Cr,O,-2.80MoO, No pptn. 
CuSO, CuO-0.70MoO, No pptn. 

1.75 
2.97 

Na20'4MoO, 

ThOj • 2.82MoO, 
No pptn. 
No pptn. 
No pptn. 

NaOl 

1.86 
3.51 
4.14 
5.20 
5.34 
5.69 
6.66 

10.49 

Curves of the changes in pH values occurring with addn. of 
the molybdate so lns . are plotted. (J. Balozian) 

609 
VANADATES OF HEAVY METALS. M. B. Rane and K. 
Kondiah. J. Indian Chem. Soc. 8, 289-92(1931). 

2HgO • V20( i s formed by adding NH4 vanadate to an ale. 
soln. of HgCl2 or Hg(NO()2. The yellow ppt. i s sol . in 
mineral acids but not in AcOH sol . in alkali chlorides but 
not in the nitrates. It decomposes at 250°. 3HgO-V2O5 i s 

turns black on standing. With K3VO4 and AUCI3, AU3O3 • 
2V2O3 • H2O i s formed. NH4VO3 added to a dil. soln. of 
Th(N03)4 forms Th02, V2O, H2O, yellow, fades on standing, 
sol . in strong acids . The chloride g ives a ppt. that does 
not fade. An e x c e s s of NH4 vanadate added to Ce(N03)4 
forms 3Ce02, V2OJ, 9H2O, a yellowish ppt., which darkens 
except in an e x c e s s of Ce(N03)4. An e x c e s s of NH4 vana
date added to Zr(N03)4 forms a gelatinous yellow ppt., sol . 
in mineral acids , which forms Zr02 and V2O6 on heating. 
(A. N. H.) 

610 
METAL HYDRIDES SUCH AS URANIUM HYDRIDE. 
Frank H. Drlggs (to Westlnghouse Lamp Co.). U. S. Patent 
1,816,830, Aug. 4, 1931. 

U hydride i s formed by heating U metal powder in H to 
above 225° under a pres sure of H in e x c e s s of the dissocn. 
pressure of U hydride at the temp. used. Hydrides of Th, 
Zr, Ti and Hf may be s imi lar ly formed. 

611 
ANHYDROUS COMPOUNDS OF THORYL CHLORIDE WITH 
THE ALKALI CHLORIDES. Ed Chauvenet and J. Tonnet. 
Compd. rend. 194, 1078-9(1932). 

The reaction between thoryl chloride and the alkali 
chlorides has been studied with respect to the density of 
initial reactants and final product, and a measure of the 
heat of fixation has a lso been obtained. Conclusion: Com
bination i s equimol. with formation of a compd. of the type 
ThOCl2 • MCI. These compds. are all bel ieved to be stable. 
(R. H. L.) 

612 
LUMINESCENT COMPOUNDS. Alfons Schloemer. J. 
prakt. Chem. 133, 257-8(1932). 

Mixts. of Th and Ce oxides were prepd. by the addn. of 
Ce nitrate soln. to very finely powd. Th02, drying and heat
ing in an e lec . furnace. While this mlxt. exhibited no light 
phenomena in ultra-violet light from a quartz lamp with 
Uviol fi lter, or with weak cathode rays , a pronounced 
f luorescence (though of short duration) was excited by 
coned, cathode rays . The luminescence color var ies with 
the ratio of Th02 to Ce02. (L. T. Fairhall) 

613 
THE DIELECTRIC CONSTANT OF SOME OXIDES. A. 
Giinthersehulze and F. Keller. Z. Physik 75, 78-83(1932). 

The dielec . consts . of the following oxides were detd.; 
MgO 8.2, AI2O3, 7.7, CrjOj 12, ZrOj 12.5, Sb203 12.8, 
Sb204 10.1, Ba02 10.7, CIO2 7.0, TajOj 11.6, 8120, 18.2, 
Th02 10.6. The ns and ds . are a l so l isted in a table. 
(Egon Bretscher) 

http://Al2Ojl.74WO3i2.5H2O
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614 
COMPOUNDS OF QUADRIVALENT URANIUM. Arthur 
Rosenheim and Malwine Kelmy. Z. anorg. allgem. Chem 
206, 31-43(1932). 

The wide analogy between U and Th compds. is demon
strated by prepn. of the following U compds. from a weakly 
acid soln. of U(S04)2 • 8H2O: UClj- IOH2O, (C5HjN)2UCle • 
2H2O, U(HC02)4, (NH4)4[U(C03)4]-6H20, U(OH)2(HC02)2-2H2O, 
U(CH3C02)4, H2[U2(C204)5]-8H20, U(C204)2-6H20, 
(NH4)4H2[U2(C2H402),] • 6H2O, K4H2[U2(C,H402),J • 3H2O, 
(CN3He),[U2(C8H402)7l- I4H2O, (C5H,N)[U(CeH402)20H] • 
4H2O, (C2N4H5)[U(C8H4O2)2OH].20H2O, (CN3H8)8[U(C03)5J • 
4H2O, (CN3He)5[U(C03)3(OH)3] • 5H2O, (NH4)4[U(S03)4]-
Na3[U2(S03)7] • 2OH2O, Ke[U2(S03)7] • I2H2O, CN3H,[U(S03)20H] • 
2H20, Na4[U(P20,)2]- 8H2O. The following new Th compds. 
were likewise prepd.: (NH4)4[Th(S03)4]• 6H2O and 
(CN3Hj)5[Th(C03)3(OH)j]- 5H2O. The structural character
istics of these compds. are discussed, and it is believed that 
they can be explained only by polynuclear formulas. They 
are too complicated to correspond to the simple rules of 
the classical Werner's theory. (H. Stoertz) 

615 
THE VALENCY OF THE HALIDES OF THE THIRD, 
FOURTH AND FIFTH GROUPS OF THE PERIODIC SYS
TEM. Waldemar M. Fischer and Alfred Taurinsch. 
Z. anorg. allgem. Chem. 305, 309-20(1932). 

The halides in question form mol. compds. with ben-
zeneazo-p-phenol (I) similar to those obtained with inorg. and 
org. acid halides (C. A. 25, 3321) in which the residual af
finity of the halogen atoms is neutralized (C. A. 26, 932). 
The combining power of I therefore reveals the no. of halo
gen atoms in the mol. having equal reactivity and pre
sumably equal geometric positions. The configuration of 
the halides deduced from study of their compds. with I ac
cords with conclusions drawn from study of their dipole 
moments (C. A. 25, 4238, 5804; 26, 9, 3449). Halides of the 
3rd group possess 3 different configurations under different 
conditions of solvent and concn.: 

/ B r 
(1) Al(-Br (Ulich, C. A. 26, 898), which forms the compd. 

^ B r 
Br yBrs -Br 

AlBr3-3I, (2) J^AK ^Al( ' (Fajans, C. A. 23, 1028), 
B r / ^^Br/ ^ B r 

Br / B r . 
which forms the compd. Al2Br8 • 41, and (3) Br-AAK-^-Br-^Al 

Br-^ ^^Br'^ 

(Madelung, C. A. 16, 2437), which forms the compd. Al2Brj-
31. Halides of the 4th group exhibit the configurations: (1) 
symmetrical, yielding the compds. SiCl4 * 41 and SIHCI3 • 31, 
(2) trigonal pyramid with the 4 halogens at the corners, of 
which the one at the apex possesses residual affinity to 

form the compd. SnCl4 • I, (3) 
C \ / p } \ / C I 

cr r ^c/ 
' \ CI 

which forms compds. of the type SnCl4 • 21 (mol. wt. tmdetd.), 
(4) an undetd. but complex configuration corresponding to 
the compd. 2SnCl2 • I. Halides of the 5th group exhibit the 
configurations: (1) symmetrical, PCI3, 31, and PClj" 51 (no 
unsymmetrical compds. of P pentahalides were found, con
trary to expectations based on conclusions of other workers 
(C. A. 21, 3056; 23, 2158; 25, 5109), (2) unsymmetrical, 
SbClj • I. Among the iodides no residual affinity between I 
atoms and I was exhibited except in PI3, which formed PI3 • 
21. Prepn. and properties of the various mol. compds. are 
described in detail. (D. Thuesen) 

616 
THE HEATS OF FORMATION OF THE NITRIDES, m . 
THE HEATS OF SOLUTION OF CERTAIN METAIS AND 
METAL NITRIDES IN ACIDS. B. Neumann, C. Kroger, and 
H. Kunz. Z. anorg. allgem. Chem. 207, 133-44(1932). 

The heats of soln. of the following metals and nitrides 
were detd. in acids: In (1:12.7) H2SO4, Mn5N2; in (1:20) 
HCl, Cr, Mg, Mg3N2, Ce, CeN, La, and LaN. The heat of 
soln. of Cr could be detd. only approx. because of complex-
salt formation. The heats of soln. of the metals in cal. per 
g. atom and of the nitrides in cal. per mole and the heats 
of formation per N2 of the nitrides calcd. from them are, 
resp.: 'Mn - , 278.93 ± 1.44, 56.82; Cr (50.8 ± 1.7), - , - ; 
Mg 111.99 ± 0.14, 284.79 ± 0.87, 115.18; Ce 165.15 ± 0.16, 
119.17 ± 0.23, 156.00; La 167.72 ± 0.31, 127.06 ± 0.18, 
145.36. The heats of formation detd. by this method are 
compared with those which have been obtained calori-
metrically by direct union of the metal with N. IV. 
Uranium, thorium and lanthanum nitrides. B. Neumann, 
C. Kroger and H. Haebler. Ibid 145-9. The heats of 
nitriding for U, Th and La were detd. calorimetrically to 
be 68,460 cal., 77,100 cal. and 71,055 cal., resp., per g.-at. 
of N. (R. H. Lombard) 

617 
THE SYSTEM: MANGANESE SULFATE - THORIUM 
SULFATE-WATER AT 30°. A NEW TYPE OF DOUBLE 
SALT. Robert M. Caven. J. Chem. Soc. 1932, 2417-20. 

The soly. relations in the system: MnS04-Th(S04)2- H2O 
at 30° were investigated, a new double salt of these sulfates 
being prepd. MnS04 • Th(S04)2 • 7H2O, white powder consist
ing of microscopic prisms, was prepd. by dissolving as 
much Th(S04)2' 8H2O as possible in a nearly satd. aq. soln. 
of MnS04 at elevated temps., filtering, agitating the filtrate 
contained in a stoppered bottle sealed with paraffin wax (to 
prevent evapn.) set in a specially constructed app. in a 
thermostat at 30° until equil. is reached (up to 14 days), 
filtering again with suction, washing twice with cold water 
and drying in air on a porous plate for 2 days. The range 
of this double salt formation is large, the limits being 
MnS04: Th(S04)2 = 5:1 and 1360:1, showing that it cannot 
be recrystd. from water. When the results were plotted it 
was seen that the soly. of Th(S04)2 is increased by MnS04. 
(J. Balozian) 

618 
ACTIVE OXIDES. LV. DEHYDRATION OF HYDROGELS 
IN THE PRESENCE OF VARIOUS GASES. Gustav F. Huttig 
and Kurt Strial. Z. anorg. allgem. Chem. 209, 249-56(1932). 

Hydrogels of Th02, Zr02 and Cr20j were dehydrated in 
N2, H2, CH3OH, O2 NH3 + N2 and pure dry NHj and dehydra
tion curves are plotted. The 1st portion of H2O comes off 
quickly in NH3 but much more slowly in N2. For Cr203 • 
H2O and Th02 • H2O the influence of gases upon the dehydra
tion velocity increases in the following order: NH3, 
CH3OH, O2, H2, N2. The last traces of water were removed 
most easily in the presence of H2 and N2 and most slowly 
in the presence of NH3 and CH3OH. The general processes 
are discussed. (H. Stoertz) 

619 
ELECTRICAL CONDUCTIVITY OF HIGHLY INSULATING 
OXroES AND NITRIDES AT VERY HIGH TEMPERATURES. 
E. Podszus. Z. Elektrochem. 39, 75-81(1933). 

The cond. of highly insulating oxides (AI2O3, MgO, CaO, 
Th02) and of BN was measured at temps, exceeding 1500° 
in a vacuum and in gases. The cond. depends upon the Idnd 
and pressure of the surrounding gases. The cond. of the 
oxides is increased in N2 or in H2; that of BN decreases in 
Nj. Recrystn., brought about by long heating, causes a 
marked decrease in cond. The purer the substance, the 
more completely is the dependence of cond. on temp, ex-
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pressible by an equation of the form in k = In A - B/T. The 
values of A and B are tabulated for the substances in
vestigated. (W. B. Keighton) 

620 
THORIUM SULFIDE. M. Picon. Bull. soc. chim. 53, 
166-70(1933). 

Pure ThS2 can be prepd. at 1600° in a graphite crucible 
by the action of HjS on Th02. It is stable and not affected 
by heat below 1925°, at which temp, it fuses in vacuum 
with slight volatilization. Desulfurization and carburiza-
tion occur only above 2000°, forming ThC2. The general 
reactions of ThS2 are analogous to those of the rare earth 
sulfides. The reaction temps, are sometimes much lower, 
particularly with CO2, which, when dry and free from air, 
will react with ThS2 at 440°, the reaction giving quant, pro
duction of Th02, S, and CO. CI2, Brj, HCl, H2S04, SO,, and 
H2O have no reaction with ThS, at ordinary temps. (R.H.C.) 

621 
THORIUM OXIDE SOLUTIONS. Chemische Fabrik von 
Heyden A.-G. British Patent 379,133, Oct. 15, 1931. See 
French Patent 740,229 (C. A. 27, 2252). 

622 
THORIUM DIOXIDE SOLUTION. Rudolf Zellmann (to 
Chemische Fabrik von Heyden, A.-G.). U. S. Patent 
1,918,884, July 18. See French Patent 740,229 (C. A. 27, 
2252). 

623 
CHLORIDES AND OXALATES OF THORIUM AND THE 
RARE EARTH METALS. I. G. Farbenind. A.-G. British 
Patent 395,300, July 13, 1933. 

Hydrated chlorides of the Ce group, free from Th, are 
pptd. by passing HCl into a soln. of said chlorides, contg. 
also ThCl4, cooled to about 0° or below, or by the addn. of 
chlorides, e.g., of Ca or Mg, (with or without HCl) that are 
more sol. than Ce chloride and not pptd. by HCl at room 
temp. In the latter method it is unnecessary to cool the 
soln. The pptd. chlorides are washed with cooled coned. 
HCl. In an application of the process a reaction melt ob
tained by decompg. monazite sand in any manner is dis
solved in HCl, the major part of the chlorides of the Ce 
group pptd. as above and the filtrate treated to ppt. the 
metals of the y group, the remainder of the Ce group and 
the Th as oxalates, from which the Th is sepd. in known 
manner. 

624 
SOME REACTIONS OF ANHYDROUS THORIUM TETRA-
BROMIDE WITH ORGANIC LIQUIDS. Ralph C. Young. 
J. Am. Chem. Soc. 06, 29-31(1934). 

The reactions of anhyd. ThBr4 with a no. of org. liquids 
were studied. Such compds. as ThBri • 4C2H5OH, ThBr4 • 
SCeHjCOOCjHj and ThOBr2 • O.SCeHjCOCHa • H2O were ob
tained. Their prepn. and properties are given. 
(Reuben Roseman) 

625 
THORIUM NITRATE. Chemische Fabrik von Heyden A.-G. 
(Rudolf Zellmann and Richard Miiller, inventors). German 
Patent 580,980, Oct. 30, 1933 (CI. 12m. 9). 

Th(N03)4 IS prepd. by heating Th oxalate to glowing and 
treating the resulting Th03 with coned. HNO3 at temps, 
above the b. p. of the latter. The first process is earned 
out at the lowest possible glowing temp, at which the oxide 
is formed, e.g., 350-600°. 

626 
THORIUM OXALATE. Chem. Fab. von Heyden A.-G. 
(Rudolf Zellmann and Richard MuUer, inventors). 
German Patent 591,478, Jan. 22, 1934 (CI. 12m. 9). 

Th oxalate, prepd. as described in German 
Patent 580,216 (C. A. 27, 4818), is freed from H3PO4 by 
digestion with dil. H2SO4 at atm. or raised temp. 

627 
THORIUM OXIDE AND SALTS. Chemische Fabrik von 
Heyden A.-G. British Patent 402,010, Nov. 23, 1933, 
French Patent 757,246, Dee. 22, 1933. 

A Th02 which dissolves readily to form salts when 
heated with acids is made by heating Th oxalate at below 
500° under normal or reduced pressure. The time of 
heating is such that "aging" of the oxide is prevented. In 
examples the oxalate is heated at 300° 24 hrs . , resp., in 
vacuo and at normal pressure, and Th(N03)4 and ThCl4 are 
produced by dissolving the oxide in HNO3 and HCl. 

628 
OXYGEN ACIDS OF QUADRIVALENT CERIUM AND 
THORIUM. Alex Hoffmann. Naturwissenschaften 22, 
206(1934). 

From a consideration of the spatial tolerances of 
perovskite structures (Goldschmidt, et al., C. A. 20, 3415) 
it IS possible to predict what cations can form perovskites 
with the bivalent anions Ce03"" and ThOs ; the conditions 
are fulfilled for Ba"*""*̂  with ion radius 1.43 A. Actually 
BaCeOs and BaThOs were prepd. and had perovskite struc
ture, lattice consts. 4.377 ± 0.003 A. and 4.480 ± 0.003 A., 
resp. (BaZr03 has 4.176 ± 0.003 A.). These compds. are 
the first examples of cerates and thorates. (B. J. C. van 
der Hoeven) 

629 
THE HEATS OF FORMATION OF THE NITRIDES. V. 
THE HEATS OF COMBUSTION OF CERTAIN METALS 
AND METAL NITRIDES. B. Neumann, C. Kroger, and 
H. Kunz. Z. anorg. allgem. Chem. 218, 379-401(1934). 

The heats of formation at 19° and const, pressure of the 
following oxides and nitrides were derived from the heats 
of combustion, detd. calorimetrically, of the corresponding 
metals and nitrides. The data are in kg.-cal./mole. Zr02, 
258.2 ± 0.3; ZrN, 82.2; T1O2, 225.3 ± 0.3; TiN, 80.3; Th3N4, 
312.3e; M0O3, 180.4 ± 0.06; BeO, HS.Sj ± 0.18; Be3N2, 135.3; 
TajOj, 499.9; TaN, 58.1. The reaction of Mo with Nj to 
form a heterogeneous product, mostly represented by 
4[MoJ + N2 = 2[M02NJ3, involves 16.6 ± 0.6 kg.-cal./g.-atom 
N. Curves are given and discussed showing the relation 
between the heat of nitriding, per g.-atom of N, and the 
at. no. From these curves are interpolated the heats of 
formation of the nitrides of Sc, V, Y, Cb and W. 
(R. H. Lombard) 

630 
THE WANDERING OF ADSORBED ATOMS ON THE 
SURFACE OF SOLID BODIES. A. Gehrts. Z. tech. 
Physik 15, 456-61(1934). 

Recent work in this subject agrees with G.'s theory 
(C. A. 25, 2341). The monatomic layer of Th found in 
thoriated W and Mo is formed by diffusion along the crys
tal surfaces. (J. B. Austin) 

631 
IONS OF OXYACIDS IN THE DISSOLVED STATE. H. 
Brintzinger and Charng Ratanarat. Z. anorg. allgem. 
Chem. 222, 317-20(1935). 

The ionic wts. of anions were detd. by applying the dia-
lytic method to their K salts in KOH soln., with the latter 
as a reference electrolyte. The following compns. were 
found: arsenite As(OH)8 , tellurite Te(OH)j~~, selenite 
Se(OH)e"", sulfate [SO4 • 2H2O]" ", selenate [SeOi • 2H2O]" ", 
molybdate M0O4"", tungstate W04~", oxalate [C2O4 • 4H2O]" ", 
phosphate [P04- 24H2O] and arsenate [AsOi" 24H2O] . 
The following cations were found to have the compns. in
dicated: [Th- I2H2OJ++++, [Al• 18H20]•"+^ [Fe• 18H20]+++, 
[Cr- 15H20]'^'^* and [Be - 12H20]++. The general rule holds: 
"Aq solns give rise to highly hydrated compds. if at least 
one of the constituent ions is highly hydrated." (J. H. Reedy) 
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632 
AMMINES OF THORIUM BROMIDE. Ralph C. Young. J. 
Am. Chem. Soc. 57, 997-9(1935). 

Pressure- compn. diagrams are given for the system 
ThBr j - NH3 at 0° and at 25°. At 0° the equil. ThBr, -
2ONH3 — ThBrj - I4NH3 + 6NH3 exists, and the pressure of 
the higher ammine is 1180 mm. The decompn. pressure of 
ThBr4 - I4NH3 is 268 mm. at 0°; that of ThBr, - IONH3 is 22 
and 184 mm. at 0° and 25°, resp. (G. M. Petty) 

633 
AMORPHOUS AND CRYSTALLINE OXIDES AND HY
DRATED OXIDES. XXII. HYDROXIDE GELS AND HY
DRATED OXIDE GELS AND THEIR AMPHOTERIC 
PROPERTIES. Alfons Krause. KoUoid-Z, 72, 18-25(1935). 

A large no. of inorg. gels were investigated. Those 
contg. H replaceable by Ag are considered to be true hy
droxides; those not giving this Ag ferrite reaction are con
sidered to be oxide hydrates. Phys. and x-ray methods 
are considered to be unsuitable for detg. whether a compd. 
is a hydroxide or an oxide hydrate. Orthoferric hydroxide, 
y-FeOOH, cobaltic hydroxide and Bi hydroxide are true 
hydroxides but goethite and the "hydroxides" of Be, Cd, Ni, 
Ti, Th, and Zr do not react to give Ag salts and are oxide 
hydrates. The soly. of amphoteric hydrogels in acids or 
alkalies is no indication that they are true hydroxides. Na 
plumbite gives a Ag salt and is of the true hydroxide type; 
but as Na zincate and aluminate do not give Ag salts, the 
soly. of the hydroxides in NaQH must be due to peptization 
or to the formation of heteropolybases. (M. F.) 

634 
HYDROUS THORIA HYDROSOLS CONSIDERED AS POLY
NUCLEAR BASIC THORIUM COMPLEXES Arthur W. 
Thomas and Chester B. Kremer. J. Am. Chem. Soc. 57, 
1821-4(1935). "~ 

These hydrosols, which are really basic Th chloride hy-
drosols, were prepd by the reactions: (C) NH4OH + ThCl4; 
(E) Th02 • xHjO + ThCli; and (F) Th02 - XH2O + HCl, followed 
by dialysis and centrifuging. The micelles were pos The 
characteristics of the sols, stating in order miUiequiv. of 
Th per 1., milliequiv. of CI per 1., and pH of liquid after 
dialysis (6 days) were, resp.; C, 81.3, 12.4, 3.95; E, 63.9, 
5.7, 11; F, 100.9, 13.1, 4.16. The addn. of K salts produced 
an increase of pH. The order of increase is: citrate > oxa
late > malate > tartrate > malonate > succinate > acetate > 
propionate > formate > sulfate > chloride = nitrate. On 
storage, the sols increase in acidity, because: (1) aquo 
groups become hydroxo groups and free H ion; (2) olation 
removes a product of (1); and (3) oxolation of ol groups 
liberates H ion. Boiling decreases pH. These behaviors 
can be interpreted by the assumption of a polyolated and 
(or) oxolated structure of the micelle, an extension to col
loidal dispersions of the postulates which Werner and 
Pfeiffer applied to crystalloid basic salts. (F. E. Brown) 

635 
DESENSITIZING THORIUM DIOXIDE. Chemisch Fabrik 
von Heyden A.-G. (Rudolf Zellmann, inventor). German 
Patent 614,939, June 25, 1935 (CI. 12m. 9). Addn. to 
588,563 (C. A. 28, 2I355). 

The method of 588,563 for desensitizing Th02 in sol. 
form by treatment with colloidal or semicolloidal carbo
hydrates IS applied to Th02 in gel form. Thus, a 50% soln. 
of Th02 is evapd. to dryness and mixed with dextrin soln. 
The mixt. is then dried. The product is insensitive to 
electrolytes. 

636 
OXALATO COMPOUNDS. H. Brintzinger and W. Eckardt. 
Z. anorg. allgem. Chem. 224, 93-6(1935). 

The following lomc formulas, for the ions as they exist 
in aq. soln., were established by means of dialysis coeffs.: 

[Fe2(C204)4j*-, [C02(C204)4J^-, [Nl2(C204)4]*- [Mn2(C204)4]«-, 
[CU2(C204)4]<-, [Cd2(C204)4]*-, [Zn2(C204)4f', [Tl0(C204)2r, 
[V0(C204)2l'-, [U02(C204)2]^-, [Fe(C204)3]'-, [C0(C204)3r, 
[Mn(C204)3]'-, [Cr(C204)3f-, [Th2(C204)Bj'- [Zr4(C204)„]'«-. 
The oxalato ions that had trivalent central ions or the bi
valent central ions TiO^*, VO '̂̂  and U02^''' have, in aq. soln., 
the compn. indicated by the analyses of their solid compds. 
Ions that had bivalent metallic ions or quadrivalent Th as 
central ions have, in aq. soln., a weight exactly double that 
corresponding to analyses of their solid compds., and the 
oxalato ion of Zr has 4 times this weight. Whenever the 
ionic weight of a complex oxalato ion, in aq. soln., deviates 
from that of the simplest assumable ion, it is always a 
whole multiple of the weight of the simplest ion, usually 
twofold. This IS found also to apply to complex sulfato ions. 
(R. H. Lombard) 

637 
SYSTEM SODIUM OXALATE-THORIUM OXALATE-
WATER AT 25°. H. T. S. Britton and Maurice E. D. 
Jarret t . J. Chem. Soc. 1936, 1494-5. 

A phase-rule study of the above system indicates that the 
Na salt is stable only m the presence of excess of oxalate. 

638 
MELTING-POINT CURVES OF INERT OXIDES. VHI. 
SYSTEMS WITH Ce02. H. V. Wartenberg and K. Eckhardt. 
Z. anorg. allgem. Chem. 232, 179-87(1937). 

M.-p. curves were detd. for mixts. of Ce02 with BeO, 
CaO, MgO, AI2O3, T1O2, FCjOi, Mn304, and Cr203. Only 
Cr203 forms a compd., CeCrOs. In the mixts., the Ce02 is 
more or less reduced to Ce203, but also it is quite stable 
and infusible up to 2600°. It is the only oxide that gives 
mixts. with ThOj melting above 2600°; it is therefore the 
most fire-resistant oxide known, and is very suitable as a 
ceramic material for severe requirements. The m.-p. 
curves of the mixts. La203-MgO, La203-Zr02, and Th02-
T1O2 were detd. also. 

639 
THORIUM OXIDE. Chem. Fab. von Heyden A.-G. (Richard 
Muller, inventor). German Patent 645,366, May 26, 1937 
(CI. 12m .9). 

Th oxalate is heated to 300-500° under reduced pressure 
until a product is obtained which dissolves in hot coned. 
HCl or HNO3 and forms a salt. 

640 
REACTIVE THORIUM OXEE AND THORIUM SALTS. 
Rudolf Zellmann and Richard Muller (to Chemische Fabrik 
von Heyden, A.-G.), U. S. Patent 2,099,325, Nov. 16, 1938. 

641 
SINGLE-SHELLED MALONATE COMPLEXES IN THE 
DISSOLVED STATE. H. Brintzinger and F. Jahn. Z. 
anorg. allgem. Chem. 235, 115-19(1937). 

The ion wts. of various malonate complexes were detd. 
by dialysis. These included the complex ions with V, Cr, 
Mn, Co, Pr, Nd, VO, UOj, Th, Fe, Ni, Cu, Mg, Zn, and Cd. 
The results demonstrate the great similarity between the 
malonate complexes and the oxalate complexes. With t r i 
valent central cations they form single-shelled complex 
anions which contain 3 acid radicals. The existence of 
double-shelled complex anions with malonates of bivalent 
central ions is shown. The structure of the complex ions 
IS discussed. 

642 
DIFFUSION OF THORIUM CHLORIDE, NITRATE AND 
SULFATE. Lars W. Oholm. Fmska Kemistsamfundets 
Medd. 46, 118-23(1937). 

The diffusion coeffs. of the quadrivalent Th salts were 
less than for bi- or tnvalent-salts. The valences of the 
cation, however, have no marked effect and degree of hy
dration and activity coeffs. were more important. The 
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values of the coeffs. for Infinite diln. at 20° were: ThCl4 
0.780; Th(N03)4 0.768; and Th(S04)2 0.788. (H. C. D.) 

643 
DATA ON THEORETICAL METALLURGY. VHI. THE 
THERMODYNAMIC PROPERTIES OF METAL CARBIDES 
AND NITRIDES. K. K. Kelley. U. S. Bur. Mines, Bull. 
No. 407, 66 pp.(1937). 

Thermodynamic data relating to metal carbides and 
nitrides are collected and discussed with the view of ob
taining usable heat and free energy of formation relations. 
Pertinent data are difficult to obtain exptly. and are rare; 
this fact necessitates frequent use of approximations and 
assumptions. CH4 and NH3 also are included because some 
of the reactions considered involve these substances. The 
carbides considered are those of Al, Ca, Cr, Co, Fe, Mn, 
Mo, Ni, Si, Na, Th, Ti, W, U, V, and Zr. The nitrides in
clude those of Al, Ba, Be, B, Ca, Ce, Cr, Fe, La, Li, Mg, 
Mn, Mo, Si, Sr, Ta, Th, Ti, U, V, and Zr. The data are 
applied in a discussion of the following: (1) carburizatlon 
of Fe by CH4, (2) debismuthlzing of Pb by Ca through the 
medium of CaC2, (3) partition of C between Mn and Fe in 
the y range, (4) possibility of producing NH3 direct from 
natural gas, (5) decarburization of Cr and (6) possibility 
of producing cyanides from CO and NH3. Bibliography of 
108 references. (Alden H. Emery) 

644 
THE EFFECT OF PRETREATMENT AND PREPARATION 
ON THE BEHAVIOR OF FERRIC AND THORIUM HY
DROXIDES, INVESTIGATED BY THE EMANATION 
METHOD OF OTTO HAHN. Hans Gotte. Z. physik. Chem. 
B40. 207-29(1938). 

Samples of Fe(OH)3 and Th(OH)4, prepd. in different ways, 
were heated to 1200-1500° in dry and moist alms, and their 
behavior was studied by the enianation method. X-ray dia
grams confirmed the results for Th(OH)4. 

645 
HYDROUS OXmES OF SOME RARER ELEMENTS. 
Harry B. Weiser and W. O. Milligan. J. Phys. Chem. 42, 
673-8(1938). 

From Isobaric dehydration and x-ray diffraction studies 
on oxide gels of some ra re r elements, the following con
clusions were reached: (1) The pptd. oxides of In, Nd and 
Pr consist of hydrous trihydrates or hydroxides; (2) the 
pptd. oxides of Ga(when formed slowly or aged) and of Sc 
are hydrous monohydrates; (3) the pptd. oxides of Th,Ga 
(when formed rapidly and imaged), Y and Sm show no indi
cation of hydrate formation and should be considered as 
hydrous oxides of the resp. metals. 

646 
STUDIES IN THIXOTROPIC GELATION OF THORIUM 
MOLYBDATE GELS. Mata Prasad, S. M. Mehta, and 
H. Rathnamma. J. Indian Chem. Soc. 15, 365-76(1938). 

Viscosity of thixotropic Th(Mo04)2 gels was measured 
during gel formation. The effect of concn. of Th(N03)4, 
K2M0O4 and HCl, of temp, and of the addn. of electrolytes 
and nonelectrolytes was studied. The viscosity-time 
curves are not continuous but show definite changes in 
direction. This is the first instance of its kind observed 
during gel formation. (W. George Parks) 

647 
ACID ORTHOARSENATES OF Th. Pierre Castel. Compt. 
rend. 208, 37-8(1939). 

Mixing solns. of Th(N03)4 and AS2O6 gives white cryst. 
ppts., insol. in H2O, but sol. in HCl HNO3 or H2SO4. If the 
ratio Th02/AS205 is 0.05-0.14 the ppt. is Th(H2As04)4 • 
6H2O: if 1.63-2.80, it is Th(HAs04)2 • 5H2O. 

648 
TRITHORIUM ORTHOPHOSPHATE. Pierre Castel. 
Compt. rend. 208, 519-20(1939). 

A soln. of H3PO4 added to excess of Th(N03)4 or ThCl4 
in soln. at 18° forms a white gelatinous or viscous ppt. 
To avoid hydrolysis the ppt. is washed rapidly, centrifuged, 
and dried. Thus obtained, it is microcryst., sol. in mineral 
acids (not in HF) and in solns. of Th(N03)4 or ThCl4. Dried 
at 105°, its compn. is Th3(P04)4 • I2H2O. At least some of 
the water appears to be constitutional, as it is not all driven 
off below 850°. On heating the hydrate to 850° in vacuo, 
Th3(P04)4 remains as a white powder insol. in acids or 
solns. of Th(N04)4 or ThCl4. 

649 
AFFINITY. LXXXI. THORIUM PHOSPHIDE. Erich F. 
Strotzer, Wilhelm Biltz, and Karl Meisel. Z. anorg. 
allgem. Chem. 238, 69-80(1938). 

The prepn. of Th3P4, by the action of P vapor on Th at 
650-700° in a sealed tube, is described. Th3P4 has df 
8.44. It Is unchanged by cold H2O, but attacked by dil. acids 
with evolution of PH3. It is stable to heating at 1100°. X-ray 
examn. shows evidence of the existence of a subphosphide. 
(B. C. P. A.) 

650 
SPECIFIC HEATS OF THORIUM NITRIDE, LITHIUM 
NITRIDE AND ZINC NITRIDE. Syun-iti Sato. Sci. Papers 
Inst. Phys. Chem. Research (Tokyo) 35, 182-90(1939). 

The mean sp. heats of Th3N4, Li nitride and Zn3N2 were 
measured by the ice calorimeter method over 3 temp, 
intervals 0-99.5°, 0-305°, and 0 - 503° ( 0 - 419° for Zn3N2). 
The equations for the true sp. heat in cal./g. as a function 
of the temp, are calcd. The results are Th3N4 : Cp = 
0.04895 -I- 4.436 x lO^H - 1.384 x 10~»tS Li nitride: Cp = 
0.5127 + 7.2226 x 10~*t - 1.193 x 10"¥ , Zn3N2: Cp = 
0.1142 + 8.926 X lO'H + 1.151 x 10"^tl (Earl A. Gulbransen) 

651 
CHEMICAL FACTORS OF STRUCTURE FORMATION AND 
STABILITY OF ALUMINUM HYDROXIDE SOLS. I. IN
FLUENCE OF HEATING. E. I. Kvyt. Colloid J. (U.S.S.R.) 
4, 671-7(1938). 

The effect of boiling for an hr. on some properties of 
several sols of A1(0H)3, Fe(OH)3 and Th(OH)4 was investi
gated. Th(OH)4 sols, became opaque and more easily 
coagulated by K2SO4. 

652 
INSOLUBLE TELLURATES. E. Montlgnie. Bull. soc. 
chim. 6, 672-6(1939). 

Excess ZnS04 treated with K2Te04 gives 4ZnO- TeOj, 
while excess tellurate gives ZnTe04. Basic and neutral 
tellurates of Ni, Co, Ce(ic), Pb, Hg and Ag can likewise be 
obtained. Ca, Ba, Sr, Al, Ce (ous), Bi, Cd, Te, Mn, and Cu 
form neutral tellurates, Zr, Th, Be and Cr form basic 
tellurates, while Sn and Fe form neither. (E. G. Vanden 
Bosche) 

653 
THE ELECTROMETRIC DETERMINATION OF THE 
SOLUBILITY OF SOME HYDROXmES. George C. Bauer. 
Iowa State Coll. J. Sci. 13, 37-40(1938). 

Viscosity date, absorption spectra, and agreement of 
electrometric titration of MgCl2 with NH4OH and NaOH 
show no evidence of the formation of complexes of Mg- and 
NH4-salts in dil. solns. Based on pH of the satd. soln., 
solubilities in g. per 1. at 25° were detd.; Th(OH)4, 2.4 x 
10"^ 

654 
THE THERMAL PROPERTIES OF HALIDES. XH. A NEW 
ARRANGEMENT FOR VAPOR PRESSURE MEASUREMENT 
AND THE MELTING POINTS AND SATURATION VAPOR 
PRESSURES OF THE HALIDES OF Sc, Th, AND Hf. 
Werner Fischer, Rudolf Gewehr, and Hubert Wingchem. 
Z. anorg. allgem. Chem. 242, 161-87(1939). 

A new apparatus is developed which permits vapor pres-
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sure measurements to l e s s than 1 mm. Hg, on substances 
which attack quartz and porcelain at high temperatures . 
Below are l isted f irst the melting point and then either the 
sublimation temperature at 760 mm. or the boiling point 
(in parentheses) for the halides: ThCl4 770 ± 2° (921°); 
ThBr4 679 ± 3° (857°); Thl4 566 ± 2° (921°). Where A i s the 
heat of sublimation of vaporization in ca lor ies , p i s in mm. 
Hg, and T i s in °K, the vapor pressure data of solid (s) or 
liquid (1) phases are represented by the equation log p = 
- ( A / 4 . 5 7 T ) + B. Values found for A and B, respect ive ly , 
are: ThCl4 (s) 59,000, 14.30, (1) 36,500, 9.57; ThBr4 (s) 
44,000, 11.73, (1) 34,500, 9.56; and Thl4 (1) 31,500, 9.09. 

655 
EXISTENCE OF THOR-POLONIUM. J. Schintlmeister. 
Sitzber. Akad. Wiss . Wien. Math.-naturw. Klasse , Abt. Ha, 
147, 161-79(1938). 

Po from monazite sand was tested for i ts content of 
thor-Po which should emit o-part ic les . The thor-Po might 
ar i se by radio-decompn. of Th D. No o -part i c l e activity 
was found and it i s concluded that the half-life of Th D, 
Th E, and Th F must be greater than 10*' years . 
(William E. Vaughan) 

656 
MAGNETIC SUSCEPTIBILITIES OF SOME HALIDES. 
Ghulam Farid. Current Sci. 9, 492-3(1941). 

The following values have been obtained at the temps, 
given: SbOCl, 33.0°, - 2 . 3 0 ; praseodymium chloride 34.1°, 
+ 0.18; (C5Hi,)4NCl, 33.6°, - 5 . 2 7 ; C2H4(NH2)2• HCl, 30.6°, 
- 0 . 7 9 ; Cr2Cl5-aq., 31.0°, + 3 . 9 8 ; FeCl2-H20, 34.2°, +55.56; 
CrCl2, 33.8°, +30 .91; TaClj, 31.0°, +0 .39; ThCl4-8H20, 
32.2°, - 0 . 3 4 , all susceptibi l i t ies x lO' . (G. M. E.) 

657 
MECHANISM AND KINETICS OF RING CLOSURE. G. M. 
Bennett. Trans. Faraday Soc. 37, 794-803(1941). 

The ease of ring c losure in smal l a l l -C rings was detd. 
by the yie lds from the action of ale . (MeOH) KOH on a -
bromlnated diearboxylie e s t e r s . Results of this type were 
not c lean-cut , but the ease of formation of 3 - and 5- and 
the difficulty of formation of 4 - and 7-membered rings was 
demonstrated. The formation of heterocycl ic rings with a 
N atom as member was detd. from the reaction Br(CH2)n-
NH2 = (CH2)nNH + HBr; a lso cyc l ic sulfonium sa l t s were 
formed from oi-halogenated sulf ides. The effect of the 
solvent i s considered as Influencing an equil. between open 
and coiled shapes: chain position = ring position. The 
mechanism of direct formation of cyc l ic sulfonium sal ts 
from hydroxysulfides takes place a s follows: HO(CH2)4SR + 
HBr = [(CH2)4S'^R]Br~ = Br(CH2)4SR. Large-r ing formation 
i s discussed: (1) Th and Y sa l t s of diearboxylie acids with 
extended chains; (2) cycl ic ketones in the Thorpe reaction; 
(3) lactones from the to-hydroxy acids working at high diln. 
In boiling CjHe with phenylsulfonic acid as catalyst; (4) 
large ring sulfides; (5) large rings attached to the benzene 
nucleus as in the s e r i e s of bromoalkyl catechol ethers: 
o-CjH4(OH)[0(CH2)nBr]. Steric factors In the formation of 
large rings are d i scussed in relation to the odd-membered 
rings being l e s s stable. Ring formation by depolymerization 
i s d i scussed in the formation of diethylene disulfide, cycl ic 
lactones, e s t e r s and anhydrides. (Victor R. Deitz) 

658 
CONTRIBUTIONS TO THE SYSTEMATIC STUDY OF 
AFFINITY. XCVni. THORIUM SULFIDE. E. F. Strotzer 
and Maria Zumbusch. Z. anorg. a l lgem. Chem 247, 415-28 
(1941). 

Th sulfides were made from the pure e lements at 800° 
under pres sure . S-rich prepns. , up to ThS,o, appeared to 
contain no free S, and were colored orange to red. Extn. 
with CS2 removed S, to leave the compn. ThS2.3j (Th3S7). 
Tens imetr ic decompn. showed easy removal of S to ThS2.36, 

then const, pressure until ThSj. , was reached (ideal two-
phase region). Below this compn. the S pres sure was Im
measurably smal l , even at 1100°. Heats of reaction: 6ThS2 + 
S (gas) = 2Th3S7 + 38 kg . - ca l . (715°); 3ThS2 + S (rhomb.) = 
Th3S7 + 4 kg . -ca l . X-ray study confirmed the existence of 
the 2 sulf ides. Th3S7 i s deep red, ThS2 l i lac-brown; both 
are inactive with H2O and alkal ies , and are attacked hardly 
by HCl, sl ighUy by H2S04, but rapidly by HNO3. In the 
region of l e s s S, x -ray studies show 2 further compounds. 
One i s homogeneous between ThSi.s and ThSi.2, and i s de
noted as Th2S3. The other occurs between TI1S0.7S ^^'^ 
ThSg.s and shows a defective rock-sa l t type of lattice like 
ThP; it i s therefore denoted as ThS. This phase, when the 
compn. i s ThSo.75, has the lattice const, a "== 5.674 A. Spacing 
measurements on ThS^ samples over the entire range 
showed the S-increment to be 15-16 at n > 2.36, 13 at 2.36 > 
n > 2.0. At 2.0 > n > 1.92 10-11 was found for the S atom, 
and 17-18 for the S ion; at 1 > n > 0.5, 9-11 for the atom. 
From the chem. and phys. behavior, Th3S7 i s c lassed as a 
polysulfide, and the subsulfides as s e m i - m e t a l s . ThS2 
stands between the sa l t s and the s e m i - m e t a l s , but i s 
probably c loser to the former. (Werner Marti, A. O. Allen) 

659 
THE ULTRAVIOLET ABSORPTION OF SOME SIMPLE 
METAL NITRATES, AND ALSO OF SOME DOUBLE 
NITRATES IN THE SOLID STATE. Alain Berton. Compt. 
rend. 213, 653-5(1941); Chem. Zentr. 1942, L 1977. 

The absorption spectra between 4000 and 2400 A. of the 
following compds. were detd. from measurements of their 
reflection spectra from samples in powder form: KNO3, 
KNO3 • AgN03, AgNOj, AgN03 • Pb(NOj)2, Ca(N03)2 • 4H2O, 
Ca(NOj)2, Sr(NOj)2 • 4H2O, Sr(N03)2, Ba(NOj)2, Sm(NOj)j • 
6H2O. The influence of the metal and of the H2O mol. on the 
absorption bands was Investigated. For the following 
compds. the position of the characterist ic bands was 
measured: LiNOj, NaN03, RbNOj, NH4NO3, Mg(NOj)2 • 
6H2O, Zn(N03)2 • 6H2O, Cd(N03)2 - 4H2O, Pb(N03)2, 
Mn(NOj)2 • 6H2O, N1(N03)2 • 6H2O, Co(NOj)2 • 6H2O, La(NOj)3 • 
6H2O, Ce(N03)j • 6H2O, Nd(NOj)3 • 6H2O, Gd(N03)j • 6H2O, 
A1(N03)3-9H20, Bi(N03)3- SHjO, Th(N03)4• I2H2O, AgNOj-
2NH3, TINO3, HgNOj - HjO, Hg(N03)2 • 2H2O, Cu(N03)2 • BHjO, 
Fe(N03)3 • 9H20. Also for the following mixed sa l t s were 
the posit ions of the bands detd.: KNO3, AgNOj; NaN03, 
AgN03; NH4NO3, AgNO,; KNO3, Ba(NOj)2; AgN03, Pb(NOj)2; 
Ce(N03)3 • 2NaN03 • H2O; Ce(N03)j - 2KNOj • 2H2O; Ce(N03)4 • 
2NH4NO3 • 4HjO; 2Ce(N03), - 3Mg(NOj)2 • 24H20; 2Ce(N03)3 • 
3Zn(N03)2-24H20. (C. C. Kless) 

660 
THE EFFECT OF SOME ALLOYING ELEMENTS ON THE 
SOLUBILITY OF HYDROGEN IN ALUMINUM (Ce, Cu, Cr, 
Fe , Th, Ti, Sn). W. Baukloh and M. Redjall. Metallwirt-
schaft 21, 683-8(1942). 

The soly. of H in Al increased noticeably by addns. of 
Ce, Th and Ti, and decreased by Cu and Sn. Cr and Fe have 
only a slight effect. While Ce and Th increase the so ly . of 
H considerably at higher temps . , Cu and Sn reduce the soly. 
at all temps. In pure state, Sn has practical ly no effect, Cu 
very l itt le and Ce and Th a great effect on the soly. of H. H 
i s d issolved endothermally in pure Al and i ts al loys (as In 
Fe and i ts al loys); in Ce, Th and TI, exothermally. On the 
assumption that formation of metal hydrides i s in general 
exothermal, it i s concluded that H absorption In Ce, Th and 
Ti takes place preferably with formation of hydrides; In Al 
and Its a l loys , preferably in the form of a s imple soln. Ten 
references . (M. Hartenheim) 

661 
NEUTRAL THORIUM-SODIUM TARTRATE. Rudolf 
Gebauer (to Chemische Fabrik von Heyden A.-G.) . German 
Patent 722,408, May 28, 1942 (CI. 12o. 13). 
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Pure Th tartrate i s heated with an e x c e s s of NaOH. The 
resulting soln. i s neutralized with tartaric acid. The neutral 
soln. IS coned, until a neutral complex salt crysta l l i zes out. 

662 
THE EFFECT OF HYDROGEN-ION CONCENTRATION ON 
THE VISCOSITY CHANGES IN THORIUM PHOSPHATE 
GEL-FORMING MIXTURES DURING SETTING. A. Nathan. 
J. Indian Chem. Soc. 20, 56-61(1943). 

The rate of change of v i scos i ty with t ime increases as 
the pH decrease s from 1.42 to 0.20 and then decreases 
with further decrease of pH. The log (77 - 7)5) i s linear with 
t ime (2 Imes). The behavior of setting with addns. of EtOH 
to either side of the min. setting t ime i s different; this indi
cates different structures. (S. E. W.) 

663 
BASIC Na Th TARTRATE. Rudolf Gebauer (to Chemische 
Fabrik von Heyden A.-G.) . German Patent 729,186, Nov. 12, 
1942. (CI. 12o. 23). 

Pure Th tartrate i s boiled for 1-2 hrs . with NaOH. For 
each 3 mols . of Th02 are taken 5 mols . of NaOH. The soln. 
i s filtered and the double salt pptd. in the filtrate by adding 
a suitable org. solvent. 

664 
COMPOUNDS OF Th AND RARE EARTHS FROM MONA
ZITE. G. P. Aleksandrov. Russian Patent 57,668, Aug. 31, 
1940. 

Monazite i s chlorinated under pressure in the presence 
of a reducing agent and KCl and the chlorination product i s 
worked up in the usual manner. 

665 
COMPOUNDS OF URANIUM AND THORIUM. Henri 
Deslandres . Compt. rend. 223, 57-9(1946). 

The nos. of e lectrons capable of activation in some 
catalysts and in some compds. of U and Th are given. 
(C. C. Kiess) 

666 
HIGH-MELTING SINTERED OXIDES. G. Jaeger. Z. Ver. 
deut. Ing. 89, 19-22(1945). 

Ordinary ceramic m a s s e s , which usually contain S1O2 or 
s i l i ca tes , consist of a vitreous phase and an optically aniso
tropic cryst . phase. The refractory oxides are free of Si02 
and consist mainly of the oxides of Al, Be, Zr, Th, and Mg. 
These mater ia ls must be used in the pure state, although 
the addn. of certain p las t i c izers i s permiss ib le . While 
sintered AI2O3 i s nearly identical with corundum or sap
phire, it has a polycryst . structure and i s opaque; the gem-
stone IS a large, transparent single crystal . Sintered oxides 
are used for the manuf. of spinnerets in the synthetic-fiber 
industry because of their high abrasion res i s tance , for bear
ings , and for grinding wheels . Oxides having a controlled 
poros i ty - serve as neutral supports for catalysts , as f i l ter
ing materia ls , and as heat-res istant insulators. Supports for 
electron tubes and res i s tance thermometers and heating 
e lements of e l ec . furnaces are all made of refractory 
oxides. Sintered Zr02 s e r v e s for the manuf. of crucibles 
for Pt al loys . The cast or pres sed objects are fired at 
temps, up to 1900°. During firing AI2O3 shrinks about 
17-20%. (Francois Kertesz) 

667 
SOME REACTIONS OF TELLURIUM TETRABROMIDE. 
E. Montlgnie (112 me de Dunkerque, Tourcoing). Bull soc . 
chim. France 1947, 376-7. 

TeBr4 i s reduced to Te by NaH2P02, white P (thio-
carbonate soln.) , H2S (CHCI4 soln.) . P2S5, NaHS03, and 
Na2S203; to TeBr2 by Te02, SnCl2 (ether soln.) , C2H2 
(CHCI3 soln.) , PN2H, and partially by sunlight (thiocarbonic 
acid soln.); to TeSBr2 by H2S at 100°, Sb2S3, and AsjSj; and 
to Cu2Te by CU2O. TeBr4 was a lso treated with Ag sa l ts in 
boiling CjHj; it did not react with Ag2S04, Ag3P04, AgOAc, 

and Ag2C204 but was reduced to Te by AgCNO and formed 
Te(N03)2 with AgN03, Te(I03)2 with AglOj, 2Te02 • HNO3 with 
fuming HNO3, and Tel4 with ICN The dry fluorides of Na, 
Hg, Pb, Cs , Th, and Zn convert TeBri to TeBr2 and not 
TeF4, while with CaF2 it forms CaF2' TeBr4 (Edward J. 
King) 

668 

ESCAPE OF THORON FROM THORIUM X SALTS. 
F. Behounek and J. Klumpar (Radiotherapeutical Inst., 
Praha-Bulovka). Nature 160, 640-1(1947). 

No thoron was observed to leak out of an unsealed tube 
contg. Ra, mesothorium, and radiothorium. (Ralph W. 
Spitzer) 

669 
SCALE OF ACIDITY AND BASICITY IN GLASS. Kuan-Han 
Sun.-Glass Ind. 29, 73-4 , 98(1948). 

Based on the strength of the bond between an element and 
O, S, arranges the oxides into the following order of de
scending acidity: g l a s s - f o r m e r s , B2O3 (coordination No. 3), 
B2O3 (coordination 3,4), S1O2, GeOj, P2O5, V2O5, AI2O3, B2O3 
(coordination No. 4), AS2O5, Sb205, ZrOj; intermediates , 
Ti02, AI2O3, Th02, BeO, Zr02; modif iers , SC2O3, La203, 
Y2O3, Sn02, Ga203, In203, Th02, PbO (coordination No. 6), 
MgO, Li20, PbO (coordination No. 4) , ZnO, CaO, SrO, BaO, 
CdO (coordination No. 4) , Na20, CdO (coordination No. 6), 
KjO, Rb20, HgO, CS2O Thus, B2O2 (coordination No. 3) is 
shown as the strongest acid with an arbitrary sca le value 
for M — O bond strength of 119 while CS2O is the weakest 
acid or strongest base with a value of 10. (H. F. K.) 

670 
REACTIVE THORIUM OXIDE. Chemische Fabrik von 
Heyden Akt -Ges . (Richard Muller and Harry Lee, in
ventors). German Patent 684,723, Dec. 4, 1939 
(C1.12m.9). 

671 
HYDROXY- AND AMINOAZONITRO COMPOUNDS III 
CHARACTERISTIC GROUPING FOR MAGNESIUM L. M. 
Kul'berg and Z. V ivanova. Zhur. Obshchei Khim. 
(J. Gen. Chem.) 17, 601-12(1947). 

(1) Twenty-s ix dyes were tested for color reactions with 
Th sa l t s , 1 e. for the color change produced on addn. of a 
few drops of a 0.1% soln of the dye in 10% alkali (aq or 
EtOH + H2O, depending on the so ly . ) , plus an e x c e s s of 10% 
alkali, to a soln. of Th salt , resulting in the formation of 
characterist ical ly colored compds. of the type shown with 
the pptg. Th(OH)4. 

672 
HEXAMETAPHOSPHATES. I. PREPARATION AND 
PROPERTIES OF SODIUM HEXAMETAPHOSPHATE AND 
A STUDY OF THE EXTENT OF COMPLEX FORMATION 
WITH CALCIUM IONS BY CONDUCTIVITY DATA. R. C. 
Mehrotra and N. R. Dhar (Univ. Allahabad). Proc . Natl. 
Inst. Sci. India 16, 59-65(1950). 

Pure Na hexametaphosphate (I) was prepd by the method 
of P. Pascal ( C A . 18, 505) by heating Na(NH4)HP04-4H20 
to 700°, and rapid quenching of the melt . Five % soln. of I in 
H2O reacts with salts of Ca, Sr, Ba, Mg, Zn, Mn, Pb, Al, Be, 
La, Th, Zr, Ce, Fe , and UO2 forming sol . complexes by the 
following mechanism: Na2[Na4(P03)e] + BX ^ 
Na2[Na2B(P03)6] + Na2X; Na2[Na2B(P03)6j + BX ^ 
Na2[B2(P03)8] + Na2X, where BX stands for CaCzOj, CaCOj, 
etc The reactions indicated by the equations were followed 
by cond. measurements II. A study of the complexes 
formed by sodium hexametaphosphate with strontium, bar i 
um, and lead ions by conductivity data. Ibid. 67-9 . — Sr, Ba, 
and Pb sulfates dissolve in I with the formation of Na4B(P03)6; 
where B i s Sr, Ba, or Pb. Only Pb tended to react a stage 
further, forming Na2Pb2(P03)8. (M. J. Schuler) 
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673 
OXIDE SYSTEMS OF THE ACTINIDE ELEMENTS. Joseph 
J. Katz (Argonne Natl. Lab., Chicago). Record Chem. 
Progress 12, 43-53(1951). 

Phase relations and other properties of oxygen systems 
with actinide elements (especially U) are reviewed, and 
compared with properties of lanthanide oxide systems. 
14 references. (J. F. Smith) 

674 
DIELECTRIC PROPERTIES OF OXIDES OF RARE 
METALS. Shigeyukl Nagasawa (Osaka Ind. Research Inst., 
Japan). J. Electrochem. Soc. Japan, 18, 158-60(1950). 

Results of measurements are given of dielec. consts., 
dielec. loss angles, and elec resistances of Zr02, Ta205, 
BeO, Ge02, La203, and ThOj. (M. Tsuboi) 

675 
COMPACTS OF HIGH-DENSITY URANIUM HYDRIDE. 
Morris L. Perlman and Sam I. Weissman (to the United 
States of America, as represented by the Atomic Energy 
Commission). U. S. Patent 2,558,377, June 26, 1951. 

Solid nonpyrophoric hydrides of U, Pu, Th, Np, and Pa 
are prepd. in a closed chamber of any shape and of only 
slightly greater vol than that of the metal being used A 
predetd quantity of pure metal m the rod or powder form 
is placed in a strong, closed chamber and heated in an atm. 
of dry H at a pressure in excess of the dissocn. pressure, 
e.g , for U metal, 200° and 300 mm. Hg. Pressures in the 
solid in excess of 5 tons/sq. in. are created, and the hydride 
particles assume a preferred orientation with respect to 
one another in the compact With 13 g U per cc. container 
the hydride has a d. of 10 g./cc. With 19 g. U per cc. the 
compact d. is of the order of 15 g . / c c , but the compact 
expands upon removal from its container and is pyrophoric. 
(Gilbert E. Klein) 

676 
WATER ABSORPTION BY MELTING OXIDES. H. v. 
Wartenberg (Umv. Gottingen, Ger.). Z. anorg. u. allgem. 
Chem. 264, 226-9(1951); Z. Electrochem. 55, 445-6(1951). 

BeO, AI2O3, and La203 absorb H2O when melted and r e 
lease it with eruption upon solidification. The technique 
for the manuf. of artificial rubies prevents H2O from inter
fering with the process in this manner. The same phenome
non occurs slightly with ZrOj, but not at all with a mixt. of 
PrjOj, NdjOj, and YbjO, or with CaO, MgO, or ThOz. Since 
the temp, is above 2000°, the H2O must be chemically bound 
to the oxide; consequently gaseous hydroxide and hydroxide 
m soln. in the oxide melt must be present. The heat of 
formation of gaseous Be(OH)2 and the heat of volatilization 
of Be(OH)2 are calcd. to be approx. - 4 7 kcal. and - 6 0 kcal., 
resp., from the data of Hutchison and Malm on the volatili
zation of BeO in the presence of H2O vapor (C. A. 43, 
532 Ih). AI2O3 IS more volatile in the presence of H2O vapor 
than in dry air, so gaseous Al(OH)3 is also stable. 
(B. P. Block) 

677 
THORIUM COMPOUNDS. Amos S. Newton and Oliver 
Johnson. U. S. Patent Appl. 787,850. Official Gaz. 651, 
615-616(1951). 

Massive Th metal, cleaned with CCI4, is enclosed in 
glass tubing plugged at both ends with glass wool, the 
chamber is flushed with H and heated to 350—400°, com
pletely converting the Th to 16.67 g. of powd. hydride. Any 
of the hydrides from ThHj 73 to ThH4 may be present. Pass
ing HCl gas slowly over the hydride at 350-400° yields 
ThCl4, passing phosphine at 400° yields Th3P4, and passing 
H2S at 300-400° yields ThS2. (M. M. Berry) 

678 
MAGNETOCHEMISTRY OF THE HEAVIEST ELEMENTS. 
VI. PLUTONIUM DIOXIDE- THORIUM DIOXIDE AND 

PLUTONIUM TETRAFLUORIDE-THORIUM TETRA-
FLUORIDE SOLID SOLUTIONS. J. K. Dawson (Atomic 
Energy Research Establishment, Harwell, Engl ). J. Chem. 
Soc. 1952, 1882-6. 

Solid solns. of PuF4-ThF4 and Pu02-Th02 were prepd. 
from very pure materials, with the concn. of Pu varying 
from 100% to 2%. X-ray diffraction studies indicated the 
formation of true solid solns. The magnetic susceptibilities 
of most of these were measured at a no. of temps, from 90° 
to about 450°K., by the microbalance method, but for low 
concns. only values 300°K. are given. To obtain the true 
paramagnetism of the Pu(IV) ion corrections for the dia-
magnetism of the various ions were applied. The tabulated 
results give xo (gram susceptibility), Xm (molar suscepti-
diamagnetism). Above 200°K PUF4 obeys the Curie-
Weiss law, but the (l /x)-T line curves up somewhat below 
200°K. Extrapolation to infinite diln. of the PUF4 values at 
300° indicates that the susceptibility of Pu(IV) is approx. 
3020 X 10~°, which is in reasonable agreement with that 
calcd. for a 5f̂  electron configuration with L-S coupling. 
The susceptibility of PUO2 is considerably lower than that 
of PUF4 and does not obey the Curie-Weiss law. The results 
for Th02 indicate a very rapid increase in Xpu(iv) between 
10 at. % and infinite diln., and the value at infinite diln. is 
about the value for a 5f̂  configuration, although there is 
some evidence that 6d levels are occupied. The methods of 
prepn. and testing for purity are outlined. (W. W. Stiller) 

679 

EFFECT OF CHEMICAL ADDITIONS ON THE HYDRATION 
RATE OF FIRED QUICKLIME (CaO). H. P. Cahoon and 
P. D. Johnson (Univ. of Washington, Seattle). J. Am. 
Ceram. Soc. 34, 230-5(1951). 

To CaO, prepd. from pptd. CaC03 calcined at 1200° for 
1 hr. and ground to 20-mesh, addns. of 1-5% of various 
oxides were made and the mixts. ball-milled for 30 min. 
to ensure thorough mixing. To prevent hydration, 150 cc. 
of a soln. of Vi lb. paraffin in 1 pint of kerosene was added 
to each 200 g. mixt. It was heated and stirred until the ex
cess kerosene was volatilized and a fine dry powder formed, 
then ball-milled again. Samples were calcined at 1625° and 
1750° for 1 hr. and 4 hrs . In studying rates of hydration, the 
method that gave most reliable results was to place the 
sample in a desiccator over H2O and record the increases 
in wt. The oxides MgO, ZnO, Th02, Zr02, and SnOj showed 
no noticeable effect when added before calcination at 1625° 
or 1750°. Some effect, usually a small increase in the rate 
of hydration, was shown by NiO, Cr203, N2O6, Mn02, CoO, 
and Ca(P03)2. The best results in reducing the rate of hy
dration were shown by addn. of Fe203, in amis, up to 10%, 
and especially when the Fe203 was added by pptn. of an 
equiv. ami. of Fe(OH)3. Adding M0O3 as well as Fe203 r e 
duced the rate of hydration still further. The lowest rate 
of hydration was that of a lime mixt. contg. 0.1% M0O3, 5% 
pptd. Fe203, and 1% Cr203, and fired at 1750° for 1 hr.: 
calcns. indicated that 6400 hrs . would be required for com
plete hydration, compared with 256 hrs . for pure CaO. 
(C. H. Kerr) 

Isotopes 

680 
A NEW METHOD FOR PREPARING RADIOACTIVE DISIN
TEGRATION PRODUCTS; THORIUM D—A SHORT-LIVED 
PRODUCT OF THORIUM. O. Hahn and L. Meitner. Ber. 
physik. Ges. 11, 55-62(1909) 

Hahn (Physik. Z., 10, 81(1909)) found that when a metal 
foil was activated by means of actinium preparations, be-
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sides the active deposit there was a slight residual activity 
of longer period, which was called actinium X. The most 
probable explanation of the formation of actinium X was the 
assumption that in the violent disintegration of radioactini-
um whereby a and ^ particles are thrown out, the recoil of 
the actinium X atom from the radloactlnium is sufficient to 
tear It from the other mols. and carry it to the electrode. 
The charge on the electrode was found to have an influence 
in this separation of actinium X, a negative charge giving 
the best results. This method of separation was then ap
plied to a mixture of Ra A, Ra B and Ra C with the electrode 
charged successively to +220 v., o, and -220 v. Here again 
the separation was best with a negative charge on the elec
trode, and from the rate of decay the product was found to 
be Ra B. The method was then used to separate actinium C, 
and when applied to the active deposit from radiothorium 
led to the discovery of a new radio-element Th D, which 
was found to have a decay period of 3.1 min. and to give 
very penetrating 0 rays. The products obtained by this 
method all owed their separation to the recoil of the mol. 
when an a particle was given out. Experiments were tried 
with Ra B, which gives out only 0 rays, to see if the omis
sion of 0 rays would cause a separation of Ra C, but only 
slight indications of such a separation were found. From 
the fact that Ra C gives out two kinds of 0 rays, and because 
of the large range of the a rays (7.1 cm.) the authors think 
that Ra C may give only one kind of ^ rays and become 
transformed into a very short-lived product which produces 
the other kind of 0 rays, together with a and y rays. 
(C. H. Viol) 

681 
MESOTHORIUM AND RADIOTHORIUM. O. Hahn. Chem. 
Ztg., 35, 375(1911). (F. W. Smither) 

682 
THE TRANSFORMATION OF THE ACTIVE DEPOSIT OF 
THORIUM. E. Marsden and C. G. Darwin (Univ. 
Manchester). Proc. Roy. Soc. London, 87, 17-29(1912). 

Expts. are described which indicate that Th C consists of 
2 products. One of these designated as Ca and amtg. to 35% 
of the whole emits of-particles of range 4.8 cm., and be
comes converted into ats. of Th D. The remaining product 
designated as Cjj emits ^-particles, and disintegrates into 
ats. of a very short-lived a-ray product C2(range 8.6 cm.). 
Chem., physical, and recoil expts. alike failed to sep. the 
ats., giving the a-particles of the 2 diff. ranges. The ^-rays 
emitted by the product C^ are very penetrating (\i = 13.5 
cm."' Al), and are practically unaccompanied by y-rays, 
while Th D gives relatively soft 0-rays (ji = 21.5) with In
tense penetrating y-rays. (W. H. Ross) 

683 
THE CHEMICAL PROPERTIES OF THORIUM C AND 
THORIUM D. Walther Metzener (Charlottenburg). Ber., 
46, 979-87(1913). 

A chem. study was made of the elements Th C and Th D 
with a view to finding exptl. evidence for their position in 
the periodic table. It was observed that short-lived ele
ments like Th C exhibit 2 classes of reactions depending on 
the presence or absence of an inactive element chemically 
identical with it. In the absence of the identical element, 
anomalous results may be obtained. Thus from a AgN03 
soln. about 90% of the Th C present could be pptd. with HCl. 
The addition of Bi, however, almost completely prevented 
the reaction. Th C crystallizes isomorphously with Bi, and 
its chem. similarity to this element, which fixes its position 
in the 5th group of the periodic table, was shown by other 
reactions. The assumption that Th D agrees with TI in its 
reactions was confirmed by the observation that no sepn. 
of these elements could be brought about by crystn. of dif
ferent TI salts. The results of the investigation support the 

conclusions reached by Fajans (C. A., 7, 1669), rather than 
those of Hevesy (C. A., 7, 1670), regarding the arrangement 
of the radio-elements in the periodic system. (A. R. Merz) 

684 
THE ELECTROCHEMICAL PROPERTIES OF RADIUM B 
AND ftADIUM C. Z. Klemensiewicz. Compt. rend., 158, 
1889-91(1914). 

With a view to detg. with what degree of accuracy the 
isotropic elements can be said to be chem. identical in their 
chem. and physico-chem. properties, an electrochem. 
method wad devised for noting any slight possible sepn. of 
such elements. The method is based on the detn. of the 
distribution ratio of a radioactive element between an 
amalgam of the metal supposed to be isotopic with it, and 
an aq. soln. of one of its salts. Tests were made with Ra B 
and Th B, using an amalgam of Pb (1 g. Pb in 5-10 cc. Hg.) 
with a soln. of Pb(N03)2. Under the conditions of the expt. 
no difference in the distribution ratio of either radioactive 
element was observed although a difference of even 0.5% 
could have been detected. In this way it is shown that the 
normal electrolytic potentials of Ra B and Th B are equal 
to that of Pb within 2.10"' v. The differences thus found in 
the electrolytic potentials of these isotopic elements are 
not more than Vj as great as those which are observed in 
samples of the same metals which have been subjected to 
different mechanical treatment. This result confirms the 
view that a radioactive element and its isotope are non-
separable. (W. H. Ross) 

685 
THORIUM LEAD—AN UNSTABLE PRODUCT. Robert W. 
Lawson (Vienna). Nature, 93, 479(1914). 

An exam, was made of the Pb, U and Th content of a 
series of radioactive minerals of Devonian age from the 
same locality in Norway. The results obtained indicate 
very strongly that Th E Is unstable and that it has a half-
period equal to 4 x 10"* times that of Th, or 6 x lO' yrs. 
It follows from this that Th E cannot be regarded as the 
end product ol Th. It is considered, moreover, that it does 
not emit a-rays, for these should have a range of about 3 
cm. and would have been detected. Further details of the 
work are to be published shortly. (W. H. Ross) 

686 
THE BRANCHING POINT OF THE THORIUM SERIES. 
S. Loria (Vienna). Physik. Z. 17, 6-9(1916). 

Barratt and Wood (C. A. 8, 3530) have measured the % of 
the Th C vaporized at temps, from 770 to 1200°. A pro
nounced change in curvature at the point represented by a 
temp, of 920° and 35% vaporization led them to believe that 
Th C is a ^-radiator decomposing to the extent of 35% into 
the a-radiator, Th CQ,, and into a second ot-radiator, Th 
C2, according to the scheme: 

s 
3 6 * Th Ca — Th D • 

Th A — Th B — Th Cj 
• Th C, - ? 

66% 

L. points out that the application of the Soddy-Russell-
Fajans transformation rule to this scheme leads to the 
false conclusion that Th D belongs to the rv group and is 
isotopic with Pb instead of with TI. L. has made a new and 
more accurate detn. of the vaporization curve of Th C and 
has supplemented it with a similar detn. for Ra C. He 
agrees with Barratt and Wood in finding a change of direc
tion in the curve for Th C but further finds that the curve 
for Ra C is practically identical with that of Th C as would 
be expected for isotopic elements. Since, however, the 
ratio of the 2 branches in the Ra series is about 3 in 10,000 
it seems impossible that it could be detected in a vaporiza-
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tion curve as was assumed for Th C by Barratt and Wood. 
But it is clear that the relations are parallel in the 2 series, 
and L., therefore, concludes that the assumption of Barratt 
and Wood was wrong and that the previously accepted 
scheme of branching 

• Th D — ? 
is correct: Th B — Th C. L. believes that 

- Th C2 -* ? 

the change in the curve is to be explained on chem. grounds, 
probably by oxidation, rather than on radioactive grounds. 
(S. C. Lind) 

687 
THE ATOMIC WEIGHTS OF ISOTOPIC THORIUM AND 
IONIUM. O. Honigschmid (Radium Inst., Vienna). Z. 
Elektrochem. 22, 18-22(1916). 

The at. wt. of Th was found to be 232.150 from the ratio 
ThBr4/4AgBr and 232.152 from ThBr4/4Ag. The bromide 
analysis is accurate because ThBr4 does not absorb an ex
cess of Br when melted and sublimed in a stream of Br, 
and at temps, below 800° it does not attack quartz app. 
This Th was spectroscopically free from all impurities in
cluding the rare earths. The same method was then ap
plied to a Th-Io mixt. obtained from the residues after 
extn. of U from Joachimsthal pitchblende. The sample was 
spectroscopically identical with the pure Th but was rich 
in lo and sufficiently radioactive to give a luminescence. 
Its at. wt. from the ratio (Th-Io)Br4/4AgBr was 231.503, 
and from (Th-Io)Br4/4Ag was 231.507. Theoretically the 
at. wt. of lo is near 230.0, so that the difference of 0.65 
imit in the at. wtof Th is due to an admixture of 30% lo. 
(G. I. Wendt) 

688 
ISOTOPES OF CHEMICAL ELEMENTS COLLECTIVELY. 
A. Van Den Broek (Gorsel). Physik. Z. 17, 260-2(1916); 
J. Chem. Soc. 110, 11,465(1916). 

A chart is given in which it is supposed that from U, Th 
and Act, the latter assumed to have the at. wt. 227, disin
tegrations in the order 4 a - and then 2 ^-particles proceed 
until the initial 2 short periods are reached and then a -
particles only. The at. wt.-at. number curve of such a 
simple disintegration scheme, especially for Act, r e 
sembles the curve for the actual elements in a striking 
way. The at. wt. of the actual element lies throughout 
among the at. wts. of the isotopes so derived from a U 
series (4n + 2), a Th series (4n) and an Act series (4n + 3). 
(W. H. Ross) 

689 
THORIUM LEAD. O. Honigschmid (Prague). Physik. Z. 
18, 114-5(1917); Sci. Abstr. 20 A, 230(1917). 

Assuming Th E to be the final non-active product of Th 
and an isotope of Pb, the at. wt. of Th E should be 208.1. 
As all Th minerals contain U, however, the sepn. of the 
Ra G (at. wt. 206) from the Th E would not be possible. 
From a study of thorite from Ceylon and from density 
measurements Soddy (C. A. 9, 889) deduced the at. wt. of 
thorite Pb as 207.74. (The author gives this value instead 
of 207.64 as stated by Soddy, and 207.2 for Pb; in 1914 the 
value 207.1 was still the international accepted value.) 
Using Soddy's original material, H. detd. the at. wt. for Th 
Pb directly by distg. the chloride and detg. the ratios PbCl2: 
2Ag and PbCl2: 2AgCl after the method of Richards; the 
result, 207.77, agrees well with that of Soddy. Lead from 
thorite poor in U seems certainly to have a higher at. wt. 
than common Pb. From the periods of Th and U, H, fur
ther estimates that Ra G and Th E should be present in 
thorite in the ratio of 10:90; that estimate would lead to 
the at. wt. 207.9 for Th E. (S. C. Lind) 

690 
THE RATIO OF MESOTHORIUM TO THORIUM. H. N. 
McCoy and J. M. Henderson (Univ. Chicago). J. Am. 
Chem. Soc. 40, 1316-26(1918). 

The fact that the a - ray activity of a mineral is propor
tional to its Th content, correction being made for any Ra 
and U present, proves that there exists a constant ratio of 
MsTh to Th. It is found that "one mg. of MsTh" Is in equil. 
with 19.0 X 10' mg. of Th; or 1 g. Th contains 0.524 x 10~* 
mg. of MsTh. This value is about ^^ as great as the Ra/V 
ratio, 3.23 x 10"'. The ratio MsTh/Th cannot be detd. by 
emanation method because of 2-yr. period of RaTh. The in
direct method devised consists in detg. 3-ray activity of 
MsTh extracted from a known amt. of Th, and then measur
ing for pure MsTh the ratio of 0 to y activity. Knowing the 
latter in terms of Ra, the amt. of Th necessary to produce 
1 mg. MsTh is found. The Al(OH)3 method by which MsTh2 
is sepd. from samples of thorianite, monazite and pure 
Th(N03)4, and its j3-ray activity measured gives more ac
curate results than the BaS04 film method. (C. L. Clark) 

691 
THORIUM-LEAD. O. Honigschmid (Univ. Munich). Physik. 
Z. 19, 436-7(1918). 

A condensed report of a paper before the Bunsen Gesell-
schaft, Berlin, April, 1918. Soddy's detn. of the at. wt. of 
Pb in Ceylon thorite gave the value 207.77, considerably 
lower than the theoretical 208.0, which Soddy sought to ex
plain on the assumption that only 35% of the Pb is stable 
while 65% disintegrates further. Lawson has sought an ex
planation that the thorite is an altered product from the 
thorianite with which it occurs, and in the alteration took 
over the isotopic Pb already existing in the primary miner
al, which owing to its higher content in U would furnish Pb 
of lower at. wt. More recently H. has examd. thorite from 
Norway containing very littly U and has obtained the highest 
value for the at. wt. of Th-Pb yet found (207.90), which ap
pears to disprove Soddy's assumption. In order to test 
Lawson's theory further, H. detd. the at. wt. of the Pb in 
3 specimens of Ceylon thorianite of the compn.: (I) Th and 
ra re earths 78.2%; U 11.9%; and Pb 2.34%. (II) Th and rare 
earths 79.11%; U 12.2%; and Pb 3.11%. (HI) Th and rare 
earths 72.52%; U 18.1%; and Pb 3.5%. The values for the 
at. wt. of Pb found were: I 207.21, II 206.91, HI 206.84. No 
certain conclusions can be drawn from these results since 
all the values are lower than expected by several units in 
the first decimal place. The high Pb content of H in spite 
of composition quite similar to I is puzzling, can hardly be 
accounted for by a difference in age of the minerals which 
would also fail to explain the observed at. wt. difference. 
More plausible would be the assumption that thorianite is a 
secondary mineral produced by the infiltration of Th02 into 
a mineral containing U which retains its original Pb. This 
assumption is not confirmed by any other known facts. 
(S. C. Lind) 

692 
KNOWLEDGE AND INTERPRETATION OF ISOTOPIC 
VARIETIES OF LEAD. K. Fajans. Z. Elektrochem. 24, 
163-9(1918); J. Chem. Soc. 114, H, 421(1918). 

In conjunction with A. Nadai and F. Rlchter, Pb was 
sepd. from a Norwegian thorite from Langesundfiord, 
analyzing 30.1% Th, 0.45% U, and 0.35% Pb, in which the 
Th to U ratio is 75, and for which the at. wt. of Pb, if de
rived wholly from the Th and U, should be between 207.97 
and 208.00. The at. wt. of this Pb was found by O. Hoenig-
schmid to be 207.90 ± 0.013, which is the highest value yet 
exptlly. found, that prepd. from Ceylon thorite, with the 
Th to U ratio 55, by Soddy, having the at. wt. 207.77. The 
small difference between the exptl. and calcd. values, if 
significant and due to the Th-Pb not being completely 
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stable, shows that the half period of the Th-Pb must be at 
least 1.7 X 10' years. The question is discussed whether, 
in the various kinds of Pb having at. wts. between 206 and 
208, there are other isotopes than those derived from Th 
and U, and especially common Pb (at. wt. 207.2) is a mixt. 
of these isotopes or a third distinct isotope. If U minerals 
of the same geological age are compared, the ratio Pb 
(206.0)/U should be const., and if the variation of the at. 
wt. of Pb above the value 206 is due to the admixt. of com
mon Pb, the beta activity of the Pb, which is due to Ra-D 
plus-E, and which is a measure of the Pb (206)/U ratio, 
should decrease as the at. wt. of the Pb increases. Three 
specimens of Pb from Joachimsthal pitchblende, the at. 
wts. of which were I 206.405, H 206.61, and m 206.73, 
were found to possess beta-activity, calcd. back to the 
time of the separation of the Pb from the mineral, in the 
ratio 1:0: 639 :0.55. It is shown that these figures are in 
fair agreement with the view that the Pb is a mixt. of the 
U isotope with common Pb, and there are no grounds for 
assuming the existence of more than 3 isotopes U-Pb 206.0, 
Th-Pb 208.0 and common Pb 207.2. (S. C. L.) 

693 
THE ADSORPTION OF URANIUM X AND ITS ISOTOPE, 
THORIUM, BY BASIC FERRIC ACETATE. A. C. Brown. 
J. Chem. Soc. 121, 1736-43(1922). 

B. finds Freundlich's adsorption equation x/m = ac^/° to 
hold if 1/n = 1. For values less than 1 the law is approx. 
The results seem to be in agreement with Langmuir's 
theoretical deductions on the adsorption of gases at a sur
face. Solns. contg. U X alone and U X with Th were used. 
(L. D. Roberts) 

694 
MESOTHORIUM. Herman Schlundt. (Bur. of Mines). 
Tech. Paper 265, 55 pp.(1922). 

A paper on the properties and production of Meso-Th. 
The history and disintegration of the Th series are given. 
Meso-Th is compared with Ra for use in luminous paints 
and therapeutics. The extn. of Th and Meso-Th from mona
zite sand is given. S. gives a good description of the treat
ment of the concentrates and the crystn. of Meso-Th. A 
comparison of the a - and y-ray activity of Meso-Th and Ra 
is made. 

695 
THE 0-RAY SPECTRUM OF MESOTHORIUM 2. D. H. 
Black. Proc. Roy. Soc. (London) 1064, 632-40(1924). 

The magnetic |3-ray spectrum of MsTh 2 was photo
graphed, the more accurate focusing method being used. 
The complete spectrum of 31 lines is tabulated with in
tensity estimates. The most intense lines lie in the region 
of lowest energy, in marked contrast to the |3-ray spectrum 
of Ra B, in which the most intense lines occur in the middle 
region of the spectrum. If the 0-rays are emitted as a r e 
sult of the conversion of y-rays within the atom then a 
method is available for measuring the y-rays of the atom. 
Evidence, though inconclusive, is adduced to show that the 
y-rays originate in an atom of at. no. 90, and thus, that the 
^-particles are ejected after the nuclear change has oc
curred. It is also possible to account satisfactorily for 7 
y-rays by a system of nuclear levels between which the 
energy differences are in close agreement with the meas
ured energies of the resulting y-rays. (C. C. Kiess) 

696 
ISOLATION OF TWO POSITIVE SUBSTANCES IN THORIUM 
ACTIVE DEPOSIT. H. A. Erikson. Phys. Rev. 25, 890-1 
(1925). 

Mobility expts. show that there are 2 positive active 
substances in Th active deposit, the mobilities being the 
same as for the Act active deposit. It is presumed that 
the swifter carr ies a double charge. (B. C. A.) 

697 
THE PROBABLE NUMBER OF ISOTOPES OF EIGHT 
METALS AS DETERMINED BY A NEW METHOD. Fred 
Allison and Edgar J. Murphy. Phys. Rev. 36, 1097-8(1930). 

The no. of minima obtained in the method reported by the 
authors (C. A. 24, 5661) is the same as the no. of known 
isotopes of the metal, thereby affording a new means of 
detg. the no. of isotopes of the metallic elements. This is 
true whether the metal be in the form of chloride, sulfate, 
nitrate or hydroxide. The no. of minima found for the fol
lowing elements, for which no isotopes have been reported 
are: Au, 2; Pd, 3; Pt, 2; Rh, 1; Ru, 2; Ta, 3; TI, 2; Th, 3. 
It seems probable that these results are to be Interpreted 
as showing that these elements have the no. of isotopes 
represented by the no. of minima above recorded. The ex
act masses of the isotopes are not known because at p res 
ent the method does not yield the at. mass of these ele
ments closer than 2 or more units. (R. H. Lombard) 

698 
MEASUREMENT OF THE RANGE OF ALPHA-PARTICLES 
FROM Th WITH THE WILSON CHAMBER. F. N. D. Kurie 
and G. D. Knopf. Phys. Rev. 43, 311-14(1933). 

The range of a-particles from Th has been measured 
by the methods used by Kurie (C. A. 27, 464). At 0° and 760 
mm. the range is 2.72 ± 0.03 cm. The Geiger-Nuttall law is 
shown in the form indicated by Gamow's theory, and the 
latest data for U and Th series pertaining to it are given. 
THE ISOTOPES OF U, Th AND TI. Roy Goslin and Fred 
Allison. Phys. Rev. 43, 49-50(1933). 

The magneto-optic method shows 8 isotopes each for U, 
Th and TI. 
ISOTOPES OF U, Th AND Pb AND THEIR GEOPHYSICAL 
SIGNIFICANCE. Chas. S. Plggot. Phys. Rev. 43, 51-9 
(1933). 

In an effort to improve the data required in the calcn. of 
geologic age, a detn. of the isotopes of the elements in
volved in the radio-active disintegrations (at Nos. 81-92) 
was made by the magneto-optic teclmic of Allison. There 
appear to be 4 radioactive series beginning with 8 isotopes 
of U (2 to each), and ending with 16 isotopes of Pb(4 to 
each). The relation of the constituent isotopes of U to those 
of Pb in a mineral are complex, and vary somewhat from 
mineral to mineral. 

699 
THE ADSORPTION OF THORIUM B AND THORIUM C 
FROM SOLUTION. I. J. F. King and Alfred Romer. 
J. Phys. Chem. 37, 663-73(1933). 

The technlc used in the prepn. and handling of radio
active solns. is described. Th B is obtained from radio
thorium by collecting the emanation on Pt loops and dis
solving off in HNO3. Th C is selectively adsorbed from a 
soln. contg. Th B and Th C by the walls of glass vessels. 
The adsorption decreases with increase in acidity of the 
soln. Data on the adsorption of Th B on the halides of Ag 
and TI will be presented in later papers. (P. T. Newsome) 

700 
THE DISTRIBUTION OF THE RADIOACTIVE THALLIUM 
ISOTOPE Th C" IN SOLUTIONS OF THALLIUM SALTS. 
Johannes Zirkler. Z. Physik 87, 410(1933). 

A soln. of TINO3 made radioactive by addn. of Th C" 
is mixed with T1(N03)3. The Tl'̂ '̂ '̂  is sepd. and its y-
activity detd. It is found to be more feeble than it should 
if complete exchange is assumed. (Egon Bretscher) 

701 
THE ISOTOPIC CONSTITUTION AND ATOMIC WEIGHTS 
OF HAFNIUM, THORIUM, RHODIUM, TITANIUM, ZIR
CONIUM, CALCIUM, GALLIUM, SILVER, CARBON, 
NICKEL, CADMIUM, IRON AND INDIUM. F. W. Aston. 
Proc. Roc. Soc. (London) A 149, 396-405(1935). 
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New and repeated mass - spec trum analyses gave the 
following isotopic compns. in orders of abundance. Hf: 
180, 178, 177, 179, 176; Rh: 103; Ti: 48, 46, 47, 50, 49; 
Zr: 90, 92, 94, 91, 96; Ca: 40, 44, 42, 43; Ga: 69, 71; 
Ag: 107, 109; C: 12, 13; Ni: 58, 60, 62, 61; Cd: 114, 112, 
110, 111, 113, 116, 106, 108, 115; Fe: 56, 54, 57; In: 115, 
113; Pd, Ir, Pt, and Au sti l l gave negative resul ts . 
(Morris Muskat) 

702 

CHEMICAL BEHAVIOR OF Th C . Joh. Zirkler. Z 
Physik 93, 477-8(1935). 

If a mixt. of Pb and Th C (isotope of TI) nitrates i s 
treated with H2SO4, a large and reproducible fraction of the 
radioactivity i s found in the ppt. Analysis of the ppt. 
showed that the quantity of TI in the ppt. predicted by the 
radioactive measurement was correct . This quantity was 
about 1 mg. when the total TI present was about 8 mg. 
(R P.) 

703 
THE IRREGULAR DISTRIBUTION OF Th C". Joh. Zirkler 
Z. Physik 100, 203-4(1936). 

By fractional pptn. the linear distribution of Th C in the 
TI m a s s IS demonstrated. (B. Swirles) 

704 
NOTE ON THE ARTIFICIAL RADIOACTIVITY OF 
THORIUM. Elisabeth Rona and Elisabeth Neuninger. 
Sitzber. Akad. \Viss. Wien, Math.-naturw. Klasse Abt. 
Ila 145, 479-82(1936). 

After irradiation of a radiochemically pure thorium 
prepn. with neutrons a new product with a half life of 42 
hrs was obtained. It was identified as an Act isotope. 
(A. B. F. Duncan) 

705 
HALF-LIFE OF Th C H. Bradt and P. Scherrer (Phys. 
Inst., Zurich). Helv. Phys. Acta 16, 259-64(1943). 

The result obtained i s (2.6 ± 0.4) x lO"' s e c . 
(G. M. Murphy) 

Colloids 

706 
ON A COLLOIDAL COMPOUND OF THORIUM WITH 
URANIUM. B. Szilard. Compt. rend., 143, 1145(1906). 

Several methods were used for the preparation of this 
colloidal compound, the most satisfactory one consisting 
m adding to a hot solution of uranium nitrate smal l lots of 
wel l -washed, precipitated thorium hydroxide. The latter 
d i s so lves and forms after filtering, a brilliant red solution. 
That the substance i s a compound i s indicated by the fact 
that an increase in the amount of uranium does not alter 
the color. Other uranium sal ts will behave like the nitrate. 
Potass ium permanganate does not affect the water solution 
of the substance. (J. Elliott Gilpin) 

707 
Brit ish Patent 25,864, Nov. 15, 1906. Hans Kuzel, Villa 
S i n u s , Baden, near Vienna, Austria. 

P r o c e s s of converting into the colloidal state, Cr, Mn, 
Mo, U, Ta, Nb, Ti, B, Si, Th, Zr, Pt, Os, and Ir, previously 
comminuted as finely as possible by mechanical means or 
cathodic atomizing, characterized in that these e lements 
are alternately treated, under moderate heating and good 
agitation, for a prolonged period, first with dilute solutions 
of an acid character, and then again with dilute solutions of 
a basic character or neutral, and washing with disti l led 
water or other imbibition liquid taking place each t ime b e 
tween such treatments, this alternate treatment being so 
often repeated until the e lements used have completely 
gone into solution with disti l led water or other imbibition 
liquid. 

708 
Brit ish Patent 186,980, April 28, 1906. Hans Kuzel, 
Baden bei Wien. 

P r o c e s s of peptization of the coagulated colloids of the 
e lements chromium molybdenum, uranium, zirconium, 
vanadium, tantalum, niobium, titanium, thorium, tungsten, 
boron and s i l icon, by dilute solutions of e lectrolytes , e s 
pecial ly alkali, as ammonia or ammonium b a s e s , more e s 
pecial ly organic or inorganic bases or their carbonates; 
e .g. , ammonia or an ammonia base , as methylamine, i s 
added to colloidal tungsten in a coagulated, paste- l ike form, 
until after frequent shaking it just begins to blue l i tmus 
paper, whereupon, by the addition of a large quantity of 
pure disti l led water, the whole m a s s of jel ly goes over into 
a pseudo solution which appears opaque in reflected light 
but transparent in thin layers . The product has in concen
trated form a great binding power for dry powder, as of 
metal , and holds the latter in gelatin form, so that with 
such powder material it i s applied in the manufacture of 
incandescence fi laments. 

709 
ON THE COLLOIDAL HYDROXIDES OF THORIUM, ZIR
CONIUM, AND URANYL. B. Szilard. J. chim. phys. , 5, 
488-94(1908). 

Thorium and zirconium hydroxides can be obtained m a 
colloidal state by precipitating the nitrates with ammonia 
and washing repeatedly (by decantation) with warm disti l led 
water free from CO2 until t e s t s show the absence of a m 
monia in the washings. Part of the hydroxide i s now in 
solution as a col loid free from electrolytes . To separate 
out the suspended hydroxide it i s often necessary to use a 
centrifuge. The colloidal solution thus obtained i s milky 
in appearance and very stable; it i s , however, precipitated 
by e lectro lytes and CO2. If the suspension of thorium hy
droxide IS added slowly to a solution of thorium tetra
chloride, a colloidal solution i s formed which i s very 
stable with other colloids and i s not decomposed by small 
quantities of e lectrolytes or weak acids . This great stability 
i s characterist ic of colloidal solutions of thorium hydroxide 
containing other e lectrolytes . When uranyl acetate i s mixed 
with ethyl ether and subjected to the light, a violet precipi 
tate IS obtained which gradually turns yel lowish. A stable 
colloidal solution i s formed by agitating this precipitate, 
washing with disti l led water and adding the suspension to a 
solution of uranyl nitrate a s long as it d i s so lves . 
(Saul Dushman) 

710 , 
See reference No. 262 

711 
HETEROGENEOUS COLLOIDAL HYDROXIDES OF 
URANYL, THORIUM, ZIRCONIUM, LEAD, YTTRIUM, 
IRON AND COPPER. B. Szilard ( P a n s ) . J. chim. phys. , 
5, 636-46(1908). 

By a heterogeneous colloidal hydroxide the author means 
one which i s formed by dissolving the hydroxide of one 
metal m the salt of another. For example, the nitrate of 
uranyl readily d i s so lves zirconium hydroxide. To prepare 
these solutions the hydroxide i s precipitated by the double 
decomposition of the salt and ammonia, washed completely 
by decantation, and then dissolved in the solution of the 
nitrate or other suitable salt of some other metal in exact
ly the same manner as that described in an earl ier paper 
(second abstract preceding) in the preparation of the stable 
colloidal solutions containing e lectrolytes . Certain s o -
called "isomeric" colloids can thus be formed; for example, 
from uranyl nitrate and thorium hydroxide, and from thori
um nitrate and uranyl hydroxide. These " i somers ," how
ever, p o s s e s s in most c a s e s very different p r o p e r t i e s — 
both chemical and physical. The solutions are for the most 
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part highly colored and do not give the chemical reactions 
of the metals they contain. (O. F. Tower) 

712 
British Patent 6,109, Mar. 13, 1907. Hans Kuzel, Villa 
Sirlus, Baden near Vienna Austria. 

Process of peptizing (rendering soluble) coagulated 
solutions of the elements Cr, Mo, U, W, V, Ta, Nb, Ti, Th, 
B, and Si, consisting in subjecting them to the action of 
smaU quantities of free organic bases or the carbonates 
thereof. 

713 
German Patent 197,379, Dec. 13, 1905. Hans Kuzel, Baden 
b. Wien. 

Process ol producing colloidal Cr, Mn, Mo, U, W, V, Ta, 
Nb, Ti, B, Si, Th, Zr, Pt, Os, and Ir, consisting in treating 
these elements, most finely divided, with alternate warm
ing and stirring, once with dilute solutions of acid char
acter, then again with dilute solutions of alkaline or neutral 
character for a longer time, thoroughly washing between 
these treatments with distilled H2O or the like, as alcohol, 
and repeating this alternate treatment until the elements go 
completely into colloidal solution in the distilled water. 

714 
French Patent 371,799, Nov. 26, 1906. Kuzel, Germany. 

Colloidal solutions of Cr, Mn, Mo, U, W, V, Ta, Nb, Ti, 
B, Si, Th, Zr, Pt, Os, and Ir are obtained by subjecting 
them, finely pulverized and in moderate heat, alternately to 
the action of dilute acid solutions, and to the action of 
dilute alkaline or neutral solutions, with a thorough wash
ing with distilled water or the like between each treatment, 
and continuing this treatment until the transformation Into 
the colloidal state is complete. 

715 
BASIC SULPHATES OF Ce AND Th. Otto Hauser and F. 
Wirth (Anorg. Lab. d. kgl. tech. Hochschule zu Charlotten
burg). Z. Anorg. Chem., 60, 242-6(1908). 

The authors consider the basic Th sulphates described 
by Demarcay (Compt. rend., 96, 1860) to be mixes of the 
hydrogel, Th hydroxide and H2SO4, or of a basic salt and the 
neutral hydrated sulphate Th(S04)2 • 4H2O. Pure ThOS04 • 
H2O is obtained by heating a soln. of Th(S04)2 containing 1 
part salt to 140 parts water, 4-5 hrs . in a sealed tube at 
125-180°. 

716 
German Patent 228,203, July 10, 1909. Dr. Kreldl & 
Heller, Vienna. 

Mfg. colloidal thorium hydroxide by converting a Th salt 
or a mixt. thereof with the equiv. amt. of NH3 or alkali into 
solid hydroxide, and heating the product after washing. An 
excess of alkali is to be avoided. 

717 
PREPARATION OF COLLOIDAL THORIUM OXIDE. V. 
Kohlschiitter and A. Frey. Z. Elektrochem. 22, 145-61 
(1916); J. Soc. Chem. Ind. 35, 688(1916). 

Th02, prepared by igniting the oxalate, readily forms a 
colloidal soln. in water after treatment with dil. acid. Max. 
colloidal solubility was obtained when the oxalate was 
heated at 500-600°; at 700° and above, a non-colloidal prod
uct was obtained. Samples prepared in this manner are not 
strictly identical in behavior, and through absorption of 
CO2 and H2O from the air the property of yielding colloidal 
solns. is lost. It can be restored by heating for a short 
time at 300-400°. Peptization is effected by halogen acids 
(except HF, best by HI), HNO3, H2SO4, and certain easily 
hydrolyzed metallic salts. The optimum temp, is 50°. The 
elec. cond. and titer ol the acid reach a minimum when 
complete soln. has taken place. The colloidal soln. con
tained small amis, of sol. Th salts, but chem. erosion of 
the solid particles cannot be regarded as a detg. cause of 

colloidal solubility. Sols, thus prepared are opalescent, 
very sensitive toward electrolytes and they differ in ap
pearance and properties from those prepared by peptizing 
freshly pptd. hydroxide. The particles of the oxide sol. 
carry a positive charge and as they raise the viscosity of 
the solvent only very slightly the sol. is classified among 
the suspensoids. It is assumed that the liberation of the 
ions Th''"'"̂ '*" and ThO'*'"̂  which furnish the solid particles of 
oxide with the necessary elec. charges brings about pepti
zation. (H. I. Mattlll) 

718 
COLLOID-CHEMICAL ACTION OF THE SALTS OF THE 
RARE EARTHS AND THEIR RELATION TO THE FLOC-
CULATION OF ANTIBODIES. R. Doerr (Basel). Kolloid-
Z. 27, 277-92(1920). 

Salts of the ra re earths, Th, Ce, Pr , and La, agglutinate 
suspensions of red-blood corpuscles bacteria or spores of 
molds and give a ppt. with protein solns. whether the salt 
is in soln. as a colloid or as a non-hydrolyzed crystalloid 
and even in every dil. soln. (1 part Th(S04)2 to 5000 to 
10,000 parts reaction mixt.). The pptg. action is stronger 
the higher the valence of the rare earth and also varies with 
unluiown characteristics of the rare earth as well as of the 
protein. These salts are toxic for plant and animal proto
plasm; the toxicity varies with the nature of the cation and 
of the living cell, and is not due to simple protein pptn. 
which is reversible in excess of protein, while the poison
ing is not. Spores of bacteria and molds are not poisoned 
because of their impermeable membrane; the ease with 
which they are agglutinated indicates agglutination to be a 
surface process. Protein pptn. by salts of the ra re earths 
is prevented by an excess of either of the reaction com
ponents. There is a threshold value of salt concn. below 
which there is no pptn. and this varies in the different 
cations, being lowest for Th the ppt. consists of weak com
binations of protein and salt, coUoid-chemically inactive 
and easily reversible, dissolving quickly and completely in 
an excess of either component or of other rare earth salts. 
Analysis of the process with Loew's interferometer shows 
that the amt. of the ppt. depends not only on the relative 
concn., but also on the cation; Th gives a ppt. 3 times as 
great as that resulting from the use of 20 times the quantity 
of CeCls. Immune pptn. resembles in many respects the 
protein pptn. by Ce and Th salts. It shows the same rela
tion to concn. of the reaction components, is prevented by 
an excess of one component and is characterized by r e 
versibility. Studied by means of the interferometer, the 
ppt. accounts for all of the material lost from soln. on 
mixing the components, whether It is immune pptn. or pptn. 
by a rare earth salt; therefore the assumption of fermenta
tive processes of the protein antigen is unnecessary in the 
explanation of Immune pptn. (H. I. Mattill) 

719 
STUDIES IN ADSORPTION, m. PEPTIZATION AND 
REVERSAL OF CHARGE ON SEVERAL HYDROXIDES. 
K. C. Sen and N. R. Dhar. Kollold-Z. 33, 193-202(1923). 

A quant, study of the peptization of hydroxides of Fe, Co, 
Hg, Cu, Ni, Bi, Mn, Cd, Ce, and Th with glycerol, sucrose, 
lactose, dextrose, fructose, galactose, mannitol, dextrin 
and starch as peptizing agents. Results are tabulated. In 
each case 1.5 cc. of 0.1 N NaOH was added to 1 cc. of 0.1 
N salt soln. (chloride, nitrate or sulfate of the metal) 
contg. the peptizing agent, and the whole diluted to 10 cc. 
Earlier conclusions, that the peptizing agent must be added 
to the salt soln. before the NaOH to produce peptization, 
were confirmed. The protective action was specific, though 
there was a notable similarity of action between different 
agents. Increasing the concn. of the salt soln. necessitated 
a proportional increase in the amt. of peptizing agent. With 



TID-3044(Suppl. 1) 89 

S04"~ as the anion the series Cu > Ni > Co > Mn > Fe gives 
the order of their ease of peptization. In general a sulfate 
is more difficult to peptize than a chloride or nitrate of the 
same metal. Freshly pptd. Fe(OH)3 is negatively charged 
in the presence of arsenic acid. In the presence of excess 
alkali and with various peptizing agents listed above the 
charge on Cu(OH)2, Co(OH)2, Be(OH)2, Cr(OH)3 as detd. by 
cataphoresis was negative. By gradual addn. of alkali to a 
mixt. of FeCl3 and glycerol, or sugar, 3 stages were noted: 
(1) a positive colloid was formed, (2) neutralization with 
consequent coagulation, (3) a negative colloid was formed. 
(J. D. J.) 

720 
THE ADSORPTION OF URANIUM X, AND THORIUM BY 
CHARCOAL. H. Freundlich and Marie Wreschner. 
Z. physik. Chem. 106, 366-77(1923). 

The results of Freundlich and Kaempfer (C. A. 10, 1004) 
are confirmed. In neutral Th(N03)4 soln. colloidal particles 
are formed which tend to remove the U X| adsorbed by 
charcoal. A preliminary shaking of the Th soln. with char
coal would adsorb part of these colloid aggregations so as 
to diminish the U Xj removal. In an acid Th(N03)4 soln., 
there being no colloidal particles, shaking with charcoal 
has no effect on its ability to remove the U X, after the 
soln. has been evapd. and redissolved. The U Xi is also 
probably adsorbed in part as a colloid, explaining the 
slowness to reach equil. and explaining the reversible ad
sorption by Th, while BzOH, strychnine nitrate, etc., ad
sorb it irreversibly. (F. O. Anderegg) 

721 
AMORPHOUS PRECIPITATES AND CRYSTALLIZED 
SOLS. J. Bohm and H. Niclassen. Z. anorg. allgem. 
Chem. 132, 1-9(1923). 

An X-ray study by the Debye-Scherrer method is made 
of sols, and ppts. of the hydroxides of Fe, Al, Sc, Yt, La, 
Nd, Be, Mg, Zn, Ce, Zr, and Th, the sulfides of Zn, Cd, Hg, 
the halides of Ag, and the fluorides of Ca, Sr, and Ba. The 
hydroxides, first amorphous, become cryst. with age or 
heating; Mg and Zn hydroxides are always cryst., however. 
Sols, of ZnS, CdS, and HgS show sharper Interference lines 
characteristic of crystals in the order named. The Ag 
halide and alk. earth fluoride sols, are cryst. Full direc
tions are given for the prepn. of the sols, of the above 
compds. (G. L. Clark) 

722 
THE STRUCTURE OF METAL OXIDE GELS. Martin Biltz. 
Z. physik. Chem. 126, 356-68(1937). 

The emanating power of gels before and after pulverizing 
is compared. The escaping of emanation from the hydrogel 
must be considered as a diffusion phenomenon. In the dry 
gels the canals are filled with air and in the wet gels the 
emanation has to go through water. The difference in ema
nating power between Ra and Th prepns. can only be due to 
the difference in velocity of diffusion. In a gel 2 kinds of 
capillaries have to be assumed, primary and secondary 
canals. When water is adsorbed first the primary canals 
are filled and at higher pressure the secondary ones. The 
average way the emanation has to travel and the av. length 
of the capillaries are calcd. (E. Schotte) 

723 
STUDIES OF ADSORPTION. XVH. S. Ghosh and N. R. 
Dhar. J. Phys. Chem. 31, 187-206(1927). 

The influence of the concn. of a sol. on its coagulation by 
electrolytes has been extended. Sols, of Sn(OH)4 (+), Mn02 
(-), Al(OH)3, V2O5, Th(0H)4, S(Veimarn) and Au, follow the 
general diln. rule, in that the greater the concn. of sol. the 
greater the amt. of electrolyte necessary for coagulation. 
Sols, which do not follow the rule are Sb2S3, Prussian blue, 
gum dammar and gamboge. Uranium ferrocyanide sol. is on 

the border line. Metallic Ag sol. is abnormal when coagu
lated by univalent electrolytes and Mn02 (+) when coagulated 
by AgN03 and CUCI2. Sols, adsorbing an ion whose charge 
is the same as that of the sol. are normal, while sols which 
do not adsorb an ion of the same charge as the sol. follow 
the general diln. rule. In consequence of hydrolysis many 
sols, in H2O became more stable upon diln. H ions check 
this hydrolysis for sols, that behave normally, but all these 
sols, tend toward normal when coagulated by acids, for by 
checking hydrolysis they are rendered less stable toward 
electrolytes. (Albert Thomas Fellows) 

724 
ADSORPTION. XVni. COAGULATION OF SOLS. BY A 
MIXTURE OF ELECTROLYTES AND THE PHENOMENA 
OF POSITIVE AND NEGATIVE ACCLIMATIZATION. S. 
Ghosh and N. R. Dhar. J. Phys. Chem. 31, 649-80(1927). 

Positively charged Th hydroxide sol. does not show ionic 
antagonism when coagulated by a mixt. of KBrOs and K2SO4. 
Expts. on adsorption support G. and D.'s view and show the 
inadequacy of the views of Freundlich, Bancroft and Weiser 
on acclimatization. The cutting down of the adsorption of a 
precipitating ion due to the presence of another seems to 
be a general phenomenon. Abnormal diln. effect, abnormal 
behavior when coagulated by mixts. of electrolytes of wide
ly varying precipitating powers, the phenomenon of positive 
acclimatization and the decrease in the viscosity of a sol. 
when small quantities of electrolytes are added, are inti
mately connected and are mainly due to the adsorption of an 
ion carrying the same charge as the sol. (A. L. Henne) 

725 
VISCOSITY OF COLLOIDS IN THE PRESENCE OF 
ELECTROLYTES. N. R. Dhar, D. N. Chakravartl, and 
M. N. Chakravartl: Kolloid-Z, 44, 225-33(1928). 

The viscosity of the following salts has been detd. in the 
presence and the absence of electrolytes: Th02, Ce02 (pre
pared at high and at low temp.), W2O3, benzopurpurin and 
Si02 (pred. at high and at low temp.). In each case, the 
addn. of an electrolyte lowers the viscosity. In the case of 
Th02, the viscosity is more reduced by Th(N03)4 than by 
KI: this is due to the larger charge Increase caused by 
Th(NOj)4. In the case of Si02, the viscosity decreases im
mediately a little upon addn. of an electrolyte, then it in
creases rapidly, reaches a max., then starts to fall again. 
A tentative explanation of this phenomenon is proposed. 
The viscosity of a 1% gelatin soln. is increased by the 
presence of KCl or BaCl2: NaOH or HCl raise the viscosity 
to a max., behind which the viscosity decreases. It has 
been mathematically shown that by increase of a colloidal 
particle charge, the surface and consequently the hydration 
and viscosity are reduced; expts. confirm the calcd. 
results. (A. L. Henne) 

726 
THE COAGULATION OF THORIUM HYDROSOLS BY 
ELECTROLYTES. B. N. Desal. KoUold-chem. Belhefte 
26, 357-421(1928). 

The velocity of the coagulation was detd. by an optical 
method and found to follow Smoluchowski's law for rapid 
coagulation. When dialyzed well enough to remove peptizing 
agents, the sols, followed the Schulze Hardy rule. This 
rule failed with the chlorides ol the alkali and alk. earth 
metals where the salts formed the series Li < Na < NH4 < 
K and Mg < Ca < Sr < Ba in their ability to stabilize the 
sol. It is suggested that stabilizing ability is a function of 
the valence and migration velocity of the ion. Ionic an
tagonism was found with KCl + HCI2 + KNO3 + HCl, K2SO4 + 
HCl and LiCl + BaClj. (J. G. McNally) 

727 
COLLOID CHEMISTRY. XXHI. PHYSICO-CHEMICAL 
INVESTIGATION OF THORIUM OXIDE SOL. Wolfgang 
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Pauli and Albert Peters . Z. physik. Chem. 135, 1-23(1928). 
Pure coned. Th02 sols, with CI as contra-ion, have been 

prepd. by peptization in hot and cold soln. The CI and Th02 
contents have been detd. potentiometrically and measure
ments of the conductivities of the sols, have been carried 
out. Sols, obtained by hot peptization yield very low values 
for the activity of the CI ion, an effect attributed to recip
rocal interionic forces between the CI ions and the colloid 
particles. The activity coeffs. and the diln. equiv. cond. re 
lationship exhibit marked anomalies, which can be explained 
in terms of modern views, whereas the classical theory 
leads to very improbable values for the colloid-ion mo
bilities. Substitution of the contra-ion by the addn. of vari
ous Ag salts indicates that complex asymmetric univalent 
ions have a greater effect than simple ions in changing the 
activity coeff. (B. C. A.) 

728 
THE STRUCTURE OF COLLOID PARTICLES AND THE 
FORMATION OF SOLS AND GELS. H. Freundlich. Ber. 
61B, 2219-33(1928). 

In general, gels differ from sols in that the solid parti
cles of disperse phase are no longer free to move inde
pendently of each other but are more or less firmly bound 
together. In both sols and gels the dispersion medium is 
liquid. By examn. with x-rays, the constitution of the dis
perse particles can be detd. Colloidal Au and Ag are shown 
to be small crystals of the metals; Bredig Cu sols are CuO; 
freshly prepd. sols of AI2O3, Zr02, Th02, S and AS2S3 have 
amorphous particles. Graham's Fe203 is basic FeCl3 and 
Fe203 sol made by oxidation of Fe(CO)6 with H2O2 is 
FeO(OH). X-ray examn. reveals the compn. of the mass of 
the particles, but not that of the surface layer, which may 
be quite different. Three groups of methods have been used 
to distinguish spherical particles from non-spherical, and 
rod- from leaf-shaped particles. (1) In the ultramlcroscope, 
spherical particles scatter a uniform light while non-
spherical ones scintillate because the scattered light is 
most intense when the particle, in course of Brownian 
movement, lies with its long axis in the plane of the micro
scope and at right angles to the illuminating light. Such 
observations are made most conveniently in a cardioid 
ultramlcroscope provided with an "azimuth diaphragm" by 
means of which light may be passed through the colloid 
along any chosen azimuth. Gels with non-spherical particles 
can be made to scintillate by changing the azimuth along 
which light is admitted. (2) In sols with spherical particles, 
the intensity of the Tyndall light is the same whether the 
sol be at rest or in motion, but in sols with non-spherical 
particles the intensity is different in the two cases because 
flow tends to orient the particles. In sols at rest or in gels 
the shape of the particles is revealed by the proportion of 
polarized to normal light in the Tyndall beam. (3) Sols with 
non-spherical particles which are themselves doubly r e 
fracting exhibit specific double refraction when the particles 
are oriented by causing the sol to flow. Sols, with non-
spherical particles that are amorphous or of the regular 
crystal system exhibit rod-double refraction when caused 
to flow. Much less is Imown about the disposition of dis
perse particles in sols and gels and about the forces acting 
between them. The phenomenon of thixotropy shows how 
slight the change from sol to gel condition must be. Al
though on gelation the particles are bound together and 
cease their Brownian movement, the negligible vol. change 
shows that they must retain their comparatively thick 
shells of the liquid phase and that the force of attraction 
between particles must operate over distances as great as 
100 mi. Such forces cannot be ordinary mol. attraction but 
are believed to reside in the adsorbed shells of electrolytes 
and dispersion medium about the disperse particles. Even 

in coned, sols with non-spherical particles these forces 
often cause orientation of the particles in sols at rest and 
they are responsible for the departure from Poiseuille's 
law in the flow of such sols. (F. L. Browne) 

729 
INFLUENCE OF LIGHT ON SOME COLLOIDS. Sheila Roy. 
J. Indian Chem. Soc. 6, 431-40(1929). 

Sols of Sn(OH)4, Al(OH)3, Th(OH)4, and HgS become un
stable toward uni- and bivalent ions on exposure to light. 
Sols of: AS2S3, Sb2S3, uranium ferrocyanide and Cu2Fe(CN)8 
are stabilized toward uni- and bivalent electrolytes by 
short exposures to light but become unstable on long ex
posure. Long exposures of sols of Sb2S3, HgS and uranium 
ferrocyanide to light produce coagulation without the addn. 
of an electrolyte. Sols exposed to light have a higher cond. 
than those kept in the dark. (F. E. B.) 

730 
THE EFFECT ON SOME COLLOIDAL CHEMICAL PROP
ERTIES OF KAOLIN OF MULTIVALENT CATIONS. I. 
Zhukoff and M. N. Sokolova. Kolloid-Z. 48, 71-8(1929). 

The adsorption of Th(N03)4 and FeCls by kaolin was 
studied. HNO3 reduces adsorption of the former and HCl of 
the latter. Kaolins from different sources do not have the 
same adsorption power. The adsorption theory for coned, 
solns. is not believed to be applicable here, since at the 
most only 40-50 mllliequivs. of Th or Fe salt is present. 
The hydrolytic theory seems to explain the data more ac
curately. Cataphoretic and electroendosmotic expts. show 
a reversal in charge as the concn. increases. The point of 
reversal is not at the same concn. for the two methods of 
observing the sign of the charge. The rate of sedimentation 
of kaolin passes through a min. for concn. of electrolyte 
while the rate of filtration passes through a max. although 
not at the same concn. of electrolyte. No explanation of 
this fact could be found. (R. H. Lambert) 

731 
THE PRECIPITATION AND ADSORPTION OF SMALL 
QUANTITIES OF SUBSTANCES. IH. THE ADSORPTION 
LAWS, APPLICATIONS, RESULTS AND CONSEQUENCES. 
Otto Hahn and Ludwig Imre. Z. physik. Chem., Abt. A, 144, 
161-86(1929). 

Th C is adsorbed by AgCl and AgBr very markedly in 
the presence of excess halide ions but hardly at all in the 
presence of excess Ag ion or on uncharged Ag halides. In 
the adsorption of Th B and Th C the results are somewhat 
anomalous, because of the tendency to hydrolyze to col
loidal hydroxides. The above and further expts. on HgBr as 
adsorbent show that the adsorption of ions takes place only 
on oppositely charged ion lattices. (Arthur Fleischer) 

732 
PREPARATION OF JELLIES OF SOME INORGANIC 
SUBSTANCES. Satya Prakash and N. R. Dhar. J. Indian 
Chem. Soc. 6, 587-98(1929). 

Substances prepd. as jellies for the first time were 
Th(Mo04)2, Th3(As04)4, Th3(P04)4. All of these jellies were 
prepd. by mixing together the chloride or nitrate of the 
metal and the Na or K salt of the appropriate acid without 
dialysis. With each kind of jelly, varying concns. of jelly 
and proportions of ingredients were used and the effects on 
the nature of the jelly, time of formation and stability of 
the jelly were reported. 

733 
URANIUM-THORIUM COLLOID IN THE TREATMENT OF 
CARCINOMA. Geo. T. Pack and Fred W. Stewart. J. 
Cancer Research 14, 152-65(1930). 

There is little or no evidence of improvement from this 
treatment of advanced cancer. The U-Th colloid is de
posited in reticulo-endothelial cells of liver and spleen, 
but none was found in the tumor tissues. (H. G. Wells) 



TID-3044(Suppl. 1) 91 

734 
THE ACTION OF NONELECTROLYTES ON COLLOffiAL 
THORIUM HYDROXIDE ON CONTINUED DIALYSIS OF 
THE LATTER IN THE PRESENCE AND ABSENCE OF 
ELECTROLYTES. A. M. Patel and B. N. Desal. Kolloid-Z. 
51, 318-23(1930). (Arthur Fleischer) 

735 
STUDIES ON THE EFFECT OF ULTRA-VIOLET LIGHT ON 
COLLOIDS. II. Panna Lai and P. B. Ganguly. J. Indian 
Chem. Soc. 7, 513-20(1930). 

Sols prepd. included pos. and neg. Agl and AS2S3, pos. 
Ag3A504 and AgCNS • Ag by tannic acid. Cares Lea Ag and 
V2O5. The oppositely charged sols coagulate at about the 
same rate on exposure to ultra-violet light, with a decrease 
in pH with pos. sols and an increase with neg. Coagulation 
of Th(OH)4 sols and change in pH were due to photochem. 
decompn. of HNO3, the stabilizing agent for this sol. Aq. 
tannic acid contg. traces of KNO, decomposed on exposure, 
generating NH3. This explains coagulation of Ag by-tannic 
acid sols and supports the thoery that coagulation of sols, 
by light is due to chem. and photochem. action. 
(Foster Dee Snell) 

736 
MICELLAR EQUILIBRIA AND EQUILIBRIA OF DONNAN. 
J. Duclaux and R. Titeica. Rev. gen. colloides 8, 251-9 
(1930). 

The Donnan theory of the equil. of membranes is tested 
by a series of expts. A study of the hydrosols of Fe(OH)3, 
Th(OH)4, FeCls, K4(CuFe(CN)e)2, Congo red and caramel 
showed that the compn. of the ultra-filtrate is independent . 
of the pressure of filtration, the concn. of the micelles, the 
nature of the ultra-filtration membrane and of the e.m.f. of 
filtration. A heterogeneous equil. is attained. 
(C. W. Sondern) 

737 
OBSERVATIONS ON THE DIELECTRIC BEHAVIOR OF 
DISPERSED SYSTEMS. R. Frlcke and L. Havestadt. 
Z. anorg. allgem. Chem. 196, 120-8(1931). 

Changes of dielec. const, were measured for suspensions 
of Th02 hydrate, Al(OH)2 hydrate and tannic acid, on adding 
small quantities of NaOH and HCl. The dielec. const, was 
decreased in each case. This decrease can be correlated 
with changes in the characteristics of the suspensions. The 
relationship is not as clear as F. and H. previously thought. 
The time change of the dielec. const, was measured for a 
gelatin soln.; the results apparently disagree with the data 
for stannic acid. Colloidal Au suspensions show practically 
the same dielec. const, as pure water. The theory of 
Szegvari and Wigner (C. A. 18, 492) is criticized. 
(E. J. Rosenbaum) 

738 
ADSORPTION OF CHLORIDES OF ALUMINUM AND 
THORIUM BY CLAYS AND KAOLINS. N. A. Held. J. 
Russ. Phys.-Chem. Soc. 62, 1553-70(1930). 

H. studied the character of adsorption of these salts by 5 
kinds of Russian clays and made a no. of electrometric t i
trations of the ions of AICI3 and ThCl4. A no. of tables and 
curves show that CI" is adsorbed in negligible quantities; 
while Al and Th are adsorbed in different proportions by 
different clays (from 1 to 10 times). The general character 
of adsorption shows that with increased concn. of the cation 
the quantity adsorbed approaches a limit and seemingly 
satisfies the isothermal adsorption equation of Freundlich. 
The cations Ca^"^ and Mg'^* substitute Al*"̂ "̂  and Th"̂ +++ in 
the soln., i.e., substitution adsorption takes place. It is 
suggested that the clays can be characterized by the amis, 
of adsorbed aluminosilicates. Displacement of hydrolytic 
equil. results in acidity of the soln. The hydrolysis is ex
pressed by: AICI3 + 2H2O ^ Al(OH)2Ci + 2HC1. ThCli + 

3H2O =i* Th(OH)3Cl + 3HC1. Detd. consts. for the hydrolysis 
of A1C13 at 20° range from 1.1 x 10"* to 1.95 x 10"', at 25° 
from 2.5 x 10"' to 3.6 x 10"'; for ThCli at 20° 5.5 x 10"" to 
5.9 X 10"". (J. G. Tolpin) 

739 
THE EFFECT OF THE HYDROGEN-ION CONCENTRATION 
IN THE ADSORPTION OF IONS OF BARIUM, ALUMINUM 
AND THORIUM BY CLAYS. N. A. Held and M. N. Sokolova. 
J. Russ. Phys.-Chem. Soc. 62, 1571-5(1930). 

Glukhov kaolin adsorbs Ba-ion from solns. of Ba(OH)2 to 
a much larger extent than OH-ion; Ca-ion enters the soln. 
instead of Ba; therefore this is a case of substitution ad
sorption. This satisfies Freundlich's equation x/m = aC*". 
Comparison of adsorption of Ba from solns. of Ba(OH)2, 
BaCl2 and BaCl2 + HCl showed a decrease of adsorbed Ba 
with increase of H-ion concn. In agreement with this, Th 
ion is adsorbed less than Al ion and less than Ba ion, from 
solns. of equal concn. as its hydrolysis results in a higher 
concn. of H ions. (J. G. Tolpin) 

740 
STUDIES OF THE SURFACE FORMATION AND SURFACE 
CHANGE OF SOLS AND GELS OF THORIUM AND IRON. 
Georg Grave. Kolloidchem. Belhefte 32, 403-62(1931). 

Surface formation and changes may be conveniently 
studied by adding (a) RaTh to hydroxides which are pptd. by 
NH4OH or alkalies, and (b) Ra or Th X to alk. earth metals. 
The ratio of diffusing to total emanation provides a criterion 
for surface changes. Th gels were prepd. from Th(N03)4 
contg. RaTh and NH4OH and kept at 80% relative humidity. 
The initial emanation ratio was 80%; this indicates a t re 
mendous surface development of the gels. It decreased to 
about 65% in 2 yr. The temp, of pptn. affected results but 
slightly. Aging of the gel by heating under water at 100° 
also had but little effect on the emanation ratio. When the 
gel was dried over H2SO4 and subsequently brought into 
contact with air of 80% relative humidity, a minor decrease 
in surface was noted. Gels prepd. from sols by NH4OH pptn. 
were finely dispersed and aged but slowly. Drying and sub
sequent contact with air of 80% relative humidity gave but a 
slight permanent decrease in surface. Fe203 gels showed a 
high emanation ratio only when they were prepd. in the cold. 
Gels pptd. from hot solns. had a smaller surface. Gels 
prepd. from sols were much coarser (more cryst.). Pure 
Fe gels did not age appreciably, but in the presence of im
purities the aging process was greatly accelerated. Both 
Th and Fe sols sometimes showed an increase in surface 
upon standing, due to an excess of peptizing agent. Gels 
prepd. from old sols aged more quickly than those prepd. 
from fresh sols. Heating of Th and Fe gels under water at 
100° reduced the surface irreversibly. Fe gels heated to 
200° crystd. spontaneously. It was immaterial whether 
RaTh was added before or after the prepn. of the sols. 
This indicated a rapid distribution of RaTh throughout the 
gel particles. (F. Urban) 

741 
STUDIES OF THE SURFACE OF GELS OF THORIUM OXIDE 
AND IRON OXIDE. Otto Hahn and Georg Graue. Z. 
physik. Chem. Bodenstein-Festband, 608-19(1931). 

A method was devised for Investigating the surface of a 
ppt. Before pptn. a small quantity of a radioactive sub
stance yielding a radioactive emanation is added to the soln. 
The relative amt. of emanation escaping from the ppt. by 
diffusion depends on the surface of the latter because any 
decrease in the surface of capillaries, pores or canals 
leading to the outside must decrease the ability of the ppt. 
to lose emanation. Changes in the ratio of amt. of emana
tion escaping to the total amt. formed permit conclusions to 
be drawn concerning changes in surface structure. The ob
jection had been raised that radioactive elements occluded 
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in an amorphous ppt. would be forced to the outer surface 
if crystn. should occur and that therefore false conclusions 
concerning changes in surface structure might be drawn. 
By using Th gels and Rd-Th as the emanation-emitting 
substance it was possible not only to meet this objection but 
also to make abs. measurements of sp. surface. It was 
found that hydrated Th oxide gels always pptd. under all 
exptl. conditions with a very laree surface, corresponding 
on the av. to a sp. surface of approx. 30%. These gels aged 
relatively slowly at room temp., the sp. surface decreasing 
to 20% m a year. Hydrated Fe oxide gels, on the other hand, 
had a better developed surface if pptd. from cooler solns. 
Aging at room temp, was greatly accelerated by traces of 
CI. The Fe gels were also found to age more rapidly than 
Th gels if heated under water to 100°. Heating Fe gels to 
280° in the air caused a rapid increase in particle size as 
was to be expected from earlier work with x-rays. Gels of 
hydrated Th oxide prepd. from aged sols showed an initial 
emanating capacity practically independent of the age of the 
sols. However, gels prepd. from sols aged 220 days or 
longer showed an increasing instability, i.e., the surface 
area of such gels decreased more rapidly than that of gels 
prepd. either from sols aged a shorter time or directly 
from salt soln. Gels of hydrated Fe oxide behave similarly 
although the initial emanating capacity was always smaller. 
No difference was observed between the behavior of gels 
and sols if the radioactive element producing emanation 
was added to the sols after prepg. the latter rather than 
before. (J. W. Perry) 

742 
NATURE OF THE SO-CALLED RADIOCOLLOIDS. Otto 
Werner. Z. physik. Chem., Abt. A, 156, 89-112(1931). 

The nature of the so-called radiocolloids was studied by 
means of the photographic method of Chamie and a centrifu
gal method. Radioactive lead (Th B) and radioactive bismuth 
(Th C) prove to be adsorption complexes. Expts. on the 
effect of added electrolytes showed the significance of the 
charge and soly. for the adsorption of the radioelement. 
(W. Vanselow) 

743 
THE INFLUENCE OF ORGANIC SUBSTANCES ON THE 
GELATION OF THORIUM ARSENATE, PHOSPHATE AND 
MOLYBDATE. Satya Prakash. Z anorg. allgem. Chem. 
201, 301-13(1931). 

The org. substances investigated were glycerol, glycine, 
urea and sucrose. Glycerol increases the time of gelation, 
particularly in the case of Th2(P04)4. Arsenate gels are 
strongly stabilized by glycine. With phosphate gels, small 
quantities of glycine stabilize, while larger quantities have 
the opposite effect. This is due to the amphoteric character 
of glycine and not to the formation of complex ions. Urea 
lowers the time of gelation in all cases. Small concns. of 
sucrose have little effect; larger ones stabilize the a r se 
nate and phosphate gels. The coagulation and hydration hy
pothesis of P is discussed in connection with the above 
phenomena. (Alfred Hoffman) 

744 
ENERGY TRANSFORMATIONS ON BOUNDARY SURFACES. 
HI. THE INFLUENCE OF POLAR ADSORPTION ON THE 
HYDROGENATION VELOCITY OF DYES. H. Kautsky and 
W. Baumeister. Ber. 64B, 2446-57(1931). 

Two catalyzer-adsorbent systems were prepd. Pt(NH3)4''"'' 
ions were adsorbed on neg. silicic acid, and Pt(OH)8"" ions 
were adsorbed on pos. Th(0H)4 gel. A detailed method of 
prepn. of the Th(0H)4 gel is given. In both cases the Pt on 
the dried gel was reduced by H2. The dye used throughout 
was methylene blue, which is very strongly adsorbed by the 
silicic acid but not by the Th(OH)4. The Pt-impregnated gel 
was then brought into contact with an aq. soln. of the dye in 

a Warburg app. previously filled with very pure H2 The 
progress of the reaction was measured by the rate at which 
the H2 was consumed. The hydrogenation was found to be 
retarded by the polar adsorption of the dye mols., the r e 
tardation being greater the less the concn. of the soln. in 
equil. with the dye mols. adsorbed on the boundary surface 
If the Pt and the dye are adsorbed on sep surfaces (the Pt 
on the Th(OH)4 and the dye on the silicic acid) substantially 
the same curve is obtained as if both were adsorbed on the 
silicic acid Since the concn. in the soln is the same in 
both cases it follows that the rate of hydrogenation is detd 
by this concn. rather than by that on the boundary surface. 
As long as the surface of the Pt itself is satd. the rate is 
const. The results show that the hydrogenation takes place 
only in the mols. that reach this surface from the soln. 
Within the boundary surface itself it appears that the dye 
mols adsorbed by the gel are incapable of diffusion and 
therefore do not reach the actively catalytic surface of the 
Pt particles. Hence the hydrogenation of these mols. is 
negligible. (M. G. Moore) 

745 
EXPERIMENTS ON THE FREEZING OF OXIDE GELS AND 
OXIDE SOLS. A. Lottermoser and Franz Langenscheidt. 
Kolloid-Z. 58, 336-41(1932). 

Freezing of electrolyte-free Fe203, AI2O3, Cr203, Th02 
and NiO gels at -20° caused a decrease in the gel vol. S1O2 
gel had to be frozen repeatedly to produce the decrease 
AI2O3 became insol. in HCl, while Fe203 remained sol. Only 
AI2O3 showed a change to a cryst. structure. Freezing of 
Fe203, AI2O3, Th02, S1O2 and Cr203 sols formed a ppt. on 
remelting. Addn. of sufficient electrolyte prevented the 
pptn. The cond. of sols, to which electrolyte was added to 
prevent pptn. remained unchanged on freezing. 
(Arthur Fleischer) 

746 
RELATION BETWEEN CHARGE AND VISCOSITY OF 
COLLOIDAL SOLUTIONS. B. N. Desai. Current Sci. 1, 
37-9(1932). 

Simultaneous measurements of charge and viscosity of a 
dialyzing Th sol were madt. (Frank Urban) 

747 
CONDUCTIVITY MEASUREMENTS OF Th AND OTHER 
JELLY-FORMING SYSTEMS Satya Prakash. J Phys 
Chem. 37, 907-16(1933). 

Cond measurements were made (at temps, between 35° 
and 60°) of the jeUy-forming systems Th arsenate, Th 
phosphate, Th molybdate, ferric arsenate and Al hydroxide. 
Once the equil. is established the elec. cond. becomes 
const, and no change is noted during or after the gel for
mation. On aging for a number of days all jellies increase 
in elec. cond. The relation between temp, and cond. was 
found to be linear over a wide range of temps. The temp, 
of zero cond. was established by extrapolation and varied 
from 56° for Th arsenate to -15° for Th molybdate. The 
temp, coeff. is about 2% of the value for 35° with Th molyb
date and Al(OH)3 and about 1-1.5% for the other jellies. 

748 
IMPORTANCE OF DIALYSIS IN THE STUDY OF COLLOIDS, 
n. COLLOIDAL THORIUM HYDROXIDE. B N. Desai and 
A. K. Desai. Trans. Faraday Soc. 30, 265-71(1934). 

In a previous paper (Desai and Borkar) the results of s i
multaneous measurements of cataphoretic speed, stability 
and viscosity of colloidal solns. of Fe(OH)3 dialyzed and 
dild. to different extents were given. In the present paper 
similar results obtained with colloidal Th(OH)4 are pre
sented. The behavior of this sol as regards dialysis, diln. 
and crit potential is similar to that of Fe(OH)3; the viscosity 
changes on dialysis and in the presence of electrolytes are, 
however, different. (Reuben Roseman) 
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749 
NATURE OF RADIOCOLLOIDS. COLLOIDAL SOLUTIONS 
PRODUCED FROM BISMUTH NITRATE. M. Haissinsky. 
Compt. rend. 198, 580-3(1934). 

The degree of coagulation after 2-3 days of a series of 
solns. of Bi(N03)3 of equal concn. in Bi but varying pH 
(1-14), or after 1-2 hrs . on addn. of an electrolyte, plotted 
against pH gives a curve with 2 max. A similar curve is 
obtained on centrifuging such a soln. to which Th C or Ra E 
IS added and plotting radioactivity against pH. Such behavior 
IS inherent in compds. of Bi (and its isotopes Th C and Ra 
E), and adsorption on impurities is of secondary importance, 
the Bi(OH)3 forming a colloidal soln. in which it is posi
tively charged. The first max. follows ionic soln. of Bi(OH)3 
with formation of Bi''""'""'"; the following min. is due to the 
action of HNO3 as an electrolyte, the second max. to the 
peptizing action of H* in very low concn., followed by a de
crease due to ionic soln. of Bi(OH)3 to form bismuthate. 
(C. A. Siberrad) 

750 
THE PREPARATION AND PROPERTIES OF HIGHLY 
CONCENTRATED SOLS. IV. THORIUM HYDROXIDE 
SOLS. N. R Dhar and R N. Mittra KoUoid-Z 71, 
172-6(1935). 

Sols, prepd. by peptization of freshly pptd. hydroxide 
were coned, over a free flame and purified by dialyzing 
while hot. 4 sols were obtained, contg. 192 to 428 g. Th02 
and 1.5 to 35.7 g Th(N03)4 per 1. The sols, with high nitrate 
content are more stable and require higher concns. of added 
salts to cause coagulation. The viscosity ol pure sols is 
extremely high and increases on aging, but decreases 
sharply on diln. or on adding Th(N03)4. 

751 
VENTRICULOGRAPHY WITH COLLOIDAL THORIUM 
DIOXIDE. Walter Freeman, Herbert H. Schoenfeld, and 
Claude Moore. J. Am Med. Assoc. 106, 96-101(1936). 

Report of clinical use. (F. P. Griffiths) 

752 
PREPARATION OF THORIUM PHOSPHATE GELS. S. M. 
Mehta, M. U. Parmar, and Mata Prasad. J. Indian Chem. 
Soc. 13, 69-71(1936). 

When 1 vol. of a satd. soln. of pure Th3(P04)4 in 4 N HCl 
IS dild. with 30 vols, of distd. H2O an opalescent gel is 
formed. With greater diln. the gel becomes transparent and 
rigid (W. J. P.) 

753 
THORIUM PHOSPHATE GELS. M. U. Parmar, S. M 
Mehta, and Mata Prasad. Proc Indian Acad. Sei. 3A, 
107-18(1936). 

Th phosphate gels were prepd. by mixing H3PO4 and 
Th(N03)4 solns.; the ppt. formed disappeared on shaking 
and the resulting transparent soln. set to a firm jelly. 
From 6% Th nitrate and 2 N H3PO4, mixts. were made 
contg. 0 39 to 0.48 g. Th(N03)4 per 10 cc. of mixt. and 
H3PO4 varying from 0.12 to 0.24 N; also for the range 
0.12-0.18 N H3PO4, the Th(N03)4 was varied from 0.06 to 
0.48 g./lO cc. All the above are within the gel-forming 
region and are acidic mixts. The time of set decreases 
with H3PO4 concn. and for given H3PO4 concn. increases 
with Th concn. Increase in temp, decreases the time of 
set; cloudy gels clear with time and are stiffer. NaCl, 
BaCl2 and Na2S04 decrease the set time; NaOH increases 
it; with increase in HCl concn. 2 min. are noted; with H2SO4 
a max. is noted. Nonelectrolytes increase the set time. Th 
ion and H ion are effective in peptizing the Th phosphate 
ppt.; this produces the necessary high micelle concn. for 
gel formation; the condition that micelles be hydrophilic is 
satisfied by the properties of Th phosphate. (A. Fleischer) 

754 
THORIUM HYDROXIDE SOLS AS OPAQUE MEDIA IN ROENT
GENOGRAPHY. Thomas O. Menees and J. D. Miller. 
Am. J. Roentgenol. Radium Therapy 35, 194-9(1936). 

Th(OH)4 IS highly insol. in H2O and a suspension of it is 
neutral in reaction. When pptd. from dil. soln. it gives a 
voluminous white ppt. In more coned, solns. it gelatinizes. 
The addn. of small amis, of Th(N03)4 or ThCl4 peptizes this 
gel and the suspensions can be made much more coned, 
without losing their fluidity and low viscosity. These col
loidal solns. are quite stable, but are coagulated promptly 
by the presence of an alk. medium or of a colloidal soln. 
whose particles have an opposite elec. charge to the Th 
particles. Thus coagulation readily occurs in an organ 
having an alk. secretion, especially in the presence of mu
cous, such as IS found in the uterus. Coagulation occurs on 
the mnersurface of the organ, and renders it highly opaque 
to roentgen rays, so that a relief of the mucous membrane 
is obtained. 

755 
VISCOSITY OF THORIUM PHOSPHATE GEL-FORMING 
MIXTURES DURING GELATION. S. M. Mehta, M. U. 
Parmar, and Mata Prasad. J. Indian Chem. Soc. 13, 128-
35(1936). 

The viscosity of mixts. of Th(N03)4 and H3PO4 under 
varying conditions of concn. was detd. with and without 
addn. of (a) electrolytes (HCl, HNO3, H2SO4 and NaCl) and 
(b) nonelectrolytes (MeOH, EtOH, PrOH, Me2CO, glycol and 
glycerol). The addn. of nonelectrolytes decreases the rate 
of change in viscosity; the addn. of electrolytes increases 
the rate of change in viscosity with time. (M. McMahon) 

756 
HIGHLY PURIFIED NEGATIVE RECHARGED SOLS. 
Wolfgang Pauh and Marcell Alpern. Kolloid-Z. 76, 130-45 
(1936). 

The results of the recharging expts. with the sols of the 
purest obtainable FejOs, AI2O3 and Th02 indicate that the 
value of swellings of the pure neg. recharge toward electro
lytes appears to depend on the activity of the cation and 
with multivalent anions of the same cation also on their 
nature. (E. W. Roth) 

757 
AEROGELS OF SILICA, ETC. Samuel S. Kistler. U. S. 
Patent 2,093,454, Sept. 21. 

A colloidal substance, such as silica or thoria, is pptd. as 
as a gel in a liquid and the resulting product is confined in 
a pressure vessel and heated until the liquid in the gel has 
reached a temp, at which the surface tension of the liquid is 
so small as to produce no substantial shrinkage of the gel 
when the liquid is allowed to evap.; such temp, is main
tained, and vapor is then released from the pressure ves
sel at a rate insufficient to injure the gel. A silica gel may 
be obtained having an apparent sp. gr. not substantially in 
excess of 15% of the true sp. gr., substantially free of 
liquids and consisting essentially of the skeleton of the col
loid substantially as it existed in the original undried gel. 
Numerous examples and details are given. 

758 
THE PHYSICOCHEMICAL PROPERTIES OF SAPONINS. H. 
THE STATE OF HYDRATION OF SAPOALBIN. R. Ruyssen 
and E. O. K. Verstraete. Natuurw. Tijdschr. 20, 96-102 
(1938). 

Measurements of the Gortner effect and the viscosity of 
sapoalbin sols indicate that the amt. of hydration is very 
small. The first method shows an increase in hydration 
with increasing sol concn.; the second shows the opposite. 
Detn. of the electroviscous effect shows an increase in 
viscosity to a const, value when NaOH is added. NaCl pro
duces a decrease in viscosity; BaCl2 and A1(N03)3 give a 
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sharp min. and Th(N03)4 gives a const, min. value. The r e 
sults are discussed on the basis of a possible change from 
a hydrophilic to a hydrophobic colloid. The cond. of the sol 
indicates that freezing produces dispersion for concns. be
low 2.5% and aggregation for higher concns. 
(T. H. Dunkelberger) 

759 
MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS. 
II. INTERACTION OF PRUSSIAN BLUE AND (a) THORIUM 
HYDROXIDE AND (b) CERIC HYDROXIDE SOLS. P. M. 
Barve, V. C. Vora, and B. N. Desai. J. Univ. Bombay 8, 
Pt. 3, 134-8(1939) 

The eerie hydroxide sol was prepd. by dissolving 20 g. 
of Ce NH4 nitrate in water and pptg. the hydroxide by add
ing an excess of NH3. The sol was then washed free of NH3 
with hot water and suspended in 1.1 of distd. water. Heat
ing for 3 - 4 hrs . and adding 2 - 3 cc. HCl gave a clear 
golden-yellow Ce(OH)4.sol. The sol was dialyzed and the 
cataphoretic speed measured and found to be 14.3, 25.2, 
42.9 and 23.6 for Ce(OH)4 on the 0, 7th, 15th and 23rd day 
of dialysis; and 28.9, 38.1, 42.6, 27.5 for the Th(OH)4 and 
25.6, 36.6, 45.0, 31.9 for Prussian blue on the 0, 8th, 16th 
and 24th day of dialysis, resp. It was also found that the 
width of the zone of mutual coagulation is smallest when 
the charge of the colloidal particles of both the sols is 
greatest. (F. G.) 

760 
MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS. 
INTERACTION OF COPPER FERROCYANIDE WITH FER
RIC HYDROXIDE, THORIUM HYDROXIDE AND CERIC 
HYDROXIDE. P. M. Barve, V. C. Vora, and B. N. Desai. 
J. Indian Chem. Soc. 16, 645-51(1939). 

The width of the zone of mutual coagulation of the pairs 
Cu ferrocyanide and Fe(OH)3, Cu ferrocyanide and Th(0H)4 
and Cu ferrocyanide and ceric hydroxide is min. when the 
charge on the colloidal particles of the reacting sols is 
max. The value of the min. width depends also upon the 
hydration of the particles. The width of the zone of mutual 
coagulation seems to be mainly controlled by the charge on 
the colloidal particles. (J. R. Adams) 

761 
VISCOSITY OF THORIUM ARSENATE GELS DURING SET
TING. Mata Prasad and B. G. Shejwalkar. J. Indian 
Chem. Soc. 17, 508-14(1940). 

The viscosities of thorium arsenate gel-formmg murts. 
were measured during setting. The variables examd. were 
the quantities of the constituents of the gel-forming mixts., 
and the amis, of electrolytes and nonelectrolytes added at 
different temps. The results are presented in graphic form. 
The viscosity-time curves (with time of setting as abscissa) 
were either rapidly rising ones or were S-shaped. For a 
given time of setting, the viscosity decreased with increase 
in Th ions in the gel-forming mixt., with the addn. of non
electrolytes, and with increase m temp. The viscosity in
creased with increase m the amt. of arsenic acid and with 
the addn. of extra amis, of electrolytes. (J. Kaye) 

762 
MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS, 
rv. INTERACTION OF ZINC FERROCYANIDE AND (a) 
FERRIC HYDROXIDE, (b) THORIUM HYDROXIDE AND 
(c) CERIC HYDROXIDE. P. M. Barve, V. C. Vora, and 
B. N. Desai. J. Univ. Bombay 9, Part 3, 69-75(1940). 

As in systems investigated previously, the width of the 
zone of mutual coagulation of Fe(OH)3, Th(OH)4 and Ce(OH)4 
sols by Zn2Fe(CN)8 sols is a min. when the charge on the 
particles is a max. The min. value of the width of the zone 
In different pairs appears to depend also on the hydration 
of the hydroxide particles. (B. C. P. A.) 

763 
AGING AND COPRECIPITATION. XXXV. AGING OF 
LEAD CHROMATE IN THE COLLOIDAL STATE. THER
MAL AGING. I. M. Kolthoff and F. T. Eggertsen. J. 
Phys. Chem. 46, 458-63(1942) 

Data are given for the effect of preaging in the colloidal 
state upon Th B penetration; for the rate of aging after 
flocculation of fresh and aged colloidal PbCr04, and for 
thermal aging of PbCr04 in the dry state. The process of 
aging was followed by means of the Th B exchange and by 
Wool Violet adsorption. The specific surface of PbCr04 
decreased only slightly when it was allowed to stand for 3 
hrs . in the colloidal state. The longer the period of pre
aging of PbCr04 in the colloidal state, the more rapid the 
rate of aging was found to be after flocculation. This is 
explained on the basis of a desorption of the stabilizing 
chromate ions with time of standing of the sol. No thermal 
aging of PbCr04 in the dry state occurs at room temp, but 
a pronounced aging was found upon heating at 355° Upon 
heating at 220° the specific surface did not change, but the 
rate of penetration of Th B at room temp, decreased mark
edly with increase m the period of heating. (A. B. Garrett) 

764 
EFFECT OF LIGHT AND AGING ON COLLOIDAL SOLU
TIONS OF FERRIC HYDROXIDE AND THORIUM HYDROX
IDE. R. B. Naimpally, P. M. Barve, and B. N. Desai. J. 
Indian Chem. Soc. 19, 204-6(1942). 

On exposure to sunlight, dialyzed colloidal solns. of 
ferric hydroxide and thorium hydroxide showed a slow de
crease in cataphoretic speed, cond. and stability. Aging 
of these sols had the same effect. (Donald C. Bond) 

765 
MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS. V. 
EFFECT OF DILUTION ON THE MUTUAL COAGULATION 
OF COLLOIDAL SOLUTIONS OF FERRIC HYDROXIDE 
AND THORIUM HYDROXIDE BY PRUSSIAN BLUE. P. M 
Barve, R. B. Naimpally and B. N. Desai. J. Univ. Bombay 
11, Pt. 3, 78-84(1942). 

The charge on the sol particles was varied by dialyzing 
for different periods and subsequent progressive diln. For 
some samples of the sols the charge on the particles first 
increases and then decreases on diln., whereas for others 
the charge decreases continuously. The width of the zones 
of mutual coagulation of pos. Fe(OH)3 and Th(OH)4 by neg. 
Prussian blue decreases continuously on diln. This is not 
in agreement with the earlier conclusion that the greater 
the charge on the particles, the smaller is the width of the 
zone of mutual coagulation. It is suggested that the ex
planation of these results is that diln. increases the dis
tance between particles and decreases the chance of col
lision leading to flocculation, and this factor predominates 
over any effect of charge. (E. O. Wiig) 

766 
OPACITY CHANGES IN GEL-FORMING MIXTURES DUR
ING SETTING. I. Th MOLYBDATE, STANNIC ARSENATE 
AND SILICIC ACID GELS. Mata Prasad and V. S. Gogate. 
Proc. Indian Acad. Sci. 17A, 161-70(1943). 

Opacity-time curves were obtained for the above gels. An 
improved app. is described for supplying const, amperage, 
by means of Barreter 's filament lamp and automatically 
controlled voltage to 2 photocells by using a Ne-stabilizer 
in parallel. The effects of different amis, of gel-forming 
constituents, HCl and nonelectrolytes on gels were investi
gated. Changes in the intensity of the light scattered by the 
gels were attributed to changes in the value of the no. and 
vol. of particles, changes in anisotropy, distribution and 
arrangement of the micelles in the gel. (V. W. Hatchett) 

767 
OPACITY CHANGES IN GEL-FORMING MIXTURES DUR-
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ING SETTD^G. IL Th PHOSPHATE, Ce PHOSPHATE, Th 
ARSENATE AND STANNIC PHOSPHATE GELS. T. V. 
Desai and S. Guruswamy. Proc. Indian Acad. Sci. 18A, 
No. 1, 31-9(1943). 

Opacity-time curves are given for each of the above gels. 
These were studied for gels formed from different amts. of 
the constituents and the effects of HCl and nonelectrolytes 
on the rate of change of opacity; in general HCl increases 
and nonelectrolytes decrease it. (V. W. Hatchett) 

768 
EFFECT OF HYDROGEN-ION CONCENTRATION ON THE 
TIME OF SETTING OF Th PHOSPHATE GEL-FORMING 
MIXTURES. A. Nathan. J. Indian Chem Soc. 20, 159-65 
(1943). 

The pH and time of setting of Th phosphate gel-forming 
mixts. contg. various amts. of HCl were studied system
atically to throw light on the peculiar behavior of acids ob
served previously. As the pH of the mixt. was continually 
decreased, the time of setting increased at first, then de
creased to a min., followed by a r ise . The min. time of 
setting takes place at increasingly lower pH as the H3PO4 
concn. in the mixt. is decreased. There is a linear rela
tion between the amts. of H3PO4 and HCl corresponding to 
the min. time of setting. The pH and log t curves are not 
straight lines as observed with silicic acid gel-forming 
mixts. On the addn. of ale. there is an increase in time of 
setting which reaches a max. and then falls as the amt. of 
ale. in the mixt. is increased; the max. has the lowest val
ue for mixts. of pH corresponding to the min. time of set
ting. The mixts. set to a gel only when their pH values are 
less than 1.7; beyond this value a ppt. and not a gel is ob
tained. No change in the pH of the mixts. takes place either 
on standing or on the addn. of different amts. of ale 
(S. I. Aronovsky) 

769 
pH MEASUREMENTS ON THIXOTROPIC GEL SYSTEMS 
USING THE GLASS ELECTRODE. R. C. Vogel and M. W. 
Lisse. J. Phys. Chem. 47, 678-85(1943). 

The pH of Th(Mo04)2, Fe(OH)3 and bentonite gel systems 
was measured in the 1st gelation, thixotropic liquefaction 
and re-gelation stages. During the primary gelation the 
Fe(OH)3 gel-forming system showed a slight decrease in 
pH, the Th(Mo04)2 system a slight increase, and the ben
tonite system showed no change in pH. During thixotropic 
liquefaction and the secondary gelation, no change in pH 
was noted in any of the above systems. (S. I. Aronovsky) 

770 
IONIC EXCHANGE FOR COLLOIDAL S. H. IONIC EX
CHANGE FOR LYOPHOBIC COLLOIDAL SYSTEMS. 
E. O. K. Verstraete. KoUoid-Z 103, 25-42(1943). 

The ionic exchange of H''" with other cations for "Selmi" 
type S sols was investigated. The sol was studied first to 
find what, acids might form for the system and it was 
found that pentathionic and tetrathionic only were present 
as shown by described tests. Tables give data on ion ex
change, which depends largely on the concn. of the elec
trolyte present. For alk. cations exchange is K > Na > Li 
and for alk. earths Ba > Sr > Ca > Mg. Graphs are given on 
the effect of pH and coagulation values with respect to the 
various cations. The effect of valence is also shown where 
Al''"'"'' and Th''"'"'"'' are included. The sexivalent Hexol was 
tried but found to decomp. in acids. Bivalent ions show 
stronger antagonism to H''' than univalent, whereas the pair 
H'''-Th''"'"'̂ ''̂  has none. There is none for Na'''-K"''. It is 
weakened if a bivalent electrolyte is first added followed by 
a univalent one. Such factors as hydration, polarization and 
the degree of adsorption of cations must be considered as 
well as the antagonism for ion exchange. (Raymond H. 
Lambert) 

771 
ADSORPTION OF H ACTIVATED BY Hg RESONANCE 
RADIATION. A. Luyckx, G. Rens, and J. Bodart. J. chim. 
phys. 39, 139-51(1942); Chem. Zentr. 1943,1, 2635-6. 

H irradiated with the Hg resonance line is adsorbed on 
Th02 at ordinary temp, in about the same vol. as m thermal 
adsorption. By continued irradiation for several hrs . one 
can produce a complete vacuum. At. H formed in the gas 
phase diffuses to the surface, where it is held. There is a 
crit. pressure of a few mm. Hg above which there is no 
photoactivation. Above this threshold, which varies with 
the adsorbent, a protective layer of H2 is formed. There is 
no activated sorption on S1O2 gel, and there is none on Th02 
or W when the surface is 02-free. The bond metal-H or 
metal-O-H is stronger in photoactivated sorption than m 
van der Waals sorption. (J. B. Austin) 

772 
STUDY OF THE OPTICAL PROPERTIES OF GELS. I. 
THORIUM MOLYBDATE GELS. Mata Prasad and S. 
Guruswamy. Proc. Indian Acad. Sci. 19A, No. 1, 47-65 
(1944). 

The changes in the intensity and depolarization factors 
of the light transversely scattered by Th molybdate gels 
were investigated. It was observed that the size of the 
particles, even after the gel had set, was smaller than the 
wave length of light, or about Vi \. Hydration produced no 
change in the scattering. In the initial stage of gelation, the 
anisotropy scattering was many times greater than the 
density scattering. Anisotropy decreased rapidly during 
gelation. No great changes were observed in final vols, of 
gel particles when formed under different conditions. H. 
THORIUM ARSENATE GELS. Ibid. 66-76. 

Anisotropy scattering increases during formation of Th 
arsenate gels and changes greatly even after the gel has 
set. The particles increase in vol. by about 25 times during 
gel formation; this indicates that it is analogous to coagu
lation. Size of particles is about V^ A of light, 
m SILICIC ACID GELS. Ibid. 77-87. 

Size of particles of the gel is about % X of light. Density 
scattering of the light increases during gel-formation. The 
anisotropy scattering is about % the density scattering in 
the initial stages and increases to about V3. Particle size 
increases about 15 times. (V. W. Hatchett) 

773 
OPACITY CHANGES DURING THE COAGULATION OF 
SOLS BY ELECTROLYTES. Mata Prasad, S. Guruswamy, 
and N. A. Padwal. Proc. Indian Acad. Sci. 19A, 389-400 
(1944). 

Sols of Th(OH)4, Sn(0H)4 and Zr(OH)4 were mixed with 
solns. of various salts and the coagulation was followed as 
a function of time by photoelec. detn. of the light t rans
mitted through the sol. In some cases the coagulation rate 
decreased with time from the start; m others, the time-
coagulation curve was S-shaped. The existence of S-shaped 
curves, and the fact that the ratio of the times to reach a 
given degree of coagulation was not const, for different 
concns. of the same electrolyte, are m disagreement with 
Smoluchowski's theory of coagulation. Coagulation rate 
was increased by raising the temp, or by addn. of ales. 
The relative coagulating power for different salts on dia
lyzed Th(OH)4, defined as inversely proportional to the 
concn. of salt necessary to produce a certain degree of 
coagulation in a certain time, was in the order K2SO4 > 
KNOj > NaCl > KCl > BaCl2. K2SO4 was much more rapid 
than any of the others. (A. O. A.) 

774 
PHOTOCHEMICAL STUDIES IN GELS. I. THE REDUC
TION OF FeCl2 BY MANDELIC ACID IN LIGHT OF DIF
FERENT FREQUENCIES IN Th PHOSPHATE GEL AS A 
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SOLVENT MEDIUM. J. C. Ghosh and S. K. Bhattacharyya. 
J. Indian Chem. Soc. 20, 377-81(1943). 

The reaction is zero order in the gel at X 366 and 436 
m(x. The velocity const, increases with increasing FeCl3 
concn. For const. X, (Ax/M)(l/la(jg.) is const, but increases 
with decrease in X. (I ^bs. ' s intensity of absorbed radiation 
and Ax/At = zero-mol. velocity const.) it also increases 
with increase in mandelic acid concn. The quantum yield 
is of the order of 0.03 to 0.07 in gel or sol. The rate is the 
same in gel and sol, but considerably greater in water; 
this may be due to complex formation in the water. In sol 
and gel the activated ferric ion apparently is deactivated to 
the same extent. (E. O. Wilg) 

775 
DEHYDROGENATION-ISOMERIZATION. Herman S. Bloch 
and Raymond E. Schaad (to Universal Oil Products Co.). 
U. S. Patent 2,389,406, November 20, 1945. 

n-Butane is converted into substantial yields of isobutene 
and n-butenes by subjecting it at 900-1100°F. to the simul
taneous action of a dehydrogenating catalyst and an isomeri-
zation catalyst. The dehydrogenating catalyst comprises 
alumina and an oxide of an element selected from the left-
hand column of Groups V and VI of the periodic system: the 
isomerization catalyst comprises silica, alumina, and 
thoria. (Heinz Helnemann) 

776 
EFFECT OF ELECTROLYTES ON THE VISCOSITY AND 
LIMrriNG SHEARING STRESS OF SUSPENSIONS. N. N. 
Serb-Serbina (Colloid-Electrochem. Inst., Acad. Sci., 
U.S.S.R.). Akad. Nauk S.S.S.R., Otdel. Tekh. Nauk, Inst. 
Mashlnovedeniya, Soveshchanie Vyazkosli Zhidkastel i 
KoUoid. Rastvorov (Conference on Viscosity of Liquids and 
Colloidal Solns.) 1, 381-90(1941). 

For 3 groups of typical suspensions, clay, magnesium 
carbonate, and kaolin, times of .efflux T in an Ubbelohde-
type viscometer (capillary 1.48 mm. diam., 20 cm. long) 
were detd. as a function of varying pressure P. Plots of 
l / r against P give straight lines; from the intercept P ' on 
the axis of abscissas, the limiting shearing stress 6 is 
calcd. by 6 = P ' ( 3 / 4 ) ( T / 2 1 ) and expressed in mg./sq. cm. 
The structure viscosity 7/, in centipoises, is detd. from the 
ratio of the cotangents of the slope of the lines of efflux of 
the given suspension and of pure water at low pressures. 
(1) For clay suspensions of varying solid phase content, the 
threshold clay concn. at which 8 becomes noticeable de
pends on the method of prepn. of the suspension; although 
with the conventional method 9 is measurable at a clay 
content of 22%, if the suspension was prepd. by another 
method indicated by Kvirikashvili-Tsurinov, 9 becomes 
noticeable at as low as 10% clay. In both cases, addn. of 
0.25% Na2C03 results in lowering the concn. threshold of 
measurable 9 by about 5%, that is in enhancing the rigidity 
of the suspension. The value of rj is substantially increased 
by the addn. A 33% clay suspension with varying addns. of 
Na3P04 -10 aq., Na2C03, Na4P207 -10 aq., from 0.001 N to 
1 N, showed in all 3 cases sharp rise of both 77 and 9 from 
about 0.1 N upwards. It indicates coagulation with forma
tion of a lattice structure; such a gel can attain high values 
of 9, of the order of 10-100 mg./sq. cm.; the action of 
electrolytes with an alk. reaction consists in a "hydro-
philizatlon," swelling of the clay particles along the crys-
tallographic cleavage planes. In contrast thereto, the 
action of nonalk. electrolytes such as chlorides of cations 
of varying valence, consists in "hydrophobe coagulation" in 
which clay particles aggregate over the whole of their 
surface; this precludes the formation of a lattice structure 
In the bulk of the suspension. Consequently, upon addn. of 
NaCl, CaCl2, AICI3 to a 33% clay suspension, both TJ and 9 
drop sharply above 0.1 N, particularly with bi- and t r i 

valent cations. Only at low electrolyte concns., about 0.01 
N, is there a slight increase of 7; and 9. (2) A second type 
of suspension is illustrated by MgC03 powder. Without 
electrolyte, 9 becomes measurable at a solid phase content 
of about 5% and attains about 36 mg./sq. cm. with 15% 
MgCOs, when 77 attains about 3 centipoises. Addn. of alk. 
electrolytes, NaOH, Na3P04, results in a sharp drop of 8, 
almost to zero, from 1% up; at the same time 77 is slightly 
Increased. This indicates some degree of peptization. Addn. 
of NaCl has only a very slight action. Saponin does not 
alter 77 but lowers 9 sharply; this is interpreted in terms of 
hydrophilization of the surface of the particles. Addn. of 
MgCl2 at concns. below 0.05% raises 9; above 0.05% MgCl2, 
further addns. bring about a substantial decrease of both 77 
and 9. (3) Kaolin suspensions show properties intermediate 
between those of clay and MgC03. Addn. of Na2C03 to a 30% 
suspension results first in a drop in both 77 and 9 leading to 
a min. at about 0.3% Na2C03; from then on both 77 and 9 r ise 
with rising electrolyte concn. Other alk. electrolytes, 
Na2P407, NaOH, give an analogous picture; at the min., 9 
often drops nearly to zero. Addn. of NaCl is practically 
without effect; CaCl2 lowers 77 and raises 9 somewhat at very 
low concns. (about 0.1%); further addns. have hardly any 
further effect. With AICI3 (0.3%) both 77 and 8 have a max.; 
the same occurs with ThCl4, which, at higher concns. (about 
1%), brings about a substantial drop in both 77 and 9. (4) The 
behavior of the 3 types of suspensions towards the 2 groups 
of electrolytes is discussed in terms of peptization and 
lattice-formation effects. (N. Thon) 

777 
FORMATION OF COLLOIDS BY MEANS OF SATURATION 
OF ALL VALENCE UNITS. Julius Gnezda (Chem. Inst. 
Philosophischen Fakultat in Zagreb.). Festschrift Feier 
zweij'ahrigen Bestandes Unabhangigen Staates Kroatien, 
Zagreb,1943, 26 pp. 

In a previous paper (CA. 27, 5593) a system of "affinity" 
units or "viravales" of the elements was presented and is 
here reprinted. For example O has six units, H three; N, 
P, C retain the usual values; U has twenty-eight. A no. of 
complex compds., some of which form colloidal solns. in 
water, were prepd. and empirical formulas detd. Corre
sponding structural formulas based on G's system were 
derived. The compds. are: [Fe(N03)3 - UO2 + 4H20]„, 
[A1(N03)3 • UO2 + 2H20]„ (Al = Fe = 21), [(H20)4Th4(N03)4 -
U02Jn, Th8(N03)24Pb2 • 6H2O, (Th = U 28); C0CI2 - KCl + H2O, 
[Cr(N03)2Sn02]2, Ci8HjoN204 - N6Hj2 (prepd. from phthalimide 
and hydrazine hydrate). Qual. indications are given of 
compd. formation between members of the following pairs: 
parabanic acid (I) and SnO, I and HgO, I and hydrazine hy
drate, MnF2 and TiCl4, tetrahydro-2-naphthylamine and 
H4P2O7, tetraphenylhydrazine and Co(N03)2, oxamide and 
diphenylmethane, caffeine (H) and Mn(N03)2. II and LiNOj, 
n and NaH2P04 - 2H2O. Considerations and examples tend
ing to confirm the author's point of view are presented. 
(Robert Simha) 

778 
THORIUM BORATE SOL AND GEL. S. P. Mushran (Univ. 
Allahabad, India). Nature 158, 95(1946). 

A hot 20% soln. of borax is run slowly into 75 ml. of a 
10% Th(N03)4 soln. until a white ppt. of Th borate is ob
tained, which dissolves on vigorous shaking in the presence 
of excess Th(N03)4. The mixt. is kept in a parchment bag 
and dialyzed at 30° for 8 days, when a clear colorless sol, 
positively charged, is obtained. Analysis of the coagulum 
of the sol, obtained by the cataphbretic method, indicated 
the empirical formula for the sol was 4Th02" Th3(B03)4. 
Electrolytes coagulated the sol very easily. When N 
KCl and 0.2 N K2SO4 were used as coagulating agents, the 
sol formed stable, transparent, thixotropic jellies. A table 
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shows the effect of variation of the concns. of these coagu
lating agents upon time of setting. (H. M. Philofsky) 

779 
ACID POLYURONIDES. Sigurd Saverborn (Univ. Uppsala, 
Sweden). Almqvist and Wiksells Boktryckerl AB. Uppsala 
1945. 

A pamphlet giving detailed, new data on the acidic poly
uronides, which include various pectins (I), alginic acid (II), 
and gum arable (HI). I included "free pectins" which were 
leached out without boiling and "extd. pectins" that were ob
tained by boiling with HjO, aq. acids, or salt solns. Uronie 
anhydride and MeO detns. were made on carefully prepd. n 
and n i and on la (from apples), lb (from lemon peel), Ic 
(from beets), etc. La''"'"'' and Th"'"'̂ ''̂ "'' caused flocculation of 
la. 

780 
INFLUENCE OF THE IONIC CONCENTRATION ON 
NUCLEOHISTONE GELS. R. Jeener (Univ. Brussels, 
Belg.). Compt. rend. soc. biol. 140, 689-92(1946). 

When l-2cc. of a soln. of a nucleohistone is slowly in
jected with a pipet into a large vol. of distd. water it forms 
a drop of gel which can be suspended on a wire hook. If 
this gel is hung in solns. of various salts it shrinks more 
or less. With equiv. concns. of cation, salts of univalent 
cations cause very little shrinking, salts of bivalent cations 
(Mg''"'', Ca''"'') cause much more shrinking, and salts of t r i 
valent cations (Al"'"*"'", Th"'̂ ''"'") cause a very marked shrink
ing, sometimes down to as little as 0.05 of the original vol. 
Anions of different valences in equiv. concns. cause an 
equal amt. of shrinking. (L. E. Gilson) 

781 
THE COLLOIDAL STATE OF AMYLOSE AND ITS DE
PENDENCE UPON ELECTROLYTES. Maks Samec and 
M. Ferlan. Akad. Znanosti Umetnosti Ljubljani, Kem. 
Lab., Kem Studije (Yugoslavia) 1947, 19-51 

A 3% starch suspension boiled at 120° for 30 min. yielded 
a gel of amylopectins which sepd. from a sol of amyloses 
during electrodialysis. Freshly prepd. amylose sols 
showed a progressive decline in viscosity during 6 days. 
The addn. of small concns. of KCl, MgCl2, AICI2, ThCl4, 
hexol, Na2S04, MgS04, Al2(S04)3, Al citrate, K3Fe(CN)8, and 
K4Fe(CN)8 increased the amt. of the decline in viscosity, 
but high concns. of these electrolytes increased the viscos
ity. In agreement with the Ostwald hypothesis the effect of 
the electrolyte depended upon the valence of the cation and 
could be expressed by an activity coeff. Amylose sols at 
2-4° , with aging, lost their original viscosity, became 
turbid and finally coagulated. The addn. of HCl, MgCl2, 
AICI3, ThCl4, Na2S04, KCl, MgS04, K3Fe(CN)8, K4Fe(CN)8, 
Na2HP04, Na2B407, Na4P207, NH4CNS, NH4CI, and (NH4)2S04 
usually hastened the coagulation, although in some instances 
it retarded it. The action depended upon the concn. and ac
tivity coeff. of the electrolyte. The time for the appearance 
of turbidity depended upon the degree of hydration of the 
amylose and upon the charge of the micelle; it was not in
fluenced by the activity coeff. The vol. of the coagulum 
varied with the amt. of the coagulated substance in the 
original sol and upon the degree of hydration. In low concns. 
electrolytes added to amylose sols contg. EtOH or acetone 
coagulated the amylose in a few hrs. ; in high concns. the 
electrolytes retarded the coagulation. Hydration, the charge 
of the cation, and the influence of the anion exerted a com
mon influence upon coagulation. (Frank Maresh) 

782 
EFFECT OF ADSORPTION OF MULTIVALENT CATIONS 
ON THE ELECTRICAL PROPERTIES OF A UNIMOLECU-
LAR FILM OF PALMITIC ACID. M. Gerovlch and O. 
Kaptsan. Zhur. Fiz. Khim. 23, 445-51(1949). 

The film potential e of palmitic acid on H2O is 300 

and on 0.01 N HCl 400 mv. KCl and BaCl2 raise e in H2O 
and very dil. HCl, but do not affect e in 0.01 N HCl. La(N03)3 
lowers e in H2O (e.g., to 170 mv. in 0.01 N La(N03)3) where
as e in 0.00005 N HCl has a max. at 0.0001 N La(N03)3 and 
e in 0.01 N HCl is independent of La. Th(N03)4 gives r ise to 
maxima of e between 0.00001 N and 0.005 N HCl, and the 
highest value of e is over 500 mv., showing that Th''"'"*"'' 
attracts anions from the soln. The effect of the other ions 
is accounted for by (a) difference in the degree of Ionization 
between palmitic acid and its salts, (b) difference between 
the dipole moments of O-H and O-metal, and (c) contraction 
of the diffuse double layer owing to high valency ions. If a 
and b are stronger than c, e is lowered. (J. J. Bikerman) 

783 
AN ELECTRON-MICROSCOPIC STUDY OF METAL 
OXIDES AND METAL OXIDE CATALYSTS. James T. 
McCartney, Bernard Sellgman, W. Keith Hall, and Robert 
B. Anderson (U. S. Bur. Mines, Bruceton, Pa.). J. Phys. 
& Colloid Chem. 54, 505-19(1950). 

Changes in structure of Fe203 gel, hydrous NiO, CuO 
powder, Ag20 powder, CoO powder, Co basic carbonate, 
Co-Th02-MgO (100 :6:12) catalyst, Co-kiesel guhr (100: 
200) catalyst, Co-Th02-MgO-kieselguhr (100: 6 :12 : 200) 
catalyst, and Fe203 catalyst (Fe: Cu: K2CO3, 100:10 :0.5) 
on reduction were studied by detn. of wt. losses and com
parisons of electron micrographs and surface areas by 
N2 adsorption. Surface areas detd. from particle sizes 
from micrographs and by adsorption permit estg. porosity. 
The individual differences ih structure and changes on r e 
duction are described. Pptd. oxides and catalysts always 
showed decrease in surface area on reduction and a sizable 
portion of this decrease occurred in reduction rather than 
by sintering. Decrease in sintering on reduction of Co 
basic carbonate is effected by the addn. of promoters and 
kieselguhr, the order of increasing effectiveness being 
kieselguhr < Th02,MgO < Th02 plus MgO. Electron micro
graphs are useful but difficult to interpret unless combined 
with the surface-area detns. by gas adsorption. 
(Arthur Fleischer) 

784 
DESTRUCTION OF FOAMS AND THIN FILMS BY POLONI
UM a-PARTICLES. Mile. Ader (College of France, Paris). 
J. phys. radium U , 198-200(1950). 

The destructive effect of the a-part icles of Po, Th C, and 
Th C on foams and thin films, made from Na laurylsulfate 
solns., was found to be greatest at distances corresponding 
to the max. ionization, 3 cm. in the case of Po. Ranges of 
the three a - rays of about 3.7, 4.5, and 8.5 cm., resp. , were 
indicated by this technique. (J. A. Swartout) 

785 
0 x 0 SYNTHESIS FOLLOWED BY HYDROGENATION TO 
ALCOHOLS. Robert E. Schexnailder, J r . (to Standard Oil 
Development Co.). U. S. Patent 2,500,913, Mar. 14, 1950. 

A new catalyst Is described for the carbonylation of ole
fins to aldehydes with 1 addnl. C atom; the aldehyde is then 
hydrogenated at 100-300 atm. to the ale. A silica hydrogel 
is impregnated with sol. salts of Co, Th, and Cu, which are 
decompd. by heat. The catalyst is activated at 850°F. and 
contains 62% SiOj, 32% Co, 5% Th02, and 1% Cu. (E. H. K.) 

786 
SEPARATION OF PREFERRED FRACTIONS FROM AP
PARENTLY HOMOGENEOUS GEL PARTICLES. Louis D. 
Rampino (to Shell Development Co.). U. S. Patent 2,508,867, 
May 23, 1950. 

Improved gels, usable as catalysts, catalyst car r iers , 
contact agents, and adsorbents, are obtained from gels of 
oxides of Si, Al, Zr, Mg, Sn, Th, Cr, and Mo, prepd. by the 
usual methods, by subjecting those gels in the form of 
granules to a developing treatment. In an example, silica 
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gel, passed through 6 mesh and retained on 14 mesh screen 
is exposed to isopropyl benzene (I) vapor at 500°F, for 1 hr. 
Small quantities of decompd. I convert the gel particles into 
a heterogeneous mixt. of black, gray, and light particles 
which after sepn. can be returned to their original form 
with no difference of available surface, av. pore size, or d., 
by burning out the carbonaceous deposits. But if the frac
tions are treated individually with I, the same differentia
tion in color shows up as before. Measurements of the rate 
of adsorption of liquid I showed a difference in the different 
fractions. Other developing methods comprise treatment 
with solns. contg. coloring matter; treatment with an ad-
sorbable liquid and fractioning by elutnation methods; 
treatment with materials that alter the elec. properties 
(and sepn. of the treated particles by electrostatic methods) 
or magnetic properties. (K. Fox) 

787 
COLLOID-CHEMICAL BASIS FOR THE ACTION OF THE 
COAGULATING BATH UPON VISCOSE. M. Horio (Kyoto 
Univ.). Textile Research J. 20, 373-81(1950). 

The stability of cellulose xanthate (I) solns. in the pres
ence of electrolytes is studied. Coagulation values for 
various salts and mixts. of salts on I affords a classification 
of ions according to their coagulating power and the 
mechanism of coagulation. The behavior of salt mixts. on 
I solns. is classified as additive, sensitizing, or antagonistic 
in accordance with coUoid-chem. theory. The rate of coagu
lation by different ions and the influence of the degree of 
sulfidity and the degree of polymerization of the I on the co
agulation values are discussed. These data may be corre
lated with changes taking place during fiber formation in 
viscose-rayon spinning. The cation of each electrolyte 
usually dets. the coagulation value with the valency rule 
and lyotropic series not ascertainable. On the basis of 
coagulating power, cations are grouped into alkali-metal 
and alkali-earth metal ions; Zn and Fe'''' ions; multivalent 
ions such as Al, Ce, and Th; and H ion. (W. H. Boynton) 

788 
PROTECTION OF HIGH SURFACE XEROGELS. Raymond 
C Archibald and Frank T. Eggertsen (to Shell Development 
Co.). U.S. Patent 2,519,622, Aug. 22, 1950. 

In the reactivation by steaming of a microporous mineral 
xerogel, e.g. oxides of Si, Al, Mg, Zr, Cr, Sn, and Th, used 
as adsorbents, desiccants, decolorizers, fillers, or in 
catalysts, the loss of surface and microporous structure is 
reduced by adding (to the steam) vapors of an org. N base, 
especially tertiary amines, e.g. MCsN, Et3N, PrsN, or BU3N 
(1-10 mol. % based on steam in mild cases and 33 mol. % or 
more in severe cases). Primary and secondary amines are 
also effective, but to a lesser degree. (Ned E. Jaffa) 

789 
IONIC RADH CALCULATED FROM COAGULATION VAL
UES FOR SILVER CHLORIDE HYDROSOLS. Halina 
Basinska. Roczniki Chem. 23, 380-7(1949). 

Radii of ions in aq. solns. were calcd. from crit. concns. 
of various cations coagulating primary particles. Ionic 
radii of K, Sr, Ba, La, Ce, and Th agreed with those ob
tained by x-ray analysis of crystals. Ionic radii of H, Mg, 
Ca, Zn, Fe, and Al were found to be greater than those detd. 
by x-ray analysis. This can be attributed to hydration of 
ions. The crit. concns. of coagulation for Pb''"'' and Zr^''' 
ions are lower than those for other ions of equal valency. 
(Sylvia Nowinska) 

790 
HYDROGEL CATALYST. Charles N. Kimberlin, J r . (to 
Standard Oil Development Co.). U.S. Patent 2,524,809, 
Oct. 10, 1950. 

Hydrogels of inorg. oxides are prepd. by treating solns. 
of salts of metals of Groups III, IV, VI, and VHI with a 

water slurry of MgO. The hydrogels are aged, washed free 
of salts, and dried. Concns. of salt solns. are such that the 
resulting products contain at least 50 g. of metal oxide per 
1. Specific metals claimed are Al, Cr, and Fe. In U.S. 
2,524,810, metals claimed are Ti, Zr, Sn, and Th. (W. C. P.) 

791 
ORGANIC AND INORGANIC CONDENSATION. J. Duclaux 
(Inst. biol. phys.-chim.. Pans ) . Makromol. Chem. 6, 149-
56(1951)(in French). 

Inorg. colloidal solns., e.g. "ferric hydroxide," produced 
by hydrolysis of FeCl3 soln., can be considered similar to 
org. macromol. solns. Both can be formed by a process of 
condensation, e.g. by O bridges connecting Fe atoms. The 
particles are sometimes considered as tiny crystals with 
FeCl3 or HCl held by adborption, because the x-ray diagrams 
are similar to those of the substance m bulk; but the x-ray 
diagram of cellulose could similarly be interpreted as be-
longmg to a lattice of glucose. A FeCl3 soln. was hydrolyzed 
at 100°, coned, by ultrafiltration, its viscosity was meas
ured, and the process repeated several times. The viscosity 
was observed to rise with increasing degree of hydrolysis, 
as also did the slope of the relative viscosity vs concn. 
curve The adsorption theory would predict a diminution of 
viscosity, because the particle charge decreases as CI" ions 
are eliminated. Inorg. sols differ among themselves in 
particle shapes and stabilities, but some have been kept for 
40 yrs . without change. The adsorption theory would predict 
that the larger crystals should grow at the expense of the 
smaller. A comparison between silica gel, which is not a 
plastic, and a silicone, which is, suggests new plastics may 
be formed with Fe, Cr, Al, or Th oxides if some of the 
valences are blocked by heavy org. radicals. The difficulty 
in classifying org. and inorg. maeromols. together stems 
from an artificial distinction between primary and second
ary valences, which is no longer valid. (H. Neweombe) 

792 
PENICILLIN G AS AN ANALYTICAL REAGENT. H. 
Malissa (Tech. Hochschule, Graz, Austria). Mikrochemie 
ver. Mikroehim, Acta 38, 120-3(1951). 

The Na or K salt of Penicillin G gives ppts. with Ag, Al, 
Au, Bi, Cu, Fe, Hg, Os, Pb, Pd, Pt, Sb, Sn, Ti, Th, TI, and 
V ions. It seems likely that some of these compds. may be 
useful in analytical chemistry (W. T. Hall) 

793 
WETTABILITY OF SOLID SURFACES. IV. WETTA
BILITY OF PALMITIC ACID SURFACE BY AQUEOUS 
SALT SOLUTIONS. Ayako Inaba (Kyusyu Umv , Fukuoka). 
Bull. Chem. Soc. Japan 23, 146-9(1950)(in English). 

An explanation was sought for contradictory expts. in 
which a palmitic acid surface was sometimes wetted by 
water and in other cases was not wetted. Minute im
purities in the distd. water apparently controlled the wet
ting. The wetting of purified paraffin, crude paraffin, 
palmitic acid, and hexadeeyl ale. by water and aq. solns. of 
KNO3, Ca(N03)2, Al2(S04)3, and Th(N03)4 was detd. with a 
modified Du Nouy tensiometer. The wetting of crude paraf
fin by water increased with time. With the exception of 
hexadeeyl ale. which exhibited decreased wetting with time, 
the ionic solns. showed increased wettability with time. 
Zeta potentials of palmitic acid hydrosols were detd. in the 
various solns. There appeared to be a relation between the 
wettability and zeta potential. The effect of metallic soaps 
on the wettability was offered as an explanation of the 
results. (Henry Leidheiser, Jr .) 

794 
THE DIFFUSION OF THORON ATOMS THROUGH PHOTO
GRAPHIC GELATIN. G. G. Eichholz and F. C Flack 
(Umv. British Columbia, Vancouver). J. Chem. Phys. 19, 
363-6(1951). ~ 
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Observations have been carried out on the splitting of 
thorium stars in photographic emulsions. It is found that 
this process is caused entirely by the Brownian motion of 
the thoron atoms produced in the course of successive 
decays. Applying the classical statistical theory, the dif
fusion coeff. of thoron in gelatin and the viscosity of dry 
gelatin at room temp, have been deduced as 2.2 x 10~' sq. 
cm./sec. and 0.40 poise, resp. The results are discussed 
in the light of the present knowledge of the structure of 
gelatin. (L. J. E. Hofer) 

795 
EXTRUSION OF A FROZEN AND THAWED HYDROGEL. 
Ernest A. Bodkin and John W. Payne (to Socony-Vacuum 
Oil Co., Inc.). U.S. Patent 2,564,776, Aug. 21, 1951. 

Extruded, synthetic inorg. oxide gel compns. (I) are 
prepd. from hydrogels (n) contg. mostly Si02, minor pro
portions of a hydrous metal oxide, such as the oxides of Al, 
Zr, Ti, Be, Ce, Th, and Mn, and inherently small quantities 
(1-9%) of zeolitic alkali metal (HI). II is frozen at prefer
ably O^F., thawed out at above 32°F., whereby it disintegrates 
into small granules and releases major portions of H2O. 
The granules are extruded by means of a hydraulic plunger 
or a continuous Auger-type extruder, dried with air at 7 0 -
150°F. at a relative humidity of 30-80%, and heat-treated 
at 1400°F. I is used as desiccants, adsorbents, and cata
lysts for promoting the conversion of hydrocarbons. For 
the latter use, HI is removed from II prior to drying. 
(K. Fox) 

796 
ULTRASONIC STUDIES OF THORIUM PHOSPHATE JEL
LIES AT DIFFERENT TEMPERATURES. Arvind M. 

, Srivastava, S. Prakash, and V. Mehra (Univ. Allahabad). 
J. Phys. & Colloid Chem, 55, 1413-17(1951). 

Values of elastic consts. of Th phosphate gels, detd. by 
an ultrasonic pulse method (C. A. 45, 2289b), at frequencies 
of 0.625, 2.25, and 2.50 M c . / s e c , over the range 20-50°, 
are tabulated. D. of the gel was 1.26 at 20°. The longitudinal 
wave velocity increases as the frequency Increases and 
decreases as the temp, increases. (P. E. Braid) 

797 
COAGULATION MECHANISM OF HYDROPHOBIC SOLS 
(DISCUSSION OF EXPERIMENTAL RESULTS WITH 
SILVER HALIDE SOLS IN THE NASCENT STATE). E. 
Matijevic and B. Tezak (Univ. Zagreb, Yugoslavia). 
KoUoid-Z. 125, 1-13(1952). 

The important theories of coagulation are reviewed. The 
advantages of Ag halide sols, as well as of measurement of 
the sols in the nascent state, are pointed out. The various 
max. (concn., crystn., transition, isoelec.) of the coagulation 
curves are differentiated and discussed. The effects of op
posite ion charge, amt. of ions, and sol concn. on the elec
trolyte coagulation of the Ag halide sols were established. 
The applicability of the coagulation method for detg. the 
complex-forming ions in electrolyte solns. was indicated 
with Th(N03)4 and A1(N03)3 solns. The coagulation theories 
of Wo. Ostwald and others were examd. critically, and 
agreement was indicated with Ostwald's views that the 
general state of the electrolyte soln. is of utmost im
portance in coagulation of hydrophobic colloid systems. 
(S. L A.) 

798 
LIGHT SCATTERING BY SOME THDCOTROPIC GELS. 
Mata Prasad, K. E. Subramanlan, R. L. Desai, and C. R. 
Kanekar (Inst. Sci., Bombay). J. Colloid Sci. 7, 178-85 
(1952). 

The intensity and depolarization factors of transversely 
scattered light were measured during the thixotropic 
gelatin of Al and Th molybdate gels. The results were con
sistent with those expected for particles that were nearly 

isotropic in shape. Mech. shaking of the gels did not affect 
the size or shape of the particles. (H. K. Livingston) 

799 
COAGULATION OF SOLS: VARIATION OF TIME OF 
COAGULATION WITH ELECTROLYTE CONCENTRATION. 
FURTHER STUDIES WITH AS2S3 SOL. Rama Kumar and 
Abani K. Bhattacharya (Agra Coll.). J. Indian Chem. Soc. 
28, 638-44(1951). 

Electrolytes studied were Mg, Ca, Cd, Mn, and chromic 
chlorides, Sr and UO2 nitrates, and Zn, Th, and eerie sul
fates. Coagulation times are reported for various concns. 
of the electrolytes and of the sol. The curves of electrolyte 
concn. vs. reciprocal flocculation time are either hyper
bolic or are composed of 2 straight-line segments. 
(J. D. Porter) 

800 
METHORICS OF THE COAGULATION PROCESSES. I. 
MECHANISM OF COAGULATION OF HYDROPHOBIC 
SOLS. Bozo TeSak (Univ. Zagreb). Arhiv. Kem. 22, 
26-47(1950)(in English). 

The present expts. on AgCl and AgBr sols were made by 
a tyndallometric procedure similar to that previously de
scribed (C. A. 30, 24708, 7962,, 42, 7602h). Sols of high 
diln. were used; thus the adsorption effect was nearly 
eliminated, and the activity coeff. was maintained at a 
nearly const, value, although the latter did change with the 
valency of the coagulating ion. The sols were freshly prepd. 
and used in the nascent state at 20°. The AgCl sol contained 
10~* N AgN03 and M(Cl)n in varying concns. (10~'-10"^ N). 
The AgBr sol contained 10~* N AgNOj, 4 X 10"* N HBr, and 
M(N03)n in concns. of 10~'-10~° N. The sol medium was 
H2O. The concns. of coagulating ions (coagulation values in 
normalities) were forthe AgCl system: Li 8.7 x 10~^, 
Na 7.4 X 10~^ K 5.7 x 10"^ Rb 5.2 x 10~S Cs 4.6 X 10"^ 
Ba 3.0 X 10"', Al 1.7 x 10~*, and for the AgBr system: 
K 5.6 X 10"S Ba 3.1 x 10"', La 1.2 x 10"*, Th 5.0 x 10"'. 

CHEMICAL REACTIONS 

Catalysis 

801 
CATALYTIC SPILITTING OF ALLYI ALCOHOL: ACTION 
OF VARIOUS OXIDES. Paul Sabatier and Bonasuke Kubota. 
Compt. rend, m , 212-6(1921). 

Blue oxide of W, prepd. by reducing WO3 (obtained by 
pptg. (NH4)2W04 with HNO3, washing and dehydrating below 
400°) with H at 350° was the most active catalyst of the 
oxides investigated. At 350° there was a regular evolution 
of gas of d. 1.34 consisting of C3H, 73.5, C2H4 10, CO2 3, and 
CO 13% by vol. 2 vols. H2O are formed to 1 of supernatant 
liquor consisting of CjHjOH (A), HjO, CH2:CHCHO (B), 
MeCHjCHO (C), and a small vol. of higher unsatd. aldehydes. 
A considerable amt. of voluminous C is deposited on the 
catalyst, corresponding to the production of the H which r e 
duces to C]H| the allene formed by dehydration and resulting 
in a progressive diminution of catalytic activity. AI2O3 was 
prepd. by pptg. A1(N03)3 with NH3 and drying at 400°. At 
350° it gives C3H, 62, C2H4 2, CO2 7%, and the rest CO with 
a little H. The supernatant liquid (0.6 of the total vol.) con
tains A, H2O, B, C, unsatd. higher aldehydes, hydrocarbons, 
among which are mesitylene, and analogous compds. b. 200-
60°. The catalyst turns yellowish and when dissolved in 
acids leaves a brown residue analogous to "disacryl." Th02, 
from calcination of the oxalate, is less active at 350°, be
coming more so at higher temp. The gas evolved contained 
in one case CjHj 28, C2H4 11, CO2 11.5% and the rest CO and 
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H, but in other cases more than 33% was CO2, corresponding 
to much C deposited on the oxide. Above the aq. layer are 
about 3 vols, oil giving about equal fractions at 50-100°, 
100-150°, 150-200°, and 200-300°, of the character given 
by AI2O3. Zr02, by pptg. the nitrate with NHs and drying be
low 400°, gave a gas rich in H and not containing more than 
15% ethylene, the CO2 varying with the state of fatigue of 
the catalyst from 14 to 27%. The liquid products resemble 
those from AI2O3. UO2, by reduction with ale. of UjOj ob
tained by heating the nitrate on a sand bath, greatly r e 
sembled the W oxide in the products of its action, which, 
however, was much less intense. MnO, from the hydrate, 
reduced with H below 400° in the app. itself, causes very 
litUe splitting. Over 50% of the gas is H, ethylene <35%, 
while the liquid consists of unchanged A, B, H2O, and small 
quantities of higher aldehydes. (M. Heidelberger) 

802 
STUDIES ON CATALYZERS FOR THE OXIDATION OF 
AMMONIA. I. Kenkei Inaba. Bull. Inst. Phys. Chem. Re
search (Japan) 2, 222-33(1923). 

A mixt. of oxides of Fe and Hi was used as a catalyzer 
for the oxidation of NHj; air was used as the source of O2. 
When the ratio of the oxides of Fe and Bi was 67: 33, the 
yield reached 85%; the temp, of the catalyzer was 750-800°, 
the layer of the catalyzer 0.5 cm., the content of NHs about 
8%, and the velocity of the gas about 1 1. per min. When the 
catalyzer was prepd. from Fe(NOj)j 100, Bi(NOj)j 20, and 
Th(NO,)s 4 g., i.e., it was mixt. of oxides of Fe, Bi, and Th, 
the yield was increased. If the content of Oj in air is in
creased to 40% by mixing with O2, the yield becomes 95%. 
For the prepn. of the catalyzer the nitrates were changed 
into hydroxides, dried at 140-80° and the portion passing 
sieves of 6 -14 mesh per in. was roasted in a furnace. 
Oxides from other sources gave poorer yield. This catalyst 
must be used at a higher temp, than Pt and for a longer 
time. (K. Kashima) 

803 
ACETONE. Elektrlzitatswerk Lonza. British Patent 
192,392, Jan. 24, 1923. 

Acetone is produced by passing a mixt. of C2H2 and 
steam at a temp, of 350-450° over a catalyst comprising 
the hydroxide, oxide or carbonate of Th or a double salt of 
Th and an alkali or alk. earth metal. The catalyst is 
mounted on a carrier , such as burnt clay or pumice, and 
can be regenerated by heating in a current of air and steam. 

804 
PROMOTION OF CATALYTIC REACTIONS. I. Samuel 
Medsforth. J. Chem. Soc. 123, 1452-69(1923). 

The action of H2 on CO and CO2. The CO was 99.8% pure. 
The H2 was electrolytic and 99.9% pure. CO2 was used 
directly from cylinders. The catalyst, Ni, was deposited 
from purified salts on purified pumice in the proportions 
0.1 g. of reduced Ni to 1 g. of pumice. The reactions in
volved were CO + 3H2 = CH4 + HjO and CO, + 4H2 = CH4 + 
2H2O. To provide an excess of H,, the proportions used were 
Hj:Ca : 5:1 and H2:C02: :6: 1, by vol. The max. catalytic 
effect was measured by the max. speed at which the mixed 
gas could be passed over the catalyst and promoter with al
most complete removal of the CO or CO2. The reaction 
chamber was a straight tube fused to a preheating coil 
which surrounded it. The several promoters associated 
with 0.1 g. of Ni on 1 g. of pumice in the order of decreasing 
efficiency in accelerating the speed of the gaseous reac
tions are as follows: Ce, Th, Be, Cr, Al, Si, Zr, Mo, V 
oxides (Sn and Mg oxides, Cu and Ag produce no accelera
tion). The formation of CH4 from H2 and CO or CO, prob
ably consists in the formation of intermediate addn. products 
of the MeOH type followed by the splitting off of water. The 
CH2 resulting is immediately hydrogenated to CH4. Or a 

complex intermediate product, H4NiCOH2, forms and de
composes into Ni, CH4 and H2O. In either case Ni must 
catalyze by acting as both a hydrogenating agent and as a 
dehydrating agent. It is not a good agent for the latter proc
ess. The substances which promote its catalytic action are 
good dehydrating agents. When CH,OH + 3H2 is passed over 
Ni the decompm. into CO and H2 is much more rapid than 
the formation of CH4 and H2O. If thoria be added the rate of 
formation of CH4 is increased fourteenfold. When Fe 
catalyzes the Interaction of CO and H2O to form CO2 and H2 
the most effective promoters are O car r ie rs and hydrating 
agents. This indicates that Hj is produced through the for
mation of formic acid as well as by alternate oxidation and 
reduction. The oxidation of a gas in a gas mantle may be 
considered to consist of the addn. of O2 to form an inter
mediate compd. and its subsequent dehydration. The catalyst 
should be a powerful O carrier and a strong dehydrating 
agent. The promoter acts (1) by decomposing intermediate 
compds. formed by the catalyst, or (2) by causing sub
stances to combine, or (3) by adsorption to increase concn. 
Promoters may act selectively. (F. E. Brown) 

SYNTHETIC HYDROCARBONS. A. Maihle. J. usines gaz. 
48, 34-7(1924). 

A large no. of purely chem. methods for the preparation of 
divers hydrocarbons are well known; they are classic. 
Modern catalytic methods are not so well known and they 
may often be used advantageously to replace the older 
methods besides offering an explanation of the production of 
certain industrial hydrocarbons. The article deals with: the 
hydrogenation of CO and CO, with Ni at 250°; prepn. of satd. 
aliphatic hydrocarbons from ales, by the Grignard reaction; 
hydrogenation of CnH2n and CnH2n-2 with Ni; dehydration of 
ales, by passage of the vapors over Th02 or W2O5; and re 
duction of aliphatic chlorides, bromides and iodides by 
passage of the vapors over anhyd. chlorides of bivalent 
metals, e.g., BaCl2, ZnCl2. In the last reaction, which takes 
place at 280° with the formation of an ethylenic hydrocarbon 
and a halogen acid, there is some tendency for recombination 
in which case the halogen attaches itself to the C atom 
poorest in H. Here then is a method for going from pr i 
mary to sec. and tert. halogen derivs. (J. D. Davis) 

S 

THE CATALYTIC PREPARATION OF AROMATIC AMINES. 
E. Briner, P. Ferrero, andE. DeLuserna. Helvetica Chim. 
Acta 7, 282-94(1924). 

The object of the present work was to det. by reliable 
expts. whether the present method of obtaining aromatic 
amines by nitration and reduction could not be replaced by 
a direct catalyzed reaction between (1) a hydrocarbon and 
NHs °^ (2) a phenol and NH3. In the expts. described, the 
authors are concerned with the production of PhNH, from a 
mixt. of NH3 and either CjHj or PhOH by elimination of H, 
or H2O, resp. The reaction is carried out in a procelain 
tube enclosed in a steel tube and heated electrically. The 
NH3 before entering the tube passed through an anemometer 
where the amt. was registered and then through the CjHj or 
PhOH heated to 75° and 200°, resp., the mixt. of the 2 vapors 
being thus effected. In agreement with the results of Wibaut 
(C. A. 11, 2807) no PhNHj was obtained from the mixt. of 
CeHj and NHj. The mixt. of PhOH and NH3 seemed from 
thermochem. considerations as well as from the good yields 
of 0-Ci|)H7NH2 obtained by a similar reaction (Howald and 
Lowy, C. A. 17, 1798), more promising. Negative results 
were obtained by heating the mixt. at 336° without a cata
lyst. In the presence of ThO,, a trace of PhNH, was de
tected in the product obtained at 340-540°, but it was not 
insufficient quantities to be isolated. In the presence of 
AI2O3, PhNH2 was formed in appreciable quantities, the 
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yield rising with the amt. of NH3 used and the period of 
contact of the gases. A max. yield of 12% was obtained on 
heating 24.8 g. PhOH and 14.73 g. NH3 at 418° during 4.5 
hrs. The PhNH, is accompanied by phenol dehydration 
products. System PhOH-NHs-MeOH. The mixt. of vapors 
introduced into the tube and heated to 410-415° in presence 
of AI2O3 gave a product contg. PhNHMe and PhNMe in the 
proportion 94 to 6, the total yield of amines being 6% of 
the PhOH used. There was present also a quantity of a 
solid substance which can also be obtained by the cata
lytic reaction between PhOH and MeOH in the absence of 
NH3 and which will be later examd. (M. M. Egan) 

807 
CATALYTIC EFFECTS OF THE OXIDES OF CERIUM AND 
THORIUM AND THEIR BEARING ON THE THEORY OF 
THE WELSBACH MANTLE. R. L. Swan. J. Chem. Soc. 
125, 780-5(1924). 

Measurements of the catalytic effect of mlxts. of the 
oxides of Ce and Th on the combination of electrolytic gas 
have shown that the Welsbach mixt. (1% ceria and 99% 
thoria) is the most efficient catalyst. The catalyst was 
prepd. by mixing solns. of the nitrates in definite propor
tions, pptg. the oxalates and igniting the mixed oxalates at 
as low temp, as possible until const, wt. of the oxides was 
obtained. The amis, of CeO, in % used in the mlxts. were: 
100, 0, 0.51, 0.96, 8.94. In addn. to being the most efficient 
catalyst for burning the gases, S. suggests that the Welsbach 
mixt. also behaves as a colored substance. The part played 
by the ceria may be explained (1) by its behavior as an O 
carr ier ; (2) by increasing the electron emission of Th and 
causing greater ionization of the gases. (H. M. McLaughlin) 

808 
STUDY OF X-RAY LUMINESCENCE. A. Jaubert de Beaujeu. 
J. phys. radium 4, 257-67(1923). 

Solid solns. of rare earths give X-ray luminescence 
spectra wholly comparable to the cathode-ray spectra, but 
of less intensity. With uranyl salts the most pronounced 
luminescence is obtained with double salts. Bands for the 
materials investigated are charted. The cyanoplatinites of 
NH4, Rb, Li, Ba, K, Th, and Mg give continuous spectra. 
Lenard and Klatt's phosphorescent sulfides give continuous 
spectra with a pronounced max. An uncompleted study of 
org. solids shows that a great no. of such substances can 
be rendered fluorescent by X-rays, particularly in the aro
matic series. The benzene ring is the principal fluoro-
phore. The degree of purity is of great influence, the in
tensity of the emitted light increasing with the degree of 
purity. Strongly colored substances are not excited by X-
rays. The app. consisted of a Lindemann glass X-ray tube 
and a Hilger direct-vision spectrometer. The ultra-violet 
was not investigated. The substances employed include 
single benzene ring derivs., non-condensed multi-ring 
derivs., and condensed multi-ring substances, of which the 
last appear the most fluorescent. Urea and its aliphatic 
derivs. are non-fluorescent, as well as diethylbarbituric 
acid, but the phenyl derivs. exhibit fluorescence. On the 
other hand, theobromine, and, to a less extent, caffeine, 
exhibit a decided fluorescence. (S. L. Chisholm) 

809 
THE CATALYTIC DEHYDRATION OF ALCOHOLS. A. B. 
Brown and E. Emmet Reid. J. Phys. Chem. 28, 1077-81 
(1924). 

The dehydration of EtOH and BuOH was studied by passing 
a regulated flow of the ale. vapor over a catalyst at 220-
500°. The catalysts that were studied were; blue oxide of W, 
alumina, thoria and silica gel. Complete analyses of the 
gases evolved during the dehydration of the ale. were made. 
Alumina and blue oxide of W gave the largest yields of 
ethylene and butylene. These two catalysts also gave rise 

to the least amt. of side reaction such as the reduction of 
the ale. to aldehyde. In general, BuOH was decompd. at a 
lower temp, than EtOH. (R. L. Dodge) 

810 
THE CATALYTIC ALKYLATION OF AMMONIA. A. B. 
Brown and E. Emmet Reid. J. Phys. Chem. 28, 1067-76 
(1924). 

The alkylation of NHs by MeOH, EtOH, PrOH and BuOH 
was measured by passing the ale. vapors with NHs over 
catalysts at 300-500°. The total amts. of ale. aminated and 
the amts. of primary, secondary and tertiary amines formed 
were detd. in most cases. The order of effectiveness for the 
various catalysts that were studied was found to be: special 
silica gel, silica gel impregnated with thoria, ZrO,, silica 
gel impregnated with NiO, alumina, com. silica gel, blue 
oxide of W. Silica gel showed wide variations in its activity 
with seemingly slight variations In its prepn. The special 
silica gel was found to be much the best for high activity, 
long life and absence of side reactions. For this catalyst 
the optimum temps., percentages of ale. converted to 
amines and the ratios of primary, secondary and tertiary 
amines were as follows: MeOH, 480°, 56%, 5 :12 :3 ; EtOH, 
465°, 39.5%, 2 : 5 : 3 ; PrOH, 415°, 49%, 10:11:8 ; BuOH, 
430°, 25%, 1 1 : 1 1 : 3. (R. L. Dodge) 

811 
CONDENSATION OF ACETYLENE AND HYDROGEN SUL
FIDE IN PRESENCE OF CATALYSTS. Margaret G. Tom-
klnson. J. Chem. Soc. 125, 2264-6(1924). 

The reaction between C2H2 and H2S is catalyzed by many 
metallic oxides (Chichibabin. C. A. 9, 2512) but in every 
case the oxide is converted into the sulfide with the forma
tion of H2O. When the sulfide alone is used the reaction 
proceeds smoothly. Catalytic effects were observed with 
FejOj, FeS, NiO, NiS, CojSj, CuO, CuS, VjO,, and MnOj. 
A very slight effect was given by AljSs and no condensation 
took place below 450-500° in the presence of PbO, PbS, 
silica gel or A1203—which was not changed to the sulfide. 
In using MoOs, with HjS and C2H2 at 300-400°, a brilliant 
blue, purple and red distillate collected in the receiver, 
but nothing is known of the product beyond the fact that it 
does not contain Mo, and is also given, though less plenti
fully, by ZuO or ZnS, CdS or thoria, none of which is effi
cacious in promiting the formation of thiophene. (C. J. 
West). 

812 
THE ADSORPTION OF VAPORS BY METALLIC OXIDES: 
ITS BEARING ON THE CATALYSIS OF ESTER FORMA
TION. J. N. Pearce and A. M. Alvarado. J. Phys. Chem. 
29, 256-70(1925). 

The adsorption of the vapors of H2O, EtOH, AcOH, and 
EtOAc by ThOj and AI2OJ are detd. at 99.4°. Only in the 
case of H2O does Freundlich's equation apply. Successive 
adsorptions and evacuations have no effect on the adsorp
tion capacity of AI2QS for H,©, EtOH or EtOAc, but it 
decreases with continued use for AcOH. ThO, shows this 
decrease for all 4 substances. Two mechanisms for 
catalytic esterification by these oxides are given. 
(Arthur GroUman) 

813 
STUDIES ON CATALYTIC ACTION. XIV. ACTIVITY OF 
REDUCED COPPER, REDUCED NICKEL, AND THORIA. 2. 
Shigeru Komatsu and Choji Tanaka. Mem. Coll. Sci. Kyoto 
Imp. Univ. 8A, 135-45(1925). 

Cyclohexylamine is prepd, by reducing aniline with H at 
178-180° over Ni, and pptg. it as carbonate from the 
ethereal soln. The free base is decomposed at 200-300° in 
tubes contg. the catalysts. Tables are given of the yield, 
including carbazole. Ni furnishes preferably diphenylamine 
and carbazole, Cu cyclohexylphenylamlne, both from di-
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cyclohexylamine. Th shows little activity. XV. CATALY
SIS BY REDUCED COPPER. 2. Shigeru Komatsu and 
Masao Kurata. Ibid 147-53.—1-Menthol is decomposed at 
200-300° over Cu prepd. in 4 different ways. Oxidation and 
dehydration occur in all cases, varying in details. The r e 
sults are given in tables. (J. T. Stern) 

814 
STUDIES ON CATALYTIC ACTION. X. A COMPARATIVE 
STUDY OF THE CATALYTIC ACTIVITY OF REDUCED 
COPPER, REDUCED NICKEL, AND THORIA. I. Shigeru 
Komatsu and Bunkichi Masumoto. Memoirs College of 
Science Kyoto Imperial Univ., Series A, vol. 9, 15-21 (1925) 
(in EngUsh). 

The catalytic actions of reduced Cu, reduced Ni and ThOj 
in hexahydrophenol at 200° and 300° were studied and their 
activities compared by detg. the yields of reaction products 
in each case. As oxidizing catalysts the activities stand in 
the order, Ni > Cu > Th02; as dehydrating catalysts Th02 > 
Cu > Ni. The ratio of oxidation to dehydration products at 
200° and 300°, resp., for Ni is 16.24 and 21.73; for Cu 1.74 
and 1.46; for ThO, 1.65 and 0.12. In oxidation with Ni, H of 
the hexamethylene ring is split off; with ThO,, H of the OH 
group and with Cu both H atoms. Temp. Influences the 
activity most with ThO^ and least with Cu. The optimum 
temp, for catalytic acitivty seems to be 200° for Cu, 300° 
for ThO,, and somewhere between for Ni. With Ni the 
yield of oxidation products is increased and that of dehydra
tion products decreased at the higher temp.; with Th02 
the reverse is the case while Cu occupies an intermediate 
position. (F. L. B.) 

815 

THE PROMOTER ACTION OF THORIA ON NICKEL CATA
LYSTS. Wm. W. Russell and H. S. Taylor. J . Phys. Chem. 
29, 1325-41(1925). 

The reaction CO2 + 4 H2 = CH4 + 2H20 is a surface reac
tion, strongly affected by the adsorbing power of the cata
lyst surface for the reactants. The activity of Ni alone as 
catalyst, either supported or unsupported, is greater the 
lower the temp, at which the Ni was reduced, presumably 
because the no. of highly unsatd. Ni atoms per vol. of cata
lyst is greater the lower the temp, of reduction. Heating a 
catalyst above the temp, at which it was reduced markedly 
reduces its activity because the increase in the mobility of 
the atoms with temps, brings about the coalescence of the 
unsatd. atoms with loss of effective adsorptive power. The 
primary function of ThOj as promoter with supported NI 
catalysts is to make possible the existence of a greater no. 
of Ni atoms of a highly imsatd. character per unit of cata
lyst, through the creation of ThOj-Ni interfaces. With un
supported Ni catalysts, Th02 may function as promoter (a) 
by the creation of a more active surface through the above 
interface mechanism, (b) by an increase in the extent of 
surface inasmuch as the promoter acts as a support, (c) by 
a favorable alteration In the ratio in which the reacting 
substances and possibly the products are adsorbed. The 
conclusions are based on the results of both adsorption and 
reaction-velocity measurements on samples of promoted 
and unpromoted, supported and unsupported Ni catalysts. 
(F. L. Browne) 

816 

DECOMPOSITION OF ESTERS OF SECONDARY ALCOHOLS. 
A. Maihle. Caoutchouc 8c gutta-percha 22, 12937-9(1925). 

It has already been shown (Compi. rend. 152, 645(1912); 
154, 49; 175(1913)) that esters of primary ales, and mono
basic acids decomp. in the presence of catalysts (oxides), 
the products varying with the oxide used. Similar ejqits. 
are now described which deal with the decompn. of 
esters of secondary ales, and mono-basic acids, including 
MeC02CHMej (I), MeCOjCHMeEt (H), MeC02CHMePr (m). 

PhC02CHMe2 (IV) and EtCOjCHMeEt (V). Action with 
Al20s — I at 360° formed a gaseous mixt. contg. in %: CO, 
12, CjHj 80, H 12 [does not add to 100 — Abstr.] with a 
liquid composed of H2O, Me2CO, HOAc and undecompd. I, 
Indicating that the ale. function Is more completely at
tacked than the acid and that AI2OS has the same effect as 
Ti02 with primary ales. HI at 380° was relatively stable 
and only partial decompn. occurred. The small vol. of gas 
formed contained 34% CO2 and 60% pentene and the liquid 
condensate more pentene, Me2CO, HOAc and undecompd. 
n i . Action with Th02.—n at 380° gave a large vol. of gas 
contg. in %: CO, + H2O 52, CnH,„ 47, H 1 and a liquid com
posed of Me,CO, EtCH(OH)Me and undecompd. II; indicating 
an action similar to that of ThO, with primary ales. IH gave 
a gas contg. in %; CO, 72 pentene 25 and H 3 and a liquid 
contg. a large amt. of pentene, PrCH(OH)Me and undecompd. 
in. The small amt. of H probably arose from decompn. of a 
small amt. of butanol to EtMeCO, which was difficult to 
identify because of its similarity to Me,CO. IV at 400° 
decompd. to MeCH: CH, and BzOH. Action of TiO, — I 
at 370° formed a gas contg. in %: CO, 18, propylene 64, 
H 8 and a liquid contg. Me,CO, HOAc and undecompd. I. 
The chief reaction was probably: I — HOAc + CsHj, fol
lowed by partial decompn. of the HOAc to MejCO. II at 400° 
decompd. in a similar way, the gas contg. 40% CO^ and 50% 
butylene and the liquid a large amt. of HOAc, a small amt. 
of MejCO, undecompd. n and dissolved butylene. The evo
lution of gas from ni was very slow, the gas contg. 55% CO, 
and 30% pentene and the liquid a large amt. of HOAc a little 
MeAc and dissolved pentene. V at 380° gave a gas contg. 
18% CO4 and 78% CnH2n and a liquid contg. a large amt. 
(about Vj of the product) of EtCOjH and a small amt. of 
propione. Below 400° then, the action with TiO, is p re 
dominantly: RCO.OC„H,n+, -^ RCO2H + CnH2n. Some 
RCO2H then decomps. thus: 2RCO2H — R,CO + CO, + H2O, 
this last reaction becoming more extensive with increase 
in temp. With all 3 catalysts the reactions are in general 
similar below 400° to those with primary ales., in that the 
products vary with the catalyst, but above 400° the reaction 
products decomp. in turn, the acids into ketones and the 
ales, into ethylene hydrocarbons. (C. C. Davis) 

? 

ALUMINUM OXIDE AS A CONDENSING AGENT AND THE 
ROLE OF CARRIER SUBSTANCES IN THE CATALYSIS. K. W. 
Rosenmund and A. Joithe. Ber. 58B, 2054-8(1925). 

The object of the present work was to det. whether Al,03 can 
act as a condensing catalyst in a liquid medium. In high boiling 
solvents, it can bring about the condensation of PhCHjOH with 
amines, with elimination of H,0. The reaction is already 
marked at 170°, and in tetralin or PhNO, 70-85% yields can be 
obtained. Both Al,03 obtained by dehydrating Al(OH)s at 400° 
and the com. article were used; the efficiency of the latter was 
variable. The favorable influence of AI2OS in certain catalytic 
reactions is probably due to this property it has of effecting 
dehydrating condensations, as already suggested by Ipati'ev in 
the case of the reduction of borneol to isocamphane (C. A. 
7, 2187), but R. and J. do not believe that his assumption of 
the formation of a labile complex AI2O3 • NiO is sufficiently 
general; a more satisfactory explanation is the assumption 
of "complex" 

CioHii H 
formation between the catalyst and the 2 | \ jAl20s] / l 
reacting substances: ' /[ Ni J \ ' 

HO H 

Borneol and H, are bound to the catalyst by partial affinities 
(adsorption), and the inner forces of the mol. are consequently 
loosened and the conditions prerequisite for the regrouping 
of the forces are established. The HO of the borneol tends 
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towards 1, the borneol residue towards the other atom of the 
H2 mol. and the whole breaks down into H,0, the reaction 
product and the catalyst. The AljOs plays a double role; by 
its marked adsorptive power it brings the borneol to the 
catalyst and, secondly, it eliminates H2O from the labile 
complex. The reduction therefore seems to be a condensa
tion between ROH and H,, the Ni effecting the loosening be
tween the atoms of the H, and the AI2O] the elimination of 
HjO. Other substances, like ThO, and TiO,, show in prin
ciple the same phenomena as AI2O]. (C. A. R.) 

318 

VARIETIES OF THORIUM OXIDE AND THEIR CATALYTIC 
ACTION IN THE DEHYDRATION OF ALCOHOL. G. R. Levi. 
Atti accad. Lincei [6], 2, 419-22(1925). 

The oxide acts as an energetic catalyst in the formation 
of C,H4 from EtOH (SabaUer and Mailhe. C. A. 4, 2633). 
L. wished to examine the varieties of Th oxide in relation 
to their structure and their catalytic power. Seven varieties 
of Th oxide were prepd. For a, b and c, Th(S04)2 was pptd. 
with NH4OH and after prolonged washing dried at room 
temp., at 80° and at 120°, resp.; d was the oxide prepd. 
from a dried at 340°; e was the oxide obtained from a at 
1050°; f was the meta-oxide obtained from oxalate by heat
ing at 750°; g was the meta-oxide obtained from the nitrate 
by heating at 750°. a, b, c and d were all amorphous while 
e, f and g were cryst. as shown by their photograms. In the 
tests on the formation of C2H4 by the use of these prepns. no 
appreciable differences could be detected in their catalytic 
action. The amorphous prepns. showed no tendency to be
come cryst. by heating at 340° with EtOH vapor. (E. J. 
Witzemann) 

819 

CATALYTIC DECOMPOSITION OF SIMPLE GLYCERIDES. 
F. L. Simons. J. Am. Chem. Soc. 48, 1991-4(1926). 

Tripropionin, bj 130-2°, d?§ 1.100, n'^ 1.434. The cata
lytic decompn. of triacetin and tripropionin over ThO, at a 
max. temp, of 525° was studied. Decompn. of either glyc-
eride is not complete until the temp, is considerably over 
500°. Triacetin (140 g.) at 525° gave 134.5 g. liquid product 
(14.1 g. acrolein, 2.6 g. crotonaldehyde, 20 g. HCOjH, 25 g. 
AcOH and 30.6 g. tarry materials) and 21 1. gases (36.6% 
CO, 34.1% CO,, 13.0% CnHjn, 6.8% H,, with CnH2n+3 present). 
A run at 460° is also reported. Tripropionin (126.5 g.) at 
510° gave 78 g. liquid product (6.7 g. acrolein, 5.3 g. allyl 
a l e , 10.6 g. crotonaldehyde, 6.6 g. H2O, 10.6 g. AcOH, 33.5 
g. EtC02H, 9.5 g. unchanged tripropionin and 13.3 g. tar) 
and 31 I. gases (18.5% CO, 53.3% CO,, 9.0% CnH,n, 17.2% 
H, with CnH,n+, present). (C. J. West) 
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THE COMPOSITION OF ETHYL ALCOHOL AT THE SUR
FACE OF THORIA. I. G. I. Hoover and E. K. Rideal. 
J. Am. Chem. Soc. 49, 104-15(1927). 

The decompn. of EtOH at the surface of thoria has been 
studied. The reaction velocities of the ethylene and 
aldehyde decompns. have been measured and the energy 
activation and temp, coeff. of each reaction calcd. At a 
temp, of 300° the value for the temp, coeff. of the velocity 
const, is 1.43 for H and 1.58 for C,H4. The corresponding 
energies of activation are 24,000 and 30,000 cal. Various 
theories concerning the nature of the catalytic surface 
promoting the decompn. reactions are discussed. Support 
is found for the theory that the 2 reactions are activated by 
different active patches, and that the active patches differ 
in their adsorptive power. II. Adsorption on the thoria 
catalyst. Ibid 116-23.—The adsorption isotherms for N,, 
H, and C,H4 at 100° and 0° and for ale. vapors at 100° and 
52.3° on thoria have been detd. The adsorption curves are 
discussed in detail. The sp. surface is evaluated by ad
sorption of copper ions to be about 23 sq. m. per g. and the 

fraction of this surface strongly adsorbing and probably 
catalytically active is 1.3%. The latent heat of capillary 
condensation is evaluated at 9900 cal. per g. mole and that 
of surface adsorption at 14,000 cal. per g. mole. (Per K. 
Frolich) 

821 
PREPARATION OF FORMALDEHYDE BY THE DEHYDRO-
GENATION OF METHANOL: A STUDY OF VARIOUS 
CATALYSTS. I. Jnanendra Chandra Ghosh and Jagat 
Bandhu Baksi. Quart. J. Indian Chem. Soc. 3, 415-30(1926). 

In the attempt to obtain a catalyst having a high and 
steady dehydrogenating capacity MeOH was boiled in a flask 
in a thermostat, the vapors passed through a tube at 100° 
to the furnace and thence to 2 condensers and a gas buret. 
Powd. CuO pptd. from (AcO),Cu by NaOH and dried at 110°, 
reduced at 180° in H, and kept in H,, diminished in activity 
slowly but steadily. Reduced as pellets the activity began 
to decrease at 17 hrs . of use and at the 22nd had about 0.5 
the initial value. The efficiency was 64.6% at the end of 
17 hrs. with a space velocity of 900, furnace temp. 195°, 
correcting for 26.8% unchanged MeOH. CuO from CUSO4 
showed no trace of S but had only 0.25 the initial activity of 
the preceding. Addn. of 0.5% (AcO)2Ni as promoter increased 
the initial activity of CuO from (AcO)2Cu but this was short
lived. Increasing addn. of 0.1 to 5% AcOAg lowers the ac
tivity of the (AcO)2Cu catalyst. Addns. of Th(NOj)4 resulted 
in the following conclusions: Activity was unimparied al
most indefinitely, 1% of added Th(N08)4 gives about the 
same activity as CuO from (AcOjjCu alone, 0.2% Th(N03)4 
gives 50% increase in activity, increase of Th(NOs)4 r e 
sults in increasing decompn. of HCHO to CO and H,, in
crease of temp, decreases unchanged MeOH and increases 
CO. From a catalyst contg. 0.1% Th(N03)4 the efficiency 
was 74% at the end of 35 hrs. with a space velocity of 900, 
furnace temp. 205°, correcting for 5.7% unchanged MeOH. 
Addn. of Ce(NOs)3 was even more s?itisfactory with decompn. 
low with low ceria content. With a catalyst containing 0.1% 
Ce(NOs)3 73.4% efficiency was obtained at the end of 36 hrs . 
with a space velocity of 1774, furnace temp. 200° correcting 
for 9.4% unchanged MeOH. (Foster D. Snell) 

822 
TRANSFORMATION OF PHENOLS TO HYDROCARBONS, 
IN THE PRESENCE OF CATALYST AND OF HYDROGEN 
UNDER PRESSURE. Andre Klyng and Daniel Florentin. 
Compt. rend. 184, 885-7(1927). 

Ai,03, ThO,, and SiO, as catalysts at high H, pressures 
and high temps, change phenols in general to satd. hydro
carbons. PhOH with 5% Al,Os at 70-80 atms. H, pressure 
begins to react at 460°; in 4 hrs . at 480°, 40% is changed to 
light hydrocarbons b. 70-83 , contg. 72% CjH, fraction. Al
most no Ph,0 is formed. Similarly, technical cresols give 
35%, most of which b, 85-115°. Phenol oil and low-temp, 
tars behave similarly. In 2 hrs. at 460-70°, cyclohexanol 
gives nearly quant, a product b. 24% below 70°, 59% 70-90°, 
chiefly aliphatic, and contg. very little cyclohexene. (B. H. 
Nicolet) 

823 
THE CATALYTIC DECOMPOSITION OF FORMALDEHYDE. 
Hans Tropsch and Otto Roeblen. Abhandl. Kenntnis Kohle 
7, 15-36(1925); Chem. Zentr. 1926, I, 3298. 

HCHO vapor, obtained by vaporization of paraformalde
hyde or of HCHO soln., was led at high temps, (in most 
cases 400°) over contact substances, including Na,COj 
(300-500°), CaCO,, BaCOs, ZnO, Al,03, ThO,, Cr,03, UO3, 
Fe, alk. Fe, Sb, Pb (195°), quartz (600°) and activated C. 
Decompn. was very rapid except with Sb and quartz. Con
siderable MeOH was formed with Na2COs, Al,03 (44% of the 
HCHO decompd.). ThO,, UO, and activated C, in the first 2 
cases with much deposition of C from water-free HCHO. 
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Formation of CH4 occurred especially with Cr]Oj (8% yield) 
and with activated C(9% yield), while the formation of 
unsatd. hydrocarbons occurred with AI2O3 (5% yield). A 5% 
yield of HCO2H was obtained with UO2. ZnO gave few reac
tion products of high mol. wt., and it decompd. dry HCHO 
smoothly to CO and H, and moist HCHO to CO2 and H. In 
almost all cases the formation of an oil with an odor of a 
terpene character and in some cases fatty substances were 
observed. (C. C. Davis) 

824 
THE CATALYTIC DECOMPOSITION OF FORMIC ACID. 
Hans Tropsch. Abhandl Kenntnis Kohle 7, 1-8(1925); 
Chem. Zentr. 1926, I, 3298-9. 

Water-free HCO2H vapor was conducted over heated con
tact substances. At 353° the decompn. to CO2 and H occurred 
most readily with Fe and tinned Fe, less readily with Cu 
and to the smallest extent with Al. Part of the HCOjH was 
recovered in all cases. At 255° with tinned Fe, HCÔ H 
decompd. to CO and H and formed small quantities of CH4. 
Glass wool, asbestos and pumice at 355° formed both CO 
and CO, and water, as did CaCOg at 400°, Li2COs at 255-
410° and ThO, at 355° with simultaneous formation of yellow 
liquid reduction products (probably contg. MeOH). AI2OS at 
305° and 435° formed almost exclusively CO and HjO, 
whether the HCOsH was dry or contained water vapor. 
(C. C. Davis) 

825 
CATALYTIC PREPARATION OF METHYLAMINE FROM 
METHYL ALCOHOL AND AMMONIA. T. L. Davis and 
R. C. Elderfield. J. Am. Chem. Soc. 50, 1786-9(1928). 
MeNH, is formed when MeOH and NHs are passed over a 
hot ThOi catalyst. The best temp, appears to be 325-30° 
and the best relative concn. about 0.80-0.83 mole of NHj 
per mole of MeOH. Under the best conditions nearly 33% 
of the MeOH Is converted into MeNH,. The product contains 
no sec- or tert-amine. (C. J. West) 

826 
TITANIUM PIGMENTS, ETC. J. Blumenleld. British 
Patent 275,672, Aug. 9, 1926. 

Oxide of Tl, Th, Zr, Sn, Ce and other fourth-group metals 
are prepd. by hydrolysis of a soln. of a salt of the metal in 
the presence of colloidal particles of a compd. of the metal 
found in or added to the soln. before or during hydrolysis; 
e.g., a hot coned, crystalloidal soln. of Ti sulfate is slowly 
poured, while stirring, into V^ its vol. of hot water or dil. 
soln. by which colloidal particles are formed and later pptd. 

827 
CATALYTIC PREPARATION OF ALKYLANILINES. I. 
Bankim Chandra Ray (Univ. College of Science, Calcutta). 
J. Indian Chem. Soc. 5, 383-6(1928). 

The prepn. of MeNHPh and Me,NPh, with thoria as a 
catalyst, is studied. A mixt. of PhNH, (I) and MeOH (II), 
gave only 40% conversion when passed at 440° over thoria 
prepd. by burning the oxalate. Asbestos purified by digest
ing with HCl was soaked with Th(N0s)4 soln. and heated until 
decompn. of the nitrate was complete. Over this catalyst a 
mixt. of I and EtOH gave 67% conversion at 390°. A mixt. 
of I and II over this same catalyst at 430° gives 75% conver
sion. The quantity of unconverted I is detd. by diazotizing 
the product and then titrating with a known vol. of R salt. 
(D. H. Powers) 

828 
HYDROGENATION OF FLUORENE UNDER PRESSURE IN 
THE PRESENCE OF NICKEL OR OSMIUM WITH THE AD
DITION OF CERIUM AND THORIUM. V. S. Sadikov and 
A. K. Michailovt (Staats-Inst. angew. Chem., Leningrad). 
Ber. 61B, 1792-6(1928). 

Ipat'ev had found that the hydrogenation of fluorene (I) 
with Ni under pressure is very difficult; 20 g. I with 3 g. 

NiO must be heated 24 hrs. at about 300° under 120 atm. H, 
to give decahydrofluorene (II) and the latter must be heated 
again a long time with fresh or reactivated NiO to give per-
hydrofluorene (ID). S. and M. have now found that when 40 g, 
I and 1.6 g. Os on 27.4 g. asbestos under 105 atm. H, (at 
25°) is heated to 300° (the pressure rises to 165 atm.) hy
drogenation is complete in 6.5 hrs., the pressure decreasing 
105 atm. (77 atm. at room temp.), or 29, 25, 15, 13, 11 and 
5 atm., resp., in each succeeding hr., and the product con
sists of about 78% H and 22% III. With 3.18 g Os and 0.16 g. 
CeO, on 12.56 g. asbestos, the max. pressure attained at 
300° is 153 atm., 0.5 of the H, is absorbed in the first 15 min. 
and reduction is practically complete in 4.5 hrs. (decrease 
in pressure each hr. 81, 15, 6, 5, 2, 2 atm.), giving about 
93% m. With 26 g I and 1.2 g Os-asbestos in the presence 
of 1% ThOj the max. pressure is attained at 280° and de
creases 48, 34, 17, 7, 8 and 6 atm., resp., in each succeed
ing hr., the product consisting of III exclusively. With 18 g. 
NiO-asbestos (14.25% Ni) and 113 atm. H, at 25° the pres
sure decreased at 300° from 193 atm. at the rate of 16, 8, 7, 
6, 6, 8, 6 atm. per hr. and the product consisted of 24.15% 
unchanged I and 73.2% H. With 15 g. of the NiO-asbestos 
and 1% CeO,, the pressure decrease is 64, 13, 7, 4, 4, 6, 5, 
4 atm. per hr. (40 atm. in the first 15 min.) and the product 
contains 98.2% IH. With 30 g. I, 15 g. of the NiO-asbestos, 
1% ThOi and 130 atm. H, at 20° the pressure increases to 
256 atm. at 300° and decreases 0, 3, 4, 0, 2, 3, 2, 0, 0 atm. 
each succeeding hr.; all the I is recovered unchanged. Os 
Is therefore a much more active catalyst for I than NIO 
but in the presence of CeO^ NiO is as effective as Os. 
(C. A. R.) 

829 
CERIA-THORIA CATALYSTS. A. B. Goggs. J. Chem. 
Soc. 1928, 2667-9. 

The influence of mixed Ce,0s-Th02 catalysts on the 
combustion of CO was studied. The rate of formation of 
CO, attains a max. with mixts. contg. 0.96% Ce20j. The 
catalyst found by Swan most effective for the oxidation 
of H2 is therefore the most efficient for the oxidation of 
CO also. (Albert L. Henne) 

830 
CATALYTIC REDUCTION OF CARBON MONOXIDE UNDER 
ORDINARY PRESSURE. IH. PREPARATION OF LIQUID 
HYDROCARBONS WITH A COBALT-COPPER-THORIA 
CATALYST. Shlnjiro Kodama. J. Soc. Chem. Ind. Japan 
32, Suppl. binding 285-6(1929)(in German). 

The reaction begins at 160°; liquid products were ob
served. The best temp, is 252°; at higher temp, the greater 
part of the CO decompd. becomes CO2 and CH4 hydrocarbons, 
and there is little oil formation. The reaction temp, is 
lower than that given in the literature. At 248°, 84.4 I. of 
the gas mixt. at a velocity of 5 1. per hr. gave 3.85 cc. 
HjO, 0.45 cc. petroleum and 0.4 cc. benzine. Also in 
Sci. Papers Inst., Phys. Chem. Research (Tokyo) 12, 211-
24(1930). (E. M. Symmes) 

831 
THE CATALYTIC DECOMPOSITION OF ACETALS BY 
METALLIC OXIDES. Mile. M. Catoanac. Compt. rend. 
190, 881-2(1930). 

At about 400° in the presence of thoria MeCH(OEt), 
gives 22% AcH, 13% EtOCH: CH,, 30% a le , 8% H2O, 10% 
unchanged acetal, and a gas contg. 30% C2H4, 42% H2, 
6% CO, 14% CO2, 8% CH4. Presumably thoria causes first 
the decompn. shown: MeCH(OEt)2 -* CHj: CHOEt+ EtOH, 
and the EtOH decomps. to give C2H4, H2O, H2 and AcH, which 
then gives CO and CH4. Similarly vinyl alkyl ethers were 
produced from the Me, Pr, Bu, Iso-Bu and isoamyl acetals 
of AcH. Alumina, blue W oxide and MnO give lower yields 
of the vinyl ethers; the first two give a gas contg. about 
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95% C,H4, while the last gives a gas contg. 52% H,. 
(G. R. Y.) 

2 
CATALYTIC REACTIONS IN ORGANIC CHEMISTRY. I 
N A. Rozanov and Belikov. J. Russ. Phys. Chem Soc 61, 
2303-8(1929). 

Prepn. of cycloheptanone (I) and cyclooctanone (H). The 
studies of the processes of isomerization of the cyclic 
compds., particularly the transformation of one cycle into 
another, led R. to the synthesis of a 7-membered ring with 
a view of converting this to an 8-membered, and this again 
to a 9-membered cycle, the existence of which is debatable 
(Zelinskii, C. A. 1, 2687; WiUstatter and Kametaka, C. A. 2, 
95). Exptl. part. — Castor oil on oxidation gives a mixt. of 
suberic acid (HI) and azelaie acid (IV), 3 parts of which were 
refluxed for 5 hrs . with 6 parts of MeOH and 3 parts of 
coned. H,S04, the whole poured into cold H,0, the oily layer 
washed with H,0 and an aq. soln. of NaHCOs to bind the acid 
ester, the neutral esters sepd., dried with Na2S04 and 
vacuum distd. into 2 fractions: b,3_,o 174-5°; c^" 1.0176, 
K55 1 4334, MR calcd. for CuHijOi 51.69, MR found 51 67; 
b,3_2o 134-6°, dj" 1.0026, n'^ 1 4364, MR calcd for CnHjoOj 
56 30, MR found 56.42. The esters on sapon. with HCl 
(1.10) give pure IH, m. 139-40°, and IV, m. 106-8°. I was 
prepd. by distn. of 100 g of III with 20 g of ThO,, giving 20 
g. of a liquid, which on fractionation gives first 7.5 g. b. 
175-85°, and on redistn 2 5 g b745 178 2-8.8°, df 0.9542, 
n55 1.4625, MR calcd. for C,H„0 32.34, MR found 32.33; 
C,Hi, :NOHm 23-4° Working with AljO, instead of ThO, 
under similar conditions there was obtained 4 g. b 175-85°, 
which was not further distd. II was prepd. from IV as de
scribed above, whereby the product obtained with Al,Os 
gave with NH2OH only a black gummy mass, while that with 
ThO, resulted from 75 g. of IV in 10 g. of a liquid, which 
after redistns. produced 2 g of H, b 194-8°; C8H,4: NOH 
m, 28-8° and C8H14. NNHCONH, m. 160-3° (Wallach, C. A. 
1., 2370) The dry distn of sebacic acid with ThO, at 300-50° 
produced no cyclononanone, CjHieO Conclusions: The 
method of esterification for the sepn. of III and IV obtained 
in a mixt by oxidation of Castor oil proved satisfactory. In 
the catalytic formation of cyclic ketones at 300-50° ThO, is 
more active than AI2O3. Ill and IV at high temps in the 
presence of AI2O3 or ThO, produce I (suberone) and n 
(azelaone), resp., the latter, however, was not obtained 
with AI2O3 The sebacic acid under similar conditions 
with ThO, gives no ketone II. N A Rozanov, Tyazhelov 
and Nikiforov. Ibid 2309-12 —Cyclohexylethanol (I) on 
heating with anhyd. (CO,H), gives cyclohexylethylene (II) 
which on oxidation produces hexahydrobenzoic acid (HI). 
However, II obtained by heating I at 300° m presence of 
ThO, when oxidized gives no HI but a mixt. of solid acid 
m. 130-70° The dehydration under the influence of Th02 
may proceed in 2 directions: (1) dehydration and isomeri
zation, or (2) the dehydration takes a different course from 
that with (C02H)2 with formation of a bicyclic compd : 

Such ab-

CH2.CH2.CH: H HO: CH2 CH,.CH,.CH.CH, 
I I : : | - H , 0 I I 1 
I I I -* I II 

CH,.CH2.CH CH2 CH2.CH2.CH.CH, 

normal processes of dehydration are not rare and are ac
companied by isomerization and formation of intermediary 
unstable bicychc compds., and, therefore, it could be sup
posed that the expected bicyclodctane is the intermediate 
product in the formation of cyclooctene. However, the oxi
dation gives a mixt., m. 130—70°, consisting of succinic, 
oxalic and adipic acids, which proves that bicyclooctane is 
the end product of dehydration. Linalool, b ,! 114-4.5°, was 
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obtained from coriander oil and passed over Al,03 at 310°; 
the collected liquid was distd. into 3 fractions, b,jo 166-8°, 
168-71° and 172-6°, of which the latter is dipentene The 
strong odor of camphor from the escaping gases indicates 
the preliminary formation of camphene which at higher 
temps. IS converted to dipentene. Conclusions* The reduc
tion of phenylethanol gives I, which gives II with (C02H)2. 
Th02 causes either a possibly abnormal process of dehy
dration whereby H2O is not split from the neighboring C 
atoms, or a normal process of dehydration whereby the 
product is isomenzed with formation of bicyclooctane. 
Dehydration of linalool under the influence of AI2O3 pro
ceeds with formation of a ring and dipentene, with cam
phene as an intermediary product HI. N A. Rozanov. 
Ibid 2313-8. — Isomeric transformation of a 7-membered 
ring. Suberone was converted to cycloheptanol (I) and 
cycloheptylcarbinol (II). The dehydration of I with (CO2H), 
and AljOs proceeds normally, giving cycloheptene (III), 
while with ThO, are obtained HI and some methylenecylo-
hexane which on reduction produce, resp., cyclopheptane 
and methylcyclohexane Thus the reaction with ThO, 
proceeds m 2 directions: (1) dehydration, and (2) dehydra
tion followed by isomerization. H gives with (C02H)2 
methylenecycloheptane (IV) (Wallach, Ann. 314, 158; 345, 
147), which is reduced to methylcycloheptane (Zelinskii, 
Ibid 37, 962; Bull. soc. chim. 2, 1319). H passed over Al,Os 
or ThO, at 250° gives with traces of IV a fraction with a 
max. b. p of 145-7°, which, oxidized with HNOs, forms an 
acid, m 135-40° identical with suberic acid, which could 
only be obtained by oxidation of an 8-membered ring. Thus 
a 7-membered ring with semicyclic formation was t rans
formed to cyclooctene with an unsatd. 8-membered ring. 
Exptl part. — Suberone was reduced with Na in £1,0 to I, 
which on heating with anhyd. (C02H)2 gives HI, bj(j2 113-5°, 
dj" 0 8239, n^^ 1.4545, MR calcd. for C,H„ 31.86, MR found 
31.62. I was converted to the iodide with HI at 0°, which was 
reduced with Zn and AcOH to cycloheptane, dj" 0.8118, n Ĵ 
1.4440, MR calcd. for C,Hi4 32.33, MR found 32.11. U was 
obtained from cycloheptylmagnesium iodide and trioxy-
methylene, df 0.9315, n'jj 1.4685, MR calcd. for C,Hi,0 
38.47, MR found 38.33. Conclusions: The dehydration of I 
with (C02H)2 proceeds normally, giving HI, while with ThO, 
the dehydration is accompanied by isomerization of the 
7-membered ring to a 6-membered ring with formation of 
methylenecyclohexane. Ill on reduction with Ni dust is also 
isomenzed to a 6-membered ring with formation of methyl
cyclohexane. n IS dehydrated with ThO, to cyclooctene, with 
isomerization of a 7-membered to an 8-membered ring. 
(Chas. Blanc) 

3 
CATALYTIC PRODUCTION OF ACETOPHENONE. I. G. 
Lakomkin. Zhur. Prikladnoi Khim, 3, 555-72(1930). 

PhCOMe was obtained by interaction of AcOH and BzOH 
in presence of ThO^ or MnO catalysts. The amt. of catalyst 
used affects the yield only if the acid vapors are not p re 
heated. The yield increases with the increase in the reac
tion temp, up to 600° but then falls off sharply. This in
crease in yield is less marked if the vapors are preheated. 
Expts. show that preheating of the reacting vapors is highly 
important for most economical operation on a com. scale. 
MnO is a better catalyst than ThO,. (V. Kalichevsky) 

4 
CATALYTIC DECOMPOSITION OF NITROUS OXIDE. 
M. S. Shah. Proc. 15th Indian Sci. Cong. 1928, 170. 

In the analytical investigation of the reaction C + NjO at 
various temps, it was found that NjO decomps. at a lower 
temp, in the presence of charcoal than when heated alone. 
This suggests that the behavior of charcoal is catalytic. On 
examn. of the catalytic influence of ThO,, Al,Os, TiO,, and 
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Pt a similar lowering in the temp, of decompn. of NjO was 
observed. Comparison of curves for N,0 decompd. in an hr. 
against temp, in the presence of these substances showed 
that these substances act as catalysts in the order: ThO,, 
charcoal, Al,Oj, Pt black, TiOj, and Pt foil. (E. J. C.) 

5 
CATALYSTS FOR THE PREPARATION OF DIOLEFINS. 
I. G. Farbenind. A. -G. British Patent 342,411, Nov. 18, 
1929. 

As dehydration catalysts for the prepn. of diolefins from 
1,3-dihydroxy paraffin compds. such as 1,3-butylene glycol 
or methyl-l,3-butylene glycol, there are used H3PO4, red 
P, Na phosphate, potash alum, Al oxide activated with a 
little CUSO4, Al phosphate, Th oxide, or mixts. of these 
substances, which may be pptd. on carr iers such as silica 
gel or pumice. Various details and examples are given. 

839 

836 
INFLUENCE OF CERIUM OXIDE ON THE CATALYTIC 
PROPERTIES OF THORItm OXIDE. H. Copaux. Bull, 
soc. chim. 49, 1397-140(1931). 

The activity for the oxidation of CO at 455° of mixts. of 
CeO, and ThO, varied with the method of prepn. as well as 
with the amount of CeO, (from 0 to 2%). There was an 
actual min. at 1% CeO, prepd. from nitrates, and only of 
3 prepns. from the carbonate showed a max. at 1% CeO,. 
(T. H. Chilton) 

837 
OBTAINING METHYLAMINE BY CATALYTIC DEHYDRA
TION OF THE METHYL ALCOHOL-AMMONIA SYSTEM. 
E. Briner and J. GandiUon. Helv. Chim. Acta 14, 1283-
307(1931). 

With the ends in view of obtaining amines m a simple and 
more direct manner than that used heretofore, and of learn
ing more about contact catalysis in dehydration, the action 
of catalysts upon the NHj-MeOH system was studied in de
tail. Al,03, ThO,, SiO, gel, kaolin and W,05, the catalysts 
used in the order of decreasing activity, were contained in 
an electrically heated tube through which the preheated 
ale. vapors and NHs were passed. A mixt. of MeNH,, 
Me,NH and MesN was obtained under all exptl. conditions; 
where the total yield was small, however, MeNH, was the 
main product. A rapid conversion of Me,NH to MesN was 
indicated when the NH3 was replaced by MeNH, and Me,NH. 
This tended to prove a stepwise mechanism but did not 
exclude the possibility of the direct action of 2 mols. of ale. 
on the initial amine. The optimum temp, was about 460°. 
Decrease in the NHs/MeOH ratio and time of contact and 
the presence of impurities in the catalyst resulted in de
creased yeilds. In the analysis of amine mixts. heat must 
be avoided when sec. amines are sepd. from the tert. 
compds. by means of HNO4, otherwise, the latter react also 
with the possible formation of RjNNO and ROH. (I. M. 
Levine) 

838 
THE METHOD OF ACTION OF HYDROGENATING 
CATALYSTS AND THEIR MIXTURES IN THE HYDRO
GENATION CRACKING OF PHENOLS. Andre Kling and 
Daniel Florentin. Compt. rend. 193, 1023-4(1931). 

Phenol heated with 10-12% of its wt. of H with NiO or 
MojOj yields hexane and cyclohexane. Under a pressure 
of 240-300 kg./cm.^ at 475-500°, in 50-60 mm. phenol 
heated with H gave the following % yields of hydrocarbon 
with various catalysts- MojO, (3.9 g. H/lOO g phenol) 39.5, 
MojOs (11.5 g. H) 72.0; MoS, (9 g. H) 59.5; AljOs (activated) 
+ Mo,05 (10%) (9 g. H) 65.5 (m 180 mm.); AI2O3 + Cr203 + 
M02O5 (10%) (9 g. H) 64.25; NiO + AI2OS (activated) (9 g. H) 
56.0; Th02 + M02O5 (10%) (activated) (9 g. H) 60.5 (in 100 
min.). K. and F. found the production of hexane to be sec
ondary to the principal reaction yielding cyclohexane (A. 
Lloyd Taylor) 

PREPARATION OF ACETONE FROM ACETIC ACID 
Hilding Befgstrom and Karl N. Cederquist. Iva 1931, 
22-3, 47-8. 

Acetone is formed from AcOH vapor at high temp, and a 
suitable catalyst according to the reaction 2AcOH = Me2CO 
+ COj + H,0. The best catalyst is a mixt. of CaO and ThO,, 
which gives a 90 8% yield at 423°. CaCO,, MgO or ZnO are 
not nearly as good catalysts. (E. M Symmes) 

840 

841 

DEHYDRATION OF PHENOL. CONTRIBUTION TO CON
TACT CATALYSIS. E Briner, Mme. J Bron-Stalet, and 
H. PaiUard. Helv. Chim. Acta 15, 619-34(1932). 

The dehydration of PhOH into H,0 and PhjO over ThO, 
catalysts was studied by both dynamic and static methods; 
the noncatalytic homogeneous decompn. in a static system 
was also studied. In the catalytic flow or static systems at 
450°, a max. conversion of about 64% PhOH to Ph20 and 
H2O IS obtained with a sufficiently long time of contact At 
higher temps, the percentage PhOH transformed diminishes. 
Expts. starting from the side of Ph20 and H2O result in the 
formation of about 40% PhOH, thus confirming the reversi
bility of the reaction. Normally this 60% conversion of 
PhOH into Ph20 and H2O would, therefore, be considered as 
the true equil. for the catalytic or noncatalytic reaction. 
However, static expts. at 450° in the absence of catalysts 
show that PhOH is practically 100% converted to Ph,0 and 
H,0 under a loading d. equiv. to a pressure of about 5 atm 
At this same pressure in the presence of ThO, catalysts 
40% of a charge of Ph,0 was converted back to PhOH in the 
presence of excess H,0 vapor. The same qual. phenomenon 
IS observed on using Al,Os instead of ThO, as catalyst for 
PhOH dehydration; the percentage dehydration in 8 days 
being 72% at 420°; the reverse reaction with Al,03 was suf
ficient to effect a 15% conversion of Ph20 and H2O to PhOH. 
^-Naphthol behave like PhOH in being dehydrated com
pletely m the absence of Th02 but only partially in its 
presence. This apparent shift of the equil. in PhOH or 
0-naphthol dehydration by the addn. of a catalyst in inter
preted as indicating a probable chem. hydrating or dehy 
drating action of the hydrated Th02 catalyst due to its own 
water of hydration. The reaction in the presence of Th02 or 
AI2O3 would by this postulate not be strictly catalytic for it 
would entail a change in compn. of the catalyst during the 
reaction. In agreement with this postulate it was found in one 
flow expt. that the H2O content of 25 grams of Th02 had in
creased from 0.1395 to 0.3816, an amt. equiv. to about 60% 
of the H2O liberated from the PhOH during the run (P. H. 
Emmett) 

1 

CATALYTIC DEHYDRATION OF PHENOLS; INFLUENCE 
OF THE NATURE AND POSITION OF THE SUBSTITUTED 
GROUPS. E. Briner and A. A. Bron. Helv. Chim. Acta. 
15, 1234-41(1932). 

The comparative ease of dehydration of various substi
tuted phenols has been studied by passing the material as a 
liquid, as a vapor entrained by a current of N2 or in benzene 
soln. over thoria in a glazed porcelain tube heated electri
cally to known temps, between 350° and 525° Dehydration 
IS restricted by the presence of a 2nd substituted OH group 
since no appreciable results were obtained with the poly
phenols resorcinol, quinol, pryocatechol, phloroglucinol 
and orcinol. At 475° guaiacol gave 16% of guaiacyl ether, 
in 78°, but the dehydration of the mono-Me deriv. of 
resorcinol tailed. The o-, m- and p-cresols, when treated 
at 400°, gave 2.0, 7.5 and 28% of the resp. tolyl ethers, 
p-tolyl ether, m. 51°, with a marked odor of geranium. 
The 1,3,4-, 1,3,5-, 1,2,4-, 1,2,5- and 1,2,6-xylenols gave 
25, 21, 8%, zero and zero yields of dehydration products 
free from the fluorescence and yellow color characteristic 
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of secondary dehydrogenation reactions The o - , m - and p -
phenylphenols formed as intermediates in the industrial 
manuf of PhOH by the hydrolysis of PhCl produced at 500° 
8, 10 and 10-12% of the ethers , (PhC8H4),0, m. 75°, 7 1 - 2 ° 
and 191°, resp The catalytic dehydration of a- and j3-
naphthols gave a- and ;3-naphthyl e thers , m. 110° and 104°, 
together with a- and j3-naphthylene ethers , m. 180° and 
160°, in proportions which increased with the temp. The 
formation of the highest and lowest yie lds of dehydration 
products from the p - and o-der ivs . , re sp . , in any group 
of i somer ic phenols i s explained by the s t e n c hindrance 
due to the nature and position of the substituted groups. 
(C. R. Addinall) 

842 

HYDROLYSIS OF ETHYL ETHER. A. Vansheidt and M. 
Lozovskii . J Gen. Chem. (U. S S. R.) 3, 329-36(1933) 

The hydrolysis of c p EtjO was carried on at atm p r e s 
sure in the presence of solid catalysts and by passing H , 0 -
moistened EtjO vapors over H2SO4, and at high pres sure in 
a rocking autoclave in the presence of dil. H,S04. The hy
drolys is of EtjO took place in all 3 c a s e s , the best yield of 
EtOH being produced with dil. H,S04 under pres sure Sil ica 
gel and ThO, showed poor catalytic action, while Al ,03, prepd 
by the method of WiUstatter (C A. 17, 3513), gave a good 
yield of EtOH, which i s ascribed to a high degree of cata
lytic decompn. of £ 1 , 0 into EtOH and C2H4. By pass ing 
EtjO moistened with H,0 into dil. H,S04 (70% and over) 
heated to 160° and higher, 5 - 1 0 % E t , 0 was hydrolyzed with 
resinification. H3PO4 under these conditions failed to hydro-
lyze £ 1 , 0 . By heating EtjO with 5 - 2 5 % H,S04 at 200° in an 
autoclave 36% E t , 0 was hydrolyzed without resinification or 
exces s ive gas formation. With 1% H,S04 the yield fo EtOH 
was sharply reduced, while the use of 50% H,S04 and a 
temp of 230° and higher caused dark discoloration of the 
product and e x c e s s i v e formation of gases and oily products. 
(Chas Blanc) 

843 

THE SYNTHESIS OF METHANOL FROM WATER GAS IV. 
THE CATALYTIC OXIDATION OF THE SYNTHETIC 
METHANOL TO FORMALDEHYDE B. N. Dolgov and E. M 
Bocharova. Khim. Tverdogo Topliva 3, 406-18(1932). 

According to the expts. described in detail, passage of the 
gas mixts . over porous surfaces (glass, porcelain, C) yie lds 
minute amts. of HCHO. The metal l ic catalysts except Ag 
and Cu are of little use . The yields are slightly higher when 
the catalysts are compressed in tne reaction tube. Metal 
oxides cannot be used, while catalysts prepd. from Cu disks 
which are placed c lose together give a HCHO yield up to 
42%. A catalyst composed of CuO alone or together with an 
activator g ives CH,0 yields of 21-42%. The best resu l t s 
were obtained with Th and U catalysts which yielded up to 
4 1 - 4 2 % of CH,0. The app. used i s described and the 
numerical data are tabulated. METHANOL SYNTHESIS V. 
THE INFLUENCE OF THE ACTIVATORS ON THE ZINC-
CHROMITE CATALYST B. N. Dolgov and M. N. Karpin-
skii. Ibid. 559-68(1932) . The following promotors were 
used in conjunction with the 4ZnO.Cr,03 catalyst: W, V, Th, 
U, Ce, La, Ta and Zr The expts. were carried out with a 
decreasing pressure , each being carried out for 60 min., 
with 500 cc . of the catalyst. The highest MeOH yields were 
obtained with the promotors (1%) ThO,, Zr02 and Ta02. 
The resul ts are tabulated and plotted. VI. SYNTHESIS 
FROM CARBONIC ACID AND HYDROGEN Ibid. 4, 6 9 - 7 9 
(1933). These expts. were e a r n e d out with a decreasing 
pres sure and the activity of the catalysts was investigated 
at 226 — 400° In another synthesis carried out at const 
pres sure and with introduction of addnl. portions of g a s e s 
during the p r o c e s s a circulating Fischer retort of 4.5-1 
capacity was used The gas mixt. was prepd. by mixing 

CO2 and H,, compress ing it and keeping it in s tee l bottles. 
The reaction CO2 + 3H2 — CH3OH + H2O, as shown by the 
expts . , proceeds in 2 s tages (1) CO2 + H2 — CO + H2O and 
(2) CO + 2H2 " CH3OH. The ve loc i t ies of the reactions are 
different depending upon the ratio of g a s e s , temp , catalyst, 
etc. Nineteen different catalysts and their mixts . were in
vestigated and it was found that the max. l i e s at 3 0 0 - 3 2 5 ° , 
i .e , 75° lower than that for MeOH from CO and H,. The 
following catalysts were used in various combinations: 
MgO, Fe203, ZnO, Th02, V2O5, CejOj, CuO, N12O3, CdO, 
MnO and Cr,03 The highest MeOH yields were obtained 
with ZnO + 4.5% CdO + 5% Fe203 and ZnO + 2% Fe20s + 1% 
CuO, reaching 51.5 and 50%. However, when maintaining a 
const, pressure by the introduction of new portions of gas , 
working at 325°, 2 0 0 - 2 1 0 atm. and using the catalyst ZnO + 
5% CdO the yield of CH3OH could be raised to 63% by weight. 
Changes in the velocity of the flow of the gas mixt. caused 
lower y ie lds of MeOH because of the slowing down of the 
conversion of CO2 to CO The crude MeOH contained CnHjn 
t r a c e s , C„Hai + 2 none, HCHO none, AcH traces , AcOEt 
none, AcOH about 0 . 0 5 - 0 06% and Fe(CO)5 none. A pure 
98% MeOH i s obtained by distn. and rectification. The gas 
used in the synthes is consisted of 1 vol. CO2 per 3 - 3 5 
vols . H2 with the admixt. of 0 2 - 0 . 8 % CO and 0 . 4 - 3 . 0 % N,. 
(A. A Boehtlingk) 

844 
CATALYTIC DEHYDRATION OF BORNEOL OVER THO
RIUM OXIDE. Georges Brus and V. Brust ier . Bull. inst. 
pin 1934, 99-100. 

Dehydration of borneol vapors at 350° over ThO, in a 
current of N yielded chiefly camphene (about 70%), prob
ably accompanied by smal l quantities of t n c y l e n e , about 
15% dipentene, about 5% terpinolene and about 10% of 
benzene hydrocarbons (cymene and lower homologs). 
(A. Papineau-Couture) 

845 
CATALYTIC TRANSFORMATION OF MESITYL OXIDE 
INTO ACETONE. ACTION OF AI2O3, Th02, PUMICE AND 
SILICA GEL. Angela Zangirolami Ann. chim. applicata 
24, 347-52(1934). 

Mesityl oxide i s readily hydrolyzed by passing i ts vapors 
mixed with water vapor over s i l ica l gel, at 2 0 0 - 2 5 0 - 3 0 0 ° 
at atm. pressure; it y ie lds 1 9 - 3 2 % acetone. The reaction 
IS a lso catalyzed to a smal ler degree by AI2O3; yie lds of 
acetone 2-8%; and by Th02, yielding up to 2.3% acetone. 
Pumice IS inactive (A. W. Contieri) 

846 
THORIA AEROGEL CATALYST: ALIPHATIC ESTERS TO 
KETONES. Sherlock Swann, J r . , E. G. Appel, and S. S. 
Kist ler. Ind. Eng. Chem 26, 1014(1934). 

It has been shown that ketones can be prepd. by distg. the 
corresponding acid over thoria aerogel at atm. or reduced 
pressure . The only limiting factor on the s ize of the ketone 
that can be obtained i s the volatility of the acid and ketone. 
The authors extend the work to the conversion of the Et 
e s t e r s into higher ketones. Et laurate gave a max. yield 
of 92.5% of laurone when distd. at the rate of 3 - 4 g / m i n . 
over the catalyst at 360°. An 86% yield of undecylenone, 
CH2 : CH(CH,)8CO(CH2),CH: CH,, was obtained from Et 
undecylenate. This i s a new ketone, m. 43°, contg. 82.3% 
C, 12.42% H and 5.28% O. This method g ives a quick and 
efficient means for prepg. ketones of high mol. wt. (J. L. 
Essex) 

847 
THERMIONIC EMISSION AND CATALYTIC ACTIVITY. H. 
THORIA-CERIA SURFACES. A CONTRIBUTION TO THE 
THEORY OF THE WELSBACH GAS MANTLE. B. S 
Snkantan J. Indian Chem. Soc. U , 805-10(1935). 

A 98.97% thona-1.03% cer ia coating on a platinum wire 
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had the lowest incipient thermionic emission temp., i.e., 
948°, of any thoria-ceria coating. The catalytic activation 
of gases was attributed to electron emission from this 
catalytic surface. (H. E. Phipps) 

348 
CATALYTIC DEHYDRATION OF FORMIC ACID. E. G. 
Graeber and D. S. Cryder. Ind. Eng. Chem. 27, 828-31 
(1935). 

Of the catalysts, activated Al,03, Al,(P04)s, SiO, gel 
alone and with PjOj, TiO^, or ThO,, the last is the most 
efficient for production of CO from HCO2H. Near 300°, 
with space velocities of 1-3 cc. of HCO2H vapor (N. T. P.) 
per min. per cc. of catalyst, about 90% decompn. occurs 
and yields 95% CO. (H. A. Beatty) 

349 
THE CATALYTIC TRANSFORMATION OF ALCOHOL. 
P. Ya. Ivannikov and E. Ya. Gavnlova. J. Chem. Ind 
(Moscow) 12, 1256-60(1935). 

When EtOH is passed over CuO contg 0.1-0.2% Th02, at 
350° and 6-12 cc. per hr., 24% EtOAc is formed. At lower 
temps. H,0 probably oxidizes the EtOH to AcH and then to 
AcOH. The AcH forms EtOAc. HOAc represses ester for
mation. At 350° acetal is also formed and reacts with AcOH 
to form more EtOAc. (H. M. Leicester) 

850 
CATALYST FOR PROMOTING REACTION OF METHANE 
WITH STEAM TO PRODUCE HYDROGEN AND CARBON 
OXIDES. Frank J. De Rewal (to Atmospheric Nitrogen 
Corp.). U. S. Patent 2,030,283, Feb. 11. 

Pd, MgO and Ce oxide are used together. Cr,03 and ThO, 
also may be used. 

851 
METHYL BENZYL KETONE (PHENYLACETONE). R. M. 
Herbst and R. H. Manske. Org. Syntheses 16, 47-50(1936). 

PhCH,C02H and AcOH, passed over ThO, at 430-50°, give 
55-65% and PhCH,Ac. The prepn. of the ThO, is described. 
Some (PhCH,)2CO is formed. The catalyst is regenerated 
by passing air over it at 550°. PhCH,COEt, PhCH,CH,Ac 
and PhCH,COEt may be prepd. in the same way. (C. J. 
West) 

852 
CATALYTIC REDUCTION OF CARBON DIOXIDE TO 
METHANE AND HIGHER HYDROCARBONS AT ORDINARY 
PRESSURE. PRELIMINARY COMMUNICATION. Franz 
Fischer, Th. Bahr, and A. Meusel. Brennstoff-Chem. 16, 
466-9(1935). 

When Ru powder or Ru-Th asbestos is used as contact 
catalyst, CO, may be appreciably reduced to CH4 from 100° 
upward. Addn. of CaCOs or Rb,COs results in the forma
tion, from 170° upward, of higher gaseous and fluid hydro
carbons. Weaker alkalies do not have this effect on the 
catalyst. (F. W. Jung) 

853 
CATALYTIC TRANSFORMATIONS OF HETEROCYCLIC 
COMPOUNDS. VI. COMPARATIVE ACTION OF CATA -
LYSTS ON THE COMBINED DEHYDRATION OF FURAN 
AND AMMONIA. Yu. K. Yur'ev and P. M. Rakitin. Ber. 
69B, 2492-6(1936). 

It had been shown that NH, and primary amines acting on 
furan and its homologs in the presence of Al,Os at 450° give 
pyrrole and N-substituted pyrroles. Whether the reaction 
consists of an intermediate rupture of the furan ring at the 
O-C bond with subsequent addn. of NHj and catalytic de
hydration of the addn. product, or of simple substitution of 
the hetero atom O by N was left an open question. The ob
ject of the present work was to establish the optimum con
ditions (temp., catalyst) for the transformation, and, if pos
sible, to elucidate the reaction mechanism. The expts., 
which were carried out at 350—600° with various dehydra

tion catalysts (Al,03, ThO,, MgS04, activated charcoal) and 
a dehydrogenation catalyst (Fe,03), and also in the absence 
of catalysts, showed with certainty that the conversion of 
furan into pyrrole in the presence of AI2O3 is a combined 
catalytic dehydration of the furan and NH3. It gives good 
yields only in the presence of very energetic dehydration 
catalysts (40.2% with Al,03 at 550°, 16% with ThO, at 450°) 
and at temps, higher than those required for the combined 
dehydration of ale. and NH3 (330-50°) and of ale. and 
anilme (350°). This can be explained by assuming an inter
mediate cleavage of the relatively thermostable furan ring 
In the presence of the less active dehydration catalysts 
MgS04 and activated charcoal and of the dehydrogenation 
catalyst FejO, only traces of pyrrole are obtained under 
the same conditions—least of all with Fe203. Since the 
ejcpts. in empty tubes, but even at higher temps., also gave 
traces of pyrrole, it is reasonable to assume that the cata
lysts act merely as contact substances. Along with the 
pyrrole formation there is a significant cleavage of the furan 
with elimination of O and formation of satd. and unsatd. hy
drocarbons at the expense of the NH3. Y. and R believe 
the reaction proceeds through l-hydroxy-4-amino-l,3-
butadiene as an intermediate product. Such an unsatd. 
amino ale. would undoubtedly tautomenze into the amino 
aldehyde H2NCH. CHCH2CHO; the presence of CO in the 
gases obtained at high temps, supports such a view. In the 
presence of AI2O3 and ThO^ the catalytic dehydration of the 
amino ale. apparently proceeds more rapidly than the r e 
arrangement into the aldehyde (C.A R.) 

854 
STUDIES OF THE PROMOTING ACTION OF A CATA
LYST PROMOTER AND CARRIER. II. Shigeru Tsutsumi 
J. Chem. Soc. Japan 58, 63-70(1937). 

The effect of the calcining temp, upon the gas-absorbing 
power of the mixts. Co + Cu + U3O, in the range 200-300°, 
and Co + UjOj, Co + ThOj in the range 250-450° contg. 
various amts. of diatomaceous earth was studied. The gas 
used was the mixt. Co + H2 in the ratio 1.2. The proper 
temp, to get the max. absorbing power does not change 
much with the amt. of the diatomaceous earth. (T. Katsurai) 

855 
CATALYSIS IN HYDROCARBON CHEMISTRY. IV. THE 
ADSORPTION OF HEXANE ON CATALYSTS. R. H. Griffith 
and S. G. Hill. Trans. Faraday Soc. 33, 405-7(1937). 

Adsorption data of hexane on Cr, Zn, Fe, Cu, charcoal, Ti, 
Mn, W. Co, Al, V, Th, Pb, Mg, Zr, Ca, Cd, and Sn are pre
sented for temps, between 20° and 450°. Activated adsorp
tion is found in many cases. V. PROMOTER CONCEN
TRATIONS. R. H. Griffith. Ibid. 407-9. When a Mo oxide 
catalyst is promoted by the addn. of another oxide, the pro
moter concn for greatest activity is the same for Na, Cr, 
Fe, Cu, Ce, Al, Ba, Pb, B and Th. When present as a metal, 
the promoter concn. is half that necessary when present as 
an oxide. VI. CONVERSION OF PHENOL TO BENZENE. 
Ibid. 409-12. A Mo oxide catalyst promoted with S1O2 and 
AI2O3 was used to study the reduction of PhOH by H. The 
promoter concn. for max. reactivity differs from that in 
the case of hexane decompn. Compd. formation occurs in 
certain cases between the promoter and catalyst. Vn. 
CARRIER ACTION AND MOLECULE SIZE. Ibid. 412-16. 
Studies of the decompn. of dekalin, decane, hexane and 
cyclohexane over CuO, T1O2, Cr,03 promoted with MgO as 
a carr ier , and CrjO, with lead silica as a promoter lead to 
the conclusion that most active catalysts do not necessarily 
have the largest no. of active centers. The lowering effect 
of carr iers is not due to compn formation with the cata
lyst, and for a catalyst with many active centers a carrier 
will lower the activity at a concn. depending on the size of 
the reacting mol. Promoters produce a different surface 
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from that of a pure catalyst but do not increase the no of 
active centers The activity of a partially reduced catalyst 
varies with the degree of reduction A carrier may prevent 
sintering and thus produce an initial increase in the activity 
of a catalyst. (Arthur A Vernon) 

856 
BENZOYL CHLORIDE AROMATIC KETONES. Jean-
Baptiste Senderens Compt. rend. 204, 1296-9(1937). 

Com AcOH, EtCOOH, PrCOOH and valeric-acid contain 
sufficient H2O to decomp. BzCl into BzOH. AcOH prepd. 
from AcjO does not decomp. BzCl in the absence in air 
BzCl vapor passed over heated thona decomps at 370-400°, 
giving a gas which is composed of 40% CO, and 60% H. HCl 
and C are also formed. When the vapor of a mixt. of BzCl 
and aliphatic acid is passed over heated thoria, a mixt. of 
the sym. aliphatic ketone and the mixed aromatic aliphatic 
ketone appears, as well as the decompn products above. 
(Rachel Brown) 

857 

OLEFIN ALCOHOLS. Adolf Grun (to H. Th. Bohme A. G.) 
U. S. Patent 2,086,713, July 13. 

For producing an olefin ale. such as octadecenol, an 
aliphatic dihydroxy ale in the liquid phase such as 
1,12-octadecandiol is heated to above 100° (suitably about 
220-50° in N) until reaction is complete m the presence of 
a hydroxide of Al, Zr, Ti or Th, serving as a catalyst. 

858 
CATALYTIC DECOMPOSITION OF HALOGENATED ACETIC 
ACIDS IN A LIQUID SYSTEM ACTION OF SULFURIC ACID 
Jean-Baptiste Senderens. Compt. rend. 204, 209-11(1937). 

The decompn. of CCl3CO,H (I), CHCI2CO2H (U), CH2CICO2H 
(III) and CBr3C02H (IV) was studied using as catalyst one of 
the following- granulated pumice (A), ThO, (B), Ca3(P04), 
(C), activated C (D), H,S04 (E), anhyd CaCl, (F) and animal C 
(contg 25% Caj(P04)3) (G) The reactions were run using 60 
g acid and 10 g catalyst in a flask connected to a washing 
bottle and a gas receiver to permit analysis of decompn. 
products. The decompn. products from the resp. reactions 
were: I with (A) yielded HCl, COCl, and CO at 180°; I with 
(B) gave HCl, COCl, and CO at 160-5°; I with (A) and (B) 
gave the same products at 145°; I with (C) yielded 60% CO 
and 40% COj at 135°; I with (D) yielded CO, and CHCI3 at 
135°; I with (E) yielded 48% CO,, 52% CO and HCl at 160°, I 
with (F) at 160° gave 54.5% CO and 45.5% CO,; I with (G) at 
135° yielded 86% CO, and 14% CO II with (D) at 136° yielded 
CHBrj and CO2 and with (E) at 160° yielded Br,, HBr, SO,, 
72% CO2 and 28% CO III with (B) was unchanged even at its 
b p. while with (A) at 175° 71% CO, and 29% CO were ob
tained, rv was resistant to decompn. with all catalysts. 
(C w. s.) 

859 

PREPARATION OF ACETONE FROM AN AQUEOUS SOLU
TION OF ACETIC ACID. B. P. Ershov and V. L. Pridorogin 
Lesokhim. Prom. 5, No. 9, 12-14(1936). 

Eighteen various catalysts were used as catalysts for 
prepg. Me,CO from an aq. soln. of AcOH at temps, below 
400°. The best catalysts were Th(OAc)4 and Ti(OAc)4, using 
clay tile as a carrier , yielding 71 and 68% of Me2C0. The 
Th catalyst was prepd. by soaking pieces (diam. 1-2 mm.) 
of clay tile in 15% Th(N03)4 for 2 days, then treating them 
with a small amt of 15% NH4OH, drying at 80° and, finally, 
treating with 80% AcOH and drying at 100°. The max. yield 
(86-83%) was obtained at 350-75° in the presence of 
120-130 g. of the above catalyst (contg. about 15% Th(OAc)4), 
by passing a 20% AcOH soln. with a velocity of 200 cc. per 
hr The following reaction for the Me2CO formation is 
proposed: Th(OAc)4 = 2Me2CO + 2CO2 + ThO, and ThO, + 
4AcOH = Th(OAc)4 + 2H20. However, using the Th02 cata
lyst the yield was 15-20%. The difference in the yields is 

tentatively explained by an increase of the Th02 activity at 
the moment of its formation. Passing 7000-8000 cc. of 
AcOH soln. per 6 hrs. through a furnace at 350-75° (contg. 
5 tubes, diam. 1.5 cm., with the catalyst) yielded 90.2% of 
anhyd. Me2CO. (A.A.P.) 

) 
ESTERS. Norman D. Scott (to Canadian Industries Ltd.). 
Canadian Patent 375,764, Aug. 16, 1938. 

A primary aliphatic monohydnc ale. is heated in the 
liquid phase to between 150° and the crit. temp, of a ale. 
under a pressure approx. equal to the corresponding vapor 
pressure of the liquid in the presence of a dehydrogenation 
catalyst comprising essentially a mixt. of reduced Cu and 
thoria, the catalyst having been reduced at 200-340°. 

I 
SELECTIVE ACTION OF THE CATALYSTS ON THE 
TRANSFORMATION OF FUSIBLE FORMATES TO OXA
LATES. L. Kh. Freidlin. J. Applied Chem. (U. S. S. R.) 
11, 975-80(in French 980)(1938). 

The previously described method was used. The influence 
of catalysts typical for ketonization, dehydrogenation and 
condensation reactions on the direction of the decompn of 
Na, K and NH4 formates was investigated. ThO, (selectively) 
promoted (at 370-80°) the formation of carbonates from 
formates; thus, even in the presence of 4% (mol.) of ThO,, 
77.9% of formate was transformed into a carbonate and only 
21.2% into an oxalate; in the presence of 16% (and more) of 
ThO, all formate was transformed into carbonate regard
less of the temp. The formation of oxalate was promoted (at 
362°) in the presence of 0.24 mol. of Cu (powdered) per 
0.1397 g. of HC02Na, yielding 68.9% of oxalate and 31.3% of 
carbonate, but further increase of the amt of catalyst de
creased the yield of oxalate and increased that of carbonate. 
An especially active catalyst for the formation of oxalate 
was NaNH,, in the presence of 2-4% of which 80% of HCO,K 
was transformed into oxalate at 240°; therefore, NaNH, was 
as active as alkali metals but absolutely safe to handle. In 
the presence of alkali metals, HCO,NH4 yielded besides 
HCONH,, also 6% of oxalate. Eight literature and 4 patent 
references. (A. A. P.) 
! 

THE HYDROGENATION OF ETHANE ON COBALT CATA
LYSTS. Ellison H. Taylor and Hugh S. Taylor. J Am. 
Chem. Soc. 61, 503-9(1939). 

The rate of hydrogenation of C2H8 to CH4 has been 
studied over a Co-ThO,-Cu-kiesel-guhr catalyst and upon 
4 Co-MgO catalysts. The results indicate that Co lies be
tween Cu and Ni in its activity for this reaction. The rate 
IS inhibited by H,, but to a lesser extent than on Ni. The 
Co-MgO catalysts are markedly more active than the 
catalyst contg. ThO,. (P. H. E.) 

I 
CATALYTIC CONDENSATION REACTIONS OF CYCLO
HEXANOL. M. P. Masina. J. Gen. Chem. (U. S. S. R.) 
8, 1264-71(1938). 

The vapor-phase dehydrogenation of cyclohexanol at 380° 
over the mixed catalysts of 13.13% Co with 86.87% Th and 
70.64% Ni with 29.36% Th yielded up to 32% cyclohexanone 
(I), 2-cyclohexylldenecyclohexanone, CH2.(CHj)4.C: 
(;:.CO.(CH2)s.9H, (II), and some cyclohexene (HI) and PhOH. 
The formation of U by condensation of 2 mols. I with cleav
age of 1 mol. H2O is considered a sp. reaction of the catalysis. 
The nature of the catalyzate fraction, b. above 280°, and the 
theoretically possible formation of the condensation products 
of cyclohexylidenephenol from I and PhOH and/)-cyclo-
hexylphenol from cyclohexanol and PhOH are being inves
tigated, n , b. 270-5°, d j ' 1.0043, «'j5 1.5093, I no. 
142.2; semicarbazone, m. 189-90°. The catalytic reaction 
of I alone gave considerable II, a mixt. of I and III formed 
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but little II, and III alone gave no n . The catalysts are best 
prepd. by pptg. the nitrates with K2CO3 and reducing the 
dry carbonates with H at 3 5 0 - 8 0 ° . The condensation of 
aliphatic alcohols during dehydrogenation m the presence 
of the catalysts nickel-thorium and cobalt-thorium. Ibid 
1 2 8 1 - 5 . — The dehydrogenation of EtOH and PrOH in the 
presence of the above catalysts at 320° gave up to 21% 
Et and Pr aceta ls , some corresponding e s t e r s , aldehydes 
and no ac ids and considerable gas , contg. CO2, CO, H2 and 
satd. hydrocarbons. (C.B.) 

864 
CATALYSTS FOR THE SYNTHESIS OF LIQUID HYDRO
CARBONS FROM CARBON MONOXIDE AND HYDROGEN. 
I. CATALYSTS PREPARED BY THE PRECIPITATION 
METHOD (I). Sigeru Tutumi. Sci. Papers Inst. Phys. 
Chem. Research (Tokyo) 35, 435-40(1939). In the synthesis 
of liquid hydrocarbons from CO and H,, the rate of the con
sumption of CO with a UsOj catalyst contg. Co 5% and Cu 
12%, which need not be reduced at a high temp., was 
scarce ly increased owing to the addn. of kieselguhr. The 
yield of liquid hydrocarbons increased gradually with an in
c r e a s e of the amt. of kieselguhr. This fact shows that the 
proper amt. of kieselguhr, added to the catalyst, suppresses 
the too violent hydrogenating power of the catalyst for the 
production of liquid hydrocarbons and retards the forma
tion of gaseous hydrocarbons and CO,. II. CATALYSTS 
PREPARED BY THE PRECIPITATION METHOD (2). Ibid. 
4 4 1 - 6 . The activit ies of Co catalysts , which must be r e 
duced at high temp., were greatly increased by the addn. of 
kieselguhr, and the depression in the act ivi t ies , caused by 
the elevation of the reduction temp., was greatly decreased 
by a proper amt. of kieselguhr, although the optimum reduc
tion temp, was raised with an increase of the amt. added. 
The rates of elevation of the optimum reduction temp, for 
Co catalysts , with an increase of the amts . of promoter 
(Th, U and Mn oxides) and carrier (kieselguhr) added, 
differed considerably; a small addn. of promoter corre 
sponded to the case where a large amt. of carrier was 
added. This fact may be attnljuted to a difference between 
the incorporated states of promoter and carrier with Co, 
the former being more intimately incorporated with Co 
than the latter. The difference between promoter and 
carr ier i s not so great. (Amos G. Horney) 

865 

866 

CATALYSTS PREPARED BY THE ROASTING METHOD. 
2. Sci. Papers Inst. Phys. Chem. Research (Tokyo) 36, 
47-52(1939). 

The optimum reduction temp, for Co catalysts prepd. by 
roasting i s lower, and the decrease in activity from using 
high reduction temps, i s greater than for pptd. Co catalysts . 
The amt. of kieselguhr in the roasted catalysts must be in
creased to raise their activity. The decrease in activity of 
roasted Co catalysts i s greatest when Mn i s used as a p r o 
moter, l e s s with heavier ThO, and least with the heaviest 
UjO,. (H. M. Leicester) 

CATALYTIC DEHYDRATION OF Cj-C, ALIPHATIC 
ALCOHOLS. Seymore Goldwasser and Hugh S. Taylor. 
J. Am. Chem. Soc. 61, 1751-61(1939). 

A modified Podbielniak column sepd. the i s o m e r s formed 
by dehydration of 1-heptanol, 1-hexanol, 2 - ethyl-1-butanol, 
2 ,4-dimethyl- l -pentanol , 2,4-dimethyl-3-pentanol, and 2 -
ethyl-1-hexanol over AI2O3, Cr,Os, ThO, and 10% uranyl on 
Al,Os. UOs was inactive. Slower rates of flow produce more 
unsatd. compds. and more isomerization. Higher rates pro
duce more unchanged ale. and polymerization of unsatd. 
compds. Isomerization i s much more rapid on ThOj than 
on Al,03. Cr,03 a l so dehydrogenates and aromatizes . The 
ease of dehydration i s dependent on the availability of the 

secondary H atoms on the /3-C atom to that with the OH. 
The results indicate an activated intermediate with the con
figuration of a 3-C ring (Wm. E Trout, Jr.) 

867 

868 

SYNTHESIS OF HYDROCARBONS. Ruhrchemie A -G 
British Patent 502,771, Mar. 24, 1939 

The catalytic conversion of CO and H into mainly 
liquid or solid hydrocarbons in app. comprising cooling 
tubes and heat-conducting metal sheets disposed thereon 
IS effected at an elevated pressure corresponding approx. 
to the vapor pi e s sure of the cooling agent flowing through 
the tubes. The wal ls of the tubes need not be resistant to 
pres sure and cost i s therefore reduced. Thus, a gas con
sist ing of CO and H in the ratio 1 . 2 i s passed under 11 
atm. pressure through a furnace comprising rows of 
cooling tubes on which sheets of heat-conducting metal, 
traversed by the tubes, are disposed perpendicularly at 
about 10 mm. intervals , a Co catalyst, activated with Th, 
filling the interspaces; HjO at 186° and 11 atm. flows 
through the cooling tubes so that the reaction temp, need 
not exceed 187°; the exit gases are cooled to condense H2O, 
benzine and o i l s and are treated with active C to remove 
lower-boil ing hydrocarbons. 

8 

HYDROGENATION OF A HIGHER SECONDARY ALCOHOL 
BY A NICKEL CATALYST CONTAINING MANGANESE, 
ZINC OR THORIUM. Kutiro Kino. J. Soc. Chem. Ind , 
Japan 42, Suppl. binding 188 (1939) 

A secondary ale. was prepd. by reduction of stearone 
by Na and BuOH and was heated at 2 0 0 - 3 0 0 ° in the p r e s 
ence of H and catalysts . The HO values of the a le . were 
lowered by a l lNi catalysts contg. Mn and Zn and especial ly 
Th; hence such catalysts will be unsuitable in the prepn. of 
a secondary ale. by hydrogenation of a higher ketone. 
(O. W. Willcox) 

869 
HYDROGENATION OF CASTOR OIL BY NICKEL CATA
LYSTS CONTAINING MANGANESE, ZINC OR THORIUM. 
Kiitiro Kino. J. Soc. Chem. Ind., Japan 42, Suppl. binding 
189(1939). 

Hydroxyl and I values were greatly lowered by the hy
drogenation. A catalyst of Ni + Mn behaved like Ni alone. 
Zn weakens the hydrogenating action of the double bond 
and the reducing action on the HO group; a catalyst contg 
Th showed the most pronounced action in both these par
t iculars . (O. W. Willcox) 

870 

871 

CATALYTIC SYNTHESIS OF ANISOLE AND/)-CRESOL 
METHYL ETHER. Seuti Isikawa and Masakatu Matuhasi. 
Science Repts. Tokyo Bunrika Daigaku A3, 249-55(1939) 
(in German). 

The formation of anisole by conducting a soln. of phenol 
in MeOH over heated Th02 (formed from Th(N03)4) *ias been 
mvestigated. It makes no difference whether the catalyst i s 
deposited on cotton cloth or on asbes tos , nor does an 
admixt. of Ce02 influence the catalytic action. The highest 
yield (48% anisole) i s obtained at 400° with 80 g Th(N03)4 
per 94 g. phenol. At higher temps. (500°) increasing amts . 
of Ph20 and xanthene (m. 99.2°, cor. Berl) are formed. The 
latter i s a l so obtained by passing phenol or Ph20 with 
HCHO over the catalyst. HNO3 oxidizes it to xanthone, m. 
173.1° (cor Berl) . The reaction between/>-cresol and 
MeOH in the presence of heated Th02 yields / ) -creso l Me 
ether, />-tolyl ether, m. 50°, and 2.7-dimethyixanthene, m 
168.2° (cor. Berl) . HNO3 oxidizes the latter to 2 ,7-
dimethylxenthone. (Dora Stern^ 

1 

THE GETTERING POWERS OF VARIOUS METALS FOR 
THE GASES HYDROGEN, OXYGEN, NITROGEN, CARBON 
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DIOXIDE AND AIR. Louis F. Ehrke and Charles M. Slack. 
J. Applied Phys. 11, 129-37(1940). 

Measurements were made on Al, Mg, Th, U, misch metal 
(Ce and La), Zr and Ba as getters in the absence of elec. 
discharges or other sources of ions. The superior powers 
of diffuse layers as compared to those of bright layers were 
confirmed. Ba and misch metal were the most active, but 
Ba IS not effective in the presence of Hg vapor. Mg and Al 
showed little activity in the absence of a discharge. Th and 
U showed considerable activity for H and O but the high 
temp necessary lor flashing makes these inconvenient to 
use. (S L.G ) 

872 
APPROACH TO THEORETICALLY POSSIBLE YIELDS IN 
THE FISCHER-PICHLER INTERMEDIATE-PRESSURE 
SYNTHESIS. Franz Fischer, H. Pichler, and W. Dienst. 
Brennstotf-Chem. 20, 221-8(1939) 

The synthesis was effected in two stages at 175-205° 
under 10 atm., with a Co-Th02-kieselguhr catalyst; prod
ucts condensable at room temp, were removed after the 
first stage Two reaction tubes (internal diam 10 mm., 
length of catalyst column 50 cm.) were used in parallel in 
the first stage, and a single similar tube was used in the 
second. The reaction tubes, arranged vertically, were 
heated by circulating hot HjO, under pressure, through 
surrounding jackets. With a throughput of 2 1. of gas 
(CO + 2H2)/g of Co/hr. the max yield was 140-150 g of 
product (wax 14, liquid hydrocarbons 73, gasol 13%) per 
cu m. of inert-free gas, with a throughput of 0.2 l . /g . of 
Co/hr the max. yield was 190 g. of product (wax 48, 
liquid hydrocarbons 44, gasol 8%) per cu. m of gas; 
the latter yield represents 90% of the theoretical. A 
decrease in the rate of gas throughput necessitates a 
lowering of the reaction temp, to obtain the max yield of 
hydrocarbons, at the same time there is an increase in 
the relative proportion of higher-boiling hydrocarbons in 
the product. The reaction mechanism is discussed. 
(B.C P.A ) 

873 
SYNTHESIS OF KOGASIN AND PARAFFIN WAX IN THE 
AQUEOUS PHASE. Franz Fischer, H. Pichler, and 
W. Lohmar. Brennstoft-Chem. 20, 247-50(1939). 

By passing CO + 2H through H2O contg either a Co-ThO, 
or a Rh catalyst in suspension, at 170-200° under a total 
pressure of 50-100 atm., liquid hydrocarbons and wax 
were obtained similar in yield and compn. to the products 
of the medium-pressure Fischer synthesis (cf. preceding 
abstract) A lab app. of l - l . capacity was used Ni was 
useless as a catalyst, being converted into the carbonyl 
under the reaction conditions; an Fe catalyst merely 
brought about the reaction CO + H2O = CO2 + H2. Although 
by operating in the aq phase the temp, control was very 
good, the process had disadvantages which precluded its 
practical development; e.g., the results were no better 
than in the dry phase, a relatively large reaction space 
was required, the app. must be lined with acid-resistant 
material (e.g., Cu) owing to the production of small quan
tities of fatty acids, considerable energy expenditure is 
necessary to maintain the catalyst in suspension, and the 
continuous removal of the reaction products presents 
difficulties. 

874 
CATALYTIC ISOTOPIC EXCHANGE OF GASEOUS OXYGEN 
VI. EXCHANGE REACTION OF OXYGEN ATOM BETWEEN 
OXYGEN AND WATER VAPOR ON THE SURFACE OF 
OXIDES OF THE SECOND, FOURTH AND SIXTH GROUP 
OF THE PERIODIC SYSTEM 1. Experimental Part 
Noriyosi Morita. Bull. Chem. Soc. Japan 15, 47-55(1940) 

MgO, SrO, BaO, ZnO, CdO, Zr02, ThO^, Sn02, M0O3 and 

WO3 were studied at 300-840°. The results are presented 
in tables. (G. M. Murphy) 

875 
THORIUM OXIDE OF HIGH REACTIVITY. Richard Muller 
and Harry Lee (to Chemische Fabrik von Heyden A.-G.). 
U. S. Patent 2,202,637, May 28. 

For the obtainment of a highly reactive Th oxide suitable 
for use as a catalyst, a complex salt contg. Th oxalate, to
gether with NajCOs or NH4 carbonate or oxalate, is heated 
to about 285-450° until a sample taken from the heated 
mass becomes sol. in boiling coned. HNOs i" the min. time. 

876 
CATALYTIC ISOTOPIC EXCHANGE OF GASEOUS OXY
GEN. VI. THE EXCHANGE OF OXYGEN ATOM BETWEEN 
OXYGEN AND WATER VAPOR ON THE SURFACE OF 
OXIDES OF THE SECOND, FOURTH AND SIXTH GROUPS 
OF THE PERIODIC SYSTEM. (2) Theoretical Part. 
Noriyosi Morita. Bull. Chem. Soc Japan 15, 71-6(1940) 

The catalytic activities of the oxides of Mg, Ca, Sr, Ba, 
Zn, Cd, Tl, Zr, Th, Cr, Mo and W are compared Elements 
of the 4th group have the lowest activity. Activity for those 
in the 2nd group increases with increasing at. no. and in the 
6th group, it decreases with increasing at. no. (G.M.M.) 

877 
DEHYDRATION CATALYSTS. S. B. Anisimov Trudy 
Leningrad Khim.-Tekh. Inst. 1938, No. 6, 200-6; Chem. 
Zentr. I, 2933(1940). 

The dehydration of Bu ale. was investigated on Th oxide 
at 275-450° The butene formation amounted to 30-94%, 
two-thirds of which was 2-butene. The dehydrogenating 
action of Th02, in itself small, dropped when the Th02 was 
used as a coating on pieces of porcelain; the condensate 
consists of pure 1 and 2-butene only slightly contaminated 
by aldehydes and esters, the water cleavage is undiminished 
and amounts to 22-93%. On a Hg-poisoned catalyst at 385-
450° an extensive decompn. of the Bu ale. occurs; the reac
tion gases contain up to 52% H2 and 12% CO beside 0.4% 
aldehydes and small amts. of bivinyl; the dehydration action 
of the poisoned catalysts was weak (G.G.) 

878 
CONTACT CYCLIZATION OF PARAFFINIC HYDROCAR
BONS. CATALYSTS CONTAINING VANADIUM PENTOXIDE 
AND THORIUM DIOXIDE. B. A. Kazanskii, A. F. Plate, 
T. F. Bulanova, and N. D. Zelinskii. Compt rend, acad 
SCI U. R S. S. 27, 658-63(1940)(in English) 

When a synthin fraction, b 83-138°, was passed over 
V2O5 at approx. 500°, NH4VO3 (preliminary heating to 500° 
in N) at 500° or AI2O3 at 450-555°, there was practically no 
formation of aromatic hydrocarbons. Alumina with 5-10% 
of V2O5 at 475-500° catalyzes the formation of aromatic 
hydrocarbons from synthin fractions which b. 83 — 138° and 
162-205°, resp., but gradually loses its activity, becoming 
covered with C; the catalyst readily regains its original 
activity by heating in a current of air. Cr20s with 10% V2O5 
at 450-470° showed considerable catalytic activity, but 
rapidly lost its activity. Parby kieselguhr with 10% V2O5 
did not catalyze the formation of aromatic hydrocarbons 
from a synthin fraction b. 83-138°. Alumina with 10% 
Th02 catalyzed the formation of aromatic hydrocarbons 
from the same synthin fraction The catalytic activity of 
alumina with 10% Th02 at 500° lor the formation of a ro
matic hydrocarbons from the same synthin fraction in
creased slowly and then slowly decreased; the catalyst 
can be regenerated by heating with air. Alumina with 10% 
V2O5 and 2% Th02 at 475-500° acted in the same manner 
as alumina with 10% V2O5. Activated charcoal with 10% 
Th02 at 450-470° catalyzed considerably the formation of 
aromatic hydrocarbons from the synthin fraction, but the 
catalyst declined somewhat rapidly in activity and was 
not satisfactorily regenerated with air. (George Ayers) 
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KINETICS OF THE CATALYTIC REDUCTION TO HYDRO
CARBONS OF CARBON MONOXIDE BY HYDROGEN ON 
A COBALT-THORIUM CATALYST. B. V. Erofeev, A. P. 
Runtso, and A. A. Volkova. Acta Physicochim. U. R. S. S. 
13, lll-22(1940)(in German). 

The kinetics of the reaction nCO + 2nHi = C H,n + nH20 
at 200° was studied on a Co: Th: Si02 = 100 :15 :100 cata
lyst prepd. by treatment of the nitrates with K2CO3, addn. of 
ethyl orthosilicate and reduction with H2 at 400°. With care
fully purified H2 and CO the yield of liquid CnH2n was 60-70 
cc. per cu. m. gas. The exptl. data satisfy the equations, 
A = a -f (b/uj), U]j = cuj - b, IT = Auj = auj + b where û  and 
Ujj = vol. velocity of gas entering and leaving, A = contrac
tion, rr = capacity and a, b, c are consts. These results in
dicate that the reaction is of zero order on a catalytic sur
face of the first kind. The capacity increases with in
creasing streaming velocity; this fact Indicates that the 
adsorption of the reaction products depends strongly on 
their partial pressures; greater streaming velocity in
creases the surface available for reaction. (F.H.R.) 

880 
CATALYTIC POLYMERIZATION OF ETHYLENE UNDER 
ORDINARY PRESSURE. IX. POLYMERIZATION ACTIVITY 
OF NICKEL CATALYST. Yosimi Konaka. J. Soc. Chem. 
Ind. .Japan 43, Suppl. binding 330(1940). 

The effect of Ni catalysts upon the formation of liquid 
polymers of C2H4 was studied. Both ignited and pptd. Ni 
catalysts without supporter showed a distinct polymerizing 
effect; the action of a Ni catalyst supported on kieselguhr 
was, however, still more pronounced, the polymerization of 
C2H4 taking place with a fairly good yield at about 250°. In 
regard to the polymerization activity, K^COs was the best 
precipitant, as compared with Na2C03, NaOH and NH4OH. 
The influence of various metal oxides as promoters of the 
oil formation also was examd. No significant promoting ef
fects were observed with the oxides of Cr, Mo and W. A 
remarkable influence was noticed in the case of UsOg, but 
there seems to exist an optimum amt. of the catalyst to be 
added. AI2O3, MgO and Se oxide did not exert any notable 
influence upon the promotion of the polymerization activity. 
ThO^ shows a good promoting effect, similar to that of 
UsOg. The Ni catalyst has a higher activity and longer life 
for polymerization than Co and Fe catalysts; it also has an 
optimum polymerization temp, at about 240-260°, which 
is 20-50% lower than that of Co and Fe catalysts, resp. 
From the point of activity and life, Ni-ThOs-UsOB-Al203-
kieselguhr (10:1.5 :1.0 : 0.3 :15) was found to be the best 
catalyst; it produced 3.9 cc. of the polymer oil from 14.2 1. 
of C2H4 at 240°. (Edward A. Ackermann) 

881 
PREPARATION OF CARBON DISULFIDE FROM HYDRO
GEN SULFIDE AND HYDROCARBONS. E. V. Rakovskii 
and A. I. Kamneva. J. Applied Chem. (U. S. S. R.) 13, 
1436-41(ln French, 1441)(1940). 

The reaction H,S + CnH2„+2 ~ CS, + nH, was investigated 
at 800, 900, 950 and 1000° at various velocities of gas mixt. 
and in the presence of Th oxide on asbestos. The observed 
equil. consts. deviated by 10-15% from the calcd. The 
heat effect of the reaction was calcd. as -1-55,307 cal., and 
the heat of formation of CS, by the equation Cgraphite + 
Sjgas = CS2 as 3443 cal. The heat of the reaction CS2 + 4H2 = 
CH4 + 2H,S given by Avdeeva and Lyudkovskaya is not cor
rect, since they assumed that only one mol. of H2S was 
produced. Data are tabulated. (A. A. Podgorny) 

882 
THE MECHANISM OF REACTION AND OF POISONING IN 
THE DEHYDROAROMATIZATION OF HEPTANE. J. Am. 
Chem. Soc. 63, 1387-92(1941). 

Data are given for the poisoning of Cr203 catalyst by 
ethylene; for olefin-aromatic production with progressive 
poisoning; for olefin-aromatic production at various temps, 
with the following catalysts: Cr,03, Cr203 with Zr02, Sn02, 
ZnO, M0O3, MnO or alumina; for alumina with V2O6 or 
ThO,; for Al(OH)j with VjOs; and for CeO, gel. It is con
cluded that the initial cyclization of 1-heptylene on Cr,03 
catalysts causes them to poison more rapidly. 1-Heptylene 
in 15% concn. in heptane reduces the over-all conversion to 
toluene. Methylcyclohexane is more rapidly dehydrogenated 
to toluene than heptane or 1-heptylene and does not poison 
the catalyst. Ethylene strongly poisons Cr203 catalysts by 
deposition of carbonaceous material on the surface, r e 
movable only by oxidation. Simultaneous presence of H 
reduces and may eliminate the poisoning action of ethylene. 
The data indicated that dehydrogenation of the heptane is 
inhibited by heptylene and is the slow process in the whole 
sequence. Aromatization Is more sensitive to poisons than 
the paraffin dehydrogenation. (A. B. Garrett) 

i 

AEROGEL CATALYSTS. DEHYDRATIONS AND DECAR
BOXYLATIONS. K. Kearby and Sherlock Swann, J r . Ind. 
Eng. Chem. 32, 1607-14(1940). 

Aerogel, xerogel, and pptd. catalysts of (a) Si02, (b) 
AI2O3, (c) Th02 and a mixed (d) Al203-Cr203 were prepd. 
The dehydration of EtOH over catalysts b, c and d and of 
amyl ale. over b and the esterification over a and de
hydration and decarboxylation over c of AcOH were studied 
in the vapor phase at 350°. Aerogels were superior to the 
other catalysts in about half the reactions, when compared on 
the basis of vol. of catalyst. Comparison on the wt. basis 
would favor aerogels greatly because of their low apparent 
d. and high porosity. In esterification reactions over SiO, 
gels the aerogels and natural microscryst. SiO, (tripoli) 
decreased in activity much more rapidly than the xerogel. 
(C. Wilson) 

I 

THE DEHYDROGENATION OF NORMAL HEPTANE AND 
CYCLOHEXANE ON CERIUM, VANADIUM AND THORIUM 
OXIDE CATALYSTS. Richard A. Briggs and Hugh S. 
Taylor. J. Am. Chem. Soc. 63, 2500-3(1941). 

Dehydrogenation and cyclization of heptane both occur 
on cerium oxide catalysts in the temp, range 480-530°. 
Cracking also occurs as indicated by the H content (~ 
70%). Cracking yields H and a carbonaceous residue 
in addn. to satd. and unsatd. hydrocarbons, since the H 
collected is more than equiv. to the olefin-aromatic yield. 
From 2 to 10% of the heptane is cracked to H and C in 
the temp, interval studied, in addn. to the gaseous 
hydrocarbons as cracking products. The yields of aromatic 
compds. are small fractions of those claimed in the patent 
literature. Co-pptd. ceria-alumina catalysts give more 
olefins and satd. hydrocarbons than pure cerium oxide gel 
and have a much smaller rate of gas evolution. The 10% 
vanadium oxide on alumina is markedly superior to ceria. 
In the interval 470-530°, the H content is 80-84% and the 
toluene yield r ises from 8.5 to 63.7%. An optimum concn. 
of vanadium oxide was obtained at 15%, lower contents 
giving lower toluene and more cracking. This points, as do 
the ceria results, to marked effect of the alumina on crack
ing. It suggests that in the 15% catalyst the alumina is 
effectively covered with vanadium oxide. Vanadium oxide-
alumina gel catalysts are initially 50% better than the de
posited catalysts and show long life. With cyclohexane, 
vanadium oxide shows marked dehydrogenating properties 
with less cracking than with heptane. The data for thorium 
oxide with heptane prove conclusively that it is not a good 
catalyst for aromatization. The order of aromatization 
activity is vanadium, cerium, thorium oxides. Vanadium 
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oxide IS comparable with, but inferior to, chromium 889 
oxide (A. B. Garrett) 

REGENERATION OF SPENT CATALYSTS IN THE SYN
THESIS OF HYDROCARBONS. N V. Internationale 
Koolwaterstoffen Synthese Maatschappij. British Patent 
530,036, Dec. 3, 1940 

The spent catalyst contg. Th is treated with a mineral 
acid to dissolve the Th and if desired the other catalyst con
stituents. A sludge IS pptd by NajCOs from the acid soln 
obtained. This sludge contains a large amt. of Th The 
sludge IS dissolved in H2SO4. The Th is pptd. by K2SO4 
from the H2SO4 soln. obtained as Th-K sulfate, which in 
turn is sepd. from the soln. An insol. Th(COs)2 is prepared 
from the sulfate and the carbonate is recovered. 

886 
DIRECT DETERMINATION OF OXYGEN IN ORGANIC 
COMPOUNDS BY HYDROGENATION. HI. REDUCTION 
MECHANISM ON THE NICKEL-THORU CATALYST. 
Kiyosi Morikawa, Toraki Kimoto, and Ryonosuke Abe. ogn 
Bull. Chem. Soc. Japan 16, 229-32(1941). 

In the reduction of CO and CO2 (produced in cracking at 
950°) on Ni-thoria catalyst (prepd. by the method of Russell 
and Taylor, C. A. 20, 325, and contg. 2% thona) in a stream 
of H2 (51./hr.) CH4 and HjO are produced. The optimum 
temp, of reduction of CO and CO, was 350°, higher temps 
decreasing the equil. consts. Above 400° the reduction of 
CO, (H2. CO2 ratio of 14.4-25 6) may be incomplete. Rapid 
cracking of the sample or a decrease in H2 concn. or 
H2: CO and H, - CO, ratios increases the amt. of unreduced 
C oxides'. C,H8 and C,H4 are decompd. to CH4 on the Ni-
thoria catalyst. H,S poisons Ni catalyst and must be r e 
moved prior to reduction of C oxides. A study of the de
compn. of sucrose, cellulose, lignin and Jarahinokl 
(Manchoukuo) brown coal by hydrogenation at temps, be
tween 200 and 950° indicates that O bonds increase in 
stability in the order- hydroxyl (ale. type); pyran or furan 
rings or O bonds of either type placed between pyran and 
pyran or furan rings; methoxyl and the benzopyran or 
benzofuran ring. (G. W. Ayers) 
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PROSPECTS OF THE PROBLEM OF SYNTHETIC OILS IN 
BELGIUM. A. van Itterbeek. Tech.-Wetsnsch. Tijdschr. 11_, 
37-44(1942); Chem. Zentr. 1942. I, 2955. 

A discussion of future possibilities of oil synthesis in 
Belgium includes a review of synthetic oils, Bergius and 
Pischer-Tropsch processes, catalysis as the basis of the 
oil synthesis, relationships between catalysis and adsorp
tion, recent detns. of adsorption at extremely low pres
sures and extremely pure adsorbing surfaces of Ni, Cu and 
Cu activated with Th oxide (carried out in the Laboratory of 
Natural History at Louvain), comparison of the results ob
tained with the velocity of reaction of the gas mixt. CO-
hydrogen, discussion of the regions of reaction for methane 
and heavy oils with the aid of so-called stoichiometric 
temps., influence of pressure on the stiochiometric points, 
practical importance of the empirical detn. of the properties 
of catalysts with the aid of adsorption measurements. 
(L. F. Marx) 

D 
RECLAIMING COBALT AND THORIUM FROM SPENT CON
TACT CATALYSTS. Otto Klein and Karl Meyer (to Braun-
kohle-Benzin A.-G ) German Patent 722,553, May 28, 1942 
(CI. 12o. 1.03). 

The catalyst is dissolved in H,S04 and filtered. In the 
filtrate Th is pptd. with K2SO4 as the double sulfate. After 
filtering off the ppt., the Fe is pptd. as Fe(OH)s with an 
alkali carbonate. Finally the Co is pptd. as carbonate. 

1 
CATALYTIC REDUCTION BY FORMIC ACID UNDER PRES
SURE, n . COMPARISON AND Cu AND Ni AS CATALYSTS. 
R. R. Davies and H. H. Hodgson. J. Chem. Soc. 1943, 281-2. 

BzH and HCO,H (0.01 g.-mole each) and 1 g. Cu-kiesel-
guhr catalyst, heated to 200° during 2 hrs . and at 200° for 
1. hr., give 56% PhCHjOH, 18% PhMe and 26% BzH; BzOH 
gives mainly CjHe and PhN02 almost entirely PhNH,. With 
Nikieselguhr PhNO, gives cyclohexylamine and PhOH yields 
cyclohexanol. The method failed with l,8-CioHj(N02)2 and 
with the dehydration of PhOH to Ph20 with thoria as cata
lyst (C. J. West) 

REGENERATION OF CATALYSTS CONTAINING THORIUM 892 
Karl Buchner (to Hydrocarbon Synthesis Corp.). U S. 
Patent 2,278,644, Apr. 7, 1942. 

A process is employed for recovering Th values of high 
catalytic activity, practically free from Fe, Ni, Co, Al,03 
and SiO,, from spent Th catalysts contg. substantial amts 
of Fe, such as those used in the production of hydrocarbons 
from CO and H, which involves treating them at a moder- 893 
ately elevated temp, with an inorg. acid to ext. the cata
lytically active constituents, adding to the resulting acid 
soln. a sol. carbonate to produce a ppt. rich in Th, dis
solving this ppt. in H,S04, pptg. the Th from the H,S04 
soln as Th K sulfate, and converting the latter into insol. 
Th hydrocarbonate. 

B 
CATALYTIC ACTION OF NICKEL AND COPPER- 894 

THORIUM IN THE FORMATION OF METHANE AND 
HEAVY GASES. A. van Itterbeek and W. van Dingenen. 
Z. physik. Chem. B50, 341-60(1941). 

The adsorption of H-CO mixts. by Ni foil was detd. 
at low pressures (less than 2 mm. Hg) and over a wide 
temp, range. At 167° and 329° H and CO are adsorbed in 
the ratio 3 :1 corresponding to CH4 formation, and at 
125° and 378° they are adsorbed in the ratio 2 :1 corre
sponding to higher paraffin formation. The reaction rates 
also show max. at these temps. Cu adsorbs H and to a 
smaller extent CO only if it contains traces of Th. At 
250° and 325° H and CO are adsorbed in the ratio 3 : 1 . 
Similar expts. with D are described. (B.C.P.A.) 

CATALYTIC DECOMPOSITION OF DIPHENYL ETHERS 
INTO PHENOL. Curt Behrisch (to Chemische Fabrik 
von Heyden A.-G.). German Patent 730,236, Dec. 10, 1942 
(CI. 12q. 14.02). 

Th oxalate or substances contg it is used as a decompn. 
catalyst. 

3 
RECLAIMING Th FROM SPENT HYDROGENATION CATA
LYSTS. Karl Buchner (to Ruhrchemie A.-G.) German 
Patent 729,059, Nov. 12, 1942 (CI. 12m. 9). 

The Fe-Th mixt. is dissolved in H2SO4. K,S04 is added to 
this soln. to ppt. K,Th(S04)s. The ppt. is filtered, washed 
and then boiled with a coned, soln. of Na2COs; this converts 
Th to Th bicarbonate. 

4 
POLYMERIZATION OF ISOBUTYLENE ON HYDROSILICATE 
CATALYSTS. HI. B. A. Kazanskii and M. I. Rozengart. J. 
Gen. Chem. (U. S. S. R.) 13, 304-8(1943) (English summary). 

Using the previously described technique (C. A. 37, 3044,) 
the authors studied the polymerization of isobutylene on 
pyrophosphoric acid deposited on kieselguhr and on Gayer 
type catalysts; also on Zn or Tl deposited on silica; finally 
the effect of a Th catalyst deposited on silica was studied. 
The first 2 catalysts give products similar to each other m 
compn., which shows the similarity of the polymerizing 
action of these catalysts. Catalysts of the Gayer type and 
contg. Zn or monovalent Tl are not capable of polymerizing 
isobutylene. The Th-beanng catalyst is capable of poly-
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merizing isobutylene but is rapidly poisoned. The active 
principle of polymerization catalysts of the Gayer type 
is the hydrosilicate of the correspoinding metal, which is 
the carrier of the acid properties of these catalysts. 
(G. M. Kosolapoff) 
5 
Th RECOVERY FROM PRECIPITATES ALSO CONTAINING 
Fe. Paul Schaller, Ernst Froelecke, Karl Meyer, Otto 
Roelen and Robert Luben (to Hydrocarbon Synthesis Corp.). 
U. S. Patent 2,330,750, Sept. 28, 1944. 

Ppts., such as those from a spent catalyst treatment, 
which contain Th and a substantial amt. of Fe, as obtained 
by the action of an alk. pptg. agent on salt solns. contg. Th 
and Fe, are treated by a method which involves a first 
stage including the steps of dissolving the ppts. in an acid, 
such as HNOs, adding to the soln. thus obtained more alkali 
carbonate, such as Na2C02, than required to convert all the 
Th in the soln. into Th carbonate, thereby pptg. all of the 
Fe while leaving most of the Th in soln. as Th alkali metal 
double carbonate, and sepg. the ppt. from the soln ; and at 
least one subsequent stage including the steps of dissolving 
the last-mentioned ppt. contg. the Fe and some of the Th, 
in an acid such as HNOs, and adding to the soln. thus ob
tained approx. the same quantity of alkali carbonate as used 
in the first stage so that all Fe present is again pptd. while 
substantially all the Th that was assocd. with the Fe r e 
mains in soln., a moderately elevated temp, (suitably about 
40-50°) being employed in the pptn. of the Fe in the first 
stage, and a higher temp, (suitably about 75-90°) in the 
pptn. of the Fe in any subsequent stage. 

6 
ACTIVATING EFFECT OF CERTAIN METAL OXIDES ON 
Fe-Cu CONTACTS, USED IN THE SYNTHESIS OF GASO
LINE FROM WATER GAS. Ya. T. Eidus, P. F. Epifanskii, 
L. V. Petrova, N. V. Elagina, and S. B. Al'tshuller. Bull, 
acad. SCI. U. R. S. S., Classe sci. Chim. 1943, 145-51 
(English summary). 

Of the oxides of Mg, Al, Mn and Th, the first 2 had the 
highest activating effect on Fe-Cu-KsCO,-kieselguhr cata
lysts prepd. by the pptn. method and used in the synthesis 
of gasoline from water gas. The highest yield of liquid hy
drocarbons was obtained with a catalyst prepd. by pptn. 
with K2CO, and activated with MnO. The catalytic stability 
of the Fe-Cu catalysts was low. (G. Berend) 

7 

ACTIVITY AND STABILITY OF Fe-Cu-Th02-K,COs CATA
LYST IN THE SYNTHESIS OF LIQUID HYDROCARBONS 
FROM CO-H MIXTURE AS INFLUENCED BY COMPOSI
TION OF THE CATALYST AND THE NATURE OF THE 
CARRIER. Ya T. Eidus and N. V. Elagina. Bull acad 
sci. U. R. S. S., Classe sci. Chim. 1943, 305-ll(English 
summary). 

Eighteen catalysts of compn Fe-Cu-Th02-K2COs-carrier 
were examd. in the synthesis of liquid hydrocarbons from 
1:1 CO-H2 mixt. The catalyst Fe 100: Cu 25: KjCOs 2: 
kieselguhr 125 shows a sharp optimum for Th02 content at 
1%. Slight max. in efficiency is found at 2% KjCOs in Fe 
100: Cu 25: ThO^ 2-kieselguhr catalyst. In this catalyst, 
the best results were obtained with the carr ier of Insen 
diatomite and marshallite, with the latter support being 
somewhat more stable. The results contradict the view of 
catalyst support as an inert mass. The Fe catalysts in
vestigated showed poor stability, which was not improved 
with variations of Th02 content. (G. M. Kosolapoff) 

i 

CATALYST FOR CARRYING OUT CATALYTIC REAC
TIONS IN GASEOUS PHASE. Deutsche Gold- und Silber-
Scheideanstalt vorm. Roessler. Belgian Patent 445,998, 
July 31, 1942. 

The catalyst, for the oxidation of NH3, is a Pt alloy 
contg. Re 3 (and even up to 8) Pd up to 6, various metals 
(Co, V, Sb, Tl, Ba, Cu, Sn, Ce, Al, Ge, Zr) 5-10 and Th 
2-3%. 

899 
REACTIONS OF HYDROCARBONS IN THE PRESENCE OF 
CRACKING CATALYSTS V. POLYMERIZATION OF 
GASEOUS OLEFINS. Charles L. Thomas. Ind. Eng. Chem 
37, 543-5(1945); cf. C. A. 39, 2838. 

This paper is the fifth of a series to show that synthetic 
cracking catalysts (I) are capable of accelerating a variety 
of hydrocarbon reactions (loc. cit ) Lab. and pilot-plant 
tests showed that at high temps, the synthetic silica-
alumina I as prepd. for catalytic cracking will polymerize 
propylene and the butylenes. Propylene was polymerized 
to dimers and t r imers . The reactions were conducted at 
temps, from 165° to 300° and pressures from 45 to 50 kg 
per sq. cm. At 165° the synthetic silica-zirconia I poly
merized butylenes. Silica-zirconia-alumina and silica-
alumina-thoria were active I for the polymerization of 
butylenes present in tech. gas mixts. Silica xerogel, 
activated alumina, and Zr02 were found to have negligible 
catalytic activity for the polymerization reaction. The 
double metal I polymerized isobutylene faster than the 
n-butylenes. In each ejcpt. the feed rate was about 7 to 8 
vols, of liquified charge per hr. per gross vol. of catalyst 
All synthetic I could be regenerated by air at 450-500° 
The regenerated I were as active or more active than the 
fresh catalyst. Some properties of C4 polymer obtained in 
pilot-plant tests with a silica-alumina catalyst are given — 
dJ" 0.7267 to 0.7365, A.S.T.M. distn., initial b.p. 37°, 10% 
over 93°, 30% 116°, 50% 113°, 70% 176°, 90% 258°, end point 
294°. A Cs fraction, when hydrogenated, had an octane no. 
of 95.3. 26 references. (D.W.Y.) 

900 
CATALYST FOR DEHYDROGENATING HYDROCARBONS 
Charles L. Thomas (to Universal Oil Products Co.) U. S 
Patent 2,377,113, May 29, 1945. 

Yields of 19-26% butenes were obtained by passing 
butane mixts. over a promoted AI2OS catalyst at 450-700°, 
using pressures from below atm. to 50-100 lb per sq in 
Contact time was 0.5-60 sec. The catalysts were Al,03 
with 10-20% Cr20s, combined with 0.1-10% of Cu, Ce, Th, 
Mn, V, or Mo oxide. Typically, 100 parts of activated 
Al,03 was impregnated with a soln. of CrOs, dried, and r e 
treated until 12% Cr,Os was present: the mixt. was calcined 
at 500°, treated with a soln. of Th(N03)4, and again calcined 
at 500°. This catalyst gave 19% butenes as compared with 
16% for the unpromoted AljOj-CrjOs catalyst. Mn gave 26% 
and Ce 21% when used as promoters. (O. J. Sweeting) 

901 
MANUFACTURE AND REGENERATION OF FISCHER-
TROPSCH CATALYST. R. C. Aldrich. Natl. Petroleum 
News 37, No. 45, R922-4(1945). 

The report of a study of the normal Co-Mg-Th-kieselguhr 
type catalyst used in a com. plant at Harnes, France. 
(E. H. Renwick) 

)02 
DIOLEFINS BY CRACKING UNDER OXIDIZING CONDI
TIONS. John G. Allen (to Phillips Petroleum Co.). U S 
Patent 2,387,731, Oct. 30, 1945. 

An app. is described to effect conversion of straight-run 
naphtha b 200-400°F. to 1,3-butadiene (I). The charging 
stock, mixed with 5 mols. of steam per mol. of oil and 
preheated to 1100°F., is passed over a porous alundum 
plate coated with ThOs, air at 500°F. is blown through the 
plate at a rate of 1.1 lb. per lb. of oil. After a contact 
time of 0.2 sec , the effluent gases (then at 1600°F.) are 
quenched with H2O to 350°F. and sent to the sepn equip-
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ment. By extractive distn. with furfural, an overall yield 
of I amounting to 4.5% of the charge is secured. (Orville 
J Sweeting) 

3 
THORIA-ALUMINA CATALYST BEST FOR ISOPARAFFIN 
SYNTHESIS — ZINC OXIDE IS LESS EFFICIENT, LESS 
EXPENSIVE. (U. S. Naval Technical Mission in Europe) 
Tech. Rept N« 110-45; Oil Gas J 44, No. 37, 86, 89(1946) 

A catalyst composed of alumina and thoria proved to be 
the best for use in German isoparatfin syntheses Increase 
of alumina content increases CH4 formation. Zinc oxide and 
alumina catalyst shows slightly lower yields but better 
promise as a com. catalyst. Pressures of 4,500 lb per sq QQ^ 
in and temps, of 788 —842°F were used to form isoparaffins 
from CO and H by the Fischer-Tropsch synthesis. (J. 
Harold Pernne) 

4 
DEHYDROISOMERIZATION OF BUTANE. Herman S. Bloch 
and Raymond E Schaad (Universal Oil Products Co., River
side, III.) Ind. Eng. Chem. 38, 144-7(1946). 

Two catalysts were tried for the production of isobutylene 
from n-butane by the process of first dehydrogenating and 
then isomerizing. The 1st catalyst consisted of equal vols, 
of granular olefin-isomenzation catalyst, 20 S1O2: 1 AI2O3: 
0.1 Th02, and granular dehydrogenation catalyst, 10% CrjOs 
on AI2O3 These were mixed and were called a "mixed cata
lyst." For the 2nd, the "composited catalyst," the 2 com
ponent catalysts were ground together in about, the same 
proportions and pelleted The 1st was used, in a Pyrex or 
quartz tube, at temps, from 500 to 600° and at various 
gaseous hourly space velocities, the 2nd, at 500 and 550°. 
The best results were considered to be those obtained at 
525-575° with hourly space velocities of 500-1200, here 
butylene yields of 25-30% were obtained and dehydro
genating efficiency was about 85%. The mixt. of granules 
was much more effective as a catalyst than the composited 
catalyst. (Emma E. Crandal) 

905 

906 

I to II and further to HI, under reduced pressure and at 
temps around 350°. The oxide was best prepd. by decompn. 
of pure Th oxalate at temps, below 400° Single-pass con
versions of 60% to III and of 80% to H plus III were ob
tained. Although the ThOj seemed to be specific in its 
action, some dehydration to EtCOMe occurred either in 
the gas phase, on the walls of the app., or on traces of im
purities in the catalyst. The rate of dehydration to II and III 
was inversely proportional to the pressure. For one Th02 
catalyst the apparent energy of activation of the reaction 
in which I was dehydrated to II was 25,000 cal. per mole. 
(J. F. Kef ford) 

DIOLEFINS FROM PARAFFINS. Maryan P. Matuszak (to 
Phillips Petroleum Co.). U. S. Patent 2,394,625, Feb. 12, 
1946. 

Two-stage dehydrogenation of a feed stock of butane (I) 
gave initially H 17-28, butylenes 13-19, light hydrocar
bons 1 5-3 .5 , heavy hydrocarbons 0.2-0 8, and unchanged 908 
I 68-49% when the catalyst bed was held at 850-950°F. 
The operating pressure was about 1 atm., and the space 
velocity was 1500—2500 vols of gaseous hydrocarbon per 
vol. of catalyst per hr Without sepn , this mixt. was sent 
to stage 2 operated at 1100-1200°F. and a space velocity 
of 800-1200. 1,3-Butadiene may be recovered in good 
yield (not stated exactly) by fractionation followed by extn 
with Cu"'̂ '*' salts Isopentane treated likewise produced 
isoprene, and pentane produced piperylene. The catalyst 
used in stage 1 was black Cr oxide prepd. by nonspontaneous 
thermal decompn. of Cr salts, either alone or combined 
with equimol. amts. of oxides of Al, Zr, Mg, Th, Si, Ti, or 
B. The catalyst for stage 2 consisted of granular AI2O3 
impregnated with about 15% CrjOs. An app. is described. 
(Orville J. Sweeting) 

5 
THE CATALYTIC DEHYDRATION OF 2,3-BUTANEDIOL 
TO 1,3-BUTADIENE. Malcolm E. Winfield (Univ. of Mel
bourne) J. Council Sci. Ind. Research 18, 412-23(1945). 

Quartz chips, B2O3, BeO, red P on pumice, CaHP04, 
NaOAc, CaCOs, CaS04, and Th02 (prepd. by different 
methods) were examd for their ability to dehydrate gaseous 909 
2,3-butanediol (I) through CH2 - CHCH(OH)Me (II) to 1,3-
butadiene (III). In most cases the alternative reaction to 
EtCOMe was favored Th02 catalyzed the dehydration of 

CATALYTIC CONVERSION OF HYDROCARBONS. Milton 
M. Marisic (to Socony-Vacuum Oil Co.). U. S. Patent 
2,400,465, May 14, 1946. 

A SiO,.ZrO, conversion catalyst is described in which 
the catalyst is prepd. by adding a Na silicate soln. of proper 
concn. to a soln. contg. an acid and a predetd. quantity of a 
Zr salt, of such concns. that the mixt. has a pH of from 2.5 
to 10. The concns. of the salts in the solns. are such that 
upon mixing pptn. or coagulation does not occur, but that 
within a few sees., sufficient time to obtain complete mixing, 
the entire mixt. forms a hydro-gel "N." brand Na silicate 
(28.7% SiO,, 8.9% Na20), 3710 g. was dild. to 10 1. with 
distd H,0 and added to 6.7 1. of a well-agitated soln. contg. 
384 g. of Zr(S04), and 3.03 1. of 2.026 N HCl A clear col
loidal soln resulted having a pH of 6.0 and which set to a 
gel after 30 sec. The gel was broken into about half in 
particles and allowed to stand about 30 min. to permit 
syneresis of the gel. The gel was then dried at 180°F to a 
H,0 content of 65% and then washed with H,© until free from 
sol. salts. The salt-free gel was base-exchanged by wash
ing 4 times with a 5% soln. of NH4CI, then washed free from 
excess NH4CI, dried at 180°F to const, wt., broken into 
fragments and heat-treated at 1100°F. for 4 hrs. An 
Oklahoma City gas oil of 35.8° A.P.I, gravity and a boiling 
range of 471° to 708°F. was cracked over this catalyst at 
800°F. at a liquid space velocity of 1.5 for 20 min. From 
2.5 to 5.1% of the oil remained as coke, 5.5 to 9.1% was 
converted to gas, and 44 to 53% to gasoline. Th02 on AI2O3 
may be included in the catalyst during prepn. (H. E. Mess-
more) 

3 
REDUCING THE OLEFIN CONTENT OF AN OLEFINIC 
DISTILLATE. Vladimir Haensel and Vladimir N. Ipatieff 
(to Universal Oil Products Co.). U. S. Patent 2,401,636, 
June 4, 1946 

A process is described for reducing the olefin content of 
an olefin-contg. naphtha by relatively low-temp, treatment 
in liquid phase over a S1O2 catalyst contg. AI2O3, ZrO,, 
MgO, Th02, or Ce02. The olefinic naphtha may be passed 
at from 400° to 650°F. at pressures above about 300 lb. 
per sq. in. over the catalyst at flow rates preferably from 
0.5 to 5.0 parts by wt. of naphtha per part of catalyst per 
hr. Sufficient pressure is maintained to make the process 
substantially a liquid-to-solid contacting. Catalytically 
cracked gasolines of 300°F. end point were treated over 
a pptd. S1O2. AI2OJ ZrO, catalyst at 475° to 639°F. and at 
800 lb. per sq. in. pressure and the treated stock frac
tionated to recover a gasoline of 300°F. end point. The Br 
no of the cracked feed stock was 95, and when treated at 
390°F., 475°F., 520°F., 581°F., and 639°F., the Br nos. of 
the resp. treated stocks were 57, 26, 20, 27, and 45. 
(H E. Messmore) 

i 
CATALYSTS FOR THE PRODUCTION OF SYNTHETIC 
FUELS FROM COAL. S. V. Tatarskii, K. K Papok, and 
E G. Semenido. Neftyanoe Khoz 24, No. 2, 52-5(1946). 
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A description of a no. of catalysts (12) used by German 
industry for the hydrogenation and thermal treatment of 
coal, for hydrogenation in the liquid and in the gaseous 
phase, and for the Fischer-Tropsch synthesis. The cata
lysts for hydrogenation in the liquid phase are: Kontakt I 
(a substance contg. dispersed Fe203 such as bog ore, the 
sludge from the Bayer process for alumina, ash from a 
Winkler generator, etc.). It is used as a coal-hydrogenation 
catalyst and is added in quantities of 9% of the coal. Cata
lyst No. 10927 or Kontakt II is used for hydrogenation of tar. 
It consists of a Fe,03 carrier satd. with Fe(OH)3. The car
rier is a substance used as Kontakt I. The satn. is carried 
out by treating the carrier with solns. of Fe,(S04)3 and 
NaOH taken in equiv. quantities and so calcd. that there 
would be 5% Fe(OH)s. From 0.3 to 0.5% of fresh catalyst 
was fed as a paste into the cycle. From 3 to 4 cu. m. of the 
paste contg. 30% of solid catalyst was used for 20-25 cu. m. 
per hr. of tar. Kontakt HI comprises a S-contg. substance 
such as Na,S or S; it is added in quantities of 0.1-0.3% to 
starting materials deficient in S. Kontakt No. 11002 is a 
powd. Mo-contg. (2-3%) material. Its exact compn. is not 
known. This catalyst was used before the war and then was 
replaced by Fe catalysts. The catalysts for vapor-phase 
hydrogenation are: Catalyst No. 5058 is WS, and is used for 
prehydrogenation. This catalyst is used in quantities of 0.09% 
of hydrogenated medium oil. It is 4 times as effective as 
MoS,, which it replaced. Prepn. of WS, catalyst is described. 
From 19 to 20 tons of this catalyst suffices for 60,000 tons 
of product. Catalyst No. 8376 contains W 18, Ni 2, and Al,Os 
as carr ier 80%. It Is used in quantities of 0.03 kg. per ton 
of medium oil. Its prepn. is described. Catalyst No. 6434 
consists of W 20 and carr ier 80%. Terrana, an activated 
earth from Bavaria, is used as carr ier . This catalyst is 
used for benzination in quantities of 0.07 kg. per ton of ben
zine. Its prepn. is described. Catalyst No. 5633 consists of 
Mo oxide 5 (in some instances 9) and Al,Os 95%. It is used 
for aromatization of hydrogenation benzine. Catalyst No. 
6448 used for dehydrogenation of butane to butylene con
sists of Al,Oj 90, KjO 2, and Cr,Os 8%. Catalyst No. 2730 is 
used for polymerization of isobutylene into isooctylene and 
is comprised of activated C stad. with H3PO4. Its compn. is 
HsP04 35, activated C 60, and H,0 5%. Catalyst No. 4821 
consists of asbestos 25-satd. with H4P2OT 75% and is used 
for polymerization of isobutylene. Catalyst No. 3076 used 
for hydrogenation of isooctylene and isooctane consists of 
NiS 1 and WS2 1 mol. The prepn. of the aromatization and 
polymerization catalysts is described. For the Fischer-
Tropsch synthesis a catalyst is used contg. Th02 5, MgO 
10-11, and diatomite 200 g. per 100 g. of CO. This catalyst 
is prepd. from the respective nitrates. Details are given. 
(M. Hoseh) 

910 

THE LIFE OF A COBALT CATALYST FOR THE SYNTHE
SIS OF HYDROCARBONS AT ATMOSPHERIC PRESSURE. 
C. C. Hall and S. L. Smith (Fuel Research Station, East 
Greenwich, Eng.). J. Soc. Chem. Ind. 65, 128-36(1946). 

A catalyst (I) of compn. by wt., Co 100, ThO, 6, MgO 12, 
kieselguhr 200 parts, was used on a lab. scale for the 
Fischer-Tropsch synthesis of liquid hydrocarbons (H) 
from CO and H, at atm. pressure for 14 months with an av. 
yield of 122 g. of n per cu. m. of inert-free synthesis gas 
(H, 63, CO 31, CO, 3, N, 3%). The compn. of the H remained 
unchanged at any const, reaction temp.; an increase in 
temp, caused an increase in the fraction b. below 150° (40% 
at 185° and 60% at 205°) and a decrease in the fraction b. 
above 300° (wax fraction) (11% at 185° and 6% at 205°). 
Max. I life was obtained by frequent treatment, e.g., at 
15-day intervals, with H, at temps, in the synthesis range 
(175° to 195°) and by repetition of the original reduction 

process at 390° to 405° (400° to 450° for plant process) when 
a reaction temp, of 195° was necessary to maintain activity. 
The latter process should be necessary only every 5 or 6 
months if the 185° H, treatment is given every 7 days and if 
the temp, is controlled to give a yield of 110 to 115 g. per 
cu. m.; the I should last at least 18 months before reworking 
is necessary. Processes which apparently contribute to the 
deterioration of the I are discussed. (P. J. Elving) 

1 
ISOMERIZATION OF DIALKYLBENZENES. Edward D. 
Reeves (to Standard Oil Development Co.). U.S. Patent 
2,403,757, July 9, 1946. 

The isomerism and disproportionation of o-dialkylben-
zenes to produce mixts. of m- and p-isomers are carried 
out with a special catalyst which may contain from 2 :1 to 
10:1 mols. of SiO, per mol. of AljOs; other catalysts may 
contain also small quantities of the oxides of Mg, Th, Zr, 
and B. These can be prepd. by the addn. of the nitrates, 
acetates, or hydroxides of these metals to the hydrogels, 
followed by the addn. of NH40Hand drying at 300-400°, 
and finally at 800-900°F. in general, the temp, is between 
500° and 1150°F. (preferred 750° to 1025°F.). The through
put rate is between 0.4 and 4 liquid vols, per vol. of catalyst 
per hr. The catalyst is active for 2 -12 hrs . , after which it 
can be regenerated (2 -3 hrs.) by passing air or other gas 
contg. O through it. Even at the high operating temp., the 
coke formed on the catalyst mass is of the order of 0.6 wt.-
% while maintaining an o-xylene conversion of 60% or better. 
At a given temp, the conversion decreases with increasing 
feed rate; at 1000°F., from 79 to 52.5% on increasing the 
feed rate from 0.6 to 4; at a feed rate of 0.6, increasing the 
temp, from 750° to 975° increases the conversion from 44 
to 77%. The results of runs under various conditions are 
given. (C. J. West) 

2 

CATALYTIC SYNTHESIS OF HYDROCARBONS AND OXY
GENATED COMPOUNDS FROM KETENE AND ITS RELA
TION TO THE FISCHER-TROPSCH SYNTHESIS. B. R. 
Warner, M. J. Derrig, and C. W. Montogmery (Gulf Re
search & Development Co., Pittsburgh, Pa.). J. Am. 
Chem. Soc. 68, 1615-17(1946). 

It was proposed by Fischer and Tropsch (C. A. 20, 2814) 
that the catalytic synthesis of hydrocarbons from H and 
CO proceeds through the polymerization of CH, radicals, 
the latter being formed by the reduction of metallic car
bide produced from the metal and CO. It was of interest 
to det. whether ketene (I) decomps. catalytically into CH, 
and CO and whether these react further to give products 
similar to those obtained from H and CO. A charge of 
7.35 I. H and 20 cc. liquid (I) was passed over a Co-ThO,-
kieselguhr catalyst at 210° by bubbling the H through the (I) 
at -60°. The products were CH, 2.8, C2H4 2.7, CsHj 3.8, 
total liquid 21.8, wax 3.6, CO 64.2%. The liquid had the 
nature of gasoline. The wax had a softening point of 30-5° 
and its analysis approximated that obtained from H and CO. 
Possible methods of the formation of these products and 
the possibility that (I) is an intermediate in the Fischer-
Tropsch synthesis are discussed. (C. J. West) 

I 

INVESTIGATIONS ON SYNTHETIC FUELS CARRIED OUT 
AT THE KAISER WILHELM INSTITUT FUR KOHLENFOR-
SCHUNG. D. R. Dewey. Chimie & Industrie 55, 327-8 
(1946). 

Optimum conditions for the synthesis of isoparaffln are 
300 atm. and 420-50°. With lower pressures the yield de
creases considerably, though a very slow reaction is still 
observable at 30 atm. pressures above 300 atm. give in
creasing percentages of oxygenated compds. and at 100 atm. 
(misprint for 1000?) the chief product is Me,0. Temps, be-
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low 420° result in lowered reaction velocity or a larger per
centage of unsatd. compds., a high percentage of ales., and 
less formation of C on the catalyst. Slightly above 450° the 
products obtained are chiefly of naphthenic character and 
there is excessive deposition of C on the catalyst; the reac
tion velocities, however, increase. The best compn. of the 
synthesis gas is a CO: H, ratio of 1.2. Increasing the pro
portion of H2 increases the formation of CH4; reducing the 
proportion lowers the total yield. The best catalyst con
sists of a ppt. of AI2O3 and Th oxide, but a ZnO-Al203 
mixt. seems to give almost as good results and is cheaper 
With either catalyst it is necessary to burn off the C de
posit after continuous operation for 2 weeks; this is 
accomplished by introduction of air heated to the synthesis 
temp. (450°) Catalysts thus treated have functioned con
tinuously for over 6 months without exhibiting any appre
ciable loss of activity They have been maintained for 
prolonged periods at 800° without sustaining injury. The 
amt of heat evolved is substantially the same as for 
normal synthesis (Vs of the heat of combustion of the prod
ucts obtained). As it is possible to operate within temp, 
limits of 20-30°, the problem of temp, control is greatly 
facilitated. Another advantage is that S does not seem to be 
as harmful as in other syntheses; the permissible limit, 
however, has not yet been established. The rate of flow of 
the gases was investigated and it was found that 20 cc of 
catalyst (2-4 mm. size) was required per 1. of gas per hr.; 
any increase of this rate resulted in a marked drop in yield 
and tended to increase the proportion of ales, produced. 
With a ZnO-Al203 catalyst, a CO to H, ratio of 1, a pres 
sure of 300 atm and a temp, of 450°, the total yield of hy
drocarbons was 120-130 g. per cu. m , of which 20 g of 
C3 hydrocarbons, 50-80 g. of C4 hydrocarbons (90% isobu-
tane), and 30-60 g. Cj hydrocarbons (over 97% isobutane— 
misprint for isopentane ' ) . Comparison of the 2 catalysts 
showed that 1 -1 Al203-Th oxide gives best results. Larger 
gas flows can be used with little tendency to formation of 
ales ; there is, however, greater tendency to deposition of 
C. Yields are but little influenced by varying the proportion 
of Al,03 in the catalyst from 20 to 40% Increasing the pro
portion of AI2O3 increases somewhat the production of CH4 
On the other hand, addn of 0 5-1%; K2CO3 to the catalyst 
slightly increases the yield. A 1:1 ZnO-Al203 catalyst 
seems suitable as a com catalyst on account of its low 
cost; it gives a slightly lower yield than a Th oxide catalyst 
and gives rise to the production of about 10% of ales. It has 
less tendency to deposition of C on the catalyst. As with the 
Th catalyst, a high AI2O3 content favors the formation of 
CH4. Addn. of K3CO3 seems to offer no advantage. The Th 
catalyst giving best results was prepd. by pptg. Na alumi-
nate with H2SO4, washing the ppt., mixing it with moist 
Th(OH)4, drying at 100°, and crushing to the desired size 
Aromatic compds were successfully synthesized by using 
Cr, Mo, and Th oxides as catalysts. To reduce the forma
tion of carbonates, 5-10% K2CO3 was added, which also had 
the effect of reducing the various catalysts A 1 :1 ratio of 
CO to H2 under 30 atm. at 500° was used. Higher temp, or 
pressure reduced the reaction velocity and did not give 
r ise to the formation of aromatic compds. The yields were 
poor (not over 8-10 g. per cu. m., consisting of approx. 
equal quantities of aromatic and naphthemc compds.). A 
fairly large quantity of CH4 was also formed, and a con
siderable proportion of the gases remained unchanged. 
The aromatic compds. consisted chiefly of toluene, xylene, 
and alkylbenzenes. The compn. of the naphthenes was not 
studied. The use of Fe base catalysts for the Fischer-
Tropsch process was due solely to wartime necessity on 
account of scarcity of Cr. Co catalysts are better and 
more convenient and permit operating at lower temps It is 

improbable that Fe catalysts were actually used commer
cially, though their use was contemplated if there should be 
a total lack of Cr. (A.P.C.) 

914 
FUNCTION OF THE PROMOTERS IN THE CATALYSTS 
FOR THE FISCHER-TROPSCH SYNTHESIS. S. R. Craxford 
(Fuel Research Sta., Greenwich, Eng.) Trans. Faraday 
Soc 42, 580-5(1946). 

The rates of some simple pertinent reactions were detd. 
for 5 catalysts: (1) Co; (2) Co-Th02, 100-18; (3) Co-
kieselguhr, 1:1; (4) Co-ThOj-kieselguhr, 100:18:100; (5) 
Co-Th02-kieselguhr, 100:21:100. All of these catalysts 
were equally active for the reaction: C2H4 -1- H2 — C,H8 at 
20°. Both kieselguhr and thoria were powerful promoters 
for the reaction 2CO + 2Co = Co,C + CO,. The most effec
tive catalyst contains 18% ThO, and no kieselguhr; catalyst 
(5) reacts very much more slowly than (4). The ThOj and 
kieselguhr do not act primarily by increasing the available 
area of the Co but as specific promoters for the formation 
and reduction of CoC2. Although the primary consideration 
for an active Fischer catalyst is a high rate of carbide for
mation, this must be coupled with a relatively slow rate of 
reduction of carbide if oils are to be formed. (Victor R. 
Deitz) 

915 
REDUCTION OF CATALYSTS FOR THE SYNTHESIS OF 
ALIPHATIC HYDROCARBONS FROM MIXTURES OF CAR
BON MONOXIDE AND HYDROGEN. Ya. T. Eidus. J. 
Gen Chem. (U.S.S.R.) 16, 875-83(1946). 

A comparative study was made on reduction of the fol
lowing water-gas catalysts: Co-Th02-kieselguhr (100:18: 
100), Fe-Cu-Th02-K2COs-kieselguhr (100:25:2:2:125), and 
Fe-Cu-Th02-K2C03-marshallite (100:25:2:2:125). The 
general course of reduction was similar in both catalyst 
types, with the max. reduction rate occurrmg at the be
ginning of reduction. Reduction with H at 375° proceeds 
more rapidly and results in twice as great a loss m wt. in 
the 1st catalyst as was observed for the 2nd and 3rd catalyst 
at 250°; the latter catalysts are reducible with H only to the 
extent of 82%. Interaction of these catalysts with CO first 
results in further reduction of the former (loss in wt.) fol
lowed by carbide formation (wt. gain). CO is adsorbed on 
the 1st catalyst 4 times more effectively than on the 2nd or 
3rd, after H reduction. Slow heating-up of the latter catalyst 
during H reduction gives most active catalysts. (G.M.K.) 

916 
CHEMICAL ENGINEERING ASPECTS OF THE FISCHER-
TROPSCH PROCESS. C. C. Hall and A. H. Taylor. Trans. 
Inst. Chem. Engrs. (London), Advance Copy, Jan. 7, 1947, 
15 pp. 

A summary of chemical engineering data on the Fischer-
Tropsch process as collected in Germany by Allied inves
tigators. Synthesis gas was produced from coke m standard 
water-gas generators, the ratio of H, to CO being boosted 
from approx. 1.25:1 to the desired 2:1 with addnl. H, from 
coke-oven gas or by bringing a portion of the water gas into 
contact with a promoted iron oxide "shift" catalyst. H2S was 
removed from the gas by the ordinary iron oxide process. 
Org. S compds. were removed by a novel hot-purification 
process in which the gas at 300° passed through towers 
contg. granules of 70% Luxmasse and 30% Na2C03. The O2 
(0.2%) in the inlet gas combined with the decompn. products 
of the org. S. to deposit Na2S04 on the granules. A drawing 
of the arrangement of equipment is shown. Synthesis was 
carried out at either atm. pressure or medium pressure 
(10 atm.). Sep. systems were used for the two processes, 
and figures and tables are presented to give details of de
sign, operation, efficiency, and costs of plants operating 
each process. Synthesis catalyst was granular (1 -3 mm. 
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918 

in diam.), contg. in parts by wt.: Co 100, ThO, 5, MgO 8, 
kieselguhr 200. The reaction was exothermic (80 B.t.u. 
per cu. ft. CO and H, converted) and was carried out at a 
temp, of 170-220°, depending on catalyst age. Approx. 80% 
of the reaction heat was recovered as steam generated in 
the cooling-water tubes running through the reaction zone. 
Two reaction stages were used in the atm.-pressure proc
ess; three in the medium-pressure process. Catalyst in 
the first stage became coated with wax in 1—4 wks., and 
was solvent-extd. with the 165-320° cut of product to re 
move the wax. Primary products condensed and recovered 
included: (1) liquefied 0 , - 0 4 Sas, sepd from other products 
by absorption in active C and contg. not more than 2% CO,; 
(2) "gasoline," b. 30-165°, sp. gr. 0.68, Reid v.p. 0.5-0.8 
atm., octane no. (motor) 45-52; (3) light Diesel oil, b. 165- 919 
230°, sp. gr. 0.75, f.p. -40°, flash point 30°, cetane no. 76; 
(4) gas oil, b. 230-320°, used as raw material for detergent 
manuf.; (5) soft wax, b. 320-460°, raw material for fatty 
acid synthesis; (6) hard wax, b. over 460°, m. 80-90°, 
formed In the medium-pressure process only; and (7) 
catalyst wax, m. 80-90°, recovered by solvent-extn. of the 
catalyst. The chief obstruction to cost reductions in the 
German processes is the low space-time yield (max. 0.2 
tons primary product per cu. ft. reaction space per month), 
which is due to the necessity of having a large cooling sur- 920 

face for removing the heat of reaction. Alternate methods 
of cooling which were m exptl. stages included gas rec i r 
culation or oil circulation, both through the catalyst space, 
with the heat being removed from the coolant outside the 
reaction zone. Mention is made of the recently developed 
American practice in which the use of the "fluid catalyst" 
technique has permitted a substantial increase in space-
time yield. Cf. C. A. 40, 4501,. (J. C. Tallman) 

7 
SYNTHESIS OF LIQUID AND SOLID HYDROCARBONS 
FROM WATER GAS AT ATMOSPHERIC PRESSURE ON A 
PRECIPITATED Fe-Cu-ThO,-K,COj-MARSHALLITE 
CATALYST. Ya. T. Eidus. J. Gen. Chem. (U.S.S R.) 16, 
869-74(1946). 

Pptd. Fe-Cu-ThO,-K,CO$ marshallite catalyst was 
shown to have a rather high effectiveness in the synthesis 
of hydrocarbons from water gas at 250° at atm pressure. 
The best catalyst contained 1/2 ratio between ThO,/K,C03, 
which were used in 2% amt. relative to Fe Yields of solid 921 
paraffins as high as 13.6% are reported. (G. M. Kosolapoff) 

H. In example II, the NiCOs and Th(C03), are pptd. on 
kieselguhr, and the insol. material is sepd., washed, and 
dried, as in example I; a powd. catalytic mass (0.5-5.0% 
of the wt. of the final catalytic mass) previously prepd. and 
reduced as described in example I, is mixed in; the mixt is 
reduced by heating at 350° in a current of H; and the alkali 
is completely removed by washing and the mass dried as in 
example I. This results in a further improved catalytic 
mass. For prepn of catalytic masses useful at higher 
temps , the presence of Ce (1% of Ce,03 based on combined 
wts. of Ce,03 and ThO,) in the catalytic mass contg Ni and 
Th is beneficial. The substitution of (NH4),C03 for K,COs or 
NajCOs above is permissible, and results m volatilization of 
the alkali during reduction. (Ned E. Jaffa) 

9 
CATALYSTS FOR GAS REACTIONS Norman Booth, Leslie 
J. Jolley, and John Arthur Tebboth. British Patent 579,427, 
Aug. 2, 1946. 

A catalyst for the synthesis of CH4 from CO and H, is prepd. 
by combining Ni(NOs),, Th(NOs)4, and SiO, in the ratio of 
100:22:100, and pptg. with K,C03. The ppt is filtered, 
washed, dried, crushed, sized, and reduced in H, at 400°. 
Other suitable catalysts are prepd. by incorporating Na 
metaphosphate or K metaphosphate. (C. L Campbell) 

CATALYTIC MASSES FOR HYDROCARBON SYNTHESIS. 
Kshitlndra Mohan Chakravaity. British Patent 580,612, 
Sept. 13, 1946. 

Catalytic masses, especially those contg. Ni, for pro
moting the reaction of CO and H for the synthesis of hydro
carbons by the Fischer-Tropsch process can be improved 
in their capacity to form higher hydrocarbons, and their 922 
period of activity can be prolonged by reducing the metal 
carbonate (used in their prepn.) in presence of residual 
alkali and removing the alkali after or during the reduction. 
In example I, kieselguhr is suspended in a soln. contg pure 
salts of Ni and Th, preferably N1(N03)2 and Th(N03)4, the 
quantities being such that the ratio by wt. of Ni.ThO^: 
kieselguhr in the final catalytic mass is 100-18:100 A soln. 
of K2COS or Na,C03 is then added to the mixt to ppt. the Ni 
and Th completely as their carbonates. The insol. material 
is sepd. and washed with distd. H2O until the washings have 
a pH of about 10. The material is then dried and heated at 
400° in a current of H to reduce the NiCOs to Ni, the Th 
being converted to ThO,. The slight amt. of alkali, neces
sary during reduction, is then removed by washed with 
distd. H,0, while boiling, until the washings have a pH of 
about 7. The mass is then dried by heating in a current of 

CATALYTIC CONVERSION PROCESS. Eugene E. Sensel 
and Roland A. Beck (to Texas Co.). U.S Patent 2,414,276, 
Jan. 14, 1947. 

A powd. catalyst, of diatomaceous earth 64, Co 32, and 
Th and Mg oxides 4%, is continuously passed into a reaction 
zone, where it comes into contact with a mixt. of H and CO 
at 320- 420°F., to produce a mixt of normally gaseous and 
normally liquid compds. by hydrogenation of the CO. The 
products and catalyst are removed from the reaction zone, 
and the products are fractionated into a naphtha fraction 
and a gas-oil fraction The withdrawn catalyst, with at 
least a portion of the gas-oil fraction, is subjected to a 
temp, of 500-800°F, in the presence of H in a reactivating 
zone, and is then returned to the reaction zone The gas-
oil fraction in the reactivating zone is cracked under these 
conditions, and may be passed into the fractionating zone. 
A flow sheet of the process is given. (Robert W Short-
ridge) 

1 
PRODUCTION OF BUTADIENE FROM ALCOHOL. W. J 
Toussaint, J T. Dunn, and D R Jackson (Carbide and 
Carbon Chemical Corp , S. Charleston, W Va.) Ind. Eng 
Chem 39, 120-5(1947) 

Oxides of Zr, Co, Th, U, and Ti, supported on a silica 
gel catalyst, were found to be capable of promoting the for
mation of butadiene from EtOH and AcH, m order of de
creasing efficiency. 

SILICA-METAL OXIDE CATALYSTS. Standard Oil Develop
ment Co. British Patent 581,632, Oct. 18, 1946 

Silica-alumina catalyst is prepd by incorporating AUOH), 
directly with silica hydrosol contg. a substantial excess of 
acid sufficient to react subsequently with the Al(OH)3 to 
form the corrosponding aluminum salt. The AUOH), is 
preferably added to the silica hydrosol while the sol is 
maintained at a temp, of from 100° to 200°F. The sol with 
the incorporated Al(OH)3 is allowed to gel; the resulting 
hydrogel is heated to dry the product partially and to bring 
about a reaction between the excess acid present in the 
hydrosol and the Al hydrate as well as to harden the gel. 
The partially dried product is treated with NH4OH to ppt 
the Al salt so formed, and the pptd composite is then 
subjected to washing and final drying Thus, a silica hydro
sol was prepd by treating 10 vols of 25°B^ Na silicate 



TID-3044(Suppl. 1) 119 

soln. with 6 vols, of H,S04 contg. about 175 cc. of coned, 
acid per 1. of soln. By thorough agitation of the mixt. a 
clear hydrosol was formed, which was heated to 150°F. 
During the heating, 36 g. of powd. com. iron-free Al hy
drate per 1. of sol. was added to form a product contg. 
about 12.5% alumina. The product was allowed to set, then 
heated to remove about 50% of the moisture, and the par
tially heated product was treated with an NH4OH soln. to 
react completely with the A1,(S04)3. The product was 
thoroughly washed and dried. The activity of the catalyst 
was detd. by passing an eastern Texas gas oil of 33.8° 
A.P.I, gravity through a tube contg. the catalyst in molded 
form at a velocity of 0.6 vol. of liquid feed per vol. of 
catalyst per hr. The reaction tube was maintained at a 
temp, of 850°F. for 2 hrs . The gasoline formed from the 
gas oil amounted to about 55.0 vol. %. Silica-magnesia, 
silica-zirconia, silica-thoria, and silica-beryllia may also 
be prepd. as well as 3-component catalysts, such as silica-
alumina-magnesia, silica-alumina-beryllia, silica-magnesia-
zirconia, silica-magnesia-beryllia, and silica-zirconia-
beryllia. Claims are directed to the manuf. of the catalyst 
and to hydrocarbon conversions, such as cracking employ
ing the novel catalyst. (Jeannette Skarbek) 

1 

LOW-TEMPERATURE CATALYTIC OXIDATION OF AM
MONIA BY OXIDE CATALYST. Noriyoshi Morita. J. 
Chem. Soc. Japan 65, 542-8(1944). 

The catalytic oxidation of ammonia at the temp, range 
220-440° was studied in the presence of oxides of Ca, Cu, 
Cd, Ti, Al, Th, V, Cr, Mo, Mn, Fe, Ni, Co. The catalytic 
action of oxide was found in the order: Cr > Ni > Co > 
Mn > Fe > V > Cu > Cd. (T. Katsurai) 
1 

ESTERIFICATION OF ACETIC ACID IN THE VAPOR 
PHASE. CATALYTIC ACTION OF SOME SALTS AND 
METAL OXIDES. Juan F. Spangenberg (Admin, nat. Agua, 
Buenos Aires). Industria y quim. (Buenos Aires) 7, 3 9 3 -
401(1945). 

A method and app. are described for vapor-phase 
esterification of AcOH with 5 primary, 1 primary unsatd., 
2 secondary, and 3 tertiary ales, on 12 catalysts. Oxide 
catalysts were prepd. by satg. pumice with acetate or 
nitrate solns. and heating until oxides formed; salt cata
lysts, also on pumice, were heated to below decompn. 
Catalyst 1 ZrO, 90.9, CejO, 9.1%; 2 C03O4 98.5, ThO, 1.5%; 
3 ThO,; 4 BeO; 5 CdO; 6 ThO, 50, AljO, 50%; 7 Ce,03; 8 
AgVO, 92.6, Ag 7.3%; 9 SrMo04; 10 Co3(P04),; 11 ZrO,; 12 
TiO,. Max. yields for some ales, on certain catalysts: 
EtOH on catalyst 8 58.7%, PrOH on 3 86.9%, PrOH on 12 
95.2%, iso-BuOH on 3 87.1%. AmOH on 3 94.3%, AmOH on 
4 37.9%, AmOH on 5 30.2%, AmOH on 7 40.4%, iso-PrOH on 
3 17.2%, iso-PrOH on 11 9.9%, iso-PrOH on 12 39.8%, sec-
BuOH on 3 13.9%, sec-BuOH on 12 34.9%, tert-BuOH on 3 
14.7%, tert-BuOH on 12 15.9%, tert-AmOH on 4 5.2%, tert-
AmOH on 12 23.7%. The temp, measured at the catalyst 
varied from 245 to 410°; the velocities ranged from 40 to 
100 ml./hr. Best results were obtained with TiO^, ThO,, and 
ZrO^ in descending order for all ales, tested. Yields in
crease with the mol. wt. of primary ales, and with increas
ing amts. of ales. (E. J. Storfer) 

PHYSICOCHEMICAL INVESTIGATIONS OF CATALYTIC 
MECHANISMS IV. THE FISCHER-TROPSCH SYNTHESIS 
OF HYDROCARBONS. (Experimental series I.) Senzo 
Hamai, Shiro Hayashi, Kiyoshl Shimamura, and Hiroshi 
Igarashi. Bull. Chem. Soc. Japan 17, 166-71(1942). 

The authors' proposed mechanism for Fischer-Tropsch 
synthesis was substantiated by expts. The reaction vessel 
of Terex glass was made double-walled, so that the gas 

mixt. (CO + 2H2) led in could be heated before entering the 
catalyst zone. The catalyst used was made of Co, CeO,, 
ThO^, B,03, and diatomaceous earth. The reaction was 
run at 200° at the rate of flow 4.l./hr. The reaction prod
ucts were collected in two traps, condensed by water and 
solid C0,-C,H50H mixt., resp. The gas contraction and oil 
yield were not parallel unless the reaction was normalized. 
In the initial stage CH4 formation predominated, cutting 
down the oil formation, but as time proceded side reactions 
other than oil formation were inhibited. Physicochem. 
properties of the reaction products are tabulated. The 
catalyst used proved to be very durable. (S. Ichii) 

926 
PHYSICOCHEMICAL INVESTIGATIONS OF CATALYTIC 
MECHANISMS V. FISCHER-TROPSCH SYNTHESIS OF 
HYDROCARBONS. Senzo Hamai, Shiro Hayashi, and 
Kiyoshl Shimamura. Bull. Chem. Soc. Japan 17, 252-9 
(1942). 

Co with kieselguhr was used as catalyst with various 
amounts of ThOj, CeOj, and Cu as promoters; gas contrac
tion and oil formation from CO and H, are recorded. The 
gas contraction percentage is higher for 15-10% CeOj 
and for 20-30% ThO,. When CeO, percentage is low the 
addn. of ThO, lowers the activity but if CeOj is high the 
addn. of ThO^ does not improve the gas contraction. CeO, 
gives a relatively high yield of oil and low yield of CH4, 
whereas ThO^ gives a relatively high yield of CHj and low 
yield of oil. VI. FISCHER-TROPSCH SYNTHESIS OF HY
DROCARBONS. Senzo Hamai. Ibid, 339-44. The effects of 
B2O3 in the Co-type catalysts are reported. When CH4 for
mation predominates, the contraction percentage is enor
mously high and the oil yield is inappreciable. VHI. 
FISCHER-TROPSCH SYNTHESIS OF HYDROCARBONS 
WITH SPECIAL REFERENCE TO THE DURABILITY OF 
CATALYST. Senzo Hamai, Shiro Hayashi, and Kiyoshl 
Shimamura. Ibid. 451-61. The reaction (I), CH, -* C2H4, is 
faster than (II), CH2 — CH4. In the normalized reaction I is 
predominant under various conditions of stage of reaction, 
temp., etc., whereas H is predominant at the initial stage 
and as the reaction becomes normalized. II must be pro
hibited when the reaction mixt., CO -H H, = (1:2), is passed 
through the catalysts, Co + 15% ThO, + 100% kieselguhr or 
Co -I- 12% UjOs + 2.8% Cu + 100% kieselguhr, each separately 
at 190-250°. (T. Asami) 

927 
THE SYNTHESIS OF ISOBUTYL AND BUTYL ALCOHOLS 
IN THE PRESENCE OF CALCIUM CARBIDE. IH. EXPERI
MENTAL DETAILS AND PRELIMINARY INVESTIGATIONS 
ON METHANOL CATALYSTS IN THE PRESENCE OF THE 
CARBIDE. DRY SYSTEM. Ryoji Negishi. Bull. Chem. 
Soc. Japan 17, 179-85(1942). 

Preliminary investigations on MeOH catalysts in the 
presence of the carbide have been carried out. The effects 
of dry carbide on the activity of the catalyst have been 
found to be small. IV. SYNTHESIS IN LIQUID PARAFFIN. 
STATIC SYSTEM. Ibid. 364-72. The synthesis of iso-BuOH 
in the presence of CaC2 and of catalysts used for the synthe
sis of MeOH has been carried out in the liquid paraffin. The 
effect of Th on the catalytic activity of the catalysts has 
been investigated; 0.05-0.2 atom Th increases the total 
yield of liquid products, but does not affect appreciably 
that of MeOH. (M. Takahashi) 

928 
ACTION OF AIR ON MOLTEN ZINC. Erich Gebhardt 
(Kaiser Wilhelm-Inst. Metallforschung, Stuttgart, Germany). 
Metallforschung 1, 87-96(1946). 

The drossing of molten Zn due to reaction with air was 
studied with particular attention to the effect of added ele
ments. Pure Zn drosses very heavily, the curve of dross 
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formation in relation to t ime being parabolic. Added metals 
can be c lass i f ied according to the value of their vol. quotient 
or the relation of metal vol. to oxide vol. If this i s greater 
than 1, a dense, uniform, well-adhering oxide layer i s 
formed on the metal surface which might be expected to 
prevent further oxidation. In this group are Al, Th, Sb, and 
Mn. If this vol. quotient i s l e s s than 1, the metal-oxide 
layer produced i s porous and the metal i s constantly e x 
posed to further oxidation. A small addn. of Al (0.01%) 
quickly formed a dense oxide layer on the molten Zn which 
effectively prevented further oxidation. Th, Sb, and Mn, 
which also formed dense oxide layers , did not prevent fur
ther oxidation of the Zn but actually accelerated it. This 
was due to the high diffusion velocity of Zn through the 
oxides of these metals . Elements such as Li and Mg, which 
have vol. quotients of 0.57 and 0.85, re sp . , form porous ox
ide layers and accelerate the reaction between air and 
molten Zn. Addn. of Bi, Cu, Cd, Fe, and Sn appear to have 
little effect on the reaction between air and Zn. In tech. Zn 
al loys , which bes ides Al and Cu contain smal l quantities of 
Mg, the unfavorable effect of Mg i s compensated by the 
protective action of Al. (H. Stoertz) 

929 
AROMATIC COMPOUNDS. J a m e s K. Dixon (to American 
Cyanamid Co.). U.S. Patent 2,422,165, June 10, 1947. 

A thoria-modifled Al s i l icate catalyst (I) i s employed for 
the production of aromatic compds. from diaryl-substituted 
paraffins. (p-MeC5H4)2CHMe (H), when brought into contact 
with I at about 5 0 0 - 6 0 0 ° and a contact t ime of about 0.1 s e c . 

• y ie lds , in addn. to unconverted H, a light oil , b. below 200°, 
contg. p-methylstyrene, toluene, and p-ethyltoluene. A 
diluent, such a s water vapor, i s used in admixt. with II. The 
catalyst i s prepd. by mixing s i l ica gel 90 with Al(N03)3.9H20 
184 and Th(NOj)4.4H20 52 parts in water, filtering, and 
drying at 500°F. in the presence of s team. (J. C. D. 
Oosterhout) 

930 
HYDROCARBON CONVERSION WITH A TITANIC GEL AND 
B2O3 CATALYST. Joseph D. Danforth (to Universal Oil 
Products Co.). U.S. Patent 2,425,087, Aug. 5, 1947. 

The TiOj-BjOs catalyst, or catalyst contg. Al, Zr, or Th 
replacing the Ti , i s prepd. by compositing BjO, with the 
hydrous metal oxides. The catalyst may contain 20 to 70 
mol. % B2OJ, or 5 to 30% BjOs on TIO2 or 20 to 45% B,03 on 
ZrO,. Gels of the hydrates of Ti02, ZrOj, or AI2O3 may be 
mixed in the powd. condition with B,Os and the composite 
heated until apparently dry. These catalysts may be p e l 
leted or otherwise formed as desired. (H. E. Messmore) 

931 
STRUCTURE STUDIES OF CHROMIUM-ALUMINUM OXIDE 
AND RELATED CATALYST SYSTEMS. Robert P. Eischens 
and P. W. Selwood (Northwestern Univ., Evanston, III.). J. 
Am. Chem. Soc. 69, 2698-702(1947). 

Magnetic susceptibil ity i sotherms, x-ray diffraction, and 
surface-area studies are made of catalysts prepd. by i m 
pregnation, pptn., and copptn. and contg. Cr, Mo, W, and U, 
generally supported on y -Al ,03 , but in certain c a s e s on 
Q!-A1,03, s i l i ca gel, TIO,, and Th02. Among many interesting 
observations are effects of carr ier area , failure of expts. 
with Mo because no appreciable paramagnetism i s developed, 
and the general agreement in resul ts by the 3 techniques. 
(G.L.C.) 

932 
CATALYTIC DEHYDRATION OF 2.3-BUTANEDIOL. 
Commonwealth Council for Scientific and Industrial R e 
search. Australian Patent 123,704, Mar. 13, 1947. 

2,3-Butanediol i s dehydrated to MeCH(OH)CH : CH, and 
1,3-butadiene in the presence of Th oxide a s catalyst. The 
catalyst may be made by igniting an inorg. salt, or by pptg. 

the hydroxide from an org. salt and igniting. MeEt-CO i s 
formed as a by-product. (R. D. Satchell) 

933 
CATALYSTS FOR HYDROCARBON SYNTHESIS. C. H. 
Riesz , Fred Lister (Inst, of Gas Technol., Chicago), L. G. 
Smith, and V. I Komarewsky. Ind. Eng. Chem. 40, 718-22 
(1948). 

Hydrocarbon synthesis catalysts are regarded a s "com
plex-action" catalysts , combining the two functions of 
hydrogenation and polymerization. Although complicated 
by carr ier and promoter effects, the above was substantiated 
by prepn. of two-component catalysts contg. Co, Ni, or Fe 
for the hydrogenating action; ThO,, SiO,, Al,Os, or ZnO as 
polymerization components. Co-ThO,, Co-SiO,, and Co-Al,03 
were particularly active catalysts , optimum liquid formation 
occurring when the metal content of the catalyst was 75% 
by wt. Ni catalysts formed e x c e s s i v e amts . of gaseous hy
drocarbons, but Fe catalysts were relatively inactive in the 
absence of elevated pres sure . (E. M. Symmes) 

934 
KINETICS OF THE REACTION OF DIRECT ESTERIFICA
TION OF ALCOHOL. HI. EFFECT OF THE COMPOSITION 
OF POLYCOMPONENT CATALYSTS ON THE KINETICS OF 
THE REACTION. S. L. Lel'chuk, D. N. Vaskevich, A. P. 
Belen'kaya, and F. A. Dashkovskaya (Acad. Sci. U.S.S.R., 
Moscow). Bull. acad. sc i . U.R.S.S., Classe sc i . chim. 
1947, 235-8(ln Russian). 

The effects of the introduction of a 3rd component into a 
Cu-base binary catalyst were studied on the direct e s t e r i 
fication reaction, assumed to proceed over the stages: (I) 
RCH2OH — RCHO + H2, (H) RCHO -H HjO — RCOOH -1- H„ 
(Ha) RCH,OH + HjO — RCOOH + 2H,, (HI) RCH,OH -1-
RCOOH — RCH,OCOR + H,0 . At 275°, space velocity 600 
ml. EtOH/l . cata lyst /hr . , the s imple Cu catalyst gave an 
es ter yield of y = 12.3%, the binary Cu + 2% Ce, 37%. 
Under the same conditions, the effects of a 3rd component 
(wt. % relative to Cu) were: BaO (10) y = 4.7%; Al,03 (5) 
19.8%; MnO (2) 3.82%; Ag (5) 0.58%; Ni (5) 11.3% (the last 
at 250°). In all these c a s e s a 3rd component lowered y 
markedly. However, although in the case of Ag (a dehy
drogenating agent) the ternary catalyst has an activity 
lower than either Cu + Ce or Cu -̂  Ag, the activity of the 
ternary catalyst with AI2O3 (a condensing agent) l i e s below 
that of Cu + Ce but above Cu 4- AI2O3. Thus, whereas addn. 
of Ag resul ts in copassivation, the ternary catalyst with 
AI2O3 has an activity intermediate between the act ivi t ies of 
i t s constituent binary pairs . If the 3rd component i s a con
densing agent, the activity of the ternary catalyst should 
Increase with i t s concn. This i s actually shown by cata
lys t s Cu -̂  10% AI2OS + Ti02; at 275°, with Ti02 0, 2, and 
5%, y = 22.5, 26.9, and 30.6%. In this instance of coact iva-
tion, the activity of the ternary catalyst i s higher than that 
of either of the pa irs Cu -F AI2OS or Cu + TiOj. Similarly, 
in the case of a passivating 3rd component, the activity of 
the ternary catalyst d e c r e a s e s with increasing concn., e.g. , 
Cu -I- Ce -H Ni, at 275°, Ni 0, 5, and 10%, y = 20, 11, and 5.5%; 
the ternary catalysts are l e s s active than either Cu + Ce 
21.0% or Cu + Ni 14.2%. The ternary Cu -̂  10% Al,©, + 2% 
Cr,Os i s more active than either Cu -1- Al,©, or Cu -1- Cr,©,; 
addn. of Ni (a dehydrogenating agent) a s a 4th component 
lowered the activity: at 275°, Ni 0, 0.02, 0 .1, and 1.0%, 
y = 31.4, 25.2, 27.2 , and 20.6%. At the same t ime, the ac t i 
vation energy of step III increases , from 4.4 to 8.0 k c a l . / 
mole for Ni from 0 to 0.1%; that of step I decrease s from 
6.5 to 2.5 for Ni from 0 to 1.0%. Addn. of a 3rd component to 
Cu + 10% AlsOj (y = 22.5% at 275°, space velocity 600 m l . / 
l . /hr . ) gave the act ivi t ies: CdO (4%) y = 22.8%; CrjOs (2) 
27.7%; TiOs (5) 30.6%; ThOj (2) 31.6%. Although CdO has but 
little effect on the activity and the activation energy of step 
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m is high (14.5 kcal.). The Cr,©,, Ti©,, and Th©, ternary 
catalysts are clear instances of coactivation (activation 
energies of III, 2.4, 5.75, and 5.75 kcal.); these ternary 
catalysts have a higher activity than either of the constituent 
binary pairs. (N. Thon) 

935 
STYRENE. Carbide & Carbon Chemicals Corp. British 
Patent 595,757, Dec. 16, 1947. 

An improved process for the manuf. of styrene (I) con
sists in the vapor-phase dehydration of PhCH(OH)Me (II) 
over TiO, catalyst. A catalyst is prepd. by mixing 15 parts 
TiO, and 85 parts of 4 x 6 mesh, ceramically bonded, fused 
Al,©, wet with H,©, drying at 130-50°, and placing in a 
1-in. steel tube. A mixt. of 80.3% II and 19.7% MeC©Ph 
(III) (from the hydrogenation of III) is vaporized and passed 
through the catalyst bed at 250°. The feed rate is 2332 g. 
in 11.5 hrs. The product from the reaction contains 82.6% 
I, 2.78% ether, 2.48% dimer of I, and 10.03% unreacted IL 
There is a material loss of 2.11%. The "production ratio" 
of I is 460 g. I per 1. of catalyst per hr. The purity of I is 
99.71%. The use of a catalyst formed into '/je ^ Vie-in- pel
lets, heated to 800° and treated by immersion in boiling 
18-20% HN©3, gives the following results when used in a 
4.5-ft. length of catalyst bed (900 ml. catalyst) at 250°: 
82.5% yield of I, production ratio 3440 g. I per 1. per hr., 
and 99.53% pure I formed. A no. of addn. catalysts are 
listed below with the reaction temp, and yield; 20% WOs on 
AlsOs, 250-60°, 73.8%; 20% A1P©4 on Als©,, 248-51°, 
52.6%; Vie-in. Al turnings, 275-80°, 57.7%; Vs-ln. mossy 
Zn, 245-85°, 0%; 15% Sn©2 on A12©, 272-80°, 84.4%; HsP©4-
treated AI2O3, 225°, 95%; 10% ThO, on Al,©,, 275°, 63%. The 
production ratio (g. I per 1. catalyst per hr.) is given with 
the reaction temp, for the catalysts listed below: Al,©, 
activated with 10% H,S04-HsP04, 225°, 511; Si©, gel, 225°, 
277; 10% Th©2 on Alj©,, 275°, 254; 10% Ce©, on Al,©,, 275°, 
171; 15% NaHS©4, 225°, 555; 15% NaH,P©4 on Al,©,, 250-
75°, 400-500; Mg2P2©7 pellets, 275°, 550-700; 10% CaS©4 
on AI2©,, 275°, 249; 15% KH2P©4 on AI2©,, 275°, 286; 15% 
KsP©4 on Al,©s, 275°, 0. (D. A. Shirley) 

936 
CONTR©L ©F CATALYST ACTIVITY IN THE SYNTHESIS 
©F HYD©RCARB©NS FR©M CARB©N M©N©XIDE AND 
HYDROGEN. Standard Oil Development Co. British Patent 
598,380 Feb. 17, 1948. 

In the hydrogenation of C© with a fluidized Fischer-
Tropsch catalyst the activity of the catalyst gradually de
creases. Means are provided for the introduction of the 
active components of the catalyst, such as Co activated with 
ThO, or MgO, either In pure form or in coned, form on a 
carr ier , through a hopper to the reaction zone. The activity 
of the catalyst is thus maintained at a const, level. The in
vention also provides for reducing the activity of the cata
lyst, if desired, by the introduction of the inert carr ier to 
the reaction zone. (Grant Crane) 

937 
THE DECGMPOSniON OF CARBON MONOXIDE BY NICKEL 
CATALYSTS. THE REACTION MECHANISM BETWEEN 
250° AND 450°. J. A. Tebboth (Fuel Research Sta., Green
wich, Eng.). J. Soc. Chem. Ind. (London) 67, 62-6(1948). 

Unsupported and unpromoted NI catalysts, derived from 
pptd. NIC©,, showed little activity for the decompn. of C© 
at all temps, between 250° and 450°. The presence of thoria 
and kieselguhr in a Ni catalyst prepd. from the pptd. NlCOs 
caused a marked increase in the rate of decompn. of C© 
at 250° to 450°. Elementary C formation occurred on Ni 
catalysts at all temps, from 250° to 450°, being least at 
250° and greatest at 325° to 350°. The Ni of such promoted 
and supported Ni catalysts was converted almost quanti
tatively to NisC at 250°. Above this temp, carbide forma

tion was Incomplete. Decompn. of NisC, in the presence of 
thoria and kieselguhr, occurred above 250° and was rapid 
at 300°. The proportion of C combined as NisC decreased 
with Increasing temp., but some persisted at 450°. When 
using promoted and supported catalysts for CH4 synthesis 
from CO and H,, the conditions prevailing at the inlet end 
of the catalyst bed were very favorable for elementary C 
formation. The results were accounted for by 2 simple r e 
actions: 3Ni -f 2CO = Ni,C + C©, and NisC = C + 3N1. The 
latter reaction may have occurred in 2 stages, with the 
formation of a lower carbide, Ni,C, but evidence here was 
incomplete. (R. E. Dunbar) 

938 
CATALYTIC IS©MERIZATION OF 1-BUTENE TO 2-
BUTENE. John Turkevich and Robert K. Smith (Princeton 
Univ., Princeton, N. J.). J. Chem. Phys. 16, 466-80(1948). 

A study was made of the Interconverslon of H,C:CHEt 
and MeCH:CHMe on the catalysts H,S©4, HSPO4, Al,(S04)j, 
CujP,©,, Al,(Si©s)s, Ni2(S04)s, Al2©s, Cr203 on alumina, 
Th©,, silica gel, Ca©, radioactive H3P©4, Na,S©4, CuS©4, 
and NaHS04. This work was paralleled by the study of 
the exchange of H and T between C4H,, CsH,, and C,H4 and 
the catalyst H2TP©4. A mechanism based on H transfer 
by the catalyst is proposed to explain the results and this 
mechanism is extended to apply to the action of catalysts 
In alkylation, cracking, and polymerization reactions. 
(G. M. Petty) 

939 
BUTADIENE. Le Roy U. Spence, Darrel J. Butterbaugh, 
and Donald G. Kundiger (to Rohm & Haas Co.). U.S. 
Patent 2,438,464, Mar. 23, 1948. 

Butadiene is formed by the vapor-phase reaction of 
EtOH (I) or a mixt. of I and AcH at 375-525° in the 
presence of a catalyst consisting of the alkali-digested 
mixts. of ZrO, or ThO, with silica. (P. E. Tobias) 

940 
DEHYDR©GENATION CATALYSTS. Kenneth K. Kearby 
(to Standard ©il Development Co.). U.S. Patent 2,442,131, 
May 25, 1948. 

A catalyst, suitable for the dehydrogenation of mono-
olefins and alkylated aromatics and having at least 2 C 
atoms in the side chain, consists of Be© 50-97, Fe ,0 , 
3-50 , promoter 3 -15 , and stabilizer 1-15% by wt. P ro 
moters Include K,©, Ca©, Sr©, and Na,©; stabilizers in
clude oxides of Cu and Ag and nonacidic oxides of Cr, Mn, 
Co, Ni, Zr, Ce, Pb, Bi, Al, and Th. Oxides of Cr and Mn 
may be used instead of Fe,©,. Silica gel 1% improves the 
catalyst activity. A mixt. contg. 95% 2-butene was passed 
over a Be© 80- Fe,©, 20-CuO 5-K,© 5 catalyst (prepn. de
scribed) at 800 vols, per vol. of catalyst per hr. with 5600 
vols, of steam at 1200°F., giving 39% total conversion with 
29.2% conversion to butadiene. (Ned E. Jaffa) 

941 
CATALYTIC HYDROGENATION OF CARBON M©N©XIDE. 
N. V. Internationale Koolwaterstoffen Synthese Maatschappij. 
French Patent 862,171, Feb. 28, 1941. 

CO and H are circulated at 150-350° over a catalyst of 
Fe, Ni, Co, and Th on silica gel or the like, the reaction 
being carried out in stages and liquid products being r e 
moved at each stage. The speed of circulation per cu. m. of 
catalyst per hr. is 400-cu. m. whereas formerly a speed of 
110 cu. m. was used. (L. A. Manning) 

942 
RAPID ANALYSIS OF FISCHER SYNTHESIS CATALYST. 
Cecil H. Hale. Petroleum Refiner 25, No. 6, 265-8(1946). 

Rapid methods for-the detn. of Co and Th in Fischer 
catalysts are described. Co is detd. by titrating with ferr i -
cyanide to a "dead stop" end point. Th is pptd. as the iodate 
and detd. volumetrically. Exptl. results of analyses of both 
synthetic and actual samples are given. (G.J.D.) 
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ALKYLATION OF AROMATICS. Charles L. Thomas and 
Vladimir Haensel (to Universal ©11 Products Co.). U.S. 
Patent 2,448,160, Aug. 31, 1948. 

The alkylation of C,H,,with olefins, like CsH4, is advanta
geously carried out in the presence of a synthetic catalyst 
consisting of a calcined mixt. of hydrogels of Si02, Al2©s, and 
and Th©,. This catalyst has the advantage over the conven
tionally used H2S©4 in that the reaction is more easily con
trolled and the formation of polymerization products is 
diminished. The catalyst is prepd. in several steps, the 1st 
of which consists in the prepn. of the Si©, hydrogel by pptg. 
a dil. aq. soln. of Na silicate with a moderate excess of HCl. 
The pptd. hydrogel must be washed to remove chemically 
bound or adsorbed alkali metal ions since their presence is 
detrimental to catalyst life, possibly becasue they promote 
sintering of the catalyst on heating. Alkali metal ions and 
removed by displacing them with ions of Al, Zr, or Th. 
The concn. of Al,©,, Zr©,, and (or) ThO, in the finished 
catalyst should be 2 - 6 mol. % of the SlOj. The catalyst is 
dried at 240-300°F. and calcined at 850-1000°F., which 
leaves 2-3% chemically bound water on the catalyst. 
Alternative methods of prepn. are discussed in general. 
For the manuf. of the catalyst 550 parts by wt. of water-
glass are dissolved in 4000 vols, water, 75 vols, of 2.5 M 
HCl added, the hydrogel filtered, washed twice with 3000 
vols, water, then with 1500 vols, of an aq. soln. contg. 27 
parts of AlCls.6H,0, the SIO, ppt. suspended in 1500 vols, 
of an aq. soln. of 29 parts AlClj.eH,© and made alk. to 
litmus by addn. of 6.6 vols, of NH4OH, and the ppt. filtered, 
washed 4 times with 2000-3500 vols, water, dried, and cal
cined at 932°F. When this catalyst was used in the alkyla
tion of C,H, with CsH, at 840°F. and 1500 Ib./sq. in. pres
sure, the yield of cumene was 68% of the theory, based on 
C,H,, and 56% based on CsH,; when a reaction temp, of 
530°F. and a pressure of 1900 Ib./sq. in. was used the 
corresponding yields were 24% and 19%. (Hans Schindler) 

1 

ALKYLATION OF THIOPHENE. Philip D. Ceasar and 
Alexander N. Sachanen (to Socony-Vacuum Oil Co., Inc.). 
U.S. Patent 2,448,211, Aug. 31, 1948. 

Thiophene (I) is alkylated by reaction with olefins in the 
presence of a catalyst consisting of activated natural clay 
or a synthetic adsorbent composed of SiO, and the oxide of 
an amphoteric metal, e.g. Al,©,, Zn©, Ce©,, or Th©,. The 
type of alkylation product obtained can be controlled by the 
ratio of I to olefin; when 2—4 mols. olefin are caused to 
react with 1 mol. I, dialkylthiophenes are formed, while 
reversal of the ratio leads to the formation of monoalkyl-
thiophenes. The reaction is carried out at 140-400° and 
under pressures ranging from atm. to 1000 Ib./sq. In. 
Diamylthiophene, d,, 0.917, b. 250-62°, S content 14.15%, 
was obtained in 66% yield from 24 g. I, 50 g. CjHi,, and 
25 g. synthetic Al,Os-Si©, catalyst at 180° and a pressure of 
150 Ib./sq. in. With 100 g. I, 21 g. C5H10, and 25 g. synthetic 
Al,0,-Si©, at 155° and 60 Ib./sq. in pressure the yield con
sisted of 2 - 4 g. diamylthiophene and 24 g. monoamylthio-
phene, d,, 0.954, b. 185-200°, S content 20.5%. The analo
gous reaction of I with C,H, carried out at 170-80° and a 
pressure of 200-500 Ib./sq. in. with a synthetic Al2©s-Si02 
catalyst contg. 10% ZnCl2 yielded monopropylthiophene and 
higher-mol. alkylated thiophenes. A fraction b. 70-100°, 
derived from thermally cracked gasoline, formed with I an 
alkylation product bs 60-160°. The alkylation reactions de
scribed can also be carried out continuously. (Hans 
Schindler) 

VINYL CHLORIDE. Hoke S. Miller (to Air Reduction Co., 
Inc.). U.S. Patent 2,448,110 Aug. 31, 1948. 

A mixt. of HCl and C2H2 (1:1) is led at the rate of 0.52 cu. 
ft./hr. through a tube, '/s in- i" diam. by 2 ft. in length, 
contg. 100 ml. of a catalyst mixt. of HgCl2 8, ThCl4 0.5, and 
activated C pellets 91.5%. After 26 days of operation at 
149-182° the conversion to CH2:CHC1 drops from 97 to 
93.2%. After 31 and 41 days the conversion is 90.4 and 54%, 
resp., the temp, being then 218°. Reversing the flow of 
gases through the tube every 24 hrs. increases the yield 
and the life of the catalyst. (C. W. Gayler) 

946 
STYRENES AND OTHER AROMATIC COMPOUNDS. Do- • 
minion Tar & Chemical Co., Ltd. British Patent 609,825, 
Oct. 7, 1948. 

Silicates of Zr, Ti, Hf, and Th are catalysts for the de
compn. of ArAr'CHCH2R to ArCH:CHR (I) and Ar'H at 
temps, above 350° in the presence of a diluent, such as 
H2©. with a contact time of 0.004-0.4 sec. I is useful for 
the prepn. of polymers for casting, molding, or laminating. 
Thus, 1,1-di-m-xylylethane (II) 510 and H2© 660 pass 
through a silicate of Zn at 500° to give unchanged n 300, 
m-xylene 86, 2,4-dimethylstyrene 91, and 2,4 Me2C,HsEt 
8 g. Similarly, (p-MeC,H4),CHMe (HI) 579 and steam 1160 
pass over a Tl silicate catalyst at 500° and give unchanged 
HI 361, PhMe 88.8, EtC,H4Me 14.6, and p-methylstyrene 
86 g. (E. H. Kaplan) 

947 

CATALYTIC SYNTHESIS OF METHANE. Experimental 
work at the Fuel Research Station. N. Booth, E. T. Wilklns, 
L. J. Jolley, and J. A. Tebboth. Gas Research Board Coram. 
GRB21, 39 pp.(1945). 

Synthesis of CH4 from H-enriched blue water-gas on a 
reduced catalyst containing Ni 100, ThO^ 22, kieselguhr 100 
pts. becomes vigorous at approx. 220°. The temp, of the 
catalyst bed rises and the reaction reaches equil. at a space 
velocity 3700 vols, per vol. per hr. The catalyst is very 
sensitive to S compds., and movement of the reaction zone 
due to progressive poisoning of the bed occurs with inlet 
gas containing 0.004 grain of S per 100 cu. ft. C deposition 
decreases rapidly as the H/C© ratio (R) rises, but still 
occurs at the inlet end of the bed when R = 1.5. Addn. to the 
inlet gas of H,© retards deposition of C, but CO, has little 
effect. The life of the catalyst is prolonged by avoiding the 
the formation of a high-temp, zone, e.g., by spreading it in 
a thin layer in a horizontal tube. Deposition of C is also re
tarded by replacing part of the Th02 by MgO, by washing and 
calcining at 700-800° the kieselguhr carrier, and by pptg. 
the catalyst in the presence of small amts. of phosphate. In 
a semitech. scale plant designed to process 200 cu. ft. of 
gas per hr. the catalyst was placed in 7 rectangular <^/i x 
6-in.) steel chambers in parallel Immersed in a temp.-
controlling bath (Hg or Ph,). Gas having R = 3 was satis
factorily treated, the catalyst life being slightly < that in 
lab. tests. (B.A.) 

948 

SYNTHESIS OF BENZINE BY CATALYTIC REDUCTION ©F 
CARB©N MONOXIDE AT ATMOSPHERIC PRESSURE. V. 
EFFECT OF ADDING LOWER HYDROCARBONS TO THE 
FEED GAS. Susumu Watanabe, Kiyoshl Morikawa, and 
Shigeyoshi Ikawa. J. Soc. Chem. Ind. Japan 46, 967-71 
(1943). 

The Fischer synthesis was carried out with 2 vols. CO 
and 1 vol. H mixed with 8-13% hydrocarbon, and the result 
was compared with that for feed gas having no admixt. A 
catalyst of compn. of Co:Cu:Th©, = 9:1:2 was used. When 
the feed gas contained satd. hydrocarbons, the rate of 
consumptuin of CO and the formation of CO, were lowered, 
and the formation of olefins was slightly increased. With 
an increase in mol. wt. of the added satd. hydrocarbons the 
number of C atoms in the gaseous satd. hydrocarbons 
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formed was increased When the feed gas contained 
unsatd hydrocarbons, the consumption of CO was lowered, 
but the production of oil was not decreased, about 50% of 
olefin added being hydrogenated and 30% taking part in 
polymerization C,H, yielded a liquid product by self-
polymenzation. VI. CONSUMPTION OF CARBON MON-
©XIDE IN PASSING THRGUGH CATALYST LAYER. Susumu 
Watanabe Ibid. 1128-30. The synthesis of benzine was 
carried out by use of gas contg. CO and H in the ratio 1:2 
and a catalyst of the compn. Co:Cu:ThO, = 9:1:2 at 197° un
der pressure of 7-369 mm. It was found that the relation 
X - apb holds between the reaction pressure, p, and x, which 
represents the yield of oil, contraction of gas vol., or con
sumption of C©, with a and b as consts. As the above for
mula IS of the same form as that of Freundlich's adsorption 
isotherm, y = a pn, it is observed that there is a direct 
relation between the consumption of C© and the adsorption 
of C©. The formula x = apb holds only when p is 30-200 
mm. Below 30 mm. b increases gradually to 1 at a very 
low value of p, while above 200 mm. b gradually decreases 
to zero at a large value of p. When the feed gas passes 
through the catalyst layer the relation between the dis
tance traversed L, and the partial pressure Pp can be ex
pressed by a general formula l/bpi' ' = l/bp, ' ' = aLn. Since 
this IS a hyperbola, the rate of reaction in the catalyst layer 
can be represented by a hyperbola. (J. Kawai) 

949 
PHYSIC©CHEMICAL RESEARCH ON GASOLINE SYN
THESIS Shinjiro Kodama, Shoichi Matsumura, Kimio 
Tarama, Tatsuo Ando, and Keisuke Yoshimori J. Soc 
Chem. Ind Japan 47, 1-5(1944) 

X. Adsorption of carbon monoxide on cobalt, cobalt-
kieselguhr, and cobalt-kieselguhr-thoria catalysts The 
adsorption of CO was measured at 0 — 250°. In all cases 
adsorption accompanied by decompn of CO and formation 
of metallic carbide took place above 110°, and ordinary 
activated adsorption took place below 110° The addn of 
kieselguhr and ThO, greatly increased the no of centers 
of activity and promoted the formation of carbide 
(J Kawai) 

950 
DEPENDENCE OF RELATIVE ADSORPTION COEFFI
CIENTS ©N TEMPERATURE AND THE EXTENT AND 
NATURE OF THE CATALYST SURFACE A Kh. Bork and 
O A Markova Zhur. Fiz Khim (J Phys Chem ) 22, 
1381-4(1948). 

Water-Et©H mixts. were passed over Al,©, or ThOj, and 
the yield Y of C2H4 was detd From the relation between Y 
and the H,© content the relative adsorption coeff H2©:Et©H 
was calcd. It was 0.66 for 2 samples of Al,©, and 2 samples 
of Th©, between 330 and 398°. (J. J. Bikerman) 

951 
PROPERTIES OF CATALYTICALLY ACTIVE SURFACES 
ON THE BASIS OF THE KINETICS OF UNIMOLECULAR 
REACTIONS. A Kh. Bork Zhur. Fiz Khim (J. Phys 
Chem ) 22, 1385-9(1948) 

The relative adsorption coeff. a is for H,© Et©H 0 66 on 
Al,©s and ThO, and 0.4 on Cu (C. A. 32, 5287,) and for 
xylene: dimethylcyclohexane 1.0 on Ni + Al,©,, independ
ently of temp., the relative concns of the components, and 
the amt of the catalyst. This proves that the heats of 
adsorption ol the two components on the active surface are 
equal. Presumably, the catalytically active part of the sur
face, contrary to the rest of the surface, is uniform When 
2 different activities are compared (dehydrogenation by Cu 
with dehydration by AI2O, or (ThO^), different a ' s are ob
tained (J. J Bikerman) 

952 
PREPARATION OF ACTIVE OXIDES AND OXIDE HY

DRATES BY DEC©MP©SrTl©N ©F METAL SALTS WITH 
SUPERHEATED STEAM. Herbert Bnntzinger and 
Annemarie MoUers. Z. anorg. Chem. 254, 343-6(1947). 

The following were prepd. by the decompn. of the metal 
salts with superheated steam: Be© (I), La2©s (II), La,©s. 
3H2©, 3La,©s.4H,©, Al,©s, 3Al,Os.H,©, Th©,, and ThOj.H,©. 
I and II are dehydration catalysts. Al,Os/La,©3 (10:1) gives 
100% conversion of 1,4-butanediol to tetrahydrofuran with
out side reactions at 400°; Al2©j/Zr©2 (10:1) gives a 90% 
conversion. Al2©s/Th©, (10:1) gives a 95% conversion 
A mixed catalyst of 95% Ti©2, 3% Si©2, 1% Al2©s containing 
Ca©, Mg©, K,©, and Na,© forms 52% tetrahydrofuran and 
24% CH,:CHCH,CH,©H. (M. J. Schuler) 

953 
ALKYL HAUDES. Donald C. Bond and Micheal Savoy 
(to Pure ©11 Co.). U.S. Patent 2,453,779, Nov. 16, 1948. 

Halides or oxyhalides of Th are effective catalysts at 
200—750° for the conversion of olefins to alkyl halides. 
Coned NH4©H is added to Th(N©,)4.4H,© until pptn. is 
complete. After filtering, washing, dissolving in coned. 
HCl repptg , and dissolving in HCl, the soln. is added to 
400 cc (?) active charcoal, the H,© evapd., and the residue 
dried 2 hrs . at 400°F. in the presence of HCl. When C2H4 
and anhyd HCl each at 0 2 cu. ft./hr. are passed 10 hrs . 
over the above catalyst at 385°F., 49.8%, and 48.5% of the 
C2H4 and HCl, resp., are converted to EtCl. Other Th salts 
and catalyst car r ie rs may be used. (Clarence T. Mason) 

954 

ACYLATION ©F THIOPHENE. Alvin I. Kosak and Howard 
D. Hartough (to Socony-Vacuum Oil Co , Inc.). U.S. Patent 
2,458,519, Jan. 11, 1949. 

Silica-alumina catalysts either in the form of natural 
montmoriUonite-type clays or synthetic prepns. are used 
to promote the acylation of thiophene (I). Thus, 2-acetyl-
thiophene is prepd. from I with Ac,0 at 98-104° in the 
presence of activated SiO,-Al,Os clay. Likewise, 2-acetyl-
5-sec-amylthiophene, b4 120-6°, n^ 1.5321 (semicarbazone, 
m. 167 5°), was obtained by heating 2-sec-amylthiophene 
and Ac,© with the same catalyst at 141-8° 6 hrs . Similarly, 
2-chlorothiophene gave 2-acetyl-5-chlorothiophene; semi
carbazone, m. 241° CjjHssCOCl and I at 105° in the presence 
of the catalyst gave 2-stearoylthiophene, m. 44°; semicar
bazone m 78° In the same way were prepd. 2-propionyl-
thiophene, b. 226-7.5°, 2-crotonylthiophene, b, 109-16°, 
and 3,3-di(2-thenoyl)phthaUde, m. 97-8°. In U.S. Patent 
2,458,520 acetylation of thiophene (I) is catalyzed by the HO 
acids of S, P, or F. The yields of acetylthlophene obtained 
from 79, 65, 55.5, and 19.4% of 85% HSPO4 with an equimol. 
mixt. of I and Ac,© were 2.5, 2.6, 1.05, and 0.67%, resp. 
With H,S04 the reaction temp, should be kept at 35-75° and 
a concn. of 85% H,S©4 is preferred. FB(OH), as catalyst 
gives 80% acetylthlophene. Refluxing 2 mols. I with 1 mol. 
BzCl and 10 g. HjP©4 (85%), followed by neutralization and 
removal of the I by distn., yielded 168 g. 2-benzoylthio-
phene, m. 56.5-7° after recrystn. With the same catalyst, 
5-(2-thenoyl)pentanoic acid, m. 79-80° (semicarbazone, m. 
200-1°), was prepd. from I and adipyl chloride. In U.S. 
Patent 2,458,521 thiophene is acylated in the vapor phase at 
400—500°F. by reaction with the chloride or anhydride of a 
carboxylic acid in the presence of a montmoriUonite type 
natural clay or a synthetic catalyst consisting of SiO, and an 
oxide of Zr, Al, Th, or similar metals. (H. Schindler) 

955 

THE F©RMATION ©F UREA AND ITS INTERMEDIATE 
PRODUCTS. Vladimir Marecek. Chem. Obzor 23, 217-21 
(1948). 

By the reaction of CO, and NH,, at above 400°, in the 
Saint Claire-Deville warm-cold tube, and in the presence of 
Al,©, and Th©, catalysts, urea in formed, apparently 
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through NH4CNO, which is the chief product. Also present 
are NH^CN, (HNCO)3 • 2H2O, and complex polymers of HCNO. 
The reactions of COS and NHj, CO, CI, and NHj, CO and 
NjH ,̂ CO and NH,, andCS^ and NH3 were also studied. 
(2 figures, 5 tables.) (Jan Micka) 

956 

957 

FISCHER-TROPSCH COBALT CATALYSTS. INFLUENCE 
OF TYPE OF KIESELGUHRS. Robert B. Anderson, 
Abraham Kneg, Bernard Seligman, and Wm. Tarn. Ind. 
Eng. Chem. 40, 2347-50(1948). 

Catalysts of the Co-thoria-magnesia-kieselguhr (100.6-
12:200) type, pelleted, were tested with 2 :1 Hj-CO syn
thesis gas at atm. pressure, const, space velocity, and 
temp, was varied to maintain const, contraction of 70%. 
Five American kieselguhrs were tested, m combination 
with several special treatments. The more active cata
lysts were prepd. with kieselguhrs having smaller concns 
of removable Fe. Activity was not inhibited by large 
quantities of extractable Al No correlation was found with 
small amts. of other impurities present, not with particle 
size, surface area, or structure of natural diatoms. Dis
tribution of products was independent of type of kieselguhr, 
Ijut was affected by d. of the catalyst prepn. The less dense 
prepns. (detd. by displacement of Hg) produced greater 
proportions of higher hydrocarbons (C.W.W ) 

7 

NICKEL-THORIA-KIESELGUHR (100:18:100) CATALYST 
FOR THE FISCHER-TROPSCH REACTION U. J C. 
Ghosh, N. G. Basak, and G. N. Badami Current Sci. 
(India) 16, 353(1947). 

Expts. with the previously described catalyst at 195° and 
atm. pressure with water gas (I) (C0:H2 ratio of 1:1) gave 
hydrocarbon yield comparable to that obtained with syn
thesis gas (II) (C0:H2 ratio of 1:2). With I gaseous hydro
carbons preponderated over liquid hydrocarbons, while 
yields of CH4, lower than when II is charge stock, remained 
almost const with increasing space velocity. Max. yield of 
approx. 18 g. of CH4, 80 g. other gaseous hydrocarbons, and 
45 g. liquid hydrocarbons per cu m. of I was obtained with 
space velocity of 0.9 1. per hr. per g. of Ni. (Frank L 
Lambert) 

958 
NICKEL-THORIA-KIESELGUHR (100-18:100) CATALYST 
FOR THE FISCHER-TROPSCH SYNTHESIS AT MEDIUM 
PRESSURE, in. J. C. Ghosh, N. G. Basak, and C 
Venkatesan (Indian Inst. Sci., Bangalore). Current Sci. 
(India) 16, 377(1947). 

At 70 Ib./sq. in., with synthesis gas (I) as well as water 
gas (II), the best reaction takes place at 205°. When I is 
used the yield of CH4 (III) is high. With H the yield of 
in goes down with a corresponding mcrease of gaseous 
and liquid hydrocarbons (P. E Tobias) 

959 
CATALYTIC SYNTHESIS OF METHANE. Experimental 
work of the Fuel Research Station. N. Booth, E T. Wilkins, 
I. J. JoUey, and J. A. Tebboth. Gas Research Board, 
Copyright Pub. No. 21/11, 44 pp.(1948). 

Ni catalysts supported on kieselguhr and promoted with 
Th02 and MgO have been used with water gas-H mixts. of 
varied compns. In a lab.-scale app. with a throughput of 1 
cu. ft. of gas per hr. at atm. pressure, the catalysts en
abled the conversion of over 99% of the CO in the process 
gas to be maintained for long periods with space velocities 
of 3700 vol. of gas per vol. catalyst space per hr. and at 
reaction temps, of 250-350°. The performance of the cata
lysts was limited by a slow loss of activity, owing to 
poisoning by S compds. in the process gas; and to deposi
tion of C on the catalyst. The effect of the S compds. can 
be minimized by use of process gases contg. less than 

0.004 grain S per 100 cu. ft The deposition of C on tne 
catalyst can be controlled by the use of suitable conditions 
in the prepn of the catalyst, by the choice of suitable 
promoters and supports, by the use of 3 IH.CO ratios in the 
process gas, by addns. of moderate proportions of water 
vapor to the process gas, and by effective removal of the 
exothermic heat of reaction so that high temps in the cata
lyst bed are avoided Little, if any, advantage appeared to 
accrue from the use of 50 atms pressure Results in a 
unit processing 200 cu. ft. of gas per hr were in substantial 
agreement with those in the lab. unit The best performance 
of the catalysts was equiv. to about 2200 tons CH4 per ton of 
catalyst used, in expts in which the catalyst was extended 
as a thin layer. (P. J. Wilson, Jr ) 

960 

961 

VAPOR-PHASE CHLORINATION OF PHTHALIC ANHY
DRIDE Thad M. Amacker (to B. F Goodrich Co ) US 
Patent 2,460,565, Feb 1, 1949 

Passing aquimol amts of CI and C8H4 (C0)20 vapors 
over a ThCl^ (I) or CuClj catalyst at 340-360° or CuClj at 
260° yields very pure C1CBH3(CO)20 (II) The preferred 
catalyst (I) is prepd. by heating pumice satd with aq 
Th(N03)4 to 350°, and converting the resulting Th02 to I by 
passing dry CCI4 over it at 400° The II contains 19-20% 
CI, has a set point of 55, and is used for the prepn of 
colorless monochlorophthalic esters, useful as plasticizers 
for polyvinyl chloride (H. Wolff) 

1 

ACYLATING FURAN Howard D. Hartough and Alvin I 
Kosak (to Socony-Vacuum Oil Co , Inc ) US Patent 
2,460,825, Feb. 8, 1949 

Furan and substituted furans are acylated with acid 
anhydrides and ketenes, using a porous absorptive silica-
hydrous metal oxide as catalyst, e.g. silica-alumina, silica-
zirconia, or silica-thoria Natural silica-alumina clays of 
the montmoriUonite type, e.g Super Filtrol, fuller's earth, 
attapulgus clay, and glauconite, may be used Synthetic 
silica-hydrous metallic oxides, such as those used for 
cracking petroleum hydrocarbons, may be used. The cata
lyst is preferably used in finely divided form, and in amts 
of 1-25%, based on the wt. of reactants. The catalysts may 
be regenerated after use by burning off the impurities 
Furan 34, 95% AC2O 107, and Super Filtrol 1 g. were heated 
at 17-20° 3.5 hrs . , cooled, filtered, and distd , yielding 8 g. 
2-acetylfuran. (Edward S. Hanson) 

962 
THE REACTION MECHANISM OF THE FISCHER-TROPSCH 
SYNTHESIS. Herbert Kdlbel and Friedrich Engelhardt. 
Erdol u. Kohle 2, 52-9(1949). 

Proposed mechanisms explaining the formation of CO2 and 
H2O by Fe and Co catalysts, resp., are reviewed and the 
action of these catalysts in the water-gas reaction is 
studied. An Fe catalyst of compn. 100 Fe, 0 5 Cu, 0 25 
K2CO3 was used. Initial expts were conducted with 4 dif
ferent contact conditions- carbidic, 24-hr. treatment with 
CO at 270° (I); metallic, 24-hr. treatment of I with elec
trolytic H at 270° (II); oxidic, reduction of catalyst with H at 
270° (III); synthesis, treatment for 100 hrs . at 1 atm. at 
230°, CO/HjO = 1:2, space velocity 100 (IV). A graph of 
time (total 24 hrs.) vs. conversion of CO at 240°, CO/H = 
1:1, space velocity = 100 gives almost a straight line for II 
near equil.; IV runs parallel to II at a lower level; III is in
active at this temp.; and I is rapidly approaching IV. Re
sults at 240°, C0/H20 = 3:1 and space velocity - 100 show 
that I and II have approached each other within the first 
100 hrs and then run concurrently for more than 400 hrs. 
Analysis of I for total C, elemental C, carbidic C, and un-
oxidized Fe, resp., before test: 14 2, 7.35, 6.85, 62.7; after: 
16.2, 12.0, 4.2, 57.3. Similar results for II are before: 7.0, 
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7 0, 0 0, 67 1, after 19 0, 14 2, 4 8, 56 9 Results indicate 
that initially II is more active than I but that finally both 
attain the same activity and carbide concn Method for 
analysis is based on the fact that the velocity of ion ex
change IS function of the carbide-C content in such a way 
that with increasing carbide-C the permutation velocity de
creases, Hg"'̂ ''' ions were used Carbide-C was detd by 
difference of total C before and after treatment with H at 
270° A highly reactive, com Co-Th-Mg catalyst with 100% 
kieselguhr was treated as follows by reduction of a pptd 
catalyst with H at 450° (V), 24-hr treatment of V with CO 
at 270° (VI), active use for 150 hrs (VII) V is by far the 
best, conversion close to equil , VI is the poorest, VII mid
way between the two For CO/H2O = 1 1 and space velocity 
100, 180° was the lower limit of conversion for both Fe and 
Co catalysts This is important in connection with the fact 
that the optimum synthesis for the Co catalyst is below 180° 
while that for Fe is considerably higher, which may explain 
that in the former O from CO can escape in the form of 
H2O Expts with a Co catalyst showed that lowering the 
space velocity from 100 to 10 at 180° and changing the H/CO 
ratio from 2 1 to 2 3 55, H2O concn decreased progres
sively and an almost parallel increase of CO2 resulted 
Division of the Fe catalyst into 4 portions sepd by layers 
of CaCl2 (230°, space velocity 100) resulted in a progres 
sive increase of H2O formation and a parallel decrease of 
CO2 concn These results are in disagreement with the 
opinion advanced by Craxford (C A 41, 262g) A working 
hypothesis for the mechanism is proposed (R Wiebe) 

i 

HYDROCARBON OILS FROM GASEOUS MIXTURES OF 
HYDROGEN AND CARBON MONOXIDE Synthetic Oils 
Ltd , Wm W Myddleton, and Alfred A Aicher British 
Patent 573,982, Dec 17, 1945 

Hydrocarbon oils are produced from blue water gas contg 
not more than 12% inerts A Co Th02 catalyst is used, 
the rate of flow of the gas through the catalyst space is 
restricted to 70-80 vols per unit vol of catalyst space 
per hr , and the temp of the reaction is maintained be
tween 175 and 220° In this manner, the length of the run 
of the reaction, during which a given yield of the hydro
carbon oil can be maintained at a substantially constant 
level, is increased, and the life of the catalyst is prolonged 
(S Goldberg! 

I 

CATALYTIC CONVERSION OF HYDROCARBONS FROM 
CARBON MONOXIDE AND HYDROGEN James H 
Grahame (to Texas Co ) US Patent 2,464,501, Mar 15, 
1949 

A synthesis gas, contg CO and H in a 1 2 mol ratio, is 
produced by partial combustion of CH4 The heat from this 
process is utilized to heat a catalyst for endothermic con 
version, such as cracking, isomerization, reforming 
aromatization, or dehydrogenation, of the hydrocarbons 
from the hydrogenation of CO The hot synthesis gas from 
the generator passes through a chamber countercurrently 
with the conversion catalyst If necessary, the synthesis 
gas IS further cooled to a suitable temp before passing to 
the hydrogenation zone by other heat-exchange means 
The heated conversion catalyst then passes to another zone 
and is utilized in the conversion of a portion of the gaseous 
and (or) liquid products of the hydrogenation The cooled 
conversion catalyst is then recycled to the heat-exchange 
zone E g , the conversion may consist of dehydration of 
O-contg products and dehydrogenation Olefinic gases 
produced may be recycled to the hydrogenation zone When 
the conversion step includes isomerization, motor fuels of 
high-octane value may be obtained Prepn of a combination 
isomerization-dehydrogenation catalyst of the compn 20 

S1O2 1 AI2O3 1 ThOi mixed with 10% chromite on AI2OJ is 
described In U S Patent 2,464,532 (Frederick B Sellers, 
to same assignee) Carbonaceous deposits are removed 
from the conversion catalyst by treatment with steam and 
(or) CO2 at high temps E g , synthesis gas at about 2400°F 
from the generator is passed in countercurrent heat ex
change with a cracking catalyst (S1O2 12, AI2O3 88%) The 
synthesis gas is thereby cooled to about 1500°F , and the 
catalyst particles are heated to about 2400°F The catalyst 
particles gravitate to a regeneration zone and flow counter-
current to a stream of steam and CO2 The reactions C •<• 
C02 - 2CO and C + H2O = CO + H2 remove the carbonaceous 
deposits The CO and H produced pass to the hydrogenation 
zone with the synthesis gas The CO2 used in the catalyst 
regeneration may be obtained by sepn from the hydrogena
tion products or by other means If the synthesis gas is 
obtained by coal gasification, it may contain 5-10% CO2 
The process is otherwise similar to that described above 
Flow diagrams are included (Grant Crane) 

965 
MAINTAINING THE CATALYST ACTIVITY IN SYNTHESIS 
OF HYDROCARBONS Roland A Beck, Eugene E Sensel, 
and Alfred J MiUendorf (to Texas Co ) US Patent 
2,464,480, Mar 15, 1949 

In the synthesis of hydrocarbons from CO and H the 
activity of Co catalysts gradually decreases The activity 
of the catalyst is maintained by periodical regeneration by 
addn of small amts of a compd of an alkali metal, prefer
ably Na2C03, and raising the operating temp by 9-18°F 
The process can be repeated advantageously until the 
catalyst contains about 3% alkali metal (based on Co) E g , 
a Co catalyst (promoted with Th02), whose initial optimum 
operating temp is 392°F at atm pressure, appreciably de
creases in activity after 336 hrs The reaction is stopped, 
about 0 35% Na as Na2C03 in aq soln is added, the cata
lyst IS dried, and operation is resumed at 405°F Subse 
quently, after loss of catalyst activity, the Na content is 
raised to about 1 05% and the operating temp to 428°F 
The procedure may be repeated until the Na content 
reaches 2 85% and the operating temp 480°F At this point 
the catalyst may be replaced economically The regenera
tion is applicable to catalysts used in fixed-bed, fluidized 
or other types of operation and is also applicable to Fe 
catalysts (Grant Crane) 

966 
CATALYTIC SYNTHESIS OF HYDROCARBONS Standard 
Oil Development Co British Patent 616,499, Jan 21, 1949 

Liquid hydrocarbons can be synthesized in high yields by 
forcing a mixt of H and CO in 0 7 to 1 3 molar ratio 
through a fluidized mass of catalyst (Co and thoria on 
kieselguhr) in a single-stage reaction zone maintained 
under Fischer synthesis conditions of temp and pressure, 
adding H at spaced points to the reaction zone to maintain 
the H to CO within 0 7 and 1 3 throughout the reaction zone 
(K C Schreiber) 

967 
THE EFFECT OF NITRATES AS ACCELERATORS IN RE
LATION TO THE STANDARD ELECTRODE POTENTIAL OF 
THE CATIONS J Soc Chem Ind Japan 45, 659-60(1942) 

The effect of nitrates of Ba, Al, Mn, Fe, Cr, Ni, Cu, Hg, 
Ag NH4, Na, K, Ca, Sr, Mg, Co, and Cd as accelerators in 
resin formation was proportional to the standard electrode 
potential of the cation metals Pb, Zn, Th, VO2 nitrates 
were exceptions The effect of Pb(NOs)2 was smaller and 
the effect of nitrates of Zn, Th, and UO2 greater than pre
dicted by the proportionality 

968 
NICKEL-THORIA-KIESELGUHR CATALYST FOR THE 
FISHCER-TROPSCH REACTION I J C Ghosh, N G 
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Basak, and G. N. Badami. Current Sci. 16, 318-19(1947). 
A catalyst prepd. by pptn. of Ni and Th carbonates on 

kieselguhr by addn. of NH4HCO3 to a soln. of the nitrates 
in presence of excess of CO;, and subsequent reduction in 
H first at 500° and then at 300-350° (for 6 hrs . in each 
case), gave 147.5 g. of hydrocarbons other than CH4 per 
cu. m. of synthesis gas with a space velocity of 0.90 1. 
per hr. per g. of Ni. (B.A.) 

969 
SELECTIVE CATALYSIS. Geo. M. Schwab and Elly 
Schwab-AgaUidis. J. Am. Chem. Soc. 71, 1806-16(1949). 

Activation energies and frequency factors are given for 
the simultaneous dehydration and dehydrogenation of EtOH 
and HCOOH vapors on several prepns. of ZnO, Ti02, Cr203, 
AljOj, CaFj, Caj(P04)2, CeOj, ThOj, C, NaCl, BaS04, 
Na2COj, Na2S04, KI, FeS, and Si02. For EtOH, the energy 
of activation is greater for dehydration than for dehydro
genation; for HCOOH, the reverse is true. These energies 
are not a function of the nature or history of the catalyst. 
The activation energy is a linear function of the log of the 
frequency factor; this function is the same for both reac
tions of a given reactant. Variations in selectivity of cata
lysts are due mainly to differences in frequency factors; 
dehydrogenation probably occurs on flat surfaces of 
secondary particles, and dehydration within cracks of mol. 
dimensions. (Cyrus Feldman) 

970 

CATALYTIC SYNTHESIS OF AROMATIC-ALIPHATIC AND 
HETEROCYCLIC-ALIPHATIC KETONES. I. SIMPLE 
KETONES DERIVED FROM BENZENE, PYRIDINE, AND 
FURAN. James L. A. Webb and Jeanne D. Webb. J. Am. 
Chem. Soc. 71, 2285-6(1949). 

A new method of prepn. of ketones from certain hetero
cyclic and aromatic acids consists in the passage of their 
volatile esters and an excess of a volatile aliphatic acid 
(ratio of 1 mol. ester to 4 of acid used) over ThO^ at an 
elevated temp. AcOH and BzOEt at 524-37° and 0.35 
g./min. give 56% PHAc; AcOH and BzOMe at 504-16° and 
0.33 g./min. give 48% PhAc. Et nicotinate (I) and AcOH at 
520-8° and 0.29 g./min. give 36% 3-acetylpyridine (H); 
the Me ester yields 28% H; I and PrCOjH at 530-44° and 
0.24 g./min. give 33% 3-butyrylpyridine (HI); the Me ester 
gives 38% in. Et furoate (IV) and AcOH at 464-6° and 0.23 
g./min. yield 25% 2-acetylfuran (V); the Me ester gives 31% 
V. IV and PrC02H at 466-73° and 0.27 g./min. give 12% 
2-butyrylfuran (VI); the Me ester yields 11%. 3,4-
Cl2C,H2C02Et and AcOH, did not give a ketone. Esters of 
picolinic and isonlcotinc acids yielded C5H5N. The temp, 
ranges for max. yields are: PhAc 504-37°, II and IV 520-
44°, V and VI 460-73°; the rate can vary from 0.25 to 0.35 
g./min. of the ester-acid mixt. (C. J . West) 

971 

THE CATALYTIC EFFECT OF VINOLEATES ON THE 
DRYING OF LINSEED OIL. Dante Pagani. Congr. tech. 
intern, ind. peintures inds. assoc. 1̂ , 364-8(1947) (in 
Italian). 

Driers were prepd. from grapeseed oil (d2o 0.9230, 
sapon. no. 189, iodine no. 179, free acid, 1.2%, n2o 1.480). 
The Pb vinoleate (i.e., salt of grapeseed oil-fat acid (1)), 
24.60% Pb, m. 45°, and linseed oil (II) contg. it (0.6% Pb) 
in performance compared favorably with II contg. Pb 
resinate. The % metal contents, m.p., optimum drier concn. 
(g. metal/100 g. n) for drying, and the corresponding dry
ing time (hrs.) are reported for the following I: Co, 8.90, 
86°, 0.06, 10; Fe+++, 5.75, -6° , 0.4-0.6, 20; Fe"̂ "̂ , 7.98, 
-22°, 0.6, 28; Mn, 8.36, 76°, 0.06, 45; Zn, 9.10, 70°, 0.6, 70; 
Ni, 9.00, 100°, 0.6, 84; Cu, 8.84, 40°, 0.10, 106; UO2, 28.2 
(% U), 77°, 0.4-0.6, 275; Tl, 41.20, 20°, 0.3, 372; Th, 16.50, 
120°, 0.5-0.6, 470; Ca, 5.90, 91°, 0.10, 408; Na, 9.00, 198°, 

0.30, 451; Mg, 3.65, 100°, 0.20, 530. Wt. losses of 3 g. 
drier on heating 24 hrs . to 90, 100, 150, and 200° are r e 
ported. The I of Na, Ni, and Tl are the most strongly 
oxidized. The breakdown voltage and the water vapor per
meability of II films dried with Cu or Fe"'"'"'' I were satis
factory; Cu I in n gave softer but more elastic films than 
Fe+++ I. (Henry A. Goldsmith) 
! 
REGENERATION OF CATALYSTS IN THE PRODUCTION 
OF HYDROCARBONS FROM CARBON MONOXIDE AND 
HYDROGEN. Alfred Clark (to Phillips Petroleum Co.). 
U.S. Patent 2,479,999, Aug. 23, 1949. 

When the activity of a catalyst has been reduced by the 
formation of waxy deposits, regeneration is periodically 
effected by increasing the reaction temp, so that gaseous 
hydrocarbons are formed and the waxy deposits on the 
catalyst are removed. E.g., a catalyst contg. Co 100. 
ThOj 18, and kieselguhr 100 parts was used in hydrocarbon 
synthesis 2 weeks at 246° and 100 Ib./sq. in. pressure at 
an hourly space velocity of 100. At this point a decline in 
the yield of liquid hydrocarbons was noted due to waxy de
posits on the catalyst. The temp, was allowed to rise to 
308° by reducing the cooling until the effluent hydrocarbons 
were primarily CH4 and C2H3 and continuing operation at 
this temp. 5 hrs . The temp, was then reduced to 246° and 
normal operation resumed. The process is also applicable 
to Fe and Ni catalysts. (Grant Crane) 

1 

REACTIVATING SILICA-ALUMINA CRACKING CATA
LYSTS. Ernest A. Bodkin and James M. Johnson (to 
Socony-Vacuum Oil Co., Inc.). U.S. Patent 2,480,627, 
Aug. 30, 1949. 

A spent Si02-Al203 petroleum-cracking catalyst is reac
tivated by treating with 1-15% aq. NaOH or 10-25% aq. Na 
silicate followed by base exchange with an aq. soln. of a salt 
of a metal with catalytic activity, such as Al, Zr, Th, or Be. 
The process apparently consists of replacing harmful ele
ments in the catalyst by Na and then replacing the Na. E.g. 
300 CO. of a spent SIO2-AI2O3 clay cracking catalyst with an 
activity of 28.9 was soaked 24 hrs . at room temp, in 250 cc. 
4% aq. NaOH, washed until free from NaOH, soaked 3 times 
for 4 hrs . in 19.5% aq. Al2(S04)3, washed with 200 cc. water 
every hr. for 80 hrs . until free from sol. sulfates and dried 
at 1050°F. to yield a catalyst with a Na content of 0.05% and 
an activity of 37.9. (The Na content after the NaOH treat
ment was 0.71%.) The activity is the % conversion at 800°F. 
to gasoline having an end point of 410°F. of Light East 
Texas Gas Oil (A.P.I, gravity 36.0°, b. 418-714°F) passed 
at 1.5 vol. liquid/hr./vol. of catalyst. Other examples are 
given in which the alkali metal compd. is Na silicate and 
the base-exchange salt is Th(NOs)4, Zr(S04)2, or Be(N03)2. 
LiCl did not regenerate the catalyst. The treatment also 
has the effect of increasing the hardness of the catalyst. 
(Grant Crane) 

1 

CATALYTIC CONVERSION OF HYDROCARBONS. Geo. A. 
MiUs (to Houdry Process Corp.). U.S. Patent 2,446,547, 
Aug. 10, 1948. 

A process is described in which a Th phosphate, with or 
without a carr ier is used as a catalyst in the conversion of 
high-boiling oil to gasoline boiling range hydrocarbons. 
Cracking may be carried out at a temp, of 800° to 900°F. at 
a space rate of about 1.5 vols, liquid charge per vol. of 
catalyst per hr. at about 15 lb. per sq. in. pressure. The 
temp, may be varied between the limits of 700° and 1100°F., 
the space rate between 0.5 and 8, and pressures from atm. 
to 100 lb. or higher. On-stream periods may range from 
5 to 60 min. Com. operating temp, is about 750°F. A Th 
phosphate having the probable formula of (ThO)2P207 was 
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prepd. by addmg to a soln. of Th(N03)4.4H20, 164 8 in H2O 
1680, 28% aq. NHj 18 parts, to a soln. of (NH4)H2P04 34.3 
in H2O 1680, adding 28% aq. NH, 18 parts, adding the 2nd 
soln to the 1st with stirring and adding 9 parts of 28% 
aq. NH3 The gel had a pH of 4.5, was filtered and dried 
at 230°F. with air blown over the mass. The dried gel 
was washed in H2O, dried, ground, and pelleted. These 
pellets were calcined in air at 1050°F, for 2 hrs and 
employed in the cracking of a light East Texas gas oil at 
800°F at atm. pressure, liquid space rate 1.5, and with 
10 min. on-stream periods About 19% gasoline based on 
the charge stock was produced. (H E Messmore) 

3 

HIGH-PRESSURE HYDROGENATION OF CARBON MONOX
IDE TO PREDOMINANTLY ISOPARAFFINIC HYDROCAR
BON COMPOUNDS (ISOSYNTHESIS). I. Helmut Pichler 
and Karl H. Ziesecke. Brennstoff-Chem 30, 13-22(1949). 

A new method of hydrocarbon synthesis (isosynthesis) is 
carried out at pressures over 30 atm., and especially at 
300-600 atm at 450° Th02 is the best single catalyst, 
Zr02 and Ce02 are suitable, AI2O3 is considerably poorer 
Gaseous and liquid hydrocarbons are formed; of these the 
C4 hydrocarbons are predominantly (80-90%) branched. At 
pressures over 600 atm. and temps, under 400°, significant 
quantities of O compds. (especially isobutanol, methanol, 
and Et20) are formed. At 600 atm. and 450°, with a Th02 
catalyst, the yield from 1 standard cu. mm. of CO-H2 mixt. 
is 154 g , of which 34 5% are liquid products, 29.3% of iso-
C4-, 14.7% of 1SO-C3- and n-C3-, 18.2% of Cj- and C2-hydro-
carbons, and 3.3% Me20. By operating in a no. of steps the 
yield at moderate pressures can be considerably increased 
When continuous circulation is used H tends to be removed 
faster than the CO from the gas mixt. II. EXPERIMENTS 
WITH MIXED CATALYSTS AND CONVERSION OF DI
METHYL ETHER Ibid 60-8, 81-4 Of a variety of mixed 
catalyst tested, ZnO plus Th02 favored the yield of liquid 
hydrocarbons and the addn. of AI2O3 plus Th02 the forma
tion of isobutane. The yield of isobutane was greatly in
creased when 3% KjCOj was added to the ppt. of ThOj + 20% 
AI2O3, amounting to 57% of the hydrocarbons formed at 300 
atm and 450°. A similar alkali-free catalyst at 600 atm. 
and 450° yielded 130 g. of liquid hydrocarbons and "gas 
oil" per cu. m of CO-H mixt.; of this 61 g. was 1SO-C4 
compds. and 56 g. of liquid hydrocarbons. Part of the 
Th02 can be displaced by ZnO in the mixed catalyst without 
appreciably affecting the space-time yield Catalysts of 
the type Th02 + 20% A1203 have a relatively long life and 
are readily regenerated. Considerable quantities of the 
Me20 formed in this process are converted into iso
butane. (R. W. Ryan) 

MECHANISM OF CATALYTIC CONVERSION OF LIMO-
NENE AT HIGH TEMPERATURES. Matsuo Moroe. J. 
Pharm Soc. Japan 69, 197-202(1949). 

Catalytic change of limonene (I) with metallic catalysts, 
e.g. Cu, Ni, Ni-ThOj-NaOH, Ni-NaOH-activated C, at 
260-300° resulted in terpinolene (n), a - and y-terpinene 
(in), 1-menthene (VI), 3-menthene (Vn), cymene (IV), and 
menthane (V), as well as compds. thought to be Me2CO, 
PhMe, and p-EtC,H4Me (Vin). It has been revealed that 
I, through n and in, is dehydrogenated to IV and that V is 
formed by the hydrogenation of III to VI or VH, which is 
subsequently hydrogenated to V. Me2CO and PhMe are 
formed directly from II and VIII. (K. Kitsuta) 

1 
CATALYST AND PROCESS FOR SYNTHESIZING ORGANIC 
COMPOUNDS. Universal Oil Products Co. British Patent 
626,071, July 8, 1949. 

A catalyst is disclosed for the synthesis of org compds. 

from CO and H, which consists of Th02 and at least one 
Group v n i metal in combination with an isomerizing and 
cracking component of mainly SiOj mixed with AI2O3 and 
(or) ZrOj The improvement in the present process i s the 
addn. of the isomerizing and cracking component to the 
hydrogenating catalyst in order to obtain high-grade 
motor fuels. (Paul W. Howerton) 

) 
CATALYST OF IRON-GROUP METAL SUPPORTED ON 
SILICA MICROSPHERES Charles N. Kimberlm, J r . , and 
Robert E. Schexnailder, J r . (to Standard Oil Development 
Co.). U.S. Patent 2,488,128, Nov. 15, 1949. 

Improved catalysts for use in the synthesis of hydrocar
bons from CO and H are prepd. by impregnating dried 
silica gel microspheres with such a mixt. of Co, Th, and 
Ni nitrates that after the heating process the material con
tains approx. CoO 30, Th02 5, and NiO 0.15%. The oxides 
are then reduced by heating with H at 650-700°F., to give 
highly active, fluidizable catalyst that retains its activity 
and particle size even after long use. (Julia Ann Conway) 

) 
FISCHER-TROPSCH SYNTHESIS—DIFFERENTIAL RE
ACTION RATE STUDIES WITH COBALT CATALYST. 
Robert B. Anderson, Abraham Krieg, and R. A. Friedel 
(U.S. Bur of Mines, Bruceton, Pa ). Ind. Eng. Chem. 41, 
2189-97(1949). 

The synthesis was studied on a pelleted Co:Th02:kiesel-
guhr (100-18-100) catalyst in a fixed-bed reactor (90 cm. 
long bed) at atm. pressure and 186-207°. The reactor 
contained a special tube for the removal of gas samples 
at 9 points along the length of the bed. About 5% A was 
added to the feed gas as a reference component. Syn
thesis gases contg. H2:CO ratios of 3.5, 2, and 0.9 were 
used at space velocities ranging from 25 to 100 cc. of gas 
per cc. of total catalyst bed per hr. With all gas compns. 
the synthesis rate was high in the first 10% of the bed and 
lower and essentially const, in the remainder of the bed 
until the reactants were nearly completely consumed. The 
gas compns. in the bed in the region of const, synthesis 
rate varied considerably. CH4 appears to be formed by 
primary reactions as well as by hydrocracking of higher 
hydrocarbons; the latter being favored by high H2 and 
hydrocarbon partial pressures. CO2 appears to be formed 
by primary reactions as well as by a secondary water-gas 
shift which latter was favored by high CO and H2O partial 
pressures. CO2 was reduced m the synthesis gas after CO 
had been completely consumed. Craxford's postulate (CA. 
41, 262g) that the synthesis occurs on C02C with secondary 
reactions on Co atoms does not appear adequate to explain 
the data reported. (H.J.K.) 

) 

UNSATURATED HYDROCARBONS FROM SATURATED 
FATTY ACIDS Toshiichi Tokunaga. Japanese Patent 
174,688, Aug. 1, 1947 

Olefins are obtained by the thermal decompn. of a satd. 
fatty acid or its Me or Et ethers at 300° with a granular 
catalyst composed of one or more of activated acid clay, 
silica gel, AI2O3, or bentonite, and with one or more of 
Th, V, Ce, Ni, Co, Fe oxide, or hydroxide. Unchanged 
fatty acid is removed by washing with alkali. (K. Kitsuta) 

CATALYTIC SYNTHESIS OF HYDROCARBONS. Standard 
Oil Development Co. British Patent 631,322, Nov. 1, 1949. 

In the production of a mixt. consisting predominantly 
of hydrocarbons with a small amt. of oxygenated hydro
carbons, water, and CO; from a gaseous mixt. of CO and H 
by a Fischer-Tropsch reaction at a temp, of 149 to 371° 
and a pressure from atm. to 500 Ib./sq. in. gage in contact 
with a catalyst consisting of a metal from Group VIII, the 
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product IS brought into contact with a dehydrating catalyst 
to dehydrate certain of the oxygenated hydrocarbons, such 
as ales., to water and unsatd. hydrocarbons without altering 
substantially the structure of the hydrocarbons produced. 
The dehydrated product is cooled to recover liquid hydro
carbons which are substantially free from the dehydratable 
oxygenated compds. Specific examples of dehydrating cata
lysts are the oxides of Th, Al, W, and Cr. Temps, in the 
range 149-427° and pressures in the range atm. to 500 
Ib./sq. in. gage may be used in the dehydration. (P. J. 
Wilson. Jr .) 

982 
FLUID-TYPE FISCHER-TROPSCH CATALYSTS. Julius 
P. Bilisoly (to Standard Oil Development Co ). U.S. Patent 
2,496,265, Feb. 7, 1950. 

Fluid-type catalysts for the Fischer-Tropsch synthesis 
of hydrocarbons are obtained by impregnatmg a gelatinous 
SiOj hydrogel, washed free from water-sol. salts, with the 
nitrates or other suitable salts of the metals normally used 
as catalysts for this reaction (Fe, Co, Ni, Th, Mg, etc.), 
washing, heating to 212°F. until the water content has been 
reduced to 6-10%, and converting the original salt to the 
oxide by heating to 400—50°F., grinding, and reducing at 
600-800°F. with H This catalyst is very active and highly 
resistant to attrition. (Hans Schindler) 

983 
OXO SYNTHESIS CATALYST. Robert E. Schexnailder, J r . 
(to Standard Oil Development Co.). U.S. Patent 2,500,210, 
Mar. 4, 1950. 

Silica hydrogel is impregnated with salts of Co, Th, and 
Cu. These salts are then decomposed on the silica. Thus, a 
Na20- 3.25S1O3 soln. of 1.2 sp. gr is mixed with H2S04 of 
1.12 sp. gr., and the washed hydrogel is mixed with 
Co(NO,)2, Th(NOj)4, and Cu(N0j)2 by milling. The plastic-
ized mass is heated to 550°F. to decompose the nitrates to 
oxides. The catalyst is activated at about 850°F, and con
sists of Si 65, Co 32, Th 5, and Cu 1%. (Lily E. Fuchs) 

984 
HYDROCARBON SYNTHESIS. Alfred Clark (to Phillips 
Petroleum Co.). U.S. Patent 2,497,761, Feb. 14, 1950. 

In the synthesis of hydrocarbons from CO and H a r e 
cycle olefin fraction, b. 25-200°, is introduced into the 
hydrogenation zone. By a process which may be conjunct 
polymerization or alkylation the yield of liquid hydro
carbons is increased The reaction is conducted so that a 
substantial portion of olefins is produced. In the recovery 
system a fraction rich in olefins is sepd. by fractionation 
and IS recycled to the hydrogenation zone. The heavy oils 
and waxes produced may be passed to a cracking unit. The 
effluent from the cracking unit may constitute all or part 
of the olefin fraction recycled to the hydrogenation zone 
E.g., CO and H in a 2:1 mol. ratio were introduced at an 
hourly space velocity of 100 into a reactor contg. a Co-
Th02 catalyst at 200° and 200 Ib./sq. in. pressure to yield 
6 cc. liquid hydrocarbons, b. 25-200°, per 100 1. synthesis 
gas. The unsatd. content of the liquid fraction, b. below 
200°, was 50%. The same reaction conditions with 4 vols. 
recycle/100 vol. synthesis gas yielded 10 cc. hydrocarbons, 
b. 25-200°, per 100 I. synthesis gas (Grant Crane) 

985 
PREPARATION OF SOLID HYDROCARBONS. Alvin H. 
Friedman (to Phillips Petroleum Co.). U.S. Patent 
2,500,533, Mar. 14, 1950. 

Yield of waxes from a Fischer-Tropsch type synthesis 
IS increased by the use of 42 to 70 vol. % of inert diluent 
in the synthesis gas. This also results in an increase in 
the unsatn of the initial to 400°F gasoline at no sacrifice 
in gasoline yield. Although other catalysts may be used. 
Co-Th02-kieselguhr in the wt. proportions 100:18:100 is 

preferred Optimum reaction conditions are: temp 175-
225°; pressure 5-15 atm., space velocity 100-200 vols 
per vol. of catalyst per hr. (E. H Ivey, Jr .) 

986 
SYNTHETIC LUBRICANTS Orland M Reiff, Harry J 
Andress, J r . , and Alfred P Kozacik (to Socony-Vacuum 
Oil Co , Inc ). U.S. Patent 2,500,203, Mar 14, 1950. 

Lubricating oils of low cloud and pour points are prepd 
by treating equal moles of a monoolefin contg. 8 to 18 C 
atoms with styrene or alkylated styrene in the liquid 
phase 4 - 7 hrs . at 400-500°F. with catalysts composed of 
70-80% S1O2 and a corresponding amt. of AI2O3, Th02, or 
Zr02 The results obtained by treating, over a synthetic 
S1O2-AI2O] catalyst, styrene, or l-methylstyrene with 
C5H10, CH2:CH(CH2)5Me, diisobutylene, CH2-CH(CH2)8Me, 
unstad. kerosene, CH2.CH(CH2)ieMe, CH2:CH(CH3)i3Me, 
and unsatd. paraffin wax are tabulated. The oils obtained 
by this procedure do not act as n-index improvers in con
trast to the products from the copolymerization of olefins 
with styrene in the presence of BF3. (Hans Schindler) 

987 
THE HETEROGENEITY OF CATALYST SURFACES FOR 
CHEMISORPTION. III. METALLIC NICKEL Hussein 
Sadek and Hugh S. Taylor (Princeton Univ , Princeton, 
N. J ). J Am. Chem. Soc. 72, 1168-75(1950) 

The heterogeneity of the surfaces of 6 different Ni cata
lyst prepns. was confirmed with the technique devised by 
T. and Liang (C A 42, 1793b) and H as the adsorbate 
The adsorptions at -195° were analyzed to det the relative 
amts. of van der Waals adsorption and chemisorption of H 
and to show that different prepns. adsorb different relative 
amts. of the two types. The velocity of the H-D exchange 
reaction on Ni-Cr20s and Ni-Th02 was studied to support 
these findings. There are marked differences in rates with 
activation energies of 0.45 and 2 kcal. resp. The data do 
not support an interpretation based either on soly. of H in 
the lattice or an exothermic entry of H into the Ni lattice 
at temps, between -195 and -78°. (H.H.S.) 

988 
This reference has been intentionally omitted. 

989 
HYDROCARBON SYNTHESIS. Morns T. Carpenter (to 
Standard Oil Co. of Indiana). U.S Patent 2,500,516, Mar. 
14, 1950. 

The app. and process are described for conducting ex
othermic gas reactions, e.g. converting synthesis gas to 
hydrocarbon mixts. of various boiling ranges. Natural 
gas (CH4) IS desulfurized by scrubbing with HOCH2CH2NH2 
or (HOCH2CH2)2NH or by other methods and is mixed with 
steam and CO2; the mixt. is passed through a Group Vni 
oxide catalyst chamber or coil at 14.7-150 Ib./sq. in. and 
1400-1650°F. with a space velocity of 2 -60 sec The 
catalyst preferred is Ni or Fe oxide promoted by other 
metal oxides of Al, Mg, Mn, Co, U, Cr, or Mo, and sup
ported on clay, kieselguhr, etc The over-all equation for 
this gas reforming step is CO4 + 3CH4 + 2H2O = 4CO + 8H2 
The synthesis gas is charged to a synthesis reactor contg 
a finely divided catalyst of Fe, Co, or Ni on kieselguhr, 
silica gel, or other carr ier , with 1 or more promotive 
oxides of Mg, Th, Mn, Al, Cu, etc., the catalyst having a 
particle size of 200-400 mesh or smaller. The reactor 
consists of 1 or more vertical towers, 10-50 ft in diam 
and 20-50 ft. m height, and the base is provided with a 
conical hopper (60° slope) on which rests the catalyst 
Either a bundle of tubes or a plurality of concentric cylin
ders in which the alternate annular spaces are filled with 
suspended catalyst may be used in the reactor The time of 
contact between the gas and catalyst may vary from 2 to 
60 s e c , and the pressure (for Co-type catalyst) may be 
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14.7-150 Ib./sq. in. Temp, control is effected by carefully 
regulating the quantity and temp, of the cooling water sur
rounding the tubes or annular catalyst spaces. (Herman 
Skolnik) 

990 
GASOLINE SYNTHESIS FROM CARBON MONOXIDE AND 
HYDROGEN AT ATMOSPHERIC PRESSURE. LVI. ANAL
YSIS OF THE SYNTHETIC OIL BY PRECISION DISTILLA
TION. Shinjiro Kodama, Kimio Tarama, Taichi Oshima, 
and Koichi Fujita. J. Soc. Chem. Ind., Japan 44, Suppl. 
binding 270-2(1941)(in German). 

Analytical distns. over a Podbielniak column were car
ried out on the gasoline fraction (recovered by a sorption 
on activated C), naphtha fraction, hydrogenated naphtha 
fraction and the Cj-Cg portion of the latter, all derived 
from the product obtained at 245-250° from a synthesis 
gas of approx. equal parts of CO and H with an Fe cata
lyst contg. Cu 25, Mn 2, kieselguhr 125, H3BO3 20, and 
K2CO3 3%. The same type of distn. was applied to the 
naphtha fraction and the hydrogenated naphtha fraction 
from the oil obtained at 210-12° from 1 part CO and 
2 parts H with a Co catalyst contg. Cu 10, Th 5, U 2.5, 
kieselguhr 125%. The C5 and Cj fractions each contained 
the following percentage by vol. of n- and iso-hydrocarbons, 
resp.: gasoline from Fe catalyst 61 8, 38.2; 58.3, 41.3; 
naphtha fraction from Fe catalyst 59.4, 40.6; 56.3, 43.7; 
hydrogenated oil from Fe catalyst 61.1, 38.9; 53.8, 46 2; 
naphtha fraction from Co catalyst 63.0, 37.0; the same, 
hydrogenated 72.0, 28 0; 57.0, 43.0. (Hans Schindler) 

991 
HYDROCARBON SYNTHESIS. Eugene E. Seusel, Alfred J. 
MiUendorf, and Roland A. Beck (to The Texaco Development 
Co.). U.S. Patent 2,503,356, Apr 11, 1950 

In the synthesis of hydrocarbons from CO and H the syn
thesis gas passes successively through different catalyst 
beds, whose optimum operating temps, progressively in
crease. In this way at least a portion of the heat of reac
tion IS used to advantage, and the cooling requirements are 
minimized. The catalyst beds preferably increase pro
gressively in depth and are not contiguous. The different 
catalyst beds have different optimum operating temps, be
cause of the use of different metals, different promoters, 
or different ratios of catalyst to carr ier . The CO-H mixt. 
is fed through a manifold to different levels in the reactor. 
After sepn. of liquid hydrocarbons and water from the ef
fluent, the unreacted CO, H, and CO2 and light hydrocar
bons are recycled. In an example the sequence of catalyst 
beds with their optimum operating temps, is Ni 46, on 
Filtercel 45.5, with oxides of Mn 5, U 2.5, and Th 1%, 
365°F.; Co 32, on Filtercel 64, with MgO 2, and Th02 2%, 
390°F.; Co 31, on Filtercel 63, with MgO 1.8, ThOj 1.5, and 
NajCOj 1.7%, 420°F.; and Fe 40, on AI2O3 50, with Cu 9, and 
K2O 1%, 480°F. The process is applicable to fluidized oper
ation by the use of sep. reactors in series. (Grant Crane) 

992 
HYDROCARBON SYNTHESIS. James H. Grahame (to Tex
aco Development Corp.). U.S. Patent 2,503,724, Apr. 11, 
1950. 

In the synthesis of hydrocarbons 2 reactors are employed. 
The 1st reactor is operated to produce primary isoparaffins 
and the 2nd reactor to produce olefins primarily. Normally 
liquid reaction products are recovered from both zones. The 
C4 fraction from the 1st zone is distd. to sep. n-butane from 
isobutane, which is passed to an alkylation zone where it is 
alkylated with isobutene recovered from the C4 fraction 
from the 2nd reactor. The 1st reactor uses an isoparaffin 
synthesis catalyst, such as Al203-Th02 or ZnO-Al20j, and 
is operated at 750-900°F. and 300-500 atm. The effluent 
from the 1st reactor contains a substantial amt. of CO2 

along with unreacted CO and H and light gases which are 
added to the 2nd reactor. The CO2 suppresses the forma
tion of addnl CO2 m the 2nd reactor and is reduced to CO. 
The 2nd reactor is operated at 550-700° and a pressure 
about 200 Ib./sq. in. with a catalyst, such as fluidized Fe 
promoted with AI2O3 and K2O. (Grant Crane) 

993 
SYNTHESIS OF NITRIC ACID BY CONCENTRATING THE 
IRRADIATION OF THE SUN. Felix Trombe, Mare Foex, 
and Charlotte Henry La Blanchetais. Compt. rend. 225, 
1073-5(1947) 

The oxidation of N to NO is completed by the irradiation 
of the sun. In a transparent, 6-cm. long quartz container 
granulated Th02 is placed and is heated by the reflection 
of the sun from a 2-m. diam. parabolic mirror to 2500 to 
3000°. The gas is then cooled in a tube of 80-cm. length 
and the distance between the heating part and the cooling 
system could be varied from 2 to 4 cm. The best results 
were obtained with quick cooling and a gas compn. of N:0 
of 1 and gave at a gas flow of one l./min. 0.7 vol. %. An 
excess of O2 in the gas has a worse effect than an excess 
of N2 (O. Brill) 

994 
THE REDUCTION OF CATALYSTS WITH A COBALT AND 
KIESELGUHR BASE UTILIZED IN THE FISCHER-TROPSCH 
SYNTHESIS. S. R. Craxford and A. Poll. J . chim. phys. 
47, 253-6, discussion, 256-7(1950). 

Catalysts having the compn. Co:Th02:MgO:kieselguhr 
in the ratio 100:6:12:200 were used. The most active 
catalyst was obtained by carrying out the reduction at 
400 in pure, dry H at a flow rate of 6000 vols, per vol. of 
catalyst per hr. When H satd. with water vapor at room 
temp, was used for reduction, the surface area of the r e 
duced portion of the catalyst was slightly greater than that 
observed with dry H but the amt. of reduction was appreci
ably less. The percentage reduction of Co oxide after 
treatment with dry H under the above conditions was 29.8% 
at 300°, 53.2% at 350°, 71.2% at 400°, 81.3% at 450°, and 91.5% 
at 500°. A reduction temp, of 400° caused the least diminu
tion of the surface area after vacuum treatment at 450° for 
4 hrs . A reduction in surface area from 229 sq. m./g. of 
Co to 180 sq. m./g. of Co occurred when the catalyst was 
used in synthesis. Along the x-ray data the diminution of 
surface area suggested that appreciable agglomeration of 
Co occurred during use of the catalyst. Catalysts were 
prepd. in 5 different manners to investigate the role of the 
formation of a hydrosilicate on the reduction. Conditions 
favoring the formation of a hydrosilicate appreciably de
crease the ease of reduction. A catalyst which was main
tained at an elevated temp, under pressure in an autoclave 
during prepn. could not be reduced with H at 800°. The min. 
amt. of reduction in surface area occurred under conditions 
of catalyst prepn. which did not favor the formation of a 
hydrosilicate. (H.L., Jr .) 

995 
CATALYTIC CONVERSION OF CARBON MONOXIDE AND 
HYDROGEN. Julius P. Bilisoly (to Standard Oil Develop
ment Co.). U.S. Patent 2,509,204, May 30, 1950. 

Motor fuels are obtained from CO and H at temps, of 
400-450°F. and 1 — 10 atm. abs. pressure m the presence 
of Fe, Co alone or in conjunction with Ni, Mo, Th, etc. 
(20-60 parts of Fe and Co) as catalysts, supported on a 
base (MgO, 40-80 parts). KOH, K2CO3, etc., as promoters 
(0.5-10 parts) and metal oxides of the right hand side of 
Groups I, n , and HI of the periodic system, e.g., CuO as 
stabilizer (1-20 parts). The catalyst mixt. is prepd. by 
mixing freshly pptd. hydroxides of the active metal compds. 
with MgO; by the impregnation of the latter with a salt of 
the metal that is decomposable by heat; by the suspension 
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of MgO in the metal salt soln. followed by the pptn. with an 
alkali carbonate; or by milling MgO with the dry metal 
component. (K. Fox) 

5 
CATALYTIC OXIDATION OF MONOETHENOID FATTY 
ACIDS; CATALYTIC INFLUENCE OF CATIONS OF 
METALS OF THE TYPICAL AND TRANSITIONAL 
SERIES IN AUTOXIDATION PROCESSES. J. H. Skellon 
(Acton Tech. Coll., Acton, Engl.). J. Soc. Chem. Ind. 
(London) 67, 116-20(1950). 

The catalytic activity of the metal ions is related to 
their at. structure and is shown to be a periodic function. 
The catalytic activity (detd. by iodine, peroxide, acid, and 
sapon. values) plotted against the at. no. gives wavelike 
curves. Metals of the highest activity occupy peak posi
tions, whereas those of low activity, such as Zn, Sn, Tl, 
occupy the troughs of the curves. The order is based on 
analysis of oxidized oleic acid (7 hrs . , 120°, 0.05% metal 
as soap). Group 1, main transition series, Co, Pd, U, Ti, 
V, Th, Mo, Mn, Ni, are good catalysts. Group 2, typical 
series, subgroups A, Ba, Al, are intermediate, and group 
3, series subgroup B, Cu, Sn, Tl, Zn, are poor catalysts. 
High activity is shown by metals having an imcomplete 
inner group of electrons; the activity is a function of such 
quantum electrons, rising to a max. in metals where the 
inner incomplete group is nearing completion or has just 
started. The activity is connected with electrons capable 
of functioning as valency electrons, for the rare-earth 
elements with an incomplete 4s quantum group have only 
an indifferent activity, as these electrons do not function 
as valency electrons and are immobilized. An element of 
dual valency, attaining a stable condition m the higher 
valency should be an efficient catalyst. Autoxidation func
tions through a cycle of valency changes: (1) The forma
tion of a loose complex between metal, in the lower valency, 
and O, the metal being raised to a higher valency; (2) this 
higher valency is more stable, but the complex is still highly 
reactive to O. It reacts further with O and the oxidizable 
substance, donating O continuously to the latter without 
permanently reverting to its lower valency; i.e., the cata-
lyst-O complex acts as an O donor; (3) ultimate interaction 
between the catalyst in its higher valency and a quantum of 
oxidized material, causing reversion of the metal to its 
lower valence, accompanied by a change in the character of 
the oxidized material. Extensive curves and tables of data 
are given. (C. W. Gayler) 

r 
X-RAY DIFFRACTION STUDIES OF THE ACTION OF 
CARBON MONOXIDE ON COBALT-THORIA-KIESELGUHR 
CATALYSTS. H. L. J. E. Hofer, W. C. Peebles, and E. H. 
Bean (U. S. Bur. of Mines, Pittsburgh, Pa.). J. Am. Chem. 
Soc. 72, 2698 2701(1950). 

Reduced Co-thona-kieselguhr catalysts produced increas
ing amts. of free C and decreasing amts. of Co carbide on 
carburization with CO at increasing temps, in the range 
243 to 298°. At the high temps., the max. amt of carbide is 
formed within the first 5 hrs . of carburization. Free C 
tends to make the catalyst inaccessible to further carbide 
formation. Carbide inhibits deposition of free C. (Harry 
H. Sisler) 
1 

DEALKYLATION OF ALKYLPHENOLS. Daniel B. Luten, 
J r . , and Geo. M. Good (to Shell Development Co.). U S. 
Patent 2,514,960, July 11, 1950. 

Alkylphenols contg. 4 or more C atoms m the alkyl group 
are dealkylated by passing their vapors over clay-type syn
thetic catalysts (mixts. of S1O2, A1203, and MgO), to which 
B2O3, Zr02, Th02, and vanadia may be added as promoters. 
The optimum temp, is 350-400° and the optimum rate of 

flow 0.5—4.0 1. liquid reactant/hr. / l . catalyst. K the alkyl 
group contains 6 or more C atoms, flow rates of 20 l. /hr. 
are used. Me and Et groups are not affected. Pr and iso-
Pr derivs. are partially dealkylated in long contact times 
at high temps. When 2,4,6-Me2(MejC)CeH20H is passed over 
a catalyst of S1O2 86.2, AI2O3 4.3, and Zr02 9.4% at 400° at 
the rate of 2 1. liquid reactant/1. catalyst/hr., the conver
sion to 2,4-Me2C,HjOH is over 61%. (A. Dietz) 

999 
THE KETONIC DECARBOXYLATION REACTION. THE 
KETONIC DECARBOXYLATION OF TRIMETHYLACETIC 
ACID AND ISOBUTYRIC ACID. AUred L. Miller, Newell 
C. Cook, and Frank C. Whitmore (State Coll., Pa.). J. Am. 
Chem. Soc. 72, 2732-5(1950). 

Me3CC02H was ketonically decarboxylated by passing over 
aerogel Th02 at 490°. The major product was iso-BuCOCMes 
(I) with no (Me3C)2CO. The gaseous products amounted to 
31% of the total yield, CO2 predominating, with isolable 
amts. of butane and butylenes. Above 490° the reaction 
velocity fell off. All the products save CO2 appeared to be 
decompn. products of I. Adsorption of the gaseous acid on 
the basic catalyst is assumed to be followed by formation 
of (MejCC02)2ThOH (H). II is believed to be so orientated 
that the carboxyl C of one radical is brought close to a Me 
group of another. This could explain the formation of I. 
iso-PrC02H treated in the same manner formed 50% (iso-
Pr)2CO and 5% iso-PrCOPr, with a similar mechanism 
applicable. It is concluded that acids with no a-H may be 
ketonically decarboxylated with reaction at the j3-C atom 
giving anasym. ketone. H both a - and 3-H atoms are 
present, reaction may occur at both points but will take 
place preferentially at the a-C atom. The role of the cata
lyst here appears to be one of orientation of 2 or more acid 
mols. into reactive positions. (Howard W Post) 

1000 
THE EFFECT OF ADDITIVES ON OXIDE CATALYSTS. U. 
CATALYTIC OXIDATION OF CARBON MONOXIDE AND 
HYDROGEN ON THORIA-CERIA MIXTURES. Gunther 
Rienacker, Margarete Birckenstaedt, and R. Burmann 
(Univ., Rostock, Ger.). Z. anorg. Chem. 262, 81-94(1950). 

H or CO, mixed with excess air, was passed over Th02-
Ce02, made by calcining oxalate mixts. The conversion was 
1st order with respect to partial pressure of H or CO, and 
variation of conversion with temp, for each catalyst fol
lowed the Arrhemus law. As a function of oxide compn., 
the activation energy for CO oxidation showed a pronounced 
min. (11 kcal.) at 1.0% Ce02, a max. (22.8) at 5%, then r e 
mained nearly const, at 16-17 over the range 10-100%; 
for H oxidation, the values were 24.0 kcal. for 0% Ce02, a 
very sharp min. (2.0 kcal.) at 1.0%, a max. (15.1) at 3%, 
another mm. (2.6) at 5%, and values of 7.1-7.8 over the 
range 10-100%. The marked increase in activity at 1% 
Ce02 IS not assocd. with any increase in O tension, but may 
be connected with the very high light output obtained on 
heating mixts. of this particular compn., which is that 
used for com. gas mantles. Pure H reduces CeC)2 (pure or 
mixed with Th02) at 300°, m contradiction to published data. 
(A. O. Allen) 

1001 
MOLDED CATALYSTS. N. V. de Bataafsche Petroleum 
Maatschappij. British Patent 641,332, Aug. 9, 1950. 

Molded catalysts contg. active metals and a carrier , and 
having great mech. strength and high catalytic activity, are 
produced in a 4-stage process, which comprises: (1) en
tirely or partially converting an active metal into a hydro
silicate by pptg. the active metal from a soln. of one of its 
salts with a precipitant consisting of a sol silicate; (2) 
mixing the hydrosilicate-contg material in pulverized con
dition with a powd. carr ier , (3) compressing the mixt. into 



Tm-3044(Suppl. 1) 131 

the form of shaped pieces; and (4) subjecting the shaped 
pieces to a reducing treatment with H to obtain the active 
metal at least partially in the active form. When employing 
car r ie rs , such as Al grits, activated AI2O3, >'-Al203, or 
hydrated AI2O3, use of a lubricating agent, such as graphite, 
IS desirable ir, order for the compressed pieces to leave 
the press undamaged. With car r iers , such as MgO, Mg silicate, 
and MgC03, application of a lubricating agent is generally 
not required. Catalytically active metals comprise, for 
example, Fe, Co, Ni, and the other metals of Group VIII, as 
well as Cu and Mn. In an example, 1 of aq. soln. contg. 
Co 40, Th02 2, and MgO 4 g present as the nitrates was 
mixed with 900 cc. of a soln. contg. 83 g. Na2C03, to which 
78 g. of a Na silicate soln. contg. 151 mg. S1O2 and 156.5 
mg. Na20 per g. had previously been added upon being dild. 
to 100 cc After pptn. of the active constituents, 70 g of the 
active material in a dry state was mixed with 150 g of 
powd. MgO, and the mixt. subsequently compressed into 
pellets The pellets were treated with H at 375° for 1 hr., a 
treatment which served to reduce 60% of the Co to the active 
form. After the treatments, the catalyst consisted of Co 
100, MgO 8, Th02 5 S1O2 28, and MgO carr ier 550 parts by 
wt. The pellets could withstand a max. pressure of 12 kg. 
British Patent 641,333, catalysts contg. active metals and 
produced by the method described above, in the production 
of which the metals are converted to hydrosilicates, can be 
obtained with great activity and with great mech. strength. 
3-AI2O3 IS used as the carrier , and is added at any stage of 
pptn., but before sepg. the ppt. from the mother liquor. The 
/3-AI2OJ may be produced by intimately mixing an AI2O3 of 
the y-type, either contg. water of hydration or not, with a 
compd of an alkali metal, such as K or Na, capable of 
being converted to the oxide by heating, for example, at a 
temp, between 800 and 1400°. The alkali is then absorbed 
into the crystal lattice of the AI2O3 and prevents its r e -
crystallization to V-AI2O3. (P J W Jr ) 

1002 
KETONES FROM OLEFINS Willem F. Engel (to Shell De
velopment Co.). U.S. Patent 2,523,686, Sept. 26, 1950. 

Aliphatic ketones are prepd. by treating olefins of at 
least 3 C atoms with steam in the vapor phase at 200-500° 
and 10-25 Ib./sq. in. pressure in the presence of a catalyst 
composed of oxides of metals from group n . III, IV, or VI 
of the periodic table and metallic Ag, Cu, Mn, Fe, Co, or Ni 
in the ratio 1-10:1, based on the metal content of the com
ponents Me2CO IS prepd. by passing propene with 10-20 
mols. steam at 300-425° and 10-25 Ib./sq. in. pressure 
over a catalyst composed of Al, Cu, Th, Cr in the ratio 
50:50:5:15 at a space velocity of 10-25 g./l. catalyst/hr 
The effect of catalyst compn. on the yield of Me2CO is 
tabulated. (Hans Schindler) 

1003 
VAPOR-PHASE CONVERSION OF 1-ALKYNOLS. Edwin 
V. Winslow (to Publicker Industries Inc.). U.S. Patent 
2,524,865, Oct. 10, 1950. 

Alkynols of the type R'CR(OH)C:CH where R is H alkyl, 
or aryl, and R' is alkyl, are converted to a mixt. of con
jugated alkenynes, unsatd. aldehydes, and ketones by vapor-
phase treatment over a HsP04-metal phosphate catalyst 
impregnated on an Inert carr ier ; the preferred metals are 
Cd, Cu, Sn, Mg, Ni, Zn, Cr, Th, or W, and the reaction is 
earned out in the presence of about 25% H2O vapor The 
catalyst prepn. may be illustrated by the following: 20 g 
ZnO and 300 ml. HjO heated to 80° with 88 ml. 85% HJPO4, 
and the resulting soln. impregnated into 132 g. Celite V, 
which was dried at 110° 6 hrs and ignited for 4 hrs. at 
600°, gave 36 g. catalyst retention. Passage of Me2C(OH)C: 
CH (75%) and H2O (25%) at 190-215° at 3830 ml./hr / I . over 
this catalyst, followed by N flushing at 400° after a 10-12 

hr. cycle, gave 87.5% conversion, yielding 36% 3-methyl-2-
buten-1-al, 44.2% 3-methyl-3-buten-l-yne, and 1.6% 2-
methyl-l-buten-3-one. PhMeC(OH)C:CH, AmMeC(OH)C: 
CH, and BuMeC(OH)C:CH give similar results. A cata
lyst prepd. by impregnation of Celite V with a soln. of 
Cr03, HjP04, NH4OH, and tungstic acid (ignition at 500°) 
may cause direct hydration of an alkenyne; thus CH:CCMe: 
CH2 (60%) and 40% HjO passed over it at 250° with a space 
velocity 1880 in a 10-hr. cycle gave a 30% conversion and 
86% yield of MeCOCMe;CH2, along with dimerized butenone. 
Other olefino-acetylenes may be treated in similar manner 
to form the corresponding ketones. (G. M. Kosolapoff) 

1004 
THE CATALYTIC DEHYDRATION OF 2,3-BUTANEDIOL 
TO BUTADIENE. II. ADSORPTION EQUILIBRIA. M. E. 
Winfield (Commonwealth Sci. & Ind. Research Organ., 
Melbourne). Australian J. Sci. Research 3A, 290-305(1950). 

Futher understanding of the reaction in which [CH(OH)Me]2 
(I) IS dehydrated over Th oxide to MeCH(OH)CH:CH2 (n) and 
butadiene (III) has been gained by measuring the absorption 
on thoria of HjO, MeCOEt, I, II, and III at temps, up to 200°. 
In some mstances satisfactory isotherms could not be ob
tained because sufficient chemisorption occurred, followed 
by polymerization or dehydration reactions, to reduce 
seriously the area of thoria surface available for adsorp
tion. The evidence suggested that water was taken up m 
greater amt. than could be accounted for by adsorption; 
the bearing of this on the dehydration and its relation to the 
structure of the catalyst are briefly discussed. The sug
gestion that water is the product retarding the catalytic 
dehydration is confirmed. At temps, a little above 50°, II 
IS dehydrated by thoria to IH; MeCOEt at room temp, 
undergoes self-condensation on thoria to a methylheptenone. 
At quite low temps, dimerization of HI appreciably reduces 
the available surface, hence some loss of activity of thoria 
must be expected during this reaction, even though in is 
adsorbed only weakly. (G.J.W.) 

1005 
VAPOR PHASE ALKYLATION OF PHENOLS AND THIO-
PHENOLS. Corwin Hansch and Dale N. Robertson (Pomona 
Coll., Claremont, Calif.). J. Am. Chem. Soc. 72, 4810-11 
(1950) 

A mol ratio of 1:1 of 95% EtOH and PhOH, passed over 
ThOj-AljOs at 350° with a space velocity (S.V.) of 600-900 
(ml. PhOH vapor/ml. catalyst/hr.), gives about 53% con
version of PhOH to Et denvs . and 18% o-EtCeH40H (I); 
with a mol. ratio of 2:1, there is 80% conversion with about 
the same yield of I; at 450° there is 70% alkylation but only 
4% I IS formed. Abs. EtOH gives about the same conversion 
as 95% EtOH AI2OJ IS as effective as Th02-Al20j. EtOH 
and p-MeC,H40H (1:1) at 350° (S.V. 1245) give 75% conver
sion and 75% o-isomer; 1:1 and 2:1 ratios of EtOH and 
p-ClC,H40H (S.V. 647 and 365) give 48 and 72% conversions 
and 7.5 and 15% o-derivs., resp. In the case of thiophenols, 
only Salkylation occurs. PhSH and EtOH (1:1) at 450 and 
350° (S.V. 708 and 639) give 13.3 and 62% sulfide; p-Me-
C,H4SH and EtOH (1:1) and 0.75:1.12) at 350° (S.V. 633 and 
515) give 55 and 74% sulfide, resp. (C. J. West) 

1006 ' 
STUDIES ON INDIAN TURPENTINE. VII. CATALYTIC 
ISOMERIZATION OF CARENES IN THE VAPOR PHASE. 
Bharat Bhushan and J. C. Sharma (Natl. Chem. Labs., 
Delhi). J. Indian Chem. Soc. Ind. & News Ed 13, 29-34 
(1950). ~ 

A mixt. of carenes from turpentine oil (Pinus longifolia), 
passed in the vapor phase over activated Th02 at 450°, 
yielded 97.2% of a lemon-smelling liquid, b. 178-83°, 
n̂ ]̂  1.4768, d28 0.8428, [a]u 5.4°, iodine no. 317.7, consisting 
entirely of p-menthadienes, as shown by hydrogenation over 
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Ni to p-menthane. The presence of dipentene as the chief 
constituent was shown by Raman spectra, by bromination 
to dipentene tetrabromide, and by hydration to terpinol 
hydrate. With silica and AI2O3 catalysts, dehydrogenation 
(to p-cymene) took place. The optimum temp, for p-cymene 
production with AI2O3 was 500°; above this, decompn. oc
curred. Vni. PRODUCTION OF P-CYMENE AND P-
MENTHANE FROM MONOCYCLIC ISOMERS OF CARENES. 
Bharat Bhushan. Ibid. 35-52. A mixt. of p-menthadienes 
prepd. from carenes gave 98.5% p-menthane on vapor-phase 
pyrolysis over reduced Ni catalyst at 190°; 96.0% p-
cymene was obtained at 325°. A mixt. of p-cymene and 
unreacted p-menthadienes was obtained at 275°, and at 
200—50° the mixt. included some p-menthane as well. With 
reduced Cu catalyst, the pyrolyzates obtained at different 
temps, contained varying proportions of p-cymene, p-
menthane, and p-menthadienes. (Ernestine R. Feigl) 

1007 
CATALYST. Hubert A. Shabaker (to Houdry Process 
Corp.)". U. S. Patent 2,543,132, Feb. 27, 1951. 

Bead-type catalysts are produced by suspending drops of 
an aq. liquid m a water-immiscible liquid until the drops 
set. An aq. liquid is used which will set to a gel including 
all the components of the liquid, if giveil sufficient time 
or if settling is accelerated, as by heating or change of 
pH. The aq. liquid, m addn. to being a soln. or sol, may 
include insol. materials, such as initially produced 
gelatinous ppt. or a finely divided insol. powder of any 
desired compn. After setting, the beads of hydrogel are 
sepd. from the water-immiscible liquid and then fmished 
for use. An app. is described by which drops of substan
tially uniform size are produced. The process is of special 
importance for the manuf. of siliceous gels, such as Si02 
gel, which may contain 1 or more other oxides, or hydrox
ides, such as AI2O3, ZrO^, or ThOj. (P. J. W., Jr .) 

1008 
THE DEHYDRATION OF 2,3-BUTYLENE GLYCOL. 
Kisetsu Ohara and Shinzaburo Furuhashi (Univ. Tokyo). 
J. Agr. Chem. Soc. Japan 18, 143-50(1942). 

CHMeOH)2 (I), obtained as the fermentation product of 
Aerogenes (Sakaguchi, et al, C. A. 34, 1704j), was treated 
with dehydration catalysts, and the products examd. The 
removal of 2 mols. of H2O was not as easy as in 1,3-
butanediol, and so the production of butadiene (n) was only 
slight. The products consisted mostly of MeCOEt(ni) 
formed by the removal of 1 mol. of H2O from I. Among 
other products were Me2CHCHO (IV), formed by the pina-
colone arrangement, oily substances formed by polymeri
zation, and gases formed by decompn. As the catalysts, 
acid clay, active alumina, Th02, blue W oxide, and Al 
silicate were used, and the reaction temp, ranged from 300 
to 450°; the yield of m was 50-60% of the theoretical. The 
dehydration of I was further investigated with acid clay as 
the catalyst at 200-750°. The yields of HI and IV were good 
at 250-500° (51-66, 3-4.55%, resp.), the best yield of IH 
was 66.23% at 250°, and the best yield of IV was 4.55% at 
450°. The yield of total products per I reacted was largest 
(71.96%) at 250°. At temps, higher than 550° the yields of 
n i and IV were greatly reduced, and at 750° the main pro
ducts were gases. The yield of n was 2.0-5.1% at 450-750°, 
and largest (5.1%) at 550°. (S. Kawamura) 

1009 
THE OXYGEN-CONTAINING COMPOUNDS, ESPECIALLY 
ALCOHOLS, FORMED IN ISOSYNTHESIS. H. Pichler, 
K. H. Ziesecke, and B. Traeger (Max-Planck-Inst. 
Kohlenforschung, Miilheim-Ruhr, Ger.). Brennstoff-Chem. 
31, 361-74(1950). 

An investigation was made of the O-contg. compds. 

formed with isosynthesis catalysts as well as the relation 
between the compn. of these compds. and various catalyst 
addns., synthesis temps., and pressures. The synthesis 
conditions were chosen to favor the O-contg. compds. at 
the expense of the hydrocarbon yield. It was first neces
sary to sep. the O-contg. compds. from the hydrocarbons 
also present. Selective solvent sepn. was not successful, 
but satisfactory results were secured by converting the 
ales, to their boric acid and phthalic acid esters , which 
could be readily sepd. from the hydrocarbons. Ales. b. 
up to 160° were sepd. from the nonalcs. by azeotropic 
distn. with MeOH, and further sepd. from each other by 
fractional distn. in an efficient column, and identified by 
their phys. consts. Aldehydes and ketones, as well as 
acids and esters , were detd. chemically. The ales, were 
dehydrated by extractive distn. with CCI4 for exact identi
fication. Under isosynthesis conditions favoring ale for
mation, the ales, were similar to those secured with 
oxidizing catalysts in the synthesis of MeOH and higher 
ales. MeOH and iso-BuOH were the principal components 
of the mixt., with lesser quantities of EtOH and PrOH, and 
traces of iso-PrOH and tert-BuOH. The higher ales, (up to 
C7) are invariably branched m the or-position. The r e 
latively small amt. of earbonyl compds consisted largely 
of iso-PrCHO. The ester fraction was very slight The 
acid content made up about half of the ester fraction; iso-
PrC02H predominated. Alkali addns. to the catalyst slightly 
favored the formation of higher ales. ZnO added to the 
Th02 catalyst increased the higher ale. content. Addn. of 
AI2O3 greatly decreased alcohol formation at both low and 
normal synthesis temps., apparently because of dehydration; 
Et20 was partly formed as a by-product. Increasing the 
synthesis pressure increased the ale. fraction, possibly 
because of hindering dehydration, with the formation of 
larger quantities of ales, otherwise found only in traces. 
Temp, increase favored dehydration in such a way that the 
straight-chain ales, were affected less than the branched, 
and the primary less than the secondary or even tertiary 
ales. The effect appeared to be less as the number of C 
atoms decreased. Evidence is presented that the primary 
products of the catalytic hydrogenation of CO are probably 
O-contg. compds. and that these are converted to the cor
responding aliphatic hydrocarbons by dehydration, followed 
by hydrogenation. (R. W. Ryan) 

1010 
SULFUR-RESISTANT CATALYSTS FOR REFORMING 
PROPANE. METHOD FOR RATING CATALYTIC ACTIVITY 
AND SULFUR RESISTANCE. J. J. S. Sebastian and C. H. 
Riesz (Inst, of Gas Technol., Chicago). Ind. Eng. Chem., 
43, 860-6(1951). 

The steam-CjH, reaction, (I) C3H, -̂  3H2O = 3CO + 7H2 
and (n) C3HJ + 6H2O = 3CO2 + IOH2, was used as a testing 
basis with vol. expansion being taken as direct measure 
of conversion; expansion = A vol. - vol. CjH, = 9 for I and 
12 for H. Standard conditions were: steam/CsHj mol. 
ratio = 15, total gas space velocity = 4000/hr., and temp. = 
1200° and 1500°F. S was added as H2S. App., procedure, and 
catalyst prepn. are described. The most active catalysts 
contained Ni. NiS on Al20sOr SiOi-Al203 is quite S-resist-
ant. Activity values, corrected for carrier activity, ranged 
from 59 to 92% at 1500°F. for the most active and resistant, 
referred to the calcd equil. expansion at that temp. Addn. 
of 200 grains H2S/IOO eu. ft. CsHj reduced activities to 
52-77%. Fe, Cr, Co, and W compds. were less active. 
A com. 100% MoSj catalyst had high activity and resistance 
but disintegrated. Zr02 and Th02 did not increase resis t
ance or activity but improved mech. strength. (W. H. Buck) 

1011 
SYNTHESIS CATALYSTS. Roland A. Beck, Eugene E. 
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Sensel, and Alfred J MiUendorf (to Texas Co.). U.S. Patent 
2,550,442, Apr. 24, 1951. 

Catalysts suitable for the hydrogenation of CO to hydro
carbons are prepd. by mixing nitrates of Co, Mg, and Th 
with Filter Cel (or alumina) and H2O to give a slurry. The 
metallic constituents are pptd with (NH4)2C03, washed once, 
dried at 250°F., ground, and pelletd. The pellets are re 
duced with H at 660°F. to give a catalyst of approx. Co 32, 
MgO 3, Th02 1, and carrier 64%. The catalyst is then con
ditioned by treating with the synthesis gas for 6 hrs. by 
starting at 300°F. and increasing the temp, gradually to the 
proper catalytic conversion temp. The catalyst pptd with 
(NH4)2C03 instead of Na2COs is free of alkali metal im
purities and gives about 20% better yields of liquid hydro
carbon products. Fe or Ni can be used in place of Co. 
(Julia Ann Conway) 

1012 
COMPARATIVE STUDY OF THE PROMOTERS FOR DE
HYDROGENATION CATALYSTS. Jozsef Varga, Gyula Rabo, 
and A. Zalai (Univ. Tech. Sci., Budapest, Hung ). Acta 
Chim. Hung. 1, 137-45(1951)(in English). 

The investigation was undertaken to compare the changes 
in activity brought about by different promoters and also 
to ascertain the extent of the change in surface area of the 
catalyst caused by various promoters when the same cata
lyst IS used with different promoters. AI2O3 was the car
rier with various amounts of Cr203 as the catalyst activated 
with K2O, with oxides of K and Ce, with Th oxide, and with 
oxides of K and Th. A catalyst contg. Mo oxide was also 
tested. None of the catalysts tested gave a 100% yield. The 
selectivity, indicated by a decrease in the extent of cracking 
reactions and the efficiency of production of aromatics, 
mainly toluene, increased with the amount of Cr203, up to 
an optimum proportion. Catalysts contg. Cr203 were sensi
tive to variations of temp, or of space velocity. Addn. of an 
optimum amt. of K2O increased the yield of aromatics and 
reduced the sensitivity of Cr203 catalysts to variations in 
temp, and space velocity Greater amts. of K2O consider
ably reduced the cracking reactions, but simultaneously 
increased the sensitivity. The presence of Ce oxide in
creased the advantageous effects of K2O. Th oxide as a 
promoter had effects similar to K2O, but the yield of 
aromatics and the selectivity were not increased to the 
same extent as with K2O. Catalysts contg. Cr203 became 
less sensitive against influences of temp, and space velocity 
when Th Oxide was used as the promoter. Catalysts contg. 
Mo were the most suitable of all of the 10 catalyst types 
tested. The compn. of catalysts, expressed in mol. pro
portions of the metals, was: Al:Cr 1:0.01, Al:Cr 1:0.0255, 
Al:Cr 1:0.102, Al:Cr:K 1:0.102:0.00607, Al:Cr:K 1:0.102: 
0.011, Al:Cr:K 1:0.102:0.0165, Al:Cr:K: Ce 1:0.102:0.0011: 
0.00187, Al.Cr:Th 1:0.102:0.0007, Al:Cr:K:Th 1:0 102:0.011: 
0.0007, and Al:Mo 1:0.028. The expts. were conducted with a 
gasoline fraction, b. 120°, contg. aromatics 14, paraffins 39, 
and naphthenic hydrocarbons 47% by wt. (Istvin Finely) 

1013 
THE CATAPHORESIS OF CLAY MINERALS AND FACTORS 
AFFECTING THEIR SEPARATION. A. H. Beavers and 
C. E. Marshall (Missouri Agr. Expt. Sta., Columbia). Soil 
Sci. Soc. Am., Proc. 15, 142-5(1950)(Pub. 1951). 

Sepn. of complex mixts. of clay minerals by selective co
agulation of individual members is discussed. Favorable 
conditions for sepn. occur when 1 constituent of the mixt. 
has zero zeta potential and is coagulated, while the others 
have a high zeta potential and form a stable suspension. 
Hexol chloride (hexavalent cobaltammine), ThCl4, and LaCls 
were tested as sepn. agents and in general their order of 
effectiveness was hexol > Th > La. Starch can also be used 
as a coagulant. (J. R. Adams) 

1014 
DEHYDROGENATION CATALYST. Henry O. Mottern (to 
Standard Oil Development Co.). U. S. Patent 2,549,844, 
Apr. 24, 1951. 

An improved catalyst especially suited for dehydrogena
tion of secondary ales, to ketones comprises MgO, ZnO, or 
BeO with 6-12% Zr02, CeO^, or Th02. There can also be 
added as stabilizer S1O2, Fe203, or AI2O3 amounting to 
6-10% of the Zr02. The components are preferably pow
dered and mixed together with H2O to form a paste and 
deposited on Fe turnings or pumice. (Julia Ann Conway) 

1015 
CATALYTIC CONVERSION WITH A FLUIDIZED SOLID 
CATALYST. Claude W. Watson (to Texas Co.). U.S. 
Patent 2,567,259, Sept. 11, 1951. 

In catalytic conversions using a fluidized catalyst, heat 
transfer and contact of catalyst with the reactant gas are 
improved by the use of coarse dispersing particles of inert 
material. The dispersing particles should have a diam. of 
0.05-0.35 and preferably 0 .1-0.2 times the diam. of a tube 
having a hydraulic radius equal to that of the reaction pas
sage in which the catalytic conversion is being effected. 
The catalyst particles should be of a size such that at least 
90% are particles of a diam. not larger than 0.1 and prefer
ably not over 0.001 times the diam. of the dispersing par
ticles. In this maimer the passage of large bubbles of gas 
and slugs of catalyst are minimized. In operation the gas 
space velocity is from 500 to 5000 vols, (standard condi
tions) per vol. of fluidized catalyst and is adjusted to give 
only limited entrainment of the dispersing particles. The 
entrained catalyst in the reactor effluent is sepd., cooled, 
and recycled. Use of the invention in the reaction of CO 
with H IS illustrated. The catalyst may be an Fe powder 
contg. 0.1-0.5% K20 and 2 -5% AI2O3, or other metals of 
the Fe group, such as Co or Ru, may be used. Other useful 
promoters are the oxides of Th, Mg, U, and V. Supported 
catalysts may be used. (Edward S. Hanson) 

1016 
HYDROGENATION CATALYST. Ralph B. Mason (to 
Standard Oil Development Co.). U.S. Patent 2,497,176, 
Feb. 14, 1950. 

High-mol. petroleum hydrocarbons are hydrogenated by 
use of a catalyst consisting of 40-90% Ni sulfide and 0 . 5 -
15% Th02, which acts as a promoter, on a carr ier , such 
as AI2O3. A preferred compn. is AI2O3 5, Ni sulfide (calcd. 
as Ni) 42.8, and ThOj 4.2%. (Rita M. Busemeyer) 

1017 
CATALYTIC REACTIONS OF AROMATIC AMINES. A. G. 
Hill, J. H. Shipp, and A. J. Hill (Yale Univ.). Ind. Eng. 
Chem. 43, 1579-83(1951). 

An investigation of catalytic vapor-phase reactions of 
aromatic amines, particularly their alkylation with ales., 
was undertaken at 360° to explore the advantages of con
tinuous low-pressure reactions over high-pressure batch 
syntheses, such as that employed for PhNMe2. A study was 
then made, with the most aciive catalyst found, of certain 
process variables, mcluding an extension of the results to 
higher ales. In general the catalysts were prepd. from 
reagent-grade chemicals by standard methods. Pptd. cata
lysts were washed free of salts, dried, and activated by 
heating with N 1 hr. at 360°. The catalysts employed in
cluded: lump AI2OS dried at 50°, lump AI2OS dried at 110°, 
powd. AI2O), AI2O3 tablets, AI2O3 on asbestos, AI2O3 on 
pumice, H8PO4 on asbestos, H5PO4 on charcoal, AI2O3 with 
WOs on asbestos, AI2O3 with Cu, AIPO4 on absestos, Ti02, 
Al2S04)3 on asbestos, kaolin on asbestos. WO3 with H3PO4 
on asbestos, WO3, Cas(P04)2 on asbestos silica gel, silica 
gel with FejOj, ZnO, CaS04, ThOj, Cr203 and MgO. Of the 
many catalysts used, lump AI2O3, and Th02 and H3PO4 were 
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the most active. While AI2O3 was the most efficient for N 
alkylation, all these catalysts effected more nuclear alkyla
tion than had been anticipated. This led to a study of the 
rearrangement of alkyl groups from N to C, which was 
found to be accompanied by extensive disproportionation. 
The app. used consisted of a container for supplying the 
reactants, the furnace contg. the reaction tube, and the 
app. for collecting the products of reaction. A mixt. (50 ml.), 
contg. S moles MeOH in 1 mole PhNH2, was fed into the 
reaction tube at 0.8 ml./min. and the products collected and 
analyzed. A weighed sample was treated with AC2O at 100°, 
the excess AC2O hydrolyzed, the AcOH formed titrated with 
Ba(OH)2, and amines calcd. as PhNHMe. A temp, of 350-
60° gave max. conversion to PhNMe2. Methylation of o- and 
p-toluidine over AI2OS at 360° gave as much as 90% tertiary 
amines. Alkylation expts. with PrOH and BuOH indicated 
that little tertiary amine was formed. Although conver
sions of primary to tertiary amines exceeding 90% were 
obtained, more effective catalysts must be found to per
mit the vapor-phase prepn. of N,N-dialkylanilines m a 
reasonable degree of purity. Means were found for the 
syntheses from PhNH2 of a wide variety of aromatic 
amines, including toluidines, xylidines, mesidine, and 
PhjNH. (R. E. Dunbar) 

1018 
VINYL CHLORIDE. Union chimique beige, Soc. anon. 
British Patent 652,740, May 2, 1951. 

CH2:CHC1 (I) is prepd. by passing HCl and C2H2 (II) 
at 95-105° over a catalyst contg. HgCl2 and an oxide of a 
metal of Group IV. The catalyst is best prepd. from 
nonaq. solns. MeOH 100 cc. contg. 10 g. HgCl2 is absorbed 
into 200 g. dry activated C, agitated with 40 g. finely powd. 
Ti or Th oxide, and the mixt. placed in a reaction chamber 
heated to 100-105°. H and HCl passed over the catalyst 
give 300 g. I/l . catalyst/hr. (Clarence T. Mason) 

1019 
CATALYST. Hubert A. Shabaker (to Houdry Process 
Corp.). U.S Patent 2,489,334, Nov. 29, 1949. 

Substantial improvement in the steam stability of a dried 
siliceous, plural-gel catalyst and reduction in the max. 
regeneration temps, can be obtained by treating it at 
temps, of 1500-1700°F. in the substantial absence of water 
vapor. In general, the catalysts contain predominantly pptd. 
hydrous SiO^ and 1 or more hydrous oxides, selected from 
the group consisting of AljOs, ZrOj, BeO, and Th02, with or 
without addn. of promoters. The heat-treatment of the cata
lyst IS carried out in atm. inert with respect to the catalyst, 
such as N, O, or dried air . At the lower temps, there is a 
substantially greater tolerance for water vapor than at the 
higher temps, within the range. Thus, at 1500°F. the water 
vapor should be held at a partial pressure below 0.3 Ib./sq. 
m., whereas at 1700°F. the partial pressure should be held 
below 0.1 Ib./sq. in. Limiting partial pressures in Ib./sq. 
in. between these two limits may be detd. by the straight 
Ime interpolation 1.8 - T/1000, where T is the temp, ex
pressed in degrees F. The treatment occurs more rapidly 
at the higher temps. Thus, at 1700°F, desirable results are 
secured within 0.5 hr., but at 1500°F. a time of 5 hrs . is 
necessary to produce equal results. Mm. times may be 
computed m hrs . by the straightline interpolation 38 -
T/45.3. Because water vapor will be released from the 
catalyst during the heat treatment, pos means should be 
provided for removal or dissipation of the water vapor or 
other deleterious gases freed from the catalytic mass to 
reduce the concn. to a value within the desired range. It 
IS generally desirable to modify the characteristics of the 
catalyst selectively by a steam treatment at elevated temp. 
prior to use, particularly when the catalyst is to be em
ployed in hydrocarbon conversion processes which may in

volve scission of the C to C bond. The steam treatment, 
which may be applied either before or after the heat 
treatment, consists in treating the catalyst with steam at a 
temp, between 800° and 1650°F, the partial pressure of the 
steam in Ibs./sq. in. being correlated with the temp , T in 
degrees F, so that it is greater than (35.4 x lO'/T^) - 20.6, 
and less than (250 x I O ' / T ' ) - 92. This treatment is con
tinued for a time sufficient to increase the gasoline:coke 
ratio in the conversion of a selected type of hydrocarbon 
charge stock at least 20%, and insufficient to effect a de
crease of more than 20% in the gasoline from the conver
sion zone. The heat treatment of the catalyst in the sub
stantial absence of water vapor generally has no substan
tial effect on the gasoline:gas and gasoline:coke ratios in 
hydrocarbon-conversion processes, such as crackmg 
Catalysts treated as described are of utility both in crack
ing light gas oils and heavy stocks, such as those having a 
50% b.p above 650°F. In an example, a Si02-Al203 catalyst, 
prepd. by copptg. the S1O2 and AI2O3 from a sol. silicate and 
Na aluminate, was dried and washed. The catalyst so prepd. 
was heated at 1700°F. for 10 hrs . in air contg. water vapor 
with a partial pressure less than 0.00015 Ib./sq in The 
apparent d. of the catalyst was increased from 0 44 kg / I 
before treatment to 0.69. The hardness prior to heat t reat
ment was 1600, and after was 700. When tested for its 
cracking activity, charging East Texas gas oil at 800°F. 
catalyst temp., at a space rate of 1.5 (liquid basis per hr ), 
at atm. pressure, there was produced 45.6% gasoline by 
vol. of charge, 4% coke by wt. of charge, and 9.1% gas by 
wt. of charge. (P. J. Wilson, Jr . ) 

1020 
REACTION OF DEUTERIUM WITH HYDROCARBONS OVER 
A COBALT-THORIA FISCHER-TROPSCH CATALYST. 
Sydney O. Thompson, John Turkevich, and Adolph P. Irsa 
(Brookhaven Natl. Lab , Upton, N. Y ) J. Am. Chem 
Soc 73, 5213-15(1951). 

H exchange reactions were observed between D2, C2H5, 
C3H3, and n- and iso-C4H,5 when a mixt of 6 vols of D2 
and 1 vol of each of the hydrocarbons was passed over the 
catalyst with conditions of temp, and flow rate similar to 
those for hydrocarbon synthesis The exchanged products 
were extremely deuteriated. The mol % of hydrocarbon 
mols. undergoing exchange was less than 10% for the C2HJ 
and C3H3, 45% for n-C4H,o, and 51% for 1S0-C4H10. Cracking 
of the hydrocarbons to produce deuteriated methane was 
observed. The exchange reactions between CH4 and D2, and 
CD4 and CH4, were studied. (J G.C ) 

1021 
DEPOSITION OF A METAL OXIDE CATALYST ON A CAR
RIER. Louis E. Malina (to Eugene J. Houdry). U S. 
Patent 2,580,806, Jan. 1, 1952 

A new and improved method has been developed which 
comprises depositing or dispersing as a thin film, a base 
of active alumina (or active magnesia, beryla, or thoria) 
upon a suitable carr ier such as porcelain or equiv. sub
stance. Upon the active film is deposited a detd. amt of 
finely divided catalyst, such as active catalytic metals or 
their oxides. The film is deposited on the porcelain car
r ier by means of a number of dippings into the salt soln 
After each dipping the heating step is required to set the 
film. This improved method of deposition produces a 
longer lasting, more efficient catalyst vehicle. (Edgar R 
Wright) 

1022 
CATALYSIS BY SILVER, BASIC CATALYSIS, AND CA
TALYSIS BY UNDISSOCIATED MOLECULES OF ACETIC 
ACID IN THE REDUCTION OF SILVER IONS BY FERROUS 
IRON. Bal Krishna and Satyeshwar Ghosh (Allahabad 
Univ.). J Phys. & Colloid Chem. 55, 1503-11(1951) 
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The reaction of FeS04 with AgNOs, Ag2S04, or AgOAc at 
30° was studied in buffered and nonbuffered solns. Bimol 
reaction consts were calcd. The bimol. const for the r e 
actions of 0 005 M Ag salt and FeS04, 0.02 M in AcOH, 
varying in AcO ion from 0.05 to 0.60 M, increased from 
0.018 to 0.159; this shows that the reaction is catalyzed by 
AcO ion. The reaction was catalyzed by borate and CO3 
ions. Increase in H-ion concn. retards reaction velocity. 
AcOH IS a neg. catalyst only in the absence of AcONa. The 
increment in reaction velocity is not due to salt effect, as 
shown by expts. in which KNO3 or Mg(N03)2 was added. The 
addn of Th nitrate completely stops the reaction, because 
Th ion acts as an acid and its anticatalytic activity is like 
that of H ions. Based on theory, a pos. salt effect should be 
obtained but the reverse is true. The dissocn. of AcOH in
creases in presence of electrolytes; thus the H-ion concn. 
increases and the reaction velocity decreases; this is the 
real explanation of the neg. salt effect. In the presence of 
AcO ions the induction period is decreased so that the 
catalyst is working independently of Ag particles or ca
talytic surfaces It is shown theoretically that in addn to a 
heterogeneously catalyzed reaction there is also a homo
geneously catalyzed reaction by AcOH mol and basic ions. 
The behavior of AcOH is inconsistent with BrSnsted's con
cept of general acid catalysis (Arthur Fleischer) 

1023 

CATALYTIC PROPERTIES OF FLUORIDES OF ALKALI 
AND ALKALINE-EARTH METALS. A. A. Tolstopyatova 
(Moscow State Univ.) Vestnik Moskov. Univ 6, No. 3, 
Ser Fiz -Mat. 1 Estestven. Nauk, No. 2, 49-57(1951). 

Dehydrogenation-dehydration of EtOH passed at the rate 
of 0.2 ml./min. over 15 g. of Th02 (pptd. from a 10% 
Th(N03)4 soln with 20% NH4OH at 50°, washed and dried 
at 120°) gave the following % decompn and gas (% CO2, 
CnH2n, CO, Hj): at 287°, 4 1% (1.5, 11.5, 3.1, 84.2); at 
338°, 5.8 (3.6, 24.5, 6.8, 65.1); at 348°, 10 4 (4.6, 27.3, 10.9, 
57 5); at 360°, 14.8 (5.2, 31.3, 9.1, 54.4); at 420°, 43.3 (9.2, 
39 1, 6 9, 44.8) Dehydrogenation to AcH predominates at 
lower temps.; the part of dehydration to C2H4 increases 
with the temp. The apparent activation energies Eg and 
EHJOI for dehydrogenation and dehydration, resp. , are 14.7 
and 21.8 kcal./mole. At the same feed rate, on 12 g. CaF2 
(pptd. from a 10% soln. of Ca(N03)2 with 10% NaF, washed 
and dried at 120°), the data were: at 460°, 2.5% (7.5, 0, 2.7, 
89.8); at 495°, 4.3 (7.0, 2.1, 4.0, 86.8); at 510°, 7.8 (8.0, 
5.2, 3 4, 83.5); at 526°, 11.9 (8.5, 4.9, 5.0, 81.6). The cat
alytic activity of CaFj is new. Despite its identical struc
ture with ThOj, and the near equality of the cation and 
anion radii, the activity of CaF2 is considerably lower, and 
the part of dehydration is very much smaller; the activation 
energies are E H , = 26.0, EH,O ~ 36 kcal /mole. CaF2 pro
moted with a trace of Fe (by pptn. of 10% CaCl2, contg 
some Fe, with 10% NH4F at 50°) detectable with NH4CNS, is 
active at lower temps. With 15 g. catalyst, the data are: 
at 375°, 6.0 (1.6, 2.5, 1.0, 92.7); at 400°, 15.6 (3.5, 4 6, 2.5, 
89.4), at 425°, 18.2 (3.7, 5.6, 5.4, 85.1); in addn. to these 
products, about 2% CH4 was found in the gas with this cat
alyst. It can be only partially regenerated by air, and the 
activation energies can be detd. only approx.: E jj^-^ 35, 
EHJO ~ 53 kcal./mole. It is striking that E is higher with 
promoted than with unpromoted CaF2, although reaction 
with EtOH begins at lower temps, with the promoted CaF2. 
The ratio Ejj /Ejj Q IS approx. const., = 0.7, with Th02 and 
with promoted or unpromoted CaF2. For other fluorides, 
approx. data of the degrees of decompn. of EtOH are- 15.6 g 
SrF2 (pptd. from 10% Sr (N02)2 with 10% NaF at 50° and 
dried at 120°), at 345, 394, 426°, resp., 3.1, 6.0, 10.4%; 
12g. LiF (dried at 120°), at 348, 394, 434, 450, 484°, resp. , 
2.4, 3.7, 2.4, 7.0, 11.7%; 15 g. NaF (dried at 120°), at 348, 

394, 460°, resp. , 1.7, 2.3, 4.6%; 21 g. KF, 370 and 460°, 
resp. , 2 3 and 13.0%. Temps, of equal catalytic activity, 
corresponding to 10% decompn., are: SrF2 425, KF 450, 
LiF 470, NaF 490, CaFj 526°. With SrF2, LiF, and NaF, 
85-90% of the gas is H2, i.e. dehydrogenation is by far 
predominant; with KF, about 50% of the gas is H2, 25% 
CO2, large amts. of CH4 and satd. hydrocarbons. Rough 
values of the activation energies are , for LiF and NaF, 
8 -9 kcal./mole, for SrF2 13 kcal./mole. (N. Thon) 

1024 
METHANETHIOL CATALYST. Richmond T. Bell (to Pure 
Oil Co.). U. S. Patent 2,592,646, Apr. 15, 1952. 

The catalyst, e.g. thoria, is subjected to a preconditionmg 
period consisting of heating in an atm. of MeOH (one of the 
reactants) at 50-150° below the synthesis temp, and for 
less than 2 hrs. This treatment minimizes the induction 
period of the catalyst. The method gives good results with 
other reactions and catalysts. (Leonard Spielberger) 

1025 
SILICA-METAL OXIDE GEL CATALYST. Gerald C. 
Connolly (to Standard Oil Development Co.). U. S. Patent 
2,595,056, Apr. 29, 1952. 

A S1O2-AI2O3 catalyst, which is substantially free of alkali 
metal impurities, can be more simply and economically 
produced by treating substantially pure S1O2 hydrogel with 
a metallic salt soln. until the hydrogel is thoroughly im
pregnated. Excess salt soln. is drained off and the impreg
nated hydrogel is treated with a volatile base, such as 
NH4OH, (NH4)2C02, or (NH4)2S, m an amount insufficient to 
react completely with all the salt, but sufficient to react 
with the major portion of the salt, whereby the gel remains 
acid. The resulting product is washed and dried. Two-
component absorbent catalysts, such as Si02-MgO, S1O2-
Zr02, Si02-Th02, Si02-BeO, as well as three-component 
catalysts, such as Si02-Al203-BeO, S1O2-AI2O3-Zr02, S1O2-
MgO-Al203, can also be produced with very slight modifica
tion in procedure. (Edgar R. Wright) 

1026 
CATALYST FOR HYDROCARBON SYNTHESIS. Standard 
Oil Development Co. British Patent 668,140, Mar. 12, 
1952. 

Co catalysts for hydrocarbon synthesis (according to the 
reaction 3nH2 + 3nCO — 2(CH2)n + nHjO -H nC02) are prepd. 
by depositing the nitrates of Co, Fe, and Th on silica gel 
and reducing the metals with H at 700°F. A fimshed cat
alyst contains 25.2 Co, 2.8 Fe, 4.4 Th, and 67.6% S1O2; 
Na and K salts may also be present. The synthesis is car
ried out at 500-600°, 75 Ib./sq. in. pressure, and feed-gas 
ratio, H/CO 1.15-2.04. Under these conditions the output 
IS 54-97% for CO conversion and 51-97% tor H conversion, 
with a H/CO consumption ratio of 0 .6-1.8 . (F. C. Nachod) 

1027 
CATALYSTS. Leslie V. Johnson, Laurence R. Pittwell, 
and Imperial Chemical Industries Ltd. British Patent 
666,812, Feb. 20, 1952. 

Catalysts for the conversion of hydrocarbons, such as 
isomerization, polymerization, alkylation, dealkylation, 
and cracking reactions, e.g. the isomerization of xylene or 
the conversion of tert-butylbenzene to CjHj and isobutylene, 
are made by the treatment of metal oxides comprising not 
more than 50% of AI2O3, and(or) Zr02, BeO, Th02, and TIO2, 
and contg. less than 1% of H2O, with P and F, preferably 
PFj, PF3, and POF3. If AI2O3 is used as the only oxide, it 
should be heated at 400-750° before the treatment. (K. Fox) 

1028 
STUDY OF THE FISCHER-TROPSCH REACTION USING 
DEUTERIUM GAS. Sydney O. Thompson, John Turkevich, 
and A. P. Irsa (Brookhaven Natl. Lab., Upton, N. Y.). J. 
Phys Chem. 56, 243-50(1952). 



136 TID-3044(Suppl. 1) 

The app. consisted of a gas-mixing chamber, a reactor 
contg. the cobalt-thoria-magnesia-kieselguhr catalyst, a 
series of cold traps at temps, down to the liquid-air b.p. 
and a circulating system for recycling including a pump 
and before and after ballast tanks. The reaction temps. 
were 192 and 227°. The main product was CD4 (90%) and 
4 - 5 % C2, 4-6% C3, and 0.3-0.5% C4. The Cj and C3 frac
tions contained 20-30% unsatd. compds. The infrared ab
sorption spectra and mass spectra data are given for the 
products and compared with the corresponding hydro
carbons. (J. B. McCoy) 

1029 
THE INITIAL STAGES OF THE INTERACTION OF CAR
BON MONOXIDE AND HYDROGEN WITH A COBALT CAT
ALYST AT THE TEMPERATURE OF GASOLINE 
SYNTHESIS. I. A. Zaidenman and K. G. Khomyakov. 
Doklady Akad. Nauk S.S.S.R. 84, 705-7(1952). 

The interaction between a lCO:2H2 mixt. and a catalyst 
Co : Th02: Mg = 100 :18 : 2 (by wt.) on a carrier , was in
vestigated by the kinetic-calonmetnc method. This cat
alyst gave about 140 g. of liquid products per cu.m. of 
initial lCO:2H2 mixt. under atm. pressure. Expts. were 
run at 178-186° in both a flow and a circulation system. 
(1) Interaction of CO with the freshly prepd. catalyst, at 
180°, IS accompanied by evolution of about 92 kcal /mole 
gas consumed, which is far in excess of the thermal effects 
of all possible reactions between CO and Co. In contrast to 
the Ni catalyst, this effect is not irreversible, but can be 
reproduced time and again after the catalyst has been r e 
generated by reduction with H2. In consecutive admissions 
of CO to the reduced catalyst, heat effects of 75-120 
kcal./mole gas consumed are observed. This high thermal 
effect indicates the presence, parallel with carbide forma
tion, of an exothermal reaction not accompanied by a change 
of vol. of the gas mixt. This reaction could be CO + 3H2 
(adsorbed) — H2O (liquid) -̂  CH4; the difference with the Ni 
catalyst is that on Co, the H2 thus removed can be reintro
duced. Prolonged action of CO on the Co catalyst results m 
accumulation of a product which can be hydrogenated by 
H2, I.e. of Co carbide; the rate of heat evolution in this 
process falls strongly with time. (2) Interaction between 
the ICO: 2H2 mixt. and the Co catalyst in a flow system is 
accompanied by the evolution of 13.6 ± 0 3 kcal./mole gas 
consumed, which corresponds to synthesis of satd. hydro
carbons with H2O as side product. Passing of H2 over a cat
alyst treated with the ICO: 2H2 mixt. produces no signifi
cant thermal effect; consequently, there has been no 
formation of C03C, and this eliminates the reaction CO -1-
Co -t- H2 — C03C + H2O, with 13.8 kcal./mole gas consumed. 
Neither with ICO : 2H2 nor with ICO : IH2 does one observe 
the high heat effects characteristic of the interaction be
tween the catalyst and pure CO, in contrast to the Ni cat
alyst. In a circulatmg system, with a ICO : 2H2 mixt., the 
heat effect during the 1st few min. is 12-13 kcal./mole 
gas consumed, and then r ises to 20 8 ± 1.8 kcal. This is 
attributed to partial conversion of the H2O vapor formed, 
H2O H- CO — CO2 + H2. (3) The thermal effect (kcal /mole 
gas consumed) calcd. for all possible reactions, are: 
2C0 — C -̂  CO2, 41 47; 2CO + 3Co — C03C + COj, 37.2, 
2C0 + 2H2 — CH4 + CO2, 30.73; CO + 3H2 — CH4 + Hfi, 
16.97; CO -̂  SCO -̂  H2 — C03C + H2O, 13 8; nCO + (2« + 1) 
H2 — CnH2n+2 + n H2O (n > 2), not over 13.6; 2nCO + {n + 
1)H2 — CnH2n+2 + nC02(n > 2) not over 25.7. Comparison 
with the observed heat effects leads to the conclusion that 
interaction between the pptd. and reduced Co catalyst and 
a ICO : 2H2 mixt. at 180° begins with reactions involving 
both gaseous reactants, and not only CO, as with the Ni 
skeleton catalyst. (N. Thon) 

1030 
SINTERING OF CATALYSTS. I. SINTERING OF COPPER 

CATALYSTS AND THE EFFECTS OF TRACES OF PRO
MOTERS. Makoto Niwa and Mitsuo Yamaguchi (Nippon 
Kasei Kogyo Co., Tokyo). J Chem. Soc Japan, Pure 
Chem Sect. 73, 159-62(1952) 

Copper hydroxide pptd. from copper nitrate by NaOH or 
(NH4)2C02 was reduced at 80-106° in H. The surface area 
of the reduced catalyst was detd by the adsorption of 
methylene blue. The surface area decreased as the sintering 
time at 190-250° increased The data are expressed by A = 
ae , where A = adsorbed methylene blue in mg /g Cu, 
t = sintering time, and a and b = consts The activation 
energies of sintering are 16 and 37 kcal for CuO pptd by 
(NH4)2C03 and NaOH, resp When promoters such as Ni, 
Th02, PbO, and NaN02 are added m 0.1-0 5%, they prevent 
the sintering NaN03 is most effective and PbO has no 
effect (K. Yamasaki) 

1031 
CRACKING CATALYST James P West (to Universal Oil 
Products Co ) U. S Patent 2,606,877, Aug 12, 1952. 

The prepn. is disclosed of cracking catalysts of alumina 
and (or) magnesia with oxides of B, Si, Ti, Zr, Ce, Hf, and 
Th having high porosities, low ds , and free of impurities 
The catalyst composites are prepd. by metathesis reaction 
of Al or Mg salts of fatty acids with an alkyl borate or 
halides of the other elements listed and finally calcined 
E g., a silica-alumma-magnesia catalyst is prepd by 
charging 1 mole monobasic Al acetate, 0.5 mole Mg acetate, 
and 8 moles S1CI4 in an autoclave under 50 atm N and heat
ing for 6 hrs at 220°. The resulting powder is heated with 
500 cc water, cooled, and filtered. The filter cake is dried 
and heated at 500° for 3 hrs. to yield 530 g. of the catalyst 
contg. 3 4% magnesia, 9.1% alumina, and 87 3% silica. The 
prepn of a 66% silica, 28% alumina, and 6% B oxide catalyst 
is also given. (E. L Niedzielski) 

1032 
THORIUM. W von Bolton Z. Elektrochem., 14, 768-71 
(1908). 

ThCl4 IS prepared by action of CCI4 vapor on Th02 heated 
to bright redness in porcelain boats in a combustion tube 
Th02 -I- CCI4 = ThCl4 + CO2. A quantitative yield is obtained 
(see L. Meyer, Ber , 20, 682) ThCl4 is reduced in an iron 
crucible with Na under a layer of KCl, the yield being no 
less than by Nilson's method of reduction in a closed vessel 
Excess Na is removed by alcohol, the product being treated 
in succession with cold and hot water and hot dil HNO3, 
then finally washed with water and dried A nearly theo
retical yield was obtained The metal consisted of small 
crystals somewhat agglomerated Coherent Th wire was 
obtained by packing the metal into a copper tube, closing 
the ends, then drawing down to a small diameter and dis
solving off the Cu with HNO3. This wire can be rolled into 
ribbon which is , however, more easily obtained by rolling 
before dissolving off the Cu. The Th ribbon when electri
cally heated sinters to a strong dense metal, which melts 
at 1450°, which is also the m.p. given by Moissan The 
fused metal is soft and ductile. Its sp. res . is 0 401 (umts 
not stated) Sp gr. of the powder 11 32 and of the sintered 
ribbon 12 16 (Chydenius found 7.66 and 7 79 and Nilson 
found 11.0 for Th powder) The powder burns with great 
energy, while the compact metal burns quite slowly at a 
red heat The metal is not affected by boilmg KOH or 
HNO3, but IS gradually changed to sulphate by H2SO4 HCl 
attacks Th easily but always leaves a gray residue of about 
15% undissolved which is changed to citron yellow by HNO3. 
The fused metal behaves ^ike the powder This residue 
could not have been present in the metal as a lower oxide 
of Th because the metal would not have been so ductile 
The author believes that when Th is dissolved in HCl, de-
comp of water occurs and some of the metal is oxidized. 
Complete purity of the metal cannot be proved because 
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the at wt determined by burning the metal is too low, al
though extreme ductility and high sp gr. indicate a high de
gree of purity It Th powder is shaken with cold 5% HCl a 
part of the Th dissolves On heating or adding cone. HCl 
this solution yields a yellow or green ppt completely solu-

* ble in water. It contains CI but yields no ppt. with AgN03 
Its reactions are different from those of Th but on ignition 
and treatment with CCI4 it yields a product identical with 
the original ThCl4. The substance contains 83.3% Th and 
5.08% CI and is assigned the formula (Th02)io(HCl)4 and is 
called "muriaticum-thorium." A comparison of the radio-
activities of Th and "muriaticum-thorium" by O Hahn and 
by Fraulein L. Meitner showed no differences (W C 
Arsem) 

1033 
THORIUM R. J. Meyer Z. Electroohem. 14, 809-10 
(1908) 

A criticism of a recent article by W. von Bolton (C A. 3^, 
404) The method used by von Bolton to make anhydrous 
ThCl4 by heating ThOj in CCI4 vapors is not new. Lotar 
Meyer made a number of difficulty volitile chlorides in 
this way in 1887 (Ber. 20, 681) Matignon and Delepine in 
1901 used this method to make ThCl4, and showed that the 
product contained so much oxyehloride as an impurity that 

* reduction with Na gave a product containing only 74% me
tallic Th, detd. by measuring the H evolved by the action 
of cone HCl Von Bolton's ThCl4 made by this method 
must have contained much oxyehloride, and therefore the 
metal made from it must have contained considerable 
oxide. There is no reason to suppose that 15% of the 
residue insoluble in HCl was not originally in the metal 
before treating with HCl. Von Bolton says the metal gives 
too low at. wt. results, but gives no figures. The sp. gr. is 

\ a poor indication of purity. Nilson gives for the oxide 10.2, 
for the metal 11.1 and for the metal with 20% oxide 11.0 
(Ber 15, 2537; 16, 153). Oxide in the metal is not visible 
to the eye even when present m considerable amounts, and 
appears to be in solid soln. in the metal. Von Bolton's 
interesting observation that his metal was soft and ductile 

\ does not prove its purity. The recent work of Moissan and 
Homgschmid shows the difficulty of getting a metal of low 
oxide content Even when ThCl4 is reduced by Na in vacuo, 
the metal contains 3% oxide; so that von Bolton, workmg 
without special precautions, must have obtained a metal 
very impure with oxide. Von Bolton's "muriaticum" is 
meta-thorium chloride, Th02-xThCl4 (see Stevens, Z. 
anorg. Chem. 27, 41(1901)), formed by the action of dil 
HCl on thorium meta-oxide which is present in the metal. 
A colloidal soln is formed, which is not pptd. by Ag ions 
The behavior of von Bolton's Th towards dil. acids can be 
explained by the presence of Th metaoxide rather than a 
special modification of Th as von Bolton appears to think. 
THORIUM H. Karstens Z. Elektrochem. 15, 33-4(1909). 

A reply to Meyer's article (see abstract above). Main
tains that von Bolton's ThCl4 was pure because it was 
entirely soluble in water, while the oxyehloride isn't. 
Analyses of the soln. gave results corresponding closely 
to ThCl4. If the temp, is too high in preparing ThCl4 by 
action of CCI4 on Th02, soluble oxychlorides are produced, 
but analysis of the soln. then gives results not correspond
ing to ThCl4. On treating Th with 5% HCl, 15% remains in
soluble, 85% dissolves and from this soln. cone. HCl ppts 
"munaticum-thorium." The contention of Meyer that this 
IS identical with "meta-thonum chloride" is not contra
dicted The formula previously given, Th02(ThCl4)4, was a 
typographical error and should have been Th02(ThCl4)x 
where x is a simple whole number. The "meta-thonum 
chloride" of Stevens would have the formula m(TH02) • 
x(ThCl4). A foot-note by P. Askensay (Karlsruhe) states on 

the basis of his experience in wire drawing, that the duc
tility of von Bolton's Th precludes the presence of oxide. 

1034 
THORIUM R. J. Meyer. Z. Elektrochem. 15, 105-6(1909). 

Reply to H. Karstens (C A.^ , 759) contends that ThCl4 
prepared by action of CCI4 on Th02 (the method used by von 
Bolton) always contains oxyehloride The oxyehloride, 
ThOCl2, the only basic chloride thus far prepared by chlo-
rination of the oxide, is soluble in water to a clear soln. 
Karstens e r r s in assuming that the presence of oxyehloride 
would be shown by its insolubility in water, the cited refer
ence "Dammer's Handbuch" to the contrary notwithstanding. 
The point at issue is whether or not von Bolton's Th con
tains dissolved Th02. No chemist who has worked on Th 
has prepared an oxide free metal. Reduction of ThCl4 by 
Na, or electrolysis of the fused salts, even with the greatest 
care, always gives a metal containing much oxide. Karstens 
states that 85% of von Bolton's Th is sol. in dil. HCl. What 
then IS the 15% insol. residue? Ductility of the metal is 
not an absolute criterion of purity. With due respect to 
Askenasy's experience, the results of direct experiment 
would be more convincing than an expressed belief that the 
Th sample was pure because of its ductility. 

1035 
CHLORIDES AND OXYCHLORIDES OF THORIUM. E. 
Chauvenet. Compt rend., 147, 1046(1908). 

The anhydrous chloride, ThCl4, and the hydrated chloride 
and oxyehloride were prepared by slight modifications of 
known methods, and the properties of these compounds 
studied with some detail. (C. E. Linebarger) 

1036 
PREPARATION OF THORIUM CHLORIDE. C. Matignon. 
Compt rend., 147, 1292(1908); also Bull. soc. chim.,J^, 
92(1909); also Chem.-Ztg., 33, 205(1909). 

Attention is called to the use of CCI4 as an efficient chlo
rinating agent. The ThCl4 obtained by its application is 
very pure and much less hygroscopic than the preparations 
obtained by other methods. Its heat of solution at 18° in a 
solution containing 1 mol. of the chloride to 2700 mols. of 
water was 53.8 cal. (C. E. Lmebarger) 

1037 
THE DECOMPOSITION OF THORIUM SULPHATE BY 
WATER. Barre. Compt. rend., m , 70(1910). 

An aqueous soln. of Th(S04)2 reacts acid, and as it is 
heated Th ppts. out. The ppt. seems to be either ThO(S04) • 
3H2O, or ThO(S04) • 2H2O, depending on the temp. The 
acidity of the soln. at different temps, was detd.; at 60° 
there being 0.038 parts of H2SO4 and 1.637 parts Th(S04)2 
per 100 of soln. At 70° the figures are 0.116 H2SO4 and 
1 138 of Th(S04)2; at 80°, 0.181 and 0.855; at 90°, 0 252 and 
0.622; and at 100°, 0.325 and 0.401. (George W. Morey) 

1038 
A GENERAL METHOD OF PREPARING ANHYDROUS 
CHLORIDES Ed. Chauvenet. Compt. rend., 152, 87-9 
(1911). 

The author extends his method of preparing anhydrous 
ThCl4 (CA , ^ , 1255) to the prep of chlorides of V, W, Ta, 
Tl, Zr, Th, Zn, Ba, Mg, Zn, Be, Al, Fe, Cr, Mn, Ni, U, Ce, 
Y, and La. The temps used ranged between 450° and 650°. 
Usually the highest chloride was formed, oxychlorides 
being exceptional. The chlorinating power of COCI2 (as in 
all the modifications of Oerstedt's method) is inferior to 
that of the mixture of C and CI, evidently because the de-
comp. of COCI2 IS endothermic. The advantages of this 
method are the satisfactory yield of chloride as well as 
the ease of manipulation, it requiring but little watching. 
(Edw. Wolesenky) 

1039 
CONTRIBUTION TO THE CHEMISTRY AND TECHNICS OF 
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THORIUM AND THE RARE EARTHS. F. Wirth. Z anorg. 
Chem., 76, 174-200(1912) 

This is a comprehensive study with numerous tables and 
diagrams for solubility of sulfates and oxalates. The work 
of other mvestigators is reviewed and the following conclu
sions reported: (1) The difficult solubility of the sulfates 
as influenced by H2SO4 is of greatest importance in pre
parative methods. Pure La Is always produced by the 
"sulfate method," based on the slight solubility of the ennead 
hydrate m water. According to the kind and amt. of admix
ture, the amt. of H2SO4 required for the most favorable con
ditions for the sepn. of the sulfate, can be ealc. from dia
gram given. La may be sepd. from Ce with acid of a cone 
of about 10%. The solubility of E2(S04)3 in water serves for 
the sepn. of Gd, Sa and Yt, but too much free H2SO4 must be 
avoided as solubility is lowered immensely. (2) The pptn. 
of Th(C204)2 is best made in a 5 2f.H2S04 soln.; if stronger 
than 10 N̂  results are inaccurate, due to formation of 
Th(S04)2. The pptn of trivalent earths with oxalic acid is 
best made in a 5.5 N H2SO4 soln.; if stronger, sulfates are 
formed. Excess of oxalic acid markedly lowers the solu
bility of the oxalates. (3) Thorium earths: Owing to the in
solubility of the sulfates of the trivalent earths in about 
45-50% H2SO4, the amt. of acid for pptg. has to be accu
rately calc. with the "sulfate method" to avoid pptn of 
these with the Th — the H2SO4 should be only 1-2% In 
technics P2OJ should be completely removed before the sul
fate pptn. and if a large excess of H2SO4 is avoided no ap
preciable amt. of P2OS IS m the sulfate ppt. If a large ex
cess of H2SO4 IS used, the earths are almost quantitatively 
present in the Th(S04)2 ppt. (4) Minerals (e.g., euxenite) 
decomposable with H2SO4 or bisulfate are, after fusion, 
boiled to sep. T1O2, Nb20; and Ta205, but m such cases the 
rare earths and Th often come down in the ppt of penta-
valent elements, since the slight solubility of the sulfates 
m acids is further lowered with increasing temp. (5) At 25° 
the ennead hydrate of Th is always obtained if the H2SO4 
used IS not too cone, (up to about 30%) and time of action is 
long enough. The ennead hydrate is cryst., easily filtered 
and a stable compd. more insol. than the octa- and tetra-
hydrates. (F. W. Smither) 

1040 
NEW METHOD FOR PREPARATION OF METALLIC CHLO
RIDES. J. Gewecke. Chem. Zig., 35, 833(1911). 

For prep, of H2O free metallic chlorides from the oxides, 
thionyl chloride (SOCI2) was used; e.g., if its vapor is 
passed over Zr02 at a red heat, ZrCl4 is formed, free from 
oxyehloride. Analysis of the reaction products gave Zr :C1 = 
1:3.997. By the same method were prepd.: TaClj, ThCl4, 
CeCl3. Further work is being done to det. the most favor
able temps, for formation of different chlorides. (F.W.S.) 

1041 
THE CHEMICAL NATURE OF URANIUM X, RADIO-
ACTINIUM, AND THORIUM B. Alexander Fleck. Chem 
News, 106, 128(1912). 

A careful attempt was made to sep. Th and U X chiefly 
by the method of fractional pptn., but in no case was it found 
possible to alter the relative cone, of these 2 constituents. 
Similarly Ra Act. and Th, and Th B and Pb were found to 
be 2 pairs of chem. inseparable elements. (W. H. Ross) 

1042 
CONTRIBUTIONS TO THE CHEMISTRY OF THORIUM. 
THE SOLUBILITY OF THORIUM OXALATE HEXAHY-
DRATE IN AMMONIUM OXALATE SOLUTIONS. PREPA
RATION AND STABILITY LIMITS OF THE COMPLEX 
THORIUM AMMONIUM OXALATES (NH4)2[Th2(C204)5] • 
7H2O and (NH4)2[Th(C204)3]-3H20. THE BEHAVIOR OF 
THORIUM OXALATES WITH ACffiS. PREPARATION AND 
PROPERTIES OF THE TETRAGONAL THORIUM OXALATE 

HEXAHYDRATE. O. Hauser and F Wirth (Berlin). Z. 
anorg. Chem., 78, 75-94(1912). 

The microcryst. form of Th(C204)2 • 6H2O ordinarily ob
tained IS difficultly sol in acids; in H2SO4 the solubility 
increasing from 0 07 g. Th02 per 1000 g. soln. with 0 25 N 
H2SO4 to 1.32 with 1.32 N H2SO4; from 0.0015 g Th02 in 
1000 g. soln. with N oxalic acid to 0.0030 g. with satd. 
oxalic acid soln. With HCl the solubility first increases, 
then decreases, due to the formation of 3Th(C204)2 • Th4Cl4 • 
2OH2O. When the microcryst form stands tor some time in 
contact with dil. acids it changes to tetragonal crystals, 
reg. character, high refractive index, low birefringence. 
This form is more easily obtained by hydrolysis of 
(NH4)2[Th(C204)3] • 3H2O or (NH4)2[Th2(C204)5] • 7H2O. Both 
forms change to the 2-hydrate over H2SO4, though the te
tragonal form does not lose water until the H2O partial 
pressure is below 0.7 mm., while the ordinary form loses 
H2O contmuously. Both forms give the 2-hydrate at 100°, 
and at 160° 4Th(C204)2 • 3H2O. Solubility detns. made with 
Th(C204)2-6H20 (ordinary form), (NH4)2[Th2(C204)j] • 7H20, 
and (NH4)2[Th(C204)3] -SHjO in (NH4)2C204 solns. showed 
that the solubility of Th(C204)2 in (NH4)2C204 is due to the 
formation of the above complexes, whose prep, and prop
erties are given. The results are given in tables and 
graphically, H2SO4 lowers the solubility of Th(C204)2 in 
(NH4)2C204 solns., due to the formation of un-ionized 
oxalic acid. This work was earned out at 25°. (George 
W. Morey) 

1043 

THE CHEMICAL NATURE OF SOME RADIOACTIVE 
DISINTEGRATION PRODUCTS. Alexander Fleck (Glasgow 
Univ.). J. Chem. Soc, 103, 1052-61(1913). 

In continuation of work previously described (C.A., 7, 
2013) It IS shown that Ra A is chem. similar to, and non-
separable from Po, but dissimilar to Th D; that Th D is 
similar to Tl; that Act B is not only closely allied to Pb 
but non-separable from it; and that Act D and Tl are 2 
chem. non-separable substances. These expts. therefore 
confirm the correctness of the general theoretical law 
governing the evolution of the radio-elements through the 
periodic table. (W. H. Ross) 

1044 

THE CHEMICAL ACTION OF THORIUM X ON ORGANIC 
SUBSTANCES, ESPECIALLY ON URIC ACID J Plesch. 
Berlin, klin. Wochenschr., 50, 165(1913) 

Thorium X is a valuable agent against gout. The action 
IS not through any influence on the solubility of the uric 
acid, but on some unknown process in which the mobiliza
tion of uric acid is only a symptom of the action of Th X 
on gout and does not indicate the improvement, just as urie 
acid does not produce the disease but is only a symptom 
thereof. (A. Arkin) 

1045 
THORIUM CHLORO-OXALATE. A. Colam. Compt. rend , 
156, 1907-9(1913). 

Thorium chloro-oxalate, 3Th(C204)2 • ThCl4 •2OH2O, may 
be prepd. by evapg. a soln. of Th(C204)2 in cone. HCl. The 
salt heated rapidly loses 0.5% of Th by volatilization of the 
chloride; heated slowly to red heat it loses no Th and the 
oxide retains only trace of CI. The solubility of the chloro-
oxalate in HCl soln. increases with cone, of acid and with 
temp.; in weak HCl the chloro-oxalate decomposes to the 
oxalate and chloride. Oxalic acid decreases the solubility 
of the chloro-oxalate in HCl (L. Feldstein) 

1046 
COMPOSITION OF GASEOUS MIXTURES RESULTING 
FROM THE ACTION OF WATER ON THE CARBIDES OF 
URANIUM AND THORIUM. P. Lebeau and A. Damiens. 
Compt rend., 156, 1987-9(1913). 
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The amt. and nature of gas obtained from the same sam
ples are very similar. When graphite is present in C2U the 
reaction proceeds very slowly and hydrogenation occurs, 
the gas containing less H and more hydrocarbons (CH4, 
C3HjC4H,|), C3HJ) than gas obtained from the carbide con
taining no graphite. The gas from C2U consisted principally 
of H, CH4, C2H,, CjHj, with small amts. of C4Hi(|, C5H12, 
C2H4 and acetylene homologs. The gas from C2Th is very 
similar except that it contains a large amount of acetylene 
homologs and a comparatively small amt. of CH4. (L. 
Feldstein) 

1047 
THORIUM MOLYBDATES. G. A. Barbieri (Univ. Ferrara) . 
Atti accad. Lineei, 22, I, 781-6(1913). 

Berzelius observed that a white ppt is obtained when a 
Th salt IS mixed with an alk. molybdate This white ppt. 
can be obtained cryst. under proper conditions. Using NH4 
heptamolybdate the salt 4(NH4)20 • Th02 • I2M0O3 • 8H2O is 
formed; using the Na salt gives 4Na20 • Th02 • I2M0O3 • I5H2O 
instead. Both are insol. in H2O but sol. in dil. acids. When 
NH4NO3 IS added to the HNO3 soln. of the NH4 salt a cryst. 
ppt. 3(NH4)20 • Th02 • 12MoO • I2H2O is formed; similarly 
the Na salt gives 3Na20 • Th02 • I2M0O3 • I8H2O. These are 
also insol. in H2O and sol. in dil. acids but are pptd. un
changed from the latter on adding the nitrate. The solns. 
of the salts do not react for Th with (H02C)2, but are more 
sol in cone. (H02C)2 soln. and only ppt. a little Th oxalate 
after heating the soln. If AgN03 soln. is added to the HNO3 
solns. of the above complexes the salt 4Ag20 • Th02 • I2M0O3 
is pptd. from all 4 This fact may be explained by assum
ing that these are salts of octo-basie Th-molybdic acid, 
according to which the salts with 4 mols alk. are neutral 
and the ones with 3 mols. would be acid salts. So that the 
Th-molybdates are analogous to Si-, Zn-, and Ti-molybdates 
and this coincides well with the position of Th in the 4th 
group of the periodic table. The constitution of these salts 
is explained on the basis of A. Miolati's theory (C.A., 2, 
2346) in accordance with which a central Th atom coor
dinates with it 6 divalent groups (M0O4M02OJ, etc.), and 
the basicity of the acid thus formed is that of the coor
dinated groups minus that of the central Th atom, or 8 m 
this case The 4 above salts written in this way are 

(I) (NH4)gTh(M0207)(j neutral ammonium thoriummolybdate, 
(II) (NH4)jH2Th(Mo20Y)j • IIH2O acid ammonium thorium
molybdate, 011) Na8Th(Mo207)8 • I5H2O neutral sodium 
thoriummolybdate, and (IV) NaeH2Th(M0207)8 - I7H2O acid 
sodium thoriummolybdate, in which the distinction between 
neutral and acid salts is clearer. 250 c c of 30% NH4 hepta
molybdate -H200 cc. of 5% Th sulfate (anhydrous) gave an 
amorphous ppt. of (1) which on prolonged boiling gave cryst. 
needles. The Th was detd. by B.'s oxalic acid method 
(C.A., 3, 293). The action of AgNOs was detd. by adding 
an excess of AgN03 soln. to a known amt. of (I) and detg. 
the excess of Ag by titration. (HI) is prepared and behaves 
like (I). One may also obtain (II) by adding cone (NH4)2S04 
or NH4CI to the HCl soln. of (I), microscopic prisms, action 
toward AgN03 same as (I). (IV) is similar to (H). Silver 
thoriummolybdate, AgjTh(M0207)6, white ppt. somewhat sol 
in HNO3, but almost insol in the presence of excess AgNOs-
Solns of the Alk Th-molytxlates in dil. acids give white 
cryst. ppts. with K, Rb, Cs, Ca and Sr salts, white amor
phous ppts. with Ba, Pb, Tl, Hg" and Hg' salts, no ppts. 
with Mg and Zn, and a white ppt. with Cd in cone solns. 
With aniline in cone, solns. glistening plates sep which 
contain 6 atoms N to 1 at. Th; this is probably an acid 
aniline Th-molybdate. (E. J. Witzemann) 

1048 

THE ACTION OF ASBESTOS UPON RADIUM AND THO
RIUM IN SOLUTIONS OF THEIR SALTS. S. A Edmonds 

(Univ. Leeds ) Brit. Med. J., H, 1363(1913). 
Twenty-five g Russian asbestos was left in contact for 

1 week with 50 ce. radioactive H2O (containing Ra) and the 
expressed soln. then possessed only % the activity of the 
original soln. A Th soln. under similar conditions lost '"/n 
of its activity. The distribution of the activity was ex
amined carefully with Th solns. and Canadian asbestos. 
Equal amts. of Th are removed from soln. per g. asbestos 
employed, suggesting a chem. replacement of the Mg in the 
chrysolite by Th (A. T. Cameron) 

1049 
German Patent 274,781, Feb. 28, 1913. E. Ebler. 

In a process of disintegrating radioactive phosphates, 
silicates, etc., the initial materials (e.g., monazite sand 
20 g.) are reduced with metallic reducmg agents (10 g.) 
such as metallic Mg, Ca, Al, which react upon ignition, 
with Mg ribbon, with the phosphates, silicates, etc., to con
vert them into phosphides and silicides. In this manner, 
not only are the difficulty sol. phosphates, silicates, etc., 
of the earths, and especially of Th, converted into the 
phosphides and silicides readily sol. in dil. acids, but also 
the greater part of the P escapes, in the soln. process fol
lowing autogenous disintegration, in the form of P-H 
compds., from which latter may be produced valuable P 
compds. Also, a considerable portion of the quartz sand 
mixed with the monazite sand is reduced to silicides (Ca-
or Mg-silicide). In the treatment with H2O and acid fol
lowing the disintegration, a corresponding amt. of Si 
escapes in the form of S1H4, whereby the amt. of the res i 
due, containing all the meso-Th and Ra, remaining upon 
the treatment with sulfate-containing agents, becomes 
small 

1050 
U. S., Patent 1,142,154, June 8 E. Ebler. 

Radioactive ores or other mixts., containing Ra, Meso-
Th, Th, etc., are mixed with CaC2 and Ca hydride and the 
mixt. IS Ignited to prepare the material for extn. and 
concn. with HCl as in the preceding pat. 

1051 
THE REACTIONS BETWEEN COBALT OXIDE AND OTHER 
METALLIC OXIDES AT HIGH TEMPERATURES. J. A. 
Hedvall (Upsala). Z. anorg. allgem. Chem. 93, 313-9(1915). 

The constitution of Rinman's green is discussed, and it is 
concluded that the evidence in favor of the components of the 
solid soln. being CoO • ZnO and ZnO outweigh those m favor 
of their being CoO and ZnO. Expts. with CoO and the fol
lowing oxides were made at 1100° and at 1300°, to see if 
compds. were formed With CU2O, Ag20, CuO, BeO, CaO, 
SrO, BaO, CdO, PbO, B12O3, La203, Zr02, Th02, Ce02 no 
compds. are formed. Cr203 gives octahedra of the spmel 
CoO • Cr203. Fe203 and Mn203 both give cryst products, but 
the melts were too opaque for microscopical examn. Ig
nition of CoO with Si02 gave crystals imbedded in a glass; 
Ignition with T1O2 gave CoO • T1O2, but no orthotitanate 
could be obtained. Compds. were also obtained with V2O6, 
Cb205 and Ta205. (George W. Morey) 

1052 
PRECIPITATING THORIUM COMPOUNDS FROM A SODA 
SOLUTION. I. Kreidl. U. S., Patent 1,332,334, July 3, 
1917. 

A NA2CO3 soln. containing dissolved Th compds. such as 
Th oxalate is highly dild. and heated to 90° to ppt. the Th 
compd. as a pure hydrate and carbonate. 

1053 
EXISTENCE OF GASEOUS HYDRIDES OF ZIRCONIUM 
AND THORIUM. Robt. Schwarz and Erich Konrad. Ber. 
54B, 2122-33(1921). 

ZrMg2 was decompd. by dil. HCl and the gas decompd. 
in Marsh tubes The app. and procedure were substantially 
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those employed by Fritz Paneth. Pure white and bright 
yellow rings without metallic luster were formed in the 
Marsh tubes, which were proved to consist of S and P 
hydride. All tests failed to detect presence of Zr. The 
expts. of Klauber and von MeUenheim on (CA. ^ , 2595) 
on ThH4 were repeated. The deposits m the Marsh tubes 
described by these authors were obtained but were proved 
to be due to H2S, PH, and S1H4 only. No trace of Th could 
be found in the Marsh tubes. It is concluded that Zr and 
Th cannot form hydrides. (A. R. Middleton) 

1054 
ACTION OF ALUMINA, TITANIA AND THORIA UPON 
ETHYL AND ISOPROPYL ACETATES. Homer Adkins 
and A. C. Krause. J. Am. Chem. Soc. 44, 385-92(1922). 

Sabatier states (La catalyse en chimie organique (Van 
Nostrand Co.) 1920, p. 341) that the 3 catalysts induce the 
following reactions: 2AcOEt — Me2CO + 2C2H4 + CO2 -•-
H2O (AI2O3); AcOEt — AcOH + C2H4 (T1O2); 2AcOEt — 
MejCO + COj + EtOH -H C2H4 (ThOj). In order to det. whether 
the catalysts do show such specificity and, if so, if some 
connection could be found between their properties and the 
reactions induced, their action on AcOEt and AcOCHMe2 
was studied in the Engelder app. (CA. ^2 , 13). S.'s state
ment was not confirmed. The results obtained indicate that 
in detg. the order of efficiency of the catalysts for the 3 
reactions the method of prepg. the catalyst is of equal if 
not of greater importance than the particular metallic ele
ment present in the catalyst The course of the decompn. 
is not detd. by the relative instability of the salts of the 
acid and of the ale. Probably sapon. of the ester precedes 
decompn. An unignited alumina catalyst prepd. from the 
hydroxide exerts a strong condensing action upon Me2CO 
at 455°. (C.A.R.) 

1055 
SOME OXIDIZING PROPERTIES OF THORIUM X. Pierre 
Lemay and Leon Jaloustre. Compt. rend, j/74, 171-2(1922). 

Adrenaline and morphine in dil. solns. are oxidized 
rapidly in the presence of small amts. of the bromide of 
thorium X. Ale. is not. (F E. Brown) 

1056 
REDUCTION OF THORIUM OXIDE BY METALLIC TUNG
STEN. Research Staff of the General Electric Co., Ltd., 
London (work conducted by Colin James Smithells). J. 
Chem. Soc. 121, 2236-8(1922). 

A series of gas-fiUed lamps having W filaments contg. 
0.7% Th02 were burned for various periods at different 
temps., and the filaments examd. microscopically and 
chemically. It was found that as the temp, and time of 
burning were increased, the residue from soln. of the fila
ment in boiling HF -̂  HNO3 became green, blue or grey and 
diminished in vol. After burnmg at a sufficiently high temp, 
only a microscopic residue remained and this consisted of 
grey metallic crystals and contained no particles of thoria. 
If, however, the filament is volatized in CHCI3 and air, a 
residue of Th02 is obtained, showing that a large part of 
the Th IS still in the filament. It is concluded from these 
expts. that ThOj is reduced to Th by W at about 2700° K. 
There is also evidence to show that the W oxide formed 
combines with some unchanged Th02 to form a Th-W bronze 
of compn. Th(W03)n, where n may be from about 3 to 10. 
(D. MacRae) 

1057 
TH-MOLYBDATE. F. Zambonini. Compt. rend 176, 
1473-5(1923). 

The salt was prepared by fusing partially dehydrated. 
ThCl4 with anhydrous Na2Mo04 in excess. The product after 
leaching consisted of a white powder composed of minute 
bipyramidal crystals of the tetragonal system. Crystallo-
graphic data are given and compared with correspondence 

data for molybdates of alk. earths and of rare earths. Mol 
vols , Ca, 47.1 :Pb, 53 9 : Vi Th, 56.1; Y, 137.4; Nd, 149.5; 
Ce, 151.2; Pr, 157.3; La, 158.9; % Th, 168.3. The differ
ences are of the order observed in typical isomorphous 
series. From the crystallographic relations with the 
molybdates of Ca, etc., and with those of rare earths. 
Fusion of a mixed of chlorides of Th and Ce with anhyd. 
Na2Mo04 gave 2 types of crystals: (1) type of Th(Mo04)2, 
clear pale yellow, contg. about 1% of Ce2(Mo04)3; (2) type 
of cerous molybdate contg. 6% of Th(Mo04)2. This small 
mutual soly. in the solid state of the molybdates of Th and 
Ce' ' lends support to Urbain's contention against Coster 
and Hevesy that Celtium (hafnium), though a homolog of 
Zr, can occur with rare earths. 

1058 
REDUCTION OF DIFFICULTY REDUCIBLE METAL OXIDES 
WITH HYDROGEN. H. v. Wartenberg, J. Broy, and R. 
Reinicke. Z. Elektrochem. 29, 214-7(1923). 

The construction of a durable W furnace (elec.) is de
scribed, in which H or N at high pressures can be main
tained at 2500° for hours. In this furnace, Cr203, V2O3, and 
Cb205 can be reduced to the corresponding metals with H 
at 5 atm. pressure. Zr02 and Th02 can be reduced in the 
presence of metals such as W, which dissolve the reduced 
metal. The reduction of Th02 in the presence of W is dis
cussed with reference to the manuf. of filaments for in
candescent lamps. (H. Jermain Creighton) 

1059 
REDUCTION OF THORIUM, ZIRCONIUM AND TITANIUM 
DIOXIDES. Otto Ruff and Herbert Brintzinger. Z. anorg. 
aUgem. Chem. 129, 267-75(1923). 

The reduction was effected in a wrought iron bomb of 
especial construction by means of Na, Ca or Na-Ca alloy. 
While pure Na reduced the 3 oxides at 900-950° rather in
differently, pure Ca was more effective. A 30% Na-Ca alloy 
IS still better at this temp., yielding 84% Th, 97% Zr and 
82.8% Tl. In another expt. the reduction of Th was increased 
to 96%. The action of the Na-Ca alloy is more evident the 
more positive the metal acted upon. (L. T. Fairhall) 

1060 
THE CHEMISTRY OF THORIUM. V. I. Spitzin. J. Russ. 
Phys. Chem. Soc. 49, 357-70(1917). 

The object of this work was to study the soly. of the insol. 
and difficultly sol. Th compds. For this purpose both the 
Th emanation method of Paneta and Gebezi and the /3 method 
of Stprett, Fletcher and Joly were used. The /3 method was 
finally given the preference owing to greater speed and 
ease of manipulation. The accuracy was from 1 to 2%. The 
compds. used in these expts. were carefully purified. Solu
bilities are in mg. Th02 per I. at 25°. Th02: N H2SO4 2.0; 
N HNO3 0 6; N HCl 0.5; 0.8 N C4H8O4 0.3; HjO < 0.02; N 
NaOH < 0.05; N Na2C03 < 0.03; N K2CO3 < 0.02; Th(C204)2 • 
6H2O: H2SO4; 1.18 N, 120; 0.98 N, 108; 0.9 N, 90; 0.58 N, 
60; 0.49 N, 53; 0.48 N, 46; 0.40 N, 43; 0.20 N, 18; 0 10 N, 
12; 0.06 N, 6.9; 0.03 N, 3; 0.02 N, 2; 0.007 N, 0.8. H2SO4 
satd. with Ce2(C204)3 • lOHjO at 25°: 0.9 N, 43; 0.63 N, 19; 
0.47 N, 15; 0.1 N, 4; 0.05 N, 3; 0.014 N, 0.9. HCl: 1.0 N, 
24; 0.82 N, 21; 0.64 N, 16; 0.48 N, 8.5; 0.38 N, 7; 0.23 N, 
4.7; 0.09 N, 1.7; 0.04 N, 0.6 HNO3: 1.0 N, 33; 0.78 N, 14.4; 
0.47 N, 10.1; 0.24 N, 4.5; 0.06 N, 1.3; 0.016 N, 0.3. 
(NH4)2C204 • H2O: 0.0006 M, 2.3; 0.0010 M, 4; 0.0025, 10; 
0.005, 40; 0.0075, 70; 0.0100, 100; 0.0150, 180; 0.0200, 340; 
0.0250, 450; 0 0300, 600; 0.0410(7), 410(7); 0.0500, 1000; 
0.0900(7), 5550(7). Soly. in various salts: NaCl 0.1 N, 0.2; 
Na2S04 0.1 N, 0.8; KHSO4 0.5 N, 30; KHSO4 1 N, 77; NH4CI 
0.1 N, 0.3; (NH4)2S04 0.1 N, 1.0; H2O 0.07; the data show 
that for a given acid the soly. of Th oxalate increases with 
the concn. of the acid. The soly in H2SO4 is about 5 times 
that in HNO3 or HCl. N. I. Valdena studied the soly. of Th 
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oxalate in different acids 0.5 N with the following results; 
H2SO4, 55; HCl, 12; HNO3, 11; HBr, 11.5; HI, 11.2; 
CCI3COOH, 12; HCIO4, 13, H2Cr04, 11; H3BO3, 0.10; 
C4H4O6, 4. In the acids HCl to H2Cr04 which in normal 
soln are dissociated to the extent of about 90% the soly. 

( of Th citrate is about const. The solubilities in H2SO4 and 
C4H4O8 are undoubtedly anomalous owing to formation of 
addn. compds. analogous to Ti and Zr. The soly of Th 
oxalate m (NH4)2C204 is not uniform but at certain concns 
breaks in the soly. curves occur, 1 e., between 0.0025 and 
0.005 and between 0.015 and 0.0200. In salt solns. the soly. 
of Th02 IS small, but greater in sulfates than in chlorides 
ThP20e • llHjO H2SO4, 1 N, 53; HCl, 1 N, 24; HNO3, 1 N, 
12; K2CO3, 1 N, 250 ThF4 •4H2O. H2O 0.17 K2ThFs •4H2O 
IS sol 0.4 mg. Th per liter. (P W. Pucher) 

1061 
NORMAL MOLYBDATE OF TH, Th(Mo04)2. F. Zambonini. 
Gazz. chim. ital. 54, 39-45(1924) 

Some years ago Zambonini (Reviste ital. di miner. 45-6 
(1915)) showed that Ce, La, Pr, Nd, and Yt are isomorphous 
with Ca, Sr, Ba, and Pb in many compounds. Th was ex
cluded from this list provisionally. Th(Mo04)2 (1) which 
was previously incompletely known was prepared thus: 
12 g. Na2Mo04 + 4 g. TICI4 •XH2O were placed in an elec
tric furnace at 800° and then kept at 1100° for 1 hour The 
mass on lixiviating with H2O gave 2 g. I When 6 g. TICI4 • 
XH2O were used, the mixture was placed in the furnace at 
900°, raised to 1180° and kept 1 hour at 1150°. 3.7 g. I was 
obtained as a white heavy cryst powder. The details of a 
crystallographic study of these crystals of I are given It 
was concluded that Th in I is distinctly different from the 
metals of the rare earth proper. Experiments are de
scribed from which it was found that I and Ce2(Mo04)2 have 

•̂  a mutual miscibility in the solid state which is largest on 
the part of Ce2(Mo04)3. These results on mixed crystals 
are discussed as throwing light on the polemic concerning 
the element 72 

1062 
THE DOUBLE CARBONATES OF GUANIDINE WITH THE 
RARE-EARTH METALS. G Canneri. Gazz. chim ital. 
55, 39-44(1925). 

Meyer (Z anorg allgem. Chem. 41, 97(1904)) first 
studied the combinations of Na, K, and NH4 carbonates 
with the metals of the Ce group. Zambonini and Carobbi 
(CA. 28, 2296) found that the carbonates combine in the 
ratio 1:1 Because of similarity of behavior C has now 
studied the behavior of guanidine carbonate with the Ce 
carbonates. When a soln. of guanidine carbonate (I) is 
added to a soln of a rare-earth salt a gelatinous ppt is 
formed, which is slowly transformed into a microcryst. 
ppt contg. all of the rare earth present but no I. The be
havior IS exactly like that of the alkali carbonates except 
for the compn. of the ppt. The compn. of this ppt remains 
unchanged even on prolonged digestion with the soln. of I. 
If the concn. of I is very high in comparison with that of 
the rare earth to be added and the soln. is treated while 

/ satd. and cold with the rare-earth hydroxide a little at a 
time it becomes satd. and after a time a cryst double 
carbonate R"'2(C03)3 •3(CN3H8)2C03 •4H2O (R" = La, Nd, 
Pr, Yt, etc.) seps. With Th the compd. sepd. was Th(C03)2 • 
3(CN3H5)3 •4H2O The utility of these double salts tor the 
Sepn. of the rare earths from each other was tested by 

.. detg. the soly. of their carbonates in satd solns. of I; they 
decreased in the following order: Yt, Nd, Pr, Ce, La, which 
IS the order of their decreasing basicity. It seems likely 
that a convenient method of sepn can be worked out by the 
use of I and it will have the advantage over all other meth
ods that the solvent, 1 e , I, can be used repeatedly De
tails of prepn. and analysis of the 5 double carbonates 
mentioned above are given (E. J Witzemann) 

1063 
ELECTROMETRIC STUDIES OF THE PRECIPITATION OF 
HYDROXIDES. I. PRECIPITATION OF MAGNESIUM, 
MANGANOUS, FERROUS, COBALT, NICKEL AND THO
RIUM HYDROXIDES BY USE OF THE HYDROGEN ELEC
TRODE. Hubert Thomas Stanley Britton. J. Chem. Soc. 
127, 2110-20(1925). 

The various methods which have hitherto been used for 
the detn. of the basic strength of the hydroxides have not 
always led to consistent results. In this investigation the 
order of pptn. was studied by gradually adding dil. alkali 
hydroxide and measuring the e.m.f. when pptn. took place, 
with the aid of the H2 electrode. The order of pptn. was as 
follows; Mg(OH)2 at p^^ = 10.4; Mn(0H)2 at p^ = 8.4; Co(OH)2 
at Pn = 6.8; Ni(OH)2 at p^ = 6.6 and Fe(OH)2 at p^ = 5.5. In 
every case the ppt. contamed an appreciable amt. of the origi
nal anion of the salt used. These pn values are practically in
dependent of the nature of the anion present and of the pre
cipitant and are affected but slightly by changes in concn. of 
the metal salts m dil. solns. which have to be attained before 
any particular hydroxide can ppt. The dependence of these 
values on the soly. products of the different hydroxides is 
shown mathematically and it is demonstrated anew that the 
real reason why NH4 salt prevents the pptn. of Mg(OH)2 and 
Mn(OH)2 by NH3 soln. is due to the inability of such a soln. 
to furnish enough OH~ ions to cause pptn. when sufficient 
NH4 salt IS present. 
in . PRECIPITATION IN THE CERITE GROUP OF RARE 
EARTHS AND OF YTTRIUM HYDROXIDE BY THE USE OF 
THE HYDROGEN ELECTRODE. Ibid 2142-7(1925). 

In this group, the pptn. of hydroxide, or basic salts, 
begins at the following Pn values: Yt(OH)3 at 6.78; Sa(OH)3 
at 6.83; Nd(OH)3 at 7.00; Pr(OH)3 at 7.05; Ce(OH)3 at 7.41; 
La(OH)3 at 8.35. All these values lie below those of Mg(OH)2 
and Mn(OH)2 and above that of Zn(OH)2. The difference be
tween the hydrion concn. for the pptn. of Th(OH)2 and those 
of the ra re earth hydroxides accounts for some of the 
methods used in sepng. Th from these earths. If sufficient 
NH4CI IS present, the pptn. of La and Ce''"'"'" hydroxides is 
prevented. 
IV. PRECIPITATION OF MERCURIC, CADMIUM, LEAD, 
SILVER, CUPRIC, URANIC AND FERRIC HYDROXIDES BY 
USE OF THE OXYGEN ELECTRODE. Ibid 2148-59(1925). 

Although O2 electrodes cannot be used to det. accurately 
the changes in hydrion concn., they are sufficiently r e 
sponsive to indicate the character of the changes and to 
give an approx. idea of the hydrion concn. According to the 
results described in this paper, together with the results 
of the work with the H2 electrode, the following table gives 
the metals m the order of the hydrion concns. at which 
their respective hydroxides or basic salts are pptd. from 
dil. solns. Although it is not certain that this order repre
sents the actual basic strength of the hydroxides, it can 
be said that these hydrion concns. underlie many of the 
reactions of the various sepns. which are used in analytical 
chemistry. 

Hydrion concn. Metal ion. 

10-" Mg 
10"' Ag, Mn++, La, Hg''"+ 
10"' Ce***, Co, Ni, Cd, Pr, Ne, Yt, Sa, 

Fe-'"'-(7), Pb7 
10"' Zn, Be, Cu, Cr, 
10-» Al 
10"* U, Th, 
10"' Sn-'"'-, Zr, Fe-'"'"'-

According to this, Al(OH)3 is a very weak base yet Al 
occurs higher than Cr in the e.m.f. table. Heyrovsky's 
system of classification indicates that Pb(OH)2 is stronger 
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than Mg(OH)2 and that HgO is weaker than Zn(OH)2 but the 
above values indicate that the contrary is true, which 
would seem more reasonable. The ppt. obtained by adding 
NaOH to U02(N03)2 soln. was chiefly hydroxide and not 
Na2U207 as often stated. Significant changes in color were 
observed in the titration of uranyl and ferric salts which 
can be best explained by the colloid theory. (W.T.H.) 

1064 
COMPLEX SULFITES AND THIOSULFATES OF THE RARE 
EARTHS. G. Canneri and L. Fernandes. Gazz. chim. ital. 
55, 440-53(1925). 

H2SO3 m forming complex metallosulfurous amons gives 
rise to 2 series of heteropoly compds. — the uranyl sulfites 
and the molybdosulfltes—the structure of which is known 
and which are fully reviewed here. C. and F. wished to 
det. if ra re earths can enter mto these compds. in place of 
the alkali metals, although their valences are different. In 
the same way the substitution of these elements in cupro-
sulfites and cuprothiosulfites was studied. In prepg. the 
cuprothiosultates a soln. of a sol. r a re earth salt and a 
soln. of CUSO4 were satd. with Na2S203 and mixed. The soln. 
is dild. after a time and the cuprothiosultates of cerium, 
lanthanum, praseodymium, neodymium and thorium, 
XCu(S203)2 •8H2O, were sepd. as yellow microcrystals. 
With Th and Zr it was necessary to use absolutely neutral 
solns. to prevent the pptn. of mixts. of hydroxides and S. 
In general it was found that the Ce metals combine with 
complex acid radicals as alk. and alk. earth bases do. 
This behavior conforms with the high basicity of these 
elements. In the cuprosulfurous and cuprothiosulfunc 
acid radicals, besides the alkali metals, only the Ce 
metals, because of their high basicity, seem capable of 
combming with these radicals. (E. J. Witzemann) 

1065 
COMPOUNDS OF SOME BIVALENT, TERVALENT AND 
QUADRIVALENT METALS WITH p-JTROCATECHOL. 
R. Wemland and Helene Sperl. Z. anorg. allgem. Chem. 
150, 69-83(1925). 

It IS known that pyrocatechol forms complex compds. 
with many metals. The authors prepd. the following new 
compd., a pyridine pyrocatecholthorium compd., 
[Th(OC8H40)4]H4 • py2. (Emil Klarmann) 

1066 
HYDROGEN ELECTRODE STUDIES OF THE PRECIPITA
TION OF BASIC CHROMATES, BORATES AND CAR
BONATES. H. T. S. Britton. J. Chem. Soc. 125-47(1926). 

The H-ion concns., which govern the pptn. of basic salts 
contg. weak acid radicals are the same as those at which 
the hydroxides are pptd. The following chromates, borates 
and carbonates were studied: Th, Al, Cr, Be, Zn; the fol
lowing chromates: Nd, Sa, Y, Co, Ni; and the following 
borates and carbonates: Zr, Mn, Mg. Cases of delayed pptn. 
occurred with Zr and Th solns. The precipitability of the 
different bases as basic salts depends on the capacity of the 
precipitant to produce the /)jj at which the hydroxide is 
pptd. In cases where this p^^ is only just attained the pptn. 
is partial. In serveral cases the conditions for the pptn. of 
normal salts have been discussed. The mode of dissocn. 
(CA. 19, 225) of chromic acid has been shown to account 
for the action of alkali metal chromates in pptg. basic salts. 
(James M. Bell) 

1067 
THE COMPLEX COMPOUNDS OF THORIUM AND FORMIC 
ACID. SUPPLEMENT: ALUMINUM AND MANGANESE 
FORMATE. R. Wemland and Adolf Stark. Ber. 59B, 471-
9(1926). 

Th and HCOOH form complex anions, the coordination 
no. of Th being 6 with NH4, Ba and Sr as cations while with 
K and pyridine it appears to be 5. By a bmuclear formula

tion this hypothetic number can be avoided and Th is given 
the coordination no. 6. The methods of prepn. of the fol
lowing compds. are given: NH4, Ba and Sr hexaformato-
thoriate [Th(form)8]M2, (M bemg a univalent metal) the 2 
latter with 2 mols. water of crystn. K and pyridine penta-
formatothoriate. [Th(form)5]H-M, hexatormatopenta-
hydroxotrithorium perchlorate, nitrate, chlorate, thio-
cyanate and formate, [Th3(form)5/(OH)5]R (R being the 
univalent acid residue) with 12, 10, 16, 7, and 2 mols. of 
water of crystn., resp., Mn formate, [Mn3(form)8]form3 + 
2H2O, which is decomposed by water and EtOH, and basic 
Al formate Al(form)20H + H2O. (E.K.) 

General 

1068 
FERRIC ACID AND FERRATES. L Losana. Gazz. chim. 
Ital. 55, 468-97(1925). 

K2Fe04 was prepd. by 2 methods. (1) according to Fremy 
Fe powder was thrown into fused KNO3: the yield is small; 
(2) a rapid current of CI2 was passed through a suspension 
of Fe(OH)3 in coned. KOH. K2Fe04 is insol. in KOH but the 
product contains Fe(OH)3 and KOH, which cannot be re 
moved by washing. CO2 decomps. K2Fe04 easily. A soln. 
of K2Fe04 with Ba(N03)2 ppts. BaFe04, which is even more 
sensitive to CO2. Ag2Fe04 was best prepd. by suspending 
5 g. finely powdered BaFe04 in 50 cc. boiled H2O. To this 
was added the calcd. amt. of AgN03 in 50 cc. H2O. After 
6 hrs . the red BaFe04 had disappeared and black Ag2Fe04 
remained. Hg2Fe04 was prepd. similarly. A 2.5% soln. of 
TINO3 reacting as above with BaFe04 gave a brown powder, 
a mixt. of 2 compds. SrFe04 •2H2O and CaFe04 •2H2O were 
prepd like BaFe04. 2% Hg(N03)2 with BaFe04 as above did 
not give HgFe04. CuFe04, PbFe04, ZnFe04, NiFeOi, 
CoFe04, Fe(Fe04), Al2(Fe04)3, Fe2(Fe04)3, Cr2(Fe04)3, 
Th(Fe04)2 were all prepd. similarly. A detailed study of 
the properties of these compds. was made. The salts of 
Ag, Ba, Sr, Ca, Cu, Pb, Zn, Ni and Co could be dried with
out decompn. and analyzed, their thermal decompn. was 
studied systematically. Those of Fe", Fe"', Al and Th 
were too unstable to be dried. With Mn, Tl and Hg' definite 
products could not be obtained; Mg does not react at all 
The ferrates of Ba, Sr, Ca and Cu contain H2O that is held 
even when they are dried to const wt. over H2SO4 Those 
of Ba and Sr lose this H2O at temps, below the decompn 
temp , and therefore these can exist in the hydrated and 
anhydrous state. Those of Ca and Cu lose this H2O in the 
evolution of the active O2. The thermal decompn. of the 
ferrates takes place according to the following reactions: 
(1) 4M2Fe04 — 4M2O -H 2Fe203 -1- 3O2; (2) 4MFe04 " 4MO + 
2Fe203 + 3O2; (3) 4M2(Fe04)3 — 4M2O3 + 6Fe203 + 9O2, 
(4) 2M(Fe04)2 — 2MO2 + 2Fe203 + 3O2 The active Oj is 
always % of the total O present. Fe(Fe04) is an exception 
to this rule. The active O2 is only % of the total amt. and 
this may be interpreted by 2 successive reactions: (1) 
4FeFe04 — 2Fe203 + 4FeO + 3O2; (2) 4FeO •)- O2 — 2Fe203 
and by adding these 4FeFe04 — 4Fe203 + 2O2. The temp, 
of decompn. of the various ferrates is variable: the Ba 
salt loses H2O at 108° and decomps. at 123°, while the Sr 
and Ca salts decomp. at lower temps, and those of Ni and 
Co are decompd. at 30°. All of these compds. decomp. con
tinuously when heated to the proper temp, except BaFe04. 
The decompn. of BaFe04 at 123° proceeds to a compn. 
corresponding to BaFeOs and remains unchanged until 144° 
IS reached, when it gives up the remaining calcd. amt. of 
active O. The compds. of univalent metals are unstable 
and those of the bivalent metals behave irregularly. The 
ferrates of the tervalent metals are more unstable than 
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those of the bivalent metals and less than those of the 
quadrivalent metals. Some of the ferrates remain un
changed when kept in vacuo over H2SO4 at 15-20°, while 
others lose H2O and active O. The compds. of Ba and Sr 
lose neither H2O nor O2; those of Ca and Pb give a slow 
but complete decompn ; the salts of Ag, Cu, Zn, Co, and 
Ni change rapidly; nothing can be said about the decompn. 
of the others, because they changed too rapidly. The 
compd. FeFe04 showed physical and chem. properties 
by which it could be identified as Fe02 prepd. in another 
way by Pelline and Meneghini (Gazz. 39, I, 381(1909)). 
In Fe2(Fe04)3 the ratio Fe : O was greater than 2. In some 
cases in which the products are capable of secondary 
oxidations various final products are obtained In the 
case of Mn a mixt. of various higher oxides is probably 
obtained and with the Cr salt H2Cr04 seems to be formed 
Other work on these compds. is under way. (E. T. 
Witzemann) 

1069 
DOUBLE DECOMPOSITION BETWEEN THE HALIDES OF 
PHOSPHORUS, TIN, ARSENIC, ANTIMONY, LEAD, BIS
MUTH, SILICON, TITANIUM, ZIRCONIUM, AND THORIUM. 
T. Karantassis. Compt. rend. 182, 1391-3(1926). 

Studies of the reactions between the halides of P and 
those of As, Sb, Bi, Sn, Si, Zr, Th and Tl confirm the con
clusions that in the group of tervalent metalloids, the iodide 
of the element of low at. wt. exchanges its iodine for the 
chlorine or bromine of a halide of an element of greater at. 
wt. Thus, 4PI3 + 3SnCl4 — 3Snl4 + 4PCI3. The reactions 
are not reversible. (P. B. Place) 

1070 
REACTION OF "ALUMINON" WITH HYDROXIDES OF 
BERYLLIUM, RARE EARTHS, ZIRCONIUM AND THO
RIUM. A. R. Middleton. J. Am. Chem. Soc. 48, 2125-6 
(1925). 

The new reagent for Al proposed by Hammett and Sottery 
(CA. 19, 796-7) has proved very satisfactory but similar 
lakes are formed with the hydroxides or basic acetates of 
Be, Yt, La, Ce, Nd, Er, Zr and Th, possibly also with Sc. 
All these lakes are deeper red than the Al lake and the 
sensitiveness of the tests indicates that the lakes are much 
less sol. than the pure hydroxides or basic acetates of these 
elements. (W.T.H.) 

1071 
ZIRCONIUM, THORIUM, AND HYDROGEN. A. Sieverts 
and E. Roell. Z. anorg. allgem. Chem. ^53, 289-308(1926). 

Zr powder absorbs H actively above 700°. When the 
powder is cooled in H at atm. pressure a velvet-black 
compd. not sensitive to air, with 1.76 atoms of H to 1.0 
of Zr, IS formed. The isobar for H at atm. pressure, as 
shown by absorptive power, is above 900°. The isotherm 
at 800° resembles that of Ce hydride at 950°. At 1100° the 
H absorption is approx. proportional to the square root of 
the H pressure. Th absorbs H vigorously at 400° and, 
cooled in H at atm. pressure, forms a product which is 
sometimes sensitive to air, contg. 3.07 atoms of H to 1.0 
of Th The isobar and isotherm are similar to those for 
Zr. S and R. believe that H does not form stoichiometric 
compds. with Zr and Th but goes into solid soln. The r e 
actions of the systems Z r - H and T h - H showed generally 
an arrest , "ageing phenomena." Above 1100° Zr exhibited 
an unexpectedly high absorption as the gas pressure was 
gradually increased No explanation is known. (M. O. 
Lamar) 

1072 
ANALOGY OF BEHAVIOR AND ISOMORPHISM BETWEEN 
CERIUM AND THORIUM. G. Scagliarini. Atti accad. 
Lincei [6] 4, 204-10(1926). 

It IS known that admixt. of Th02 with Ce02 renders the 

latter sol. in HNO3 (Monatsh. 5, 508(1884); Wyroubof and 
Verneuu, Compt. rend. 127, 863(1898); 128, 501(1899)) and 
that Th02 decreases the amt. of I liberated by Ce02 from 
HI. Expts. were directed toward detg. whether the mixed 
oxides of the rare earths exist as compds. or a solid 
amorphous soln., where, for instance, the Ce02 is in mol. 
subdivision. Since Wyroubof and Verneuu (log. cit.) r e 
garded a mixt. of Ce02 and Th02 as a salt of acidic Ce02 
and basic Th02, Ce02 should react with KOH, CaO or MgO, 
and so Ce02 and Th02 should be readily sepd. from mona
zite. Furthermore Zr02 should be still more acid and 
therefore form salts with Th02. Fused KOH did not, how
ever, react with a mixt. of Ce02, and Th02 and Ce02 with 
a large excess of CaO or of MgO (prepd. by calcination of 
the mixed oxalates) was wholly insol. in HNO3. Th02 with 
a large excess (90-9%) of the oxides of the tervalent rare 
earths was sol. in dil. HNO3, being thus similar in be
havior to Ce02, whereas Zr02 even with a high excess 
(99%) of oxides of the rare earths was insol. in HNO3. The 
results indicate the absence of a saline compd. and only 
an amorphous solid soln., the soly. of Ce02 or of Th02 
depending upon their state of subdivision. The evident 
isomorphism between the oxides of Ce and Th was further 
indicated in their salts, a solid soln. of Th(CHAc2)4 and 
Ce(CHAc2)4 being prepd. The mixed crystals were dark 
ruby-red even when only 5% Ce(CHAC2)4 was present. The 
intense color prevented direct observation whether the 
2 salts were mutually sol. in all proportions. But detn. 
of the m.p. of different mixts., which were for 98% 
Th(CHAc2)4, 170°; 95%, 164-5°; 75%, 159-60°; 50%, 144-5°; 
25%, 157-8°; 5%, 162-3°; 2%, 169°, gave values which 
followed the Retgers law, with complete isomorphism be
tween the Th and Ce salts (C C Davis) 

1073 
REACTION OF "ALUMINON" WITH HYDROXIDES OF 
SCANDIUM, GALLIUM, THALLIUM AND GERMANIUM. 
R. B. Carey and H. W. Rogers. J. Am. Chem. Soc 49, 
216-7(1927). 

Sc and Ga behave towards "aluminon" very much like Al 
while In gives only a red soln. and Ge produces no stable 
lake, thus resembling Si, Sn'^ and Pb. Duplicate solns. of 
Sc, Ga, In, Th and Ge were prepd. in the prescribed way 
and to one set 5 cc of "aluminon" reagent was added while 
to the other was added 5 cc. of H2O. After 24 hrs . , the 
solns. not contg. the reagent remained clear and colorless 
in every case. Of the solns contg. "aluminon" Sc produced 
a red lake settling out and leaving a colorless liquid, Ga 
gave a similar result but the settling out was incomplete, 
while In, Th, and Ge gave deep red solns. with no evidence 
of turbidity. (J. W. Shipley) 

1074 
THE REDUCTION OF ALUMINA AND OTHER OXIDES BY 
TUNGSTEN AT HIGH TEMPERATURES. H. v. Wartenberg 
and H. Moehl. Z. physik. Chem. 128, 439-44(1927). 

A small rod of AI2O3 heated in a W-wire furnace failed 
to melt at 2100° (m.p. 2050°) but reacted to form a crust of 
fine black crystals on the rod, the heating filament de
creasing in diam. and WO2 depositing on the sides of the 
furnace. It was shown that this reaction could not be ex
plained by the presence of O2 in the N2 atm. The phenome
non IS explained by the vaporization of AI2O3, a reaction 
between the gaseous AI2O3 and the W-filament to form Al 
and WO2 and the migration of the WO2 and the gaseous Al 
to the AI2O3 rod, where on account of a lower temp, the r e 
action at the filament reversed and W and AI2O3 formed. 
Similar results were obtained with MgO, Zr02 and Th02, 
at somewhat different temps. These reactions are corre
lated with the Nernst approximation formula and found to 
be in agreement. The results are interpreted to be in con-
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firmation of the former conclusion (CA. n , 2835) that 
Th02 in W lamps must be effective as Th, though within 
the W filaments Th02 can be found because of the retention 
of the WO2 vapor. (Robert F. Mehl) 

1075 
METHANOL SYNTHESIS. J. C Woodruff and G. Bloomfield 
(to Commercial Solvents Corporation). British Patent 
279,378, Oct. 25, 1926. 

In prepg. catalysts for MeOH synthesis such as those of 
the general type described in Brit. 271,840 (CA. 22, 1596), 
ZnO may be stirred mto an aq. soln. contg. Cr nitrate, 
Fe(N03)3 *""1 ZnCl2 and the mass evapd. and heated to de
comp. the nitrates, the product then crushed and treated 
with an aq. soln. of ZnCl2 and allowed to harden sponta
neously. Other similar examples also are given and refer
ence is made to the use of oxides of Zn, Mg, Cd, Cr, V, W, 
U, Zr, Ti, Al, Mn, Mo, Th and Ce (as difficultly reducible 
oxides) which may be used with more easily reducible oxides 
such as those of Cu, Ag, Fe, Ni, and Co. 

1076 
ELECTROTITRATION OF LANTHANUM, CERIUM AND 
THORIUM AS FERROCYANIDES. L A. Atanasiu (Inst. Ind. 
Chem. Bucarest). Bui. chim. soc. romdnS stiinte 30, 51-9 
(1928). 

The potentiometric curve indicates the formation of 
KLaFe(CN)8 in a l e soln. for equimolar quantities of 
K4Fe(CN), and La(N0)3. In the case of Th, ThFe(CN)g is 
formed but the compds. vary with an excess of alkali salt, 
the presence of ale. causes perturbations in the curve. The 
electrotitration of a mixt. of La, Th, and Ce salts is practi
cally impossible. (A. L. Henne) 

1077 
ADSORPTION AND SOLUTION PHENOMENA ENCOUN
TERED IN PRECIPITATIONS. Frederick R. Balcar with 
Gebhard Stegeman (Pittsburgh Umv.). J. Phys Chem. 32, 
1411-21(1928). ~ 

When BaS04 is pptd. m solns. contg. ThCl4, the Th ion is 
removed from the soln. in large quantities. With continued 
agitation, however, the Th reenters the soln. The concn. of 
Th ions has a marked effect on the size of the BaS04 parti
cles. The solubilities of BaS04 and of PbS04 in solns. of 
ThCl4 are considerably larger than those in H2O and were 
found to follow the Freundlich isotherm; S = KC", where C 
is the concn. of ThCl4 and K and n are consts. The values 
of - log S/Sj (Sj = the soly. in H2O and S the soly. in the 
presence of ThCl4), which, according to the theory of Debye 
and Huckel, should equal the log of the activity coeffs., are 
of the order of 100 times too large While the equil rela
tions between Ba-'"'- and SOi"" ions in solns. of ThCl4 do not 
obey the usual mass-action law they indicate that there is 
a sp. mteraction of the ions rather than any complex ion 
formation. The adsorption of Th ions by BaS04 when the 
latter is pptd. in a ThCl4 soln. does not follow the isotherm, 
x/m = KC", because of the changing values of C as the 
sulfate IS pptd. The equation: x/m = KC Iv'nî  where F is 
a logarithmic function of m, is suggested to represent the 
results. (H. F. Johnstone) 

1078 
STUDIES ON THE EXACT DETERMINATION OF THORIUM 
AFTER PRECIPITATION AS HYPOPHOSPHATE. Friedrich 
Hecht. Z. anal. Chem. 75, 28-39(1928). 

Th IS pptd. completely in a soln. contg. 10% HCl, or more, 
as ThP208 • IIH2O by means of NaH2P208. The ppt. is practi
cally msol. in water, acids and alkali hydroxide solns. The 
elements most likely to ppt. with the Th are Zr, Hf, Ce and 
Tl. It IS shown here, however, that there is little danger 
with respect to Ce because hot HCl reduces Ce''"'--'"'- to 
Ce-'-*-'-. It IS not yet clear whether there is any mterference 
by Zr or Hf. Upon strong ignition the ppt. of ThP20j is 

changed to ThP207 but it is very difficult, if indeed possible, 
to ignite to a const, wt. although it is now shown that the wt. 
of the ppt. IS a little too high even after very prolonged 
igmtion. It IS best, therefore, to convert the ppt to some 
other form for weighing Rosenheim's method, as modified 
by Wirth (CA. 6, 3379), is suitable for decompg. the hypo-
phosphate ppt. This consists m digesting the ppt., together 
with the filter, with 50 cc. of hot coned. H2SO4 and gradually 
adding small portions of NaN03. Then, instead of expelling 
practically all of the H2SO4 as Rosenheim did (CA 7, 38) 
enough acid is left so that a clear soln. is obtained on dilu
tion, from which the Th can be pptd as oxalate. Or, if there 
IS objection to this, the H2SO4 • H3PO4 soln. can be neutral
ized with NH4OH and the Th ppt. filtered off. Rosenheim 
assumed that this ppt. was Th(OH)4 but this is not true It 
contams considerable PO4 and is more likely to be Th3(P04)4. 
This ppt. dissolved in dil. HCl and from the soln. Th(C204)2 
can be pptd. It is also possible to get an approx. value for 
the Th02 content by fusing the hypophosphate ppt. with 
NaKC03, leaching with water, filtermg and igniting the 
insol. residue. It is far better, however, to fuse this last 
residue with K2S2O7, dissolve this melt in dil. HCl, ppt 
the Th as Th(C204)2 and ignite to ThOj. This last method 
IS fully as good as the procedure recommended by Rosen
heim and by Wirth (W T H ) 

1079 

PEROXIDES OF Tl, Zr, Hf, AND Th. Robert Schwarz and 
Hermann Giese (Chem. Inst Frankfurt a Main). Z. anorg 
allgem Chem. m , 209-32(1928). 

The elements of the Ti group, as well as Ce, are pptd 
by H2O2 in alk or ammoniacal soln. as peroxide hydrates, 
in every case but Th the product contains 1 peroxide 0 
atom to 1 mol. of dioxide and 2 mol of H2O of constitution 
The Th compd. is richer in 0 and contains 4 mols. of H2O, 
having the formula Th207 • 4H2O The others are written 
Me03 • 2H2O and are considered orthoperoxy acids, 

HO, OH 
/ M E 

HO OOH 

Hf03 •2H2O. From acid Zr. sulfate solns., an excess of 
H2O2 slowly ppts. zirconium peroxo-sulfate, Zr206S04-
8H2O It IS poorly sol in H2O and dil acids easily sol in 
coned. H2SO4. Boiling in dil. HCl liberates CI2 The con
stitutional formula is written 

O ^S04 ^ o 
- 8H20 

Tl, Th and Hf do not form analogous compds With Ti and 
Zr, if the peroxide hydrate is dissolved in an excess of a 
cold soln. of H2O2 and alkali, ale ppts from this soln. a 
pertitanate or perzirconate with the compn. K4T1O8 • 6H2O. 
They are regarded as salts of tetra-orthoperoxy acids, 
corresponding compds with Hf and Th are not formed 

1080 
THIO SALTS VII POLYTHIOVANADATES. L. Fernandes. 
Atti accad. Lincei 8, 234-8(1928). 

When (NH4)3VS4 is treated with a strong acid V2S5 is 
formed; if, however, H2S is used, the intermediate products, 
NH4VS3, [H2(VS3)8](NH4)4, analogous to the correspondmg O 
salts are formed Metathiovanadate, NH4VS-2H20, is ob
tained by treating 12 g. of the normal thiovanadate with 5 cc 
(NH4)2S, and satg the soln. with H2S under pressure it is a 
dark-violet microcryst product which is collected on a suc
tion filter and washed with EtOH and Et20 Gusnidine meta
thiovanadate, GUVS3 • 2H2O, IS obtained from the meta-salt 
by suspending the latter in a coned soln of Gu • HCl. 
[H2(VS3)j](NH4)4 • I8H2O IS made by satg. a soln of (NH4)VS4 
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(12 g.) and (NH4)2S (2 g.) with H2S under pressure at 0°. The 
product IS washed rapidly with EtOH and Et20. This is very 
unstable and when dry evolves NH3 with such evolution of heat 
as to Ignite the filter paper. If the above wet crystals are 
dropped into Gu -HCl soln., [H2(VS3)8jGu4 • I8H2O is formed, 
which IS much more stable than the NH4 salt. Added to ThCl4 
soln. the salt, [H2(VS3)6]Th4 • I8H2O, is similarly formed. 
This product which is a lighter blue than the Gu salt is also 
much more stable than the NH4 salt. (A. W. Contieri) 

1081 
ACID PHOSPHATES OF Th. J. D'Ans and W. Dawihl. Z 
anorg. allgem Chem. m , 252-6(1929). 

If Th3(P04) IS stirred into H3PO4 contg at least 40% P2OS 
and the mixt. is allowed to stand, long crystals of the acid 
phosphate, Th(HP04) • (H2P04)2-2H20(I), graduaUy sep. Soly. 
detns. show that the transition from Th3(P04)4 to Th(HP04)2-
HjO occurs at about 20% P2O5 and 0.5% ThOz, while the 
transition to I occurs with about 30% P2O5 and 5% Th02. If 
increasing quantities of H2SO4 are added to a soln. of 
Th3(P04)4 in H3PO4, a very viscous soln. is obtained, from 
which, after standing several weeks at about 10°, a well 
crystd. substance is obtained having the compn.: 

Th (H2P03)3 
^S04-8H20 

Th-^(H2P04)3. 

It crystallizes in fine needles which are extremely sensi
tive to moisture. Another acid phosphate occurs having the 
compn. 

^HP04 
Th • 4H2O; 

^S04 

it IS likewise decomposed by H2O. Soly. detns. show that 
this salt exists only below 44.5°. A phase diagram at 20° 
IS shown, the points given being detd. only qualitatively. 
Analogous salts of Ce are mdicated. 

1082 
Th FORMATES. Hans Reihlen and Max Debus (Karlsruhe 
Tech Hochschule). Z. anorg. allgem. Chem. HS, 157-76 
(1929). 

If alkali salts react with Th formate, well-crystd 
compounds are formed which contain 3 Th atoms, 6 
HCOO residues and 1 mineral residue, as well as 5 OH 
groups. From these, many complex Th compounds can 
be built up. If 8 g. KCNS react with a solution of 10 g of 
(Th3(HCC)0)j(OH)3) •IOH2O (I), the result is potassium t r i -
thonum hexaformate oxy-tetrahydroxythiocyanate, 
K(SCN(OH)40(HCOO)8Th3) • 7H2O (11). The crystals are 
sol. and lose 7 mols. of H2O at 18° and 1-2 mm. pressure. 
On heating at 61° and 1-2 mm., 8 mols. of H2O are given 
off to form the trioxy compound, (Thj(HCOO)603SCN)K. To 
a solution of 86.5 g. of KSCN in H2O at 35°, an excess of 
(Th3(HCOO)eO(OH)2) (III) IS added, the solution is filtered 
and held at 0° for 8 days, after which 9 g. more of III are 
added at room temperature. On cooling to 0°, dipotassium 
tn thonum hexaformate dioxy-dihydroxydithiocyanate, 
K2((SCN)2(OH)202(HCOO)8Th3), is formed, it is mixed with 
V2 mols. of n . If n i IS added to a solution of NaN03 the 
resultant product is sodium tnthonum hexaformate 
tetrahydroxyoxynitrate, Na(Th3(HCOO)80(OH)4N03) • 
IO.5H2O (IV). H NaN03 reacts with (Th3(HCOO),o(OH)2) -
7H2O (V), a mixed compound of 1 mol. of IV and 1 mol. 
of (NC)3(OH)5(HCOO)8Th3) is formed. The analogous K com
pound is formed in a similar manner and crystallizes with 
30 mols. of H2O. NaClOs reacts with V to produce sodium 
tn thonum hexaformate tetrahydroxyoxychlorate, 
Na(C103(OH)40(HCOO)eTh3) • I3H2O. (VI), easily sol. in 
H2O and coned. NaCl03 soln. The K compound can only 

be prepared mixed with 2 mols. of in . The perchlorate 
of the Na compd. (VII) is prepared by reaction of NaC104 
with I. This salt is very hygroscopic when dried. If 
Th(OH)4 IS dissolved in H2O and the soln. heated with 40% 
HCOOH the dodeca-trithonum formate (Th3(HCOO)i2)-
9H2O (Vin) IS produced. If this is treated at 100° with 
100% HCOOH, it loses H2O and forms (Th3(HCOO)i2)3.5H20. 
If neutral Th formate is dissolved in cold H2O and heated 
at 100°, a compd. crystallizes out which must be filtered 
hot and washed with boiling water; it is probably 
(Th3(HCOO)8(OH8) •4H2O) (DC). The mol. cond. of a 
g.-mol. dissolved in 64 1. of H2O is given for some of 
these compds. as follows: for IV, 68; for II, 63; for VI, 
78 in 256 I.; for -VII, 56; for -VIU, 52.5; for DC, 14 The 
structure of these compds. is discussed in detail. 

1083 
COMBINATIONS OF SALTS OF QUADRIVALENT CERIUM 
AND OF THORIUM SALTS WITH SODIUM CARBONATE 
(SODIUM CERICARBONATE AND THORICARBONATE). 
Leon Lortie Compt. rend. 188, 915-6(1929). 

L has obtained a cericarbonate of Na corresponding to 
the formula Na8Ce(C03)5'12H2O. Fifteen g. of NH4 cerini-
trate was dissolved m 25 cc. of cold H2O. This soln was 
poured drop by drop, with const, stirring mto a cold 25% 
soln. of Na2-C03. A ppt. was formed, nearly all of which 
redissolved in the excess of reagent. After filtering and 
evapg , yellow prismatic crystals of Na cericarbonate were 
obtained. These were washed with ice water. The crystals 
analyzed as follows: CeOj 21.75, CO2 27.85, Na20 23 71, 
H2O 27.19%, which IS very close to the theoretical compn. 
of the formula given above. By drying at 100-110° the salt 
shows a loss in wt. of 24.5% which corresponds to the 
disappearance of 10 mols. of H2O. The remainmg 2 mols. 
of H2O are not driven off until a temp, of 200° is reached. 
Treatment with H2O2 showed that the salt was one of 
quadrivalent Ce. The ppt. obt^ned above in the Na2C03 
soln seems to correspond to CeC03(OH)2. Na cericar
bonate decomposes rapidly in H2O, losmg all of its Na2C03 
and becoming again Ce hydroxycarbonate. The cericar
bonate IS sol. m Na2C03 solns K2SO4 and (NH4)2C204 do 
not react with it in Na2C03 soln. while Na3P04 and (NH4)3P04 
slowly ppt. it. It IS pptd. instantly by soda m such solns. It is 
decompd. by acids, more or less stable Ce salts bemg 
formed. Na cericarbonate dissolves m liquids contg. one or 
several ale. OH groups, such as glycerol, glucose and man-
nitol. The cericarbonate is then completely resistant to pptn. 
by common reagents. Any tendency to hydrolyze in such 
solns. IS retarded by addmg NaOH. Na thoricarbonate has the 
formula Na8Th(C03)5 • I2H2O. At 100-110° it also loses 
10 mols. of HjO and 12 mols. at 200°. The cericarbonate 
and thoricarbonate of Na are shown by L to form iso
morphous mixts (A J. Monack) 

1084 
NOTES ON MOLYBDATES, NITROPHOSPHOMOL-YBDATES, 
TUNGSTATES AND PHOSPHOTUNGSTATES. Teofilo 
Caspar y Arnal. Ann. chim. anal. chim. appl. 1^, 97-103 
(1929). 

The reactions of the following reagents with numerous 
ions were studied: (A) Na molybdate in 5% aq soln., (B) 
NH4 molybdate in satd aq. soln., (C) Na nitrophospho-
molybdate (Na2HP04, Na molybdate and HNO3), (D) Na 
tungstate in 5% soln., (E) Na phosphotungstate in 5% soln 
The following results were obtained. With (A) no effects 
were obtained with Li, Na, NH4, K, Rb, Cs, Be, Mg, Zn, 
Hg-'-*, Mn, Ni and Co. Cu gives a greenish blue ppt., sol. 
in NH4OH and in HNO3; Ag, an abundant white ppt.; Ca, a 
ppt. that forms slowly but more quickly when ale. is added 
(the ppt. IS sol. m HNO3); Sr and Ba give similar ppts. with 
diminishing soly. in the order named; Al gives a white ppt. 
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forming slowly, sol. in HNO3 and converted to hydroxide 
by NH4OH; Pb, abundant ppt., sol. in HNO3; Th is like Al 
except that the ppt. forms more readily; Bi is like Th; UO2 
gives a light yellow ppt., sol. in HNO2 and darkened by 
adding NH4OH; Fe, a ppt., which is dissolved by excess 
FeCls. With (B) no ppt. is obtained with Li, Na, Cu, Ag, 
Be, Mg, Ca, Zn, Cd, Ba, Hg-'"'-, Al, UO2, Mn, Ni and Cu. 
NH4 gives nothing in the cold; on heating it gives a yellow 
ppt. insol. in HNO3 but dissolved by NH4OH; K, Rb and Cs 
give the same effect as with NH4 but the soly. of the ppts. 
decreases in the order named; Hg gives an abundant ppt. 
in the cold, which dissolves on heating but reappears on 
cooling; Tl and Pb give white ppts. sol. in an excess of 
the reagent (on heating the ppt. is obtained again and is 
yellower in color); Th gives a ppt. sol. in excess reagent; 
on standing a gelatinous mass seps. out, which is trans
parent at first but eventually becomes opaque; Bi is like 
Pb; FeClj gives a beautiful blue color. Alk. molybdates, 
in the presence of FeCls, give analogous ppts., sol. in 
an excess of FeCls. If, to this soln. a little phosphate is 
added, a blue coloration is obtained, which is characteristic. 
With (C) no effects are obtained with U , Na, NH4, K, Rb, 
Cs and Mg ions. Cu gives a light blue ppt. sol. in NH4OH; 
Ag, a yellow ppt. sol. in NH4OH; Be, a very abundant ppt. 
sol. in an excess of Be(N03)2 but Insol. in NH4OH; Ca, 
slow pptn.; with Sr and Ba the reaction is even slower 
(the ppts. are insol. in NH4OH); Zn and Cd give ppts. of 
which the Zn salt is more insol. in water but dissolves in 
NH4OH, whereas the Cd salt does not. Hg-'- gives a brown 
ppt.: Hg-'--'-, a yellow ppt.; Al, a dense ppt. sol. in NH4OH; 
Tl is like Al; Pb gives a white ppt. insol. in NH4OH; Th, a 
ppt., which changes to Th(OH)4 with NH4OH; Bi, a ppt., 
which changes color with NH4OH; UO2, a yellow ppt.; on 
adding NH4OH the color is more pronounced; Mn gives a 
pink ppt. dissolved by NH4OH and then a brown ppt. appears, 
which contains Mn; Fe, a pale yellow ppt. converted to 
Fe(OH)j by NH4OH; Ni, a bluish green ppt., sol. in NH4OH; 
Co, a bluish pink ppt. also sol. in NH4OH. With (D) no reac
tions are obtained with Li, Na, Cu, Hg, Be, Zn, Sr, Cd, Ba, 
Hg, Al, Mn, Fe (except a coloration), Ni and Co, but ppts. 
are obtained as follows: NH4 gives a white ppt. sol. in 
NH4OH and insol. in HNO3; K, a white ppt. insol. in HNO3 
and sol. in NH4OH; Rb and Cs give the same; Tl gives a 
ppt. insol. in HNO3 but not very insol. in water; Pb, a ppt. 
sol. in HNO3 and insol. in NH4OH; Hg-'"'- is the same except 
the ppt. darkens with NH2OH; Bi gives a ppt. sol. in HNO3 
and altered by NH4OH; UO2, a ppt., which is formed slowly 
and which is sol. in HNO3 and insol. in NH4OH. The effect 
of ale. upon all of these reactions is discussed and some 
19 possible applications to analytical chemistry are out
lined. (W. T. Hall) 

1085 

EQUILIBRIUM BETWEEN ALCOHOLS AND SALTS. H. 
Graham C Gibson, John O'Leary Driscoll, and Wm. J. 
Jones. J. Chem. Soc, 1440-3(1929). 

Solubilities of MgS04, ZnS04, CdS04, Th(S04)2, MnS04, 
C0SO4, and NiS04 in MeOH at 15°, 25°, 35°, 45° and 55° are 
reported. Na2S04, K2SO4, (NH4)2S04, Ag2S04, CaS04, SrS04 
and Al2(S04)3 all have solubilities less than 0.001 g. per g. 
MeOH at 25°; BaS04 and PbS04 less than 0.00001. The amt. 
of salt dissolved increases at first, then attains a max. 
value and subsequently falls as the sparingly sol. basic 
salt is being formed. Alcoholation is always subsequent 
to the attainment of the max. The compn. of the solid 
phases in equil. with the resp. satd. solns. between 15° 
and 55° and the dissocn. pressures of the aleoholates at 
12°, 16° and 20° are given for MgS04 • 3.5MeOH, ZnS04 • 
2.5MeOH and ZUSO4 -MeOH. Between 15° and 55°, Cd, Th, 
Mn, Co, and Ni sulfates exist in equil. with their resp. satd. 

solns. as the non-aleoholated salts. In no ease was a 
transition pt. observed. The solubilities of Mg, Zn, Cd, 
Mn, Co, and Ni sulfates in EtOH are reported at 15°, 25°, 
35°, 45° and 55°; Ca, Sr, Ba, and Pb sulfates in EtOH at 
25° have solubilities of less than 0.00009; the solid phase 
in contact with the satd. soln. is the non-aleoholated nor
mal salt. Th(S04)2 and C0SO4 (anhydrous) extd. with MeOH 
(Soxhlet) for 100 hrs., showed no trace of basic decompn.; 
ZnS04 gave a ratio of basic to normal sulfate of 0.0019; 
with CUSO4 basic decompn. was complete. One vol. 100% 
H2SO4 added to 6 vols, well-cooled abs. MeOH gave with Fe 
ferrous sulfate hemitritamethyl alcoholate, olive green; 
Mg gives MgS04 • 3.5MeOH, and Zn, ZnS04 -MeOH. (C .J.W.) 

1086 
FLOCCULATION OF SOLS. OF ARSENIC SULFIDE BY 
THORIUM CHLORIDE. A. Boutarie and C Semelet. J. 
chim. phys. 26, 195-201(1929). 

B. previously studied the effect of uni-, bi- and tervalent 
cations on the flocculation of AS2S3 sols. (CA. 19, 919). 
Quadrivalent Th is now studied. Below a certain concn. of 
ThCl4 there is no flocculation; above this threshold concn. 
the time of flocculation varies inversely with the concn. 
and finally becomes practically instantaneous. No re-
peptization at higher concns. of ThCl4 was observed. The 
flocculation takes place more slowly the higher the concn. 
of the sol., the smaller the particle size, the higher the 
temp., and in the presence of MeOH, EtOH, MeAc, and 
AS2O3. Saccharose has no effect. (A. C Higgins) 

1087 
THORIUM HYDRIDE. Hugh S. Cooper (to Kemet Labo
ratories Co., Inc.). U.S. Patent 1,730,723, Oct. 8, 1929. 

A specially described pure grade of Th powder is heated 
in H at 300-375° until the metal is substantially com
pletely converted into hydride. 

1088 
NEW ANTIPYRINE ADDITION COMPOUNDS OF METAL 
PERCHLORATES. Ernst Wilke Dorturt and Otto Schlie-
phake. Z. anorg. allgem. Chem. 183, 301-10(1929). 

Double salts were prepd. by mixing solns. of chlorides, 
nitrates or sulfates of the metals, at room temp, except as 
otherwise noted, with aq. solns. of antipyrine and of 
NH4CIO4. They are, in general, cryst., of a color depend
ing on the metallic ion. A typical structure of the hexanti-
pyrineperchlorate is [Mg(COCioH,2N2)8](C104)2. The values 
for soly. are in g. per 100 cc. of H2O at 20°. Thorium m. 
272-5° (decompn.), soly. 0.60; this compd. hydrolyzes in 
recrystn. from hot H2O to give a turbid oily soln. and a 
basic salt of Th. Pentaantipyrine perchlorates, cupric 
from hot water m. 156-8° (decompn.), soly. 3.87; uranyl 
m. 194-6°, decompn. 270°, soly. 0.46. Silver gave a tri-
antipyrine perchlorate m. 138° (decompn.), soly. 10.94. 
(Foster D. Snell) 

1089 
FURTHER ACTION OF MAGNESIUM AMALGAM ON 
NITRATES AND ITS ACTION ON NITROUS ACID, AND 
SALTS OF THE OXYACIDS OF SULFUR AND THE 
HALOGENS. Panchanan Neogi and Ramesh Chandra 
Bhattacharyya. J. Indian Chem. Soc. 6, 333-40(1929). 

Al nitrate, Tl nitrate and Th nitrate all yielded hydrox
ides when reduced with Mg amalgam. (Colin W. Whittaker) 

1090 
PREPARATION OF DITHIOPHOSPHATES AND SOME NEW 
DITHIOPHOSPHATES. Panchanan Neogi and Munindra C 
Ghosh. J. Indian Chem. Soc. 6, 599-605(1929). 

When powdered P2S5 is added to MgO suspended in ice 
water there occurs a reaction represented by 3 MgO + 
P2S5 + H2O = Mg3P2S404 + H2S. The dithiophosphates of Na, 
K, Ca, NH4, Ba, Pb, Th and Zn are prepd. by treating the 
Mg salt with the appropriate base. Dithiophosphates of Mn, 
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Hg (ic), Th, and La were prepd. m a similar manner but de
composed before they were fully dried. What seemed to be 
dithiophosphates of Bi, Cu, Hg (ous), Ni, Co, Cd, Ag, and 
Fe (ous) were formed in a similar manner but decomposed 
within a few seconds of their formation even in ice water 
and a l e Attempts to prep, dithiophosphates of Al, Zr, and 
Mo by double decompn. failed. Only H2S was evolved. (F. 
E. Brown) 

1091 
PREPARATION OF JELLIES OF SOME INORGANIC 
SUBSTANCES. Satya Prakash and N. R Dhar. J. Indian 
Chem. Soc 6, 587-98(1929). 

Eleven substances were prepd as jellies tor the first 
time. They were FeBOj, Fe2(Mo04)3, Fe^^WOt),, Th(Mo04)2, 
Th3(As04)4, Th3(P04)4, Sn3(As04)4, Sn3(P04)4, Sn(W04)2, 
Sn(Mo04)2, Sn3(B03)4 All of these jellies were prepd. by 
mixing together the chloride or nitrate of the metal and the 
Na or K salt of the appropriate acid without dialysis. With 
each kind of jelly, varying concns of jelly and proportions 
of ingredients were used and the effects on the nature of the 
jelly, time of formation and stability of the jelly are r e 
ported. (F E Brown) 

1092 
EFFECT OF NONELECTROLYTES ON THE PRECIPITA
TION OF THORIUM HYDROXIDE FROM ITS SALT SOLU
TION IN PRESENCE OF ALKALI A. M. Patel and B. N. 
Desal. J. Indian Chem. Soc. 7, 161-6(1930). 

The pptn. of Th(OH)4 by excess of NaOH can be inhibited 
by sucrose or glycerol, but not by MeOH, EtOH, iso-
PrOH, Me2CO, or (NH2)2CO. The amt. of sugar or glycerol 
required to inhibit pptn. increases with increasmg concn. 
of the Th ion and decreases with increase in the excess of 
NaOH (T. H. Chilton) 

1093 
BEHAVIOR OF THORIUM OXIDE IN ANNEALED TUNGSTEN 
WIRES. W. G. Burgers and J. A. M. van Liempt. Z. 
anorg. allgem. Chem. 193, 144-60(1930). 

X-ray investigation shows that in unannealed drawn W 
wire contg. Th02 and of polycryst. structure the oxide of 
Th IS present as such. In single-crystal wire the Th02 
crystallite shows no preferential orientation. By annealmg 
the polycryst. at high temps (above 2500° abs.), part of the 
Th02 IS reduced to metallic Th At these temps, there is 
also the possibility of incomplete reduction of Th02, with 
the formation of oxides intermediate between the metal and 
Th02. The existence of a face-centered lattice with a param
eter between those of Th02 and Th was observed, and it was 
also found that a lattice with varying values of parameter 
could be obtained by annealing superficially oxidized Th wire 
in vacuo for different time intervals. Accurate detns. of the 
lattice consts. of Th02 and Th were made, the following 
values being obtained for a: Th02, highly ignited and prepd. 
from the nitrate — 5.585 ± 0.001 A. U.; Th prepd. by r e 
duction of chloride with Na—5.074 ± 0.002 A. U.; Th metal 
prepd. by thermal decompn. of the iodide — 5.081 ± 0.002 A. 
U. (H Stoertz). 

1094 
THE EFFECT OF NONELECTROLYTES THAT CONTAIN 
DIFFERENT NUMBERS OF HYDROXYL GROUPS ON THE 
PRECIPITATION OF THORIUM R-YDROXIDE FROM A 
THORIUM NITRATE SOLN. BY SODIUM HYDROXIDE. 
G. M. Nabar, A. M. Patel, and B. N. Desai. Kolloid-Z. 57, 
173-5(1931). 

To prep, clear stable Th(OH)4 sol. it is necessary to add 
the nonelectrolyte before addmg aUcali to the nitrate soln., 
and to use an excess of alkali. The order of effectiveness 
of nonelectrolytes is : fructose > cane sugar > lactose > 
maltose > glucose > mannitol > glycerol > glycol. The 
stability IS explained by ther increased OH ion adsorption 
by the hydroxide. 

1095 
PHYSICOCHEMICAL STUDIES OF COMPLEX FORMATION 
INVOLVING WEAK ACIDS. H. THE CONSTITUTION OF 
ACETATES IN SOLUTION. Hubert T. S. Britton and 
Fleetwood H. Meek. J. Chem. Soc , 2831-40(1931). 

The mode of ionization of the acetates of Cu, Pb, Be, 
Al, and Th in aq. solns. contg. varying concns. of AcOH 
was studied, measurements of />H (18-20°) and sp. cond. 
(25.0°) being made. Curves of the p^ values against the % 
AcOH neutralized of these acetates lie below that for Na 
acetate, indicating that they are not normal in their mode 
of ionization and are not as highly ionized as the Na salt. 
Their distance from the Na acetate curve is proportional 
to the pptn. />]] value of their resp. hydroxides, viz., Cu 
(which lies nearest), Pb, Be, Al, and Th. In order further 
to account for the results it is considered that m aq. solns. 
of these acetates (also when small quantities of free AcOH 
are present) the metallic acetate furnishes the soln. with 
free AcOH, and the resulting basic acetate ionizes to 
provide the soln. with a greater acetate ion concn. Further 
measurements of the sp. cond., p^ and Pb-ion concn. of 
Pb basic acetate solns. were made. These show that the 
Pn values increase with decrease in the acetate content of 
the soln., and tend to exceed the normal pptn. /tg values 
of Pb(OH)2. (J. Balozian) 

1096 
GRAVIMETRIC DETERMINATION OF BERYLUUM BY 
MEANS OF GUANIDINE CARBONATE AND THE SEPA
RATION OF BERYLLIUM FROM FERRIC, URANYL, 
THORIC, ZmCONIC, THALLOUS, TUNGSTATE, MOLYB
DATE, CHROMATE, ARSENITE, ANTIMONITE AND 
CUPRIC IONS. III. A. Jllbk and J. Kota. Collection 
Czechoslov Chem. Commumcations 4, 97-106(1932). 

The method used was identical with that previously 
described. After the addn. of the NH4 tartrate, it is 
necessary to add NaOH until the soln. is alk. to Me red 
when VO^--" or MoO^" is present and then make barely 
acid before adding the reagent. (W T.H.) 

1097 
PHYSICOCHEMICAL STUDY OF THE RARE EARTH SUL
FATES. B. Brauner and E. Svagr. Collection Czechoslov. 
Chem. Communications 4, 49-68(1932). 

An investigation was made to learn whether the position 
given by B. to the rare earth elements between Ba and Ta 
IS correct. At. wts. of Sc, Yt, La, Ce, Pr , Nd, Sm, Gd, It), 
Er, -yb and Th were detd. as sulfates. Conductivities of 
aq. solns. of the normal sulfates of Sc, Yt, La, Ce, Pr, Nd, 
Sm, Gd, lb, Er, Yb, and Th are given and also the con
ductivities of the acid sulfates of Sm, Nd, Pr, La, Gd, Tb, 
Er, Yt, -yb, Ce, and Th. The basicity of the sulfates was 
detd. by a study of the inversion of sucrose. Measurements 
of the catalysis of the hydrolysis of MeOAc by the same 
sulfates were made. A theoretical comparison of the r e 
sults will be reported later. (R. Chester Roberts) 

1098 
COMPOUNDS OF THORYL CHLORIDE WITH ALKALI 
CHLORIDES IN AQUEOUS SOLUTIONS. Ed Chauvenet and 
R. Chauvenet. Compt. rend. 194, 1246-7(1932). 

The heat evolved when a 0.5 N ThOCl2 soln. and a 0.5 N 
soln. of an alkali chloride are mixed was measured. With 
NH4CI, the heat effect is zero. With Li, Na, K, Rb and Cs 
chlorides, a binary compd., TTiOCl2-MCl, is formed. Only 
two of these compds., the Cs and the K double salts, were 
obtained in the solid state by slow evapn. Both crystallize 
with 4 HjO. (Albert L. Henne) 

1099 
PRECIPITATION OF BARIUM SULFATE IN THE PRES
ENCE OF SALTS OF THORIUM AND URANIUM. L. A. 
Vasil'eva. Uchenuie Zapiski Kazan. Gosudarst. Univ. 90, 
15-26(1930). 
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When BaS04 is pptd. by addmg Ba-'-* to an acid soln. 
contg. SO7 ~, the ppt. will contain Th and U if Th**-'"'- and 
UO2-''' are present In the original soln. There is some 
evidence that UO2''' forms a solid soln. in BaS04 and that 
complex sulfates of Ba, Th, and UO2 are formed. (J. G. 
Tolpin) 

1100 
THORIUM NITRIDE. DETERMINATION OF NITROGEN IN 
INCOMBUSTIBLE INORGANIC SUBSTANCES. W. Dusing 
and M. Hunlger. Tech. wiss. Abhandl. Osram-konz. 2 , 
357-65(1931). 

By decompn. of Th halide at a glowing W wire in N2 
small quantities of a nitride having low elec. cond. are 
formed. Compressed Th02, graphite, and W. are elec
trically heated at 2220-2600° in a non-oxidizing atm. 
contg. N2; black crystals of Th3N4 are formed. In pres
ence of traces of O2 the crystals are colored yellow or 
red because of the presence of Th02. For analysis the 
substance is melted m a Pt boat with Na2S207 and the Nj 
collected over alk. pyrogallol soln. 

1101 
THERMAL BEHAVIOR OF CERTAIN SOUD SOLUTIONS. 
E. L. Nichols and Mary A. Ewer. J. Optical Soc. Am. 22, 
456-65(1932). 

The authors discuss the anomalous behavior observed on 
cooling certain solid solns. {Tb oxide in Th oxide, Pr oxide 
in Th oxide, U oxide in Th oxide, Eu oxide in La oxide, TTJ 
oxide in Mg oxide) after ignition in a quartz crucible with 
a Bunsen flame, which, prior to its removal, is played 
directly upon the solid soln. from above. One of the 
phenomena observed was a remarkable momentary glow 
of the powder 1 to 2 sec. after removal or extinction of 
the flame. Causes are suggested for the 5 different effects 
observed. (F. D. Rossini) 

1102 
INFLUENCE OF TEMPERATURE ON THE SETTING OF 
INORGANIC JELLIES. Satya Prakash. J. Indian Chem. 
Soc. 9, 193-202(1932). 

In the case of Zr(OH)4, Zr molybdate, Zr borate, Th 
molybdate, Th phosphate, Cr tungstate, Sn arsenate, phos
phate, tungstate and molybdate, the time of setting decreases 
as the temp, is raised. Th arsenate, V2O5 pentoxide and 
mercunsulfosalicylic acid take a longer time to set at 
higher temp, and do not set at all above a certain temp. 
(Frank Urban) 

1103 
EQUILIBRIUM IN THE SYSTEM (NH4)2S04-Th(S04)2-H20. 
Arthur Rosenheim and Johannes Zickermann. Z. anorg. 
allgem. Chem. 208, 95-9(1932). 

At 25° the solid phases are (NH4)8[Th(S04)5] • SHjO, sol. 
in H2O, thermostable; (NH4)4[Th(S04)4] •3.5H2O, sol. in H2O, 
decompd. by boiling; and (NH4)2[Th(S04)3] • 5H2O. (H. 
Stoertz) 

1104 
THORIUM SULFIDE PICON. Compt. rend. 195, 957-9 
(1932). 

Pure ThS2 can be pptd. at 1600° in a graphite crucible by 
the action of H2S on Th02. It is stable and not affected by 
heat below 1925°, at which temp, it fuses m vacuum with 
slight volatilization. Desulfurization and carburization oc
cur only above 200° forming ThC2. The general reactions 
of ThS2 are analogous to those of the rare earth sulfides. 
The reaction temps, are sometimes much lower, particularly 
with CO2, which, when dry and free from air, will react with 
ThS2 at 440°, the reaction givmg quant, production of Th02, S 
and CO. CI2, Br2, HCl, H2SO4, SO3 and H2O have no reaction 
with ThS, at ordinary temps. 

1105 
THEORY OF DOUBLE SALTS: MANGANOUS THORIUM 

SULFATE—A NEW TYPE OF DOUBLE SALT. R. M. 
Caven. J. Roy. Tech. Coll. (Glasgow) 3, 36-46(1933). 

The new salt MnTh(S04)3(H20)7 was predicted and pre
pared. (Howard Agnew Smith) 

1106 
IMPORTANCE OF HYDROGEN-ION CONCENTRATION 
FOR THE ESTIMATION AND SEPARATION OF METALS 
BY THE OXINE METHOD. Hidehiro Got6. J Chem. Soc. 
Japan 54, 725-40(1933). 

The /)jj at which pptn. starts, the range during which it is 
complete and that above which no ppt. is formed were detd. 
experimentally. No pptn. occurs: Al 2.8, Zn 2.8, Cd 4.0, 
Ni 2.8, Mn 4.3, Co 2.8, Ti 3.5, UO2 3.1, Th 3.7, Pb 4.8, 
Ca 6 1, Mg 6.7, Fe 2.4, Cu 2.2, Bi 3.5. Pptn. occurs: Al 
4 .2-9 .8 , Zn 4.4 and for a wide range, Cd 5.4 and for a 
wide range, Ni 4 .6-10, Mn 5.9-10, Co 4.2-11.6, Ti 4 . 8 -
8.6, UO2 4 .1-8 .8 , Th 4 .4-8 .8 , Pb 8.4-12.3, Ca 9.2 and for 
a considerable range, Mg 8.2 and over, Fe 2.8-11.2, Cu 2.7 
and for a considerable range, Bi 4.8-10.5. At pj^ 12-13, 
the ppts. of Al, Ni, Mn, Ti, UO2, Th, and Bi redissolve. 
(T. Katsurai) 

1107 
ADDITION OF S-HYDROXYQUINOLINE BY THORIUM AND 
URANIUM 8-HYDROXYQUINOLATES. Francis J. Frere . 
J. Am. Chem. Soc. 55, 4362-5(1933). 

Th(C,H8NO)4 • C9H8NOH IS pptd. from Th salts by 8-
hydroxyquinoline (I), without H2O of crystn.; it loses 1 mol. 
1 at 160-170°. So likewise U02(C9HjNO)2-CjHeNOH, which 
loses I at 200°. (T. H. Chilton) 

1108 
THE REACTION OF ETHYLENE OXIDE WITH SOLUTIONS 
OF EARTH- AND HEAVY-METAL HALIDES. A NEW 
METHOD FOR THE PREPARATION OF SOLS AND RE
VERSIBLE GELS OF METAL-OXIDE HYDRATES. Walter 
Ziese. Ber. 66B, 1965-72(1933). 

The halides of Al, Cr, Fe, Th, and Zn in dil. soln. react 
slowly with ethylene oxide to form sols, or gels of the 
metal-oxide hydrates and ethylene halohydnn, which can 
be sepd. from the soln. by extn. (with Et20) or distn. If 
not more than 90% of the metal halide is converted to the 
hydroxide, sols, are formed which can be dried, and then 
redissolved in H2O or coned, ale. or glycerol solns. If less 
than 5% of the original halide remains unconverted, the 
sol IS unstable and a gel is slowly formed; an excess of the 
ethylene oxide forms gels, after some hrs . , which show the 
phenomena of "humming," syneresis and dehydration. For 
ZnO and MnO the sol. phase is unstable, unless a protective 
colloid IS present, and gels are quickly formed. Propylene 
oxide and epichlorohydnn may be substituted for the 
ethylene oxide. (L. E. Steiner) 

1109 
COLOR TESTS FOR THE RARE EARTHS WITH PYRO
GALLOL; Ce TESTS WITH PYROGALLOL AS WELL AS 
REACTIONS OF Th, La AND ELEMENTS OF THE 3RD 
ANALYTICAL GROUP WITH PYROGALLOL. F. M. 
Shemyakm. Z. anorg. allgem. Chem. 217, 272-6(1934). 

Solns. of Ce, Th, La, and Ti-'"'"* on being treated with a 
little NH3 and 10 cc of a 1% pyrogallol soln. give colored 
ppts., but solns. of Fe, Cr, Al, Mn, Ni, Co, and UO2 do not. 
The reaction can serve as a delicate test for Ce; the Ce 
ppts. are violet or dark blue. Ethylenediamine can be 
substituted for NH3 in the rest. 

1110 
FUSED "ONIUM" SALTS AS ACIDS. I. REACTIONS IN 
FUSED AMMONIUM NITRATE. L. F. Audneth and M. T. 
Schmidt. Proc. Natl. Acad. Sci. 20, 221-5(1934). 

According to the Bronsted definition, "onium" salts 
(NH4, H2NNH2, H2NOH7 C5H5N, PhNH2, PHNHNH2) are 
acids. Reactions of these compds in the dry and fused 
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state are in harmony with this viewpoint. Th02 does not 
dissolve in fused NH4NO3. Fused NH4NO3 dissolves Th(N03)4. 
Metals above H in the e.m.f. series (except Al, Mn, Fe, and 
Sn) react vigorously with fused NH4NO3. 

n i l 
TUNGSTEN-THORIUM PROBLEM. II. THE ANOMALOUS 
ACTIVATION. E. Khalfin. Physik. Z. Sowjetunion 5, 838-
47(1934). 

It is shown that anomalies m the activation of thoriated 
W are caused by fluctuations m the distribution of Th atoms 
on the W surface. The electron emission from such a sur
face depends not only on the no. of Th atoms but also on the 
distribution of the atoms on the surface. Calcn. by means 
of the Langmuir formula of the surface covered is possible 
only when the activation curve is "normal"; m the region 
of "abnormal" activation larger values than the true value 
are always obtained. (E. O. Wiig) 

1112 
REDUCTION OF OXIDES. Heraeus-Vacuumschmelze 
A G. and Wilhelm Rohn German Patent 600,369, Sept. 29, 
1934 (CI. 40a, 11.15). 

Zr IS made by causing a carbide of Zr to react with 
Zr02 in a bath of fused Zr under reduced pressure; Si, Ti, 
Hf, Th, V, Ni, Cr, and Mo are obtained similarly from the 
corresponding oxides and carbides in baths of the fused 
elements 

1113 
This reference has been intentionally omitted. See 
reference 1114. 

1114 
REACTION OF ZIRCONIUM TETRABROMIDE AND THO
RIUM TETRABROMIDE WITH POTASSIUM AND WITH 
POTASSIUM AMIDE IN LIQUID AMMONIA Ralph C. 
Young. J. Am. Chem. Soc. 57, 1195-6(1935). 

ZrBr4 IS sol in liquid NH3 and is reduced by K to form 
a black ppt and red soln. which soon reacted to form 
Zr(NK)2-NH3. The same product was obtained on repeating 
the expt. with KNHj. However, with equiv. amts of the 
amide and bromide, a mixt of Zr(NH)2 and ZrNHNK was 
obtained. With ThBri and K no reduction was observed, 
although a slow reaction took place and ThNKNH • NH3 was 
isolated With KNH2 there was formed Th(NK)2 • KNH2 
(E E.J ) 

1115 
VELOCITY OF AMMONIA DECOMPOSITION ON THORI
ATED TUNGSTEN. I Mochan, I. Perevesensev and S. 
Roginskii Acta Physicochim U.R.S.S. 2, 203-10(1935) 
(in German). 

The W wire was first carbonized by heating in the pres
ence of naphthalene vapors. The amt. of Th on the surface, 
detd by measurement of the thermionic emission, amounted 
to 0-90% of a unimol. layer for various expts Since nitride 
formation changed the resistance of the wire, the temp, was 
measured by an optical pyrometer. The energy of activation 
IS 43,500 cal. for both thoriated and nonthoriated carbonized 
W filaments over the temp, range 1200-1450°K. and at an 
NH3 pressure of 4 7 mm The velocity of the reaction is 
nearly the same in the presence or absence of Th. Con
clusion— The velocity detg. stage of the process, probably 
nitride decompn , takes place several at. distances inside 
the wire rather than in the thoriated surface layer. (F.H.R.) 

1116 
MORDANTING AND DYEING PROCESSES XXVII. THE 
EFFECT OF VARIOUS METAL COMPOUNDS ON GELATIN. 
E. Elod and Th. Schachowskoy. KoUoid-Z 72, 221-9(1935). 

The tanning effect of various metal compds. on gelatin 
was detd. by detg. the soln. time of gelatin films treated 
with increasing amts. of the salts, this method proving 
more reliable than previous methods. Compds. of bivalent 

metals had no effect on the soln. time, while compds. of 
t r i - and higher-valent metals increased it, the tanning 
effects being grouped as follows: Cr"'""''"'' and Co"'""'"''' > » 
Al''"'"'' and Fe''"'"'' > Sn''' > Th''' U+'̂  ''. For a given 
compd., the tanning effect depended on p^, the max. effect 
occurring at the Pn at which the hydroxide of the metal 
first ppts. The effect is of the same type for all the metals, 
being due to intermol. attractive forces which vary between 
the various metals. (J. Fleischer) 

1117 
REACTIONS OF ORGANIC ANIONS WITH BASIC THORIUM 
CHLORIDE HYDROSOLS. REVERSAL OF CHARGE WITH 
SALTS OF THE HYDROXY ACIDS AND WITH NITRIC 
ACID. Arthur W. Thomas and Chester B. Kremer. J Am. 
Chem. Soc. 57, 2538-41(1935). 

The relative reactivities of K salts of the carboxylic acids 
were studied by noting the changes m />jj with concn. of salt 
on basic Th chloride hydrosols. Conclusions: Hydroxy org. 
anions reverse the cationic charge to anionic thoriate 
micelles. Coned. HNO3 reverses the charge. The effects 
of H2SO4, HCl, and HNO3 are compared. (Raymond H. 
Lambert) 

1118 
PRECIPITATION OF RARE EARTHS AND Th WITH 
MAGNESIUM BISULFITE. G. P. Aleksandrov and Ya. P. 
Gokhshtein. Redkie Metal. 4, No. 6, 27-31(1935). 

Pptn. of Th and rare earths with Mg(HS03)2 from sulfate 
and chloride solns. led to recovery of 96-100 and 8 0 -
100% resp. 

1119 
THE PRECIPITATION OF THORIUM BY SEBACIC ACID. 
L. E. Kaufman. J. Applied Chem. (U.S.S.R.) 8, 1520-4 
(in French 1524)(1935). 

When large amts. of Ce are present, the method of Smith 
and James (C.A. 6, 1108) is inaccurate. It is better to add 
a soln of 3 g. of sebacic acid per 100 cc. of EtOH to the 
Th soln Evap. the ppt with fuming HNO3, dissolve in H2O 
and ppt. again with sebacic acid. Repeat until the ppt is 
white, then ignite and weigh (H M. Leicester) 

1120 
ACTION OF ATOMIC H UPON INORGANIC COMPOUNDS. 
H Droepelin and E. Vogel. Z. anorg. allgem. Chem. 229, 
1-15(1936). 

The action of atomic H, produced by a glow discharge in 
a Wood's discharge tube, upon 86 different substances, was 
studied. Alkali salts can be reduced to free metal if the 
anion can be decomposed by the H, as with nitrates, nitrites 
and cyanides. With the alk. earths, the nitrates, give oxide 
or hydroxide rather than free metal. The compds. investi
gated are Th, U, and Zn. In general, the reactivity of the 
heavy-metal ions agreed with what one would expect from 
their chem. behavior otherwise. 

1121 
QUANTITATIVE INVESTIGATION OF THE EXCHANGE OF 
IONS PRODUCED BY THE ADDITION, TO A NEGATIVE 
SOL OF SILVER IODIDE, OF NITRATES OF THORIUM, 
OF A HEXOL AND OF CERIUM. J. Gillis and J. Eeckhout. 
Proc. Acad. Sci. Amsterdam 39, 1099-1103(1936); Natuurw. 
Tijdschr. 19, 49-68(1937). 

When Th(N03)4 or a hexol is added to the neg. dialyzed 
sol of Agl, the pos. ion neutralizes and coagulates the sol 
but also retains some of the NO3 ions. When Ce(N03)s is 
added to a similar sol, all NO3 ions appear in the liquid. 
An excess of the multivalent pos. ions remains in the soln. 
unadsorbed by the colloid. An equil. is established between 
the H ions and the multivalent ions with respect to their 
retention by the colloid instead of quant, adsorption of 
multivalent pos. ions. (F. E. Brown) 
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1122 
DESENSITIZING THORIUM HYDROXIDE SOL. Chemische 
Fabrik von Heyden A.-G. (Rudolf Zellmann, inventor). 
German Patent 642,622, Mar. 13, 1937 (CI. 12m. 9). Addn. 
to 588,563 (C.A. 28, 2135;). 

The method of 588,563 for rendering Th02 s o l s stable to 
e lectrolytes by adding colloidal or semicoUoidal carbohy
drates i s applied to the above sol . Addn. of dextrin is given 
in the examples . 

1123 
CHEMICAL REACTIONS IN THE SILENT ELECTRIC DIS
CHARGE. XVI. REACTIONS BETWEEN HYDROGEN AND 
SOLID INORGANIC COMPOUNDS. Susumu Miyamoto. 
Bull. Chem. Soc. Japan 12, 313-15(1937). 

Ten reactions were studied. Results were as follows: 
(1) 2K2Cr04 + SHj = 4KOH + CT^O, + H2O. (2) K2Cr207 + 
SHj = 2KOH + CTIO, + 2H2O. (3) 2(NH4)2Cr04 + 3H2 = 4NH3 + 
Cr203 + 5H2O. (4) (NH4)2Cr20, + 3H2 = 2NH3 + CrjOs + 4H2O. 
(5) Ca(C103)2 + 6H2 = CaCl2 + 6H2O. (6) NaClOj + 3H2 = 
NaCl + 3H20. (7) BaSOj + 3H2 = BaS + SHjO; BaS + 2H2O = 
Ba(0H)2 + HjS; BaS + Hj = Ba + H2S. (8) Th(N03)4 + I6H2 = 
Th(OH)2 + 4NHj + 8H20; Th(N03)4 + 4NH3 + 4H2O = 4NH4NO3 + 
Th(OH)4; NH4NO3 + Hj = NH4NO2 + HjO. (9) (NH4)2S208 + 5H2 = 

(NH4)2S04 + HjS + 4H2O; (NH4)2S20g + H2 = (NH4)2S04 + H2SO4. 
(10) K2S2O, + 5H2 = K2SO4 + H2S + 4H2O; K2S2O, + H2 = 
K2SO4 + H2SO4. (Arthur A. Vernon) 

1124 
METAL HALIDES. Deutsche Gold- und Silber-Scheidean-
stalt vorm. Roess ler . French Patent 817,502, Sept. 4, 1937. 

Anhyd. metal halides, e.g. , halides of Be, Cr, Zr, Th, Ti, 
W, and Mo, are prepd. by causing a halogen, particularly 
CI, or substances yielding halogens, to act on mixts . of C 
temps, which are sufficient for the volatilization of the 
halides formed. The necessary heating i s obtained by e lec . 
res i s tance; the reaction mixt. i s used as res is tance mate
rial . Thus, BeCl2 i s obtained from a mixt. of beryl, wood, 
charcoal and tar, heated to 1000° by passing of a current 
between e lectrodes of C, CI being introduced for 10 hrs . 

1125 
TELLURATES AND PHOSPHHJE OF THORIUM. E. 
Montignie. Bull. soc . chim. [5], 5, 197-8(1938). 

If Na2Te04 i s added to a satd. soln. of Th(S04)2 at room 
temp. , a white, gelatmous ppt of the basic salt Th0Te04 • 
8H2O IS obtained; this salt i s sol. in mineral acids and 
l o s e s 4 mols . of H2O when heated at 200°. Attempts to 
prep. Th3P4 by direct combination, double displacement, 
or by reduction of Th3(P04)4 with C were not successful . 
(E G. Vanden Bosche) 

1126 
POTENTIOMETRIC TITRATION OF ORGANIC PPTS. 
HI. ESTIMATION OF PICROLONIC ACID AND METALS 
PRECIPITABLE AS PICROLONATES. T. Kiba. J. Chem. 
Soc. Japan 58, 1283-7(1937). 

Picrolomc acid (I) and Ca, Pb, and Th sa l ts of I are estd. 
by reducing the 2-nitro group of I to an amino group by 
means of Ti"'"'"'' soln. and a potentiometric end point. The 
titration i s made in CO2 at 9 0 - 9 5 ° and in approx. of 4 N 
acid. The time required for titration i s more than 2 hrs . 
and the method i s not suitable for treating a ppt. contg 
more than 10 mg. of metal ion. 

1127 
THE THERMAL DECOMPOSITION OF OXALATES. L 
THE FORMATION OF PEROXIDES BY THE THERMAL 
DECOMPOSITION OF OXALATES IN A VACUUM. Paul 
L. GUnther and Hildegard Rehaag. Ber. TIB, 1771-7(1938). 

When Nd oxalate i s heated in a vacuum a mixt. of CO and 
COj IS evolved. When the amts . of these gases are plotted 
against t ime, the curves are never identical, and an auto-
catalytic reaction i s indicated. Instead of carbonates, the 

primary products obtained upon igniting oxalates are 
peroxydioxalates: Nd2(C204), — Nd202(C204)2 + 2CO. The 
CO2 IS formed in a secondary reaction: 2CO — CO2 + C. 
The C IS in a colloidal form, and i s eas i ly oxidized by 
strong oxidizing agents, like KMn04. The oxalates of Na, 
Ca, Ba, and Th also show this behavior. (J.H.R.) 

1128 
PREPARATION AND PROPERTIES OF TRANSPARENT 
INORGANIC GELS. Mata Prasad and D. M. Desai . J. 
Umv. Bombay 7, Pt. 3 , 132-56(1938). 

Methods of prepn., t imes of setting, H-ion concns. and 
ns are given for arsenates of Th, Mn, Zn and Sn'V, for 
phosphates of Sn'^ and Ce and for molybdate of Th at 30°. 
No change of pH occurs during gelation m these s y s t e m s 
(O.T.Q.) 

1129 
HYDROGENATION OF CARBON MONOXIDE. Ruhrchemie 
A.-G. Brit ish Patent 504,910, Apr. 27, 1939. 

Solid paraffin hydrocarbons are produced from CO and 
H with a Co catalyst at or near atm. pressure and at 1 6 0 -
175°, the reaction g a s e s being passed at not more than 201. 
per hr. per 1. of catalyst, which resul ts in a yield of 50% 
or more of solid paraffins. The catalyst preferably con
tains no catalytic metal other than Co and i s activated by 
Th02 or MgO. The products are especial ly suitable a s in
gredients of polishing wax. 

1130 
INFLUENCE OF SOL CONCENTRATION ON FLOCCULA-
TION VALUES. E. D Fisher and C. H. Sorum. J. Phys. 
Chem. 44, 62-70(1940). 

The flocculation values of pure hydrosols of Cr(0H)3, 
Fe203, AS2S3, Mn02, SnOj, A1(0H)3, T1O2 and Th(OH)4 for 
the various coagulation ions show that the pure so l s follow 
the rule of Burton and Bishop (C A. 15, 969) when coagu
lated by ions of varying valences; values increased for 
univalent ions, remained the same for bivalent ions, and 
decreased with multivalent ions. When s o l s were made 
impure with stabilizing electrolyte the behavior was con
trary to the rule — flocculation values for al l e lectrolytes 
decreased. Diln. with dehydrating agents (such as a les ) 
produces a decrease in flocculation values attributable to 
the dehydrating nature of the dilg. liquids. (M. McMahon) 

1131 
REACTIVE THORIUM OXIDE. Chemische Fabrik von Hey
den Akt.-Ges. (Richard Muller and Harry Lee, inventors). 
German Patent 684,723, Dec. 4, 1939 (CI. 12m 9) 

1132 
THE REACTIONS OF AMINOBENZENEARSONIC ACIDS 
WITH 2-FURALDEHYDE. V. I. Kuznetsov and N. A. 
Vasyunina. J. Gen. Chem. (U.S.S.R.) 10, 1203-9(1940). 

When 0-NH2C5H4ASO3H2 (I), HCl and 2-furaldehyde (II) 
are mixed in dil. aq. soln. , a ppt. of the Schiff base , de-
compd. without melting at 1 6 6 - 7 ° , i s obtained. If the 
soln. IS more coned, and the acidity i s carefully controlled, 
a Stenhouse dye, the 0,0'-diarsonic acid of hydroxyglutacon-
aldehyde dianil, H2O3ASC1JH4NHCH: CHCH: C(OH)CH: 
NC8H4ASO3H2, IS obtained. This is very unstable, especial ly 
in alk. so lns . , in which the orange color disappears in a few 
seconds. The dye forms colored sa l t s with stannic, Ti, Zr, 
Hf, Cb, Ta, Th, Sb, Bi, chromic. Mo, W, and U ions. These 
sa l ts can also form it a dil. soln. of HCl, II and I i s prepd. 
and treated with a soln. of the metal. At first the co lor less 
salt of the arsonic acid ppts. and this gradually changes to 
the red salt of the Stenhouse dye. The reaction can be used 
as a color test for the metals named, but it i s sensit ive only 
to solns . stronger than 0.1 mg. per ml. The m - and p -
i s o m e r s of I do not form Schiff b a s e s with II, but give the 
Stenhouse dye at once. (H. M. Leicester) 
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1133 
STUDY OF COMPOUNDS FORMED BY THE NITRATE OF 
THORIUM WITH THE NITRATES OF POTASSIUM, SO
DIUM AND LITHIUM. Cecile Braseliten. Compt. rend. 
211, 30-1(1940). 

Exptl. data on heats of mixmg, d.-compn curves and 
n-compn. curves for 2 N solns. indicate the presence of the 
following compds. (isolated in the pure state at room temp, 
and their heats of soln. detd.): NaNOj •2Th(N03)4 • 2OH2O, 
-9 .2 Cal ; NaNOj • Th(N03)4 • 7H2O, -7 .69; KNO3 • Th(N03)4 • 
7H2O, -9.69; LiN03 • 2Th(N03)4 • 2OH2O, - ; and at 40°: 
NaNO, • 2Th(N03)4 • 8H2O, + 10.38; NaNO, • Th(N03)4 • 2H2O, 
-2 .95; NaNC)3 • Th(N03)4 • l.SHjO, -0.79 Cal. At 80° all of 
the salts decompose with loss of HNO3. (F. H. Rathmann) 

1134 
INVESTIGATION OF THE COMPOUNDS BETWEEN THO
RIUM NITRATE AND THE NITRATES OF AMMONIUM, 
RUBIDIUM AND CESIUM. Cecile Braseliten. Compt. 
rend. 211, 326-8(1940). 

Measurements of the heats of mixing, the ds. and the ns 
of the systems Th(N03)4(T)-NH4N03(A), Th(N03)4-RbN03(R), 
Th(N03)4-CsN03(C) are shown in 4 tables. From the dis
continuities, max. (and min.) in the course of the curves, 
evidence is deduced of the existence of the following compds. 
in the aq. solns : 5T.4A; T.A; 9T.7C; 7T.9C; T.R. Solid 
compds. that could be isolated showed the following compns.: 
5T.4A.25H20 (heat of soln. L =-13 .5 Cal.); T.A.SHjO (L = 
-9.69 Cal.); T.2R and T.2C. The hydrated salts lose water 
at 40° to give 5T.4A.IIH2O (L = +20.09 Cal ); T.A.HjO (L = 
+ 4.54 Cal.). Above 50°, decompn. with evolution of HNO3 
sets in (F. H Rathmann) 

1135 
PERIODATES. Prodosh Chandra Ray Choudhury. Science 
and Culture 7, No. 1, 57(1941). 

A large no. of penodates were prepd by the action of a 
HNO3 soln of Na3H2l05 (prepd. by the method of Lange and 
P a n s , C.A. 29, 7207j) on salts of metals of different val
encies. The following are indicated: CeHIOj •H2O; ThHIOj • 
5H2O; 7T1O2 • I2O,; 4Sn02 • IjO?; 3Zr02 • 130, • I7H2O; 3B12O3 • 
I2O, •7H2O; Mn3(I05)2. (J- C. Lo Cicero) 

1136 
ANHYDROUS THORIUM BROMIDE. Inorganic Synthesis. 
Harold S. Booth, ed. 197p. (1939) New York, McGraw-
Hill Book Co. 51-54. 

Forty g. Th02 mixed with 80 g. sugar C in a silica tube 
IS dried by a current of dry N at 800 — 900° and then is 
treated with N satd with Br for 24 hrs. The ThBr4 sub
limes to the cooler parts of the tube. The ThBr4 is purified 
by sublimation at 550° at 1 mm. Yield 60% 20. 

1137 
EQUILIBRIA AND CHANGES IN METAL HYDROXIDE 
SOLUTIONS. Henry Bassett and Reginald G. Durrant. J. 
Chem. Soc. 1942, 277-303 

A study IS presented of the hydroxide solns. of Al, Cr, 
Fe (ni), La, Nd, and Th in regard to the nature of the 
stabilizing ion and to the process of aging. The hydroxide 
solns. of La and Nd are difficult to prep, in a pure con
dition because of their sensitiveness to CO2. A crit. dis
cussion of various methods for the detn. of free and bound 
cations in the pos. solns. is presented. As a rule, the 
micellar changes appear to be due to adsorbed metal ions. 
In some cases, both the free and bound cations are probably 
present largely as basic ions. The micelles appear usually 
in a liquid or glassy state so that the solns. can be con
sidered as emulsions. The micelles then represent a sec
ond liquid phase with a very high metal hydroxide concn. 
Into this medium penetrate many of the peptizing metal 
ions that are first adsorbed on the micellar surface. They 
are accompanied by balancing anions. In many cases the 

cations become coordinated to the metal hydroxide and 
converted into highly basic ions. This process can lead to 
the transformation of the hydroxide into a liquid or glassy 
salt. The latter may remain as a sol., or pass into soln. 
as a basic salt. It can also sep. out as a cryst. basic salt. 
Aging is attributed to one of 4 causes: (1) coalescence of 
the liquid micelles to form larger droplets, (2) dehydration 
of the hydroxide constituent of the liquid micelles, (3) crystn. 
of the hydroxide before or after dehydration and (4) crystn. 
of the basic liquid or glassy micelles as a basic salt, or its 
passage into true soln. Aging is normally slow, but in ferric 
hydroxide solns. the second possibility causes a marked 
aging. (Robert Simha) 

1138 
THE REASON FOR THE CHANGE IN THE HEIGHT OF THE 
POLAROGRAPHIC WAVE OF CATIONS, DEPENDING ON 
THE CONCENTRATION OF THE INDIFFERENT ELEC
TROLYTE. T. A. Kryukova. Zavodskaya Lab. 9, 699-702 
(1940); Khim. Referat. Zhur. 4, No. 2, 18(1941). 

Changes in the height of the wave of the cation being r e 
duced are due to the fact that the movement of the indiffer
ent electrolyte at the surface of the cathode depends on the 
concn. of this electrolyte. When the reduction takes place 
in the region of potentials corresponding to an especially 
intensive movement, the dependence of the height of the 
wave on the concn. of the electrolyte becomes especially 
evident At electrolyte concns. above N the velocity of the 
electrolyte movement is practically independent of the 
nature and concn. of the ion being reduced. In this case 
there exists the relation Ai/V Cnlk = K (Ai is the incre
ment of the current strength caused by the movement of 
the electrolyte, JV the mean velocity of this movement and 
n the valency, C the concn., and li. the mobility of the ion 
being reduced). After having detd. &i_ (by adding to the soln. 
gelatin or glue to arrest the movement) it is possible to 
calc. the concn. of the ion being reduced without the use 
of calibrating curves if the value of K is known. This 
method was checked in detns. of Pb, Fe''"'"'^, Cr, Co, Mn 
and Th and of their mixts. Satisfactory results were ob
tained. (W. R. Henn) 

1139 
INFLUENCE OF Th UPON CAST IRON. Walter Baukloh 
and Herbert Meierling. Giesserei 29, 93-4(1942); Chem. 
Zentr. 1942, H, 451. 

Investigations of the effect of addns. of up to 1% of Th to 
cast Fe showed that it exerts a cleaning and desulfurizing 
action, increases the fluidity, bending and tensile strength, 
and promotes graphite refmement which can be possibly 
explained by degasification. (Leopold Pessel) 

1140 
ALKYLATION OF AROMATIC HYDROCARBONS. Charles 
L. Thomas and Vladimir Haensel (to Universal Oil Prod
ucts Co.). U.S. Patent 2,410,111, Oct. 29, 1946. 

Aromatic hydrocarbons are alkylated with olefins in the 
presence of S1O2 and AI2O3, Zr02, and(or) ThOj at 350-
850°F, and 500-2000 Ib./sq. in. Thus 75 vols, of 2.5 M 
HCl was added to a soln of 550 parts by wt. of Na silicate 
in 4000 vols. H2O and the ppt was washed twice with 3000 
vols. H2O and then with 1500 vols, of a soln. contg. 27 parts 
by wt. of AIC3 •6H2O (I). The resulting ppt. was suspended 
in a soln. of 29 parts by wt. of I m 1500 vols. H2O, and 6.6 
vols. NH4OH soln. was added slowly until the mixt. was alk. 
to litmus. The ppt. was washed 4 times with 2000-3500 
vols. H2O, dried, prepd. in 6-10 mesh granules, and cal
cined at about 932°F. When 205 parts by wt. of a mixt. of 
32.8 mol.-% propene and 67.2 mol.-% benzene was passed 
over 84.5 parts by wt. of the above catalyst at 530°F., and 
under 1900 Ib./sq. in. pressure durmg 4 hrs . a 24% yield 
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(based on benzene) of isopropylbenzene was obtained. (B. 
W. Hotten) 

1141 
OXIDATION OF LOWER ALIPHATIC ALCOHOLS. David 
C. HuU (to Eastman Kodak Co.). U.S. Patent 2,425,888, 
Aug. 19, 1947. 

Lower aliphatic ales, are oxidized to acids by air in the 
presence of an aldehyde and rare-earth metal ion in ali
phatic acid. Pb and Th acetates and catalysts for the oxida
tion of ales, to acids. To a 5% soln. of AcOPb in AcOH are 
added 292.8 g. BuOH and 500 g. AcH. The mixt. is kept at 
30 — 50° and an excess of air is bubbled through for 5-10 
min. The yield is 5.01% PrCOjH and 0.7% EtCOjH. Simi
larly a 4.5% soln. of Th acetate in AcOH, 352 g. BuOH, 
704 g. AcH, and air gives 6.58% PrCOjH. (C. W. Gayler) 

1142 
CHEMISTRY OF THORIUM. ESTIMATION OF THORIUM 
BY A TITRIMETRIC lODATE PROCEDURE. Therald 
Moeller and Nancy Downs Fritz. Anal. Chem. 20, 1055-8 
(1948). 

The pptn. of Th as iodate has been used extensively in 
sepg. Th from Y and rare earth elements. The compn. of 
the ppt. has been given as 4Th(I03)4 - KIO3 • I8H2O but, in 
the present case, the ratio of IO3: Th was never found to 
be greater than 4.02 and the ppt. adsorbed some KIO3 which 
was hard to remove by washing. The recommended proce
dure is: To 100 ml. of soln., contg. about 175 mg. of dis
solved ThOj, add 50 ml. of coned. HNO3 and, if Ce''"* is 
present, add a few drops of 30% H2O2, removing the ex
cess by boiling. Cool and add 15 g. KIO3 dissolved in 50 ml. 
of coned. HNOj + 30 ml. of water. After 0.5 hr., filter and 
wash the white Th(IO,)4 with 20 ml. of a mixt. of 2 g. KIO3 + 
25 ml. coned. HNOj + 225 ml. of water. Wash the ppt. back 
into the original beaker and heat to boiling. Add 30 ml. of 
coned. HNOj and stir until the ppt. dissolves. Allow to cool 
to room temp, and reppt. the Th by adding a soln. of 4 g. 
KIO3 in 7 ml. of coned. HNOj + 20 ml. of water. Filter 
through the paper filter used before, allow the filter to 
drain and wash with not more than 100 ml. of ice water, 
added in small portions. Transfer the filter and ppt. to an 
Erlenmeyer flask and dissolve in 100 ml. of 4 N H2SO4. Add 
to the soln. about 50 ml. of water and 30-35 ml. of 10% KI 
soln. Titrate the liberated I with Na2S203 to a starch end 
point. (W. T. Hall) 

1143 
THE EXCHANGE REACTIONS OF SOUD OXIDES. I. THE 
EXCHANGE OF OXYGEN ISOTOPES BETWEEN GASEOUS 
OXYGEN AND CERTAIN METALLIC OXIDES. E. R. S. 
Winter (Imp. Coll. Science and Technol., London). J. Chem. 
Soc. 1950, 1170-5. 

The exchange of O" between O2 and y-Al203, ZnO, Th02, 
and Ti02 was investigated at 360-600°. The initial reaction 
is rapid, and is followed by a slow reaction. For y-Al203 
the rapid exchange is first order, and is independent of O2 
pressure. First-order reaction rate consts. for y-Al203 
are as follows: 0.00067, 0.00194, 0.0044, 0.0049, 0.00595, 
and 0.0146 min."' at 485, 520, 548, 553, 556, and 592°, resp. 
The heat of activation is 37.3 = 0.5 kcal./mole, but the 
rate-detg. reaction was not identified. The rate-detg. step 
of the initial rapid reaction is believed to be exchange of 
adsorbed 0"-enriched gas and surface O ions, although it 
may be either adsorption or desorption. The subsequent 
very slow exchange may be due to (a) reaction with less 
active parts of the surface or (b) slow diffusion of O ions 
from the second layer to the surface. 
II. THE EXCHANGE OF OXYGEN BETWEEN WATER 
VAPOR AND CERTAIN METALLIC OXIDES. E. Whalley 
and E. R. S. Winter. Ibid. 1175-7. 

Preliminary results are reported on the exchange of 

O" between O2-D2O vapor and y-Al203, Th02, and Ti02. As 
in the exchange of O2 with these substances there is an 
initial rapid reaction followed by a slow exchange. The 
rapid step may be due to exchange with surface oxide ions 
and part or all of the water contained in the AI2O3; the slow 
process may be due to exchange with O ions in the second 
layer of the lattice. Alternatively, the rapid process may 
correspond to the exchange of only a fraction of the surface 
O ions, and the slow process to completion of the surface 
exchange. Specific surface area of y-Al203 calcd. from the 
exchange measurements agree well with the results of both 
Harkins-Jura (C.A. 38, 5125;) and B.E.T. (C.A. 32, 4037,) 
ealens. based upon N adsorption isotherms. (Norman H. 
Nachtrieb) 

1144 
STABILITY OF SOME ORGANIC COMPLEXES OF THE 
ELEMENTS OF THE FOURTH AND FIFTH GROUPS OF 
THE PERIODIC SYSTEM. I. OXALATES, CITRATES, 
AND TARTRATES OF TITANIUM, ZIRCONIUM, AND 
THORIUM. M. Haissinsky and Jeng-Tsong Yang (Inst, 
radium, Paris). Anal. Chim. Acta 3, 422-7(1949) (In 
French). 

There is reported the pH at which pptn. begins when 
droplets of relatively coned, solns. of NaOH and NH4OH 
are added to boiling solns. (6-8 millimoles) of Ti, Zr, and 
Th, in the presence of increasing quantities of oxalic, 
citric, and tartaric acids. The pH is measured by a glass 
electrode. The tartrates are not pptd. at a metal concn. 
of 7 millimoles. The order of stability is: tartrates > 
citrates > oxalates; Th > Zr > Ti. The pH at which pptn. 
begins increases with the concn. of the anion. (Landon 
A. Sarver) 

1145 
PRODUCTION OF POWDERED URANIUM AND THO
RIUM. P. Chiotti and B. A. Rogers (Iowa State Coll., 
Ames). Metal Progress 60, No. 3, 60-5(1951). 

The reaction 2U + H2 — 2UH3 proceeds most rapidly at 
about 225° and forms a powder smaller than 400 mesh; the 
reaction is strongly exothermic and is favored by increased 
pressures. Decompn. of UH3 is a function of partial pres
sure of H2 and proceeds rapidly at 430°. Th forms ThH2 at 
600° to 650° and ThHx (either ThHj.jj or ThH4) at 320° max., 
the former under lower pressures than the latter. At low 
pressures, ThH2 decomp. at 700 and ThHx at 500°. The 
hydrides or the final metallic products are ground in a H2 
atm. Equipment and techniques are described and prop
erties of a and y U, UH3, Th, ThHj, and ThHx are given. 
(W. A. Mudge) 

1146 
ALKALINE EARTH OXYSULFIDE PHOSPHOR. Richard B. 
Head (Cinema-Television Ltd.). U.S. Patent 2,567,769, 
Sept. 11, 1951. 

This invention relates to alkaline earth oxysulfide phos
phors which are excited by cathode rays, and which have a 
very short afterglow period. Finely powd., high-purity 
Ca(OH)2, low in carbonate, is mixed with finely powd. 
purified, Fe-free S, and not more than 0.25% purest NH4F. 
The rare earth salt in dil. aq. soln. is added to give a 
concn. of rare earth between 0.05% and 0.5%; 0.2% in the 
case of Ce. The soln. is sufficiently dild. to moisten com
pletely the mixt. to facilitate the uniform distribution of the 
rare earth compd. The wet paste is dried and then gradually 
heated to 600° for 2 hrs. in N2 so as to remove the excess S, 
and effect a chem. change. After grinding lightly it is 
heated to 1100° for 2 hrs. in an inert atm., so as to effect 
crystn. and a limited amt. of further chem. change. It is 
ground in a ball mill and annealed to about 800° for 45 min. 
The resultant cake is easily crushed to powder, which has 
a uniform light color. This Ce-activated Ca oxysulfide 
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(CaO • CaS : Ce) fluoresces green under cathode rays, and 
decays to 10% of its initial brightness in one microsecond. 
Other activators, such as Y, Th, Dy, are used to produce 
cyan, blue, and white, resp. Sr oxysulfide is prepd. in a 
similar manner except that the Sr monohydrate or nitrate 
is used, and that up to four firings may be necessary to 
prep, the final material. In this method only certain 
compds., which are free of heavy metals, are suitable, 
such as the hydroxides, oxides, or mtrates of the rare 
earths and the hydroxides or mtrates of the alk. earths. 
These oxysulfides are used as cathode-ray screens. 
(George Meister) 

1147 
CRYOSCOPIC STUDY OF SOLUTIONS OF SOME METAL 
SILICATES IN MOLTEN CRYOLITE. Georges Petit. 
Compt. rend. 233, 615-17(1951). 

The f.p. depression was detd. as a function of concn for 
several metal silicates in molten cryolite. Included were 
talc, diopside, forsterite, enstatite, zircon, thorite, beryl, 
Na silicate and 3 Al silicates. The no. of particles present 
corresponded to the sum of the moles of S1O2 plus the metal 
oxides. (Bodie E Douglas) 

1148 
THE THERMAL DECOMPOSITION OF THORIUM OXALATE. 
Roberta Beckett and M. E. Winfield (Commonwealth, Sci. 
Ind. Research Organization, Melbourne). Australian J Sci. 
Research A4, 644-50(1951). 

Changes in compn and structure during thermal decompn. 
of hydrated thorium oxalate to a catalytically active oxide 
(C.A. 40, 3719i), were examd. by methods based on wt. loss, 
elec cond., chem. analysis, x-ray diffraction, and electron 
microscopy. Above 200° loss of water was accompanied by 
evolution of CO and CO2, with most of the oxalate decompg. 
near 300°. Some decompn. occurred via the carbonate, 
which, however, reached a max. concn. of only 0.075 moles 
per mole of total Th, owing to proximity of the decompn. 
temp, of the oxalate and carbonate. The catalytically active 
material was in the form of relic crystals, which were 
square prims 1 fi across with a central aperture to which 
a large area of surface was BTiposed. According to x-ray 
analysis it was a mixt. of Th02 with a second substance, 
possibly a hydrated oxide. (M E. Winfield) 

1149 
THEORY OF THE REDUCTION OF MAGNETITE WITH 
H'YDROGEN. Matti Tikkanen (State Inst. Tech. Research, 
Helsinki, Fmland). Valtion Tek. Tutkimuslaitos, Julkaisu 
No. 12, 92 pp (1949). 

The rate of reduction with a H2 flow of 320 l./hr. is 
studied as a function of temp, on small disks pressed at 5 
tons/sq. cm. and follows the law of Arrhenius, V = A 
e-Q/RT ; where V is the velocity of reaction, A is a const., 
R IS the gas const., g is the heat of activation, and T is 
the abs. temp. When log V is plotted as a function of 1/T, 
the heat of activation of 16.6 kcal./mol. is obtamed from 
the slope of the straight line of the plot. The reduction 
rate follows this law up to 550° but decreases above this 
temp., and it also shows 2 distinct mimma, one at 700-
750°, and the other at 900°. Just above 550° the slowing of 
the reduction rate depends on the sintering of a layer of Fe 
which IS formed around the ore particle during reduction. 
Since the growth of Fe crystals begins at this temp, and the 
microporosity of this layer decreases, it is concluded that 
the slowing of the reduction rate i s caused by the decreased 
diffusion rate of H2O vapor through the Fe layer. The 2nd 
min. at 900° is perhaps also caused by the decreased diffu
sion of H2O in the r-Fe phase. A method is developed in 
which the diffusion of thoron is studied in the sample. The 
results of these expts. show that the rate of diffusion of 
thoron decreases above 550° in the same manner as the 

reduction rate. The reduction rate, as expected, increases 
with a decrease in particle size at 600°, but at 715° the 
coarser fractions are reduced more rapidly. When the gas-
velocity is varied from 10 l./hr. to 320 l./hr. the reduction 
rate at 750° and 1000° rapidly approaches a certain max. 
value at about 20 l./hr. and 60 l./hr., resp. Above this gas 
velocity the highest reduction rate is obtained at 570° and 
it continues to rise slowly up to 320 l./hr. The exptl. re
sults obtained below 550° verify the developed theory of the 
reduction, but above this temp, sintering makes the math, 
treatment of the problem impossible. The theory is dis
cussed in detail. (George Meister) 

1150 
HALIDES OF BIVALENT AND TRIVALENT THORIUM. 
E. Hayek, Th. Rehner, and A. Frank (Univ. Innsbruck, 
Austria). Monuish. 82, 575-87(1951). 

Thl3, ThBrj, and ThCIj were prepd. from the elements 
at elevated temps. At 500-600° the trihalides dispro
portionate to the dihalides and tetrahalides. The dihalides 
and trihalides are reactive and sensitive to oxidation. 
ThOl2 and ThSIj result when the tetraiodide or Th metal, 
resp., IS heated in glass. (J.E.R.) 

1151 
THE REDUCTION OF NICKEL OXIDE BY HYDROGEN. 
Giuseppe Parravano (Princeton Univ., Princeton, N. J.). 
J. Am. Chem. Soc. 74, 1194-8(1952). 

The reduction of NiO by H was studied m the range of 
150-350° and initial pressures of H from 200 to 500 mm. 
The addn. of AgzO, AI2O3, Cr20,, Li20, MgO, NiCl2, Th02, 
and WO2 to NiO affects both the rate and activation energy 
for reduction. These effects were related to the change m 
the electromc properties of the oxide. (Jack G. Calvert) 

1152 
OXIDATION INHffilTORS FOR URANIUM OXIDE. Irving 
Sheft and Sherman M. Fried (to the United States of 
America, as represented by the Atomic Energy Commis
sion) U.S. Patent 2,599,946, June 10, 1952. 

An oxidation-resistant U oxide is formed in which the 
av. charge of U atoms is less than 6 and the U atoms have 
a valence state lower than the sexivalent state of U as 
found in UO3. The oxidation of oxides of U where the U 
valence state is less than 6 is substantially retarded or 
inhibited by incorporating 0.1-50% by wt. of the oxides of 
heavy metals, such as Fe, Zr, Ga, Mn, Ag, Zn, Bi, and Th, 
in the oxide. Only 0.1 wt. % Fe oxide in UjO, effectively 
retards oxidation, while 13 wt. % of Zr or Zr oxide pre
vents the oxidation of UjOg to UO3. The inhibiting metals 
are added to the U oxides by dissolving the desired pro
portion of the metal m the form of the metal oxide or salt 
in HNO3 along with dissoln. of the U or U compd. The soln. 
is evapd. to dryness, and the residue ignited in air at 850°. 
The 1st sample consisting of 0.05 g. Fe mixed with 6 g. 
U3O1 is dissolved in HNO3, evapd., and ignited to the oxide 
by heating at 850°. In the 2nd sample Be 0.5 g. is incor
porated with 6 g. U3O1 in an identical manner; while 6 g. 
U3O8 without added metal is prepd. as a control. All 3 
samples are placed in quartz tubes and heated 72 hrs. at 
600° under 380 lbs. of O pressure. X-ray analysis shows 
that the control is completely converted to UO3, the 2nd 
sample contains 60% UO3 and 40% UjOg, and the 1st sam
ple shows a diffraction pattern of U3O1 alone. (Gilbert E. 
Klein) 

1153 
THE EXCHANGE OF OXYGEN" BETWEEN OXYGEN GAS 
AND CERTAIN METALLIC OXIDES. E. R. S. Winter and 
G. Houghton. Mass Spectrometry 1950, 127-40. 

The kinetics of the exchange of O" between the gas phase 
and the surface of metallic oxides has been investigated 
for y-Al203, MgO, Th02, and Cr203 at various temps. It was 
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found that for AI2O3, Th02, Cr203, and MgO there i s a proc
e s s with an activation energy of between 27 and 37 kca l . /mol . 
and that for Cr203 and MgO there i s a lso a p r o c e s s at higher 
temps, which has an activation energy of around 1 ± 4 k c a l . / 
mol. For MgO there i s a continuous increase in the reac 
tivity of the oxide surface as the temp, of outgassing is 
raised. 

DETERMINATION AND SEPARATION METHODS 

Reviews and Bibliographies 

1154 
THE RARE METALS: THORIUM. Charles BaskerviUe. 
Eng. Mm. J., 86, 1241-2(1908). (Dec. 19). (W. S. Landis) 

1155 
PRODUCTION OF CARBON DIOXIDE FROM SOLUTIONS 
OF SILVER, ZIRCONIUM, BISMUTH AND THORIUM. 
W. Ramsay Am. Chem. J., « , 150-8(1909) 

Extract of Presidential address before the Chem. Soc. 
(S. J. Lloyd) 

1156 
THE RADIOACTIVITY OF THORIUM. E. Rutherford 
Chem. News, 103, 22(1911). 

A resume of the work done on Th. (J.J.M ) 
1157 

RECENT PROGRESS IN THE KNOWLEDGE OF THE RARE 
EARTHS. R. J. Meyer (Berlin). Z. Elektrochem., 17, 633-
42(1911). 

A review. The individual rare e lements differ more 
widely from one another in their magnetic behavior than in 
any of their other properties . Th i s the only element uti
l ized on a large sca le ; the yearly world consumption is 
400,000 kg. In discuss ion, G. Tammann and Vogler reported 
that Ce reacted and combined very readily with Pb and Sn. 
(C. G. Fmk). 

1158 
THORIUM AND ITS COMPOUNDS. Edmund White. Pharm. 
J., 89, 580[1912?]. (S. Waldbott) 

1159 

This reference has been intentionally omitted. 
1160 

REPORT OF THE INTERNATIONAL COMMITTEE ON 
ATOMIC WEIGHTS FOR 1 9 1 9 - 2 0 . F. W. Clarke, T. E, 
Thorpe, and G. Urbain. J. Am. Chem. Soc. 41, 1881-7 
(1919). 

A summary i s given of detns. published s ince the last 
regular report (1916). The table proposed for 1920 has 
new values for A (39.9), B (10.9), Ga (70.1), Th (232.15), 
and Yt (89.33). The at. wt. of N i s changed from 14.01 to 
the more prec i se value 14.008. (E.J.C.) 

1161 
TWENTY-SIXTH ANNUAL REPORT OF COMMITTEE ON 
ATOMIC WEIGHTS. Determinations published during 1918 
and 1919. Gregory Paul Baxter. J. Am. Chem. Soc. 42, 
327-33(1920). 

The following e lements are affected by the report, the 
old (1916) and new values, re sp . , being given: A 39.88, 
39.9; B 11.0, 10.9; Cb 93.5, 93.1; Ga 69.9, 70.1; N 14.01, 
14.008; Th 232.4, 232.15; Yt 88.7, 89.33. (E.J C ) 

1162 
CHEMISTRY AND CHEMICAL TECHNOLOGY OF THE 
RARE ELEMENTS. Ludwig Moser. Oesterr. Chem. Ztg. 
26, 67-70(1923). 

The occurrence, prepn., properties and applications of 
Ga, In, TI, Ti, Zr, Th, Ge, V, Ta, Mo, W, U, Pd, Rh, Ir, 
Ru, and Os are reviewed. (D. MacRae) 

1163 
FIFTY-SIXTH ANNUAL REVIEW AND YEAR BOOK NUM

BER. Eng. Mining J . - P r e s s 119, No. 3(1925). 
This number contains mining and trade information for 

the year 1924 on Cu, Pb, Zn, Au, Ag, Fe , petroleum, Mn, 
chromite, Ni, W, Mo, Co, Pt, Hg, Sb, As , Bi, Ra, U, V, Cd, 
Ce, Se, Te, TI, Ti, Th, Zr, asbes tos , bauxite and Al, mica, 
graphite, talc , tripoli , diatomite, S1O2, kaolin, feldspar, 
barytes , gypsum, magnesite , fluorspar, phosphate rock, 
nitrate, potash, S and pyrites and borax; regional sum
mar ies of the mining industry are given; and papers on 
"Milling and Flotation" by C E Locke, "Hydrometallurgy" 
by A. W. Allen, "Pyrometallurgy" by E. H. Robie, and 
"Metallurgy of Iron and Steel" by Bradley Stoughton. (E H.) 

1164 
DISSOCIATION OF SOME METAL OXIDES. Fritz Born. 
Z. Elktrochem. 31, 309-11(1925). 

On the bas i s of Nernst ' s heat theorem, existing data being 
used as far a s poss ib le and the re s t estd. , the degree of 
dissociat ion of gaseous oxide at 2000° and at 3000° (both for 
1 and for 10"' atm.), the partial O p r e s s u r e s of the gas at 
these temps, and the degree of dissociation of the solid 
oxide have been calcd. and tabulated. (AI2O3, CaO, Cr203, 
MgO, S1O2, Th02, T1O2, WO3, Zr02.) An extensive bibliog
raphy of thermal data i s given. (B. J. C. van der Hoeven) 

1165 
SYMPOSIUM ON URANIUM. SUMMARY ACCOUNT OF 
CANADIAN URANIUM DEPOSITS. A. H. Lang (Geol. 
Survey of Can., Ottawa). Trans. Can. Inst. Mining Met. 
53, 426-33 (in Can. Minmg Met. BuU. No. 460)(1950). 

All Canadian U and Tb deposits are tabulated that have 
yielded analyses or radiometric tes ts over 0.05% U3OJ or 
equiv., showing their distribution by provinces (8) and by 
types of deposits (6). 

1166 
FIFTY-SEVENTH ANNUAL REVIEW AND YEAR BOOK 
NUMBER. Eng. Mimng J . - P r e s s 121, No. 3(1926). 

This number contains mining and trade information for 
the year 1925 on Cu, Pb, Zn, Au, Ag, Fe , petroleum, Mn, 
Ni, chromite, W, Co, Mo, Pt, Hg, As, Sb, Bi , bauxite, Al, 
Ra, U, V, Cd, Ce, Se, Te, TI, Ti, Th, Zr, a sbes tos , mica, 
graphite, talc, tripoli, diatomite, S1O2, feldspar, kaolm, 
gypsum, magnesi te , barytes , fluorspar, borax, phosphate 
rock, nitrate, potash, S and pyrites; regional summaries 
of the minmg industry are given; and papers on "Milling and 
Flotation" by C. E. Locke, "Hydrometallurgy" by A. W. Allen, 
"Pyrometallurgy" by E. H. Robie and "Iron and Steel Metal
lurgy" by Bradley Stoughton. (E.H ) 

1167 
CHANDLER LECTURE, 1929. ELECTROCHEMICAL 
INTERACTIONS OF TUNGSTEN, THORIUM, CESIUM AND 
OXYGEN. Irving Langmuir. Ind. Eng. Chem. 22, 390-3 
(1930). (E.C.M.) 

1168 
ANNUAL REVIEW NUMBER. Eng. Mining J. 131, 97-133 
(1931). 
UNCOMMON ORES AND METALS. H. C. Meyer. Ibid 
119-20. 

Elements d i scussed are: Be, Cs, Ru, Ce, Se, Te, Th, Ti, 
and Zr. 
MINING IN THE UNITED STATES. S. D. Strauss . Ibid. 
121-4. 
CANADIAN OUTPUT OF METAL EXPANDS. S. J. Cook. 
Ibid 125-6. 
MINING IN SOUTH AFRICA AND RHODESIA. Owen Letcher. 
Ibid 126-7. 
MINING IN LATIN AMERICA IN 1930. S. D. Strauss. Ibid 
128-30. 
EUROPE, SIBERIA, FAR EAST AND INDIA. Donald J. 
Farquharson. Ibid 131-2. 
THE MINING INDUSTRY OF THE U.S.S.R. V. Karmashov 
Ibid 132-3. 
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MINING IN AUSTRALASIA IN 1930. Peter G. Tait. Ibid 
133. 
JAPAN. Hironao Nishihara. Ibid 133. (W. H. Boynton) 

1169 
THE DISCOVERY OF THE ELEMENTS. XI. SOME ELE
MENTS ISOLATED WITH THE AID OF POTASSIUM AND 
SODIUM: ZIRCONIUM, TITANIUM, CERIUM AND THO
RIUM. Mary E. Weeks. J. Chem. Education 9, 1231-43 
(1932). (E.H.) 

1170 
CONTRIBUTIONS TO THE DATA ON THEORETICAL 
METALLURGY. I. THE ENTROPIES OF INORGANIC 
SUBSTANCES. K. K. Kelley (Bur. Mines). Bull. 350, 
63 pp.(1932). 

Entropies at 298.1°K. are given for those e lements and 
common compds. for whose calcn. the necessary data are 
available, i e . , Al, AI2O3, AI2S1OS (disthene, siUimanite and 
andalusite), Sb, Sb203, Sb204, Sb205, A, As , AS2O3, AS2O5, 
Ba, Ba(N03)2, Be, Bi , B12O3, Br2, Cd, CdO, CdS, Cs , Ca, 
CaO, CaS, CaF2, CaC03 (aragonite and calc i te) , CaH2, 
Ca(OH)2, CaSiOj, C (diamond and 0-graphite), CO, C02, 
CH4, Ce, Ce02, CI2, Cr, Co, Cu, CU2O, CuO, CU2S, CuS, Cul, 
Ga, Ge, Au, He, H, H2O, HBr, HCl, HI, HF, H2S, In, Ij, Ir, 
F e , FeO, Fe203, Fe304, FeS, FeS2, La, Pb, PbO, Pb02, 
Pb304, PbS, PbBrj, PbCl2, Pbl2, Li, LiH, Mg, MgO, Mn, 
MnO, Mn02, Mn304, MnS, Hg, HgO (red and yellow), HgCl, 
Hg2S04, HgS, Mo, Ne, Ni, Nt, N2, N2O, NO, NH3, NH4CI, Os, 
O2, Pd, Pt, K, KBr, KCl, KCIO4, KI, Pr, Rh, Rb, Ru, SC2O3, 
Si, S1O2 (quartz, christobalite and g lass ) , SiC, Ag, AgjO, 
AgBr, AgCl, Agl, Na, NaCl, S (rhombic and monoclinic), 
SO2, Ta, TI, TlBr, TlCl, TH, Th, ThOj, Sn (white and gray), 
SnO, Sn02, Ti, W, WO3, U, U3O,, V, Xe, Zn, ZnO, ZnS, Zr 
and electron gas. Methods of calcn. are d i scussed . A 
bibliography of about 400 references i s given. (Alden H. 
Emery) 

1171 
PREPARATION OF AN ACTIVE DEPOSIT OF Th OF HIGH 
YIELD P M. Wolf and N Riehl. Z Elektrochem 38, 
543-4(1932) A review. 

1172 
SUPERCONDUCTIVITY. J. de Boer. Science P r o g r e s s 
27, 613-33(1933). 

A review (with bibliography) of the sudden disappearance 
of e lec . res is tance at a temp, below 10° K in Hg, Sn, Pb, 
TI, In, Ga, Ta, Th, Cb and certain al loys . (J.S.H ) 

1173 
MINOR METALS ANON Mineral Ind. 43, 616-28(1934) 

A statist ical review, includmg Ba, Be, Bi, B, Cd, Ca, 
Cb, Ga and Re, In, Li, rare earths, Se and Te, Ta, TI, Th, 
Ti, U, and Zr (A. Butts) 

1174 
DEPRESSION PERIOD WELL PAST FOR THE RARE 
METALS AND MINERALS. Paul M. Tyler. Mming Met. 
11, 17-22(1936) 

Latest advances in the following are d iscussed: Sb, As, 
Be, Bi, Br, Cd, Ca, Cr, Co, Ga, Ge, In, Ti, Hg, Mo, K, Ra, 
rare earths , rhenium, Se, Na, Ta, Te, Th, Ti, W, V, and 
Zr (Alden H Emergy) 

1175 
MODERN APPLICATIONS OF RARE AND RECENTLY 
DEVELOPED METALS. G Guzzoni. Ind. meccan. 18, 
679-83(1936) 

Propert ies of "Dow" metal , e lectron. Be a l loys , and 
fields of application of Ti, Bi, Ce, Co, Ta, W, Os, Th, and 
U are d iscussed in general (M. Hartenheim) 

1176 
ARTIFICIAL RADIOACTIVITY AND THE GAPS IN THE 
PERIODIC TABLE H. A. C. McKay Chemistry & In
dustry 1939, 762-3 . 

A brief review, with particular reference to e lements 
43, 61, 85, and 87, and to the fission of U and Th. 
THE WORKING UP OF RADIOACTIVE MATERIALS. 
Franco Arbitrio. Riv. F i s . Mat. Sci. Nat. J^, 178-87(1938); 
Chem. Zentr. 1938, I, 3896. 

A review of the most important radioactive minerals 
and methods for the isolation of the pure radioactive e l e 
ments (Ra, Po, Th). 

1177 

SPLITTING OF THE NUCLEI OF URANIUM AND THORIUM. 
I. N. Golovin. Uspekhi Khim. 8, 1293-1313(1939). 

A review of the non-Russian l i terature. G. d i s c u s s e s the 
question of transuranium elements , the laws of dis integra
tion, the neutrons, /3-particles, and chem. e lements ob
tained, and the nuclear energy liberated. (F. H. Rathmann) 

1178 
POSSIBLE USES OF THORIUM. P. H. Hoernes and N. 
Riehl. Angew. Chem. 53, 417-18(1940). 

A summary, with 15 re ferences (Karl Kammermeyer) 

1179 
RESEARCH AND THORIUM. Colin G. Fink. The Frontier 
3 , No. 3, 6(1940). 

Descriptive. (L. Scheflan) 

1180 
APPENDIX. Wm. F. Roeser and H. T. Wensel. p. 1294-
1323 in TEMPERATURE, ITS MEASUREMENT AND CON
TROL IN SCIENCE AND INDUSTRY. New York, Reinhold 
Publishing Corporation. 1951. 1362pp. 

This includes: temp, e.m.f. data for Pt to Pt-10% Rh and 
for Pt to Pt-13% Rh thermocouples; standard °C. and °F. 
table for chromel-a lumel thermocouples; temp.-e .m.f . data 
for iron-constantan and copper-constantan thermocouples; 
thermal e.m.f. of chromel P, alumel, Cu, Fe , constantan, 
Li, N, K, Rb, Cs, Ca, Ce, Mg, Zn, Cd, Hg, In, TI, Al, C, Si, 
Ge, Sn, Pb, Sb, Bi , Cu, Ag, Au, Fe , Co, Ni, Ir, Rh, Pd, Mo, 
W, Ta and Th relative to Pt; thermal e m.f. of the following 
al loys relative to Pt: manganin, Au-Cr, Cu-Be, yel low 
b r a s s , phosphor bronze, solder (50 Sn-50 Pb; 96 5 Sn-3.5 
Ag), s ta in less s tee l , spring steel , Ni -Cr , N i - F e - C r , and 
Cu, N I and Ag coin, a lso for various compns. of the following 
a l loys: Ni-Cu, Sn-Bi, Sb-Cd and Sb-Bi; a data table of e l ec . 
res is t iv i ty as a function of temp, for Pt, Cu, Ni, Fe, Ag, Pt -
Rb, Ni-Cr, N i - F e - C r , chromel P, alumel, constantan and 
manganin; a table of spectral e m i s s i v i t i e s of a no. of e l e 
ments , a l loys and oxides; a table of total emiss iv i ty of e l e 
ments and al loys; a table of true temps, corresponding to 
various e m i s s i v i t i e s and various brightness temps, ob
served with an optical pyrometer; a table of true temps, 
corresponding to various values of total emiss iv i ty and 
various brightness temps.; a table of propert ies of W which 
include relative res i s tance , normal brightness , spectral 
emiss iv i ty , color emiss iv i ty , total emiss iv i ty , brightness 
temp and color temp. A g lossary of techracal terms i s in 
cluded. The book contains both an author and a subject 
index. (A. B. Garrett) 

1181 
EFFECT OF GASES ON SOLID METALS J. D. Fast . 
Chem. Weekbald 37, 342-50(1940). 

A discuss ion, based on the l iterature, of the diffusion of 
O and N thru Th, Zr, W, and Fe and of S thru Ag 

1182 
DETERMINATION OF THORIUM B. Justel. Die Chemie 
56, 157-8(1943). 

A review with over 35 references . (Philip J. Elving) 
1183 

PROGRESS IN THE INORGANIC HEAVY-CHEMICAL IN
DUSTRY. XIII Al COMPOUNDS. Bruno Waeser . Chem. 
Fabrik 14, 248-55(1941). 
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A review of 838 patents and papers between 1933 and 
Dec. 31, 1940, with over 350 references. 
XIV. HEAVY-METAL COMPOUNDS, AND OTHERS (CON
CLUSION). Ibid. 281-6, 302-5(1941). 

A review of about 943 patents and papers between 1933 
and Dec. 31, 1940, on compds. of Fe, Cu, Zn, Pb, Cr, Mn, 
Ni, Co. V, Mo, W, U, Cb, Ta, Sn, Bi, Hg, Au, Pt, Pd, Rh, 
Ru, Ti, Zr, Ge, Ra, Th, TI and In, with many references. 
(J. H. Moore) 

1184 
DIRECT AND FLUORESCENCE EXCITATION OF THE Lm 
LEVEL IN THICK TARGETS OF Th. Burr G. Burbank 
Phys. Rev. 63, 139(1943). 

1185 
ACTION OF O, N, AND H IN LOWERING THE PHOTO
ELECTRIC WORK FUNCTION OF Zr, T, AND Th. H. C. 
Rentschler and D. E. Henry. Phys. Rev. 63, 217(1943). 

1186 
THE RARE METALS OF THE EARTH W. J. KroU. S. 
African Mmmg Eng J. 57, 541-3(1946). 

World production is surveyed, and uses, properties, and 
prepn. methods are briefly discussed for B, Ba, Ti, Th, Be, 
Ga, Tm, Zr, Ge, and U. More intense research is advocated. 
(M. Hartenheim) 

1187 
THE DRESSING OF THE LESSER METALLIC MINERALS. 
F. B. Michell. Mine & Quarry Eng. 13, 300-5, 334-42(1947) 

A discussion of the dressing of ores of Al, Sb, Bi, Co, Cr, 
Mn, Mg, Hg, Mo, Ni, Ta, Th, Ti, U, and V (L S.) 

1188 
GEOPHYSICAL INTERPRETATION OF THE ISOTOPIC 
VALUES OF THE COMMON LEADS. Juan M. Lopez de 
Azcona. Rev. real. acad. ciene. Madrid 42, 393-420(1948). 

Based on Nier's isotopic values for lead (C.A. 32, 6944j), 
the actual quantities of Th and both active and inert U at the 
earth's crust, both now and at the time of its formation, can 
be fixed. By the law of disintegration the relations Pb/U and 
Pb/Th both at the formation of the earth's crust and at the 
present time are deduced. Expressions are included for 
representmg the different quantities of the different isotopes 
of U and Pb at various periods in the development of the 
earth. 20 references. (H. F. Pool) 

1189 
DETECTION AND DETERMINATION OF THORIUM. Carlos 
Barcia Goyanes. Rev. geofis. 8, 183-97(1949). 

A review with 70 references. (E.H.) 
1190 

DISTRIBUTION OF RADIOACTIVITY. (A contribution to a 
geophysical discussion at the Royal Astronomical Society, 
Oct. 26, 1951.) C. F. Davidson (Geol. Survey Gt. Brit , 
London). Mining Mag. 85, 329-40(1951). 

A survey of the resources of the accessible crust was 
attempted in an effort to discover and develop concns. of 
U and Th; however, the radioactivities of rocks, surface 
waters, and atm. have also received attention. Some pe
culiarities of occurrence of U and Th are mentioned. The 
fundamental geol. concept of geochem. provinces is perhaps 
better illustrated by the radioactive elements than by any 
others. Examples are given to show that it is often the loca
tion within a particular region (rather than the assocd. rock 
type concerned) which dets. the degree of probability of a 
concn. of some rare element or elements. Equipment was 
tested for aerial ionization surveys and it was concluded 
that there is only a remote possibility of detecting a work
able high-grade 1. lode in the course of a routine primary 
survey. The objections of relative insensibility and high 
cost do not seem to apply to Geiger counters when mounted 
in an automobile. 26 references. (A. W. Furbank) 

1191 
LESS FAMILIAR METALS OF COMMERCIAL IMPOR
TANCE. Robert A. Lubker (Armour Research Founda
tion, Chicago). Mech. Eng. 74, 3-8, 18(1952). 

A review is given, covering availability, production 
processes, alloys, costs, properties and uses of Li, Na, 
Ca, Be, B, Ga, In, Th, Ge, Ti, Zr, Hf, Nb, V, Ta, Mo, W, 
Se, Te, and Rh. (R W. Ryan) 

1192 
RARE METALS W. J. Kroll (U.S. Bur. Mines, Albany, 
Oregon). Inst. Grand-Ducal Luxembourg. Sec. sci. nat., 
phys. et math.. Arch, j ^ , 125-31(1950). 

A brief review of possible uses for Li, Rb, Cs, Be, Sr, 
Ba, B, Sc, rare earths, Ga, In, TI, Ti, Zr, Th, Ge, V, Nb, 
Ta, Se, Te, and Re. (Michael Fleischer) 

1193 
A GLOSSARY OF URANIUM- AND THORIUM-BEARING 
MINERALS, 2ND ED. Judith Weiss Frondel and Michael 
Fleischer (U.S. Geol. Survey, Washington, D.C.). U.S. 
Geol. Survey Circ 104, 1-25(1952). (Michael Fleischer) 

1194 
COMPOSITION OF THORIANITE AND THE RELATIVE 
RADIOACTIVITY OF ITS CONSTITUENTS. A. H Buchner 
Chem. News, 94, 233-35(1906). 

A quantitative analysis was made of the mineral thoria-
nite. One month after the various constituents has been 
separated activity measurements were made of 10 mg 
portions, from which the total activity of each was calcu
lated, in terms of the activity of 10 mg. of the original 
mineral taken as a standard. With the exception of the 
alumina all precipitates obtained from the soluble portion 
were more or less active. While some precipitates showed 
an original activity which later disappeared, others had not 
reached a maximum at last measurement. The most active 
precipitate which retained its activity for more than a 
month was obtained by adding sodium phosphate to the 
filtrate from the calcium oxalate precipitate. The weight 
of this precipitate amounted to only 8 mg. Following this 
the greatest activity was associated with the bismuth, iron, 
calcium, zirconium, etc., in the order named. (W. H. Ross) 

1195 
German Patent 190,233, Feb 16, 1906 Siemens & Halske, 
Akt.-Ges., Berlin. 

Process of separating difficultly fusible metals, as tung
sten or thorium, from their oxides, consisting in addmg 
tantalum or another metal of the vanadium group to the 
metal to be purified, the oxides of the added metals being 
more fusible than those to be removed, and then heating 
the mixture until the less fusible oxides are reduced, yield
ing the pure metals. (O. D. Swett) 

1196 
MEASUREMENTS OF WAVE LENGTHS OF THE SPARK 
SPECTRA OF CHROMIUM AND CALCIUM; ALSO OF THE 
ARC SPECTRA OF CERIUM AND THORIUM; TOGETHER 
WITH A STUDY OF THE POSSIBLE INFLUENCE OF 
VARIATIONS OF CURRENT CAPACITY, ETC., IN THE 
SPARK CIRCUIT. Frank Lawrence Cooper (Johns Hopkins 
Univ.). Astrophysical J., 29, 329-64(1909) 

The spectra were photographed with the 21.5 ft. concave 
grating employed by Rowland in his work on the solar 
spectrum. The standards were the iron lines whose wave 
lengths were detd. by Fabry and Perot. The measure
ments of 85 Ca lines X2208-X6717; 1715 Cr lines X2132-
X6861; 1290 Ce lines X2651-X4646; and 716 Th lines X3503-
A4535 are given. In case of the spark discharge in air there 
IS no change in wave length produced by variations in the 
circuit conditions up to 60 amperes except that due to un-
symmetrical reversal of the lines There is no appreciable 
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difference in wave length between the arc and spark Imes. 
(Ralph E. De Lury) 

1197 
UPON THE SEPARATION OF THE SPECTRAL LINES OF 
THORIUM IN THE MAGNETIC FIELD. B. E. Moore (Umv. 
Nebraska). Astrophysical J., 30, 144-66 and 178-221(1909). 

Extensive tables of measurements of the Zeeman effect 
for Th are given and the characteristic effects for the dif
ferent types of lines deduced. (Ralph E. De Lury) 

1198 
German Patent 214,886, Oct. 25, 1908. A. Rosenheim, R. J. 
Meyer, Berlin, and I. Koppel, Berlin-Pankow 

Separating thorium from cerium and yttrium ores, de
pendent upon the observation that solns. of Th salts, also in 
the presence of a large excess of free mineral acid, are 
completely pptd in the form of the silicofluoride by means 
of H2SiFg or sol. silicofluorides, while the accompanying 
elements of the Ce and Y ores remain in soln. The ppt. is 
decomposed with cone. H2SO4 and the resulting sulphate 
purified by the known methods. 

1199 
THE DETERMINATION OF THORIUM IN MONAZITE 
SAND R. J. Meyer and M. Speter. (Wissenseh. Chem. 
Lab., Berlin). Chera.-Ztg., 34, 306-8(1910). 

The method depends upon the observation that when the 
cone, of lOi" is sufficiently high, Th(I03)4 is insol. m min
eral acids while the lodates of the other rare earths are 
soluble. Process — 50 g. of the sand are heated to 250° for 
5-6 hrs. with 100 ce. cone. H2SO4 in a thiek-walled Fe dish. 
The mass is poured into 500 ce. cold H2O and allowed to 
stand till the sulphates are dissolved; the liquid is filtered 
into a 1000 ce. flask and made up to the mark. To 100 cc. 
are added 50 ce. HNO3 (d 1 4) and the mixture is cooled: 
a soln. of 15 g. KIO3 in 50 cc. cone. HNO3 and 30 cc. H2O, 
previously cooled, are now added. The white flocky ppt. of 
Th(I03)4 IS allowed to stand for Vi hr. with frequent stirring 
and IS then filtered off, using an S. & S. 589 filter, 15 cm. in 
diam. The beaker is cleaned out with a soln of 2 g KIO3 in 
50 ce. dil. HNO2 and 200 cc H2O; any lumps of ppt should 
be broken up. After draining the ppt. is returned to the 
beaker, stirred up with about 100 cc. of the wash liquor and 
again thrown on the same paper. After the second draining, 
the ppt. IS once more returned to the beaker by the aid of 
hot H2O, the mixture is heated nearly to boiling and 30 cc. 
cone. HNO3 added in drops to dissolve the ppt The re-pptn. 
of the iodate is secured by the addition of 4 g. KIO3 dis
solved in a little hot H2O and some dil. HNO3. After cooling, 
the ppt. IS once more collected on the same filter and r e 
turned to the beaker for treatment with the wash liquor as 
already described; after this treatment it is completely free 
from Ce. The ppt. is once more returned to the beaker, HCl 
and H2SO3 are added, and on heating the ppt. dissolves. 
NH4OH at boiling heat ppts. Th(OH)4, which is washed free 
from I with boiling H2O, the ppt. is dissolved in dil. HCl, 
filtered and pptd. by an excess of C2H2O4. The oxalate, after 
settling, IS filtered off, washed with H2O slightly acid with 
HCl, and ignited, together with the filter, to Th02. The con
trol analyses show an excellent agreement with results ob
tained by a standard method. Two days only are necessary 
for the detn. and the expense m KIO2 is offset by the gain in 
working time. (J. W. Bain) 

1200 
A GENERAL METHOD OF PREPARATION OF ANHYDROUS 
CHLORIDES AND THEIR APPLICATION TO CHEMICAL 
ANALYSIS. F. Bourion Ann. chim. phys , 21, 49-131 
(1910). 

The article can not be briefly abstracted and the original 
must be consulted for details. A mixture of CI and SCI2 
gives good results in preparing volatile chlorides but not for 

fixed chlorides, in the prep, of which S2CI2 is superior to 
the mixture of CI and SCI2. A number of chlorides espe
cially of the ra re earths were prepared and studied, oxy-
ehlorides were also obtained by the first method. The proc
ess of chlorination has been applied to the analysis of W 
compds. and the separation of Th with Ce and of Ce with 
Th and Be. A rapid and accurate method of separating S1O2 
and WO3 IS given depending on the action of CI and SCl2 m 
the analysis of silicotungstic acid and its salts. (F. W. 
Smither) 

1201 
DETERMINATION OF THORIUM IN MONAZITE SANDS. 
Vincenzo Borelli (Lab. elet.-chim. r. polit. Torino). Gazz. 
chim. ital., 39, I, 425-8(1909). 

As a result of a study of the different methods of detg. Th 
in monazite sands, the author recommends the following: 
To about 2 g. finely powdered substance add 5 ce. H2SO4 
(d 1.84) and a few cc. HF, heat so the HF is expelled in 
about 1-2 hrs. , the H2SO4 m 4 - 5 hrs. , treat the residue 
several times with HCl, heat the filtrates (300 cc.) to boil
ing, add NH3 till the ppt. first formed begins to dissolve 
with difficulty, slowly add cryst (C02NH4)2 till pptn. is com
plete, let stand a few hrs . , filter, wash with dil. NH4NO3, 
take up in H2O, using 15-20 cc. boiling HNO3 (1:1) to dis
solve the last traces off of the filter, heat to boiling, add 
N KMn04 until the pink color persists for a few moments, 
neutralize with NH3, add 10 cc. 3% H2O2, heat a few mm. at 
60-80°; as soon as the ppt. settles, filter and wash with dil. 
NH4NO3, and purify from Cr02, etc., by dissolving in 40 cc. 
boiling 2N HNO3, neutralizing the cold soln. with NH3 and 
pptg. as before If the presence of Mn(N03)2 is undesirable, 
heat the oxalates on the HjO bath with 6 - 7 cc. "perhydrol," 
evap. to dryness, repeat the process with HNO3 and per
hydrol if necessary, dissolve in H2O, dilute to 100 cc with 
10% NH4NO3, neutralize with NHj and ppt with H2O2, or, 
eleetrolyze the oxalates, in H2O containing 10-15 ce. concn. 
HNO3 per liter, at 80° for V4 hr. (2-2.5 amp. rotatmg cath
ode), add a few drops of perhydrol, evap. to dryness, and 
ppt the Th02 in the usual manner. (Chas. A. RouiUer) 

1202 
THE ABSORPTION SPECTRA OF SOME METALLIC SOLU
TIONS. Sir Walter N Hartley. J. Chem. Soc., 101, 820-6 
(1912). P r o c , 28, 109(1912) 

H. measured the absorption spectra of solns. of AgNOj, 
TINO3, TI2SO4, Pb(NOj)2, Pb(C2H302)2, Th(NOj)4 • I2H2O, and 
ThCl4. It was found that no metal of the group TI, Ag, Pb, 
by Its sp. absorption, obscures or interferes with the ab
sorption spectrum of its nitrate. (W. D. Harkms) 

1203 
VOLUMETRIC METHOD FOR THE DETERMINATION OF 
THORIUM IN THE PRESENCE OF OTHER RARE EARTHS. 
ANALYSIS OF MONAZITE SAND. F. J. Metzger and F. W. 
Zons. J. Ind. Eng. Chem., 4, 493-5(1911). 

Th may be pptd. quant, at room temp, from 7% AcOH soln. 
by means of (NH4)2Mo04, as normal Th(Mo04)2; other rare 
earths found in monazite sand are not pptd. under these 
conditions. By usmg diphenyl carbazide as an external in
dicator, Th may be accurately titrated with (NH4)2Mo04 in 
the presence of other rare earths. (William Blum) 

1204 
INFLUENCE OF HYDROGEN SULFIDE UPON THE QUANTI
TATIVE PRECIPITATION OF CERTAIN HYDROXIDES BY 
SODIUM HYPOSULFITE. R. Hac. Orig. Com. 8th Intern. 
Congr. Appl. Chem., j , , 205-6(1912) 

The following conclusions were reached: (1) From dil. 
solns. of Al salts containing Na2S203, and satd. with H2S, Al 
IS completely pptd. after b. 30 min., or after standing 3 hrs. 
at 90-98° (2) Fe"'"'' salts are pptd. upon b. in the presence 
of H2S. (3) Be IS not pptd. from its solns. upon b. with 
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Na2S203, but if H2S IS passed m. Be is completely pptd. 
after 2 hrs . b. (4) Th is completely pptd. by b. the soln. 
with Na2S203. (5) Ce salts (e.g., CeCl3) are not pptd. on b 
with Na2S203 even when H2S is passed in It is not possible 
to sep Al from Fe and Be; or Th from Ce, by the Chancel 
method, i.e., pptn with Na2S203. (William Blum) 

1205 
THE QUANTITATIVE DETERMINATION OF THORIUM IN 
MONAZITE SAND BY SODIUM SUBPHOSPHATE. Arthur 
Rosenheim. Chem. Ztg., 36, 821(1912). 

Rosenheim had used NaHPOj for years for the detn. of 
Th in monazite sands, and gives an outline of his method. 
With 5% sand a 100 g. sample is taken, the sulfates ob
tained m the ordinary way, an aliquot portion taken, and 
pptd. with NaHP03. The ppt. is dissolved in H2SO4, changed 
to the chloride, and pptd. with oxalic acid. In rough work 
the Th(P03)2 may be igmted to ThPjOj, but low results are 
obtained. (George W. Morey) 

1206 
RESULTS OF CRYSTAL ANALYSIS. L. Vegard (Univ. 
Christiama). Phil. Mag. 32, 65-96(1916). 

Crystals of Au and Pb (the latter produced by pptn. on a 
Zn plate from a Pb acetate soln.) were examd. by Bragg's 
method and were found to have a lattice structure identical 
with that of Cu and Ag. The structure of the zircon group 
(ZrSi04) of minerals contains both the Zr and the Si atoms 
arranged in tetragonal lattices of the diamond type. When 
Zr and Si are replaced by Ti or Sn the lattice for the metal
lic atoms in prism-centered. The tetragonal structure is 
not produced by symmetry properties of the atomic centers 
but by the tetragonal arrangement of the O atoms. The 
lattice has a sort of mol. structure with mols. of the type 
MO2, where M is an atom of Si, Zr, Ti or Sn The 3 atoms 
forming one mol. are situated in a straight line with M in 
the central position. For all the minerals considered these 
mol. axes are equally arranged and are perpendicular to 
the tetragonal axis, whence the ratio c/a is less than unity 
and almost equal for all the minerals. The "metamict" 
crystal of thorite gave no X-ray reflection whatever, indi
cating that the original lattice had actually been completely 
destroyed. Expts. on the intensities of the normal spectrum 
indicate that different faces of the same crystal give a dif
ferent law of the variation of mtensities with increasing 
order. (G. L. Wendt) 

1207 
THE OXIDIMETRIC DETERMINATION OF THORIUM PRE
CIPITATED AS THE OXALATE. F. A. Gooch and M. 
Kobayashi. Am. J. Sci. 45, 227-30(1918). 

An exptl. study reported in detail. A soln. of Th(N03)4 is 
gradually added to an excess of a hot (C02H)2 soln., the 
mixt. let stand on the steam bath 15-30 min., the Th(C204)2 
ppt. filtered on a Gooch crucible and washed with cold H2O 
containing 4 drops of coned. H2SO4 per 100 cc. Place cru
cible and ppt. m a beaker contaimng 100 cc. of H2O, heat to 
85°, add 5 cc. of 1: 1' H2SO4 and then 0.1 N KMn04 soln. 
until the larger part of the ppt. is oxidized, again heat to 
85° and complete the titration. The coloration was matched 
with that obtained by adding a definite amt of 0.1 N KMn04 
(0.02-0.04 cc.) to an emulsion of asbestos in 100 cc. of 
H2O. Dil. the filtrate from the Th(C204)2 to 200 c c , heat to 
85°, add 10 cc. of 1:1 H2SO4 and titrate with 0.1 N KMn04. 
Calc. Th02 from the oxalate radical combined in Th(C204)2 
or from the excess of (C02H)2. Excellent results are r e 
ported on prepd. solns. (F. W. Smither) 

1208 
COLOR REACTION OF THORIUM AND ZIRCONIUM WITH 
PYROGALLOL-ALDEHYDE. H. Kaserer. Chem. Ztg. 42, 
170-1(1918); J. Soc. Chem. Ind. 37, 352A(1918) 

On the addition of pyrogallol-aldehyde to solns of Th 

and Zr compds., a yellow coloration is produced and on 
standing or immediately on boiling or on addition of H2O2, 
a dirty yellow ppt. and colorless soln. With cerous compds 
a brownish yellow color is produced but no ppt., even on 
boiling. On the addition of HNO3, H2SO4, or HCl the color is 
discharged The reagent is prepd. by condensing a soln of 
38 g. of pyrogallol and 36.3 g. of formanilide in anhydrous 
ether with 15 2 g. of POCI3 and filtering after 12 hrs . The 
residue is recrystd. from a l e , to which NaCl is added, and 
the crystals are suspended in hot caustic soda through which 
a current of H is passed. The liquid is acidulated, the alde
hyde extd. with ether, and purified by means of its bisulfite 
compd. (E.H.) 

1209 
A COLOR REACTION OF THORIUM AND ZIRCONIUM 
H. Kaserer. Chem. Ztg. 42, 291(1918); Chem. Zentr. 
1918, n , 559. 

Pure Zr gives no color reaction with gallic acid, tannin 
or pyrogallol, but only with pyrogallaldehyde. (F. W. Zons) 

1210 
A COLOR REACTION OF THORIUM AND ZIRCONIUM. 
Berthold JoUes. Chem. Ztg. 42, 291(1918); Chem. Zentr. 
1918, II, 559. 

A color reaction for Th and Zr salts with gall tincture 
was mentioned in the "Book of Science" by Karl Hartman. 
(F. W. Zons) 

1211 
THE DETERMINATION OF THORIUM IN MONAZITE SAND 
BY AN EMANATION METHOD. H. H Helmick. J .Am. 
Chem. Soc. 43, 2003-14(1921). 

Several improvements in the circulation method de
scribed previously by Cartledge (C.A. ^ 3 , 928) are given 
Complete soln. of the sand is obtained by (1) fusing with 
KHF2 and HPO3, (2) dissolving the melt in hot 80% H3PO4, 
(3) final diln with water. An msulating chamber was devized, 
whereby dry gas is insured in the vicinity of the amber m-
sulators. With this device, no drying of the circulating 
gases IS necessary (D.C.B.) 

1212 
THE DETERMINATION OF SMALL QUANTITIES OF SILICA 
IN THORIUM NITRATE H. V Hodgson. J. Soc. Chem. 
Ind. 41, 284T(1922). 

Incandescent gas mantles are known to be brittle if the 
ash exceeds 0.02% but it is not generally known that brittle-
ness IS caused by the presence of even less S1O2. The S1O2 
IS not rendered insol. by heatmg the nitrate to 150° but after 
conversion of the nitrates to chlorides, the dehydration of 
S1O2 can be accomplished at a much lower temp. To test 
Th(N03)4 for S1O2—dissolve 50 g. in 150 cc. of water, and 
ppt Th(C204)2 by adding 30 g. H2C2O4 •2H2O in 150 cc. of hot 
water. After some time, filter and wash the ppt. with hot 
water. Evap. to dryness and heat nearly to redness to expel 
excess of oxalic acid. Cool, and treat the residue with a 
little coned. HCl. Add about as much water, heat to boilmg, 
filter and exam, the residue on the filter for S1O2 in the usual 
way. (W T.H.) 

1213 
ANALYTICAL METHODS FOR CERTAIN METALS. R. B. 
Moore, S. C. Lind, J. W. Marden, J. P. Bonardi, C. W. 
Davis, and J. E. Conley. Bur of Mines, Bull. 212, 320 pp. 
(1923). 

The metals discussed are Ce, Th, Mo, W, Ra, U, V, Ti, 
and Zr. No claim for much originality is made, although 
some published methods given have been modified, and 
some new ones have been developed. A scheme for the 
systematic analysis for the alloy metals W, Mo, U, V, Ti, 
and Zr, both for steels and mmerals, is given and is so 
devised as to include the sepn. of the chief interfering ele
ments Fe, Al, Cr, P and As. This is followed by a dis-
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cussion of the elements taken individually. The chemical 
properties are briefly outlined, methods for decomposing 
the samples are given, and sepns. of the elements from 
other elements which may be present are discussed A 
resum6 of the principal qual. and quant, methods which 
have been proposed for each element is given and the meth
ods are critically compared. In all eases extensive refer
ences to the literature are given. Such a vast amt. of in
formation concerning these elements is included that 
reference must be made to the original bulletin for details. 
(S. G. Simpson) 

1214 
CLARIFYING TIN AND TITANIUM SOLUTIONS. C. Wermann 
and J Blumenfeld. British Patent 227,143, Aug. 3, 1923. 

Sn and Ti solns. are clarified by adding a colloidal metal 
sulfide of opposite sign to that of the colloidal matter to be 
removed, e.g., a soln. of Ti sulfate may be treated with 
AS2O3 and then with Fe sulfide to ppt the As as sulfide. 
Solns of Th hydroxide in HCl may be clarified by albumin 
or other colloids. 

1215 
PHENYLARSONIC ACID AS A REAGENT FOR THE DETER
MINATION OF ZIRCONIUM AND THORIUM. A. C. Rice, 
H. C Fogg, and C. James J Am. Chem. Soc 48, 895-901 
(1926). 

Phenylarsonic acid, C8H5AsO(OH)2, forms a very insol. 
1 compd. with Zr and pptn. results in the presence of con

siderable mineral acid. The corresponding Th salt is insol. 
in fairly strong AcOH solns. Detailed directions are given 
for the detn. of Zr in the presence of Fe, Al, Ti, Th, ele
ments of the cerite group, U, Bi, Co, Mn, Co, Ni, Co, Zn, 
alkalies and H3PO4, as well as for the detn of Th in the 
presence of rare earths, e.g., in monazite sand. (W.T.H.) 

1216 
DETECTION AND ESTIMATION OF SMALL AMTS. OF W, 
Mo, AND Th W. Singleton Ind. Chemist 2, 454-7(1926) 

Various methods for the detection and detn of small amts. 
of Th are described and criticized. In the analysis of tho
riated W filaments, Th02 is likely to be present as well as 
Th. Treatment with HNO3 and HF dissolves the metal but not 
the oxide Heating with CHCI3 and air causes volatilization 
of W and leaves all the Th behind whether originally present 
as metal or as oxide Th can be detected by radioactive 
tests, but such a test is not altogether satisfactory because 
2 weeks exposure to a photographic plate is sometimes r e 
quired. 

1217 
QUANTITATIVE X-RAY SPECTRAL ANALYSIS. Paul 
Giinther. Naturwissenschaften 14, 1118-24(1926). 

A lecture discussing the essentials of quant x ray 
spectrography as developed in the emission method (Costenr, 
C A. 17, 3846, SUntzing, C.A. 18, 1431; G. and Stranski, C.A. 
20, 2617; G. and Wilcke, C.A. 20, 2281) and in the absorption 
method (Glocker and Frohnmayer, C.A. 19, 1547). The emis
sion method m the later stages (Coster and Nishina, C.A. 19, 
2000), I.e., comparison of the spectra with those of artificial 
mixts. of the substances, has an estd. accuracy of 10% of the 
percentage. For the absorption method mstances are given 
of accuracy around 7% The sensitivity of the absorption 
method decreases to a distribution in mg. element per sq 
cm. of the substance (K absorption) of 0 7 for Mo, 1.1 for Ag, 
1.5 for Sn, 1.6 for Sb, 2.1 for Ba, 2.2 for Ce, 6.3 for W, 9.0 
for Pb, 16 for Th. (B.J.C V D H.) 

1218 
IDENTIFICATION OF THORIUM IN FILAMENTS OF 
EVAUATED LAMPS P Selenyi Z anorg. allgem. Chem. 
160, 318-22(1927). 

The electronic emission of a filament in a vacuum lamp 
IS measured by an outside anode (tinfoil around the outside 

of the lamp) which is connected to a measuring instrument 
and the pos. pole of the lamp. With suitable improvements 
when the lamp is operated at 30-40% of its rated voltage 
the filaments contg. Th emit electrons very strongly while 
those contg. no Th emit very poorly. (M. Fenske) 

1219 
DROP REACTIONS FOR THE DETECTION OF Ti, Zr, AND 
Th. F. Pavelka. Mikrochemie 4, 199-201(1926). 

If a drop of a soln. of Th, Zr, or Ti salt is placed on an 
alizarin test paper (filter-paper soaked in alcoholic alizarin 
and dried and the paper is held over a soln. of NH3, the spot 
is colored violet, raspberry-red and reddish violet, resp. 
In all cases, the reaction will detect 1 part of the metal in 
more than 100,000 parts of soln Tartaric acid and other 
substances that prevent the pptn. of the hydroxides by NH3 
interfere with the test 

1220 
RADIOACTIVITY OF THE EARTH'S BASALTIC MAGMA. 
J. H. J Poole. Phil Mag [7], 3, 1246-52(1927). 

Exptl. detn. of Ra and Th content of basalts. (George 
Glockler) 

1221 
THE RADIUM AND THORIUM CONTENTS OF VOLCANIC 
ROCKS FROM HEGAU. Heinrich Lederer. Ber. 
naturforsch. Ges. Freiburg Br. 27, No. 2, 20 pp.; Chem. 
Zentr. 1927, H, 2273. 

The rocks were first decomposed and the quantity of 
emanation evolved during a given time was detd. by com
parison with a Ra-normal soln. According to these ejqits. 
the rocks in Hegau can be divided into 3 groups: (1) phono-
htes with a Ra content of 8.03 - 4.1 x 10"'^ g.; (2) basalts 
with 2.33 - 1.01 X 10"'^ g. and tuff with 1.05 - 0.00 x 10"'^ 
g. of Ra per g. of rock. The Th content amounted to 6.18 x 
10~5 g. Th for the first group, 0.57 x 10"^ g. Th for the 
second and 1.01 x 10"' g. for the last. The measurements 
of Kaiserstuhl rocks agreed with those of earlier investi
gators except for the phonolites. The tephrites are richer 
in Ra than the basalts of Hegaw. (C. C. Davis) 

1222 
THE PREPARATION OF HYPOPHOSPHORIC ACID. Max 
Speter. Rec trav. chim. 46, 588-9(1927). 

Upon heating 5 g. of red P with 1 1. of 10% soln. of com. 
bleaching powder S has prepd. a soln. of H4P20j(64% P is 
oxidized). The P residue is very black with but a slight red 
tinge The clear filtrate is nearly neutralized with cryst. 
CaC03, whereupon Ca2P20j together with small quantities of 
Ca3(P04)2, Ca(P02)2, and Ca2P20j ppt. This ppt. is dissolved 
in the smallest possible vol of dil. H2SO3. Upon standing 
cryst. CaS04 is pptd. The clear supernatant liquid contams 
the desired acid. S. has found such a soln. stable for 15 yrs . 
This soln. IS a test reagent for Th. (E. R. Schierz) 

1223 
THE FORMATION OF THORIUM HYDROXIDE FROM THE 
SOLN OF A SALT AS A FUNCTION OF pH J. A. Atanasiu. 
Ber. 60B, 2507-9(1927). 

Pyridine may be used, as well as NH3 or oxalic acid for 
gravimeteric detn. of Th. It is shown that at about the 
neutral point (pH 7), or in exceedingly weak acids or 
alkalies, Th(OH)4 is pptd. quantitatively. The quantity of 
pyridine added does not exert a special influence on the 
pptn. Under the conditions traces of Fe, as well as metals 
belonging to the Ce and heavy-metal groups, are not pptd. 

1224 
NOTES ON THE CHEMICAL ANALYSIS OF PITCHBLENDES. 
Eduard Korner and Friedrich Hecht (Univ. Vienna). Monatsh. 
49, 438-43, 444-59(1928). 

This research records the results of a great deal of care
ful analytical work on the analysis of several samples of 
pitchblende. The results show that the procedure recom-
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mended by C. W. Davis (C.A. 20, 1778) is satisfactory al
though several minor modifications are suggested. There 
are still some points to be cleared up that will require work 
with synthetic mixts. Considerable attention was paid to the 
detn. of Th, because according to the theory of G. Kirsch, 
rh is a decompn. product of an hypothetical isotope of U of 
at. wt. 236, so that the age of a sample of pitchblende can 
be estimated to some extent by the quantity of Th present. 
Davis could find no Th in the pitchblende he analyzed but in 
the samples now studied the presence of about 0.01% Th 
was established although the theory of Kirsch would require 
10 times as much. It is not yet clear whether this is due to 
a faulty method of analysis or not. The ratio of Pb: U, 
which is of importance in detg. the age of the mineral, was 
established very satisfactorily by the method of analysis 
used, which is so complicated that the original papers must 
be consulted for details. (W.T.H.) 

1225 
QUANTITATIVE ANALYSIS OF GALLIUM. HI. Alfred 
Brukl. Monatsh. 52, 253-9(1929). 

To sep. Ga from Ti neutralize the soln. with NH4OH and 
add an excess of (NH4)2C204. Then make the soln. N in 
oxalic acid and ppt. the Ti in the cold with cupferron. 
Ignite and weigh as Ti02. In the filtrate destroy the oxalate 
by heating with H2O2 and H2SO4, evapg. to fumes. Then dU. 
and ppt. Ga with cupferron in the cold. Or, instead of 
cupferron, phenylarsonic acid may be used, but the recom
mended procedure is much more complicated. For the 
sepn. of Zr from Ga the procedures are similar. The sepn. 
of Ga from Th can also be effected in these ways and large 
quantities of Th can be pptd. as oxalate in the absence of 
SOi"". To sep. Ga from V it is recommended to ppt. Ga 
from ammoniacal soln. by means of 8-hydroxyquinoline. 
In the filtrate, the V can be pptd. by neutralizing with 
AcOH very carefully and boiling with 1 cc. of satd. (NH4)2C03 
soln. until the soln. is neutral to litmus. Dissolve the ppt. 
in 2 N H2SO4 and ppt. with cupferron. ITie sepn. of Ga from 
W can be accomplished similarly. The sepn. of Ga from 
rare earths can be accomplished with cupferron. (W.T.H.) 

1226 
DETERMINATION OF URANIUM AND THORIUM BY MEANS 
OF 9-HYDROXY QUDJOLINE. Friedrich Hecht and Wilhelm 
Reich-Rohrwig. Monatsh. 53-54, 596-606(1929). 

Sol. UO2 salts give a deep red ppt. of U02(CgH(NO)2 • 
CsHjNO which is stable up to 200°. The ppt. can be weighed 
after drying at 105°, titrated with Br or weighed as U30g 
after strong ignition. The pptn. is best accomplished in hot 
dil. AcOH soln., by addn. of oxine acetate soln. till the red 
crystals appear and continuing dropwise until complete 
pptn. is accomplished. If mineral acid is present add ACONH4. 
Cool, filter and wash with water. Th gives a similar ppt. 
which can be weighed or titrated. The Th ppt. forms in a 
soln. contg. 5 g. of AcONa which has been neutralized to 
phenol red. The soln. should be at 50° and twice as much of 
oxine dissolved in 2-4% AcOH added. On heating to 70°, the 
original yellow ppt. liecomes light red. Cool, add NaOH to 
decrease the AcOH concn. to 0.3%, filter, wash with hot 
water, then with 25% a l e . dry at 170° and weigh. (C. J. 
West) 

General Analytical Methods 

1227 
INVESTIGA-nONS INTO THE ANALYTICAL CHEMISTRY 
OF TANTALUM, COLUMBIUM AND THEIR MINERAL 
ASSOCIATES. XVI. OBSERVATIONS ON TARTARIC HY
DROLYSIS. XVn. THE QUANTITATIVE PRECIPITATION 
OF THE EARTH ACIDS AND CERTAIN OTHER OXIDES 

FROM TARTRATE SOLUTION. W. R. Schoeller and H. W. 
Webb. Analyst 54, 704-15(1929). 

The great value of the tartaric hydrolysis has been al
ready shown. In this paper exptl. results are given which 
show that tantalic, columbic and tungstic acids behave simi
larly; when the pyrosuUate-tartaric acid soln. is treated 
with an excess of HNO3 and boiled, all but a few mg. of 
these acids are pptd. The sepn. of the earth acids from 
titania by this hydrolysis is far from perfect, but when the 
reaction is used in conjunction with the oxalate and salicyl
ate method, it constitutes the first step in the most reliable 
sepn. yet described. The presence of zirconia causes com
plication; Ta205 unaccompanied by Cb205 is incompletely 
pptd. when much Zr02 is present but still more serious is 
the danger of Zr02 pptg. Probably, however, the new pyro-
sulfate-tannin method will prove useful for purifying the 
earth-acid ppt. from Ti02 and Zr02. Th02 and the oxides of 
more common metals are taken care of more easily than 
Zr02 and Ti02 Ixit the influence of the rare earths is yet to 
be studied. HNO3 or HCl can be used as precipitant but with 
H2C2O4 the earth-acid recovery is incomplete. To recover 
earth acid which has not been completely pptd. from tar
trate soln. by tartaric acid hydrolysis, neutralization with 
NH4OH or by means of NH4OAC and adding 1 g. of tannin in 
coned, aq. soln. serves to cause complete pptn. on boiling 
of all earth acid. Zr02, Ti02, Th02 and Al20g are also com
pletely pptd. if the soln. is carefully neutralized by NH4OH 
after the addn. of the tannin. This reaction Is useful and 
convenient for the direct detn. of AI2O3 after pptn. of Fe as 
sulfide. Cupferron causes complete pptn. of earth acids 
from tartrate solns. to which mineral acid has been added. 
(W.T.H.) 

1228 

SOME HELPFUL APPARATUS IN RADIOACTIVE RE
SEARCH. O. Erbaeher, K. Philipp, and K. Donat. Physik. 
Z. 30, 913-8(1929). 

The following app. as used at The Kaiser Wilhelm Inst, 
are diagrammed and fully described: (1) app. for opening 
prepn. tubes in which the tube is held in a closed glass 
receptacle, which is scratched by a diamond point and 
broken with an incandescent Pt wire; (2) three styles of 
forceps, which are found useful; (3) a rotating water bath 
(with elec. attachment) which permits simple recovery of 
material in ease the container breaks; (4) y-radlation elec
troscope made air-tight by a barometer seal; (5) or-radla-
tion-electroscope with condenser so that the use of Ruther
ford a-electroseope can be extended to stronger prepns. up 
to 0.5 mg. Ra equiv.; (6) equipment for obtaining the active 
ppt. from Ra and Th from strongly emanating dried prepns. 
(Helen Gellette Weir) 

1229 
A METHOD FOR THE DETERMINATION OF THORIUM, 
URANIUM AND POTASSIUM IN SPECIMENS OF STONES 
AND MINERALS. Heinrich Graven. Sitzb. Akad. Wiss. 
Wlen, Abt. Ha, 139, 181-93(1930). 

A modified C. T. R. Wilson tilted electroscope with ioni
zation chamber attached was designed to use in detg. the U, 
Th and K contents of stones and minerals without even 
breaking the specimens. A careful study of the thickness 
correction was made by the use of artificial stones made of 
plaster of Paris with active substances mixed in. To det. U, 
Th and K it is necessary to make 3 measurements of the 
ionizing power; one without absorber, one with glass or 
gypsum absorber (differential absorption of U and Th series 
radiations); and one with Al foil for K detn. An indication of 
the accuracy of the method is the uniform decreasing activ
ity with increasing basicity of the rocks. The method is 
probably accurate within 10% for U and Th but not so good 
for K. (Oden E. Sheppard) 
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1230 
THE ESTIMATION OF THORIUM BY A METHOD BASED 
ON RADIOACTIVITY. Satoyasu limori. J. Chem. Soc. 
Japan 50, 10-4(1929). 

For the extn. of Th and rare earths in ores by the H2O2 
method (E. Benz, Z. angew. Chem. 15, 297(1902), the earths 
are first made into oxalates which are then treated with a 
mixt. of coned, and fuming HNO3 (1:2). In some eases oxa
late is not completely transformed into nitrate but remains 
insol.; whether this residue contains Th or not cannot be 
detd. by the radioactive method on account of weak emana
tion from the Th. However, an indirect estn. of Th in the 
residue is possible by addn. of a known amt. of U Xj (an 
isobar of Th) soln. It was found that when U Xi was added 
to ore, the distribution of U Xj in the residue is in exactly 
the same ratio as that of Th, and since U X, disintegrates 
to U X2 which emits strong |3 and y-rays, U X2 in the res i 
due can be measured by the radioactive method after igni
tion of the residue. It was found that the white insol. res i 
due after the treatment with fuming HNO3 contained about 
2% of the Th02 of the ore; in some cases no Th was found. 
Since the half-period of U X, is only 23.8 days, the standard 
U Xj soln. must be prepd. at the same time as the expt. or 
a correction is necessary when it is more than 2 weeks old. 
(K. Kitsuta) 

1231 
DETERMINATION OF SMALL QUANTITIES OF RADON 
AND THORON. Robley D. Evans. Phys. Rev. 39, 1014 
(1932). 

The limit of precision in the measurement of small quan
tities of Rn by the a-ray method is 2 x 10~" curies. This 
limit is imposed by the variations in ionization in the back
ground gas due to cosmic and local radiation. The compen
sation method of measuring Rn and Tn consists of meas
uring the difference in ionization in 2 identical ionization 
chambers which contain the same background gas, but only 
one of which contains the radioactive emanation. (D. Haas) 

1232 
GRAVIMETRIC ANALYSIS BY MEANS OF THE THERMO-
BALANCE. XV. DETERMINATION OF Cu, Mg, Zn, Cd, Al, 
Bi, Fe, Mn, Ti, U, Th, Pb and Ca BY MEANS OF THE SO-
CALLED OXIDE METHOD. Saburo Ishimaru. J. Chem. 
Soc. Japan 53, 566-73(1932). 

Cu, Mg, Zn, Cd, AI, Bi, Fe, Mg, Ti, U, Th, Pb, and Ca 
were pptd. from solns by oxide and the dehydration of these 
ppts. was studied with the thermobalance. Proper temps, 
for igniting these ppts. are given. 

1233 
MICROANALYTICAL EXPERIMENTATION WITH RADIO
ACTIVE SUBSTANCES. Alicja Dorabialska. Chem. Listy 
26, 263-7(1932). 

An adiabatic calorimeter of the Swietoslawsky type is 
described. ... The heat of radiation in cals. per hr. per g. 
was....Th02 2.16 x 10"*, ...Th computed from Th02 2.46 x 
10~* thorianite 1.05 x 10"*, thorite 1.37 x 10"', monazite 
3.60 X 10"*, and fergusonite 3.59 x 10"*. The latter min
erals give more radiation than pure U or Th; the high values 
of the minerals are attributed to the at. properties of rare 
elements Yt, La, and Sc which are present. 

1234 
METHOD FOR THE DETERMINATION OF URANIUM AND 
THORIUM IN ROCK SPECIMENS. Heinrich Graven. 
Sitzber. Akad. Wiss. Wien. Math.-naturw. Klasse, Abt. Ha, 
141, 515-20(1932). 

The method of G. (C. A. 25, 2661) is open to the criticism 
that the standards prepd. from gypsum and active material 
contain much water of crystn. which may absorb y-rays dif
ferently from most stone materials. Also the specimen as 
found in nature or freshly broken gives different values by 

G's. method after being polished. New standards prepd. of 
dolomite, quartz, cement and active material agree in value 
with the standards previously used and prove that the water 
of crystn. does not interfere. The shape of the sample also 
does not affect the measurements. Polished samples uni
formly gave values lower by almost a const, percentage 
than freshly broken samples. By comparing the values ob
tained from broken and polished samples by G's. method 
with the Ra and Th contents detd. by the emanation method 
it was clearly established that the lower values from the 
polished samples are the correct values, since they are 
identical with the values obtained by the emanation method. 
Weathered surfaces give higher false values by G's. meth
od. (O. E. Sheppard) 

1235 
THE DETERMINATION OF OPAQUE MINERALS IN SANDS. 
E. V. Rozhkova and T. L. Pokrovskaya. Centr. Mineral. 
Geol. 1934A, No. 1, 16-21. 

Methods (not new) that have been found most reliable and 
convenient for field use, including spot tests and micro-
chem. reactions, are described for the identification of 
hematite, tourmaline, futile, cassiterite, tantalite, colum-
bite, ilmenite, thorianite, and wolframite. (Michael 
Fleischer) 

1236 
RARE ELEMENTS IN ROCK ANALYSIS. V. M. Gold-
schmidt, H. Hauptmann, and CI. Peters. Naturwissen
schaften 21, 362-5(1933). 

Methods for detn. of the " ra re" elements in rocks (Be, 
B, Sc, Ga, Ge, Y, Sn, Cs, La, Pb, Th, Hf, Cb, Ta, As, and 
U) are discussed. Results obtained are reviewed (C. A. 27, 
4757; 28, 2304, 2, 2648"5 ", i). (B.J.C. v.d. H.) ~ 

1237 
INNER-COMPLEX SALTS. S. A. Voznesenskii. Uspekhi 
Khimii (U. S. S. R.) 4, 531-62(1934). 

A review on the metallic derivs. of a variety of sub
stances, chiefly org., such as glycocoU, picolines, amino 
and other substituted acids, aliphatic and aromatic amines 
of various types, phenols, es ters , ketones, aldehydes. 
Among the metals considered are Cu, Zr, Th, Ta, K, Cu, 
and Fe. Their applications in analytical chemistry are dis
cussed. (F. H. Rathmann) 

1238 
DETERMINATION OF THORIUM WITH PICROLONIC ACID. 
Friedrich Hecht and Walter Ehrmann. Z. anal. Chem. 100, 
87-98(1935). 

It has already been shown that Ca and Pb can lie detd. 
accurately with picrolonlc acid. Th forms a salt with this 
acid which is still less sol. and contains but 17.82% Th. It 
is not possible to sep. Th from other ra re earths with this 
reagent but after pptg. Th as the white, hydrated peroxide 
by treatment with NH4NOJ and H202, the ppt. can be dis
solved in HNO3 and is then ready for treatment with picro
lonlc acid. As reagent a soln. of 2.64 g. of the acid in 1.1 
is recommended. The Th soln. should be free from NH4 
salts and 50 cc. of the reagent should be used for 10 mg. of 
Th in a vol. of 55-60 cc. in the presence of 2.5% AcOH by 
vol. (W.T.H.) 

1239 
DETERMINATION OF THORIUM WITH 3 HYDROXYQUINO-
LINE. Fredrich Hecht. Z. anal. Chem. 100, 98-103(1935). 

A ppt. of Th(C,H,ON)4.C,H^N can be obtained in an AcOH 
soln. buffered with NH4OAC. The ppt. is suitable for both 
the macro- and micro-detn. of Th. The procedure is sim
pler and more rapid than is the above picrolate method. 
(W.T.H.) 

1240 
APPARATUS FOR THE DETERMINATION OF MINUTE 
QUANTITIES OF RADIUM, RADON AND THORON IN 
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SOLIDS, LIQUIDS AND GASES. Robley D. Evans. Rev. 
Sci. Instruments 6, 99-112(1935). 

An accurate and detailed description of the app. is given 
with drawings. A direct fusion furnace permits removal of 
emanation from a solid at 2000°. Rn is removed from liq
uids without loss. The use of double ionization chambers 
with a highly sensitive string electrometer permits ob
servations on very feeble sources. Ocean water varied 
widely. Near La JoUa and Monterey, California there was 
found 3 X 10~" g. Ra per cc. at the surface increasing with 
depth, while 100 miles off the Marine coast the Ra content 
is 1.5 X 10"' g. per cc. Kelp and plankton contain 100 times 
as much Ra as the sea water in which they live. (L.D. 
Roberts) 

1241 
A METHOD FOR THE ANALYSIS OF SMALL QUANTITIES 
OF MONAZITE. Friedrich Hecht and Edith Kroupa. Z. 
anal. Chem. IM, 81-99(1935). 

The analysis of radioactive minerals is of importance 
for the geological estn. of time. Monazite is a representa
tive of the phosphates of the rare earths. Of particular 
importance are the Pb, U, and Th contents. Pb and U, how
ever, are often present only to the extent of a few hun
dredths of 1%, and hitherto it has been customary to make 
but 1 detn. with a single sample and use up to 30 g. of the 
mineral. In the scheme of analysis, which is too long to be 
described here, the S1O2, PgOg, AI2OJ, Mn304, CaO, MgO, 
ThOg, rare earths, and U30g were detd. in a single sample 
weighing 23-30 mg. and the Pb was detd. in a sep. portion. 
After analyzing 2 samples of natural monazite, the proce
dure was checked with a synthetic sample and the values 
obtained were, on the whole, very good. Of the unusual 
features of this scheme, the following may be mentioned: 
the P2O5 was detd. with molybdate directly after the S1O2 
detn., and in the filtrate the Mo was removed for the most 
part before pptg. Fe, Al, Th and the rare earths. For pptg. 
the elements just named, NHjOH.HCl together with NH4OH 
was used. The phosphomolybdate ppt. first obtained was 
dissolved and the pptn. repeated, and the same precaution 
was taken with several other detns., although the original 
sample was small. The Ca was detd. as picrolate and the 
UO2 as well as Mg, was pptd. with 8-hydroxyquinoline. For 
the lead detn. the sample was first fused with NaOH in a 
Pt crucible. Most of the other features of the analysis 
were orthodox. (W.T.H.) 

1242 
MICROANALYSIS-TESTS FOR RARE AND COMMON 
METALS. J. Gordon Pearson. Chem. Eng. Mining Rev. 
28, 108-10(1936). 

Spot tests are described for many common metals and 
for Au, Ce, Th, and Mo. 

1243 
MICROANALYSIS. IL TESTS FOR RARE AND COMMON 
METALS. J. Gordon Pearson. Chem. Eng. Mining Rev. 
28, 151-4(1936). 

This installment includes microtests for Mn, Li, Th, Ta, 
Ni, Ti, W, Au, Ce, Co, As, Cu"'""'", Cu"'", CH2O, water, ni
trates, and F. 

1244 
MASS ANALYSIS OF THE CHEMICAL ELEMENTS. Arthur 
J. Dempster. Proc. Am. PhiL Soc. 76, 491-6(1936). 

Further expts. have completed the preliminary analysis 
of the isotopes in all the chem. elements. New isotopes not 
previously reported have been found in Ce and Ba. Exact 
comparisons show that the usually accepted at. masses of 
U and Th are too high; correct values are 238.090 and 
232.070. The masses of the Pb atoms into which these ele
ments are transformed by radioactive disintegration have 
been observed and compared with the values calcd. from 

the particles emitted during these transformations. Agree
ment IS found only after allowance is made for the mass 
equiv. of the energy of these particles. (Harold Gershino-
witz) 

1245 
CHEMICAL ANALYSIS OF BLACK AND RUBY SANDS. V. 
Zemel. Sovet. Zolotoprom. 1936, No. 3, 50-1. 

The method makes it possible to det. in one sample W, V 
and Mo and to detect Sn, Ta, Cb, Th, Zr, and rare earths. 
(B.Z.K.) 

1246 
GRA'VIMETRIC DETERMINATION OF SMALL QUANTITIES 
OF Th. L E. Kaufman. J. Applied Chem (U.S.S.R.) 9, 
918-23 (In French 924)(1936). 

Of various methods for detg. Th the best results were 
obtained by a modified procedure based on combining the 2 
methods of pptn. with KIO3 by Meyer (C.A. 5, 2608), and 
conversion of the iodate to oxalate by the method of Trinton 
and James (C.A. 13, 1680). The advantages of this method 
are that no sepn. of rare earths from the 3rd group is nec
essary, the reaction proceeds in strongly acid solns, and 
that small amts. of Th can be detd. in minerals contg. Ti, 
Zr, and Sc Prep soln. 1 (a) from 15g. KIO3, 50 cc. HNO3 
(d.1.4) and 100 cc H2O and soln 2 (b) from 8 g. KIO3, 200 
cc HNO3 (d.1.2) and 800 cc. HgO. To 10-40 cc of Th cont. a 
large excess of Ce and 25% HNO3 add an equal vol. of a, di
gest mixt. at 60-80° for 15 min. and then introduce 2 vols, 
of b. Filter the cold mixt. thru a dense filter paper, trans
fer the filtrate and ppt. into the same beaker, stir well, 
filter and wash the ppt. free from Ce with b. For solns. 
contg. not more than 10-20 mg. Th and 0.1-0.2 g. Ce one 
pptn IS sufficient In case of coned, solns. or in the pres
ence of large amts. of other elements (Fe, Al, U), transfer 
the ppt. into the same beaker with a little hot H2O and dis
solve it by heating and adding HNO3 dropwise. Evap. or dil 
the soln. to a concn. of 25% HNO3, and proceed with the 
pptn. and washing of the ppt. as above. Transfer the ppt. 
with the filter into the same beaker, add 2-3 g. of cryst. 
(C02H)2 and 50 ce H2O, heat carefully at first and then boil 
until the iodate is decompd and the I is expelled. Dil. the 
soln. with H2O, filter, wash and convert the oxalate to Th02 
as usual. 

1247 
REACTIVE THORIUM OXIDE. Chemische Fabrik von 
Heyden. A.-G (Richard Muller, inventor). German Patent 
633,996, Aug. 14, 1936 (CI 12m.9). 

Th(C02)4 IS decompd. by heating at 300° till the mass will 
dissolve in hot coned. HCl or HNO3 to form a stable salt. 
Examples are given. 

1248 
INVESTIGATIONS INTO THE ANALYTICAL CHEMISTRY 
OF TANTALUM, COLUMBIUM AND THEIR MINERAL AS
SOCIATES. XXXIII. GENERAL SUMMARY AND RESULTS. 
W. R. Schoeller. Analyst 61, 806-11(1936). 

The chronological sequence in which the exptl. results 
obtained in the study and development of methods for analy
zing minerals contg. Ta, Cb and their associates Ti, Zr, 
Hf, Th, Ce, Tb, Y, etc., have been described was of neces
sity haphazard; the present paper, which marks the end of 
17 yrs . of painstaking work, is a classified index of the 
whole investigation and a brief discussion of the results. 
Perhaps the most important discovery was with respect to 
the value of tannin and tartaric acid in the analyses of Ta-
Cb minerals. As a result of the entire investigation, the 
analytical chemistry of Ta and Cb has been brought into 
line with that of the commoner elements and one is now 
able to analyze complex minerals contg Ta and Cb as a 
matter of routine and with a precision hitherto unattain
able. (W.T H.) 
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1249 
METHODS FOR DETERMINATION OF RADIOACTIVITY IN 
SOLID, LIQtnD AND GASEOUS SUBSTANCES. V. Adeline 
Leal Rev brasi l chim (Sao Paulo) 2, 78-9(1936). 

L descr ibes complete e lectroscopic equipment for m e a s 
urements of radioactivity to be used for detg. radiations 
from sol ids , liquids and g a s e s , condensed emanations, 
radioactivity of the atm. , estn. of Th, absorption of rays by 
various substances, detn. of radiations used in medicine, 
etc. Ibid, 187-9 VI A description of the e lectroscopic 
method for the detn. of radioactivity Ibid, 247-8 VII. 
Methods of detg Th by the emanation method are reviewed 

1250 
THE USE OF THORIUM NITRATE IN THE RAPID ASHING 
OF SERUM AND URINE. I. ADAPTED FOR SUBSEQUENT 
POTASSIUM DETERMINATIONS. Margaret B. Strauss. 
J. Biol Chem U S , 331-5(1937). 

Serum, urine, or s imi lar biol. material may be ashed in 
an e lec . muffle furnace in a max. of 15 min. at 750° or in 25 
min at 600° by the addn. of a soln. of Th(N03)4. Th i s 
thought to form double sa l ts with K, Ca, Mg and Na which 
volati l ize at a much higher temp, than the individual sa l ts 
with no danger of l o s s even at 750°. Added K i s recovered 
with an error of ±2 6% or l e s s and the amts . found agree 
with those obtained with the Neumann wet washing t echn ic 
The method can probably be adapted to the detn of Na. 
(A.P Lothrop) 

1251 
THE DETERMINATION OF THORON BY THE GAS-CUR
RENT METHOD. R Duehon. J. phys radium 8, 285-93 . 
(1937) (S. Bradford Stone) 

1252 
DETERMINATION OF URANIUM, THORIUM AND LEAD IN 
THUCHOLITE. O. B. Muench. J. Am Chem Soc. 59, 
2269-70(1937). 

The quantities of U, Th, and Pb and their relative pro
portions in a sample of thucholite were detd by careful 
analys is . The Pb was detd. a s PbS04 with the precaution 
of recovering traces that were left in soln. by adding a 
little Cu and pptg. as sulfide with a final pptn. as PbS04. 
The Th and other rare earths were pptd by adding oxalic 
acid to the filtrate from the PbS04 detn. and eventually 
dedt. by the peroxide method and a l so by the iodide method. 
The U was detd. as UgOj and also a s (U02)3-P207 The 
ratio of Pb:U was 0.038 whereas in cyrtolite from the 
same mine the ratio was 0.019. In the thucholite itself 
considerable variance was noted in the compn. of nodules 
and of crysta ls . It i s clear that the mineral was (or) i s 
undergoing alteration and the Pb:U ratio i s of little value 
with respect to detg. the age of the mineral (W.T.H.) 

1253 
DETERMINATION OF THORIUM WITH PHENYLARSONIC 
ACID. L E. Kaufman. J. Applied Chem. (U.S.S.R.) 10, 
1648-50(ln English 1650)(1937). (A. A. Podgorny) 

1254 
POTENTIOMETRIC DETERMINATION OF LANTHANUM 
AND THORIUM AS OXALATE. I. A Atanasin. Z. anal. 
Chem. 1 1 2 , 19-22(1938) 

Attempts to titrate La chloride or nitrate and Th chloride 
or nitrate to the complete formation of La2C204)7 or 
Th(C204)2 with Na2C204 as reagent succeeded with La"'""'"''" but 
failed with Th''"'"'"''. The effect of foreign ions was quite 
different from the effects obtained in titrating Ce''"'"'' The 
best resul ts were obtained in 50% ale. at 60°. Na ions, when 
present up to 1%, make the end point more difficult to de
tect and the same i s true of 3% NHj but K ions are neutral 
(W T H.) 

1255 
FLUORESCENCE ANALYSIS. VI. FLUORESCENCE DE

TECTION. 2. Hidehiro Goto. J. Chem. Soc. Japan 59, 
625-33(1938). 

A scheme i s given for detecting by fluorescence analysis 
Co, Ba, Sr, Ca, Mg, Na, Be, U, V, Ti, Zr, Li, Th, and W. 

1256 
A TEST OF THE METHODS FOR DETERMINING Th. L. 
E. Kaufman. Trav. inst. etat radium (U.S.S.R.) 4, 413-17 
(In French, 317-18)(1938). 

Comparison of 7 methods for detg. Th shows that pptn. 
by KIO3 IS s implest and most accurate. Sebacic acid a lso 
g ives good resu l t s , but requires preliminary isolation of 
Th and the rare earths. When rapid analyses are des ired, 
the volumetric method with (NH4)2M004 can be used, but it 
i s l e s s accurate. 

1257 
THE MICROCHEMISTRY OF THE RARE EARTH METALS. 
Ardoino Martini. Pub. inst. invest igaciones microquim., 
Univ. nacl. l itoral (Rosario, Argentina) 1, 71-5(1937). 

The behavior of each of the rare earth metals toward 
Na2S04, K2SO4, NH4 succinate (1), RbCl, CsCl, and 
K4Fe(CN)g i s redetd. and the sensit ivi ty of each reaction 
IS found. The most sensi t ive i s that with I (about 1 y of 
each element) . By means of CsCl and RbCl, separately, 
m coned. H2SO4 it i s possible to differentiate microscop
ical ly between the Ce and Yt subgroups. Yt can be differ
entiated from Er by means of the neg. reaction of the 
latter with Na2S04; s imi lar ly , Th can be distinguished 
from the rare earths by its neg. reaction with K4Fe(CN)j. 
(T.H.D.) 

1258 
STUDIES OF GRAVIMETRIC ANALYSIS BY MEANS OF 
THE THERMOBALANCE. XXI. DETERMINATION OF Ca, 
Pb AND Th AS PICROLONATE AND OF P, Pd, Co, Zr, Au, 
Be, Ta, AND Si BY THE OXIDE METHOD. Kiba and 
Tadasi Ikeda. J. Chem. Soc. Japan 60, 911-14(1939). 

The proper temps, of drying as detd. by the thermobal
ance are: . . . Th picrolonate <35°, anhydride 160-80°; oxine 
phosphomolybdate dihydrate 115-35°; ... 
XXIH. DETERMINATION OF Co, Cu, Fe, V, U, Mo, Se, Th, 
AND Si. Hisazi Kato, Hiraku Hosimiya, and Sigeharu 
Nakazima. Ibid. 1115-18. 

The proper heating temps, for ThO used in gravimetric 
detn. i s : ThO > 780°. 

1259 
ZEEMAN EFFECTS IN COMPLEX SPECTRA AT FIELDS 
UP TO 100,000 GAUSSES. George R. Harrison and Francis 
Bitter. Phys. Rev. 57, 15-20(1940). 

A newly constructed electromagnet of the Bitter type has 
been arranged to give fields up to 100,000 gausse s , uni
formly to 1% over a vol of 25 cc. A special type of hori
zontal arc , with e lectrodes of sa l ts compressed in Ag pow
der, i s operated at 4 amps, and furnishes light transverse ly 
to the field to 3 grating spectrographs which can cover the 
range 2000 to 8000 A. U. in a single exposure. Plane-polar
ized components of the light are sepd with a 2-inch quartz 
Rochon pr ism, and exposures of 5 to 30 min. give dense 
spectrograms at resolutions of 100,000 and greater. P lates 
in the ultraviolet region have been obtained for Ce, Cb, Er, 
Eu, Gd, Fe, Nd, Pr, Rh, Ru, Th, W, and "STb. On most of the 
plates l ines of the second and third spectra are more in 
evidence than those of the f irst , and air l ines are promi
nent. Typical portions of a Rh plate at 90,500 and 70,000 
gausses are shown and data are given for a no. of Ce, Rh, 
and Ru l ines . (Bernard Lewis) 

1260 
QUALITATIVE ANALYSIS I, II. A SYSTEM TO INCLUDE 
SOME OF THE RARER ELEMENTS. J. E. Clennell Min
ing Mag. 62, 19-26, 81-8(1940). 

The outlined scheme includes W, TI, Mo, Ti, U, Ce, Th, 
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V, and Li but does not include Be, Zr, Ta, Cb, precious 
metals or rare earths and little attention is paid to meth
ods for handling minerals that are difficult to attack. Group 
I contains the usual Pb, Hg and Ag together with TI and W. 
The TlCl is dissolved in hot water together with PbCl2 
from which it is sepd. by pptg. the Pb as PbS04 and de
tected by the formation of yellow Til, black TI2S and by 
the flame test. WO3 is dissolved from the ppt. together 
with AgCl by the usual treatment with NH3 and identified 
by the test with Zn + HCl and by the formation of a white 
ppt. with cinchonine-HCl. Group I may also contain Sb, Sn, 
Bi, Mo, Ti, Ba and Sr under some circumstances although 
these elements belong to other groups. Sb, Sn, Bi and Ti 
are carried down as a result of hydrolysis, for the most 
part. Ba and Sr may be present in the sample as insol. sul
fates. Group n includes Hg, Pb, Bi, Cu, Cd, (TI), As, Sb, 
Sn, and Mo. The usual sepn. into 2 subgroups is made with 
alk. solns. contg. sulfide. The analysis of the Cu group fol
lows conventional lines except that the effect of TI in the 
higher state i s considered. Alternate procedures are given 
for detecting As, Sb and Sn but no new test is described. 
The Mo is detected by the blue color that usually results 
upon evapg. with HCl + HNO3 and by the test with KCNS + 
SnCl2. Provision is also made for pptg. Mo as PbMo04. 
Group in contains Fe, Al, Cr, Ti, U, Ce, Th and possibly 
TI and V. The detection of Zr, Hf, Be, Ta, Cb, Yt, etc., 
which also belongs in this group, is not considered. The 
analysis proceeds conventionally except for the following 
points: (1) The group is not pptd. as a whole by NH4OH + 
(NH4)2S at the start but the older method of pptg. one part 
of the group with an excess of NH3 and considerable NH4CI 
is recommended. (2) The first ppt. is dissolved in HCl and 
treated with oxalic acid to ppt. Ce and Th. These elements 
are Ixjth detected by H2O2 tests after treatment with strong 
(NH4)2C204 to dissolve the oxalate of Th. (3) Ti is sepd. 
from Fe by pptg. the latter as FeS from ammoniacal soln. 
contg. tartrate. (4) The K4Fe(CN), test for UOg"'̂  is made 
after the soln. contg. Fe, Al, etc., is heated with strong 
(NH4)2C03 soln. Groups IV and V contain no new test except 
that after the Ba, Sr and Ca are pptd. as carbonates, one 
portion of the filtrate is boiled with NaOH till all NHj salt 
is decompd. and the Mg pptd. as Mg(OH)2 and then in the 
filtrate the LiP04 is pptd. by adding Na2HP04 and the LiP04 
is proved sol. In dil. AcOH. Flame tests alone are relied 
upon for the identification of Na and K. A skilled, practical 
chemist will undoubtedly get useful results from this 
scheme of analysis, which is much simpler than other 
schemes that have been proposed. (W.T.H.) 

1261 
RADIOACTIVE STANDARDS. L. F. Curtiss, Clark Good
man, Alois F. Kovarik, S. C. Lind, C. S. Piggot and Robley 
D. Evans. Phys. Rev. 57, 457(1940). 

Standards are being prepd. and analyzed and will be i s 
sued by the National Bureau of Standards. (1) Ra: 100 cc. 
solns. contg. 10"' and 10~" g. for emanation standards; 5 
cc. solns. contg. 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10, 20, 50, and 
100 micrograms for y-ray standards (all sealed in Pyrex). 
(2) Sealed ampoules contg. sublimed ThCl4, for use in 
prepg. satd. Th solns. (3) Standard rock samples, between 
40 and 100 mesh, of quartzite, triassic diabase, Milford 
granite, Chelmsford granite, gabbrodiorite, Columbia River 
basalt, Berea sandstone, dunite, Carthage granite, Carthage 
limestone, Decann trap and kimberlite. (G. M. Petty) 

1262 
IMPORTANCE OF HYDROGEN-ION CONCENTRATION 

' FOR THE ESTIMATION OF METALS BY THE USE OF a -
NITROSO-3-NAPHTHOL FOR Co, Cu, Fe, V, Pd, U; 
MOLYBDIC ACID FOR Ca; PICROLONIC ACID FOR Ca, 
Pb, Th; AND ZINC URANYL ACETATE FOR Na. Kiyosi 

Tanii, Hiraku Hosimiya, and Tadasi Ikeda. J. Chem. Soc. 
Japan 61, 269-76(1940). 

The suitable pH ranges for pptn. of metals with O'-nitroso-
/3-naphthol are: Co <8.74, Cu 3.96-13.20, Fe 0.95-2.00, V 
2.05-3.21, Pd <11.82, U 4.05-9.38; with molybdic acid Ca 
5.4-8.8; with picrolonlc acid Ca 2-3, Pb 2.0-6.5, Th 2-3.2; 
with Zn uranyl acetate Na 4.5-6.0. (T. Katsurai) 

1263 
THE FUNDAMENTAL REACTIONS IN ANALYTICAL 
CHEMISTRY. IX. SUMMARY. Yosinaga Oka. J. Chem. 
Soc. Japan 61, 311-20(1940). 

In order to study the reaction and the formation of ppt. 
which take place when a radical is added to a soln. of a 
salt, potentiometric titration and cond. measurements were 
carried out. As precipitants, NaOH, Na2C03, Na2HP04, 
Na2As04, Na vanadate, Na selenate, K tellurate, K2Cr20Y, 
Na2Mo04, Na2W04, K4[Fe(CN),] and K3[Fe(CN)e] were used. 
Hydrolysis consts. and the soly. of hydroxides of metals 
such as Zr, Fe, Th, Ga, TI, In, Al, Cr, Sc, Be, Hg, Cu, Zn, 
Ce, Cd, La, Ni, Co, Mn, and Ag were detd. (T.K.) 

1264 
VOLUMETRIC AND GRAVIMETRIC DETERMINATION OF 
CERIUM AND THORIUM BY THE IODATE METHOD. Yu. 
A. Chernikhov and T. A. Uspenskaya. Zavodskoya Lab. 9, 
276-83(1940). 

Ppt. the Ce by adding an equal vol. of a soln. contg. 100 g. 
KIO3 + 333 ml. HNO3 (d. 1.04) in 1 1. Under such conditions 
the final soln. should contain 5% by wt. of KIO3. Filter 
through a singered glass filter, wash with HNO3 soln. of 
KIO3 3-4 times with small portions of 95% a l e and finally 
1-2 times with ether. Dry for 10-15 min. at 40-45°, 
dissolve in acidified KI soln. and titrate the liberated 
I with 0.1 N thiosulfate. For less than 1 mg. Ce filter 
through an asbestos filter, omit the washing with ether 
and titrate with 0.01 N thiosulfate. The ppt. corre
sponds to 2Ce(I03)4.KIOj-8H20. Volumetric and gravi
metric results agreed well. The detn. is not affected 
by most common elements and is not affected by sul
fates, phosphates, oxalic and citric acids. Tartaric 
acid should not be present and Fe, Ag, Pb, Th, Zr, Ti, 
Mn and Th should be removed. The method is also 
applicable for detg. Th. The compn. of the Th ppt. is 
4Th(I0g)4.KI03.18H20. If Ce and Th are both present, 
add a few drops of 3% H2O2 and ppt. as above, filter, 
wash and titrate. Add a small amt. of cryst. KBrOg to the 
filtrate to oxidize Ce to Ce '^ . Filter off the ppt., wash and 
titrate as usual. For the quant, sepn. of Ce and Th, one 
pptn. of Th is sufficient. For less than 2 mg. Th and large 
amts. of Ce repptns. are necessary. (B. Z. Kamich) 

1265' 
X-RAYS—SPECTROSCOPIC QUALITATIVE AND QUAN
TITATIVE ANALYSIS OF THE RARE ELEMENTS. I. B. 
Borovskii, M. A. Blokhin, and L. A. Grzhibovskaya. Bull. 
acad. sci. U. R. S. S. Ser phys. 4, 122-4(1940). 

Various ores and minerals were analyzed for the rare 
elements with the x-ray spectrograph and with a bent crys
tal (Cauchois-Johann method, C. A. 26, 1510; 28, 29942). 
For the specially prepd. mixts. of pure elements (stand
ards) the relation between the intensity of lines and the 
concns. of Mn, Cr, Sr, Y, Zr, Cb, Mo, Ce, La, Pr, Nd, Ta, 
W, Pb, Th, and U was found. (Roksalana Gamow) 

1266 
VALUATION OF MONAZITE SANDS. Albert E. Williams. 
Chem. Eng. Mining Rev. 33, 112(1941). 

When necessary a sample is coned, by panning and the 
product warmed with coned. H2SO4. Decant a few drops and 
evap. to a small vol. Transfer 1 drop to a glass slide and 
place under the microscope. Add 1 drop of a satd. soln. of 
AcONa. Minute oval crystals of Na2Ce(S04)3 sep. if mona-
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zite is present. Det. ThOg by sepg. Th and other rare 
earths by pptn. as oxalates in neutral soln. and pptn. of Th 
as peroxy nitrate from a neutral soln. of NH4NO3 by the 
addn. of H2O2. Fuse 0.5 g. with 0.5 g. NaF and 10 g. NaHS04 
in a Pt crucible. After cooling, ext. the melt with dil. HCl 
and heat to boiling. Filter off the residue and wash twice 
with hot water. Digest the residue with coned. HCl, dil., 
filter and wash. Nearly neutralize the combined filtrates 
contg. all the Th with NH4OH, heat to boiling and add 3-4 
g. solid (NH4)2C204, with stirring, which ppts. oxalates of 
the rare earths. Let stand overnight, filter, wash with hot 
water and transfer to a porcelain dish Wash the filter with 
hot coned HNO3 and add to the original filtrate. Evap. to 
dryness, digest with 10 cc HNO3 and 20 cc. fuming HNO3 
and digest under a cover until all action has ceased. Evap. 
the soln. to dryness, moisten with water and cautiously dry 
on the water bath Take up with water and dil. to 100 c c , 
add 10 g. NH4NO3, heat to 70° and ppt. Th as peroxy nitrate 
by the addn of 20 cc. 3% HgOg. Filter and wash with 2% 
NH4NO3 soln. Redissolve in dil. HNO3, evap. to dryness, 
moisten with water, dry again and dissolve in 100 cc. 10% 
NH4NO3 and reppt. as Th peroxy nitrate Filter, wash with 
2% NH4NO3, dry, ignite and weigh as Th02. (W. H. Boynton) 

1267 
COLORIMETRIC ESTIMATIONS H. Voigt. Deut. Apoth. 
Ztg. 56, 309-10(1941). 

The colorimeter is built according to the principle of 
Dubosq The tests studied were for Al, Sb, Be, Pb, Cd, Ca, 
Cr, Fe, K, Cr, Mg, Na, Ni, Hg, Ag, Th, P, Si, Bi, Zn, and 
Sn. 

1268 
FLUORESCENT TESTS FOR BERYLLIUM AND THORIUM. 
Charles E. White and C S Lowe Ind Eng Chem , Anal 
Ed 13, 809-10(1941). 

l-Amino-4-hydroxyanthraquinone gives an intense fluo
rescence with Be in an alk soln and with Th in an acid 
soln. Dissolve 0 1 g in 100 ml. of 95% EtOH. A suitable 
soln. for the test contains 0.1 g Be per 1. Place 0.1 ml. 
of such a soln. in a test tube together with 1 ml. of 2.5 N 
NaOH. Dil. to 10 ml., add 0.5 ml of reagent and exam, un
der ultraviolet light. Li gives a similar test. To test for 
Th make the pH about 2 and proceed similarly. The sensi
tivity of the Th test is not great. (W.T.H.) 

1269 
METHODS OF X-RAY SPECTROSCOPY. I B Borovskii. 
Trudy Vsesoyuz Konferentsii Anal. Khim., Akad. Nauk 
S S S.R. J_, 135-42(1939); Khim. Referat. Zhur. 1940, No 2, 
57, 35, 2O894. 

X-ray spectral analyses were accelerated considerably 
by the use of light spectrographs with curved crystals ac
cording to the method of Cauchois and Johann (C. A. 26, 
1510; 28, 29942). Rapid methods for detecting elements 
from 29 Cu to 47 Ag and from 71 La to 92 U and for the 
ra re earth elements were developed. Detns. are carried 
out according to the method of equilization of the inten
sities, and methods for detg. Hf, Cb, Ta, Zn, Sr, Th, U, 
Ce, La, Nd, Y, and Mn were developed. The detns. differ 
by from 5 to 20% from the true value. The sensitivity of 
the method is 0.1-0 01 at. %. (W. R Henn) 

1270 
SOME FUNDAMENTAL REACTIONS OF ANALYTICAL 
CHEMISTRY. Yosinaga Oka. Bull. Tokyo Univ. Eng. 8, 
21(1939); Chem. Zentr. 1940, I, 3150. 

To study the soly. of the ppts. and the mechanism of the 
reactions involved, the nitrates of Cu, Ag, Be, Ca, Sr, Ba, 
Zn, Cd, Hg, Al, Ga, In, Y, La, Ce, Pb, Zr, Th, Cr, UO2, Fe, 
Co, and Ni and the chlorides of TI and Mn as well as 
Se2(S04)3 were titrated potentiometrieally and conducto-
metrically with the following Na salts: hydroxide, car

bonate, phosphate, arsenate, vanadate, selenate, molyb
date, tungstate. The above nitrates and chlorides were 
also titrated with K tellurate, chromate, ferro- and ferr i -
cyanide (M. G. Moore) 

1271 
INFRARED ABSORPTION SPECTRA OF METAL HYDROX
IDES. Clement Duval and J. Leeomte. Bull. soc. chim. 3, 
713-24(1941). 

Exptl. data on the infrared absorption spectral of 30 
metal hydroxides in powder form are shown. In the range 
6-14 fi, the characteristic frequencies observed for the hy
droxides MOOH are manganite, 1481, cm"'; goethite, 1492; 
BiO(OH), 1310, 1446; the types M(OH)2 possess only one 
frequency; Be, 1481, Mg, 1467, Mg (brucite), 1487; Ca, 
1434, Ni, 1399; Co, 1424; Cu, 1345 and 1474; Zn, 1349, Sr, 
1507; Cd, 1434; Pb, 1373 em."'; those of the type M(OH)j 
generally two frequencies; B, 1394, 1815; Al, 1375, 1503; 
P, 1463; Cr 1356, 1457; Co, 1404, 1446; Ce, 1356, 1457; Bi, 
1322, 1446; hydrargyllite, 1329, 1470; those of the type 
M(OH)4 two frequencies; Ce, 1322 and 1492; Th, 1294 and 
1438. From these date D. and L. conclude that the hydrox
ides MOH have the structure O ; M(OH)4, O O. 

/ \ 
M H 

/ \ / \ ' 
H M H 

in M(OH)3 the O atoms form a triangle with M in the center 
Differences in the spectra of the natural minerals and the 
synthetic products are due to the fact that the former 
were studied in thin crystal layers; the latter as powders. 
The various possible types of symmetry groups are dis
cussed. (F. H. Rathmann) 

1272 
CRITICAL STUDY OF REAGENTS FOR CATIONS. •\ai. 
REAGENTS FOR THORIUM. Paul Wenger and Roger 
Duckert. Helv. Chim. Acta 25, 1110-14(1942). 

The following 11 reagents have been recommended but 
should be discarded because they are not sufficiently sen
sitive: Na2C03, K2CO3, H2O2, HF, KIO3, m-nitrobenzoic 
acid, hexamethylenetetramine, aluminon, pyrogallol, so
dium dihydroxy-l,2-anthraquinonesulfonate and sulfo-4'-
phenylazo-l-hydroxy-2-methyl-5-benzene. Ten more r e 
agents should be discarded because they are too general; 
phosphomolybdic acid + HNO3, KIO3, hexamethylenetetra
mine, diphenythiocarbazide, aluminon, quinalizarin, pyro
gallol, Na dihydroxyanthraquinonesulfonate, pyrogallol, 
morine, sulfo-4'-phenylazo-l-hydroxfl-2-methyl-5-ben-
zene. These 9 reagents give similar reactions with other 
rare earths: HF, KIO3, sebacic acid, diphenylthiocarbazide, 
aluminon, quinalizarin, pyrogallol, Na dihydroxy-l,2-an-
thraquinonesulfonate, morine and cocheniUe. The following 
reagents give pos. tests but are of no special interest: 
(NH4)2C204, K2SO4, alkali molybdate and NaH2P02 + 8-
hydroxyquinoline acetate. Four reagents are to be recom
mended: (NH4)2C03 + TlNOg which gives characteristic 
crystals as does UOj"''; oxine which is useful for spot tests 
or in small test tubes: the test is also given by UOj''' and 
Zr''"*"'̂ *; H2O2 + Na2S203 + BaCl2 which reacts with Th much 
as it does with Ti, V, Mo, W and Zr; benzenearsonic acid, 
which reacts with Th as with Ce"'"'"'"'' and Zr''"'"'""'". (W.T.H.) 

1273 
COLOR REACTIONS FOR THORIUM, URANIUM AND 
OTHER ELEMENTS. V. I. Kuznetsov. Compt. rend. acad. 
SCI. U. R. S. S. 31, 898-900(1941)(In English). 

On treatment with 2-(o-arsonophenylazo)-p-cresol, l - (o-
arsonophenylazo)-2-naphthol-3,6-disulfonic acid, l-(o-
arsonophenylazo)-2-naphthoI-6,8-disulfonic acid, and 3-(o-
arsonophenylazo)-4,5- dihydroxy -2,7- naphthalenedisulf onic 
acid, resp., in (a) neutral or slightly acid soln. and (b) in 
the presence of HCl, the rare earths give: (a) yellow, (b) 
yellow, (a) pink-orange, (b) orange-yellow, (a) orange-
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yellow, (b) yellow, (a) blue-crimson, (b) orange-red. Ti '^ 
gives: (a) yellow, (b) yellow, (a) orange, (b) orange, (a) 
orange-yellow, (b) orange-yellow, (a) violet, (b) violet. Zr 
gives: (a) yellow, (b) yellow, (a) orange, (b) orange, (a) 
orange-yellow, (b) orange-yellow, (a) violet, (b) violet. Sn'^ 
gives: (a) yellow, (b) yellow, (a) orange-yellow, (b) orange-
yellow, (a) yellow, (b) yellow, (a) orange-red, (b) orange-
red. Th gives: (a) brownish, (b) yellow, (a) crimson-pink, 
(b) crimson-pink, (a) pink, (b) pink, (a) blue-violet, (b) 
blue-violet. Cb gives (a) yellow, (b) yellow, (a) —, (b) 
pink-orange, (a) —, (b) orange, (a) —, (b) violet. Ta gives: 
(a) yellow, (b) yellow, (a) —, (b) pink-orange, (a) —, (b) 
orange, (a) —, (b) red-violet. U gives: (a) orange, (b) 
yellow, (a) pink-orange, (b) orange-yellow, (a) brownish 
yellow, (b) yellow, (a) blue, (b) orange-red. (M. Hoseh) 

1274 
COLOR TESTS FOR ANTIMONY, GALLIUM AND OTHER 
ELEMENTS. V. I. Kuznetsov. Compt. rend. acad. sci. 
U.R.S.S. 33, 45-7(1941)(ln German). 

Suitable color reactions are tabulated for (Sb^^, Sb^^, Al, 
Ga, Bi, Fein, TilV, Zr, Th and SnIV with 4-nitropyro-
catechol, 4-nitrosopyrocatechol, alizarin, the p-diazonium 
compd, of phenolsulfonic acid and pyrocatechol and the p-
diazonium compd. of phenolsulfonic acid and o-dihydroxy-
naphthalene. In each of these 50 systems, the color of the 
resp. metal phenolate is given for solns. of 0.1 N, 0.5 N, 
and N HCl, (W.F.) 

1275 
DETERMINATION OF THORIUM IN ALUMINUM AND 
SOME ALUMINUM ALLOYS. Hermann Grundmann. 
Aluminium 24, 105-6(1942). 

If Si is present, it is removed first by the usual dehy
dration process. A rough sepn. of Th and Al is made with 
NaOH, and Cu is removed as sulfide. The Th02 ppt. is dis
solved in HCl and the excess neutralized with NH4OH, and 
then the Th, together with Zr, Hf and Ti is pptd. from dil. 
AcOH soln. by benzenearsonic acid. The ppt. is dissolved 
in HCl and the Th is pptd. in a pure form by means of ox
alic acid. (M. Hartenheim) 

1276 
CORRECTION CONCERNING THE ANALYTICAL CHEM
ISTRY OF Th AND Ce CATIONS. Paul Wenger and Roger 
Duckert. Helv. Chim. Acta 26, 416-18(1943). 

Data given in the previous papers are corrected. (W. T. 
Hall) 

1277 
This reference has been intentionally omitted. 

1278 
U AND SIMILAR FLUORESCENCES. Josef Hoffmann. Z. 
anal. Chem. 126, 369-73(1944). 

Hernegger and Karlik (C.A. 30, 4O82) made use of the 
fluorescence of NaF melts for detg. small quantities of U 
in sea water. The fluorescence was produced with the aid 
of an ultraviolet lamp. In a previous paper (C.A. 34, 7798() 
H. made use of this fluorescence for detg. traces of U in 
ppts. In the analytical procedure, U, Zn, Th, and Mn are 
usually sepd. from the other cations of the third group by 
means of NH4OH and (NH4)2C03. Th gives slight fluores
cence in ultraviolet light but expts. show that under the 
fluorescence microscope the yellow fluorescence pro
duced by the Th does not add itself to that of U. On the 
other hand, in carrying out the (NH4)2C03 sepn. in the 
presence of a little FeClj some U is likely to be co-pptd. 
Ignited Zn salts show fluorescence which interferes some
what with the U detn. A procedure is given for sepg. traces 
of Zn from traces of U by means of H2S. In carrying out 
the analysis it is always necessary to remember that accu
rate results in the U detn. are obtained only when less than 
10"' mg. of U is present. (W. T. Hall) 

1279 
COLOR REACTION OF THORIUM. I. V. I. Kuznetsov. J. 
Gen. Chem. (U.S.S.R.) 14, 914-19(1944)(English summary). 

l-(o-Arsonophenylazo)-2-naphthol-3,6-disuIfonic acid 
serves to detect Th in the presence of rare earths and 
other elements by the formation of a strawberry-red ppt. 
Ti gives an indistinct orange-red color, Zr interferes 
somewhat, and Fe"'""'""'" interferes if present in more than 
100-200 ratio. The reagent is produced by coupling o-
aminobenzenearsonic acid in dil. HCl with the Na salt of 
2-naphthol-3,6-disulfonic acid. Diazo coupling of o-amino-
benzenearsonic acid with 2-naphthol-6-sulfonic acid and 
with 2-naphthol-6,8-disulfonic acid yields products which 
also give analogous color reaction, but are not so effective 
as the above reagent. (G. M. Kosolapoff) 

1280 
TITRATION OF MICROGRAM QUANTITIES OF FLUO
RIDES. H. Amphlett Williams (Southwark St., London, 
S.E.I) . Analyst 71, 175-82(1946). 

The Th(N03)4 titration of F " in the presence of 2,5-
dinitrophenol indicator Is subject to considerable inter
ference and, as usually carried out, the procedure demands 
3 titrations: (1) titration of the acidity so that a suitable 
quantity of salt can be added or so that the suitable pH 
can be maintained in the titration, (2) titration of the F in 
an aliquot with Th(N03)4 soln. and addn. of the same vol. to 
the blank, (3) back titration of the Th in the blank by a 
standard soln. of NaF or of K2SiF5. The procedure here 
described makes use of an acidified Th(N03)4 soln. of con
venient strength with a const. F. equivalence, the ionization 
is controlled by addn. of NaCl, a single titration against a 
permanent color standard is made in place of the usual 3 
titrations and an extension of the titratable range is made. 
In the analysis of 100 y of F " , HCl, HCIO4, and H2SO4 had 
little effect but 50y of P2O5 caused trouble and the end point 
was indeterminate. (W. T. Hall) 

1281 
COURSE IN QUALITATIVE MICROANALYSIS. Ardoino 
Martini (Univ. nacl. litoral, Rosario, Argentina). Pubs, 
inst. invest, microquim., Univ. nacl. litoral (Rosario, 
Argentina) 5, No. 5, 121-44(1941). 

Standard tests for C, Ti, Zr, Th, Bi, Sb, As, Ta, Cb, V, 
and U are described and discussed. (Cyrus Feldman) 

1282 
QUINALDIC ACID AS A REAGENT FOR THORIUM. Olavl 
Erametsa. (Tech. Univ., Helsinki). Suomen Kemistilehti 
17B, 30(1944)(in German). 

Qulnaldic acid (I) ppts. Th quantitatively in the cold. The 
ppt. is partially sol. in hot water, completely sol. in an ex
cess of Th salts, but difficultly sol. in an excess of I. It is 
sol. in mineral acids, but is stable to AcOH. Since La, Ce, 
Pr, Nd, Y, and mixts. of the Y metals are not pptd. by I, 
the method can be used for the sepn. of Th from these ele
ments. Zr is not pptd. in the cold by I, but is pptd. hot; the 
ppt. is readily sol. in dil. AcOH, Al, Be, and Cr. are pptd. 
by I. U salts are also pptd., but quantitatively, either from 
hot or cold solns. (S. A. Karjala) 

1283 
VOLUMETRICAL DETERMINATION OF THORIUM. Bar
bara Tanteri. Ann. chim. applicata 33, 204-5(1943). 

The soln. of Th salt is treated with a known excess of 0.1 
N NaOH, filtered from the ppt. of Th(OH)4 or Th02-2H20, 
and the excess of alkali is titrated with 0.1 N HCl. (G.A.B.) 

1284 
DETERMINATION OF URANIUM AND THORIUM BY MEANS 
OF X-RAY SPECTRA. L. A. Voronova. Zavodskaya Lab. 
n , 1075-7(1945). 

Sr was used as the comparison element in detns. of U and 
Th. Four mixts. consisting of various compns. of U3OJ, 
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ThOg, and SrCOg with and without fillers were used to ob
tain the transition coeff., K, and the mixts. were weighed on 
a micro balance and carefully mixed in volatile liquids. Ap
prox. 30 x-ray graphs of these mixts. were made and values 
proportional to the intensity of the lines were detd. The 
mean values of K for various raixts. of Th and U were, 
resp. : K(Th/Sr) = 3.0 ± 0.1 and K (U/Sr) = 2.0 ± 0.1. These 
coeffs. were used for a no. of analyses. A comparison of 
the results with those obtained by chem. analysis showed a 
good agreement for samples with large contents of U and 
Th (35-50?) as well as for samples with small contents of 
U and Th(0.1%). (W. R. Henn) 

1285 
NEW PROCEDURE FOR THE QUALITATIVE DETECTION 
OF CATIONS. G. Chariot and D. Bezier. Ann. chim. anal. 
25, 90-4, 114-17(1943). 

This IS termed a second edition of the procedure already 
published and includes some changes that have been adopted. 
H2S IS not used as a group precipitant and, as far as possi
ble, a sp test IS given for the identification of each ion. 
Besides the cations of the conventional qual. schemes. Mo, 
W, Zr, and Th are included, although in the last case only a 
general test for rare earths is given. (W. T. Hall) 

1286 
DETERMINATION OF EMANATING RADIOACTIVE ELE
MENTS BY Qi-RAYS. V. I. Baramov and I. V. Gorbushiwa. 
Zhur. Anal. Khim. 1, No. 2, 129-34(1946). 

The method comprises simultaneous detn of true a -ac
tivity of a powd. sample and detn. of its emanation. This 
procedure permits detn. of not only the radioactivity of a • 
sample but the approx. content of Ra, Act X, and Th X. The 
a-activity is measured 3 times; the tested powder is placed 
on a dish in a certain thickness. For the 2nd measurement 
more sample is added to double the thickness and for the 
3rd the thickness of the sample is tripled If the sample 
contains Th it should be kept in the a-app. for 5 min. in 
order to attain Tn equil. The ionization current is meas
ured for a single, double, and triple layer. The results are 
plotted by putting the no. of layers on the abscissa and the 
ionization current on the ordinate. The resulting straight 
line IS horizontal if there is little emanation. If the sample 
emanates considerably, the line is inclined. The true value 
of a-activity for an infinitely thin layer is obtained by ex
trapolating the inclined line to an intersection with the or
dinate. The effect of Tn is distinguished from that of Au by 
observing the course of ionization in the app Ionization in
duced by Au stabilizes within 15-20 sec. while that induced 
by Tn intensities for 5 min. An app. for detg. emanation is 
described. After Tn is detd. Ra is detd. m the usual way. 
The results are calcd. by the equation Th/U = Th X/(Ra x 
3 X 10'). (M. Hoseh) 

1287 
POTENTIOMETRIC TITRATIONS WITH POTASSIUM IO
DATE. n. THE POTENTIOMETRIC DETERMINATION OF 
THORIUM. G. Spacu and P. Spacu (Univ. Tech. Hochschule, 
Bucharest, Rumania). Bull. sect. sci. acad. roumaine 26, 
295-300(1944)(In German); Chem. Zentr. 1944, H, 1207-8. 

A 20-cc sample of the Th(N03)4 soln. (about 0.01 M) is 
placed in a 100-cc. volumetric flask and treated with a 
measured amt. of 0.02 M KIO3. The latter must be suffi
cient to be in excess. After the ppt. has settled the flask is 
filled to the mark with the KIO3 soln. After filtering through 
a dry filter, 10 cc. of the filtrate is dild. with 100 cc. of 
water, 1-2 g. KI and 5 cc. of 2 N H2SO4 are added, and the 
excess KIO3 is titrated potentiometrieally with 0.1 M 
Na2S203. Check analyses are reported m tables. The soly. 
of the Th(I03)4 in 0.01 M KIO3 was detd. and is reported as 
7.83 X 10"'. (M. G. Moore). 

1288 
ANALYSIS OF THORIUM-CHROMIUM MIXTURES. Richard 
E. Ewing and Charles V. Banks (Iowa State Coll., Ames). 
Anal. Chem. 20, 233-5(1948). 

The procedure described proved satisfactory for the 
examn. of Th-Cr alloys. To det. Th, take a sample contg. 
0.2-0.3 g. Th and dissolve m coned. HNO3 + a few drops of 
HF reagent. To the resulting soln. add 20-25 ml. of HCIO4 
reagent and 3 drops of 30% H2O2. Bubble N through the 
round-bottomed reaction flask which is connected to a con
denser with its adapter just below the surface of 150 ml. of 
water in an Erlenmeyer flask. Heat, and after the oxidation 
of the Cr"'̂ ' by the HCIO4 has begun, introduce HCl gas into 
the soln. and distil, until practically all Cr has been r e 
moved as Cr02Cl2. Transfer the residual soln. to a beaker 
and evap. to about 5 ml. in order to remove excess HCIO4. 
Dil. to 300 ;n^., heat to boiling, add filter paper pulp, and 5 
g. of oxalic acid. After digesting 15 rain., cool, filter off 
the Th(C204)2, wash, ignite, and weigh as Th02. To det. Cr, 
take a fresh sample to contain 70-75 mg. Cr. Dissolve it in 
acids and treat with H2O2 and HCIO4 as above. When sure 
that all Cr"'"' has been oxidized to Cr207', cool, combine the 
distillate, which may contain a little Cr, add a measured 
vol. of standard FeS04 soln., and titrate the excess Fe"'"̂  
with standard Ce"'"* soln. in the presence of ferroin as indi
cator. (W. T. Hall) 

1289 
APPLICATION OF AROMATIC ARSENIC COMPOUNDS IN 
CHEMICAL ANALYSIS. I. A. I. Portnov. Zhur. ObshcheT 
Khim. (J Gen. Chem.) 18, 594-600(1948). 

Dissocn. consts. of a no. of aromatic arsenic acids were 
detd.; at 18° these were: P-O2NCJH4A8OJH2 1.0 x 10"'; 
PhAs03H2 2.6 X 10"*; p-MeC,H4As03H2 1.4 x 10"*; p-
HOC,H4As03H2 8.2 x 10"'; p-AcNHC,H4AsOjH2 1.5 x 10"*; 
p-H2NC8H4AsOgH2 4.9 x 10"'; the nos. of insol. metal salts 
found for these acids are: 8, 9, 14, 16, 16, and 18, resp. 
The latter detns. were made by addn. of 1% soln. of the Na 
salt of the acid (excess) to a 0.1% soln. of the cation: Cu"'""'", 
Be, Mg, Zn, Al, Th"'", Mn, Fe"'"'', Fe''"'"'" as sulfates, Ag, Ca, 
Sr, Cd, Ba, Hg+, Bi, and Pb as nitrates; Hg''"'', Sn''"'"'"'', 
Sb''"'"'", Co, and Ni as chlorides; Ta and Cb as tartrates. 
The Ph acid gave insol. (or slightly sol. salts) with: Cb, 
Ag, Sn, Sb, Ta, Hg'''; the P-NH2 acid gave insol. ppts. with 
Be, Mg, Al, Mn, Fe, Co, Ni, Cu, Zn, Cb, Ag, Cd, Sn, Sb, 
Ta, Hg, Pb, Bi; P-NO2 acid was effective with Fe, Cb, Sn, 
Sb, Ta, Hg''', Pb, Bi; p-OH acid was effective with Be, Al, 
Mn, Co, Cu, Zn, Cb, Ag, Cd, Sn, Sb, Ta, Hg, Pb, and Bi; 
p-Me acid gave insol. ppts. with Al, Mn, Fe, Co, Cu, Zn, 
Cb, Ag, Sn, Sb, Ta, Hg, Pb, Bi; the p-AcNH acid gave ppts. 
with Be, Al, Mn, Fe, Co, Cu, Zn, Cb, Ag, Cd, Sn, Sb, Ta, 
Hg, Pb, Bi. Study of comparative dissocn. of the isomeric 
NO2 acids gave; for 0-NO2 acid 3.0 x 10"*, for m-N02 acid 
7.9 X 10"*; the insol. salts were formed by the 1st only with 
Mn, Co, Fe, Cb, Sn, Ta, Pb, Bi (incomplete with Sb), while 
the 2nd gave ppts. just like the p-isomer. Thus, increased 
dissocn. const, leads to greater soly. of the salts. Inter
pretation of the results on the basis of electron cloud dis
placement IS made. 16 references. (G. M. Kosolapoff) 

1290 
THE SYSTEM NICKEL-THORIUM. Lore Horn and Christl 
Bassermann. Z. Metallkunde 39, 272-5(1948). 

The complete diagram is given based on thermal and 
microscopic analyses. Ni dissolves 0.1% Th. No soly. of 
Ni in Th was found. Eutectics are at 1000° and 91% Th, at 
1030° and 68.5% Th, and at 1300° and 21% Th. Compds. 
NijTh, NijTh, Ni5Th2, NiTh, and NiThj were observed. 
Liquid max. are 1530° and 44% Th, and 1200° and 79.5% 
Th. Age-hardening tests of Ni contg. 0.007 to 0.14% Th 
show aging between 450° and 600° and max. Brinell hard-
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ness of 120 at 500° Typical photomicrographs are in
cluded. (W. A Mudge) 

1291 
CHEMISTRY OF THORIUM. ESTIMATION OF THORIUM 
BY PRECIPITATION WITH RADIOACTIVE PYROPHOS
PHATE Therald Moeller and George K. Schweitzer. 
Anal. Chem. 20, 1201-4(1948) 

A radiometric procedure for estn. of Th in the presence 
of Yt and the tripos, rare earths or in monazite and con
centrates involves pptn. of Th from 0.3 N acid solns. with 
a measured excess of standard Na4P20; soln. contg. a known 
activity of radioactive phosphorus (P") and detg. the excess 
by measurement of its radioactivity. Soly. of pyrophos
phates of Th, Yt, and certain rare earths as functions of 
acid concn. have been evaluated by a radiometric proce
dure. (C. F. Hiskey) 

1292 
RESIN CONDUCTANCE. J. Colloid Sci. 4, 105-16(1949) 

The cond. of a plug of swollen Amberlite IR 100 resin 
contg. various bound cations was detd. in a specially-de
signed cond. cell. The H resin is a fairly good conductor. 
Replacement of H with alkali metal ions reduces the cond. 
by a factor of 6-12, and Ag or multivalent cations reduce 
the cond. much more. The order of the cond. values for 
these cations is Mg > Ca > Ag > Ba » La > Th The cond. 
of the alkali metal resin is at a min. at a pH of approx. 3.5 
It IS suggested that the sulfomc acid groups are involved at 
this pH, Ijut at higher pH, the more weakly acidic groups 
come into action. (H. K. Livingston) 

1293 

CATION EXCHANGE WITH A SYNTHETIC PHENOLSUL-
FONATE RESIN. T. R. E. Kressman and J. A. Kitchener. 
J. Chem. Soc. 1949, 1201-8. II. EQUILIBRIUM WITH 
MULTIVALENT CATIONS. 

The studies were continued with an NH4' resin and salts 
of 12 bivalent cations, Al'''', Th*''', and Zr*"'". The law of 
mass action applies to these equil. when concns. are used, 
rather than activities. Neutralization of all of the sulfonate 
groups with an equiv. no. of these cations indicates that 
such multivalent cations are not closely assocd. with their 
valency no. of sulfonate groups. The affinity of the bivalent 
cations for the resin is related to the ion size, again meas
ured by 0!°. Less of the multivalent cation passes into the 
resin from soln. contg. bivalent anions than from solns 
with univalent anions owing to incomplete dissocn. found 
with multivalent cation solns. Data point to the assumption 
that a cation is close to one sulfonate group and relatively 
far from another. (R.N.R.) 

1294 

SOME FURTHER ANALYTICAL APPLICATIONS OF AM
MONIUM BENZOATE. USES AND LIMITATIONS OF AM
MONIUM BENZOATE FOR THE ESTIMATION OF TIN, 
TITANIUM, ZIRCONIUM, THORIUM, BISMUTH, AND 
CERIUM, AND FOR THEIR SEPARATION FROM OTHER 
ELEMENTS. Alan Jewsbury and G. H. Osborn (British 
Drug Houses, Ltd., Poole, Engl.). Anal. Chim Acta 3, 
642-55(1949)(in English) 

Conditions are described for the quant, pptn. by means of 
ammonium benzoate, and the subsequent estn. by ignition to 
the oxide of Sn[IV], Ti, Zr, and Th. Bi is also quantitatively 
pptd., but owing to the difficulty of estg. the amt. of Bi in 
the ppt. the method can only be recommended where it can 
be completed electrolytically. With Ce[IV], the results are 
unsatisfactory because of reduction to Ce[III], which does 
not ppt. By control of the pH, and by use of thioglycolic 
acid as a complex-forming or reducmg agent, or salicylic 
acid as a complex-forming agent, the detns. can be earned 
out in the presence of otherwise interfering elements [Cr"'""'""'', 

Al +++ Fe'' Ce ++++ Ce'' Bi" Sn'' Sn'' Be'' 

U"'''"'"']. Ppts. are generally easily filterable and eo-pptn. 
IS low. (L. A. Sarver) 

1295 
THERMOGRAVIMETRY OF ANALYTICAL PRECIPITATES 
XXVII. DETERMINATION OF THORIUM. Therese Dupuis 
(nee Duval), and Clement Duval (Sorbonne, Pans ) Anal. 
Chim Acta 3, 589-98(1949)(In French). 

Pptn. with sebacic acid is preferred for the automatic 
detn. of Th, temp, limits are recommended as found with 
the thermobalance for many other methods. Pptg. agents, 
weighing forms, and temp, limits are: NH4OH, Th02 2H2O 
260-80"'"; NH4OH, Th02, > 747°; NH3, ThOz, > 472°; H3O3, 
Th02-2H20, 296-450°; H2O2, Th02, > 650°; hexamethylene
tetramine, Th02, > 900°; tanmn, Th02, > 475°; HIOj, 
Th(lOj)4, 200-300°; HIO3, Th02, > 674°; H2Se03, Th02, 
> 946°; Na2S20j, Th02, > 900°; Na4P20,, ThPjO,, 540-946°; 
H2C2O4, Th02, > 610°; fumaric acid, ThOj, > 405°; sebacic 
acid, Th[OOC(CH2)8COO]2, 70-125°; sebacic acid, ThOj, 
> 650°; m-nitrobenzoic acid, Th(C8H4 NO2 COO)4, 70-153°; 
m-nitrobenzoic acid, Th02, > 413°; benzenesulfinie acid, 
Th02, > 541°; cupferron, Th02, > 408°; oxine, Th02, > 950°; 
loretin (ferron), Th(C9H40S03NI)2, 110-216°; loretin (ferron), 
ThOj, > 570°; picrolomc acid, Th(CioH,N408)4, 60-200°. 
(Landon A. Sarver) 

1296 
THERMOGRAVIMETRIC ANALYSIS OF THE PRINCIPAL 
METALLIC COMPOUNDS OF 8-HYDROXYQUINOLINE. 
Marcel Borrel and Rene P a n s (Faculte sci., Lyon, France). 
Anal. Chim. Acta 4, 267-85(1950)(In French). 

The principal metallic ppts. of 8-hydroxyquinoline have 
been examd. by means of the Chevenard thermobalance, the 
temp, being raised at the rate of 3° per min.; and, as a r e 
sult, some of the previously reported information regarding 
the hydrates and the stability of different compds needs to 
be modified. Contrary to reports by Berg (Die analytische 
Verwendung von o-Oxychinolin "Oxin" und seiner Derivate, 
1938, 2nd ed., p. 65 (C.A. 33, 92,)), the Th salt dried at or-
dmary temp, is Th(C8H,NO)4-C,H,NOH, without any H2O of 
crystn. It is stable up to 80°, but 2Th(C,H8NO)4.(C8H,N)20 
IS probably formed above 136°. 4Th(C,H,NO)4-(CHH,N)20 
appears at 232-45°; and only at 275-345° is the normal 
Th(C9H8NO)4 obtained. Therefore, heating at 300° is rec
ommended. (Landon A Sarver) 

1297 
HIGH-FREQUENCY TITRATIONS—350-MEGACYCLE 
TITRIMETER. W. J. Blaedel and H V. Malmstadt (Umv 
of Wisconsin, Madison). Anal. Chem 22, 1413-17(1950). 

With this instrument the max tolerable electrolyte concn 
corresponds to 0.7 M NaCl or its equiv. Its construction, 
properties, and use are discussed. Typical titration curves-
are shown for AgNO, and NaCl, Hg(NOj)2 and KCNS, and 
for H2C2O4 and Th(N03)4, in the presence of considerable 
quantities of foreign electrolytes Indications are that 
titrations based on acid-base, pptn., sol. complex forma
tion, and oxidation-reduction reactions can be run with an 
accuracy of 0 1%. (R. J. Roth) 

1298 
THORIUM; ITS SEPARATION FROM CERITE EARTHS AND 
ESTIMATION M. Venkataramaniah, T. K. Satyanarayana-
murthy, and B S. V. Raghava Rao (Andhra Univ., Waltair). 
J. Indian Chem Soc. 27, 81-6(1950). 

Analytical methods for Th were tested on pure Th soln., 
synthetic Th—cerite earths mixts., and Travancore mona
zite. Trimethylgallic acid in faintly acid soln. ppts. Th 
Copptn. of cerite earths was slight and removed by repptn 
Double pptn. by phenoxyacetic acid from solns., neutral to 
Congo red gave good results. Double pptn by veratric acid 
gave slightly high results. Benzoic acid, ammonium ben
zoate, and tannic acid also were satisfactory reagents. Th 
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was always weighed as ThOg Zr and Ce interferred in 
all c a s e s (J E.R.) 

1299 
ISOTOPE DISTRIBUTION AS AN EXPLANATION FOR THE 
GENESIS OF MECHNERICH LEAD ORES. Friedrich 
Menneking (Clausthal Zellerfeld, Ger ) Z Erzbergbau u 
Metallhuttenw 3, 374-6(1950) 

From an isotope comparison of Mechnerich leads with 
the deposits of the Rhenish sch i s t s , no statement can be 
expected relative to the origin of the Mechnerich colored 
sandstones Conclusions relative to different Th/U ratios 
in the mother minerals are not justified, s ince the differ
ence in isotopic compn. of the 2 spec imens at hand cannot 
be confirmed in view of the analytical accuracy attainable. 
15 references (H. Stoertz) 

1300 
ANALYTICAL CHEMISTRY OF THORIUM I SEPARA
TION FROM CERITE EARTHS WITH 0-CHLOROBENZOIC 
ACID B. R. Lakshmana Rao and Bh. S V Raghava Rao 
(Andhra Umv , Waltair) J Indian Chem Soc 27, 457-8 
(1950). 

An aq soln. of o-chlorobenzoic acid (I) causes incom
plete pptn of Th*"'" if the pH i s below 2.8 and at pH 3.8 
other rare earths begin to ppt. To the soln. contg. not over 
150 mg. of dissolved Th02, add a few drops of Congo red 
indicator soln. and just enough NH4OH dropwise until the 
neutral point i s reached. Dil to 100 ml . , boil, and while 
st irring add a 1% soln of I Boil 3 min. , let stand 0.5 hr., 
f i lter, wash with a 0.05% soln of I, and finally with hot 
water Ignite and weigh as ThOg. The ppt. contains about 
3 moles of I to 1 mole of Th and 3 moles of water. H 
SEPARATION FROM CERITE EARTHS BY o- AND p -
AMINOBENZOIC ACIDS. D. S. N. Murthy and Bh S. V. 
Raghava Rao (Andhra Umv , Waltair, India) Ibid. 459-61. 

Th IS pptd. by both the acids at pH 4 2 Pptn. of other 
rare earths s tarts at pH 4.8. Make the soln. just acidic to 
Congo red and dil. to 10 ml . , add 5 ml. of 5% NH4OAC soln. 
and, with st irring, 75 ml. of a boiling 1% aq. solns . of the 
reagent Fi l ter , wash with a 1% soln of the reagent, then 
with hot water, dry, ignite, and weigh if the ratio of rare 
earth to Th i s greater than 4:1, dissolve the ppt. in hot, 
dil HNO3 and repeat the pptn after neutralizing and adding 
NH4OAC. Ignition tes t s indicate that Th antranilate i s 
anhyd., 2 moles of acid are assocd. with 1 of Th and there 
are 2 OH groups. The p-aminobenzoate appears to contain 
1 mole of acid, 1 of Th and 4H2O: it i s probably O = T-OH • 
OAc 4H2O. (W. T. Hall) 

1301 

THERMOGRAVIMETRY OF ANALYTICAL PRECIPITATES. 
XLII. DETERMINATION OF THE HALOGENS. Clement 
Duval and Andre Morette (Sorbonne, P a n s ) . Anal. Chim. 
Acta 4, 615-22(1950). 

Pyro lys i s curves of ppts. used in the gravimetric detn. 
of halogens, either as s imple or complex ions, have been 
studied with the Chevenard thermobalance, and 11 new 
methods are proposed for automatic detns , while those 
with Th(SiF8)2, Pbig, and benzidine iodate are not r e c o m 
mended. The best methods for F are those in which 
(C8H5)jSnF, UOF2, PbFCl, or B i F , i s pptd. Of the Ag halides, 
AgBr IS the most stable. Weighing forms and ignition temp, 
l imits for the various recommended precipitants are (those 
suitable for the automatic detn. are marked with an asterisk): 
CaCl2, CaF2, 400-950°; La(N03)3, LaF3-La203, 475-946°; 
Bi(N03)3, B1F3, 50-93°; Th(N03)4, Th(OH)4, 242-475°. (Lan
don A. Sarver) 

1302 

SYNTHESIS OF ORGANIC COMPOUNDS. Henry G. McGrath 
(to M. W. Kellogg Co.). U. S. Patent 2,539,847, Jan. 30, 
1951. 

A mixt. of H and CO in a mol. ratio of from 1:1 to 3:1 i s 
passed over a Co catalyst promoted by Th02 at 150-500 
Ib. /sq in. and 250-650°F. with appropriate contact t ime to 
give a high yield of oxygenated org. compds. The catalyst 
i s made up of 1 part Co and 0 . 0 5 - 0.5 part ThOg supported 
on 0 . 5 - 3 . 0 parts of acid-treated bentonite. (P.W.H.) 

1303 
MANGANOMETRIC DETERMINATION OF SMALL 
AMOUNTS OF THORIUM. V. Majer (Tech. Univ., Prague). 
Chem. Listy 44, 68-70(1950). 

To 5 ml. soln contg. 0 .3-30 mg. ThOj add 5 ml. 2 N 
HNO3, heat on a steam bath, and add dropwise 5 ml. of a 

• satd. soln. of C2H2O4. Continue the heating 1-2 hrs . allow 
to stand a few hrs . at room temp. , filter, wash the ppt. 4 
t imes with 15-ml. portions of water contg. 0 5 ml. 2N HNO3 
per 100 ml. Disso lve the Th(C204)2 in 5 ml. 2 N H2S64, and 
titrate with 0.01 N KMn04 at 90°. (M. Hudlicky) 

1304 
ANALYTICAL CHEMISTRY OF THORIUM, n i . SEPARA-
.TION FROM CERITE EARTHS WITH o-TOLUIC ACID AND 
ACETYLSALICYLIC ACID. B. R. Lakshmana Rao and Bh. 
S. V Raghava Rao (Andhra Umv., Waltair). J. Indian 
Chem. Soc. 27, 569-72(1950). 

Solns. just neutral to Congo red yield a white flocculent 
ppt. by treatment with boiling 0 5% o-toluic acid. After 
washing with 0 05 toluic acid soln. and then with water, the 
ppt. can be ignited to Th02. The resul ts are accurate. The 
reagent will a lso ppt. ceri te earths incompletely from 
solns . that are definitely alk. At pH 3 -4 Th can be pptd. 
free from these earths. When a cold satd. soln. of acety l -
sa l icy l ic acid i s added to a cold soln. of Th salt at pH 2.6-
3.8, no pptn. takes place but if the soln. i s heated to boiling, 
and treated with 5% NH4-OAC, complete pptn. of the Th r e 
sults . If the c e n t e earth: Th ratio > 5, some of the former 
IS carried down with the Th liut, if the f irst ppt. i s dissolved 
in hot 7.5 N HNO3, a second pptn. g ives a pure ppt. The r e 
sults obtained by both these precipitants agree well with 
those obtained with m-nitrobenzoic acid. (W. T. Hall) 

1305 
CHEMISTRY OF THORIUM. I. RAPID DETERMINATION 
OF THORIUM IN MONAZITE SAND. Nibar Kumar Dutt 
(Univ. Coll. Sci. Technol. , Calcutta). J. Indian Chem. Soc. 
26, 86-8(1951). (Peter M. Bernays) 

1306 
PRECISE MEASURE OF THE ENERGY OF HEAVY 
CHARGED PARTICLES WITH WEAK TRACKS BY IM
PREGNATION OF PHOTOGRAPHIC EMULSIONS. 
Henriette Faraggi. Ann. phys. 6, 325-400(1951). 

Special photographic emuls ions were found to provide a 
method for the detn. of the means of charged part ic les and 
the measurement of energies of part ic les with weak tracks 
with a prec is ion superior to that of other methods. The 
method i s based on the partial effacement of the latent 
image permitting the sep. measurement of the paths of 
part ic les emitted in a transmutation. An org. compd. or 
a neutral or basic e lectrolyte i s the most favorable form 
for introduction of an e lement on the emulsion. The mean 
path of the part ic les from Th in air i s 2.48 ± 0.03 cm. and 
their energy 3.98 ± 0.04 m.e.v. Th was introduced on the 
plate a s the purified nitrate containing not over 10% derived 
products. The energy re leased by the f iss ion of Th^'^ under 
the action of fast neutrons i s 140 ± 10 m.e.v. and the path of 
fragments emitted in air i s 4.1 ± 0.04 cm. In about 1% of 
the c a s e s the f iss ion emits a 3rd particle of weak energy. 
The mean paths of part ic les emitted in the transmutations 
Li'(n,a)H', B"(n,a)Li '* , and N'*(n,p)C'* were measured. In 
the Li transmutation these were 6.7 ± 0.2 (x for He* and 36.3 
± 0.2 M for H ' ; in the B, 5.0 ± 0.2 for He* and 2.2 ± 0.2 /x for 
Li ' in the excited state and 6.1 ± 0.4 for He* and 2.6 ± 0.4 /i 
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for Li ' in the fundamental state; in the N, 6.1 ± 0.15 for H ' 
and 0.3 ± 0.2 n for C'*. The energy from the Li transmuta
tion was E = 2.04 ± 0.07 m.e.v. and EH3 = 2.73 ± 0.07 m.e.v.; 
from B, E = 1.80 ± 0.07 and E u = 1.03 ± 0.07 m.e.v.; for 
Li*, E = 1.50 ± 0.09 and ELI» = 0.85 ± 0.09; from N'*, EH = 
0.58 ± 0.02 and Ec = 0.04 ± 0.02 m.e.v. (H. G. McCann) 

1307 
DETERMINATION OF PRECIPITATION RANGE OF METAL 
BENZOATES AND THE MASKING ACTION OF SOME OR
GANIC ACIDS. Susumu Suzuki and Chozo Yoshimura (Kinki 
Univ., Osaka). J. Chem. Soc. Japan, Pure Chem. Sect., 72, 
428-31(1951). 

Complete pptn. ranges of metals by NH4 benzoate are Al 
pH 4.4-5.5, Ce 3.1-5.0, Cr 4.7-5.9, Fe 4.0-5.5, Sn 4.1-5.0, 
Ti 4.0-4.8, Th 4.5-5.0, Zr 3.8-5.0. Tartaric acid masks the 
pptn. of the above metals except Al and Ti and it can be used 
for their sepn. Other acids and metals masked by them are 
Fe, Ti, and Cr by oxalic acid; Fe, Cr, Al, and Ti by citric 
acid; Fe, Ti, Sn, and Th by Na tartrate; Ti, Sn, and Zr by 
Na oxalate and Th and Cr by AcOH. (K. Yamasaki) 

1308 
RAMAN SPECTRA OF METALLIC NITRATES AND THE 
STRUCTURE OF CONCENTRATED SOLUTIONS OF ELEC
TROLYTES. Jean Paul Mathieu and Machkenzie Louns-
bury (Sorbonne, Paris). Discussions Faraday Soc. No. 9, 
196-207, discussion, 207-22(1950). 

Raman spectra of aq. solns. of metallic nitrates at vari
ous concns. shows that the NO3 ions experience some de
formation as the concn. increases and that in coned, solns. 
of most of them (AI, Cu, Ce, Li, Ca, but not Th) an equil. 
takes place between 2 forms of NOJ. The facts can be inter
preted by assuming that the satd. solns. have a structure 
very similar to that of the hydrated crystals which are de
posited from them. (S. E. Whitcomb) 

1309 
ABSORPTIOMETRIC DETERMINATION OF THORIUM IN 
MAGNESIUM-BASE ALLOYS BY l-(o-ARSENOPHENYLAZO)-
2-naphthol-3,6-DISULFONIC ACID. A. Mayer and G. Brad-
shaw (L. C. C. Southern Outfall Works, London). Analyst 
77, 154-8(1952). 

The reagent, a 0.1% soln. of dl-Na l-(o-arsenophenylazo)-
2-naphthoI-3,6-disulfonate, gives a red color with Th*"'" cat
ions. If Zr is present the Th should first be pptd. as oxa
late. Dissolve 3-5 g. of sample in N̂  HCl and filter through 
paper pulp. Add 5 g. NH4CI2, heat to boiling, and carefully 
oxidize with 25 ml. of 20-vol. H2O2 which Is free from phos
phate. Add NH4OH until the soln. is basic to litmus. Filter 
and wash with dil. NH4OH. Dissolve the ppt. in strong HCl 
and boil until a clear, colorless soln. is obtained. Dil. to 
150 ml. and add 10 g. of oxalic acid. After at least 2 hrs. 
filter off the oxalate ppt. and wash it with 1% oxalic acid in 
0.12 N HCl. Transfer the ppt. to a beaker, add 10 ml. of 
70% HCIO4, dil. to 100 ml., and heat to boiling. Add 0.1 N 
KMn04 until all oxalate ion is oxidized. Add, dropwise, a 
10% soln. of NH2OH • HCl till the excess KMn04 is reduced 
and make up to 500 ml. Take 50 ml. of the mixed soln., dil. 
to 250 ml., and take 25 ml. of dild. soln. Add 4 ml. of coned. 
HCl and 10 ml. of the reagent. Dil. to 100 ml. Measure the 
absorption at 535 m/i on a spectrometer. Subtract the drum 
reading of the sample from that of the blank and find the Th 
content from a calibration graph. (W. T. Hall) 

1310 
THE HYDROGEN FLAME AS A SOURCE OF ELECTRONS. 
Otto Neunhoeffer (German Acad, Sci., Berlin). Z. physik. 
Chem. 197, 179-85(1951). 

Some substances capable of fluorescing when excited by 
electrons of moderate velocity can be made to emit intense 
luminescence by contact with the lower edge of a small (7-
10-mm.) H flame. These substances include activated ZnS 

and especially CaO activated with traces of Bi, Sb, Mn, Y, 
Th, and rare earth salts. These activators give rise to 
characteristic fluorescence; Y can be detected in concns. 
as low as 10"'% of the CaO. The action of the H flame is 
laid to its electrons and protons which recombine on the 
prepn. Flames of other gases do not cause similar lumines
cence. (Fred Stross) 

1311 
PERCENTAGE OF THORIUM IN ALLANITE. R. Coppens 
(Lycee de Vannes, France). Bull, soc. franq. mineral, 75, 
59-62(1952). 

The coeff. of absorption (K') of a rays is calcd. as K' = 
0.85/r(C.s/A), where C, s, and A are the concn., the stop
ping power, and the at. wt. of each of the constituents, resp. 
For thorite the value of A = 232 for Th, 16 for O, C = 0,878 
for Th, 0.122 for O, C.s/A = 0.0016672 for Th, 0.0080520 
for O. If allanite is considered to contain 1% Th and is 
compared with thorite, the concn. a = 0.0113 for thorite, 
0.9887 for allanite, S(C.s/A) = 0.009719 for thorite, 
0.052033 for allanite, and a.S(C.s/A) = 0.0001098 for 
thorite and 0.0514449 for allanite. K' = 16.5. If allanite 
contains 5% Th, K' = 17.1. A mean value gives K' = 16.8 ± 
0.5. A crystal of allanite gave 0.60 Of-rays/sq, c m . / s e c ; 
this gives a Th concn. of 1.35%. The probable error is 10%. 
(G.E.K.) 

1312 
DETERMINATION OF THORIUM IN ITS ORES. John C. 
Ingles. Can. Dept. Mines Tech. Surveys, Mines Branch, 
Ottawa Mem. Ser. No. 110, 26 pp.(1951). (W. T. Hall) 

1313 
INORGANIC CHROMATOGRAPHY ON CELLULOSE. DC. 
THE USE OF ALUMINA AND CELLULOSE ADSORBENTS 
FOR THE DETERMINATION OF THORIUM AND THE 
SIMULTANEOUS DETERMINATION OF THORIUM AND 
URANIUM IN ORES. A. F. Williams. (Teddington, 
Middlesex, Engl.). Analyst. 77, 297-306(1952). 

Although Th(N03)4 cannot be extd. from a cellulose ad
sorbent in the presence of phosphate by ether +HNO3 an 
extn. can be made from an AI2O3 adsorbent. Then if there 
is a cellulose column beneath the AI2O3 column, Th(N03)4 
can be extd. free from other ions. The method is extended 
to the chromatographic detn. of U and Th in the same sam
ple. Fuse 10 g. of NaOH in a Ni crucible, after all water 
has been removed, cool, and carefully add the weighed sam
ple. Slowly heat to redness and maintain the fusion for an 
hr. Dissolve the melt in 150 ml. of 3.75 N HNO2 with a drop 
of HF in some cases. Carefully add coned, NH4OH until the 
soln. is distinctly ammoniacal. Filter off the hydroxide ppt. 
which contains Th and U with some phosphate, wash with 
hot, very dil. NH4OH. Transfer the ppt. to a beaker with 
50-100 ml. of hot water, add 40 ml. of coned. HNO3, and 
evap. nearly to dryness. Add 20 ml. of 3.75 N NH4OH and 
heat 5 min. Add 2 ml. of HgOg (20 vol. soln.) and heat to 
reduce Ce*"'" to Ce'"'". Add 8 g. of Fe(N03)3 and heat 15 min. 
Finally add 1.4 g. of Na2HP04. Prep, the column and add 
silicone fluid to make it water-repellent. Add 50 g. of AI2O3 
to the soln. of the sample and transfer to the column. Wash 
the column with 12.5% of HNO3, in ether. Ppt. hydroxides 
of U and Th with NH4OH, dissolve the filtered ppt. in hot 
3.75 N HNO3, make barely ammoniacal and then add 10 ml, 
of coned. HCl, heat to boiling, add 10 g. of oxalic acid, 
filter, wash, and ignite to Th02. The "compd. column" also 
can be washed with 1% HNO3 in ether to remove U and then 
after 400 ml. of eluate has been obtained, with 12.5% HNO3 
in ether to obtain the Th. Several modifications of the pro
cedure are given. X. SPECTROGRAPHIC DETERMINA
TION OF MICRO QUANTITIES OF THORIUM SEPARATED 
BY CHROMATOGRAPHY FROM MINERALS AND ORES. 
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G. W. J. Kingsbury and R. B. F. Temple (Teddington, 
Middlesex, Engl.). Ibid. 307-12. 

A simple spectrochem. procedure is described for detg. 
traces of Th that have been sepd. by chromatographic meth
ods. In the ext., Th is co-pptd. with La which forms the 
matrix and acts as internal standard in the spectrographic 
analysis. Complete details are given and excellent results 
reported in detg. 0.004-0.10% Th. (W.T. Hall) 

1314 
CHROMATOGRAPHIC ANALYSIS OF METALS BY OR
GANIC REAGENTS. Takashi Ashizawa (Okayama Univ.). 
Repts. Balneol. Lab, Okayama Univ. 1951, No. 5, 1-42 
(English summary). 

An extensive study on the chromatographic analysis of 
metals was made by using the following org. reagents: 
dithizone (for Hg, Cd, Bi, Ag, Cu, Zn, Ni, Co, TI, Pb, Pd, 
Pt, and Au); diphenylcarbazone (for Hg, Cu, Zn, and Ni); 
xanthates (for Mo, Cu, Ni, and Co); l-nitroso-2-naphthol or 
2-nitroso-l-naphthol (for Fe and Co); Na diethyldithiocar-
bamate (for Mo, Cu, Ni, Co, and Fe); oxine (Cu, Ni, Fe, V, 
and rare earths), 2-indolecarboxyllc acid (for Fe, Co, and 
rare earths), and acetylacetone (for Th and Fe). Alumina, 
diatomaceous earth, aluminate, MgCOg, CaCOg, urea-forma
lin resin, heulandite, mordenite, desmine, chabazlte, etc., 
were used as adsorbents. (P. K. Kuroda) 

1315 
SOME ANALYTICAL PROPERTIES OF 8-HYDROXY-
QUINALDINE. J. P. Phillips, J. F. Emery, and H. P. 
Price (Univ. of Louisville, Louisville, Ky.). Anal. Chem. 
24, 1033-4(1952). 

The prepn, of 8-hydroxyquinaldine from o-aminophenol, 
HCl, and AsgOg is described and also the prepn. of similar 
substituted compds. By melting the reagent with compds. 
contg. Mg, Zn, Cu, Co, Ni, Pb, Sn, Cd, Zr, U, Fe, Al, and 
Th characteristic compds. were obtained and are described. 
(Rip G. Rice) 

1316 
APPLICATION OF POLARIZED LIGHT TO THE EXAMI
NATION OF VARIOUS ANISOTROPIC METALS AND IN-
TERMETALLIC PHASES. B. W. Mott (At. Energy Re
search Establishment, Harwell, Engl.). J. Inst. Metals 
80, 629-36(1952)(Paper No. 1391). 

Photomicrographs show the application of polarized light 
to a study of Sb, Be, Bi, Cd, Co, Mg, Sn, Ti, U, Zn, and Zr, 
and alloys Mn-U, Th-Al, Th-Se, U-Al, W carbides, and 
steels. A tentative explanation of the observations made on 
mechanically polished specimens under polarized light is 
given in terms of the various possible surface layers pro
duced during prepn. (W. D. Mudge) 

Analytical Methods and Extraction Procedures 

1317 
ON THE PREPARATION OF PURE NEODYMIUM OXIDE 
AND ON TWO NEW METHODS OF SEPARATION OF THE 
RARE EARTHS. Otto Holmberg. Z. anorg. Chem., 53, 
83-134(1907). 

The author describes the preparation and properties and 
gives analyses of the tartrates, malonates and citrates of 
Ce, La, and Y and of the salts of one or more of the ele
ments La, Pr, Nd, Dl, Y, Th, Ce, and Sm with each of the 
following sulphonic acids; benzene-, m-nitrobenzene-, m-
chlorbenzene-, m-brombenzene-, chlornitrobenzene- (SOgH, 
NOg, CI; 1,3,6), a-naphthalene, 1,5-nitronaphthalene, 1,6-
nitronaphthalene, 1,7-nitronaphthalene. He gives two solubility 
determinations of each salt either in water or in some solu
tion and compares the solubilities of the cerium group of 
double ammonium nitrates with those of the m-nitroben-

zenesulphonates, those of the double nitrates of didymium 
and lanthanum being as 1.6:1 and the sulphonates as 3:1. 
Then he describes m-nitrobenzenesulphonate fractionation 
and its effect on didymium. The oxide material is dissolved 
in the acid and the solution evaporated to crystallization. 
By repeated fractional crystallizations and uniting of 
mother liquors and fractions he obtains finally pure neody-
mium. An extended study of the absorption spectrum of 
neodymium follows. The average value for the atomic 
weight of neodymium by the sulphate method is 144.08. 
The author worked over Sm. -Gd material by his method. 
After 45 fractionations his material was divided into 32 
fractions. Gadolinium comes out first, then samarium, and 
the yttrium group earths; the cerite earths concentrate in 
the mother liquors. To separate terbium from gadolinium 
he finds that fractional crystallization of the p crates is 
well suited. He tr ies Urbain and Lacombe's bismuth mag
nesium nitrate tractional crystallization method for the 
separation of samarium and gadolinium with good success. 
The results of working over a terbium material by his two 
methods are given. For details the original must be con
sulted. (Benton Dales) 

1318 

ON THE RADIOACTIVITY OF THORIUM SALTS. Bertram 
B. Boltwood. Am. J. Sci. 24, 93 (1907). 

A careful examination of the activity of thorium dioxide 
prepared from minerals and of that prepared from Welsbach 
salts confirms the earlier reports that the specific activity 
of the latter is considerably lower than that of the former. 
The Welsbach salts examined were approximately 1:33, 3.5, 
and 4 yrs. old, respectively, and contained 30-40% of the 
equilibrium amount of radiothorium. If radiothorium is a 
direct disintegration product of thorium, then from the above 
consideration the period of radiothorium could not be less 
than 6 yrs. This conclusion does not agree with the results 
of Hahn's work, and Blanc has recently determined the 
period of radiothorium to be 737 days. Hahn's examination, 
as well as that of the author, of a series of intermediate 
products obtained in the commercial preparation of thorium 
compounds, gave no evidence that radiothorium had been 
separated from the thorium in large amount. Tests of sam
ples of nitrate made by the same firm some years before 
showed a considerable loss in activity compared with ni
trates freshly made. This decrease in activity apparently 
continued for about 3 yrs . and then the activity was fairly 
constant for a time. This phenomenon is explained by a s 
suming that the salts, as prepared, contain radiothorium 
which decays with a certain period, and also that at the 
same time an inactive substance is built up by the thorium, 
into radiothorium Hahn obtained thorium-free compounds 
which showed, as time went on, an Increasing activity and 
an increased power to yield thorium emanation. The con
clusion is reached that these compounds contain the inter
mediate product between thorium and radiothorium and that 
it is this "mesothorium" and not radiothorium which is r e 
moved in the commercial processes. The films of thorium 
oxide, the measurements of which the author described in a 
former paper, now show a marked aecrease in activity. The 
rate of decay, however, is in no case more rapid than that 
of radiothorium, and in but a few cases does it approach 
near to that of radiothorium. It appear then that thorium and 
"mesothorium" are fairly easily separated. The author has 
in his possession thorium-free residues of thorium-X 2 yrs . 
old which at the time of preparation lost activity steadily for 
about 30 days and then seemed to retain an appreciable 
amount of residual activity; now these residues without ex
ception have an activity many times greater than the mini
mum to which they had fallen: they give an emanation Iden
tical with that from thorium; therefore these residues con-
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tain radiothorium formed from the "mesothorium" origi
nally present. From the calculated period of mesothorium 
the author expects a still greater activity in these res i 
dues. It is concluded that there must be a product between 
thorium and radiothorium with a slow rate of change, and 
not giving a-particles. (Geo. C. Ashman) 

1319 
German Patent 187,546, July 22, 1906. Siemens & Halske, 
Akt.-Ges., Berlin. 

Process of preparing carbon-free thorium sulphide, for 
reduction to pure thorium, consisting in leading CSg, with
out the admixture of free hydrogen, but mixed to advantage 
with HjS. 

1320 
SEPARATION OF TITANIUM AND THORIUM BY MEANS 
OF AMMONIUM SALICYLATE. M. Dittrich and S. Freund 
(Heidelberg). Z. anorg. Chem., 56 [3], 346(1908). 

The separation is carried on in the same manner as 
given for Zr and Ti. (Harry W. Redfield) 

1321 
PREPARATION OF THORIUM, URANIUM, ZIRCONIUM 
AND TITANIUM. D. Lely, J r . and L. Hamburger. (Eind
hoven, Holland) Z. anorg. Chem., 87, 209-28(1914). 

The method of prep, was the same with all the above 
named metals; the chloride was reduced by Na in a steel 
bomb, and the metal so prepd. was obtained in a compact 
form by being made the resistor in an elec. vacuum fur
nace and heating until fused together; for the best results 
in the reuuction it was necessary to mix the charge well 
in order to produce as high a temp, as possible by the r e 
action. Th was obtained containing but 0.1% O; very ductile, 
resistant to H2O alkalies, and dil. HNOg, rapidly attacked 
by HCl without complete soln., oxidized to ThOg by aqua 
regia, fairly stable in air at ordinary temp. U was prepd. 
containing 0.5% O; less ductile than Th, not affected by 
HgOj alkalies, AcOH, dissolved by HCl, HNOg. Zr was 
prepd. practically pure; very ductile, resistant to acid and 
alkalies, being attacked in the cold only by HF, rapidly dis
solved by hot cone H2SO4 and by aqua regia. Hunter's work 
on Ti (C.A., 4, 1275) was repeated and his results con
firmed; Ti is less ductile than any of the above. (G.W.M.) 

1322 

THE THORIUM INDUSTRY. R. Bohm. Mon. sci. [4], 22, 
392-410[1908]. 

Translation of an article which appeared in Chemische 
Industrie, 29, 450 (1906). It is an exhaustive report of the 
development of the industry, together with the different 
forms of metallurgy, methods of purification and analysis 
now in use. (H. A. Spoehr) 

1323 
EXPERIMENTS ON THE ESTIMATION OF THORIA IN 
MONAZITE. J. C. H. Mingave. Records Geol. Survey 
N. S. Wales, 8, Part 4, 276-83[1910]. 

Gives comparative tests as to the relative merits of the 
different methods of determining thoria in monazite sand. 
"The method of W. B. Giles (Chem. News, 92, 1-3, 30-31 
(1905)) appears to be a good one for the separation of the 
thoria." "The method proposed by Ludwig Haber (J. Chem. 
Soc , 73, 295 (1898)) appears to be a quick and accurate 
method of separating thoria from the earths present in 
monazite." Some chemical data on monazite sand from 
Northern Queensland and from New South Wales are given. 
(W. T. Schaller) 

1324 

THEORY OF THE MANUFACTURE OF THORIUM SALTS. 
I. Koppel and H. Holtkamp. (Wias. Chem. Lab., Berlin). 
Z. anorg. Chem., 67, 266(1910). 

The common method of preparing pure Th salts commer
cially is that depending on the insolubility of Th phosphate 

in dil. acids. The phosphate is pptd. by almost neutralizing 
the soln. obtained by decomposing monazite in the usual 
way. The ppt. is dissolved, reppdt. with oxalic acid, and 
the oxalate dissolved In Na2C03Th(OH)4 is then obtained by 
pptn. with alkali and purified by dissolving in HCl and pptg. 
with H2SO4. The sulphate purification is discussed, and then 
the author studies the solubility of Th(S04)2 • 8H2O in acid 
solns. At 30° the solubility first r ises rapidly to a max. and 
then diminishes with increasing acid cone The transition of 
the 8-hydrate to the 8-hydrate to the 3-hydrate, which takes 
place at 43° in neutral soln., takes place at 30° and a cone 
of 33% H2SO4, 19.5% HCl, or 31% NHO3. These cones, were 
checked by vapor pressure calculations, with a fair agree
ment. H3PO4 present in the soln. greatly retards the rate of 
pptn., and stronger solns. completely prevent it. The author 
then discusses his results with reference to the technical 
methods. His conclusions are carried out in common prac
tice as outlined in the earlier parts of the paper. A table of 
the ds. and refractive indices of Th(N03)4 solns. of different 
cones, is given. (George W. Morey) 

1325 
ON SCANDIUM. H. R. J. Meyer and Herbert Winter. 
(Berlin N., Wissenseh. Chem. Lab.). Z. anorg. Chem. 67, 
398-417(1910). 

Residues from Saxon wolframite, and old slag from the 
tin mines of Zinnwald contain Sc. Wiikite from Finland con
tained little or no Sc, contrary to the results of Crookes; it 
is possible that the name "Wiikite" is applied to several 
minerals. Following the methods described in the first con
tribution (C.A. 3, 870) a crude SC2O3 having an at. wt. of 46 
for Sc, was obtained. After an effort to purify these crude 
oxides, attempts were made to separate Th and Sc by frac
tional volatilization of the chlorides. Anhydrous SeCl3 was 
prepared by the method of Matignon and Bourion (fine 
transparent leaves, very hygroscopic, insol. in abs. EtOH), 
but this line of work was abandoned because of its tedious-
ness and wastefulness. A double carbonate, Se2(C03)3, 
4Na2C03 • 6H2O was prepared by evapn.- of mixed solns. of 
SeCl2 and 20% Na2COg. An analogous ammonium compound 
has the comp. 2Se2(C03)3(NH4)2C03 • 6H2O, while no corre
sponding K compd. could be isolated. These two carbonates 
are more soluble In cold than in hot water; are hydrolyzed 
in hot water, and the Na compd. is less sol. than the double 
carbonate of Na and Th. Application of this fact affords the 
most convenient sepn. of Sc and Th: After obtaining pure 
crystals of the double Na-Sc carbonate they were dissolved 
in cold H2O, converted into the chloride by supersaturating 
with HCl; pptn. of Sc(OH)3 was effected by means of NH4OH; 
this was dissolved in HCl, the oxalate pptd., and SC2O3 ob
tained from this by ignition. Spectroscopic and radioactivity 
tests showed this oxide free of Th. Using this oxide, and 
making analyses by the sulfate and oxalate methods, 45 is 
obtained as the limiting value for the at. wt. of Sc (details 
later). To control this value, the analysis of the acetylace-
tonate was resorted to and after several recrystns. the 
value 44.9 was obtained. The acetylacetonate was pre
pared by adding an ammoniacal soln. of acetylacetone to 
an aqueous soln. of ScClg and recryst. the pptd. compd. 
from 71% EtOH; large glittering prisms sol. in abs. EtOH, 
EtjO and CHClg; insol. in HgO; m.p. between 187 and 190°. 
It is volatil at low temps., and easily sublimes; for analysis 
it was decomposed by dil. H2SO4. In aqueous soln. it is 
slightly hydrolyzed. The possibility of Sc containing an un
known element Is supported by the fact that there are i rreg
ularities in its arc spectrum. (W. C. Moore) 

1326 
British Patent 23,215, Oct. 11, 1909. H. Kuzel, et al.. Villa 
"Sirins," Baden, near Vienna, Austria. 

Production of pure zirconium, titanium, thorium, cerium, 
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vanadium, uranium, chromium, tungsten, and molybdenum, 
by reducing the compds. of the metals, preferably the ox
ides, by means of metallic Ca. 

1327 
NEW RARE EARTH COMPOUNDS. L. A. Pratt and C. 
James (New Hampshire Coll.). J. Am. Chem. Soc , 33, 
1330-2(1911) 

Several new compds. of Y, Sm, Nd, Pr, La, Ce, and Th 
with organic acids are described. Th can be sepd. from the 
ra re earths by phenoxyacetic acid. (A. R Middleton) 

1328 
A NEW METHOD FOR THE SEPARATION OF THORIUM. 
T O. Smith and C. James (New Hampshire Coll.) J Am 
Chem. Soc , 34, 281-4(1912). 

Sebacic acid in b. aq. soln. ppts. Th quantitatively. Ce, 
La, Y, etc., give no ppt. The Th sebacate settles readily 
and IS easily filtered (A. R Middleton) 

1329 
THE PREPARATION OF PURE THORIUM EARTHS FROM 
MONAZITE SAND BY AID OF HYPOPHOSPHORIC ACID. 
F Wirth. Z angew. Chem., 25, 1678-9(1912). 

The methods that have been proposed for prep, of Th02 
are briefly discussed. The use of H4P2O8, as suggested by 
Kauffmann, is recommended Th(P208) • llHgO is amor
phous, insol. in water and difficulty sol. m acids and alka
lies. The subphosphates of the tnvalent elements are 
readily sol. in acids Ti and Zr are only elements pptd 
with Th and these may be sepd. without difficulty. The 
Th(P208) ppt. IS boiled with KOH for 7-8 hrs. with fre
quent decantations; the Th(0H)4 is dissolved in dil. HCl 
and excess of (C02H)2 added cold, the oxalate pptn. r e 
moves Ti and Zr and on ignition the Th(C204)2 yields pure 
ThOg. The Th(P205) may be converted into normal phos
phate for weighing. Details and conditions for sepn. of Th 
are briefly discussed. Results reported on known mixts. 
show good agreement. (F.W S.) 

1330 
A NEW REAGENT FOR THORIUM. M. Koss. Chem. Ztg., 
36, 686-7(1912). 

Th can be quantitatively sepd from Ce, etc , as Th(POg)2 
by means of NaHP03, and 0.1 mg. per cc. soln. Th can be 
detd. in the presence of 6% HCl. The method is of especial 
value since it can be used in acid soln., and the only inter
fering elements are Th and Zr. (George W . Morey) 

1331 
EXTRACTION OF THORIA. Charles Baskerville (Coll. 
City, N. Y.). Orig. Com. 8th Intern. Congr. Appl. Chem., 
2, 17-9(1912); J. Ind. Eng. Chem., 4, 821(1912); Chem. 
News, 106, 271(1912). 

A mixt. of monazite sand (unground), 1.0 lb., petroleum 
coke 1.0 lb., lime 0.80 lb , fluorspar 0.15 lb. is heated for 
1.5 hr. (or until P ceases to be evolved), best with current 
of 35 V. and 125 amp. Carbides of Th and the rare earths 
are but slowly attacked by water and remain in the fine 
powder resulting from decomp. of the CaC2 (A R. 
Middleton) 

1332 
SEPARATION OF TUNGSTEN FROM THORIUM, LANTHA
NUM, CERIUM, ERBIUM, DIDYMIUM AND SILICA. M 
Wunder and A Schapira. Ann. chim. anal., 18, 257-60 
(1913) ~ 

If WO3 and Th02 are fused with NajCOg and the melt b. 
with HjO, the ThOg is insol. The W after filtration can 
be detd. in the filtrate with HgNOg. Sepn. is quant. (E. 
W. Boughton) 

1333 
U. S. PATENT 1,069,959, Aug. 12. M. Koss. 

Obtaining thorium from monazite by dissolving the Th 
and other rare earths from the monazite with HgS04 and 

then pptg. the Th from the soln. thus obtained by adding 
H4P2O8 or Its Na salt. 

1334 
SEPARATION OF THORIUM OXIDE FROM MONAZITE 
SAND BY SUBPHOSPHORIC ACID AND DETECTION OF 
CERIUM WITH ALKALINE AMMONIUM TARTRATE 
SOLUTION. F Wirth (Berlin). Chem. Ztg., 37, 773-4 
(1913) 

Addition of alk. subphosphate has the disadvantage that 
difficultly sol. double sulfates of the Ce earths may be 
formed; a better procedure is to produce the H4P20e 
directly in the soln., which can be easily accomplished 
by anodic oxidation on CugPg. Th can also be pptd. from 
ammoniacal tartrate or oxalate solns. with alk. subphos
phate, enabling a sepn. from the Ce earths to be made in 
alk soln For the detection of Ce, (NH4)2C4H408 soln. and 
dil. NH4OH are added to the neutral soln. and boiled, the 
presence of Ce being shown by an-intense yellow to yellow-
brown coloration H2O2 ppts. from the soln. brown CeOg, 
or in dil. solns. so intensifies the color as to enable the 
detection of 0.2 mg. CeOg in 100 cc soln. (George W. 
Morey) 

1335 
BRITISH PATENT 15,919, July 8, 1912. Deutsche 
Gasgluhlicht Akt.-Ges. 

Thorium is sepd. from other rare earths by treating 
their acid soln. with H4P2O8, or its sol. salts such as 
Na4P208, the Th being pptd. as hypophosphate, while the 
other rare earths remain in soln. 

1336 
GERMAN PATENT 266,459, July 3, 1912. O. Knbfler & 
Co. 

Detailed process of separating thorium from other rare 
earths, with the use of sebacic acid, and using the acid 
soln. of disintegrated monazite sand as the initial material. 

1337 
U. S. PATENT 1,085,098, Jan. 27. W. C. Arsem. 

Obtaining pure metallic thorium by converting Th02 to 
ThCl4 by heating with S2Clg, reducing the ThCl4 with Na by 
heating in vacuo to 700° with a flux of NaCl and KCl and 
forming the finely divided Th thus obtained into a compact 
body by mixing with Mg filings, heating m a MgO crucible 
until the Mg is vaporized, treating the porous Th thus 
obtained with HNO3, washing, drying and pressing. 

1338 
GERMAN PATENT 269,541, Apr. 23, 1911. K. Schwab. 

In the sepn. of mesothorium- and radium-salts in 
obtaining Th from Th-containing minerals, the thoriferous 
minerals, disintegrated by means of HgS04, such as mona
zite sand, are dild. with 2 to 3 times their mass of HgO. In 
this liquid slime is suspended over the gang, and Th and the 
other rare earths are dissolved therein. The liquid is s t i r 
red, the gang, consisting of quartz and Ti-Fe, remaimng at 
the bottom, only the lighter parts being suspended in the 
liquid. The suspension is then withdrawn, and dild. m tanks 
to about 36-60 times the amt. of the acid product. The more 
difficultly sol. Th phosphate is thus sepd., also a portion of 
the cerite earths as phosphate, while the greater part of 
the readily sol. earths, such as Ce, Dl, etc., remain dis
solved in the weak acid soln 

1339 
DETERMINATION OF THORIUM IN MONAZITE SAND. 
R. J. Carney and E D. Campbell. J. Am. Chem. Soc, 
36, 1134-43(1914). 

The method consists m pptn. of Th as pyrophosphate 
by the addition of Na4P20, to the H2SO4 soln. of the 
monazite. The ppt. is converted to sulfate by heating 
with H2SO4 and NH4CIO4. The Th is next pptd. as Th(OH)4 
by NaOH, dissolved in HCl, H2SO3 added and Th is again 
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pptd. as ThPjOj and converted to Th(OH)i, which is finally 
dissolved in HCl and pptd. as oxalate, which is ignited to 
ThOj. (William Blum) 

1340 
GERMAN PATENT 278,121, Sept. 12, 1913. J. Lorenzen. 

Processes used heretofore for obtaining thorium X are 
troublesome and costly and require either large amis, of 
H2O for soln. or yield a product impure with considerable 
amts. of NH4 salts or NaCl. A sepn. of the Th X from the 
Th can be effected by subjecting a colloidal Th02 soln. 
containing Th X to dialysis. The Th X passes through, 
while the colloidal Th02 remains in the dialyzer. In this 
manner a very pure and high % soln. of Th X is obtained. 
If this soln. is removed and replaced by distd. H2O, uni
form solns. of Th X may be removed, at definite periods, 
since Th X forms continuously from the Radio-Th con
tained in the ordinary ThOj. The colloidal Th soln. can 
be prepared by pptg. Th(OH)4, with NH4OH2 from a cone. 
Th(NOs)4 soln. containing, besides Th, also Radio-Th and 
Th X, washing the ppt., and digesting with a little H2O 
after the addition of a little Th(N03)4. 

1341 
FREEING AND SEPARATING THORIUM FROM OTHER 
RARE EARTHS. F. Jost. German Patent 286,087, Mar. 
10, 1914. 

From the soln. of the phosphates of the rare earths in 
dil. acids, the Th is pptd. pure, in a single operation, by 
means of pyrophosphorie acid or its sol. salts, as Th 
pyrophosphate. E. g., 1000 g. monazite, with a content 
of 5% ThOj, is disintegrated, for 6-8 hrs . , with 1250 g. 
coned. H2SO4. After cooling, the mass is transferred to 
about 10 1. H2O, and siphoned off from the undercomposed 
residue. The residue is decanted 2 or 3 times with H2O, 
and the H2O added to the soln. siphoned off. It is then 
dlld. with HjO until the soln. contains 50-70 g. H2SO4 per 
1. By this diln., the phosphates of the rare earths con
tained in an av. monazite remain in soln. To this soln. 
are added with const, stirring 50-60 g. Na pyrophosphate 
dissolved in 1 1. H2O. A fine flocculent ppt. of Th pryo-
phosphate seps. After some time the supernatant liquid, 
which contains the phosphates of Ce, La, etc., is siphoned 
off, and the ppt. is decanted with H20, to which 2-3% min
eral acid has been added, until the wash H2O contains only 
small traces of rare earths. The very pure ppt. of Th 
pyrophosphate can be converted, after drying, directly 
into Th(0H)4 by fusion with alkali hydroxide, or it may 
be dissolved in a mineral acid, and, after conversion into 
the oxalate, it may be treated with NaOH to obtain the 
hydroxide; this is suited for further working to the nitrate. 

1342 
SEPARATION OF THORIUM AND ZIRCONIUM FROM 
SOLUTIONS. E. D. Campbell and R. R. Carney. U. S., 
Patent 1,182,880, May 9. 

Selective sepn. of Th and Zr from acid solns. which also 
contain Ce, Yt or other rare earth metals which form sol. 
pyrophosphates is effected by adding a sol. pyrophosphate 
to the soln. to ppt. the Th or Zr. 

1343 
SEPARATION OF THORIUM FROM IRON WITH THE AID 
OF THE AMMONIUM SALT OF NITROSOPHENYLHYDROX-
YLAMINE ("CUPFERRON"). W. M. Thornton, J r . Am. 
J. Sci. 42, 151-4(1916); Chem. News 114, 13-4(1916). 

The standard soln. of Th(S04)2 used was prepd. from the 
commercial salt after purification by the sebacic acid 
method. Preliminary expts. showed that with even small 
amts. of H2SO4 present pptn. of Th by cupferron was incom
plete, but good results were obtained by pptn. from a soln. 
containing a large amt. of ACONH4. Using 25 cc. of a 
Th(S04)2 soln. containing 0.0925 g. ThOj and 1.25 cc. 1:1 

H2SO4, 15 g. ACONH4 were taken, in a total vol. of 500 cc. 
The ppt. obtained cannot be filtered by suction. A sepn. 
from Fe was worked out, based on the pptn. of Fe by H2S 
in the presence of tartaric acid, removal of HjS by boiling 
after addition of H2SO4, and pptn. of Th with cupferron after 
addition of ACONH4. Results given are satisfactory, but the 
method is not offered as a substitute for the usual oxalate 
sepn. (George W. Morey) 

1344 
THE MONAZITE INDUSTRY AND THE EXTRACTION OF 
THORIUM AND MESOTHORIUM. K. L. Kithll. Rev. gen. 
chim. 19, 113-20(1916). 

The compn. and commercial importance of monazite are 
discussed. American and Brazilian practice is sepn. of 
monazite from other minerals is described as well as the 
methods of sepn. of Th and meso-Th from the minersil. 
(H. L. Olin) 

1345 
RECOVERY OF THORIUM. E. D. Campbell, et al. Cana
dian Patent 176,792, May 8, 1917. 

Thorium is sepd. from solns. containing it by pptn. as a 
pyrophosphate in the presence of an acid and boiling to 
complete the pptn. 

1346 
DETERMINATION OF THORIUM. A. B. Schi<|)tz. Tidskrift 
Kern. Farm. Terapi 14, 270(1917). 

Digest some 25 g. of the monazite sand with 50 cc. hot 
coned. H2SO4 for 8 hrs. and wash the sulfates out of the 
residue with about 500 cc. hot water. To this filtrate add 
40 g. (NH4)2C204 dissolved in 250 cc. hot water. The next 
day filter the oxalates and wash with 5% H2C2O4. Then 
suspend the ppt. in 500 ce. hot water and add pieces of 
KOH (not NaOH) in excess, boil 30 min., filter, and wash 
with hot water. Next transfer the ppt. to a beaker, dis
solve in coned. HCl and dil. to 300 cc. Now ppt. the Th by 
adding pure quinoline to the boiling soln. Later remove the 
quinoline from the washed ppt. by treating with dil. HCl. 
Digest the nearly pure Th(0H)4 ppt. with boiling coned, soln. 
of 10 g (NH4)2C204 and afterwards make up the soln. to 500 
cc. After 2 hrs. filter the ppt. and wash with cold water, 
again reppt. as oxalate, filter and wash the following day, 
ignite and weigh as Th02. (A. R. Rose) 

1347 
THORIUM SALTS. Lindsay Light Co. British Patent 
117,438, Nov. 26, 1917. 

Monazite sand is heated with strong H2SO4, a temp, of 
175° being mentioned, to convert the Th and rare earths 
into sol. form, and the heating is then raised to 250-300° 
until the Th alone has become insol. The mass is then 
cooled and stirred with H2O and the insol. Th pyrophos
phate in cryst. form is filtered off and may be further 
treated to obtain pure Th compds. It is claimed also that 
pure thorium pyrophosphate in this form may be made by 
heating Th sulfate and H3PO4 at 280°. 

1348 
THORIUM PYROPHOSPHATE. The Welsbach Co. French 
Patent 485,968, Feb. 26, 1918. 

In a process of sepg. Th in the form of pyrophosphate 
from monazite sand, the product of decompn. of the sand 
obtained by treatment with H2SO4 is heated to a temp, suffi
cient to produce pyrophosphorie acid, and the Th is pptd. 
therefrom in the form of pyrophosphate by means of the 
pyrophosphorie acid thus produced. Coned. H2SO4 Is em
ployed to effect the decompn. of the sand. The pptn. is 
effected by adding H2O to the product of decompn. 

1349 
THORIUM COMPOUNDS FROM MONAZITE SANDS. L. W. 
Ryan. U. S. Patent, 1,307,153, June 17. 

Starting with an acid or neutral soln. of Th, rare earth 
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metals, Zr, Fe and Ti such as may be obtained from mon
azite sand ans the Th content of which is about 44 lbs. 
(caled. as oxide) and constitutes about 60% of the total 
oxides present, HF or a sol. fluoride is added to the 
material in sufficient amt. to ppt. all the Th and rare 
earths and to dissolve the pptd. Zr. The Ti and Fe r e 
main in soln. 125 lbs. of 30% HF will suffice for this 
purpose. The mixt. is stirred for about 1 hr., dild., 
filtered and washed, leaving the Th and rare earths in the 
filter-cake as fluorides. Fluorides obtained in this 
manner or those of similar character otherwise obtained 
are then heated to 60-80° with a soln. of Na2C03, alone or 
mixed with NaHCOs or with a soln. of (NH4)2C03, to dis
solve the Th, leaving the bulk of the rare earth metals 
(especially those of the Ce group) in the residue. The Yt 
group and eerie compds. are somewhat sol. in the carbonate 
soln. The carbonate soln. of Th which may be thus obtained 
is treated with a 25% NaOH soln. in slight excess to effect 
pptn. of the Th as hydroxide. On thorough washing, a nearly 
pure Th hydroxide is obtained which may be dissolved in a 
slight excess of HCl and crystd. out as sulfate by the slow 
addition of H2SO4 to the chloride soln. 

1350 
THORIUM COMPOUNDS. L. W. Ryan. U. S. Patent 
1,307,152, June 17. 

Conversion of pptd. Th fluoride into anhydrous sulfate is 
effected by the following treatment: About 125 parts of the 
pptd. fluoride containing about 50% H2O are treated with 
50 lbs. of coned. H2SO4 and the temp. Is maintained at 
300-400° until the reaction is complete. HF is volatilized 
as formed. If an impure product has been used as the start
ing material, the anhydrous Th sulfate formed may be s t i r 
red with a hot soln. of Na2C03 (about a 10% soln. at 50-60° 
is preferable) to dissolve the Th compds. as carbonates, 
leaving compds. of rare earth metals or other sulfates as 
an insol. residue. In lieu of the treatment with Na2C03 
soln., the pptd. sulfate may be treated with a soln. of 
NaOH which converts the sulfate to hydroxide without soln. 
The Th hydroxide is then sepd. from the soln. by filtration 
and dissolved as a chloride and then crystd. as sulfate by 
the slow addition of H2SO4. KOH or coned. NH3 soln. may 
be used in the same manner as NaOH. 

1351 
THORIUM COMPOUNDS Lindsay Light Co. British 
Patent, 127,555, Mar. 14, 1919. 

The purification or recovery of Th compds. is effected 
by first producing the fluoride and then converting this 
into the anhydrous sulfate by digestion with H2SO4 at a 
high temp. The acid Th-eontg. soln. resulting from the 
digestion of, say, monazite sand with acid, is treated, 
preferably after a preliminary conen. of the Th, with HF 
or a sol. fluoride in the proportions required to ppt. the 
Th as fluoride without bringing down any substantial amt. 
of the rare-earth metals present. The filter-cake is heated 
at 300-400° with coned. H2SO4. The resulting Th sulfate 
may then be sepd. from admixed sulfates of the rare-earth 
metals by treatment with a soln of Na2C03 or NaHC03 to 
dissolve out the Th as carbonate, or by Interaction with 
Na, K, or NH4 hydroxide, the resulting Th hydroxide being 
purified by conversion into a cryst. salt such as the sulfate. 

1352 
THORIUM OXIDE AND SALTS. Lindsay Light Co. British 
Patent 129,624, Apr. 4, 1919. 

A process for the sepn. of Th compds. from material 
eontg. the same depends upon the soly. of Th fluoride in 
a hot or cold soln. of an alkali carbonate, (NH4)2C03, or a 
mixt. of Na2C03 and NaHC03, a sol. double carbonate 
being apparently produced. Starting with an acid or neutral 
soln. of Th, rare-earth riietals, Fe, Zr, and Ti — as ob

tained for instance from monazite sand—HF or a sol. fluo
ride is added to ppt. the Th and rare-earth metals and to 
dissolve the pptd. Zr, leaving the Ti and Fe in soln. The 
filter-cake is now heated with the carbonate soln., when 
the Th dissolves, leaving the bulk of the rare-earth metals 
and any phosphates present unattacked. The Th is pptd. 
from the filtrate as the hydroxide and the product purified 
in any known manner. 

1353 
THORIUM FROM MONAZITE SANDS. O. N. Berndt. U. S. 
Patent 1,323,735, Dec. 2. 

Monazite sand containing 9% Th02 is mixed with about 
an equal amt. of H2SO4 (d. 1.84) and the mixt. is digested 
for 8 hrs . , with const, stirring, at a temp, of about 175° to 
effect reaction with formation of sulfates and phosphates of 
the basic elements contained in the sand. The temp, of the 
mass is then raised to 250-300° and the heating and st ir
ring are continued for about 12 hrs . At the end of this time 
a sample stirred with 15 parts by wt. of a 2% H2SO4 soln. 
and filtered should give a clear soln. which is practically 
free from dissolved Th. When it is thus shown that prac
tically all the Th is present in a form insol. in the H2SO4 
the mass is permitted to cool while the stirring is con
tinued. The product is solid or nearly solid and has a wt. 
of about 87% that of the original charge of sand and acid. 
If the monazite contains material proportions of quartz, 
zircon or ilmenite, the amt. of H2SO4 used must be adjusted 
to the particular mixt. under treatment. The solid product 
thus obtained is stirred with 5 to 20 times its wt. of HjO. 
A soln. is thus obtained containing salts of the rare earths 
and other bases present In the monazite together with an 
excess of H2SO4 and H3PO4 and containing in suspension 
also the insol. eompd. of Th. The latter is sepd. by filtra
tion. The filter-cake obtained contains almost all the Th 
originally present in the monazite sand, probably as a 
salt having the formula Th(P03)S04, in the form of acicular 
crystals, insol. in H2O and dil. acids. 

1354 
THORIUM. M. A. Goltz. U. S. Patent 1,322,185, Nov. 18. 

Selective sepn. of Th from monazite as Th pyrophosphate 
is effected by deeompg. the raw material with H2SO4, heat
ing the decompn. product to a temp, sufficient to produce 
H4P2O, and pptg. the Th as pyrophosphate with H4P2O7 thus 
formed. 

1355 
THORIUM FROM MONAZITE SANDS. O. N. Berndt. U. 
S. Patent 1,329,747, Feb. 3. . 

Monazite sand (preferably magnetically coned, to remove 
ilmenite and containing about 9% Th oxide) is treated with 
over 85% its wt. of fuming H2SO4 and heated for 3-4 hrs . at 
200-230° to induce an exothermic reaction with consequent 
further rise in temp, to 300-350° in 30-60 min. The reac
tion mass is a stiff plastic mass of greenish yellow color. 
It is agitated with H2O in the proportion of about 1 gal. for 
each lb. of the material and the Th in suspension may be 
decanted from siliceous residues which settle. The Th 
compd. may then be sepd. from the wash H2O by filtration. 

1356 
THORIUM COMPOUNDS FROM MONAZITE SAND. J. V. 
Clarke. U. S. Patent 1,335,482, Mar. 30. 

Monazite sand is digested with coned. H2SO4 at a temp, 
of 180-200° until the resultant pasty mass is sol. in H2O 
with the exception of the unattacked portions of the material 
which comprize chiefly compds. of Si, Zr and the like. The 
pasty mass is then slowly added to H2O and the mixt. is 
allowed to stand until the insol. matter has settled out. The 
soln. is then sepd. and treated with an oxidizing agent such 
as NaMN04, KMn04 or H2O2 and the soln. gently heated to 
about 90° which effects pptn. of the Th as an oxide or mixt. 
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of oxides and peroxides. Too great rapidity of heating at 
this stage must be avoided or a gelatinous ppt. will be 
formed which is difficult to handle. The ppt. is filtered 
and washed to free it from Ce and acid. The nitrate may 
be formed by dissolving the ppt. thus obtained in 50% 
HNO3 and crystd. after evapn. of its soln. in vacuo. 

1357 
SEPARATING THORIUM FROM OTHER RARE EARTH 
METALS. O. Dietsche. U. S. Patent 1,335,157. Mar. 30. 

Fractional pptn. of Th from solns. of salts of various 
rare earth metals (preferably chlorides or nitrates, though 
sulfates or other salts may be used) is effected by the 
addition of HF or a sol. fluoride, in acid or neutral soln., 
with or without heating. By properly limiting the addition 
of the pptg. agent, a ppt. of Th fluoride free from other 
rare earth metals may be obtained at the first pptn., 
leavmg some Th still m the soln. By larger additions of 
the pptg. agent, a ppt. is obtained having a high Th con
tent but containing some smaller amts. of other rare earth 
metal compds. By the latter method a ppt. containmg about 
70% Th fluoride may be obtained from a soln. in which the 
Th constitutes only 10% of the total rare earth compds. 

1358 
THORIUM FROM MONAZITE SAND. L. W. Ryan. U. S. 
Patent 1,351,489, Aug. 31. 

India monazite sand containing about 9% Th02 is heated 
with about 1.5 times its wt. of H2SO4 for 4-8 hrs. at 200-
300°. The product thus converted into sol. form is intro
duced into cold HjO in the proportion of 2 gal. for each lb. 
of sand treated. Usually this will not give a clear soln., 
as a small proportion of the Th and other metals present 
are pptd. as orthophosphates. About 14% the wt. of sand 
treated of Na metaphosphate is added and substantially all 
the Th is pptd. as metaphosphate while the bulk of the rare 
earth metals and the Fe remain m soln The mass is fil
tered and the filter-cake will contain, after washing, the 
Th metaphosphate with only a small amt. of impurities. 
For further purification, the filter cake is treated with 
a 5-6% soln. of H2SO4 to dissolve a portion of the rare 
earth metals and Fe present. The metaphosphate is 
then converted into hydroxide by boiling with a coned, 
soln. of NaOH. Instead of conversion into hydroxide, the 
metaphosphate may be dissolved in an excess of meta-
phosphoric acid or a sol. metaphosphate. 

1359 
THORIUM SALTS. H. Wade. British Patent 151,854, 
Nov. 19, 1919. 

An insol. compd. of Th is obtained by heatmg a material 
such as monazite sand, in which Th and H3PO4 are asso
ciated, with fuming H2SO4. The heating is effected first at 
200-30° and finally at 300-30°. The product is treated 
with H2O with slight agitation when the soln. of the rare 
earths with the Th compd. in suspension is decanted from 
heavy residues and the Th compd. is filtered off. 

1360 
THORIUM NITRATE. H. N. McCoy. U. S. Patent 
1,366,128, Jan 18. 

Monazite sand to heated with coned. H2SO4 for several 
hrs . to produce an insol. Th eompd., sol. impurities are 
sepd., and the residue is then recovered as a filter-cake 
mud and boiled with NaOH soln. to obtain Th hydroxide, 
from which other Th compds. may then be made. 

1361 
THORIUM COMPOUNDS FROM MONAZITE SAND. C. 
W. Davis. U. S. Patent 1,368,243, Feb. 15. 

Monazite sand 100 is heated with H2SO4 200 parts for 
4 - 5 hrs . to produce sol sulfates. The pasty mixt. thus 
formed, after cooling, is dissolved in H2O 100 parts and 
insol. materials are sepd. from the soln. This soln. may 

contain about one-twelfth as much Th as other rare earth 
metals. The Th is coned, and partially sepd. from the 
other rare earth metal compds. by partial neutralization 
and fractional pptn. The ppt. thus obtained may eontam 
about 90% of the Th content of the monazite sand origi
nally treated and may comprize about 50% Th phosphate. 
The ppt. is treated with a hot 25% soln. of Na2C03 to ext. 
the Th and the latter is pptd. as hydrate with NaOH and 
preferably further purified with boiling Na2C03 soln. 

1362 
THE PRECIPITATION OF SOME OF THE RARE EARTHS 
BY CREAMS OF INSOLUBLE OXIDES AND CARBONATES, 
BASED ON THE PRINCIPLE OF HYDROLYSIS. Arthur C. 
Neish and J. W. Burns (Queen's Univ.). Can. Chem. Met. 
5, 69-74(1921) 

The object of the investigation was to predict the preci
pitant for each of the rare earths, after measuring the H-
lon conen. of some salts of the rare earths, and the OH-
lon conen. of various oxides and carbonates. E m f 
measurements made on 0.01 N solns. of the nitrates 
showed that the order in regard to H-ion conen. was 
Th, Ce (ic), Nd, Pr , Ce (ous) and La. From this and from 
a series of measurements on the OH-ion conen. of various 
oxides and carbonates it is predicted that. (1) Certain 
oxides, such as FeO, CoO, etc., having a very small conen. 
of OH ions would not ppt. Th completely. (2) Other oxides, 
etc., such as CdO, HgO, etc., would ppt. nearly all of the 
Th. (3) Some oxides, such as ZnO, PbO, Pbs04 and the 
carbonate PbC03 would ppt. Th and Ce (le) completely and 
leave the other rare earths in soln. (4) Certain oxides, 
giving an appreciable conen. of OH ions, such as Ag20, 
MgO, MgCOs would be needed to sep. Nd and Pr from La. 
(5) As lanthanum hydroxide is a stronger base than NH4OH, 
a strong base would be needed to ppt. it completely. Ex
perimental work along these lines resulted m the develop
ment of the following scheme of analysis: Treat the soln. 
with H2S or SO2 to reduce Ce to the cerous condition. Boil 
out the excess, treat the soln. m an atm. of CO2 with PbCOj, 
ZnCOs, CuCOj, Pbj04, or ZnO m slight excess and filter. 

(1) The precipitate contains thorium as the hydroxide. Dis
solve and reppt. as the hydroxide, wash, ignite and weigh. 
(2) The filtrate from (1) contains Ce, La, Nd, and Pr . Treat 
with a small amt. of KMn04, slight pink, heat to boiling and 
add a slight excess of PbCOs, MnCO,, ZnCOs, O"" ^^i^t with 
stirring and filter quickly. (3) The ppt. from (2) contains 
the Ce as eerie hydroxide. Det. in the same way as Th. (4) 
The filtrate from (3) contains Nd, Pr and La. Treat with a 
slight excess of MgO, Ag20, or MgCO,. Heat only to 60°; 
filter. (5) The ppt. from (4) contains Nd and Pr . Dissolve 
and subject to fractional pptn. with ammonia. (6) Treat the 
filtrate from (5) with NaOH and det. La in the same way as 
Th. (P.E.B.) 

1363 
THORIUM SALTS. H. Wade. British Patent 164,581, Apr. 
21, 1920. 

A crude soln. contg. Th, such as that obtained by digest
ing monazite sand with H2SO4 and leaching the residue, is 
treated, preferably in a slightly acid condition, with a sol. 
fluoride or HF in quantity sufficient only to ppt. the Th. 
Preferably the precipitant is added to ppt. the remainder. 
If a fluoride is used as precipitant a double fluoride such 
as Th K fluoride is produced. If desired the fluoride may 
be purified further by converting into hydrate as described 
in 127,555 (C. A. 13, 2425), dissolving in H2SO4, and again 
pptg. as above described. 

1364 
RECOVERY OF THORIUM. M. A. Goltz. Canadian Patent 
214,117, Nov. 8, 1921. 

Th is sepd. from monazite sand as pyrophosphate by 
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deeompg. the sand with H2SO4, converting the H3PO4 set 
free into H4P2OJ and pptg. the Th with this. 

1365 
RECOVERING THORIUM FROM ACID SOLUTIONS. L. W. 
Ryan. U. S. Patent 1,407,441, Feb. 21. 

Acid solns. (such as a H2SO4 soln. from monazite sand) 
contg. Th together with rare earths and Fe are treated with 
a H2O-S0I. Na metaphosphate such as is produced by gentle 
heating of NH4NaHP04 in order to ppt. the Th. 

1366 
THORIUM OXIDE AND SALTS. Lindsay Light Co. British 
Patent 179,309, Feb. 3, 1921. 

In the treatment of monazite sand with H2SO4 to obtain an 
insol. Th compd., the insol. eompd. is directly converted 
into Th hydroxide. The process is described in connection 
with Indian monazite which has been coned, by magnetic 
sepn. of ilmenite. The sand is heated with strong H2SO4 at 
180-200° and finally at 300° and the product is poured into 
H2O. Insol. "Th phosphate-sulfate" called the "first gray 
mud" is sepd. and boiled with NaOH to give crude thoria 
("red mud"). The "red mud" is dissolved in H2SO4 at 60° 
and HF is slowly added to the sulfate soln. to obtain ThF 
("second gray mud"). The "second gray mud" is dissolved 
in a hot soln. of Na2C03 and NaHCOs and the residue sepd., 
NaOH being then added to obtain thoria ("white mud"). The 
"white mud" is dissolved in HCl and the soln. is treated in 
portions with H2SO4, the crystals of Th sulfate being sepd. 
The acid mother-liquor is used to treat the residue from 
the ThFj digestion when it sufficiently accumulates, and 
the soln. is pptd. with HF to obtain more "second gray 
mud." The Th sulfate crystals are stirred with NH3 s61n., 
and the hydroxide sepd. and dissolved in HCl. The CI 
soln. is cooled, dild., and H2SO4 is slowly added. Th 
sulfate crystals are sepd., the acid mother-liquor ("No. 
2 waste acid") being used for dissolving the "red mud." 
Th hydroxide is prepd. from the sulfate as before and is 
washed repeatedly, the later washings being slightly am-
moniacal. Th nitrate is then prepd. by dissolving the 
hydroxide in HNO3. 

1367 
REDUCING Zr AND SIMILAR RARE METALS. J. W. 
Marden. U. S. Patent 1,437.,984, Dec. 5. 

K2ZrFs is heated with Al in an elec. furnace in vacuo 
or in an inert atm., first to effect reduction of the Zr and 
then to distil the AIF3 and KF formed, leaving Zr as a 
black or grayish spongy mass which may be still further 
heated to sinter it into white coherent metal. Halides or 
double halides of Ti, U, Th, V, and W may be similarly 
reduced. 

1368 
THE REMOVAL OF THORIUM FROM THE SURFACE OF 
A THORIATED TIWIGSTEN FILAMENT BY POSITIVE-ION 
BOMBARDMENT. K. H. Kingdon and I. Langmuir. Phys. 
Rev. 22, 148-60(1923). 

The removal of Th by positive ions of A, Cs, He, H, Ne, 
Hg as a function of voltage and time is studied. A, Cs, Hg, 
and Ne ions all started to sputter the Th at about 50 v. To 
explain the fact that the amt. of Th sputtered did not in
crease linearly with the time at the beginning it is suggested 
that some Th atoms are driven into the filament by the first 
impacts; if one of these depressed atoms is struck again 
the ion is reflected and knocks off one of the surrounding Th 
atoms. He penetrates the filament and the sputtering is 
slow, a fact which may be explained by the action of radia
tion according to Thomson. (W. Albert Noyes, Jr .) 

1369 
QUANTITATIVE SEPARATION OF URANIUM FROM THO
RIUM AND THE RARE EARTHS IN PITCHBLENDES BY 
MEANS OF SODIUM THIOSULFATE. W. Riss. Chem.-
Ztg. 47, 765-6(1923). 

Dissolve the sample in HNO3 and remove the sillcious 
residue in the usual way. Evap. the filtrate to dryness in 
an evapg. dish several times to remove the excess acid. 
Finally rinse into a beaker and carefully neutralize with 
NH4OH. To ppt. Th, add an excess of Na2S203, boil 10 min. 
and allow to stand 24 hrs . If sufficient Na2S203 was added, 
the ppt. settled promptly after the boiling and is of a 
dirty, yellow-gray color. The supernatant liquid should be 
a very pale yellow and be nearly water-clear. After stand
ing some time, a further pptn. takes place and the soln. is 
turbid but clears again on standing. The ppt. is reddish 
yellow when first thrown down, but quickly becomes light 
yellow and finally grayish yellow owing to pptn. of S. The 
ppt. contains all the Th, the greater part of the U and 
small quantities of rare earth such as quadrivalent Ce. 
It is advisable to have the soln. very dil. and to wash the 
ppt. thoroughly with dil. Na2S203 soln. The ppt. must also 
be dissolved in HCl and the above treatment repeated in 
order to remove the Ce. Dissolve the second ppt. in HCl 
and ppt. Th with oxalic acid leaving U in soln. Ignite and 
weigh as Th02. To det. U it is necessary to remove the 
oxalic acid and this can be done satisfactorily by heating 
with H2SO4. In the filtrate from the original Th ppt., det. 
the other rare earths by pptn. with oxalic acid in the 
usual way. Fe is pptd. with (NH4)2C03 and the U with 
NH4OH. (W.T.H.) 

1370 
THE SEPARATION OF THORIUM FROM ZIRCONIUM AND 
FROM THE TERVALENT RARE EARTHS. L. Fernades. 
Gazz. chim. ital. 55, 3-6(1925). 

In a preceding paper Rolla, Cuttica and Fernandes (C. 
A. 19, 220) described a method of sepg. the rare earths 
by fractional crystn. of their double sulfates with TI. In 
this paper the sepn. of the quadrivalent earths like Th 
from Zr and the rare earths is described. Coned, solns. 
of Th(S04)2 and TI2SO4 on cooling sep. 2Th(S04)2.7Tl2S04, 
(I), which exists through a wide range of concns. If solns. 
of these salts contg. little TI2SO4 are evapd. at low temps. 
Th(S04)2-Tl2S04-4HjO seps., but its range of stability is small, 
and at higher temps. Th(S04)2 seps. first and then (I). Mixts. 
of Zr(S04)2 and TISO4 evapd. by heat and cooled sep. 
Zr(S04)2.2Tl2S04-4H20 or Zr(S04).Tl2S04.8H20; when evapd. 
slowly at low temps. 2Zr(S04)2-7Tl2S04 seps. Soly. data for 
these salts in 20% H2SO4 solns. are summarized in the 
graphs. The method of sepn. based on these data follows. 
The mixed hydroxides are pptd. with NH4OH washed with 
hot H2O and dissolved in dil. H2SO4, Excess TI2SO4 is added 
and nearly all of the Ce earths are pptd. These are filtered 
off, the filtrate is evapd V: and again filtered. The soln. is 
cooled and seps. the 1st fraction of Th (absolutely pure). 
The soln. is evapd. again and the Th fractions are removed 
as they sep. The filtrate, which is nearly coned. H2SO4, is 
boiled and seps. the last trace of Th as Th(S04)2. This is 
filtered off with asbestos or a porous crucible and on cool
ing seps, the Zr complex, which by spectroscopic detns, 
was found to contain only TI and Zr. (E. J. Witzeman) 

1371 
TIN, TITANIUM, THORIUM AND ZIRCONIUM SALTS. C. 
Weizmann and J. Blumenfeld. British Patent 228,814, Aug. 
3, 1923. 

Solns. of Sn, Ti, Th, and Zr compds. are freed from col
loidal suspended substances by adding an org. colloid such 
as albumin, casein, or a gum. 

1372 
THE ESTIMATION AND SEPARATION OF THE RARER 
METALS FROM OTHER METALS. V. THE SEPARATION 
OF ZIRCONIUM AND HAFNIUM FROM TITANIUM, CERIUM, 
AND THORIUM. Ludwig Moser and Rudolf Lessnig. Mon-
atsh. 45, 323-37(1925). 
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Previous methods for the sepn. of Zr from Ti are un
satisfactory . Selective hydrolysis is not quant., phosphate 
pptn. requires too much time; and the cupferron method 
is expensive, Na2HA804 added to an HNO3 soln. of Zr gives 
a white ppt. of ZrO.HAs04, which is dense and readily fil
tered. Ti gives no ppt. The arsenate of Hf is even less 
sol. than that of Zr. The ZrO.HAs04 was dissolved in coned. 
H2SO4, HCl and N2H4 added, and ASCI3 distd. off. Dil. the 
residual soln. and ppt. Zr with NH3, redissolve in dil HCl, 
and reppt., ignite and weigh as Zr02. Reduce the filtrate 
from the first pptn. with S02, and ppt. Ti02 with NH3 and 
Ignite. Zr can be sepd. similarly from Ce and Th, but in 
the latter case the HNO3 conen. must be kept at about 1.1 
N. Each metal can be estd. to about 0.3%. (A.W. Francis) 

1373 
IONIUM. I. RECOVERY OF IONIUM FROM CARNOTITE. 
n. ADSORPTION OF IONIUM-THORIUM BY BARIUM 
SULFATE, ra. IONIUM-THORIUM RATIO IN CARNOTITE. 
G. D. Kammer and Alexander Silverman. J. Am. Chem. 
Soc. 47, 2514-22(1925). 

There is no good method for sepg. lo directly from earno-
tite. That carried down with the Ra-Ba sulfate can be sepd. 
by fusion by Nâ COs or boiling with Na^COs. BaS04 has an 
extraordlanry capacity for the adsorption of Th, 1 g. of 
BaS04 adsorbing as much as 16% of its own wt. of ThS04. 
The lo-Th ratio in av. Colorado carnotite is 1:15.8. 
(Marie Farnsworth) 

1374 
PREPARATION OF PURE TITANIUM, ZIRCONIUM, HAF
NIUM AND THORIUM METAL. A. E. van Arkel and J. H. 
DeBoer. Z. anorg. allgem. Chem. 148, 345-50(1925). 

These metals prepd. by reducing pure tetrachloride with 
Na and treating with H2O and then HCl always contain traces 
of oxide and nitride. Electrolysis of the double fluoride 
produces no better results. The authors tried the following 
method. A W filament is heated to glowing in a mixt. of H 
and tetrachloride vapor. Only a very small deposit was 
found on the filament and it consisted of a mixt. of nitride, 
carbide and oxide rather than metal. This was due to 
impurities in the H2. It was found impossible to eliminate 
all of these. The method, however, is useful for prepg. 
compds., of the metals, such as carbides, nitrides and 
sulfides. A requisite condition for prepg. the metals is 
that a temp, exists below the m. p. of the metal at which 
its vapor pressure is smaller than the partial pressure of 
the metal in the gas phase. Since iodides dissoc. at lower 
temp, than chlorides, the following method was used: a W 
filament is heated to 2000° in the tetraiodide vapor in a 
glass chamber kept at 650°. A layer of 2 - 4 mm. of metal 
can be deposited under these conditions in a few hrs. and 
is found to be very pure. Zr obtained by this method is 
extraordinarily ductile and flexible, similar to Cu in these 
properties. It can be hammered or drawn into wire with
out difficulty. This is not a different modification from 
ordinary Zr, but is hexagonal and has the same lattice 
const, as Zr prepd. by any other method. By the same 
method, Hf, Hf-Zr alloys, Ti and Th can be prepd., both 
Th and Ti being very ductile. Hf shows high m.p., high 
sp. gr. and high electron emission. The authors state 
that Fisehvoigt and Koref could not have obtained pure 
metals by their method. (H. Stoertz) 

1375 
OBTAINING RE FACTORY METALS FROM THEIR OXIDES. 
A. S. Cachemaille. British Patent 238,347, July 7, 1924. 

Oxides such as those of Zr, U, Th, V, Ta, and Cr are 
heated in an inert atm. with BaCl2 and Na or with another 
halide of an alkali metal or alk. earth metal and an alkali 
metal other than the metal of the halide employed. In 
treating Zr oxide, the products are removed from the reac

tion vessel and treated successively with a l e , H2O and dil. 
acid, leaving free Zr which may be washed with acetone or 
ale. 

1376 
EXTRACTING REFRACTORY METALS. A. S. Cachemaille. 
British Patent 238,663, July 7, 1924. 

Metals such as U, Zr, Th, V, Ta, Cr, and Ti are extd. 
from their oxides by heating, in a closed vessel from which 
O and N are excluded, a mixt. of the oxide and an alk. earth 
metal and a halide of an alk. earth or alkali, metal; e.g., U 
oxide may be heated in cakes with Ca and CaCl2. 

1377 
PRODUCTION OF RADIUM, MESOTHORIUM, URANIUM 
X AND THORIUM X FROM URANIUM OR THORIUM AND 
GOLD FROM MERCURY. A. Gasehler. British Patent 
239,509, Sept. 4, 1924. 

Transformations of metals are stated to be effected by 
subjecting small quantities of the metal in a vaporizing 
chamber to high pressure and temp, and submitting the 
metal vapor to the effect of a strong (preferably direct) 
elec. current. 

1378 
URANIUM AND RELATED METALS. J. W. Marden. U. S. 
Patent 1,646,734, Oct. 25. 

A metal of the group comprising U, Th, Zr, Ta, and W is 
reduced from a halide by means of an alkali metal and an 
alk. earth halide such as NaCl and CaClj. 

1379 
URANIUM, ZIRCONIUM, TUNGSTEN, THORIUM OR OTHER 
RARE METALS. J. W. Marden. U. S. Patent 1,648,954, 
Nov. 15. 

A salt of a rare metal such as Th NH4 chloride is mixed 
with more than the theoretical quantity of metal such as Al 
required to reduce the salt, the mixt. is heated to reaction 
temp., other substances are repd. from the alloy formed, 
e.g., by washing with H2O, and the alloy is treated with HNO3 
or heated to volatilize the metal assocd. with the rare metal. 

1380 
THE SYSTEM: ALUMINUM-THORIUM. Ad. Leber. Z. 
anorg. allgem. Chem. 166, 16-26(1927). 

A series of alloys up to 25% Th were prepd. by the re
duction of the double fluoride of Th and K by molten Al at 
1000°. Alloys richer in Th were prepd. by using relatively 
large quantities of the fluoride. Alloys with more than 27% 
Th burn badly in air and even decompose CO2. In the taking 
of cooling curves this burning was prevented by using gas-
tight crucibles and an atm. of A. The thermal effects in the 
Th-rich alloys were small; cooling curves of these alloys 
were taken with large quantities of alloy. Thermal analysis 
indicated a eutectic at 25.6% Th and 636° and a periteetle 
arrest at about 44% Th (and greater) and 880°. Microscopic 
analysis and residue analysis (after treatment with NaOH 
to remove free Al) are interpreted to indicate a compd. 
AlsTh at the eutectic compn. and an addnl. undefined phase 
richer in Th. No indications of solid solns. were found. 
(Robert F. Mehl) 

1381 

PURIFYING POWDERED METALS SUCH AS THORIUM AND 
URANIUM. J. W. Marden. U. S. Patent 1,665, 635, April 
10. 

The powder is treated with a non-aq. liquid such as MeOH 
which does not react with oxides of the metal and which is 
capable of preventing further oxidation, together with an acid 
such as HCl which will react on impurities present and form 
with them compds. which are readily sol. in the liquid. 

1382 
THE EXTRACTION AND APPLICATION OF THORIUM. 
G. Malcolm Dyson. Chem Age (London) 19, Metallurgical 
Section, No. 471, 2-3, No. 475, 10-11(1928)". (E. H.) 
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1383 
SEPARATION OF THORIUM AND URANIUM BY MEANS 
OF ETHER. P. Miseiattell i . Atti accad. Lincei 7, 1019-
24(1928). 

The literature shows a difference of opinion on whether 
U and Th may be sepd. by means of EtzO. In order to help 
so lve the problem, M measures the solubil i t ies of U02(N03)2 
and Th(N03)4 in EtzO, as follows: 

Compn. of upper layer 
U02(N03)2 Th(N03)4 EtjO 

Compn. of lower layer 
U02(N03)2 Th(N03)4 EtzO 

22% 

22.5 
24 

24 
19.2 
18 
16.5 
12.2 

8.2 
3 

0 

0% 
1.02 
3.5 
3.43 
4 .5 
6 
5.6 

7 
8.3 
8 
5.8 

78% 

76.48 
72.57 
72.50 
76.3 
77 
77.90 
81 

82.5 
89 

94.2 

40.1% 
48.3 
43 
12 

13 

9 
7 
1.8 

0.52% 
15.6 
20 
40 

27 

30 
26 

48.5 

59.38% 
36.1 
37 
48 

60 

61 

67 
39 

A small amt. of Th increases the soly. of U. The satd. soln. con
tains 24% U salt, 3.4% Th salt. The variation of the satd. soln. with 
temp, is shown below. 

Temp 
Compn. of soln. 

U02(N03)2 Th(N03)4 EtjO 
Compn. of soln. 

U02(N03)2 Th(N03)4 Et20 

0° 
16 

19 
20 
22 

25 

24% 

17.7 
10.5 
8.78 
8 

7.37 

3.43% 
1.7 
0.4 

72.57% 
80.6 
89.1 
91.22 
92 

92.63 

48.3% 
28.2 
39.2 
15.5 
13.2 
12.2 

15.6% 
20.4 
15 
26 

23 

30 

36.1% 
51.4 
46.8 
58.5 
63.8 
57.8 

Therefore, at 20° it is possible to sep. the two, providing the Et20 
is satd. with U salt. (A. W. Contieri) 

1384 
REFRACTORY METALS SUCH AS URANIUM AND THO
RIUM. John W. Marden, Thomas R. Thomas, and John E. 
Conley (to Westinghouse Lamp Co.). U. S. Patent 1,704,257, 
March 5. 

In order to obtain metals such as U or Th from their dif
ficultly reducible oxides, the latter are heated to a reacting 
temp, with Ca or other alk. earth metal and an alk. earth 
metal halide such as CaClj. 

1385 
DETERMINATION AND SEPARATION OF RARE METALS 
FROM OTHER METALS. XVI. SEPARATION OF THAL
LIUM FROM THE TERVALENT AND QUADRIVALENT 
METALS. Ludwig Moser and Wilhelm Reif. Monatsh. 52, 
343-50(1929). 

TI can be sepd. from tervalent Al, Cr and Fe by nearly 
neutralizing the soln. with Na2C03, adding 20 cc . of 7% 
NH4NO2, heating to 40°, adding 20 cc . of MeOH and boiling 
gently for 20 min. In this way the tervalent metal i s pptd. 
a s hydroxide and all the TI remains in soln. By making the 
filtrate from the above pptn. ammoniacal and adding K2Cr04, 
the TI can be pptd. as Tl2Cr04. A s imi lar method s e r v e s to 
sep. TI from quadrivalent Th and Ti but it i s advisable to 
add the NH4NO2 to the cold soln. and ra i se the temp, slowly 
to avoid too rapid hydrolysis and the formation of a colloidal 
soln. The sepn. does not succeed with Ce and the best sepn. 
of Ce (3) from TI (1) i s by means of oxalic acid which ppts. 
the Ce. To sep . Ti from Mo, and W, make the soln. am
moniacal and ppt. TI as chromate. To sep . V from TI, add 
tartaric acid, avoiding an e x c e s s which i s l ikely to reduce 
chromate, and at a temp, of not over 40° add a slight e x c e s s 
of NH4OH and then ppt. .the TI as chromate at room temp. 
(W. T. H.) 

1386 
NEEDLESS WASTE OF METALS SAID TO OCCUR IN 
SMELTING TRI-STATES ORES. W. George Waring. Eng. 
Mining J. 129, 64(1930). 

Cd, Ge, Ga, In, and Th are wasted in Zn recovery, but 
together with Au, Ag, Cu, Bi and S they may be almost c o m 
pletely recovered by a prel iminary treatment; Zn i s distd. 
equal in grade to the best e lectrolyt ic Zn. The preliminary 
treatment cons i s t s of sintering the ore , as now conducted, 
when S in the ore i s converted into H2SO4. Sublimates from 
the sinter g a s e s are leached to ext. certain e lements and 
the res idues from both operations are smelted in a high-
temp, fuming furnace and the Cu, Au, Ag, Ni, and Co are 
collected as molten mat and the Zn, Cd, Pb, Sb and Bi, along 
with the rare meta l s mentioned above, are recovered a s 
baghouse fume. The fume i s treated by the (NH4)2C03 proc
e s s effecting a grouping of the metal l ic compds. , which are 
then sepd. as pure e lements or carbonates. The Zn comes 
out as a snow-white c. p. oxide. Actual recovery of the 
metal as oxide i s 9 6 - 9 8 % . The process has so far been 
applied only on lab. and s e m i - c o m . plant s c a l e s . (W. H. 
Boynton) 

1387 

THE CHEMICAL ANALYSIS OF BASTNASITE. I. P. 
Alimarin. Trans . Inst. Econ. Mineral. (Moscow) No. 44, 
55-6(1930). 

F i s sepd. from the decompd. mineral according to 
Berze l ius and detd. by the Merwin colorimetric method. 
Rare earths and sesquioxides are pptd. with NH4OH and 
then sepd. by Peter ' s oxalate method. Th i s sepd. from the 
Ce and Y groups with H2O2 and Ce from the remaining rare 
earths by Br. Water i s detd. by an improved Penfield 
method. Other common e lements are detd. by the usual 
methods. (H. C Parish) 

1388 
SEPARATION OF IRON FROM THORIUM. N. I. Matveev. 
Zhur. Prikladnoi Khim. 4, 275-82(1931). 

The Fe''' + '*̂  i s pptd. by (NH4)2S in ammoniacal tartrate 
soln. , and the Th i s pptd. in the filtrate by cupferron in the 
usual way, from a buffered soln. of AcOH. (V. Kalichevsky) 

1389 
GRAVIMETRIC DETERMINATION OF BERYLLIUM AND 
ITS SEPARATION FROM FERRIC, URANYL, THORIUM, 
ZIRCONIUM, THALLOUS, CHROMATE, MOLYBDATE, 
CUPRIC, ARSENITE, ANTIMONITE, VANADATE AND 
TUNGSTATE IONS BY MEANS OF GUANIDINE CARBON
ATE. Ant. Jilek and Jan Kota. Z. anal. Chem. 89, 345-
54(1932). (W.T.H.) 

1390 

THE GRAVIMETRIC DETERMINATION OF BERYLLIUM 
AND THORIUM AND THEIR SEPARATION FROM OTHER 
ELEMENTS BY MEANS OF SELENIC ACID. Jan Kot'a. 
Chem. Listy 27, 7 9 - 8 4 , 1 0 0 - 5 , 1 2 8 - 3 1 , 1 5 0 - 4 , 1 9 4 - 6 
(1933). 

A slightly acid soln. of Be sa l ts contg. a max. of 0.1 g. 
BeO in 100 cc . i s treated with 0.5 g. H2Se03, brought to 
boiling and made alk. to phenolphthaleln with 3 N NH4OH. 
The flocculent ppt. i s fi ltered immediately or after standing 
in a warm place, washed with hot H2O until free from CI and 
SO4 , dried at 150°, ashed in a mild flame and placed in an 
e l ec . oven until the Se volat i l izes and the BeO g ives a const, 
wt. The BeO prepd. in this manner i s very voluminous. The 
presence of Na, K and Li does not interfere with the a c 
curacy of the method. To det. Ti02, the conen. i s kept below 
0.1 g. TIO2 per 100 cc . and 2 g. HjSeOj i s added at an acidity 
of 0.2 N HCl and the mixt. allowed to stand 12 hrs . The 
ppt. i s ignited and weighed, while the smal l res idue left in 
the filtrate i s detd. colorimetrical ly after addn. of H2O2. 
To sep . a mixt. of Ti and Be, the Ti i s pptd. with 20 c c . of 
10% H2Se03 at an acidity of 0.2 N HCl in the cold. The 
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filtrate is coned, and the Be detd. in a hot NH3 soln. as 
above. To 100 ee. of a soln. contg. about 0.1 g. Th02, ^ S-
ACONH4 or an equiv. of AcOH is added. The soln. is neu
tralized with 3 N NH4OH against methyl red and the clear 
soln. is treated with 20 cc. of a 10% H2Se03 soln. After 
2 hrs . in the cold the ppt. is collected on a porous filter, 
washed with cold H2O, dried at 150°, ignited carefully in a 
flame and finally in an elec. oven to a const. ThOj wt. The 
method is reliable for small quantities of Th02 (0.12 mg.). 
(Frank Maresh) 

1391 
THORIUM OXALATE. Chemische Fabrik von Heyden A. G. 
(Rudolf Zellmann and Richard Miiller, inventors). German 
Patent 580,216, July 7, 1933. 

Monazite sand is heated with H2SO4 and the product is 
extd. with water. The soln. is thoroughly mixed with MgO 
to give a fractional ppt. of a phosphate of Th, and the ppt. 
is redissolved in H2SO4 and fractionally repptd. as many 
times as necessary. The final ppt. is dissolved in dil. H2SO4 
and treated with (COOH)2 soln., this giving a ppt. of prac
tically pure Th oxalate. Details are given. 

1392 
THE PRODUCTION AND UTILIZATION OF THORIUM AND 
URANIUM. J. W. Marden. Trans. Eleetrochem. Soc. 66, 
8 pp. (preprint) (1934). 

The photoelec. properties of Th and U are used in meas
uring restricted portions of the ultraviolet spectrum. Th is 
particularly useful in glow-discharge tubes. Both metals 
have been used in x-ray tubes and under certain conditions 
may come to be of considerable commercial importance. 
(C.G.F.) 

1393 
PRODUCTION OF HIGH-MELTING METALS BY THERMAL 
DISSOCIATION OF THEIR COMPOUNDS. A. E. van Arkel. 
Metallwirtsehaft 13, 511-14(1934). 

Metals such as Zr, Ti, Hf, and Th, produced by the 
method previously described (C. A. 28, 5OII5) are more 
ductile than those made by melting, because they are free 
from impurities, especially O. As soon as these metals are 
exposed to air, a thin oxide layer forms on them. Zr and Ti 
prepd. by the iodide process can be rolled into rods and 
sheets. W is deposited in fairly large crystals, each of 
which is ductile, but their cohesion is very poor. By forming 
a W wire slowly it can be made from a single crystal, which 
is then ductile. Other metals, such as Mo and Zr, can be 
deposited on a W single crystal and they continue to form 
the same single crystal. Ductile V and Cr have also been 
obtained, but B and Si are always brittle and should not be 
considered metals. When B and Si are made, they are de
posited on W wires: B diffuses into the W during the proc
ess . TIN and ZrN can be made by heating a wire in a mixt. 
of H, N and TiCl4 or ZrClj. The nitrides have the same 
crystal structure as NaCl and are very brittle, but their 
elec. resistance is smaller than that of the corresponding 
metals. (C. E. Macfarlane) 

1394 
ACID TREATMENT OF LOVCHORRITE TO OBTAIN RARE 
EARTHS AND THORIUM. I. Zaozerskii and I. Protzerov. 
Redkie Metal. 3, No. 3, 33-40(1934). 

"Lovchorrite," a mineral contg. 13-15% rare earths and 
0.23-0.65% Th, is found in large quantities in the Khibinsk 
district (Russia). This was evapd. to dryness successively 
with HCl and H2SO4 and the residue digested with HjO. After 
pptg. most of the Ca in the soln. as CaS04, the rare earths 
and Th were pptd. in slightly acid soln. by H2C2O4. Th was 
sepd. from the rare earths by igniting the oxalates, dis
solving the oxides in HCl and pptg. twice with NaHS02 and 
once with H2C2O4. The Th oxide obtained by igniting the 
oxalate was white and free from impurities. (H.W.R.) 

1395 
DECOMPOSING MONAZITE SAND, ETC. I. G. Farbenind. 
A. G. British Patent 395,657, July 20, 1933. 

Monazite sand or similar ores contg. rare earth compds. 
are heated with C, in amt. sufficient only for reducing the 
phosphates to P, in conjunction with Ca, Ba, Sr or Mg oxide 
or carbonate in proportions not exceeding 3 mols. alk. earth 
or MgO per mol. of ra re earth metal oxide. The rare earths 
are obtained as compds. of a compn. analogous to Ca alumi-
nate. Reaction may be effected in a rotary-drum furnace at 
about 1500°, a sintered product being obtained, or in an elec. 
furnace at 1650-1750°, the melt produced being granulated 
in H2O and then ground. The product is dissolved in HCl and 
Th or the entire group of rare earth metals recovered by 
known methods or that of British Patent 395,300 (C. A. 
28, 266). 

1396 
SEPARATION AND DETERMINATION OF GALLIUM. V. 
SEPARATION OF GALLIUM FROM BERYLLIUM, TITA
NIUM, ZIRCONIUM AND THORIUM AND THE DETERMI
NATION OF GALLIUM THUS SEPARATED. Sunao Ato. 
Sci. Papers Inst. Phys. Chem. Research (Tokyo) 29, 71-
7(1936). 

If 25 ml. of a chloride soln. in approx. 5.6 N HCl (d. 
1.093) is shaken with 3 sep. portions of ether, and the ether 
washed after each treatment with 5 ml. of fresh acid, the 
GaCl3 (20 mg.-0.26 g.) is , for the most part, in the ethe
real soln. The GaCls remaining in the acid, aq. soln. can be 
recovered by evapg. to dryness, taking up in water, boiling 
with NH4OAC and NH4OH, filtering and uniting the filtrate 
with the main part of the GaCls which was extd. with ether. 
Then, after the removal of the ether, the Ga can be pptd. 
in a soln. which is barely acid with AcOH by adding 2 g. of 
Na camphorate and heating on the water bath. The ppt. can 
be ignited and weighed as Ga203. This procedure was car
ried out in the presence of Be, Ti, Zr and Th with good 
results. None of these elements passed into the ethereal 
soln. and the ether removed most of the GaCls. (W.T.H.) 

1397 
THE USE OF HEXAMINE (HEXAMETHYLENETETRAMINE) 
FOR THE SEPARATION OF THORIUM FROM THE RARE 
EARTHS AND ITS APPLICATION TO THE DETERMINATION 
OF THORIUM IN MONAZITE SAND. A. M. Ismail and H. F. 
Harwood. Analyst ^ , 185-91(1937). 

Hexamine has been found advantageous for carrying out 
sepns. which formerly have been accomplished by NH3 and 
NH4CI. It is particularly advantageous for sepg. Th from 
Ce. To det. Th02 in monazite sand, digest 5 g. of the sand 
with 25 ml. of coned. H2SO4 in a Pt dish at 150-80° for 4 
hrs . with frequent stirring. Cool, dil. with 180 ml. of water 
and keep cool in ice water. Filter into a 250-ml. volumetric 
flask, mix and take an aliquot of 50 ml. Nearly neutralize 
by the careful addn. of NH4OH, quickly add 1.5 ml. of coned. 
HCl, dil. to 70 ml. and heat to 60°. Add 30 ml. of cold, satd. 
oxalic acid soln. dropwise with const, stirring. Allow to 
stand overnight after keeping 1 hr. at 60°. Filter and wash 
with a soln. which contains 2% oxalic acid and 0.1% HCl. 
Ignite to oxides. Dissolve the oxides in 50 ml. of 6 N HCl, 
added in small portions and with suitable heating. Finally 
add 10 drops of 6% H2O2 and heat at just below the b. p. for 
about 2 hrs . Evap. the soln. of chlorides to dryness, mois
ten with 1.5 ml. of coned. HCl and dil. to 50 ml. Heat to 60° 
and again ppt. the rare earths with oxalic acid. Treat the 
ppt. in the same way as before and dil. the final HCl soln. 
to 100 ml. and ppt. the Th as follows: To the 100 ml. of 
soln. at 30° add 5 g. of NH4CI and introduce dropwise a 10% 
soln. of hexamine until a slight excess is present. Allow 
the ppt. of Th(OH)4 to settle, filter and wash with warm 2% 
NH4NO3 soln. Dissolve the ppt. in hot 2 N HCl, neutralize 

http://mg.-0.26
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with NH4OH and make slightly acid to methyl red. Add 
sufficient NH4CI to bring the content to 5 g., ppt. as before 
by adding hexamine, filter, ignite and weigh as Th02. 
(W.T.H ) 

1398 
IMPORTANCE OF HYDROGEN-ION CONC. FOR THE ES
TIMATION AND SEPARATION OF METALS BY THE OXIDE 
METHOD Hidehiro Goto. Science Repts. Tohoku Imp. 
Univ., First Ser. 26, 391-413(1937). 

The pH IS of great importance for the pptn. of various 
ions with 8-hydroxylquinoline The results obtained by 
numerous expts. are as follows, first no. after the symbol 
of the element is the lowest pH at which pptn. takes place, 
the second no. is the minimum value for the perfect pptn. 
and the third no. (if given) is the pH above which no pptn. 
takes place- Th"" 3 7, 4 4, 12.5. (W.T H.) 

1399 
MICROGRAVIMETRIC SEPARATION OF ZINC AND URA
NIUM Edith Kroupa. Mikrochemie 27, 1-7(1939). 

In the measurement of geological time by detg. the Pb, 
Th, and U contents of feebly radioactive minerals, a sepn. 
of U from Zn, when only a few hundredths of 1% of either 
is present, is of importance This sepn. can be accomplished 
by pptg. the Zn as sulfide in a soln. which is buffered with 
CH2CICO2H and NaOAc. The ZnS ppt. is dissolved in HCl 
and the Zn detd. as ZnNH4P04. The filtrate contg. U02'̂ "^ 
is evapd. to 2.5 ml , any S oxidized with HCl + Br2, and then 
in the neutralized soln. the U02"'̂  •*" is detd. in the usual way 
with 8-hydroxyquinoline in a buffered AcOH soln. (W T H ) 

1400 
THE POSSIBILITY OF FRACTIONATING RARE EARTHS 
BY MEANS OF 8-HYDROXYQUINOLINE G. Mannelli. 
Atti X° congr. intern, chim 2, 718-25(1938). 

The metals of the rare earth groups can be pptd. quan
titatively by means of 8-hydroxyquinoline, forming hy-
droxyquinolates of definite and const, compn which can be 
weighed or titrated with KBr-KBrOs soln. Ce and Th can be 
easily sepd. by proper control of the pH value. (A. H 
Krappe) 

1401 
ADSORPTION OF THE HYDROUS METALLIC OXIDES BY 
KIESELGUHR E C. C Baly, W. P. Pepper, and C. E. 
Vernon. Trans. Faraday Soc. 35, 1165-75(1939) 

A method is described for purifying kieselguhr the clay 
and part of the org. matter were removed by repeated extn. 
with hot 4 N HCl, the last traces of org. matter being oxi
dized by heating the extd kieselguhr at 600° in a current of 
air for 8 hrs. The purified kieselguhr was remarkably const, 
in its properties. It showed a surface area of 2.869 x lO' sq. 
cm./lOO g. It adsorbs the anhyd. oxides of Al, Th, Ni and 
Co. The adsorbate in each case is activated (shown by en
hancement of the f-potential) as the result of the formation 
of adsorption complexes AI2O3 and Th02 form a single 
unimol. layer, with Ni and Co oxides there are adsorbed 
3 unimol layers together forming a single layer of crystal 
unit cells. When a mixt. of Ni and Th oxides (IThOz • 24NiO) 
is adsorbed, one out of every 7 groups of 4Ni and 40 in each 
of the 3 layers of the crystal lattice is replaced by a mol. 
of Th02. This IS also true when CoO is substituted for NiO 
The effect of the adsorbed layer of metallic oxide was detd 
by measuring the surface potential by cataphoresis methods. 
(Victor R. Deitz) 

1402 
THE SEPARATION OF CERIUM FROM MONAZITE EARTHS. 
I A Atanasiu and M. Babor. Bull sect. sci. acad. roumaine 
20, No 1-3, 27-31(1938) (in German). 

The method of Neckers and Kremers (C. A 22, 1919) is 
modified in that the electrolytic oxidation is effected in a 
soln. obtained by cold-water 6xtn. of the mass obtained by 

treating monazite with coned H2SO4 and evapg. to fumes. 
For concns. of Ce2(S04)3 up to 5.8% the soln. must contain 
12% free H2SO4, for concns. of 5.8-11.5%, 20%; and for 
concns of 11.5-29 3%, 25%. The most coned, soln. ob
tainable had, aside from the H2SO4, the compn. Ce2(S04)3 
29.3, Th(SO4)220 5, (La, Di, Yb)2(S04)327.7%. Solubilities of 
CelV and ThIV phosphates in 10% H2SO4 are 0.15 and 24%, 
resp. The anode, of large area, was gauze of Pt or of per-
oxided Pb; the very small cathode, of Pt. The best oxidation 
conditions and corresponding results were- soln. 29.3% 
Ce2(S04)3, 25% H2SO4, 8 hrs . at 3 v., 1.2 amp , anode c d 1 
amp per sq. dm.; 98.9% of the Ce was pptd. as phosphate 
by diln. to 10% H2SO4 content, Th and other rare earths 
remained in soln. The gelatinous ppt. carried out large 
amts. of other materials but these were largely removed 
by thorough decantation and washing with hot water or hot 
2% sulfuric acid (D.W.P.) 

1403 
COMPOUNDS OF THORIUM AND CERIUM. G. P. 
Aleksandrov and G. O. Byk. Russian Patent 55,894, Oct. 
31, 1939. 

Nitrates of the rare earth metals are boiled in the pres
ence of marble, the ppt. obtained is dissolved in HNO3, the 
soln. treated with a reducing agent, and again boiled in the 
presence of marble, the ppt. of basic Th nitrate is filtered, 
and Ce obtained from the soln. in known manner. 

1404 
DETERMINATION OF CERIUM AND SEPARATION OF 
THORIUM AND CERIUM BY MEANS OF 8-HYDROXYQUINO
LINE (OXINE). Richard Berg and Erna Becker Z. anal. 
Chem. 119, 1-4(1940). 

Cerous solns. contg. NH3 and tartrate give a greenish 
gray ppt. of Ce(C5HjON)3 when treated with oxine. The ppt. 
can be weighed after drying at 110°, or it can be titrated 
with bromate. The method is satisfactory for detg. 10-50 
mg. of CeHI. Any C e ^ is first reduced by heating with 
NHjOH-HCl until the soln. is colorless. When ThIV and CeDI 
are both present, the Th^V can be pptd , by oxine in the 
presence of AcOH as [Th(C9H50N)4-C9H70N]. After washing 
this yellowish red ppt. with hot water the Ce^ can be pptd 
in the filtrate by adding 10 ml. of coned. Na tartrate soln., 
heatmg to 60°, making distinctly ammoniacal and adding 
more oxine soln. (W T.H.) 

1405 
TREATMENT OF RARE EARTH MINERALS. Alan R. Powell 
and Johnson, Matthey & Co. Ltd. British Patent 510,198, 
July 28, 1939. 

Th, Ce and Y earths are recovered from monazite or 
other aeid-sol. phosphate minerals by (a) dissolving the 
mineral in hot coned H2SO4, (b) treating the resulting past 
with a relatively small amt. of H2O and filtering the resulting 
acid soln From the insol. matter and earth sulfates pro
duced by the acid attack, (c) dissolving the earth sulfates 
in cold H2O to sep. them from unattacked mineral, S1O2, 
etc , (d) neutralizing the soln with La didymium hydroxide, 
oxides or carbonates to ppt. hydroxides of Th, Ti, Zr, etc., 
(e) treating the filtered soln. from (d) with an alkali metal 
sulfate to ppt. the double sulfates of the earth metals and 
alkali metal, (f) boiling the filtered and washed double sul
fates with alkali metal hydroxide to obtain the insol. hy
droxides of the earths and a soln. of Na2S04 for use again in 
(e), (g) filtering, washing and drying the hydroxides to eon-
vert the Ce(OH)3. 

1406 

SCHEME FOR ANALYSIS OF SAMARSKITE. Alexandre 
Girotto. Rev. chim. ind. 9, No. 104, 10-12(1940). 

Digest 1 g. of sample with 5 sep. portions of HF. The 
residue (A) contains ra re earths, Th, U ^ , Ca and Mg; the 
soln. (B) contains Cb, Ta, Ti, Zr, U^' , Fe and Mn. Fume 
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A with H2SO4 and treat with H2O2 + HCl to dissolve all ra re 
earths. Boil off excess peroxide, neutralize with NH3 and 
sat. with H2S to get a ppt. (C) and a filtrate (D). Assume 
that C contains PbS and SnS2; digest with (NH4)2S2 and det. 
the Pb as PbS04 and the Sn as Sn02. In D remove H2S by 
treatment with Br2 and ppt. rare earths, Th and U with NH3, 
after which Ca and Mg can be detd. as usual. Dissolve the 
NH3 ppt. in a little HCl and ppt. any Th or rare earths by 
boiling with oxalic acid. Calcine the ppt. E and reserve it, 
destroy oxalic acid in the filtrate by heating with HNO3, ppt. 
the U with NH3, ignite and weigh as UO2 and calc. to V^Og. 
Fuse E with Na2C03, treat the melt with HNO3, nearly neu
tralize with NH3 and ppt. Th by addn. of m-nitrobenzoic acid. 
Weigh as Th02 after dissolving, repptg. and heating. Treat 
the filtrate from the Th ppt. with NH3, filter off the r a re -
earth ppt. and calcine it. Fuse with Na2C03 and digest the 
melt with HCl; if necessary repeat these operations. Fume 
the HCl soln. with H2SO4 and ppt. the Ce by suitable treat
ment with (NH4)2S20j. Dissolve the Ce02 ppt. with acid + H2O2 
and titrate the excess of the latter with KMn04. Report the 
percentage Ce20, thus found and det. Y2O3 and Et203 by dif
ference. Treat the filtrate B with H2SO4, reduce the Fe''" "'"•'• 
with SO2 and boil with NH4OAC to obtain a ppt. contg. Cb205. 
Ta205 and Zr02 after calcination. Det. Fe in the filtrate and 
the Mn by difference. Dissolve the ppt. contg. Cb, Ta and 
Zr in hot HF, add a little KCl and ppt. the Ta as KjTaFj. 
Calcine this, dissolve in H2SO4, ppt. with NH3, ignite and 
weigh as Ta205. Evap. the filtrate with H2SO4 and det. Ti 
colorimetrically with H2O2. Det. the Zr by a suitable method 
and the Cb by difference. (O. W. Willeox) 

1407 
SEPARATION OF THORIUM FROM MATERIALS CONTAIN
ING IRON AND THORIUM. Ernst Froeleeke, Robert Luben, 
Karl Meyer, and Paul Schaller (to Ruhrehemie Akt.-Ges.). 
German Patent 694,152, June 27, 1940 (CI. 40a. 51), French 
Patent 847,409, Oct. 10, 1939. 

To the acid soln. of the metals is added an excess of 
alkali carbonate. The Fe and some of the Th is pptd The 
ppt. IS dissolved and repptd. All but about 0.4% of Th is 
obtained in soln. The Th is then pptd. by boiling with a little 
NaOH. The first pptn. is at 40-50°, the second at 80-90°. 

1408 
EXTRACTION OF BASES OF RARE ELEMENTS CON
TAINED IN ORES AND ROCKS. Carlo Adamoli (to Perosa 
Corp.) U. S. Patent 2,250,851, July 29. 

An arrangement of app. is described, and a cyclic process 
for the extn. of Th, Ta, Cs, Cb, Zr, Ge, Se, Be, or Li, con
tained in relatively small proportions in silicated minerals, 
which involves crushing the mineral, mixing it in a paste 
with a metal fluoride not easily sol. in water, and an aq. 
soln. eontg. a strong acid and a water-sol. alkali-metal salt 
of such strong acid, heating the paste at a low temp to form 
a water-sol. salt of the metal of the fluoride, expelling from 
the paste the liquid contg. the water-soluble salt, briquetting 
the paste and heating it to a high temp to form water-sol. 
F compd. of the rare element to be extd , lixiviating the 
reaction product, sepg. therefrom a soln. contg. the F 
compd. of the rare element and at least a part of the initial 
alkali-metal salt, electrolyzing the soln to precipitate the 
rare element in the form of an insol. hydroxide, sepg. the 
ppt., regenerating from the residual liquid and from the 
liquid expelled from the first named paste the not easily 
water-sol. metal fluoride, the strong acid and the water-sol 
alkali-metal salt of the strong acid, and returning them 
into the cycle. 

1409 
PURIFICATION OF THORIUM CHLORIDE OCTAHYDRATE. 
Chester B. Kremer. J Am. Chem. Soc 64, 1009-10(1942). 

The salt is dissolved m 6 M HCl, filtered through asbestos 

and extd. with ether (removal of Fe), evapn to a small vol. 
causes pptn. of S1O2, the filtrate is cooled to 0° and satd. 
with HCl; an equal vol of ether is added and the mixt. 
agitated with HCl gas until it is homogeneous; ThCl4-8H20 
crystallizes. (C. J. West) 

1410 
THE EXTRACTION OF RARE EARTH MINERALS. I. 
MONAZITE AND XENOTIME. D. W. Pearce, R. A. Hanson, 
and J. C. Butler, p 38-43 in INORGANIC SYNTHESIS. H. 
W. Conard Fernelius, Ludwig F. Audneth, John C. Bailar, 
Jr . , Harold S Booth, Warren C Johnson, Raymond C. Kirk, 
Walter C. Schumb, and Janet D. Scott. New York, McGraw-
Hill Book Co., Inc 1946. 294p 

A. Cracking the mineral. To 3.25 kg. of coned. H2SO4 in 
200° IS added slowly while stirring 3.5 kg. powd. monazite. 
The mixt. is further heated (about 2 hrs.) until stirring 
becomes difficult and then poured slowly into 24.5 I. cold 
H2O. The mixt. is stirred for 1 hr. and filtered cold. If the 
residue contains unchanged monazite, it is retreated. B 
Removal of thorium. The filtrate above is dild to 168 I. 
and stirred for 1 hr. Gelatinous Th phosphate settles out 
and IS removed by filtration. C. Recovery of rare earths. 
The filtrate is treated with Na2S04 to remove Ce earths as 
double sulfates and then H2C2O4 to remove Y earths. D. 
Conversion to oxides. The oxalates or double sulfates are 
made into a thick paste wtih H2O and treated with NaOH 
with heating and stirring. The resulting hydrous oxides 
are washed by decantation 

1411 
USE OF ETHER EXTRACTION IN THE DETERMINATION 
OF URANIUM. T. R. Scott. Analyst 74, 486-91(1949). 

To a suitable aliquot of U02(N03)2 soln., contg. 1-20 mg. 
of U30g, add HNO3 and Fe(N03)3 as necessary to make the 
soln. M in the latter and 3 N in HNO3. To the aliquot in a 
separatory funnel add at least an equal vol. of Et20 and 
shake for 1 min. Allow the layers to form for a min. and 
drain the aq. layer into a small beaker. Swirl the Et20 
layer around the inside of the funnel and after 1 min. more 
drain off the small quantity of aq layer that collects. 
Transfer the Et20 layer to a beaker contg. 30 - 50 ml of 
water Return the aq. soln. to the funnel, rinse out the 
beaker with the caled vol. of HNO3, add this to the funnel, 
and again shake with a fresh portion of the Et20. Make a 
third extn. proceeding in the same manner as in the first 
extn. Place the combined ethereal exts. under the hood 
and allow the Et20 to evaporate. Neutralize the residual, 
aq. soln. with NaOH and finally make barely acid to litmus. 
Add Na2C03 to make the final soln. contain 1 - 5% of carbon
ate. Heat to remove all Et20 and finally boil carefully for 
15 min. and cool to room temp. Dil. the soln. to the re 
quired vol. and filter. Use a portion of the filtrate as a 
blank and to another portion add 0 1 ml. of 30% H2O2. Meas
ure the color at 360 my. in a Coleman spectrophotometer 
or at 434 mjji with the Pulfrieh photometer. If Zr, Ce, or 
Th is present, the method needs modification. Th and Ce can 
be removed by adding H2O2 before adding the Na2C03, in 
which case U alone remains in soln. V is also extd by Et20 
and develops a yellow color with peroxide. When equal 
quantities of U and V are present the error is only about 
1%. Under the prescribed conditions, there is 99% recovery 
of the U. Considerable quantities of other ions can be 
tolerated. (W. T. Halt) 

1412 
CONCENTRATION OF THORIUM George Asselin and 
Ludwig F Audneth (to the United States of America, as 
represented by the Secy, of the Navy). U S. Patent 
2,578,623, Dec. 11, 1951. 

The process of extn. of Th from an aq. soln. of a mona
zite ore with amyl or butyl ale. is used to sep Th from the 
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rare earths. The equil. distribution ratios (conen. in amyl 
ale. to conen. in H2O) for Th increased from 0.32 to 1.2 as 
the Th conen. in the aq. phase was decreased from 48 2 to 
2.41 g./l Similarly the ratio for Nd increased from 0 10 to 
0.14 as the Nd conen. in the aq. phase decreased from 30.7 
to 7.04 g./l. The ratios were smaller when BuOH was used 
for the extn (J. E. Hudgens) 

1413 
IMPROVEMENTS IN OR RELATING TO THE PURIFICATION 
OF URANIUM AND THORIUM COMPOUNDS. Thomas V. 
Arden, Francis H. Burstall, Reginald P. Linstead, and 
Ronald A. Wells (to Minister of Supply). British Patent 
654,696, June 27, 1951 

An impure compd. of U is extd. with an org. solvent in 
the presence of an adsorbent substance which has a greater 
retentivity for impurities than for the U eompd. The ore, 
or other source of U, is brought into soln. in HNO3. The 
adsorbent material is cellulose (paper pulp) activated by 
treatment with HNO3. Org. solvents which may be employed 
are Et20, MeNOs, and iso-BuCOMe. The org. solvent is 
acidified with from 3 to 5% by vol. HNO3. Impure or crude 
uranyl nitrate is placed on top of a mass of adsorbent, 
moistened with the org. solvent, and arranged in the form of 
a column 25 cm. deep. Org. solvent and HNO3 is then poured 
over and allowed to pass through the column. The emerging 
solvent will contain substantially all the U02(N03)2. The 
impurities will be largely retained by the adsorbent. A 
yield of spectroscopically pure U of 99.8% and Th better 
than 95% has been obtained. (F. R. Morral) 

1414 
WORKING UP MONAZITE. Fattinger Kommanditgesell-
schaft (Volker Fattinger and Otfried Hass, inventors). 
Austrian Patent 167,625, Feb. 10, 1951. 

Monazite is treated with H2SO4 and stirred for 12 hrs. 
at 220-40°. The mixt. is then cooled, and H2O is added 
under further stirring which is then slowed down to allow 
the larger particles to settle by sedimentation. Without 
interrupting the stirring the sediment is sepd. and the 
whole process is repeated until the sediment (I) is free 
from Th and meso-Th. To the remaining soln. a BaCl2 
soln. IS added. After standing for several days the pptd 
BaS04, contg. all the meso-Th, is sepd From the remaining 
liquid the rare earths are sepd. as double sulfates by add
ing Na2S04 (II). The soln. now only contains Th and H3PO4 
which can be obtained by known methods. From I and II the 
pure rare earth chlorides are obtained in a further step 
which is described and discussed in detail. (F. Epstein) 

1415 
PREPARATION OF RADIUM"' AND ACTINIUM"'. F. 
Depocas and B G Harvey (Natl. Research Council Can., 
Chalk River, Ont.) Phys. Rev. 85, 499-500(1952). 

The /3-energies of Ra^^' and Ac^ ' were caled. from the 
energy cycles 

Ra" . Th" ' , r a ' " ——-Ac"' 
1.23 4.6 

and 

•Ac^ . xh" '* -— U" ' • P a " ' 
4.91 0.S 4 5 

(energies in 

m.e.v.). Ac" ' was prepd. by neutron irradiation of Ra" ' . 
The chem. sepn. of Ra and Ac involved extn. from a AcONa 
buffer at pH 6.0 with 0.25 M thenoyltrifluoroacetone in C3H8, 
followed by recovery of the acetate from the C3HJ phase by 
agitation with 0.1 M HNO3. The half lives are - 6 6 ± 5 min. 
for Ac" ' and ~6.1 hrs . for Ac" ' . R a " ' has a short half life, 
it was expected to be about 1 min. (G. M Petty) 

1416 
CONTINUOUS EXTRACTION WJTH A CHELATING AGENT. 
W. Wayne Meinke and Richard E. Anderson (Univ. of Michi

gan, Ann Arbor). Anal. Chem. 24, 708-10(1952). 
A method was developed for the extn. of macro amts. of 

Th from tracer spallation and fission products with a C3H3 
soln. of thenoyltrifluoroacetone (I) as the chelating agent. 
Th is extd. with I from a HNO3 soln. (pH - 2.5) of the Th 
target and then re-extd. into a 2 N acid soln. in a 2nd con
tainer. Th is recovered, but most spallation products, m-
cludmg Ra and Ac isotopes, remain in the residue. A soln. 
less acid than pH 2.5 would still permit chelation of Th, but 
other products of bombardment would also be chelated. As 
Th IS extd the soln becomes more acid If pH 0.7 is 
reached the soln. must be neutralized to pH 2.5 before 
further Th can be extd In the app. described, 1 g. Th can 
be extd. in about 3 hrs . The method is adaptable to the 
sepn. of other highly radioactive materials since most 
operations are automatic and little shielding is required. 
The app. could be scaled down or up as required, and a 
variety of chelating agents could be used provided that the 
soln. of the chelating agent is lighter than the soln. of the 
extraetant and that the tendency of forming emulsions upon 
stirring is a min. (L. Lange) 

1417 

TREATMENT OF MINERALS, ORES, ETC. Frederick 
T. Seelye and Thomas A. Rafter. British Patent 672,347, 
May 21, 1952. 

Granular or powd. phosphatic-source materials are 
treated with HF (48% conen.) at less than 100° and held at 
that temp, until the greater part of the water has evapd. 
Monazite thus treated gives phosphoric acid. Any U present 
IS solubilized, while Th and the rare earths are converted 
into insol. fluorides. (F R. Morral) 

Radiometric Determination 

1418 
PREPARATION OF RARE EARTH ELEMENTS. H. SEPA
RATION OF THORIUM. Toshio Ishino and Jiro Shiokawa 
(Osaka Univ.) J. Chem. Soc. Japan, Ind. Chem. Sect. 53, 
187-8(1950) 

Sepn. of Th by fractional pptn. by addn. of MgCOs to the 
H2SO4 ext. of monazite was studied. Th can be completely 
pptd. by keeping the pH at 1.70. (T. Katsurai) 

1419 
ON THE RELATIVE ACTIVITY OF RADIUM AND THO
RIUM, MEASURED BY THE y-RADIATION. A. S. Eve. 
(McGill Univ.). Am. J. Sci., 22, 477-80(1906). 

When measured by the y-rays radium is 6.9 x 10"' times 
more active than thorium when both are in radioactive 
equilibrium, while thorium and its products in thorianite is 
more active than thorium and its products m commercial 
thorium nitrate in the ratio of 2.5 to 1 As a rate similar 
to the latter holds when measurements are made by the 
a-ray method, the author points out that the relative 
amounts of radiothorium in minerals or thorium compounds 
may be determined by a comparison of the activities of the 
y-radiations. (W. H. Ross) 

1420 
THE DISINTEGRATION CONSTANT OF RADIOTHORIUM. 
G. A. Blanc. (Phys. Inst. Univ., Rome.). Physik Z., 8, 
321-24(1907). 

The radiothorium used in the investigation had been pre
pared SIX months previously from EchaiUon mud It was 
placed imder the electrode of a rather large gold-leaf elec
troscope and the apertures of the apparatus carefully sealed 
to prevent any possible loss of emanation by ordinary leak
age. After five days in the electroscope the maximum 
amount of active products had formed and observations of 
the activity were begun, these were continued during a 
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period of nine months. At the end of this time the activity 
had fallen to 70% of that at the beginning. The logarithm of 
the activity decreased uniformly with time. It = lo e" . The 
disintegration constant, X = 9.4 x 10~' (day)"'. The period 
of decay to half activity is therefore 737 days, and the mean 
life I/X, of an atom of radiothorium is 1064 days. (H. N. 
McCoy) 

1421 
A NEW BETA RADIATION WITH THORIUM X. ANALOGIES 
IN THE URANIUM AND THORIUM SERIES.' O. Hahn and 
L. Meitner (Chem. Inst., Univ. Berlin). Physik. Z., 11, 
493-7(1910). 

Reasoning that simple substances give only one kind of 
radiation, the authors conclude that Ra is complex (Physik. 
Z., 10, 741-5(1909). One attempt to separate Ra into its 
constituents seems to have been successful, but it was 
found impossible to repeat the expt. Proof is given of the 
existence of a very slightly penetrating /3-radiation from 
Th X by detn. of the activity and penetrating power of fi-
radiation from (1) Th X (+ Th B), (2) Th X carefully freed 
from Th B, by pptn. of the latter with animal charcoal and 
by heatmg. The existence of this radiation was also con
firmed photographically. This radiation is analogous to the 
soft |3-radiation of Ra and the analogy between the deeomp. 
series of U and Th is shown by the following series of suc
cessive disintegration products: 

U — a-rays a-rays Th 

Radio-U ? ? Mesoth 1 

I I 
U-X—complex 3-rays complex 3-rays — Mesoth 2 

I ! 
I I 

Ionium — slow a-rays slow a-rays — Radio Th 
I ,Ra — slow ^-rays slow/3-rays — Th X , ^ | 
Raiy ^ T h X 
I \Ra X— a-rays a-rays —Th X;-^ | 

Ra Em —a-rays a-rays—Th Em. 
(Arden R. Johnson) 

1422 
THE NUMBER OF ALPHA PARTICLES EMITTED BY URA
NIUM AND THORIUM AND BY URANIUM MINERALS. H. 
Geiger and E. Rutherford (Univ. Manchester). Phil. Mag., 
20, 691-8('l910) 

Using the scintillation method of counting a-particles, it 
was found that a gram of U, a gram of U mineral, and a 
gram of Th emit, resp., 2.37 x 10*, 9 6 x 10* and 2.7 x 10* 
a-partieles per sec. For the purpose of calculating a num
ber to be compared with the experimental result it was 
assumed that U is the ultimate parent of Ra and that its 
atom in a mineral emits two a-particles for one from each 
of the subsequent a-ray products, ionium, Ra Em, Ra A, 
Ra C, and Ra F. Taking no account of the actinium present, 
the calc. numbers for a mineral and for ordinary purified 
U are resp. , 9 67 x 10* and 2.32 x 10* a-particles per g. per 
sec. The good agreement between theory and expt. adds 
evidence to Boltwood's conclusions that U emits two a-
particles for one each of its later products. From the 
number of a-particles emitted it is calc. that U, U min
eral, and Th produce He at the rates resp , 2.79 x 10~', 
11.0 X 10"', and 3.10 x 10"' c u. mm. per g. per year. 
Observations were made which indicate that the range of 
some of the a-particles from U is not more than 2.7 cm 
in air, while the range of the a-particles from ionium is 1 
or 2 mm. longer. (G.C.A.) 

1423 
THE PERIOD OF RADIOTHORIUM AND THE NUMBER OF 

ALPHA PARTICLES LIBERATED BY THORIUM AND ITS 
PRODUCTS. May Sybil Leslie (Univ. Manchester). 
Radium, 9, 276-7(1912). 

Repetition of the measurements of the period of radio
thorium leads to the conclusion that Blanc's figure, 2 yrs . , 
IS probably correct. The ratio between the activity of Th02, 
freshly prepd., and its max. activity calc. from that of 
thorite, confirms the view that the series in equil. gives 
6 a-particles. (A T. Cameron) 

1424 
THE PERIOD OF THORIUM. Bertha Heimann (Radium 
Inst., Vienna). Monatsh. 35, 1533-6(1914). 

The ionization current due to the a-rays from a thin film 
of Th02 in complete equil. with its disintegration products 
including Meso-Th is 1.762 e. s. u. per g. of Th. Then Th 
emits 3 32 X lO' a-particles per see. per g., X = 3.91 x 10"" 
yrs . , and its period is 1.50 x lO" yrs . This agrees with 
Rutherford's and with McCoy's (C. A. 7, 2156) detns., but 
not with Geiger and Nutall's rule (C. A. 6, 26). (G. L. 
Wendt) 

1425 
THE PENETflATION OF THE ACTIVE DEPOSIT OF THO
RIUM INTO PLATES ACTIVATED BY THE EMANATION. 
Tadeusz Godlewski (Radium Inst., Vienna). Sitzb. kais. 
Akad. Wiss, Wien, Abt. Ha 125, 137-47(1916), Beibl. Ann 
Physik 40, 545(1916). 

Very thin metal foils, penetrable by a-rays , were acti
vated on one side by exposure to Th Em. The active side 
was then covered by a similar foil and the absorption of 
a-rays by the superposition of foils on the 2 sides was 
measured. The activity of the inactive side of the original 
layer was always the greater. The rays therefore leave 
the active side from slightly below the surface, the pene
tration of the active deposit being 0 4 micron for Al and 
0 7 micron for Zn. Foils activated by electrolytic deposition 
of the active deposit do not show this penetration since there 
recoil plays no part. (G. L. Wendt) 

1426 
INITIAL CHARGED CONDITION OF THE ACTIVE DE
POSITS OF RADIUM, THORIUM AND ACTINIUM. G. H. 
Henderson. Trans. Roy. Soc. Can. 10, No 3,151-68(1917). 

Detns. of the percentages of charged and uncharged r e 
coil atoms formed from the emanations when mixed with 
various gases. In dry air, H2, O2 and CO2 all the atoms are 
positively charged, in pure ether vapor and probably in 
pure water vapor and C2H5Br vapor they are all uncharged, 
while in mixtures the proportion of charged to uncharged 
depends on the proportion of the mixture. All three types 
of recoil atoms are alike in this respect. What occurs at 
the instant of formation is, therefore, of no consequence 
and the charged condition depends on encounters with gas 
mols. during the recoil. Collision with certain mols. ionizes 
both colliders and the recoil atom is charged; collision with 
others leaves the recoil atom uncharged no matter what its 
previous state. (G. L. Wendt) 

1427 

A STUDY OF THE EMANATION METHOD OF DETER
MINING THORIUM. G. H. Cartledge (Univ. Chicago). J. 
Am. Chem. Soc. 41, 42-50(1919) 

The circulation method of detg. Th by means of Th Em 
has been modified so as to furnish a practical and reliable 
method for detg. Th quantitatively by means of the emana
tion electroscope. Instead of a closed cycle for the cir
culation of the gases, the emanation was pumped through 
the ionization chamber only once. A special device for the 
regulation of the pressure in the chamber is described. A 
method was worked out for preparing radiochemically com
plete solns. of monazite sand with an accuracy of 1.5%. 
(S. C. Llnd) 
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1428 
DETERMINATION OF THE HALF-LIFE PERIODS OF THO
RIUM AND ACTINIUM EMANATIONS. R. Schmid (Radium 
Inst., Vienna). Sitzb. Akad Wiss . , Wien 126, Ila, 1065-
79(1917). 

S. descr ibes a method which i s the same in principle a s 
that used by L. and P. Measurements were a lso made by 
Rutherford's method in which the ionization current i s 
measured at different points along a tube through which the 
Em IS flowing at a known rate. A third method employed is 
due to Mache. The mean resu l t s of the investigation are 
a s follows Half-life period for Th Em 54.5 ± 0.03 s e e s , 
for Act Em 3.92 ± 0.015 s e e s . (S. C. Lmd) 

1429 
THE DISTRIBUTION OF THE ACTIVE DEPOSITS OF RA
DIUM, THORIUM, AND ACTINIUM IN ELECTRIC FIELDS. 
G. H Briggs (Univ Sydney). Phil Mag. 41, 357-77(1921). 

The expts. were undertaken to decide whether all or only 
a limiting fraction of the recoi l atoms are positively charged 
at the end of their paths. Two forms of discharge chambers 
were used, one tubular and the other with circular hori
zontal plate e lectrodes High increase of voltage was found 
unnecessary as the limiting value was reached with 60v / c m . 
The fraction of Ra A atoms positively charged was found to 
be 89 6%. The high values of Henderson (C. A. 9, 2735) are 
attributed to brush discharge from the edges of the plate 
and from the cotton fibers used to prevent diffusion. The 
general conclusion i s reached that in all e a s e s a limiting 
value IS attained of l e s s than 100% of induced activity on 
the negative e lectrode. This i s due to neutralization of the, 
positive charge in part, an explanation different from 
Ratner's (C. A. 1^, 282) e lec wind. The neutralization i s 
much greater in some g a s e s than in others and a connection 
between the proportion of positively charged recoi l atoms 
and the temp at which the gaseous medium begins ap
preciably to dissociate i s pointed out in support of the 
neutralization theory. (S. C. Lind) 

1430 
THE DETERMINATION OF THE URANIUM AND THORIUM 
CONTENT OF MINERALS BY MEASURING THEIR RADIO
ACTIVITY. L. H. Borgstrom (Helsingfors.) . Finska Kem. 
Meddel. 1917, 14 pp. 

The mineral i s finely ground in an agate mortar, mixed 
into a paint with CHCI3 and brushed on a surface several 
cm. square. By comparing the rates of discharge of an 
e lectroscope caused by 2 f i lms, one with 7 and the other 
with 10 mg. per sq. cm. it i s possible to distinguish between 
Th and U minerals . The latter show about equal activity in 
both, while Th compds show 1 0 - 1 5 % l e s s discharge t ime 
in 10 mg. than in 7 mg. f i lms . From the formula R = 0.07069 
U + 0.02054 Th (R = discharge t ime in minutes and the 
values for the U and Th being in %) the relative content of 
U and Th can be caled Fair agreement i s shown between 
some values obtained by this method and those obtained for 
the same minerals by analys is . (E.T.W.) 

1431 
MEASUREMENTS OF THE RANGE OF a-RAYS. H. Geiger. 
Z. Physik 8, 45-57(1922). 

The range of the a - r a y s for all e lements from U to Th 
were newly detd. The following values of the range in cm. 
at 0° and 15°, r e s p were , obtained: Ul 2.531, 2.67; U2 
2.910, 3.07; ionium 3.028, 3.194; Ra 3.212, 3.389; Ra Em 
3.907, 4.122; Ra A 4.476, 4.722; Ra C 6.608, 6.971; Ra F 
3.721, 3.925, protactinium 3.482, 3.673, Radio-Act 4.432, 
4.676, Act X 4.141, 4.369; Act Em 5.487, 5.789, Act A 6.241, 
6 584, Act C 5.224, 5.511, Th 2.749, 2.90; Radio-Th 3.810, 
4.019; Th X 4.127, 4.354; Th Em 4.799, 5.063; Th A 5.387, 
5.683, Th C2 4.538, 4.787; Th C2 8 168, 8.617. The values 
of Ra C, Th C, and Th C2 correspond c lose ly with those of 

Henderson. The method employed for these measurements 
was essent ial ly that of Nuttall and G. (C. C. Davis) 

1432 
SECONDARY AND TERTIARY CATHODE RAYS PRODUCED 
BY EXTERNAL AND INTERNAL ABSORPTION OF HOMO
GENEOUS X-RAYS. H. R. Robinson and A. M. Cass ie . 
Proc . Roy. Soc. (London) 113A, 282-301(1926). 

Measurements were made with an improved form of the 
Robinson-Rawlinson app. Mo K rays were used as primary 
x-radiation. Tables contg. l eve l s (Sommerfeld), emiss ion 
l ines , intensity, yH, equiv. frequency in Rydberg units, and 
origin are given Results on U, Th, Bi, Au, W, Ce, Ba, Ag, 
Mo, Zr, Br, As, Cu and Ca were obtained. Better direct 
evidence of the process of x-ray absorption i s found by the 
relative intensit ies of the l ines of the corpuscular spectra. 
(L.D.R.) 

1433 
PRECISION MEASUREMENTS IN THE L-SERIES OF THE 
ELEMENTS FROM TUNGSTEN TO URANIUM Einar 
Friman. Z. Physik 39, 813-27(1926). 

The l ines a j , /Sj, /32 and Vi of the L - s e r i e s of W, Ir, Pt, 
Au, Hg, TI, Pb, Bi, Th and U, were remeasured with a 
precis ion exceeding 10 t i m e s that hitherto used for these 
l ines . The wave-length data are tabulated. A description 
of the x-ray spectrometer and the method of adjusting it 
are given. (C. C. Kiess) 

1434 
AN EXPERIMENTAL STUDY OF THE RELATIVE INTEN
SITIES OF X-RAY LINES IN THE L-SPECTRUM OF THO
RIUM S. K. All ison. Phys. Rev. 30, 245-54(1927). 

The relative intensit ies of the Th L - s e r i e s l ines have 
been measured at 31.8 kv , an ionization chamber s p e c 
trometer being used. In addn. to the l ines previously r e 
ported by other invest igators , the l ines Th LTJ, Th L^,, 
Th L-y, were found No indications of the Th L-y, or Th LY4 
could be found. The relative intensit ies have been corrected 
for absorption in the mica windows and air in the path from 
x-ray tube to ionization chamber, and for the fraction of 
the radiation absorbed in Mel in the ionization chamber In 
the voltage range between the crit . excitation voltage, Vo, 
and 31.8 kv., the intensity of the Th L^, or Th L̂ ĵ  ^ at any 
voltage, V, could be expressed by I = k(V - V^f within the 
l imits of exptl. error . With this express ion the relative 
intensit ies at 31.8 kv. were extrapolated to the relative 
intensit ies at high voltage to which it was assumed the 
theoretical predictions apply. The intensity rule for dou
blets holds for l ines involving the l eve l s L21 and L22. The 
predictions of Wentzel based on Schrodinger's new quantum 
mechanics for the relative intensit ies of "sharp" and "dif
fuse" s e r i e s doublets are confirmed but the exptl. intensit ies 
of the "principal" s e r i e s doublets are too low by a factor of 
7. They are a lso too low in the measurements of Jonsson 
on W The resul ts obtained are a s follows-

Line / a2 a , TJ ^J jSj ft 
Relative Intensity 36 12 100 1.1 1.4 26 0.45 

32 kv. 
Relative Intensity 36 12 100 1.8 1.4 26 0.45 

high voltage 

Line 0, 03 75 y , y2 y , + yj yj 
Relative Intensity 38 1.8 0 8.5 0.81 3.1 0 

32 kv. 
Relative Intensity 62 3.3 0 14 1.5 5.3 0 

high voltage 

(Bernard Lewis) 

1435 
ATTEMPT TO MEASURE THE RANGE OF THE a-PARTI-
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CLE OF Th. J. L Nickerson. Proc Trans. Nova Scotian 
Inst. Sci. 17, (3) 172-4(1929). 

The range of the a-particle from Th has been found 
from Wilson Chamber photographs to be 3.75 ± 0.1 cm. 
at 15°. 

1436 
RADIUM AND THORIUM CONTENTS OF PHOSPHORITES. 
V. P. Rusakov Compt. rend. acad. sci (U R. S. S.) 1933A, 
No. 3, 25-33. 

The Ra and Th contents of phosphorites were detd. by 
the emanation (soln.) method. (V.K.) 

1437 
A REDETERMINATION OF THE HALF PERIOD OF Th. 
Hans Fesefeldt. Z. Physik 86, 605-10(1933) 

The discrepancy between old detns. of the half life of Th 
due to Geiger and Rutherford (C. A. 5, 1232) and new meas
urements by Kirsch (C. A. 25, 3913)"is decided in favor of 
G and R. The new values are: Th = 1.3 x lO" years, 1 g. 
Th emits 4.7 x 10' a-particles per hr. 

1438 
ABSOLUTE MEASURE OF THE ENERGY IN THE 0-RAY 
SPECTRUM OF THE ACTIVE DEPOSIT OF Th. R Arnoult. 
J. phys. radium (7), 5, 67-70(1934) 

By the method of focalization, the energy of the most in
tense line of the |3-ray spectrum of the active deposit of 
Th was directly measured. Values found were Hr = 1381.5 
(accuracy, 2 per 1000) (H is the magnetic field; r the radius 
of curvature of the trajectory) and E = 146.88 electron kv 

1439 
BINDING ENERGIES IN THE RADIOACTIVE FAMILIES 
U, Ra, AND Th. Walter M. Elsasser Compt. rend 199, 
46-8(1934) 

The energies of disintegration of the isotopes of elements 
82, 84, 86, 88, 90, and 92 have been caled. from available 
data, and plotted against the nos. of protons and neutrons 
assumed to be present in the various nuclei. 

1440 
THE RADIOACTIVITY OF SOLIDS DETERMINED BY 
a-RAY COUNTING Gladys D. Finney and Robley D Evans. 
Phys. Rev. 48, 503-11(1935). 

The complete theory of a-particle counting is developed 
for both thin and thick sources Suitable app. is described. 
New methods for detg. the Th content of geological samples 
are given. Analyses of igneous rocks show 3.9 to 16.5 x 
10~*% Th, and an av. Th/U ratio of 7. (L. S Kassel) 

1441 
DISINTEGRATION CONSTANT OF THORIUM AND BRANCH
ING RATIO OF THORIUM C. Alois F. Kovarik and Norman 
I. Adams, Jr Phys. Rev. 50, 99(1936). 

The disintegration const, of Th is X = 5.17 x 10"" yr.~'; 
the half life is 1.34 x l o " yrs . The branching ratio of Th 
C IS 0.660 (G.M.P.) 

1442 
REACTION IN THE SOLID STATE INVESTIGATED BY THE 
HAHN EMANATION METHOD. R. Jagitsch. Monatsh. 68, 
1-9(1936) 

Reactions m the solid state are followed by addn. of 
radioactive Th and detn. of the amt. of emanation liberated. 
With this method silicic acid shows changes in evolution 
of emanation at 570° and 870° corresponding to the ;3-quartz 
to a-quartz and a-quartz to tridymlte transformations. CaO 
reacts with SIO2 above 900°. The transformation of y-AljOj 
to corundum occurs between 840° and 950°. C0CO3-AI2O3 
mixts. react above 840°, CaC03-Al203 mixts. react above 
890°. CaC03 and Fe203 react between 550° and 600°. (D. 
Rittenberg) 

1443 
THE PHOTOELECTRIC EMISSION FROM THORIATED 
TUNGSTEN. R E. Smith and L. A. DuBrldge. Phys. 
Rev. 48, 339-40(1935) 

1444 
NEW METHODS FOR THE DETECTION OF MINUTE QUAN
TITIES OF THORIUM IN COMMON MATERIALS. Robley 
D. Evans, Gladys D Finney, Arthur F. Kip and Raymond 
Mugele. Phys. Rev. 48, 791-2(1935) 

1445 
A METHOD FOR REGISTERING TRANSIENT STRUCTURAL 
AND SURFACE CHANGES BY MEANS OF THE POWER OF 
EMANATION THERMAL DECOMPOSITION OF THORIUM 
OXALATE Hans J Born. Z. physik. Chem. A179, 256-62 
(1937). 

An improvement in the arrangement for measurements 
by the emanation method is described by which an elec
trometer gives a deviation that is proportional to the tran
sient ionization stream. The decompn. of Th oxalate is 
studied by the new method. (R. H Baechler) 

1446 
NUMBER OF a-PARTICLES EMITTED BY A PREPARA
TION OF AN ACTIVE DEPOSIT OF THORIUM MEASURED 
BY ITS PENETRATING RADIATION Andre Ricoux. J. 
phys. radium 8, 388-90(1937). 

App. IS described for detn. of ionization due to a-rays 
by an abs. method. (D. Rittenberg) 

1447 
DETERMINATION OF THE RATIO OF THORIUM TO URA
NIUM IN ORES BY p- AND y-RAYS. G. V. Gorshkov and 
N. P Starovatov. J Geophysics. (U. S. S. R.) 7, 338-49 
(in English 349-50) (1937) 

The method of G , S. and Tverskoi was used (to be pub
lished) utilizing filtered and unfiltered 0- and y-radiations. 
The results obtained by Evans were confirmed and those 
obtamed by Graven were proved to be wrong with respect 
to the question of the secondary /3-rays produced by y-rays 
of radioactive elements of the Th group in the gypsum 
filters. Seven references. (A. A. Podgorny) 

1448 
RADIOACTIVE RECOIL IN THE PREPARATION OF THO
RIUM C". Vladimir Majer. Collection Czechoslov. Chem. 
Commun. 10, 236-41(1938). 

By starting with a prepn. of radiothorium, Th C" was 
collected on a 1.5-cm. sq. Pt foil from the active deposit 
by the recoil method (Hahn and Meitner, C. A. 3, 2902) with 
a field of 120 v and exposures of 24 hrs. and 10-15 min. 
for the active deposit and Th C", resp. While the Th C" 
showed sufficient purity when examd. electroscopically, a 
Geiger-MuUer counter showed not only the expected Th C 
and Th B but also a Th X content amounting to 10% of the 
atoms. This admixt. causes 0.01% of the initial activity of 
the prepn The impurity is explained by the recoil of atomic 
aggregates (Schwarz, C. A. 28, 573I5) which pass, under the 
influence of the elec. field and without loss of Th X, from 
one Pt foil to the next during the purification. In one expt. 
an unexplained increase in activity between 30 and 50 hrs . 
was recorded (D W. Pearce) 

1449 
UNKNOWN NATURAL a-RADIATION E. F.0Vn and I T. 
Rosesqvist. Tids Kjemi Bergvesen 18, 64-5(1938) 

Radioactive HCl-insol. impurities in com Zn have been 
examd. by a new method in which the whole app is placed 
in a vacuum Th, Ra-Th and Th X have been identified by 
their a-radiation. A feeble a-radiation (absorbed by 15 fi 
Al), previously unknown, is possibly derived from Ma. The 
Th/radio-Th ratio can be used to det. the age of the Zn 
ore. (B.C.P.A) 

1450 
DROPLET FISSION OF URANIUM AND THORIUM NUCLEI. 
R. B. Roberts, R. C. Meyer and L. R. Hafstad Phys. Rev. 
55, 416-17(1939). 

Recoil particles were observed with energies of 150-300 
m. e v. from U and Th bombarded with neutrons. The effect 
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from BI, Pb, TI, Hg, Au, Pt, W, Sn and Ag was less than 
Viooo the intensity of that from U or Th. U fissions are 
produced by different processes for fast and slow neutrons, 
the fast neutron process requiring between 0.5 but 2.5 m e. 
v. for effective operation. Only the fast neutron process is 
effective on Th, the limits being between 0.5 and 2.5 m. e. v. 
(G M Petty) 

1451 
THE SPLITTING OF URANIUM AND THORIUM. R. B. 
Roberts, R. C. Meyer and P. Wang. Phys. Rev. 55, 510-11 
(1939) 

The ranges of particles from U and Th bombarded with 
neutrons were found to be 10 5 ± 1 mm. and 12.0 ± 2 mm., 
resp Neutrons from U were observed 1.5 mm. alter bom
bardment ceased; they had a decay period of 12.5 ± 3 sec. 
They are assocd. with hard y-rays of the same period. 
(G M.P ) 

1452 
THE HEAVY DEBRIS IN THE DISINTEGRATION OF NEU
TRON-IRRADIATED URANIUM AND THORIUM. WiUibald 
Jentschke and Friedrich Prankl. Naturwissenschaften 27, 
134-5(1939) ~ 

In splitting up U to Ba + Kr there is liberated according 
to the packing curve an energy of 160 — 190 m. e. v., largely 
as kinetic energy of the particles A circular thin layer of 
U oxide of 1.5 mm. air equiv., 8 cm. diam. (15 mg. U3O5) 
was placed on the cover of a box-shaped ionization chamber, 
3.5 cm. deep, N2-filled The ions caught on the electrodes 
were amplified and recorded. Neutrons from Ra (300 mg.) 
and from Po irradiated Be (12 mc. Po) were used Two 
groups of ions resulted in the ratio 1.60 to 1 (±0 06) cor
responding to the 2 types of U debris. If Ba is assumed to 
be one (mass 139) the estd mass of other would be 87, this 
leaves a mass deficiency of 13. A measurement of the total 
ion energy gave 1,750,000 and 2,800,000 elec. quanta resp., 
corresponding in N2 (35 e. v. per ion pair) to energies of 
61 m. e v. and 98 m. e. v., resp., total 160 m. e. v. (±15%). 
The range of the low-energy group is about 1.5 cm., the 
other 2 cm For Th instead of U the appearance of 2 ion 
groups was likewise confirmed. No pos. result was so far 
obtained for Pb or Bi upon neutron irradiation (800 mg. Ra 
equivalent rays). (B. J. C. van der Hoeven) 

1453 
THE DETERMINATION OF THE DECAY CONSTANT OF 
Th BY THE WYNN-WILLIAMS COUNTER. K. A. Petrzhak. 
Trav. inst. etat radium (U.S.S.R.) 4, 149-60(1938) 

Detn of the const, by the recording galvanometer and by 
the thyratron counter gives comparable values of 5.17 x 
10"" years" ' (±4%) The half-life period is 1.34 x lO" 
years (±4%) The effect of emanation is eliminated m these 
expts The accuracy of the measurement depends on the 
accuracy of weighing the samples 

1454 
THE DETERMINATION OF THE VAPOR PRESSURE OF 
THORIUM ACETYLACETONATE BY RADIOACTIVE MEAS
UREMENTS. Ralph C. Young, Clark Goodman, and Julius 
Kovitz J. Am. Chem. Soc. 61, 876-8(1939). 

The gas-satn. method was used The Th compd. is extd 
from the gas and its quantity detd. by an alpha count. The 
v.p. at 100° IS 3.2 0 3 x 10"* mm. 

1455 
THE DETERMINATION OF THE CONTENT OF RADIUM, 
MESOTHORIUM AND RADIOTHORIUM IN WEAK PREPA
RATIONS BY SECONDARY 3-RAYS AND CONNECTED 
GEIGER-MULLER COUNTERS. G. V. Gorshkov. Trans, 
inst. etat radium (U.S.S.R ) 4, 83-114(in German, 115) 
(1938). 

The prepns. are sealed in glass tubes. The secondary 
/3-rays excited by the y-rays are passed through a Geiger-

Muller counter and then through Al screens 0 003-0.81 mm. 
thick and then into the 2nd counter. The variation in pene
trating power of the 0-rays from the 3 elements permits 
their detn. The method gives an accuracy of about 15% in 
the best case, as compared with 1% when y-rays are used, 
but it permits the use of concns. of the elements equiv. to 
0 1 g. Ra. The electron-absorption curves vary with the 
concns. of the elements, and if the conen. of 2 elements in 
a mixt differs 10-fold, e r rors of 3-4% are introduced. 
Filtration of the y-rays by a 2-em. Pb filter increases the 
hardness of the /3-rays. The distance from the prepn. to 
the counter has little effect on the electron-absorption 
curve. (H. M. Leicester) 

1456 
THE DETERMINATION OF THE DECAY CONSTANT OF 
THORIUM BY THE WYNN-WILLIAMS COUNTER. K. A. 
Petrzhak. Trav. inst. etat radium (U.S.S.R.) 4, 149-60 
(1938). 

Detn. of the const, by the recording galvanometer and by 
the thyratron counter gives comparable values of 5.17 x 
10"" years" ' (±4%). The half-life period is 1.34 x lO" 
years (±4%) The effect of emanation is eliminated in these 
expts. The accuracy of the measurement depends on the 
accuracy of weighing the samples. (H.M.L.) 

1457 
A COMPARISON OF THE RADIATION FROM THE RADIO
ACTIVE ISOTOPES OF THE RARE EARTHS FORMED 
FROM URANIUM AND THORIUM. Irene Joliot Curie and 
Tsien San-Tsiang. J phys radium 10, 495-6(1939). 

Radioelements with a period of 3.5 hrs . , resembling La, 
were sepd. from U and from Th which had been irradiated 
with neutrons. By using a Wilson chamber, their /3-spectra 
were found to be identical, within the limits of exptl e r ror . 
Evidently the same element was obtained from each fission. 
The max. energy is near 3.6 m. e. v. and may attain 4 m. 
e. V (G. M Petty) 

1458 
THE ROLE OF THORIUM IN FEEBLY RADIOACTIVE SUB
STANCES. I. IONIZATION CURRENTS PRODUCED BY 
SUBSTANCES CONTAINING THORIUM. A. Hee (Inst. 
Geophysics, Strasbourg). Cahiers phys. 19, 59-70(1944). 

Measurements were made of the ionization currents pro
duced by such materials as boric acid, talc, chalk, or kaolin, 
to which measured small amts. of Th02 were added, to det. 
the relationship between ionization current and thickness of 
the radioactive samples. The variable results obtained for 
samples with the same Th content make it impossible to use 
the thickness-effect to test rock materials for Th by radio
activity measurements. H. INVESTIGATION OF THE 
CAUSES OF THE THICKNESS-EFFECT. Ibid. 20, 63-71. 
To det. the causes of the thickness-effect measurements 
were made of the absorption by Al screens, of different 
thicknesses, of the radiation from prepared samples and 
natural rock samples contg. Th compds. The effect depends 
on the age of the samples, and their moisture content, as 
well as their chem. compn., factors which control the ema
nation of thoron, a radioactive gas, from the Th compds. 
in the samples. (C. C Kiess) 

1459 
A GEIGER COUNTER FOR DETERMINATION OF THORIUM 
CONTENT OF THORIATED-TUNGSTEN WIRE. R. E 
Aitchison. A.W.A Tech. Rev. (Amal. Wireless Aust.) 7, 
No. 1, 1-7(1946) 

As Th IS radioactive, the counter can be used as an ioni
zation detector. A practical recording circuit is described, 
which consists of a r.f. power supply for the counter, a 
pulse-lengthening multivibrator circuit and mech. recorder. 
Practical results on wire used in radio tube manuf. are 
given. (R.D H.) 
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1477 
HIGH-FREQUENCY SPECTRA (L-SERIES) OF THE 
ELEMENTS TANTALUM-URANIUM. Manne Siegbahn 
and Einar Friman (Univ. Lund). Phil Mag. 32, 29-49(1916). 

Eleven different Ime groups were found in the L s e r i e s 
spectra of most of these e lements . For Po only the a i and 
the /3i l ines were found and for Ra only a weak a l ine, owing 
to the small quantities employed. These were sufficient to 
establish the ordinals of Po and of Ra as 84 and 88, resp. 
The groups, a , , a2 and ft when plotted against the atomic 
numbers form right l ines and follow the Moseley relation, 
Oi and a2 being nearly parallel . The remaining l ines are 
curved concavely toward the frequency Axis . Pb forms 
the intersection point of two of the strongest groups, /S,, 
and ft. Comparison of the Pb spectrum with Rutherford 
and Andrade's y - r a y spectrum of Ra B (C. A. 8, 2307) 
shows excellent agreement and confirms the identity of 
the atomic number of these two elements . (G. L. Wendt.) 

1478 
VACUUM ARC SPECTRA OF VARIOUS ELEMENTS IN THE 
EXTREME ULTRAVIOLET. J. C. McLennan, D. S. Amsl ie , 
and D. S. Fuller. Proc . Roy. Soc. (London) 95A, 316-32 
(1919). 

A description of methods and app. for photographmg the 
vacuum arc spectra of metals , with resul ts obtamed for 
Cu, Al, Zn, C, Fe , Sn, Th, Pb, Ni, Co, and Cd. A d.c. at 
220 V. was used, regulated by a suitable res is tance in 
s e r i e s . The app., all optical parts of which were of fluorite, 
was exhausted to such a degree that a short Geiss ler tube 
connected to the spectrograph showed a faint greenish 
yellow f luorescence such as i s exhibited by a "hard" X-ray 
bulb. Metals havmg a high m. p., such as Cu, were not 
melted by the heat of the arc with the current used, 8-15 
amps. The arc was intermittent, giving an intense flash on 
each break. For the metals of low m. p. , the specimen was 
placed in a tube of quartz or iron, forming a molten pool 
when the arc started. In this latter case the arc developed 
a continuous, mtense source of light with 4-6 amps. Time of 
exposure was equiv. to approx. 5 min. continuous arcing. 
In the calcn. of wave lengths certam l ines of known length 
were taken as standards. The plates were measured with a 
Hilger comparator. All the metals were investigated 
down to X 1400 A. The measurements on Cu, Zn, Cd, Al are 
all well covered by the resul ts for the spark spectrum of 
these metals , a s obtamed by previous workers. For Sn, 
Pb and Th the resul ts agree fairly well with those of 
Saunders for the region above X 1400 A. Below X 1400 A. 
many new Imes were measured. The measurements on 
F e , Co, Ni and C are the f irst obtamed for the arc spectra 
of these metals m the Schumann region. In the region X 
1850 A. to X 1400 A. several new l ines were measured. 
(A. L. Feild.) 

1479 
THE CALCULATION OF THE UMITING FREQUENCIES 
OF K AND L ABSORPTIONS FOR HEAVY METALS. L. de 
Broghe . Compt. rend. 170, 585-7(1920). 

The author ca lcs . these for a number of e lements and 
finds that Vegard's formula agrees better than Bohr's with 
the observed values, for which he takes the means of the 
observations of Vegard, Siegbahn and his own. The K 
frequency i s caled. for the followmg metals: Cd, Te, Pt, 
Pb, Th, Ur; the L for these: W, Pt, Au, Pb, Bi, Th, Ur. For 
the former the relativity correction has to be applied, for 
the latter it can be neglected. (C. S. Brainm) 

1480 
A NEW ARRANGEMENT OF CRYSTAL POWDER FOR 
X-RAY CRYSTALLOGRAPHIC INVESTIGATIONS. H. 
Bohlin (Tech. Univ., Danzig-Langfuhr). Ann. Physik 61 , 
421-39(1920). 

A new arrangement i s worked out for securing sharpness 
in the edges of interference l ines with a greatly increased 
accuracy. The crystal powder i s pressed into a curved 
cylinder havmg the same radius a s the cylindrical camera. 
H. Seeman (C. A. 14, 1632) has developed a s imi lar method 
mdependently. The sharpness and position of the edges of 
the l ines are independent of the sl it width and of the depth 
of penetration of the radiation. Observations made on Th and 
Ni indicate that they are composed of a lattice of face 
centered cubes of unit edge lengths of 5.12 and 3.53 x 10~' 
cm. resp. Mg i s built of two s imple hexagonal latt ices in
serted into each other where a = b = 3.23 x 10"' and c = 
5.25 x 10"'. The ratio a / c = 1/1.624 whereas Hlawatsch 
(Z. Kryst. Mineralog. 32, 479(1900)) found the ratio 1/1.625. 
(F. O. A.) 

1481 

A METHOD OF SPECTRUM ANALYSIS BY MEANS OF 
X-RAYS. Manne Siegbahn, Axel E. Lindh, and Ni ls 
Stensson (Lund). Z. Physik 4, 61-7(1921). 

The substance to be examd. i s made the anticathode in an 
X-ray tube and the elements present are identified by their 
characterist ic K or L radiation. The tube, which i s of metal, 
has a helical filament givmg a long focal spot, which sends 
the radiation through a narrow slit to a stationary crystal . 
The reflected beam can be photographed over a range of 
40° on a circular film. The whole app. i s evacuated and the 
tube water-cooled to carry 30 ma. All e lements from Na 
to U can be identified in 2 exposures of 2 hrs . each, one with 
calcite (1 to 4.6 A) and one with gypsum (2.6 to 11.6 A.). 
(F. C. Horr) 

1482 

THE COMBINATION PRINCIPLE IN X-RAY SPECTRA. 
D. Coster (Lund). Z. Physik 5, 139-47(1921). 

C. be l i eves that the Bohr emiss ion scheme for X-ray 
spectra should be such that there are no violations of the 
combination principle, rejectmg Kosse l ' s explanation of 
the "combination defect." With accurate wave-length data 
it IS possible to set up such a scheme. For detg. the 
initial energy level of a line the crit ical potential data are 
used where available, and also the doublet relations. The 
system thus arrived at i s essent ial ly the same as that of 
Smekal givmg 5 M- leve l s . C. a l so g ives preliminary data 
on remeasurements of the M absorption l imits and has been 
able to detect all five of these absorption l imits in U and 
Th. The values, which fit quantitatively into the above 
scheme are; 

gl. g2. g3. g4. gS. 

U 261.03 273.99 317.18 382.1 408.9 

Th 244.90 256.55 297.99 354.4 381.6 

Bi 191.37 199.45 233 (diffuse) 

The values are of u/R. The LS group in U and Th has a lso 
been remeasured, so as to make an accurate test of the above 
absorption data possible by means of the relations M j - M , = 
L a , - Li and M4 - M3 = Lft - Lft . (F. C. Hoyt) 

1483 
THE FINE STRUCTURE OF X-RAY SERIES. D. Coster. 
Compt. rend. 173, 77-9(1921). 

Results are given of prec i se measurements of L s e r i e s 
l ines of the e lements from Ta to U. A new line, YS of L2, 
IS found in some of these e lements and a discuss ion of 
Moseley diagrams shows that it ex i s t s probably in all. The 
principle of combinations i s d iscussed and a system of 19 
energy leve l s (critical absorption frequencies) i s proposed. 
It is noted that only rarely i s a line found, the frequency of 
which IS equal to the sum of the frequencies of two other 
l ines , C. suggests that the energy leve l s of an atom are 
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divided into 2 groups and that lines usually represent a 
passage from one group to the other, and only rarely a 
passage between 2 levels of the same group. (H. C.) 

1484 
THE SPECTROSCOPY OF URANIUM AND OTHER RARE 
EARTHS ACCORDING TO EXPERIMENTS OF DR. 
GREULICH. G. Meyer. Physik. Z. 22, 583-5(1921). 

This investigation concerns itself with the spectra of Ce, 
La, Di, Th, U and dets. (1) the metal content of those 
solns. which still permit detection by spectroscopic 
methods, and (2) the influences of the presence of other 

^ metals upon the appearance of the spectral lines of the 
metal under test. Various sources such as sparks m solns. 
and arcs between cored carbons were examd. photo
graphically with a concave grating. The min. concns. still 
showing Ce, La, Di, Th were of the order of 0.01 mg./ 
cm', while for U it was 5 mg./cm'. The presence of rare 
earths affects the visibility of U lines very little, 1% bemg 
readily detected, but mixts. with other metals such as Fe, 
Ti, Ni, Cr, Mn or Li, Na, Mg, Al, Ca require larger U 
content, e. g., 7% in Fe. An attempt is made to apply these 
results to solar phenomena, the absence of U lines in the 
sun's spectrum being explained as due to the presence of 
relatively large quantities of Fe. (W. F. Meggers) 

1485 
THE N-SERIES IN X-RAY SPECTRA. V. Dolejsek. Nature 
109, 582(1922); Z. Physik 10, 129-36(1922). 

By the powerful X-ray spectroscopic outfit constructed 
by Siegbahn (C. A. 16, 2073) it was possible to detect lines 
which most probably must be referred to the N-series of 
the elements U and Th. Calcns. for these elements show that 
some of the lines must have wave lengths of about the 
measured values which for U are between 8.6 and 12.0 A. U., 

> and for Th between 9.4 and 13.5 A. U. For B and all the 
elements m its neighborhood all the N-lmes must have a 
wave length of more than 13 A. U. (W. H. Ross) 

1486 
CRITICAL POTENTIALS OF THE THORIUM M SERIES 
LINES. P. A. Ross. Phys. Rev. 22, 221-5(1923). 

An X-ray tube with a water-cooled Cu target having a Th 
button imbedded in its face was employed together with a 
vacuum X-ray spectrograph in which a screen with a slit 
was rotated in front of the plate at twice the angular speed 
of the crystal so as to prevent scattered rays from striking 
the plate. Spectrograms taken with various potentials 
decreasing in steps from 10 to 3.2 kv. are reproduced and 
show 6 lines of the M series with wave lengths ranging from 
4.129 to 2.85 A. The crit. potentials of the 6 lines were 
detd. and found to agree with the value predicted by the 
quantum law for the corresponding absorption limits. 
(W. F. Meggers) 

1487 
EXPERIMENTS ON X-RAY SERIES. Elis Hjalmar. Compt. 
rend. 175, 878-80(1922). 

The M-series wave lengths for elements W(74) to U(92) 
are detd. and tabulated. While previous work has indicated 

^ only 3 prmcipal members of the series, there are m reality 
24 for U including satellites ranging from MgP, (indicating 
energy level origin) 2.248 to MjNj 4.929 A. The M-O series 
rays are controlled by a principle of selection of 1 unit 
change in the quantum no., or n — n + 1, while the M-N 
series follow the rule n •s' {j +]. The O energy level 
contains 5 rings. (G. L. Clark) 

* 1488 
THE N-SERIES OF THE X-RAY SPECTRA. V. Dolejsek. 
Z. Physik 21, 111-9(1924). 

Values for the N-level have been obtained for U, Th, and 
Bi, as well as the values for the O and P levels for these 
elements. (J. H. Perry) 

1489 
THE ZEEMAN EFFECT. E. Back. Ann. Physik 70, 
333-72(1923). 

The source of light was an arc in H at reduced pressure. 
The lines were photographed on a large grating m a magnetic 
field of about 35,000 gausses. Observations were made on 
Be, Th, Ba and Cu. The sepn. of the components, their 
mtensities and the polarization are fully given. A fine line 
structure, not previously observed, is found in some lines 
outside of the magnetic field. The paper contains a large no. 
of tables giving the data together with detailed discussions of 
the structure and types of the various lines. (A. W. S.) 

1490 
RONTGEN SPECTROSCOPIC MEASUREMENTS. CONTRI
BUTION TO KNOWLEDGE OF RONTGEN SPECTRA. Elis 
Hjalmar. Z. Physik 15, 65-109(1923). 

The problem of the atom is one of the most important 
questions of modern physics. For its solution. X-rays may 
be named as the primary exptl. means, and m theoretical 
research, Bohr's at. hypothesis is of greatest significance. 
A brief review of the Bohr theory and an outline of the 
structure of Rontgen spectra are given. A diagram of 
energy levels of the heavier atoms shows 1 K level, 3 L, 
5 M, 7 N, 5 O and 3 P levels. The K and L spectral series have 
been most thoroughly investigated, and new results for the 
M and N lines are given. Measurements on the M spectra of 
Dy, Ho, Er, Yb, Lu, Ta, V/, Pt, Au, TI, Pb, Bi, Th and U 
are presented in tables. Similar results on the N series of 
Bi, Th and U follow. In many cases the stronger lines are 
shown to be complex. Many new lines have been found and 
placed in the general scheme of Rontgen spectra. They 
confirm the validity of the combination principle and permit 
calcns. of the energy of certain N, O and P levels. All 
measurements of X-ray wave lengths are based on the well 
known Bragg relation nX = 2d sin <p which has been suspected 
of failing for high orders of spectra. Deviations from Bragg's 
law are defmitely shown to exist by precision measurements 
of Cu Ka, and W L^j in different orders up to 8 and 10 resp. 
With increasing n, smaller and smaller values of X are 
obtained. Various attempts to explain this are critically 
discussed. The reflection theory of Ewald (C. A. 13, 1556) 
appears to account for the observed deviations. (W. F. 
Meggers) 

1491 
RELATION BETWEEN THE PHOTOGRAPHIC AND IONIZ
ING EFFECTS OF X-RAYS OF DIFFERENT WAVE 
LENGTHS. R. Berthold. Ann. Physik 76, 409-38(1925). 

The photographic and ionizing effects of the K charac
teristic X-radiation from Fe, Cu, Se, Rb, Zr, Mo, Ag, 
Sn, Ce, Pt, Th, are compared. The anticathode of the 
X-ray tube was 3-sided, each side contg. a different 
anticathode material in the form of a high-melting salt 
or the metal itself. The 3 substances were brought m 
turn into the path of the cathode rays, and their photo
graphic effects measured on the same plate. Ag vras 
always present on one side of the anticathode as a 
standard The X-ray beam was made sufficiently homo
geneous by filtermg through a substance with K-absorption 
limit between the K-a and K-3 wave lengths of the anti
cathode material. The ionization effect was measured with 
an air-ionization chamber and later checked with a com
pressed-air chamber, which mcreased the absorption of 
the X-ray beam. Photographic effects were measured 
photometrically. For equal energy of incident radiation, the 
ratio of photographic to ionizing effect shows discontinuous 
breaks at the Br and Ag absorption limits, and a marked 
variation with wave length for X rays shorter than about 0.5 
A. For equal quantities of energy absorbed by the plate and 
m the ionization chamber the ratio of photographic to 
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lonizmg effect is a linear function of the frequency, ex
pressed by, S/J = m(47.5- u). m is a const.; v is the 
frequency m lO" sec"' ; S is photographic effect, J is ioniza
tion effect. (R. J. HavTighurst) 

1492 
X-RAY TERMS AND fNTENSITIES. H. R. Robinson. Phil. 
Mag. 50, 241-50(1925). 

The results are given of the detn. of the magnetic spectrum 
of the electron emission from U, Th, Au, As, Mn, and Ti upon 
subjecting them to X-radiation, an intense beam of Cu-Ka, 
rays bemg used. (S. C. Lind) 

1493 
CONTRIBUTION TO THE MEASUREMENT OF RONTGEN 
STANDARDS. J. Schror. Ann. Physik 80, 297-304(1926). 

Precision measurements in the K- and L-series of lines 
in the Rontgen-ray spectra of 25 elements are presented. 
Three K-lines were measured for each of the following 
elements: Cr, Mn, Cu, Zn, Se, Y, Nb, Mo, Ru, Rh and five 
L- lines for Sm, Gd, Tb, Dy, Ho, Er, Yb, Lu, Ta, W, Pt, TI, 
Pb, Th, U. (W. F. Meggers) 

1494 
X-RAY K ABSORPTION IN ELEMENTS W(74) TO U(92) 
AND K SCREENING NUMBERS. J. E. Mack and J. M. 
Cork. Phys. Rev. 30, 741-6(1927). 

Values are recorded for the K absorption edges of elements 
74, 76 to 83 inclusive, 90 and 92. Absorption is noted; it is 
due apparently to the material of the slit. An attempt is 
made to det. Sommer-Feld's screening nos. for the K shell 
from empirical data, on the assumption that the first term 
screening no. is a linear function of the at. no. Since this 
assumption leads to negative values for the "relativistic" 
screening no., it is concluded that Sommerf eld's term 
formula does not account for all the curvature of the lines 
m the Moseley diagram. (Bernard Lewis) 

1495 
MEASUREMENTS OF THE M-SERIES IN THE RONTGEN 
SPECTRA OF THE ELEMENTS FROM URANIUM TO 
GADOLINIUM. Ernst Lmdberg. Z. Physik 50, 82-96 
(1928). 

A careful survey has been made of the M-series of the 
elements from U(92) to Gd(66) including Re(75) and Hf(72). 
A Siegbahn precision vacuum spectrometer was used in the 
work, and the results cover the wave-length interval from 
2.5 to 11.5 A. U. The wave-length measurements for each 
element are listed m comprehensive tables, as are also 
the values of V/R and A/V/R derived from them. (C C. 
Kiess) 

1496 
M-X-RAY ABSORPTION SPECTRA; TUNGSTEN TO 
URANIUM. Ernst Linderg. Z. Physik 54, 632-42(1929) 

The absorption edges My, Mjv and Mm are detd. for 
the elements. W, Pt, Au, Hg, TI, Pb, Bi, Th, and U. 
(G. G.) 

1497 
THE POSSIBLE OCCURRENCE OF SOME IMPORTANT 
EXCEPTIONS TO THE SELECTION PRINCIPLE RELATIVE 
TO THE TOTAL QUANTUM NUMBER. THE Ji SPEC
TRUM OF THORIUM. Jean Thibaud. Compt. rend 188, 
1394-6(1929). 

An examn. of the x-ray spectra, in the region of longer 
wave lengths by means of a grating, of the elements Ta, 
W, Pt, and Au has revealed a set of doublets which can be 
fitted into a Moseley diagram, and which lie between 47 
and 61 A. U. From the values of the energies of the N 
levels as detd. by Bohr and Coster, the observed lines are 
found to agree with the energies of transition between the 
sublevels Njy -Ny j and Ny—Nyj-yjj resp., with an error 
ranging from 0.5 to 3%. That these lines are due to such 
a forbidden transition m which n does not change seems to 

be the only plausible explanation. The spectra of Ag, Pa, 
Bi, and Th were examd. Only Th yielded any data, but 
the lines were of the usual type and not the abnormal N 
doublets. It is concluded that these forbidden transitions 
occur only when the selection rules for ] and k are satisfied 
and in cases where the ratio of the energies of the sub-
levels involved is large (C. J. Humphreys) 

1498 
THE RAMAN EFFECT IN CRYSTAL POWDERS OF INOR
GANIC NITRATES. P Krishnamurti Indian J. Physics 
5, 1-12(1930). 

The spectra of Hg light scattered by 19 inorg nitrates 
in the form of small crystals or cryst. lumps were photo
graphed. Nitrate of Li, Na, Mg, Sr, K, Cd, Be, Ba, Al, Ca, 
Pb, Ag, Zn, Mn, Th, Bi, Hg+, Hg**, and NH4 were studied. 
The inactive frequency of the NO3 ion appeared prominently 
in all cases as a sham line, but its position varied slightly 
from substance to substance. The greatest departure from 
its value in soln. (1050 cm."') was observed with the light 
metals (Li, Na, Mg) on the one hand and with the heavy 
metals (Hg, Bi, Th) on the other. The isotropic crystals of 
Ba and Pb nitrates gave normal values, and it is concluded 
that the influence of the metal ion on the inactive frequency 
depends primarily on the volume occupied by the metal ion 
in the crystal lattice. In some cases the line was ac
companied by a fainter component, probably attributable to 
a polymerized mol. In several nitrates a line appeared 
corresponding to absorption at about Ip., sharp in a few 
cases and diffuse in others. A sharp line corresponding 
to about 14(1 was also observed in many cases These 2 
correspond roughly to 2 of the infra-red frequencies of the 
nitrates observed by Schaefer and Schubert. (W. F. M.) 

1499 
RONTGENSPECTROSCOPIC MEASUREMENTS OF THE 
L-ABSORPTION OF ELEMENTS 74 TUNGSTEN TO 92 URANI
UM. Arne Sandstrom. Z. Physik 65, 632-55(1930). 

To obtain the wave length of the L-absorption edge with 
high precision, a Siegbahn spectrometer was used and 
the absorbing material brought between the slit and the 
photographic plate. The suitable size of the absorption 
layer has been caled. so that the intensity difference on 
both sides of the edge is a max. The following results 
were obtained for the Lj, Ln and the Ljn absorption edge 
(in X. U.) W. 1212.9, 1071.7, 1023.5; Re. 1175.5, 1035.4, 
987.3; Os: 1139.0, 999.8, 955.8; Ir: 1103.8, 965.4, 922.3; 
TI: 977.8, 841.9, 807.2; Pb. 949.2, 814.3, 781.2; Bi: 
922.1, 787 8; U: 755.9; Th: 760.0, 629.3, 603.9; 720.8, 
591.3, 568.0. (Egon Bretscher) 

1500 
THE FINE STRUCTURE OF THE MOSELEY CURVES 
FOR THE M-ABSORPTION EDGES IN THE HEAVIER 
ELEMENTS. Sakae Idel. Science Repts. Tohoku Imp. 
Univ., 1st series, 19, 651-2(1930). 

Discontinuities m the Moseley curves for the L-
absorption edges and for some emission lines in the L-
and M-series at Pt(78) and near Th(90) were reported 
in a previous paper. Similar discontinuities have been 
confirmed for the M-absorption edges by the method of 
the modified Moseley curves. (C. J . Humphreys) 

1501 
THE PRECISE MEASUREMENTS OF THE L-GROUP OF 
THE X-RAYS IN THE HEAVY ELEMENTS. Sakab Idei. 
Science Repts. Tohoku Imps. Univ., 1st series, 19, 
559-639(1930). 

Complete results are presented of the measurements 
of the wave lengths of the x-ray Imes in the L-group for 
the elements, Ta(73) to U(92). The wave lengths of the 
stronger lines detd. by Firman and Wennerlof were used 
as standards. Siegbahn's tube spectrometer was used 
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throughout the expts. The differences in the values of 
v/R for the energy levels, [LpLjj], [LjLjjj] and [LjjLjjj] 
have been caled. from the data given by the emission 
lines and are compared with the values obtained from the 
measurements of the absorption edges. The correlation 
of the exptl. data with the process of atom building has 
been attempted by the method of the modified Moseley 
curves, which have been constructed for the elements 
studied. Regularities in the orders of the intensities as 
a function of the at. no. are discussed. (C. J . Humphreys) 

1502 
SPECTRAL ANALYSIS BY MEANS OF SENSITIVE LINES IN 
REGIONS ACCESSIBLE TO GLASS OPTICAL (SYSTEMS). II. 
Wilhelm Kraemer. Z. Elektroehem. 38, 51-3(1932). 

Characteristic line that lie in the region accessible to 
glass spectrographs are given for: Hg, Mg, Pd, Si, Hf, Ce, 
Th, Sm, Y, La, Dy, Nd, Pr, Tb, Er, Gd, Au, Ag, Mo, Zn, 
Cd, Mn, Ni, Co, As, Ca, Al, Fe, Cu, Ti, Zr, S, P, I, CN, and 
H. 

1503 
VERY SOFT X-RAY SPECTRA OF HEAVY ELEMENTS. 
C. del Rosario. Phys. Rev. 41, 136-40(1932). 

Abs. wave-length measurements were made for x-ray 
lines from Th, Pb, Hg, Au, Ir, W, and Ta in the region 43.6 
to 104.8 A.U. For Hg, Au, Ir, W, and Ta, doublets were 
found whose probable origin is a forbidden (An = 0) transition 
within the N shell. 

1504 
X-RAY FLUORESCENCE YIELDS. R. J. Stephenson. Phys. 
Rev. 51, 637-42(1937). 

The x-ray fluorescence yield for the K shell of atoms has 
been measured for 21 elements ranging from Ni to Sn. The 
results show an increase in the fluorescence yield with at. 
no. The fluorescence yields for the Lm shell of Pb, Th, and 
U showed the same increase with at. no. (Arthur A. Vernon) 

1505 
O-SERIES OF THE X-RAY SPECTRA. Manne Siegbahn and 
Torsten Magnusson. Arkiv Mat. Astron. Fysik 24B, No. 7, 2 
pp(1934). 

A line of the Th spectrum whose shorter wave length edge 
lies at 174.2 A. and whose width is 14 A. is attributed to the 
transition from the conduction levels to the Oiy and Oy levels 
on the basis of calcn. from known lines in the N-series. 
HIGHER SERIES OF THE X-RAY SPECTRA. Manne Siegbahn 
and Torsten Magnusson. Arkiv. Mat., Astron. Fysik 24B, No. 
6, 5 pp(1934). 

By means of a ruled grating, spectra corresponding to the 
transitions N iyyn O^^y for 81 TI, 82 Pb, 83 Bi, and 90 Th 
are obtained. The corresponding wave lengths and energy 
levels are given for 55 Cs, 56 Ba, 81 TI, 82 Pb, and 90 Th. 

1506 
FAINT LINES IN THE L SPECTRUM OF THE ELEMENTS 
73 TANTALIM TO 90 THORIUM. L Sidney Kaufman. Phys. 
Rev. 45, 385-8(1934). 

Many weak lines were measured with a spectrometer of high 
dispersion. The majority are diagram lines due to quadrupole 
radiation; the others are satellites of L ^ . 

1507 
A DIRECT EXPERIMENTAL TEST OF THE PRINCIPLE OF 
SPECTROSCOPIC STABILITY. Otto Halpern and Em. Wasser. 
Phys. Rev. 46, 177-80(1934). 

The spectroscopic stability required by quantum mechanics 
is subjected to a direct test. The atoms of satd. Th vapor 
exhibit no double refraction due to spatial quantization in a 
magnetic field up to 1200 gausses. The accuracy of the 
measurements is such that if present at all the phase dif
ference between the component of the elec. vector at right 
angles and that parallel to the field, is less than 10"* of 
the wave length employed. At the pressures employed this 

establishes a constancy of at. refractivity to 1 part in 10 . 
(Bernard Lewis) 

1508 
X-RAY SATELLITES OF HIGH ATOMIC NUMBER ELE
MENTS. F. K. Richtmyer and Sidney Kaufman. Phys. Rev. 
44, 605-9(1933). 

The x-ray lines, Laj and La2, are examd. for satellites 
in the range Ta(73) to U(92). Two satellites are found, La^^ 
extending from Au(79) to U(92) and La* from Os(76) to 
Bi(83); these are apparently unrelated to the satellites in 
the range 36 < Z < 54. Lft is also found to have 2 satellites, 
one extending from Ta(73) to U(92), the other having a 
slightly greater range. These also may be new lines. (L. S. 
Kassel) 

1509 
MOLECULAR ARRANGEMENT AND X-RAY DIFFRACTION 
IN IONIC SOLUTIONS. J. A. Prins. J. Chem. Physics 3, 
72-80(1935); Naturwissenschaften 19, 435(1931). 

Aq. solns. of heavy ions were examd. with Cu Ka radiation. 
The x-ray diffraction patterns of satd. solns of Th(N03)4 
and U02(N03)2 consist mainly of a pronounced ring, which 
shifts to smaller angles and becomes fainter with diln. This 
indicates a more or less regular arrangement of ions in 
the liquid, which is called superarrangement to distinguish 
it from the arrangement with smaller periodicity of the 
H2O mols. Both are "liquid-type" arrangements. The 
superarrangement expands and becomes diffuse with diln. 
With solns. of AgNOj, Pb(NOj)2, Ba(N02)2, and Pb(OAc)2, 
the intensity does not show pronounced maxima and minima, 
and it does not decrease markedly as the diffraction angle 
approaches O. The existence of a large fraction of un-
dissocd. mols., with a gaseous distribution, is postulated in 
explanation. Solns. of Lil, RbBr, LlBr and other alkali 
halides give a broad ring, with its position independent of 
conen. This ring is ascribed mainly to Interference between 
the scattering from a heavy ion and that from the surround
ing H2O mols. A general theory on diffraction by solns. is 
formulated and is applied to some exptl. data. (Gerald M. 
Petty) 

1510 
THE K SERIES SPECTRUM OF THORIUM. J. C. Hudson, 
H. G. Vogt, and Alice H. Armstrong. Phys. Rev. 43, 755 
(1933). 

1511 
NEW DIATOMIC BAND SPECTRA. H. G. Howell and G. D. 
Rochester. Proc. Univ. Durham Phil. Soc. 9, 126-34(1934). 

Although the no. of band spectra known are already very 
great, it is probable that many more remain to be dis
covered, for the variety of excitation conditions is so large 
that there has not been time to make an exhaustive study 
even of diatomic mols. Attention has hitherto been chiefly 
coned, on compds. having appreciable vapor pressures at 
ordinary temps, since the spectra of these are readily 
obtained both in absorption and emission. Therefore, it 
seemed desirable to exam, a no. of compds. for which no 
band spectra have been reported although they might be ex
pected to develop at sufficiently high temps. New absorption 
spectra of metallic compds. were discovered by heating 
substances from 800° to 1400° in long marrow tubes of steel, 
quartz or vitreosil and surveying the spectra from continuous 
sources with prism spectrographs. The band spectrum of 
PbS stretches from 3500 to 8500 A. and consists of over
lapping progressions of bands degraded to longer waves. Five 
systems of bands, all having a common ground state, are 
revealed by vibrational analysis of the PbS spectrum. SnS 
gives a similar spectrum but less extensive, stretching from 
2600 to 5000 A. The sulfides of Cu, Ag, Ni, and Fe give 
absorption spectra but they have not yet been critically 
studied. Selenides and tellurides of Pb and Sn give extensive 
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band systems of the same general appearance as the sulfides. 
The method of arc flame spectra has been extended to the 
study of the following new emission band systems: FeO, NiO, 
CoO, CuO, WO, TeO, PtO, MoO, CeO, and ThO. The flame 
of the Ag arc showed only at. lines in the visible and 
ultraviolet but it is probable that its oxide spectrum is to be 
found in the infrared. Another method of exciting spectra, 
especially suited for substances with very small vapor 
pressures, is the high-frequency discharge in tubes with 
external electrodes. In this way emission band spectra 
were recognized for PbF, BIF, BiBr, FeF, SnBr, SnCl, SnI, 
SbCl, SbBr, Sbl, PCI, PBr, PI, TIF, TlCl, TlBr, MnCl. 
(W. F. Meggers) 

1512 
DIFFRACTION OF X-RAYS IN SOME SOLUTIONS. J . A. 
Prins and R. Fonteyne. Physica 2, 1016-28(1935). 

Previous work of the authors is confirmed and extended. 
In addn. to the cases already reported of Th(N03)4 and 
U02(N03)2 it appears that a "superarrangement" of the 
cations at least is present with ThCl4, UO3CI2, La(N03)3, 
Cd(NOj)2, Zn(N03)2, Ni(N03)2, ZnClj, Znl2, NiClj. Moreover 
the multivalent anions of NajWOj, Na2Mo04, H2PtCl8, HIO4, 
HCIO4 and H2SO4 seen to show a superarrangement. With 
univalent cations of anions no auperarrangement could be 
found. A rule summarizing the results is given. On the 
other hand, HIO3 was found to belong to the class with 
"gaseous distribution." This was also the case with Cdl2 
in water and EtOH and with CdCl2, Hg(N03)2, Na3(PWi204|,), 
Ce2(S04)3, and Zr(N03)4 in water. In these cases the diffrac
tion pattern gives information on the inner structure of 
the mols. (Harold Gershinowitz) 

1513 
THE SPECTRUM OF TREBLE IONIZED Th. R. J. Lang. 
Can. J . Research 14A, 43-7(1936). 

An analysis of the spectrum of Th IV is given which 
includes practically all the stronger known lines of Th which 
can be attributed to the treble ionized atom. This spectrum 
all lies on the short-wave side of 2350 A., with the exception 
of one line, 7S-7P, which falls at X 2694.00A. Most of the 
lines of the spectrum above 2000 A. are intense in the spark 
in air, but do not appear at all in the arc and are definitely 
enhanced in the vacuum spark. The sepn. of the deepest 7P 
terms has the relatively enormous value of 12,818 cm."'. 
The te rms 7P, 6D, 7D, 8D, 7S, 8S, 9S, 5F and 5G have been 
found. The ionization potential of Th*''"'" is approximately 
29.4 volts. 

1514 
THE L EMISSION AND ABSORPTION SPECTRA OF Th 
AND ITS CHARACTERISTIC LEVELS. Yvette Cauchois 
and Marie Louise AUais. Compt. rend. 206, 344-6(1938). 

23 lines of the L emission spectrum were measured 
with a dispersion of 5-12 X.U./mm. and 3 discontinuities, 2 
white lines (Lijand Lm) and one black line (Lm), in the 
absorption spectrum. From the results, the frequencies of 
the levels Li -m, Mj.y, Ni_v, Oi . iv ,y , and Pu^n were caled. 

1515 
AN IMPROVED DESCRIPTION OF THE Th SPECTRUM. 
Mark Fred. Astrophys. J . 87, 176-97(1938). 

The spectrum of a Th arc in an atm. of N2 was observed 
with high dispersion from 9000 A. in the infrared to 2400 A. 
in the ultraviolet. From the characteristics of the lines as 
they appear in the arc it has been possible to sep. them into 
2 lists; those emitted by neutral atoms, and those by ionized 
atoms. Only the stronger lines, about 2800 in all, are here 
published with their wave lengths and estimated intensities. 

1516 
BOILING-POINT DETERMINATIONS BY SPECTROSCOPIC 
METHODS. David Richardson. Proc. of the 5th summer 
conference (at Mass. Inst, of Tech) of Spectroscopy and Appli

cations. Published in book form by John Wiley and Sons, Inc., 
New York, 1938, "Spectroscopy in Science and Industry", 
64-8. 

The substance whose b.p. was to be detd. was mixed with 
powd. C and placed within the lower electrode of a C arc. 
Since some of the elements may form stable carbides, or 
oxides not redicible by C powder, it is uncertain whether 
the b.p. detd. is that of the metallic element or of some 
cmpd. of the element. Detns. were made on the following:. 
T h . . . ; the values ranged from 3550 to 6100°. This work 
indicates that the elec. arc. can be used as a means for the 
sepn. of refractory materials upon the basis of their b.ps., 
by a high-temp, fractional distn. 

1517 
INVESTIGATION OF SOLNS BY X-RAY DIFFRACTION. J. 
A. Prins. Chem Weekblad 35, 866-8(1938). 

An investigation by x-ray diffraction of the arrangement 
of the mols in solns. permits derivation of the law of mean 
distribution for all distances between the centers of dis
persion. The connection between the diffraction picture and 
the distribution function of the intermolecular distances as 
expressed by a sort of Fourier analysis is fundamentally the 
same as that between a lattice and its diffraction picture. 
Diln. of a mixt. increases the mean intermolecular distance 
of the soln. mols. Elimination of the presence of the sol
vent in the diffraction picture, as proposed by the author, 
shows a gradual decrease of the diffraction ring as a result 
of gradual diln. The salts used were Th(N03)4 and ThCl4. 
Expts. with LiOH in water showed the arrangement in the 
diffraction picture for a case where the substance dissolved 
is much lighter than the solvent. 

1518 
THE K SPECTRA OF THE HEAVY ELEMENTS. Erik 
Ingelstam. Nova Acta Regiae Societatls Sci. Upsalientis 
10, 7-116(1937); Chem. Zentr. 1937, I, 4735-6. 

Precision measurements of the wave lengths of the K 
spectra are reported for the following elements: Cd, In, Sn, 
Sb, Te, I, Cs, Ba, La, Ce, Pr , Nd, Ta, W, Re, Os, Ir, Pt, Au, 
TI, Pb, Bi, Th, and U. The spectrometer crystals were 
cylindrical bent quartz and topaz crystals with reflection 
planes (0001) and (100) and radii of curvature of 929 and 
997 m. The work was done by the so-called relative method, 
the principle of which is to record the line to be measured, 
reflected in a higher order, on the same photographic plate 
as the reference line reflected in the first order. In this way 
the position of the plate remains unchanged. The method is 
described in detail, the possibilities of e r ror and the limits 
of error being thoroughly discussed. The wave lengths detd. 
are presented in tables. The values for d(OOl) of topaz were 
redetd. and reported as 1797 3X and 2316 5X units, resp. 

1519 
TRIBOLUMINESCENCE. Tomozi Inoue, Minoru Kunitomi 
and Eiiti Slbata. J. Chem. Soc. Japan 60, 149-56(1939). 

The triboluminescence of crystals of cane sugar and of 
tartaric acid was studied spectroscopically. In the visible 
part the spectra resemble that of nitrogen. The following 
substances show triboluminescence: BeO contg. LiCl, 
Zr02, MgCl2, Th02, ZnS contg. LiCl, NH4NO3, NaHC03, 
NH4MgP04.6H20, Ca3(P04)2, Na2HP04.12H20, H3BO3, 
B2O3.H2O, and Pyrex glass. (T. Katsurai) 

1520 
X-RAY ABSORPTION SPECTRA OF THE M SERIES OF 
GOLD, THALLIUM, LEAD, BISMUTH, THORIUM AND 
URANIUM. Wilhelmine Polaczek. Sitzber. Akad. Wiss. 
Wien, Math.-naturw. Klasse, Abt. Ha, 148, 81-7(1939). 

The Miy and My edges for U and Th and the My edges 
for the other elements were measured photometrically from 
photographic plates. The M edges have a perceptible width, 
ranging from 8 to 36 v., and the Au and TI My edges show 
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a structure. The observed wave lengths are shorter than 
those caled. from the equation Lm —LniMy = My. (S. L. 
Gerhard) 

1521 
FLUORESCENCE ANALYSIS. V. Fluorescence detection. 
Hidehiro Goto. Science Repts. Tohoku Imp. Univ., First 
Ser. 29, 204-18(1940). 

Th gives fluorescence with morin but the fluorescence of 
cochineal is destroyed by ly in basic solns. of Th, probably 
as a result of adsorption of the dystuff by Th(OH)4. Spectro
grams are shown of 40 fluorescence tests and the wave 
lengths of the bands are given. The tests mvolve the detec
tion of Te, Bi, U, V, Mn, Cd, Al, Zn, Ca, Mg, Be, Zr, As, 
Na, Li, Hg, Pb, Sb, Sn, Mo, Sr, Th, and W. The tests were 
made with fused beads, with oxide compds., UO2 or halogen 
compds., and with tests involvmg morin, cochineal, and 
alkanna. 

1522 
A SPECTROSCOPIC STUDY OF FLUORESCENCE TESTS. 
Science Repts. Tohoku Jmp. Univ., First Ser. 29, 461-7 
(1940). 461-7. 

Spectrograms are shown of 40 fluorescence tests and the 
wave lengths of the bands are given. The tests involve the 
detection of Te, Bi, U, V, Mn, Cd, Al, Zn, Ca, Mg, Be, Zr, 
As, Na, Li, Hg, Pb, Sb, Sn, Mo, Sr, Th, and W. The tests 
were made with fused beads, with oxine compds., UO2 or 
halogen compds., and with tests involving morin, cochineal, 
and alkanna. (W T. H.) 

1523 
Th in SPECTRUM. T. L. Bruin, P. F. A. Klinkenberg, 
and Ph. Schuurmans. Z. Physik 118, 58-87(1941). 

The Zeeman effect of the lines of Th III were investigated 
and about 200 lines between 2000 and 9000 A. were arranged 
m 2 term systems. (E Bleuler, E. J. Robenbaum) 

1524 
SPECTROSCOPICAL STUDY OF MINERAL DEPOSITS OF 
KAZAKSTAN WITH REGARD TO THE CONTENT OF RARE 
AND SCATTERED ELEMENTS. S. K. Kalinin. Bull. acad. 
SCI. U. R. S. S., Ser. phys. 1941, 253-7(English summary). 

A brief review of the study of mineral deposits of 
Kazakstan in search of rare and scattered metals and other 
elements. These were found deposits of In, Ge, Th, Ga and 
other elements. (G. M. Kosolapoff) 

1525 
AN APPLICATION OF IONIC RONTGEN TUBES FOR 
QUANTITATIVE SPECTROGRAPHIC ANALYSIS. G. F. 
Komovskii and Ya. Golovchiner. J . Tech. Phys. (U. S. S. R.) 
12, 579-86(1942). 

Artificial mixts. and minerals were quant spectrographi-
cally analyzed for Ta, W, Cb, Mo, Zr, Hf, Th, U, Pb, Co, 
Ni, by using a somewhat modified Rontgen tube. The main 
difference of this tube from the usual tube was the distance 
between cathode and anode, 15-20 mm At this distance the 
tube with flat cathode was stable in operation, and produced 
a wide and diffused focus quite suitable for such an analysis. 
(A. A. Podgorny) 

1526 
FIRST SPARK SPECTRUM OF THORIUM. CLASSIFICATION 
AND ZEEMAN-EFFECT DATA ON Th II. J. Rand McNally, 
J r . , George R. Harrison, and Helen B. Park. J. Optical Soc. 
Amer. 32, 334-47(1942). 

Five sets of exposures to the Th arc m silver, burnmg in 
a Bitter electromagnet at fields up to 93,000 oersteds, have 
given resolved Zeeman patterns for more than 800 lines of 
Th II. Data obtained from these plates, measured with an 
automatic comparator and used in connection with improved 
wave-length measurements, have made possible classifica
tion of 1091 lines of Th II as arismg from 219 levels. These 
levels belong to two groups of terms between which no 

combmations have been found. Group A contains even terms 
arising from d's (with a *Fl'/2 lying lowest), from d', and 
from ds ' , and odd terms from d'p, dsp. and fds. About half 
of all terms expected from these configurations have been 
identified. Group B contains odd terms expected from fs ' 
(with a ' 'F2'/2° lying lowest), and fds, and even terms from 
fsp and fdp. g values are given for all levels, m many cases 
to withm 0.002 unit, which makes available a large no. of 
fairly exact exptl. data for evaluation of perturbations. 
Partial tests of the g sum rule show good agreement with 
theory, though all terms are not yet available for inclusion. 
Perturbations of even those terms which lie low are rather 
large. (W. F. Meggers) 

1527 
THE LEAD EQUIVALENT OF Th AGAINST X-RAYS AND 
y-RAYS FROM Ra. Robert Jaeger. Physik. Z. 44, 153-6 
(1943). 

Two samples of Th (d. 11.4 and 11.7, resp.) were tested 
by x-rays ranging from 15 to 300 kv. Although m general, 
the Pb equiv. is greater than unity, its value decreases to 
0.7 for effective wave lengths between the K and L absorp
tion edges of Th and Pb. At 300 kv., the equivalent is 1.16 
m agreement with data on y-rays from Ra C. (J. B. Austin) 

1528 
STRUCTURE OF THE Th H SPECTRUM. I. T. L. de Brum, 
Ph. Schuurmans, and P. F. A. Klmkenberg. Z. Physik, 121, 
667-78(1943). 

New measurements of wave lengths of Th II Imes are made 
and the Zeeman effect is measured in the range 3700-7500 A. 
at fields up to 34,000 oersteds. 1900 Imes are assigned as 
transitions between 2 term systems. Of these, 1 has 36 odd 
and 94 even levels, the other 25 even and 77 odd. The terms 
of the first system together with g values are reported. The 
identification of the odd terms is almost complete but the 
even terms present great difficulties. The coupling of the 7s 
electron is approx. of the J - J type. (E. J. Rosenbaum) 

1529 
LOWERING OF THE PHOTOELECTRIC WORK FUNCTION 
OF Zr, Ti, Th AND SIMILAR METALS BY DISSOLVED 
GASES. H. C. Rentsc^ler and D. E. Henry. Trans. 
Eleetrochem. Soc. 87, 10 pp.(preprint) (1945). 

It IS well known that the photoelec. threshold of certain 
metals such as Cs, Ba, or Th, is shifted toward the longer 
wave length when the metal reacts, with O. This is generally 
attributed to the formation of a unimol. layer of the active 
element on another metal or on an oxide. This paper 
describes expts. which show a similar photoelec. threshold 
shift due to the interaction of O, N or H with Zr, Ti, etc. 
The results indicate that the lowermg of the photoelec. 
work function is caused by the formation of a solid soln. of 
the gas in the metal. (C. G. F.) 

1530 
STRUCTURE OF THE Th II SPECTRUM. T. L. de Bruin, 
P. F. A. Klinkeuberg, and Ph. Schuurmans. Z. Physik 122, 
23-35(1944). 

An analysis of the term system B is given which is sup
ported by analyses of the spectra of iso-electronic configura
tions of other atoms. Several perturbations are discussed in 
terms of the correspondmg g values. The most sensitive line 
of the spectrum is at 2337.31 A. The ground term of system 
B is 4490.3 cm."' below that of system A. (E. J. Rosenbaum) 

1531 
EXPERIMENTAL DETERMINATION BY [X-RAY] CRYSTAL 
SPECTROGRAPHY OF THE ENERGY OF ATOMS WHICH ARE 
MULTIPLY IONIZED IN INNER SHELLS. Yvette Cauchois. 
Compt. rend. 216, 801-4(1943). 

The positions of the x-ray satellite lines of the L series of 
heavy elements (with respect to the parent Imes) are 
accounted for in terms of multiple ionization of mner at. 
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shells. Energy values are tabulated for Pt, Au, TI, Pb, Bi, Ra, 
and Th. (E. J . Rosenbaum) 

1532 
FIRST SPARK SPECTRUM OF THORIUM. INFRARED SPEC
TRUM AND FURTHER CLASSIFICATION OF THORIUM II. 
J. Rand McNally, J r ^ J . Optical Soc. Am. 35, 390-8(1945). 

Investigations of the infrared spectra of Th were under
taken in order to establish a correlation between the two 
previously established but unconnected energy groups in 
the Th II term structure (CA. 36, 5090j). Specially sensitized 
infrared plates were exposed in a 35-foot Wadsworth stig-
matic grating spectrograph to sparks between metallic Th 
rods and to high-current arcs of thoria in C and Cu elec
trodes. Many strong arc and spark lines were recorded in 
the region 8665 to 11230 A. The desired combination lines 
were observed, and readily established the correlation 
between the two previously distinct groups of levels. The 
sepn. of the low levels 'D, ' /2 (from 6d7s') and ' F J ' ^ 
(from 5/7s') was found to be only 4490.29 cm."' . Infra
red quartet multiplets as well as quartet multiplets in
volving the most sensitive lines of Th II are presented and 
discussed. Tables of infrared wave lengths and of spectral 
terms are given in detail. (W. F. Meggers) 

1533 
PHOTOCHEMICAL FORMATION OF HYDROGEN PEROXIDE 
FROM WATER. U. W THE PRESENCE OF BASIC ZINC 
CARBONATE AND OXIDES OF CADMIUM, TIN, AND 
THORIUM. C. Narasimha Chari and M. Qureshi. J. 
Indian Chem. Soc. 21, 297-300(1944). 

The photochem. formation of H2O2 from H2O has been 
found to take place in the presence of basic zinc carbonate. 
A study of this reaction in the ultraviolet light of a mercury-
vapor lamp has shown that ZnCO, is more active than ZnO. 
Besides CdO, which is known to sensitize the reaction, 
Sn02 and Th02 also act as photosensitizers. A short 
comparative study of the photoactlvity of these three oxides 
has been carried out. (J. H. Raley) 

1534 
THE SYMMETRY OF THE MODES OF VIBRATION OF 
METALLIC OXALATES: STUDIES WITH INFRARED 
ABSORPTION SPECTRA. Francois Douvillg, Clement 
Duval, and Jean Lecomte. Compt. rend. 212. 697-700 
(1941). 

Absorption maxima from 1660 to 550 cm."' are r e 
ported for the following oxalates: Li, Be, NH4, Na, Na H, 
Mg, Al, K, Ca, Cr, ferrous, ferric, Co, Ni, Cu, Zn, Sr, 
Ag, Cd, Sn, Ba, La, cerous, Sm, TI, Pb, Bi, Th, UlV, 
UO2; Al K, Ti K, Cr Na, Cr K, Cr Ba K, Co K, Fe NH4, 
Ge GeO, Rh K, Ru K, Ir K, Pt K (clear), Pt K (dark, V^ 
(NH4), U02(NH4). The maxima are classified as strong, 
medium, or weak. The simple oxalates have 5 principal 
regions of absorption: 665, 720-40, 750-800, 1200-1300, 
and 1500-1600 cm."' The complex oxalates have absorption 
maxima at 550-80, 800-900, 1200-1300, 1090-1240, and 
1200-1375 cm."' The simple oxalates have 12 modes of 
vibration; 5 are infrared active, 6 are permitted by the 
Raman effect, and one is forbidden by both. Vibrations 
due to OOCCOO"" are very similar to those due to N2O4. 
The complex oxalates do not have centers of symmetry. 
(G. M. Petty) 

1535 
THE MEAN DEPTH OF PRODUCTION OF CONTINUOUS 
X-RAYS IN THICK TARGETS OF THORIUM. Burr G. 
Burbank. Phys. Rev. 66, 161-2(1944). 

1536 
ABSORPTION SPECTRA OF AQUEOUS SOLUTIONS OF 
SALTS AND COMPLEX COMPOUNDS OF THORIUM. Yu. 
M. Tolmachev. Bull. acad. sci. U.R.S.S., Classe sci. chim. 
1944, 320-4(English summary). 

The absorption spectra of aq. solns. of Th chloride, 
sulfate, carbonate complex and oxalate complex were detd. 
in the ultraviolet region, to 2200 A. On the basis of this, 
the carbonate complex is assigned the structure 
(Th(C02)4(OH)2)"'. The similarity of spectra of the chloride 
and of the above complex, indicate that at least a part of the 
Th in the chloride soln. forms a complex ion. The sulfate 
does not show evidence of complex formation. (G. M. 
Kosolapoff) 

1537 
STUDY OF OXIDE CATHODES BY X-RAY DIFFRACTION 
METHODS. I. METHODS, CONVERSION STUDIES, AND 
THERMAL EXPANSION COEFFICIENTS. A. Eiseustein (Mass. 
Inst, of Technol., Cambridge). J . Applied Phys. 17, 434-43 
(1946). 

Two methods are described for obtaining diffraction pat
terns of oxide-coated cathodes. In one method the cathode 
was guarded against atm. gases by a protective coating 
(polystyrene in CCI4); in the other a special x-ray diode was 
used which allows a detailed study of single cathodes as a 
function of processing and life. The conversion of the mixed 
carbonates or an equal-molar Ba-Sr carbonate solid soln. 
involves (1) crystal growth in the carbonate, (2) decompn. to 
mixed oxides, (3) formation of the oxide solid soln., and (4) 
crystal growth in the oxide. Homogeneous solid soln. is 
formed in 30 min. at 800°, or in 5 min. at 850°. Oxide crystal 
sizes range from 135 to 220 A., the larger sizes being 
produced at 940°. The carbonate crystals grow from 250 
to 10' A. under heat treatment, at 500° in several hrs. , and 
at 600° in 5 min. The oxide crystal size depends primarily 
on the max. temp, of treatment above 950° and bears no 
relation to the crystal or particle size of the carbonate from 
which it is formed. Thermal expansion coeffs. were detd. by 
the fractional change in lattice cbnsts. for the oxides between 
room. temp, and 875°. The values of Ad/dAT x lo ' thus 
obtained were: SrO 32.5, (Ba, Sr)0 26.6 BaO 17.8, and Th02 
11.3. These coeffs. are greater than those of the base 
metals, and indicate a gripping action of the coating on 
cooling. (S. L. Gerhard) 

1538 
WEAK-FIELD ZEEMAN-EFFECT OBSERVATIONS IN THE 
SPECTRA OF Th U, Nd I, and Gd I. STRUCTURE OF THE 
Gd I SPECTRUM; ISOTOPE SHIFT OF ITS LINES. P. F. A. 
Klinkenberg (Univ, Amsterdam). Physica 12, 33-48(1946) 
(In English). 

With magnetic fields of 14,000 oersteds Zeeman effects 
were observed for lined of Th II, Nd I, Nd II, and Gd I. The 
patterns were resolved with a Lummer plate crossed with 
either quartz-or glass-prism spectrographs, the light 
source being a hollow-cathode discharge. These observa
tions confirm some of the term identifications already made 
for Th II, Nd U, Nd I, and Gd I, and permit correct inter
pretations to be made of others. A complexity observed in 
the Gd I magnetic patterns is attributed to isotope shift. 
Intensity anomalies in the Zeeman components ordinarily 
polarized normal to the field are traced to the elec. depolar
ization produced by the source. Lists are given of the 
observations made for some of the stronger lines of the 
spectra investigated. (C. C. Kiess) 

1539 
X-RAY SPECTRAL ANALYSIS AND ITS POSSIBIUTIES. 
M. A. Blokhin. Zavodskaya Lab. U , 1069-74(1945). 

A review Is given of x-ray spectral analysis of elements 
beginning with Mg and ending with U and methods are dis
cussed for the analysis of ores, minerals, and products 
of concg. and metallurgical plants, and for the sepn. of rare 
elements. 12 references. (W. R. Henn) 

1540 
SELECTIVE REFLECTOR. Glenn L. Dimmick (to Radio 
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Corp. of America). U. S. Patent 2,422,954, June 24, 1947. 
Selective reflectors adapted to reflect light of one color 

and to transmit light of the complementary color are made 
by evapg. alternate layers of thorium oxyfluoride and ZnS. 
The thickness of each layer is one quarter wave length of 
light of a given color. (John K. Taylor) 

1541 
X-RAY DIFFRACTION STUDIES OF A NICKEL-THORIA-
KIESELGUHR CATALYST FOR FISCHER-TROPSCH 
SYNTHESIS. K. M. Chakravarty and Ranjit Sen. Nature 
160, 907-8(1947). 

Powder diffraction data are tabulated for kieselguhr and 
for a prepd. 100.18.100 Ni-thoria-kieseguhr catalyst. The 
kieselguhr is partly amorphour with cryst. accessories. The 
prepd. catalyst consists of Ni and Fe203 (from the 
kieselguhr). A change in the kieselguhr accompanies 
decompn. of Ni and Th carbonates. (W. F. Bradley) 

1542 
EXPERIMENTS WITH A MAGNETIC-LENS SPECTROM
ETER, EMPLOYING POST-FOCUSING ACCELERATION-
THE L-AUGER LINES OF THORIUM ACTIVE DEPOSIT. 
D. K. Butt (Edinburgh Univ., Scot.). Proc. Phys. Soc. 
(London) 63A, 986-93(1950). 

A post-focusing electron accelerator has been developed 
to reduce the absorption of low-energy electrons by the 
Geiger counter window of a /3-ray lens spectrometer. Its 
useful range is for /3-rays having energies between 0 and 
30 e.kv. Identification of the L-Auger lines of Th active 
deposit has been attempted. Estimates are made for the 
energies of the Li, Ln, and Lm levels for Z 81 and 83 
Classification is given for 8 lines m the range 12.6-6.7 
e.kv. (S Tolansky) 

1543 
BORON IN SILICATES. Mario Bertolani (Univ. Florence, 
Italy). Atti soc. toscana sci. nat. Pisa, Mem , Ser. A, 56, 
59-82(1949). 

Spectrochem. analysis of 153 silicate minerals showed 
less than 0.003% B2O3 for most. Higher contents were 
noted in andradite from Arendal (1.26%), in epidotes 
(0.017, 0.005, 0.009), prehnites (0.06, 0.017, 0.295, 0.009, 
0.018), thorite 0.15, cerite 0.102, gadolinite 0.095, 
vesuvianites (0.363, 0.113), bustamite 0.019, chamosite 
0.039, muscovites (0.024, 0.266), pimte 0.043, manganophyl-
hte 0.133, lepidohtes (0.056, 0.052), albite 0.017, oligoclase 
0.005, labradorite 0.063, scanolites (0.069, 0.129), and 
petahte 0.363%. (C. Scandura) 

1544 

SPECTROSCOPIC INVESTIGATION OF THE BEHAVIOR OF 
OXIDE-COATED CATHODES IN GAS DISCHARGES. Erich 
Krautz (Tech. Hochschule, Braunschweig, Ger.). Z. 
Naturforsch. 6a, 16-24(1951). 

A spectroscopic technique is described for studymg the 
spectra obtamed from an oxide-coated cathode m a low-
pressure Hg discharge under various degrees of electron 
and ion bombardment in the spectral range of 2200-7600 A. 
There are illustrations which show the spatial distribution 
of the visible glow discharge m the region of the oxide-coated 
electrodes when operating on a.c. and d.c. In addn. are il
lustrated the corresponding temp, distributions correspond
ing to the proceding conditions. The spectrograms given are 
taken in the space surrounding the electrodes, which consist 
of BaO, solid solns. of BaO-SrO, and BaO-SrO-CaO, and 
combinations with other metallic oxides, as BaO-CaO-WOs-
Th02, while operating on a.c. or d.c The d.-c. operation is 
both on normal current rating and 70% above normal. The 
spectrum of the electrode region of a BaO-SrO-CaO cathode 
IS also obtained for different cathode temps, rangmg from 
1020 to 1100° while operating at const, current. The spectro
grams show that the material loss from the oxide layer m 

a low-pressure discharge is mainly atomic in nature. The 
3-component system of a completely activated BaO-SrO-
CaO cathode considered as an excess type semiconductor 
contains besides an excess of Ba, an appreciable excess of 
Sr. This method, besides giving more exact control of the 
compn. of the surface layers and their changes, makes it 
possible to give a rapid, dependable judgment of the stability 
of an oxide-coated cathode towards vaporization, sputtering, 
and dissocn. (George Meister) 

1545 
AUGER ENHANCEMENT OF THE Ma X-RAY SATELLITE 
LINES. F. R. Hirsh, J r . Phys. Rev. 85, 685-6(1952). 

The original plates for the Mo x-ray Imes of Pt, Au, Ti, Pb, 
Bi, Th, and U were photometered. There is a complete 
absence of sharp satellite maxima, caused by Auger broad-
enmg of the satellites. (G. M. Petty) 

1546 
CALCULATED X-RAY MASS ABSORPTION COEFFICIENTS 
OF GLASS COMPONENTS. Gordon F. Brewster (Bausch & 
Lomb Optical Co., Rochester, N.Y.). J . Am. Ceram. Soc. 
35, 194-7(1952). 

Victoreen (CA. 37, I9273; 44, 1795b) published a method 
of calcg. empirically the mass absorption coeffs. of all 
elements (at. nos. 1-96) from short wave length to their 
characteristic K absorption edges. Sun and Sun (CA. 43, 
2091d) showed that the mass absorption coeff. of a compd. 
IS a summation of wt. fractions of all component elements 
times their correspondmg mass absorption coeffs. But 
since glass compns. are usually expressed in terms of 
oxides. It would be more convenient to calc. mass absorption 
coeffs., and consequently x-ray absorption, from mass 
absorption coeffs. of the component oxides. Therefore the 
mass absorption coeffs. of oxides used in glassmaking were 
caled. for wave lengths from 0.010 A. to those of the K 
absorption edges, and are given m convenient tables. The 
oxides mcluded are . L12O, BeO, B203, Na20, MgO, AI2O3, 
S1O3, P2O5, KjO, CaO, TIO3, ZnO, Ge02, AS2O3, SrO, Zr02, 
Nb205, MoOj, CdO, Sb203, BaO, La202, Ta205, WO3, PbO, 
B12O3, and ThOj. (C. H. Kerr) 

ELECTROCHEMISTRY 

1547 
U. S. Patent 1,115,513, Nov. 3, (1915). L. M. Dennis. 

Electrolytic separation of rare earths, cerium, thorium, 
and zirconium. An aq. soln. of salts of the rare earths, e. g., 
nitrates, is fractionally pptd. by electrolyzing successively 
with currents of about the same strength using a cathode of 
Cu or Hg and an anode of Pt. 

1548 
THORIUM CATHODES FOR ELECTRICAL DISCHARGE 
APPARATUS. I. Langmuir. U. S. Patent 1,244,216, 
Oct. 23, 1918. 

Cathodes for elec. discharge app. are formed of W with 
which about '/2-10% of Th is combmed and with a surface 
film richer in Th. At temps, of 1300-1380° abs. the elec
trodes thus formed have an electron emission substantially 
equal to that of W at 2000° abs. U. S. Patent 1,244,217 
specifies the use of such electrodes in app. with vapors 
such as metallic K or Na which prevent the oxidation of 
the Th at high temps. 

1549 
ELECTROLYSIS OF SOLUTIONS OF THE RARE EARTHS. 
L. M. Dennis and A. B. Ray. J. Am. Chem. Soc. 40, 
174-81(1918). 

When a neutral nitrate soln. of the rare earths, Y, Ho, 
Tm. Nd, and Er, is fractionally electrolyzed with a 
diaphragm, the hydroxides of the earths are pptd. in the 
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order of their basicities and their sepn. is the more com
plete the more vigorously the Hg cathode and the catholyte 
are stirred. The decompn. of the compds. is due to the OH 
ions coned, near the cathode, the hydroxide of the weakest 
base bemg pptd. first. The cell of capacity 5 1. was provided 
with a Hg cathode, which was kept agitated by means of an 
air current, and a Pt anode inserted in a porous eup. 
contammg 10% HNO3. The soln. containing 34 g. per I. of 
oxides was electrolyzed v/ith a current of 1-3 amp. The 
fractions pptd. were dissolved in HCl and detd. as oxalates, 
the at. wts. bemg detd. by the oxalate-oxide ratio. It was 
found that the elements of higher at. wt. were rapidly 
segregated in the first fractions pptd The electrolysis of 
solns. contammg thorium nitrate and nitrates of the rare 
earths when carried out in the same way caused a marked 
conen. of the Th in the early fractions. The electrolysis of 
a soln. corresponding in compn. to monazite gave 52% of 
Th02 in the 1st fraction as against 5% in the origmal muct. 
(C. L. Burdick.) 

1550 
ELECTRODEPOSmON OF THORIUM. J. W. Marden, 
J. E. Conley and T. P. Thomas U. S. Patent 1,487,174, 
Mar. 18. 

Metallic Th or a Th alloy is electrolytically deposited 
from a soln. which may be formed by dissolving Th hydrox
ide in fluoborie acid together with Pb(OH)2 or PbCOs. 

1551 
POTENTIALS OF ALKALINE AND RARE EARTH METALS 
FROM THE DECOMPOSITION POTENTIAL OF THEIR 
HALIDES. Bernhard Neumann and Helmut Richter. Z. 
Elektroehem. 31, 296-304(1925). 

Measurements on fused BeCl4, MgCl2, CaCl2, SrCl2 and 
BaClj yielded the following extrapolated potentials at 18°: 
ege = 0.811 ± 0.003 v., e^g = 1.422 ± 0.001 v., eca = 1.903 ± 
0.002 v.; csr = 2.075 ± 0.002 v.; e^^ = 2.154 ± 0.005 v. The 
temp, coeff. of the chloride decompn. potential is -0.714 x 
10"'; for BeClj -0.965.-10"' . It follows from these values 
that above 800° some alk. earths are more positive than the 
alkali metals. For the rare earths and Al was found from 
values of fused ThCl4, CeClj, LaCl3, NdCl3, PrCl3 and AICI3. 
2NaCl: ece= 2.097 ± 0 v.; eTh= l-'?47 i 0 v.; eLa = 1.748 ± 
0.002 v.; e^d = 1.645 ± 0 v.; epr = 1.436 ± 0.002 v.; eAi = 
0.845 ± 0.006 V. For the first 5 salts the temp, coeff. is 
around-1.87.10"'; for Al it is-1.132.10" ' . (B. J. C van 
der Hoeven) 

1552 
ELECTRODEPOSITION OF OTHER METALS ON TUNGSTEN. 
A. S. Cachemaille. British Patent 233,470 Feb. 27, 1924. 

W or other material is coated with a mixt. of Th and 
another metal such as Pb, Fe, Ni, or Cu by electrodeposition 
from a soln. of salts of the metals contg. lactate or other 
org. acid radical or fluoborate, fluosilicate or the like. 
Details are given for coating filaments, electrodes. X-ray 
targets, etc. 

1553 
HYDROGEN ELECTRODE STUDIES OF THE REACTIONS 
BETWEEN SOLUTIONS OF SALTS OF WEAK METALLIC 
BASES AND THE ACETATE, OXALATE AND TARTRATE 
OF SODIUM, WITH A NOTE ON THE EFFECT OF DEX
TROSE ON ZIRCONIUM CHLORIDE SOLUTION. H. T. S. 
Brltton. J . Chem. Soc. 1926, 269-99. 

With the aid of an H electrode the pptn. of basic salts of 
Zr, Cr, Th, Al, Zn, and Be by Na salts of the weak acids, 
acetic, oxalic and tartaric was studied. Except in the case 
of ThS04, NaOAc does not ppt. weak bases even when the 
PH values of the respective hydroxides are reached There 
is, however, evidence of basic acetates in soln. Na oxalate 
produces a basic ppt. from ZrCl2 solns. The ppt. dissolves 
m excess of the reagent. No ppts. are produced from the 

stronger bases, Al and Cr, even though the reaction between 
hydro-oxalate ions and Al(OH)3 and Cr(OH)3 is slight. It is 
probable that the series 3R2C204.Cr2(C204)3 exists m solns. 
of Cr(OH)3 m H2C2O4 and R2C2O4. Durmg the reaction of 
Na tartrate with salts of Th and Al, high H-ion concns. are 
first produced. In the case of Th, a basic tartrate is pptd. 
even when the H-ion conen. is higher than that necessary 
for pptn. Titrations of solns. of ZrCl2 contg. dextrose, with 
NaOH showed that there must be some reaction between 
the ZrO and the OH groups in the sugar. Curves and data 
are given in abundance and the mdividual cases are discussed 
at length. (R. E. Gibson) 

1554 
THE INFLUENCE OF DISSOLVED ELECTROLYTES ON THE 
ELECTRIC CHARGE OF A DIFFICULTY SOLUBLE POWDER 
AS MEASURED BY ENDOSMOSIS. K. Hayaski. Kolloid-Z. 
39, 208-17(1926). 

Only slight modifications were made in the app. and method 
previously described. The eleetrokinetic potential in the 
sense used by Freundlich was caled. by the equation of 
Helmholtz and Smoluehowski: t = 47rT;XV/iD 90,000 v., in 
which the viscosity (r)) for H2O or dil. solns = 0.011; X = 
sp. cond., V = cc. H2O transported per sec. i = current in 
amps, and D the dielec. const, for H2O = 81. The powders 
used were HgCl, Cu2Fe(CN)8, Al(OH)3, Th(OH)4, asbestos, 
talc and glass. Approx. 35 electrolytes were used, which 
included chlorides of univalent, bivalent, and tervalent 
cations, K salts of univalent, bivalent, and tervalent anions 
and several acids and bases. No generally applicable rule 
for the mfluence of electrolytes on the charge was found. The 
series in the order of valence was most evident with the 
silicates. H and OH ions occupied a special position in 
this series. Lyotrope series was found for HgCl, Cu2Fe(CN)s,. 
and Al(OH)3 with univalent cations. Series in the order 
of the soly. of the salts resultmg from adsorption was 
evident only with anions. The H ions exerted a stronger 
positive and the OH ions a stronger negative influence than 
is indicated by the above rules. With amphoteric substances 
the sign of the charge was very much dependent on the 
conen. of the H ions. (H. M. McLaughlin) 

1555 
THERMIONIC VALVES. A. Just. British Patent 271,401, 
May 21, 1926. 

Electron-emitting cathodes comprise a metal or alloy 
melting 1000° such as Cu or Pt or Mo or their alloys such 
as Pt-Ir or Pt-Ni, and contain or carry a coating of one or 
more sulfides of Zn, alk. earth metals, Ca, Er, Y, La, Th, 
Zr, Nd, or Pr . Phosphorescent sulfides also may be present 
eontg. traces of sulfides of heavy metals such as those of 
Cu, Cd, Bi, TI, U, Sn, Mn, Ag, and Pb. Numerous details 
and modifications are given. 

1556 
THE DIELECTRIC CONSTANT OF ELECTROLYTIC 
SOLUTIONS. rV. STUDY ON ACIDS, BASES AND SALTS 
IN WATER. P. Walden and O. Werner. Z. physik. Chem. 
m , 389-404(1927). 

Although the teehnic of operation of the app. has constantly 
undergone a change, measurements of the dielec. const, for 
KCl solns. have not deviated over a period of years, thus 
showing the reliability of this method. Data have been 
obtained on HCl, KOH, NaCl, LiCl, Li pierate and tetra-
ethylammonium pierate. The dilns. are mostly quite high. 
Other salts studied were CUSO4, BaCl2, Ba(CI04)2, La(N03)3, 
Th(N03)4 and K4Fe(CN)5. The results are compared with those 
of Pechhold and good agreement is found. A discussion of 
the Sach's equation with which these data do not agree is 
given. (Raymond H. Lambert) 

1557 
THE NATURE OF GAS-METAL ELECTRODES. Sidney J. 



TID-3044(Suppl. 1) 199 

French and Louis Kahlenberg. Trans. Am. Eleetrochem. 
Soc. 54, 163-99(1928), Metal Ind. (London) 33, 443-6, 
543-5, 569-70(1928). 

When an Al electrode, freshly sanded, is placed m a soln. 
of a neutral electrolyte such as KCl, the e. m. f. falls off 
rapidly during the first 15 or 20 mins., and a const, potential 
IS fmally reached 500 or 600 millivolts less than the initial 
e. m. f. If H2 or N2 be now bubbled through the electrolyte 
around the electrode, the potential, after an initial lag, 
gradually becomes more basic till a new const, e. m. f. is 
obtained, 300-400 millivolts more basic than that in air. 
However, it is not possible to raise the potential of the Al 
electrode up to the initial e. m. f. of 1.4 v., mdicatmg that 
the gas and metal form a combination gas-metal electrode 
with a specific potential of its own. The effect of O2, N2 
and Hj upon 25 different metals was studied, all of them 
forming gas-metal electrodes. The metals used were Al, 
Sb, As, Bi, Cd, Cr, Co, Cu, Au, C (graphite), Fe, Pb, Mg, 
Mo, Hg, Ni, Pd, Pt, Te, Si, Ag, Th, Sn, W, and Zn. A few 
expts. were made with CO, CH4, and He. The results show 
in general that gas-metal electrodes are specific for the 
particular metal and gas, and are related to the absorbing 
power of the metal for the gas or for each gas in case of a 
mixt. The total combination potential is due both to 
absorbed gas and to a condensed film of gas on the sur
face of the metal. O2 tends to make the metal potentials 
less basic, while Nj and Hj have the opposite effect. 
Elements having amphoteric properties and variable valences 
and which are known to function as catalysts show greater 
change with N2 and H2 than do the more simple and pro
nouncedly metallic elements. Helium has little effect on 
potentials, but on Pt and Cd it has a small but definite effect. 
Coating the electrodes and stirring the electrolyte have 
the same effect of preventing the condensation of a gas film 
on the surface of the electrode. The most const, electrodes 
are those which show the smallest difference between their 
O2 and N2 potentials. The gas-metal electrode potential 
depends on the gas dissolved in the electrolyte and not on 
that in the gas phase. (H. S.) 

1558 

ELECTROLYSIS OF METALLIC OXIDES DISSOLVED IN 
FUSED BORIC ACID AND IN FUSED BORATES (TUNG
STEN, MOLYBDENUM, ZINC). Lucien Andrieux. 
Massonet Cie, P a n s , France, Thesis, 1929. 

A found that in the electrolysis of borax, Na metal is the 
primary product. This Na thus liberated reacts with the 
B2O3, resultmg in amorphous B at the cathode. Thus, the 
electrolysis of a metal borate is a means of liberating 
the metal of this borate. The electrolysis of K and Li 
borate likewise produces B. Electrolysis of borates of 
the alk. earths results in a product composed of amorphous 
B and boride of the alk. earth metal. The borates of Ce 
and Mn produce borides of these 2 metals. Mg borate 
results in a very pure B. This reaction was studied in 
detail. The addn. of MgF2 facilitates the reaction. A 
reaction. A graphite crucible was used and the charge 
consisted of B2O3, MgO and MgF2. The method is much 
better than the older method of Moissan. The electrolysis 
of tetraborate of Ca results in a mixed product of B and 
boride of Ca With Mg there is a tendency to form pyrobor-
ates. These borates gather around the cathode in the shape 
of a solid, cryst. ball surrounded by the bath, which is 
perfectly fluid at 1000°. This is a new and curious phe
nomenon. To obtain the boride of a metal A. electrolyzes 
a mixt. of borate and of fluoride of the metal. In this way 
17 borides have been prepd., 10 of which are new: CaBg, 
SrBj, BaBj, ThBj, Zr3B4, Cr3B2, MnB, and the new borates 
CeBe, LaBe, NdBj, GdBg, YBj, ErBj, YbBj, T1B2, VB2, UB4. 
Among the metals produced are Zn, W, and Mo. Zn can be 

obtained by the electrolysis of the oxide of Zn dissolved in a 
bath of B2O3 or of borates to which have been added fluorides 
or other salts to lower the fusmg temp, of the bath. W and 
Mo can be obtamed by dissolving the trioxide of the metal 
in the bath of borate and fluoride with an addn. of oxide of Zn. 
(C. G. F.) 

1559 
A METHOD FOR THE DETERMINATION OF CONTACT 
POTENTIALS. E. Patai. Z. Physik 59, 697-9(1930). 

The substances whose contact potential is desired serve 
alternately as gratings in a triode tube. For W. wire against 
highly thoriated W, the potential found was 1.6-1.7 v., while 
the theoretical from Richardson's equation is 1.9 v. For 
Mo against Na the displacement is 2.05 v. (Arthur Fleischer) 

1560 
ELECTROLYTIC PRODUCTION OF THORIUM AND 
URANIUM. F. H. Driggs. Eng. Minmg J. 130, 119-20 
(1930). 

Metallic U IS prepd. by converting the nitrate to K U 
fluoride and then addmg to a molten bath of CaCl2 and 
NaCl when it is electrolyzed. The process is somewhat 
similar to the electrolysis of AI2O3 to metallic Al. Metallic 
Th IS obtained m a similar manner from the nitrate. A 
diagram indicates the differences m the 3 types of fused 
baths used in electrolysis: Al, Mg; Ca, Ba, Be and U, Th. 
The deposit on the cathode consists of a spongy mass of 
metal interpersed with CaCl2 and NaCl from the bath. The 
metal is purified by leaching out these salts with water, 
washmg, and drying m vacuo. The powd. metal is solidified 
by either meltmg or sintering in a high vacuum. These metals 
need not be melted to make them workable U or Th, after 
heat treatment, can be cold-rolled, hammered or drawn to 
almost any extent. Th is very soft, and U is of about the 
same hardness as a normalized steel (0.1%). Other properties 
are noted. (W. H. Boynton) 

1561 
PREPARATION OF METAL POWDERS BY ELECTROLYSIS 
OF FUSED SALTS. II. Thorium. F. H. Driggs and W. C 
Lilliendahl. Ind. Eng. Chem. 22, 1302-3(1930). 

Metallic Th was prepd. by the electrolysis of KThFj m a 
bath of equal parts of fused NaCl and KCl at a temp, of 750-
75°. A Mo cathode was used. The deposit on the cathode 
consisted of Th metal mterspersed with solidified salts, 
which were removed by dissolving in H2O. The purified 
powder has been used for making x-ray targets, sheet and 
wire by the methods described earlier (C A. 21, 841). 
Electrolytic Th is very soft; well-annealed samples have a 
hardness as low as D-10 on the Rockwell scale. Bars may 
be cold-worked without mtermediate annealmg. The metal 
prepd. by electrolysis contained C 0.019 ± 0.005, Si 0.045 ± 
0.01 and Fe 0.005%. The quantities of other impurities were 
negligible. It compares favorably with the best samples 
produced by the Ca-CaCl2 reduction of Th02. (Louise 
Kelley) 

1562 
THORIUM. Edmund S. Davenport (to Westmghouse Lamp 
Co.). U. S. Patent 1,787,672, Jan. 6, 1931. 

Th IS rendered resistant to atm. corrosion by anodic 
treatment in an electrolytic bath comprismg glacial 
HOAc contg. an lonizable constituent such as HNO3 capable 
of yieldmg O at the anode. 

1563 
STUDIES ON ELECTROKINETIC POTENTIALS. VI. 
ELECTRICAL PHENOMENA AT INTERFACES. Henry B. Bull 
and Ross Aiken Gortner. J. Phys. Chem. 35, 309-30(1931). 

The J-potential and surface cond. at a cellulose interface 
were measured for aq. solns. of KCl, NaCl, MgCl2, CaCl2, 
K2CO3, K2SO4, K3PO4, and ThCl4 over a conen. range up to 
approx. 0.001 N. The t-potential decreases as the eoncn. 
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increases due probably to a decrease in the thickness of the 
double layer although the charge on the particle may 
actually increase . (Malcolm Dole) 

1564 
STUDIES ON ELECTROKINETIC POTENTIALS. IX. THE 
ELECTRICAL FIELD OF FORCE AT LIQUID-UQUID SUR
FACES. Henry B. Bull and R o s s A. Gortner. Proc . Nat. 
Acad. Sci. 17, 288-94(1931). 

A new teehnic i s described for measuring the ^-potential 
by the streaming potential method. The effect of temp, on 
the potential at the oi l -water interface and the effect of NaCl, 
CaCl2, ThCl4, and Na stearate on the potential at the aq.-oi l 
interface were detd. The temp, coeff. i s appreciable. Change 
of position of e lectrodes a l so changes the values. The 
eleetrokinetic potential curves c lose ly resemble s imi lar 
curves at ce l lu lose-aq. soln. interfaces and g lass -aq , soln. 
interfaces. (Malcolm Dole) 

1565 
DISTRIBUTION FIGURES OF ACTIVE DEPOSIT ON ELEC
TRODES. S. Rosenblum and M. Valladares. Compt. rend. 
192, 939-40(1931). 

F lower- l ike images from radioactive Th deposits on 
geometric metal l ic e lectrodes are transferred to photo
graphic plates. The e lectrodes are held in the active 
gaseous atm. 10 to 30 min. under a tension of 15 to 1200 v. 
(H. W. Walker) 

1566 
ALTERATIONS PRODUCED ON ELECTRODES BY ELEC
TRIC SCINTILLATIONS. L. Belladen with E. Affermi. 
Gazz. chim. ital. 61, 537-43(1931). 

The effects on e lectrodes of an osci l lat ing discharge from 
an induction coil and from condensers have been studied by 
Benedicks who found with brass in a dielec. liquid that the 
alteration consisted of a s e r i e s of fusion craters of diminish
ing s i ze . The present work exams, whether this type of 
alteration var ies with a variation in the nature of the e l e c 
trode and of the d i e l e c , with special attention to the phe
nomena when the discharge i s in air . The app. and teehnic 
are described in detail, by which the action of a single 
scintillation on Cu, Zn, brass (70:30), Cd, Sb, Bi, Th, Mg, 
and Al was detd. With turpentine, thin vasel ine oil , paraffin 
wax and abs. EtOH, the Benedicks type of alteration was 
observed, for which photomicrographs of the various metals 
are reproduced. The metals are divided in 3 groups, those 
which (1) show extensive fusion phenomena, with projection 
of fused metal a s spherettes (Cu, Z, brass): (2) show 1 or 
more fusion craters (Sb, Bi, Cd, Mg) and (3) form brilliant 
spots, with slight indications of fusion (Pb, Th, Al). There 
were no relations evident among the m. p. , thermal cond., 
heat of fusion, heat of evapn., heat of sublimation and sp. 
heat and further expts. showed that the character of the 
alteration i s most influenced by the condition of the surface, 
1. e. i ts case of oxidation, and by the characterist ic proper
t i e s of the part ic les of oxide. Pol ished Pb i s particularly 
suitable for showing the manner in which the discharge i s 
distributed over the surface of the electrode. ( C C Davis) 

1567 
THE PROPERTIES OF ATOMIC LAYERS. P . I. Lukirskii , 
A. Soslna, S. Vekshinskii, and T. Zareva. Z. Physik 71, 
306-24(1931). 

An investigation of the contact potential of a thin metall ic 
layer deposited by distn. in a vacuum on a metal base 
indicates that with the increase in the no. of atoms of the 
deposited foreign metal, the contact characteris t ics and 
consequently the electron emiss ion change gradually. With 
monomol Ba and Th layers the work of escape from the 
surface i s smal ler than for the pure metal. The contact 
propert ies of the surface are detd. when a bimol. layer i s 
present, and further increase of layer thickness i s without 

effect on the work function. With the increase in the no. of 
atoms that are condensed on a surface, the rate of evapn. 
decreased ( increased latent heat of vaporization). A 
monomol. layer evaps. only at very high temps. With in
creasing thickness on the monomol. layer evapn. proceeds 
more readily. (J. V. Vaughen) 

1568 
ELECTROLYTIC PRODUCTION OF RARE REFRACTORY 
METALS. Frank H. Driggs (to Westinghouse Lamp Co.). 
U. S. Patent 1,835,026, Dec. 8. 

A Mo or W cathode used for the deposition of metals 
from fused baths. U. S. Patent 1,835,025 (Frank H. Driggs 
and Wm. C. Lilliendahl to Westinghouse Lamp Co.) re lates 
to prepg. rare refractory metals such as Th and Zr by d e 
position from a fused bath contg. alkali metal halides in
cluding a double halide compd. of the rare refractory metal 
such a s a double fluoride. 

1569 
THE EFFECT OF PRESSURE ON THE ELECTRICAL 
CONDUCTANCE OF SALT SOLUTIONS IN WATER. W. A. 
Zisman. Phys . Rev. 39, 151-60(1932). 

New data were obtained for the change with pressure of 
the equiv. cond. of the following 0.01 N salt solns . in H2O: 
at 30° HCl, HCl, LiCl, NaCl, KCl, RbCl, CsCl, NaF, NaBr, 
Nal, Na2S04, NaC2H302, CaClj, BaClj, ThCl4, K3Fe(CN)s, 
K4Fe(CN)e; and at 75° all the above solns . except NaF and 
ThCl4. The pres sure range at 30° was 1-10,000 kg . / sq . 
cm. , and at 75° it was 1-11,000 kg . / sq . cm. It is pointed out 
that the observed max. in the equiv. cond. cannot be entirely 
caused by a change in the degree of dissocn. of the ions with 
pressure . By use of the Debye-Hiickel formula and a wel l -
known expression for the equiv. cond. at infinite diln. it i s 
shown in each case that there must be a large change in the 
diam. of the ions due to the pressure if the theory i s to 
agree with the data. (Bernard Lewis) 

1570 
THE PREPARATION OF MIXED BORIDES OF Ce AND Th. 
Lucien Andrieux. Compt. rend. 194, 720-2(1932). 

A fused bath of B2O3, MgO, and MgF2, to which was 
added Th02 and Ce02, was electrolyzed. Mixed crysta l s 
were obtained, their compn. depending on that of the 
initial mixt. Mg was obtained on e lec tro lys i s , which l iber
ated the B, Ce, and Th by reduction. 

1571 
THE EFFECT OF ELECTROLYTES ON THE DIELECTRIC 
CONSTANT OF WATER. III. IV. R. T. Lattey and W. G. 
Davies . Phil . Mag. 13, 444-55(1932). 

The voltage tuning resonance method was applied to 
so lns . of CdBr2, BaCl2, CUSO4, MgSO,, Mg(N03)2, La(N03)3, 
TMNOj),, and Zr(N03)4 to 0.0125 g.-equiv. per 1000 g. 
soln. at 18°. The Increase in dielec . const, with conen. i s 
l inear except for CUSO4 and MgS04 for which the r i se in 
dielec . const, falls off from linearity with r is ing conen. 
The increase in dielec . const, observed for electrolyte 
solns . in a field of lO' frequency i s due to the distortion 
of the electronic orbits . Molar polarizations caled. are: 
KCl 302.9, NaCl 268.7, NaF 266.7, KIO3 302.9, CdBr2 510.0, 
BaCl2 673.2, Mg(N03)2 513.0, CuSO, 573.8, MgS04 574.0, 
La(N02)3 1406.6, Th(N03)4 1478.6, Zr(N03)4 1879.8. (Arthur 
Fle ischer) 

1572 
DISINTEGRATION OF A MONOATOMIC LAYER OF 
THORIUM ON A TUNGSTEN CATHODE IN A MERCURY 
DISCHARGE. N. D. Morgulls and M. Bernadiner. Tech. 
Phys . U. S. S. R. 2, 333-52(1935) (In English). (E. H.) 

1573 
ELECTROLYSIS OF SALINE SOLUTIONS WITH THE 
ELECTRODES KEPT IN AN UPPER LAYER OF 
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DISTILLED WATER. P i e r r e Jol ibois . Compt. rend. 199, 
706-8(1934). 

The electrolyte i s poured (by means of a siphon with 
tap and entrance funnel at its highest point) into 2 beakers 
so a s to form layers below pure HjO already there, the 
e lectrodes (Pt) are inserted m this HjO, the cathode being 
enclosed in a porous diaphragm. At a p. d. of 300 v. so lns . 
of sa l t s of Cu, Ni, Ag, Zn, Mg, U, and Th give deposits of 
the resp . hydrated oxide on the diaphragm; NaN02 gives a 
soln. of HNO2 in the anolyte. (C. A. Silberrad) 

1574 
THE ELECTRODEPOSmON OF LANTHANUM AND THORI
UM FROM ORGANIC SOLUTIONS. I. A. Atanasiu and M. 
Babor. Bull. Chim. Soc. Romane Chim. 38, 83-90(1935-36). 

Expts. used abs. CjHjOH, CH3OH, Bz a l e . Am ale. and 
pyridine a s org. solvents . Th and La were deposited at the 
cathodes as an org. metal l ic complex compd. Electro lys i s 
produces a high percentage of H. No deposit is formed in 
a le . by La sa l t s . Th sa l ts in CjHjOH contg. ZnClj give 
deposits of mixed org . -meta l l i c compds. of these metals . 
By employing reducing agents such as formaldehyde and 
hydroxylamine the deposit i s brightened in proportion to 
the Th content of the deposit. HCl i s formed during 
e lec tro lys i s . (Arthur A. Vernon) 

1575 

DEPENDENCE ON TEMPERATURE OF CATHODE 
SPUTTERING. N. D. Morgulis , M. P . Bernadiner, and 
A. M. Patiocha. Physik. Z. Sowjetunion 9, 302-16(1936). 

Measurements were made with thoriated W in Hg vapor 
between 1350° and 1750° abs. , and with W m Hg vapor between 
800° and 2000° abs. Sputtering varied little with temp, of 
cathode. (B. C. A.) 

1576 
POTENTIOMETRIC METHODS OF TITRATING Ce, La 
AND Th WITH FERRO- AND FERRICYANIDE. F. M. 
Shemyakm and V. A. Volkova. J. Gen. Che. (U. S. S. R.) 
7, 1328-32(1937. 

A study was made of the conditions for detg. Ce, La, and 
Th by titrating with K4Fe(Cn)j (I) and K3Fe(Cn)8(II). 
Potentiometric detn. of Ce''"'"''" by means of (I) m EtOH* 
soln. at 30° g ives a curve with an inflection point c o r r e 
sponding to a quant, ppn. of CeKFe(CN)j. Similarly, Th 
detn. with (I) from a 30% EtOH soln. at 70° g ives an in
flection point corresponding to a detn. of ThFe(CN)5. Pptn 
of Ce and Th together with (I) g ives 2 inflection points 
where the 2nd pomt corresponds to the combmed ppts. 
of CeKFe(CN)8 and ThFe(CN)e. La, etc. Simultaneous 
pptn. of Ce, Th, and La m a 30% EtOH soln. at 70° with 
(1) g ives 2 inflection points the 1st of which corresponds 
to Ce and the 2nd to all 3 e lements . P r e s e n c e of Th and 
La has no effect on the oxidation of Ce with (H). 

1577 

FIELD EMISSION AND CATHODE SPUTTERING OF 
THORIATED TUNGSTEN. Erwin W. MuUer. Z. 
Physik 106, 132-40(1937). 

By activation of w ires holding ThOj and by vaporization 
from an external Th source surfaces can be obtained whose 
field emiss ion depends largely on the degree of covering. 
The <p' law found for Pa-covered cathodes holds a lso for 
Th. It i s shown that O ions can be adsorbed on the Th 
film, but not on the pure W surface. (B. Swirles) 

1578 

THE COMPOSITION OF THE LIQUID PHASE IN AQUEOUS 
SYSTEMS CONTAINING STRONG ELECTROLYTES OF 
HIGHER VALENCE TYPES AS SOLID PHASES Gosta 
Akerlof. J. Phys . Chem. 41, 1053-76(1937). 

The soly. of Ba(N03)2 in aq. so lns . of NaNOa (I), 
A1(N03)3 (II), NaBr, BaBrj , BaClj, Ba(OH)2, FeCl3, 
Th(N03)4 and m mixed solns . of (I) and (II), of KCl m 

solns . of FeCl3 and of K3Fe(CN)8 in solns . of KCl was 
detd. at 25°. The soly. data of these s y s t e m s together 
with those from the l iterature concernmg mixed aq. so lns . 
of NaCl-NajSO,, MgClj-MgSOi; NaCl-MgSOi; NaCl-KCl-
MgCl2-MgS04; KjSOi-MgSOi; NaCl-NaN03; CuCl-KCl, 
MgCl2-LiCl-CaCl2 were studied; the soly. equation prev i 
ously published (C. A. 28, 2973,) vreis used. The soly. 
curves of sol id phases could be accurately calcd. with 
the general soly. equation. (E. R. Schierz) 

1579 

THIN LAYERS OF THORIUM AND ACTINIUM BY ELEC
TROLYSIS IN ETHYL ALCOHOL. S. Cotelle and Moise 
Haissmsky. Compt. rend. 206, 1644-6(1938). 

A soln. of anhyd. Th nitrate or of Th + 7% lo nitrate in 
EtOH with addn. of 15-20% McjCO (presence of a trace of 
H2O is favorable) i s e lectrolyzed (c. d. 1-2 m a . / s q . cm.) . 
Adherence i s best on a Ag cathode, if the cathode i s Pt it 
i s best to ca lcme slightly to convert the deposit to ThOj 
which adheres better. For Act a HNO3 soln. of La i s 
added to one of (Ba + MsTh), evapd. to dryness and the 
La + MsThj extd. with EtOH and 15-20% MezCO added. 
This i s e lectrolyzed as above with a Ag anode. If NaNOs 
replaces the La(N03)3 MsTh2 i s obtamed. (C. A. S.) 

1580 
ELECTROMETRIC DETERMINATION OF THE RARE 
EARTHS AS OXALATES. I. A. Atanasiu. Z. anal. Chem. 
113, 276-9(1938). 

Salts of Ce, La, and Th can be titrated electrometrical ly 
with so lns . contg. oxalates of NH4 or Na. (W. T. H.) 

1581 
ELECTROL-yTIC PRODUCTION OF METALS SUCH AS 
BERYLLIUM, THORIUM, ALUMINUM AND IRON FROM 
MOLTEN SALTS. Gustay Jaeger (to Deutsche Gold- und 
Silber-Scheideanstalt vorm. Roess l er ) . U. S. Patent 
2,151,599, Mar. 21, (1939). 

E lec tro lys i s i s effected m a plurality of v e s s e l s , and 
after deposition of a substantial quantity of metal m one 
v e s s e l but before the deposited metal may cause bridgmg 
and other electrolytic disturbances the electrolyte i s 
transferred to another of the v e s s e l s , without substantial 
cooling. 

1582 
ELECTRODEPOSmON OF METALS FROM SOLUTIONS 
WITH SULFAMIC ACID OR ITS SALTS. Roberto Piontell i 
and Alessandro Giulotto. Chimica e mdustria (Italy) 21, 
478-91(1939). 

L. Cambi and R. Piontell i (Rend. inst. lombardo sci . 72, 
(1938-29)) pointed out the possibil i ty of ut ihzmg solns . of 
HSO3NH2 in electrometallurgy. P. and G. detd. the current 
densi t ies and other conditions necessary to obtain s a t i s 
factory depos i t s of various meta l s . Th at 19° and 100 
amp. / sq . m. g ives needle- l ike deposits which makes 
poss ib le the prepn. of the pure metal, but adherent d e 
pos i t s were not obtained. (A. W. Contieri) 

1583 
PREPARATION OF THIN FILMS OF URANIUM AND 
THORIUM BY CATHODE SPUTTERING. C. C. Van Voorhis . 
Rev. Sci . Instruments 11, 77(1940). 

Very thin Al foil, which was to be sputtered, was s h e l 
lacked to a geometrical ly perforated Al plate 0.05 mm. 
thick and covered with a s imi lar Al plate 1 mm. thick. 
Thi s assembly was screwed to a water-cooled Cu plate. 
Square and round rods of U and Th, resp . , were used a s 
cathodes instead of thin ribbons, which warped and local ized 
the discharge at one spot on the foil. The sputtermg was 
done in an A atm. at 0.1 mm. With a half-wave rectified 
current of 16-30 ma. at 3000 u. a film of 0.1 mg. U per sq. 
cm. was deposited in 100 min. (H. G. Bowlus) 
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1584 
ELECTROCHEMICAL PECULIARITIES OF COLLOIDS. 
Relation of deviation coefficients. Wolfgang Pauli. Helv. 
Chim. Acta 24, 1253-84(1941). 

Many cond. measurements were made on dil. colloidal 
sols of alumma, silica, thorium oxide, agar, acacia gum, 
polyacrylic acid, proteins (ovalbumin, serum albumin, 
gelatm), gluconic acid and undecyl-, lauryl- and myristyl-
sulfuric acids, with or without addn. of alkali or acid. The 
relation of the deviation coeff. of the counter ion, j^H /f/^ , 
and m suitable cases_^H/y^^ where/^^ = av. cond. coeff., 
m opposition to the molecularly dispersed electrolyte is 
greater than 1. Throughout a wide range of diln. the above 
quotient for the colloidal electrolyte decreases mstead of 
mcreasmg. Graphs are shown. The agreement m the 
characteristics of the quotients of these colloid electrolytes 
permits the behavior of transition forms to show: (a) With 
increasing colloid equiv., therefore decreasing charge layer, 
the quotient decreases, (b) With continuous transition from 
an amphotenc-ion colloid without a counter-ion layer to a 
simple heavily charged colloid electrolyte with a counter-
ion layer (e. g., protein—protein-HCl) a continuous r i se-
in the quotient above 1 takes place, (c) An analogous but 
sudden change m the quotient follows the transition of a 
mol. dispersion to a colloidal electrolyte through assocn. 
of electrolyte and paraffm-chain ions to form ionic 
micelles, (d) Increasmg the vol. and valence of the colloid 
by secondary aggregation produces a marked increase m 
the value of the quotient, (e) Extensive diln. of the colloidal 
electrolyte causes a decrease in the quotient because of 
dispersion of the counter ion. The individual peculiarities 
of the quotient for any colloidal electrolyte are detd. by the 
change m / ^ . (L. E. Gilson) 

1585 
A STUDY OF ANODES FOR ELECTROLYTIC MANGANESE. 
David Schlam, John D. Prater, and Beatrice Lukens (Dept. 
of Interior, Salt Lake City, Utah). U. S. Bur. Mines, Rept. 
Investigations 3863, 20 pp.(1946). 

Various bmary and ternary alloys of Pb with Ag, As, 
Th, Sb, Bi, Ca, and Te were investigated as anodes for 
the production of electrolytic Mn. A Pb-Ag-As alloy contg. 
approx. 1% Ag and 1% As had the best combination of 
properties. The anodes corroded only 12% as rapidly and 
produced Mn oxides only 45% as rapidly as the Pb-Ag 
anodes now in use. They were at least as good with respect 
to cell voltage, cathode current efficiency, and phys. 
properties. Corrosion and Mn oxidation per unit of cathode 
Mn were greater for both Pb-Ag-As and Pb-Ag anodes at 
an anode c.d. of 19 amp./sq. ft. than at 38 amp./sq. ft. The 
rates of corrosion and Mn oxidation were greater for end 
anodes than for center anodes and with new anodes decreased 
rapidly during the first 10-20 days of use. Ag and As were cor
roded relatively more rapidly than Pb from new Pb-Ag-As 
anodes; the difference in relative rate was greater for the 
center anode than for the end anodes and increased with time 
The rates of corrosion and Mn oxidation of Pb-As anodes 
decreased with increasmg As content. Anodes contg. Ag 
gave the lowest cell voltages and also gave good cathode 
current efficiencies. There was a slight tendency for 
anodes having low rates of corrosion to have low rates 
of oxidation of Mn and a defmite tendency for the cathode 
current efficiency to mcrease as the cell voltage decreased. 
There was no correlation between rate of corrosion or 
rate of Mn oxidation and cell voltage or current efficiency. 
No relation was found between the electrolytic properties 
of the anodes and their microstructures. (Alden H. Emery) 

1586 
THE ELECTROKINETIC POTENTIAL OF SPARINGLY 
SOLUBLE SULFATES. A. S. Buchanan and E. Heymann. 
J. Colloid Sci. 4, 137-50(1949); 

The f-potentials of BaS04, SrS04, and PbS04 m H2O and 
dil. aq. EtOH solns. at 20°, detd. by the streaming potential 
method previously described, were pos. and decreased in 
the order of increasing H2O soly. of the sulfates. The 
magnitude of the t-potential depended on the origm of the 
solid samples. Naturally-occurrmg sulfates with even 
surfaces exhibited smaller potentials than pptd and 
recrystd. samples having uneven surfaces. The t-potential 
of recrystd. BaSOi decreased as the temp, was mcreased 
from 5 to 30°. The f-potential of the sulfates decreased on 
the addn. of Na2S04 but increased on the addn. of the nitrates 
or chlorides of bivalent or trivalent cations. The electrolyte 
effect was greater in ale. solns. than in HjO and increased 
with decreasing soly. of the sulfates. The t-potential of 
natural gypsum in aq. ale. was neg. and became more neg. 
on addn. of Na citrate, H2SO4, Na2S04, or K2SO4. The addn. 
of CaClj led to smaller neg. values. The t-potential of 
gypsum became pos. on addn. of La(N03)3 or Th(N03)4. 
Pptd. gypsum did not give repeatable t-potential values. 
The observed differences between samples of different origin 
were not due to impurities but to different degrees of 
surface irregularity. The t-potential is not solely detd. by 
preferential ion adsorption but is largely a characteristic 
of the solid itself. This is in accord with the theory of 
Grimley and Mott (C. A. 42, 8579e). (H K. Livingston) 

1587 
COMPARISON OF THE DIFFUSION VELOCITY IN WATER 
AND THE MOBILITY IN THE ELECTRIC FIELD OF 
SIMPLE DISSOLVED IONS. G. Jander, Chr. Blohm, and 
B. Gruttner (Univ., Greifswald, Ger ). Z. anorg. Chem. 
258, 205-20(1949). 

The av. reciprocal (1/k) of the quotients of the specific 
diffusion coeffs. at 10° (Dio) and the ion mobilities at 25° 
for the following cations is 63 univalent H, Li, Na, K, Cs, 
Ag, Tl, and [Co(NH3)4C03] ions, % the bivalent Be, (Be20), 
Mg, Ca, Ba, Zn, Cd, Hgj, Hg, Mn, Pb, Cu, Fe, Ni, and 
[Co(NH3)eCl] ions, '/j the trivalent Al, Y, Tl, Fe, Ce, Bi, 
Cr, and [Co(NH3)8] ions; and ^U Th*"''. For the followmg 
anions the av. 1/k was 64 univalent OH, F, CI, I, IO3, 
Mn04, (H2PO4), (H2ASO4), and [Sb(OH)6] ions, '^ the bivalent 
SO4, S2O3, Cr04, CrjO,, M0O4, WOj, [Hgl4], and C2O4 ions, 
Vj P O ^ ; V3 [Fe(CN)j]'-, and V4 [Fe(CN)]^-. Hydrolysis and 
reactions of hydrolysis products explain the deviations 
from the av. When the ion mobility is difficult to measure. 
It can be calcd. from 1/k and the D,,,, e.g., [Co(NH3)4C03]"'" 
60.7, % Bê "̂ 56.5, [Co(NH3)5Clf"'" 50.8, Tl'"'" 68.8, Bi'"^ 75.4, 
Cr'"'" 58.4, [Co(NH3)e]'"'" 66.7, CrOj" 73, [Hg^]^- 55.3 The 
exptl. detn. of Dio gives significant information on the mol. 
compn. of dissolved compds. and ions. 33 references. 
(E. S. M.) 

1588 
ELECTROPLATING. Kaeuo Kanzaki (to Noguchi Research 
Institute, Inc.). Japanese Patent 2856(1950), Sept. 26, 1950. 

Electroplating is conducted by adding a suspensoid (1) of 
finer particles m the electrolyte to mcrease the rate of 
electrophoresis of ions of the electrolyte to the cathode 
AICI3 or Th(N03)4 IS used as I for the electrodeposition of 
CeOj, ferrosilicon, powdered reduced Ni, Raney Ni, Pb, 
Bi, and AS2S3, which form electrodeposits with difficulty 
(K. Kitsuta) 

1589 
THORIUM-COVERED CATHODE. Shigetake Monmoto 
and Shohachi Tatayanagi (to Minister of Electro-Communi
cation). Japanese Patent 817(1951), Feb. 22. 

W wire IS carburized to form a WC film and covered with 
Th02; this is reduced to Th by WC to make a stable cathode 
for electron emission. (K. Kitsuta) 

1590 
THORIUM IN THE SUN. Charlotte E. Moore and Arthur 
S. King. Pub. Astron. Soc. Pacific 55, 36-7(1943). 
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The Th II line at 4019.137 A. is the strongest in the 
spectrum. It comes from the lowest energy state of the 
atom, and is almost certainly the raie ultime. It agrees 
in wave length with a faint, hitherto unidentified solar line. 
Of the three strongest Th I lines only one is in approx. 
agreement with a solar line. (C. C. Kiess) 

1591 
A SEARCH FOR THORIUM IN LATE-TYPE STARS. 
Dorothy N. Davis. Pub. Astron. Soc. Pacific 55, 
41-2(1943). 

A study of available material fails to reveal the presence 
of either Th I or Th II in the spectra of the cooler s tars 
where it might reasonably be expected if Th II is present 
in the sun. (C. C. Kless) 

EXPLORATION AND MINEROLOGY 

Continental Deposits and Mineralogy 

1592 
THE PROBABLE FORMATION OF THORIANITE AND 
URANINITE. B. Szilard. Compt. rend., 145, 463-64(1907). 

The two minerals contain uranium and thorium in inverse 
proportion but not such as to permit of supposing that they 
form a definite compound with each other. The author ear
lier described (Ibid., 143, 1145(1906); C. A., 1907, 697), 
substances containing the two elements in the same pro
portions as in the natural minerals named, made by dissolv
ing the hydrate of thorium in the nitrate of uranyl and the 
hydrate of uranyl in thorium nitrate. He has since found 
that the salts Th and Ur can dissolve the hydroxides of all 
the metals that enter into the composition of thorianite and 
uraninite. Hence he concludes that the mode of formation of 
those minerals was analogous to the process just mentioned. 
(W. F. HlUebrand) 

1593 
REPORT OF THE DIRECTOR OF THE MINERALOGICAL 
SURVEY [CEYLON]. A. K. Coomaraswamy. 1906, 14 pp., 
maps. 

First place is given to the description of occurrences of 
thorianite and other rare minerals. Thorianite is found in 
stream beds, which "continue to yield thorianite after every 
fall of rain," and in place in decomposed pegmatite, "Thori
anite is associated with, if it does not actually occur in, a 
peculiar spinel-mica rock, itself Intimately and probably 
genetically associated with an orthoclase-quartz pegmatite, 
and it has been proved that thorite occurs in micaceous 
veins in the same rock." (E. C. Sullivan) 

1594 

NOTE ON THE ASSOCIATION OF HELIUM AND THORIUM 
IN MINERALS. R. J. Strutt. Proc. Roy. Soc. London [A], 
80, 56-7(1908). 

Contrary to the view of Boltwood that the helium in radio
active minerals may always be attributed to the action of 
the uranium-radium series of transformations, the author 
has found that in a helium mineral from Greenland (obtained 
from J. J. Thomson) there is only a mere trace of radium, 
which is insufficient to account for one-hundredth part of 
the helium present. On the other hand, a solution of the min
eral gave abundant thorium emanation.showing thorium to 
be a substantial constituent of the mineral. (W. C. Bray) 

1595 

TRACES OF A NEW TIN GROUP ELEMENT IN THORIA
NITE. Clare de Brereton Evans. (Chem. Lab., Univ. Coll.) 
Proc. Chem. Soc , 24, 60(1908); J. Chem. Soc , 93, 666 
(1908). 

Among the sulphides of the tin group, obtained from the 

residues of 5 cwt. of thorianite, there was found a dark 
brown one, which was insoluble in HCl, and scarcely soluble 
in a mixture of HCl and KClOj, but soluble in (NH4)jCOj 
solution, in water and in HNO3. By evaporating the solution 
in the latter and drying at 120-130°, there was left a brown 
hygroscopic oxide which reduced in hydrogen yielded a gray 
metal, whose equivalent weight appears to be higher than 
that of arsenic. For want of material this was not further 
investigated. The thorianite contained As, Hg, Bi, Mo, and 
Se in addition to the elements already found in the mineral. 
A new oxalate of thorium, uranium and ammonium, having 
probably the composition, ThU2j(NHj)2(C2O4),0,4H2O is 
described. (D. M. Lichty) 

1596 
GERMAN PATENT 201,894, July 2, 1709. Kunheim & Co., 
Berlin. 

Thorium sulphide, free from C, especially suitable for the 
preparation of pure Th, is obtained by treating the dry Th-
halogen compounds (the chloride) in the heat with a current 
of dry, air-free H2S, maintaining the temperature of the 
reaction mass beneath, but almost at the sublimation tem
perature of the halogen compound. 

1597 
PRESENCE OF THORIUM IN THE SOIL OF ROME. G. A. 
Blanc. Atti accad. Lincei., 17, I, 101-6(1908). 

The products A, B, and C of the radioactive decay of the 
Th emanation from a given area of soil were collected on a 
copper spiral charged negatively to 500 volts, and by com
parison of the rate of loss of charge which they produced in 
an electroscope from 5 to 15 hrs . later, with that from a 
known mixture of Th02 and earth contained in a vertical tube 
of known cross section and a sufficient depth (10 cm.) as 
shown by preliminary experiments, to give the maximum 
effect, it was found that the soil must contain at least 1 part 
of Th02 in 60,000, or correspondingly more Th if the ele
ment exists in the form of any other compound, in propor
tion to its lesser emanating power. This would show that Th 
plays a greater part than Ra in the radioactivity of the crust 
of the earth. The Th type of induced activity does not vary 
from day to day like that from radium. (B. B. Turner) 

1598 
U. S. PATENT, 912,485, Feb. 16. TREATMENT OF THO
RIUM ORES. Robert McKnight, Pittsburgh, Pa. 

The ores are heated to 700° with a large excess of NaCl 
till volatile and soluble chlorides of Th have been formed, 
the volatile products being condensed and the residue passed 
into water while hot, using the same solution repeatedly until 
it becomes supersaturated and deposits less soluble Th com
pounds, leaving the NaCl in solution, which can be used in the 
treatment of fresh ore. 

1599 
CONTRIBUTION TO THE STUDY OF THE THORIANITE OF 
CEYLON. G. Cosyns. Bull. soc. belg. geol., 22, 254-7 
(1909?). 

After summing up previous knowledge of the species, the 
author describes three types of twinning or regular inter-
growth, and concludes that the crystallization Is really iso
metric, and that the variations in angle are due In part to 
this twinning and in part to irregular increment of material 
during crystallization. He also suggests that the double 
refraction sometimes observed may be connected with the 
presence of UO2 replacing ThOj isomorphously, like the 
phenomena observed in mixtures of alums, (E. T. Wherry) 

1600 
THE ESTIMATION OF THORIUM IN MONAZITE SAND. O. 
Hauser and F. Wirth (Kgl. Tech. Hochsch., Charlottenburg). 
Z. angew. Chem., 22, 484-7(1909). 

The solubility of Th(Cj04)2 in (NH4)2Cj04 is stated to be 
due to the formation of Th2(C204)5; addition of acids forces 
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back the dissociation of the oxalates which results in the 
re-formation and pptn. of Th(C204)2; the solubility of the 
Th(C204)2 is consequently a function not only of the cone, of 
the (NH4)2C204 but also of the acid present. Experiments 
are given to show that the methods of Borelli (Annuario s o c 
chim. Mil., 1908 112,) and Benz (Z. angew. Chem,, 15, 297 
(1902)) may result in great e r rors because this fact has 
been overlooked. The separation of the Th from cerite 
earths by H2O2 proposed by Benz is unsatisfactory even 
with double pptn. The white color of the ignited ThO] is not 
by any means a certain indication of the absence of Ce, etc, 
Benz's method of decomposing the monazite by fusion with 
pyrosulphate and NaF is unsatisfactory. To redissolve the 
insoluble oxalates and destroy the oxalic acid, boil with an 
equal volume of cone, HNOj after adding a few drops of 0.1 
N KMn04, For the analysis of monazite sand take 15-20 g. 
(if the Th is to be estimated accurately), grind moderately 
fine, and decompose by boiling with cone H2SO4 for several 
hrs . Evaporate off the greater part of the H2SO4, cool, and 
take up with about 1 liter of 4 - 5 % HCl, Filter, cool, and 
ppt, with an excess of H2C2O4, stir for a short time, allow 
to settle completely and filter. Dissolve the ppt, as 
described in HNO2 + KMn04, and free from cerite earths by 
double pptn. with Na2S202 according to Hintz and Weber (Z, 
anal, Chem,, 36, 683(1897)), (E, G, R, Ardagh) 

1601 

DOES THORIUM EXIST AS THORIUM SILICATE IN MONA
ZITE ? Otto Kress and F, J, Metzger (Columbia Univ.) 
J . Am, Chem, Soc, 31, 640-52(1909), figs, (Kress, Diss,, 
17, pp,). 

Thirty distinct crystals from North Carolina and Norway 
were analyzed. Large crystals were broken into fragments 
and each fragment analyzed separately, whereby it was 
found that the crystals were nonhomogeneous, in spite of 
careful cleaning. Quartz was present, besides silica in 
combination, and in most cases these were determined 
separately. Out of 50 analyses, in which silicate Si02 was 
determined, 45 showed insufficient of this to satisfy the 
Th02 present, and 39 showed insufficient total Si02 for the 
Th02. The chemical and microscopical examination led the 
author to believe the silicate Si02 to be in other combination 
than with Th and that the latter, therefore, exists as phos
phate. Where observable, the silicate material was not tho
ri te. For the determination of Th the formic acid method 
was used, with slight modifications, introduced on account 
of the silica. (W. F. HlUebrand) 

1602 
THE DISTRIBUTION OF THORIUM IN THE EARTH'S 
SURFACE MATERULS. J, Joly, Phil, Mag,, 17, 760-5 
(1909), 

The author has examined 19 different rocks and clays 
and 4 samples of sea water from widely different sources 
for the presence of Th and finds amounts varying from 
3,6 X 10"' - 0.2 X 10~'g. of Th per gram of material: the 
largest amount was found in Vesuvius lava, the smallest in 
carboniferous limestone and in manganese nodules. The 
extent to which Th is a heat-producing agent in rocks can 
not be determined until its rate of transformation is known; 
compared with U it may or may not be very important. In 
the experiments the dissolved material was placed in an 
ebullition flask with a condenser attached through a drying 
train to a gas electroscope. A slow current of air entering 
the flask carried the Th emanation through the electro
scope and the ionization current was measured in the usual 
way. The electroscope was standardized by a similar use 
of minerals of known Th content. (G. C. Ashman) 

1603 
THE DISTRIBUTION OF THORIUM IN THE EARTH'S SUR
FACE MATERIALS. J. Joly (Trinity College), Phil. Mag., 
18, 140-5(1909). 

The author has redetermined the amount of Th in the 19 
different specimens of lava and rock and 4 samples of sea 
water by means of the original electroscope restandard-
ized by two samples of thorianite of Imown Th content. Tne 
first results are reduced in value about Vj due to the 
smaller electroscope constant referred to thorianite. The 
former constant was based on commercial Th nitrate. The 
amount of Th in grams per gram of material varies from 
(0.2-2.6) X 10"'. The Ra and Th content of 51 rocks from 
the St. Gothard tunnel are given and a definite relation 
established between the amounts of radioactive material 
present and the remarkable temp, gradients observed 
during the construction of the tunnel; where the gradients 
were steepest there have been found the largest amounts 
of radioactive material. These determinations seem to 
establish Th as a generally distributed constituent of the 
earth's crust, entering into the comp. of many deep-
seated materials. (G. C. Ashman) 

1604 
THE DISTRIBUTION OF THORIUM IN THE EARTH'S SUR
FACE MATERIALS, G, A. Blanc (Instituto Fisico d. R. 
Univ., Rome). Phil, Mag., 18, 146-8(1909). 

The author has examined soil and a number of rocks for 
their Th content and finds amounts varying from (1.45— 
8.28) X 10"' g. per gram of material. It is calculated that 
the average production of heat due to the products of Th 
contained in the rocks is about twice that produced by the 
U-Ra family in the rocks examined by Strutt. This differ
ence Is thought to be due to a sixfold greater y-ray emis
sion by the products of the Th family. (G. C. Ashman) 

1605 
THERMIC AND IONIZING ACTIONS OF THORIUM CON
TAINED IN ROCKS, G, A, Blanc, Atti accad. Lincei, 18, 
1, 289-94(1909). 

Using Pegram and Webb's value for the amt. of heat pro
duced by Th (C, A,, 2, 2898), the amt, of heat produced by 
the Th in the rocks examined by the author averages 1.01 
X 10"' small cal, per hr, per g. From Rutherford's values 
for the heat produced by Ra and Strutt's values for the amt, 
of this element contained in rocks, and taking into account 
the heat produced by the members of the Ra family with 
which It is in equilibrium (total heat = 15 heat produced by 
Ra alone), the heat produced by the Ra family (from U to 
Ra F) is 5,54 x 10"" cal. per hr, per g. The ionizing actions 
of the a and y rays from the Th in rocks must be 2 and 5,7 
times, resp,, as great as those produced by the members of 
the U-Ra F series (Eve, Am, J, Sci,, D e c , 1906), (Chas, A, 
Rouiller) 

1606 
PRESENCE OF THORIUM IN ROCKS, G, A, Blanc, Atti 
accad. Lincei, 18, I, 241-6(1909). 

The Th in 5 samples of granitic rocks was detd, by fusing 
with Na2COj'K2C05, treating with H2O, filtering, treating the 
residue with HCl, again filtering, pptg, with H2SO4, and pptg, 
the hydroxides from the filtrate with NH4OH, These were 
then introduced into an electroscope and the rate of dis
charge measured after 10 mins, A known quantity of Th(OH)4 
was then introduced and the measurements repeated. In 4 
samples (syenites and granites), the amt, of Th found per g. 
was 2.07-8.28 x 10"' g.; in protogene it was inappreciable. 
(C.A,R,) 

1607 
THE AMOUNT OF THORIUM IN SEDIMENTARY ROCKS, 
I, CALCAREOUS AND DOLOMITIC ROCKS. J. Joly (Trin
ity College, Dublin). Phil. Mag,, 20, 125-8(1910), 

A detn, of the Th content of 34 different calcareous rocks 
gave a minimum of less than 0.03 x 10"' and a max. of less 
than 0.33 x 10^' g. of Th per g. of rock. The author con
cludes that since calcareous rocks do not constitute more 
than 5% of the bulk of the sedimentaries upon the land, the 
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influence of the surface materials in ionizing the atmos
phere over calcareous districts can not be directly inferred 
from the results of these analyses. (G. C, Ashman) 

1608 
TABLES OF THE PRINCIPAL MINERALS OF URANIUM 
AND THORIUM, B. Szilard (Lab. of Mme. Curie). Radium, 
6, 233(1909). 

A list of III minerals, giving the comp. per cent, of Ur and 
Th, cryst. form and locality. (R. B. Moore) 

1609 
THE AMOUNT OF THORIUM IN SEDIMENTARY ROCKS, 
n . ARENACEOUS AND ARGILLACEOUS ROCKS. J. Joly. 
Phil. Mag., 20, 353-7(1910). 

In 12 arenaceous and conglomerate rocks, the Th content 
varied from 0,20 to 1.14 x 10"'g. per g. of material; the 
mean is 0.6. In 17 detrital rocks of the argillaceous group 
the Th varied from 0.82 to 2.40 x 10"' g. per g., with a mean 
of 1.30. 15 of the rocks varied between the rather narrow 
limits of 0.82 and 1.40. The larger content of Th in the 
argillaceous rocks was expected since by denudative actions 
they are more readily deprived of the heavier and less 
active constituents, quartz and feldspar. Accepting Clark's 
estimate that the calcareous rocks compose 5%, the arena
ceous 15%, and the argillaceous 80% of the sedimentaries, 
these Th measurements give for the sedimentary rocks 
generally a Th content of 1,16 x 10"' g, per g. (G. A. Ash
man) 

1610 
CHEMICAL ANALYSIS OF CEYLON THORIANITE, W, 
Jakob and St. Tolloczko (Lemberg) Bull, intern, acad. sci. 
Cracovie, 1911, A, 558-63. 

A sample of Ceylon thorianite in small, well defined, 
opaque crystals 2 - 3 mm. long and d. 8, 71, had the follow
ing comp.: Si02, 0,250; residue after treatment with HKSO4 
(chiefly ZrS104), 0,150; Sn02 (?); AsjO, (?); Sb204, HgO, 
t races; PbO, 2,867; Bi20j, 0,003; CuO, 0,008; CdO (?), 
t race; Ce20j, 0,107; (La,Di)20j, 0,178; YjOj, 0,030; AljOj, 
0,260; FejOj, 3,480; Ti02, 1,295; ZrOj, 0,920; CaO, 0,170; 
Rh, 0,008; ThOj, 65,370; UjOg, 23,470; PjOj, trace; HjO, 
0.605; COj, 0.275; He, 0.225; total 99,67%, A comparative 
table of analyses by other workers is given, (Chas, A, 
Rouiller) 

1611 
COMPOSITION OF THORIANITE, M. Kobayashi. Science 
Rpts. Tohoka Imp, Univ. Sendai, Japan, 6, 201(1912). 

Three analyses are given showing that thorianite occurs 
in two varieties, one with about 78% Th02 and 15% UsOg, the 
other with about 60% Th02 and 33% U3O,. (F. W. Clarke) 

1612 
THE DISTRIBUTION OF THE RADIO-ELEMENTS IN 
ROCKS. II. SPRING SEDIMENTS, G, Weissenberger 
(Vienna), Centr. Min. Geol. 1914, 481-90. 

An elaborate study of the radioactive properties of a 
spring in Tirol. Analyses are given of the quartzite rock 
through which it ar ises , of the H ^ , and of 4 samples of 
sinter, the last containing over 60% Fe203. The Ra and Th 
content of the rock and of the sinters was also detd. and 
found to Ije much higher in the latter. Fractional soln. 
tests showed the Ra to be cone, in the acid-sol minerals 
while the Th is chiefly in the insol. ones, perhaps in zir
con. (E.T.W.) 

1613 
THE DENSITY OF LEAD FROM CEYLON THORITE. 
Frederick Soddy (Aberdeen Univ.) Nature 94, 615(1915). 

From 20 kg. of the finest grade of Ceylon thorite there 
were obtained about 80 g. of Pb, in agreement with the % 
found by analysis. This specimen and a similar wt. of 
ordinary assay Pb were then carefully purified by identi

cal processes, and finally obtained as metal by fusing the 
oxide with cyanide, and repeating the fusion with the metal. 
Density detns. of both specimens gave for the former the 
value of 11.3465 (dj"), and for the latter, 11.376. If the at. 
vols, of isotopic elements are identical so that the densities 
are proportional to the at. wts., then the at. wt. of the tho
rite Pb, as calc. from the d., will be 207.64, taking 207.10 
as the at. wt. of ordinary Pb. During the purification of the 
thorite Pb, Bi was specially looked for, but if any at all 
were present, its quantity was less than 1 part in 10 mil
lions of the mineral, which would seem to prove that Bi is 
not one of the end products of the Th disintegration. A per
ceptible quantity of I, however, was found in the mineral, 
and also a distinct trace of Tl, (W. H. Ross) 

1614 
THORIANITE FROM MADAGASCAR. A. Lacroix. Bull, 
soc, franc, min. 37, 176-80(1914), 

This mineral has been known previously only from Ceylon, 
It is brownish black, occurs in thin plates, with H, = 6.5, and 
sp. gr. = 9.33. It is very radioactive. Its comp. is Th02 
93.02, UOj 4.73, Fe20j 0,29, PbO 1.80, sum 99.84. Titanite 
in crystals 8 cm. long parallel to c from the same locality, 
has the comp.: Si02 31.00, Ti02 35.40, AI2O8 4.00, FeO 1.60, 
CaO 27.20, loss on ign. 0.66, sum 100.26. (W. G. Foye) 

1615 
THE AVERAGE THORIUM CONTENT OF THE EARTH'S 
CRUST. J. H. J. Poole, Phil, Mag. 29, 483-9(1915). 

Expts. supplementing those of Joly (C. A. 7, 23) using 
the same methods and the same composite rock mixts. The 
mean results from all the values obtained are : for acid 
rocks, 2.13 x 10"' g.; for intermediate rocks, 1.50 x 10"' g,; 
and for basic rocks 0,51 x 10"' g. of Th per g. of rock, the 
general mean being 1.38 x 10"' g. per g. of rock. If the 
results are weighted according to the number of rocks taken 
in the sample powders used for the analyses, slightly higher 
figures are obtained, viz., 2,08, 1,60, and 0,56 x 10"' g, per 
g. of rock, resp,, the general mean being 1,50 x 10"' g. per 
g, of rock. The values are obtained from 86 acid, 48 inter
mediate, and 56 basic rocks, (A. T. Cameron) 

1616 
MONAZITE, THORIUM AND MESOTHORIUM, Karl L, 
Kithil, Bur, Mines, Teck, Paper 110, 30 pp. (1915). 

The world consumption of monazite is now 3000 tons. 
It is mostly obtained from Brazil, though found in N. 
Car., S. Car., Idaho, and Col.; the reduction of price, con
sequent on glutting the market in 1910, rendered its pro
duction in this country unprofitable. The monazite con
sumed contains 1000 tons of Ce, and 1200 tons of mixed La, 
Nd, and Pr oxides, together with U, Ra, and mesothorium. 
The extn. of this last as a by-product may make the manuf. 
of Th(N03)2 from monazite profitable in this country. The 
presence of monazite in gravels can be ascertained by the 
use of the pocket spectroscope. The history of monazite 
production, methods of extn. and sepn. and an estimate of 
the amt. of loiown deposits are given. (W. B. Johnson) 

1617 
RECENT WORK ON MONAZITE AND OTHER THORIUM 
MINERALS IN CEYLON. Anon. Bull, Imp. Inst. 14, 321-
69(1916). 

The occurrences are described under the headings: Shore 
deposits of the west and south coasts, alluvial deposits in 
the Ratnapura districts, gravels of the Kelani Ganga, gravels 
of the Sitawalia Ganga, Nuwara Eliya district, thorianite and 
thorite deposits in the Bambarabotuwa, Denawak Ganga, and 
Walawe Ganga districts, thorianite at Niralgama, thorianite 
at Maddegama, prospecting for Th minerals in the Yalkum-
bura district, and rhodolite garnet at Dewalegama, The min
erals occur in placers, and can at times be traced to their 
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source in decomposed pegmatite and other granitic rocks. 
Partial analyses of several samples are given, with one 
complete analysis each of monazite and xenotime. Both were 
found to be unusually high in UgOg, contaimng 2,66 and 1,69%, 
respectively, A specimen from Walaweduwa proved to be 
zirkelite, containing: CaO 6,7, Ti02 24,6, Th02 17.4 and 
Zr02 36.2%. (E,T,W.) 

1618 
THORIUM MINERALS IN 1916. Waldemar T, Schaller (U, 
S, Geol. Survey) Mineral Resources of U S 1916, Part II, 
223-37(separate 14, published Sept. 13, 1917). (E.H.) 

1619 
QUESTION OF THE EXISTENCE OF ISOTOPES WITH THE 
SAME ATOMIC WEIGHT, THE END PRODUCTS OF THE 
THORIUM DISINTEGRATION SERIES, Stefan Meyer, 
Monatsh, 40, 1-14(1919), 

The radiation from a specimen of Pb, sepd, by Soddy from 
Ceylon thorite of at, wt. 207.77, has been examd. to det. 
whether 1 of the 2 isotopes of Pb of the same at. wt,, pro
duced as the ultimate products by the branching of the disinte
gration series, undergoes further change with emission of 
radiation as yet undetected. The a-radiation from the lead 
was found exactly to correspond in mtensity with what is to 
be expected from the polonium regenerated from radium-D, 
which IS necessarily present in the Pb, being derived from 
the small amt, of U in the original mineral. From a soln. of 
the chloride in H2O, the polonium was sepd. by electrolysis 
on a Au cathode, using a Pt anode, and the range and charac
ter of its Qf-rays were found to be identical with those of a 
prepn. similarly sepd. from Joachimsthal pitchblende. The 
discrepancy between the at, wt, of this lead, 207,77, and 
what it should be, 208,0, if both end products are stable, 
must be explained otherwise than by supposing one of the 
products to be unstable. There must be 26% of common Pb 
present to account for this difference, or Lawson's hypothe
sis (Sitzungsher K, Akad, Wiss,, Wien 126, 723(1917)) that 
there may be a gradual replacement of Th by U in Th min
erals in the earth may be the explanation. There is also no 
evidence as to what becomes of the product, supposed to be 
unstable, derived from the decompn. of Th minerals. It is 
known not to change into Hg or Bi, and the existence of any 
large quantity of an isotope of polonium in Th minerals is 
also excluded by the evidence. As regards Tl, Exner and 
Haschek have found considerable quantities by the spectro
scope in Cornish pitchblende, but Hoernes, in a careful 
study of 1 kg of Th-rich, but U-poor, monazite could not 
detect Tl, so that it is probable that its presence in U and 
Th mmerals is accidental, not genetic A review of all the 
cases where 2 isotopes of the same at wt are supposed to 
occur by branching of the series leads to the conclusion that 
there is no certain instance of this known and that both end 
products of Th are stable forms of Pb of the same at wt 
and therefore indistinguishable from one another (C J 
West) 

1620 
THORIUM, ZIRCONIUM AND RARE-EARTH MINERALS 
IN 1919. Waldemar T. Schaller, U. S, Geol. Survey, 
Mineral Resources of U. S., 1919, Part II, l-32(Preprint 
No. 1, published Sept. 1, 1920). (E.H.) 

1621 
THORIUM AND URANIUM CONTENT OF CERTAIN MIN
ERALS; THE GRADUAL TRANSFORMATION OF THORIUM 
B-THORIUM C, Stefan Meyer. Sitzb. Akad. Wiss. Wien 
128, (2a), 897-908(1919). 

The estimation of Th or U in U ores containing very little 
Th, or in Th ores with a very small U content, cannot be 
effected by the usual methods; it is, however, relatively 
easy to est. minimal amts. of U by the proportional Ra con

tent, and of Th through its active ppts. In a specimen of 
monazite sand the ratio of Th to U was 83 • 1, an extreme 
value, which is not commonly observed. A specimen of 
Joachimsthal pitch-blende contained 6.64 x 10"' g. of Th 
isotopes (Th + lo) for 1 g. of U, or 3.33 x 10"' g. of Ra. The 
Th content of a cryst. Morogoro U mineral, the U content of 
which was already known, was estd. in the following manner. 
The amt. of Th-B obtained under definite conditions from a 
known wt. of the mineral was compared with the amt. pro
duced under identical conditions from a mineral of known 
Th content. The Morogoro mineral was thus found to con
tain 0.53% of Th and 74.5% of U, The amt, of Th is so great 
that the equiv. of the Th-Io from the mineral can scarcely 
be distinguished from that of Th itself. In an appendix, M. 
gives tables showing the effect of differing exposure in Th 
emanation on the activity of active Th ppts. (J.C.S.) 

1622 
THE MONAZITE INDUSTRY IN ITS RELATION TO RARE 
EARTHS AND RADIOACTIVITY, Edmund White, Pharm. 
J. 109, 440-2(1922); Chemist and Druggist 97, 671-2(1922). 

An illustrated address on monazite, the methods of ob-
taimng it and its treatment for extn. of Th and meso-Th at 
Travancore, India. (S Waldbott) 

1623 
THE OCCURRENCE OF ELEMENT NUMBER 72 (HAFNIUM) 
IN MALACON AND AL"VITE. V. M, Goldschmidt and L. 
Thomassen. Norsk Geol. Tiddskr. Saertryk 7, No, 1, 61-8 
(1923). 

From its position in the periodic table, it would be 
expected that the new element 72, hafnium, would occur in 
Zr and Th minerals. By use of a Roentgen-spectrographic 
apparatus the lines of hafnium were identified in malacon 
and alvite (varieties of zircon). Hafnium was found in appre
ciable amounts in alvite from Kragerd, which also contained 
Zr, Th, Fe, Mn, Yt, Th, Ce?, W?; its formula being (Zr,72, 
Th)02.Si02. Malacon from Hittero contained Zr, 72, Fe, Mn, 
Yt, and W. Such minerals are then possible sources of 
hafnium. (E. F. Holden) 

1624 
THE CONTENT OF IONIUM-THORIUM IN THE URANIUM 
PITCHBLENDE OF ST. JOACHIMSTHAL. Stefan Meyer 
and Carl Ulrich. Sitz. Akad. Wiss. Wien, Ila Abt. 132, 
279-84(1924). 

The lo content of St, Joachimsthal pitchblende varies 
between 30 to 50%. The possibility of the existence of a U 
isotope, thoruranium, as the parent substance of the Th 
family is discussed. There is no necessity of assuming the 
existence of this element. (Mane Farnsworth) 

1625 
THE RADIOACTIVITY OF BASALTS AND OTHER ROCKS. 
J. H. J. Poole and J. Joly. Phil. Mag. 48, 819-32(1924). 

In connection with the theory of Joly as to the influence of 
the radioactivity of the sub-crystal magma on the geological 
history of the earth's crust new detns, of Ra and Th in 
basalts and other rocks from various localities have been 
made. The e l ec furnace fusion method of powd. rock in 
Na2C03 at 1100° was employed for Ra. The CO2 generated 
by the introduction of S1O2 and Na2C03 is the sweeping gas, 
which must be removed by soda lime before the residual air 
is admitted into the Rn chamber. Elaborate precautions are 
described for eliminating all sources of error such as radio
active contamination, adsorption of Rn, presence of H2O 
vapor in the chamber, etc, Th is detd. by bringing the e l e c 
furnace melts into soln,, boiling off Rn, and detg. Th by 
passing a current of air through the soln. and then through 
the electroscope chamber. An expression is given for the 
best rate of air flow as a function of the vol, of the chamber. 
The general means obtained for basaltic rocks are: 
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Hebridean 
European 
Deccan 
Western U. S. A. 
Atlantic Islands 
Indian Ocean Islands 
Pacific Ocean Islands 
Eastern U. S. A. 
S. African 
AU basalts , gabbros. 

dolerites 

(6) 
(15) 
(6) 
(7) 

(8) 
(3) 
(4) 
(5) 
(4) 

(58) 

Ra in 
10-'^ g . /g . 

0.77 
1.30 
0.77 
1.69 
1.31 
0.86 
1.09 
1.09 
1.44 

1.19 

Th in 
1 0 - ' g. /g. 

0.49 
0.84 
0.46 
1.52 
0.87 
0.65 
0.32 
0.65 
0.70 

0.77 

There is litUe difference between the new results and pre
vious ones obtained by similar procedure. (S. C. Lind) 

1626 
GEOCHEMICAL DISTRIBUTION LAWS OF THE ELEMENTS. 
IV. THE CRYSTAL STRUCTURE OF THE OXIDES OF THE 
RARE EARTH METALS. V. M. Goldschmidt, F. Ulrich, and 
T. Barth. Skrifter utgit av det norske Videnskap-Akademi i 
Oslo. (I) Matem-Naturvid. Klasse 1925. No. 5, pp. 5-24. 

The sesquioxides of the rare-earth metals (R2O3) have 
crystal structures belonging to three types, A, B, and C. A 
IS the high-temp, form and C is the low-temp. form. A is 
hexagonal. B probably consists of two sub-groups, Bj and 
B2. Bi is pseudo-trigonal. B2 has been observed only in the 
case of GD2O3, and has higher symmetry than Bj. C is cubic, 
with a unit cube side of about 10 A. U., containing 16 mols. 
of R2O3. The space group is O/o. X-ray measurements were 
made by the powdered crystal method. On the basis of the 
structures of their oxides, the rare-earth metals may be 
divided into two groups. The cerite group contains La, Ce, 
Pr , Nd, and Sm; and the ytterbite group contains Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tu, Yb, and Lu. The cerite group forms 
oxides belonging to type A, while the ytterbite group sesqui
oxides belong to type C. The metals of both groups which 
are in the middle of the series also form oxides belonging 
to type B. The A and Bj modifications are enantiotropic 
Whether Bi and C are enantiotropic is not decided. Ce02 and 
Th02 have the fluorite structure with a = 5.40 and 5.57 A. U., 
resp. Black praseodymium oxide, with a formula corre
sponding to PreO,!, and brown terbium oxide, represented by 
Tb40j, give strong diffraction patterns of the fluorite type, 
with weak Imes corresponding to the C form of the sesqui
oxides. These two substances are either mixed crystals or 
double salts of the di- and sesquioxides. The length of side 
of the unit cube of the C form decreases with increasing at. 
no. in the rare-earth series. The cube sides for elementary 
cubes contaming 16 mols. of R2O3 are: Sc, 9.79; Y, 10.60; 
Sm, 10.85; Eu, 10.84; Gd, 10.79; Tb, 10.70; Dy, 10,63; Ho, 
10.58; Er, 10.54; Tu, 10.52; Yb, 10.39; Lu, 10.37 A. U. 
There is a grouping into pairs according to chem. proper
ties which IS also shown in the lengths of cube sides In 
general, the chem properties of the rare earths and the lat
tice dimensions of the C form of their sesquioxides show a 
distinct correlation (R J Havighurst) 

1627 
THE COMPOSITION OF BROGGERITE AND THE GENETIC 
CONNECTION BETWEEN THORIUM AND URANIUM. W. 
Riss, Sitzb. Akad. Wiss, Wien 133, Ila, 91-100(1924), 

A continuation of the investigation of G, Kirsch, who has 
concluded from analyses of U minerals, in which the ratio 
of Pb to U and Th to U was detd., that there is a genetic con
nection between Th and U. A very large amt. of material has 
been analyzed, the methods of analysis being described. The 
results are plotted, Pb/U against Th/U, and at first sight 
there does not appear to be any regularity; but if it is 

assumed that some of the ores originally contained a quan
tity of Pb approximating closely to 0.6%, while others con
tained little or none of this substance, it becomes possible to 
draw 2 nearly equidistant curves, about which the observa
tions group themselves fairly satisfactorily, though the 
agreement with the above theory is not as good as Kirsch 
obtained with his comparatively few observations. On the 
whole, however,the new results agree quite well with the 
assumption that Th is a product of U, and there is evidence 
in the diagram that there was no Th originally in the crys
tals analyzed. When crystals from a single pegmatite lode 
are considered it is found that the relations between Pb/U 
and Th/U are often very different indicating that the ages 
of the crystals vary greatly, and it is suggested that some 
of them were formed in the magma long before the formation 
of the lodes, while others were formed much later; appar
ently the latter are generally more brittle than the former, 
and it may be possible to use them in detg. the age of the 
lode. (H.G.) 

1628 
THE FIFTY-EIGHTH ANNUAL RE^VIEW AND YEAR BOOK 
NUMBER. Eng. Mining J. 123, No. 4(1927). 

This number contains mining and trade information for 
the year 1926 on Cu, Pb, Zn, Au, Ag, Fe, petroleum, Mn, 
Ni, chromite, W, Co, Mo, Pt, Hg, As, Sb, Bi, bauxite, Al, 
Ra, U, V, Cd, Ce, Se, Te, Tl, Tl, Th, Zr, asbestos, mica, 
graphite, talc, tripoli, diatomite, Si02, feldspar, kaolin, 
gypsum, magnesite, iKirytes, fluorspar, borates, phosphate 
rock, nitrates, potash, sulfur, and pyrites; regional sum
maries of the mining industry are given and papers on 
"Milling and flotation" by C, E. Locke, "Hydrometallurgy" 
by G. D, Van Arsdale, "Smelting practice" by E, P, Mathew-
son, and "Iron and steel metallurgy" by James Aston. (E H ) 

1629 
RADIOACTIVITY OF CERTAIN ROCKS IN CZECHOSLO
VAKIA J. Sebor. Chem. Listy 20, 511-16(1926). 

The Ra and Th content of rocks from the Joachimstal and 
Pribram regions, as well as of sundry plutomc and sedimen
tary rocks IS given in tables unsuitable for abstracting. 
Appreciable Ra and Th content is found only in the rocks 
from the Joachimstal region, the Pribram ore having been 
already exhausted. Silicate plutomc and sedimentary rocks 
show much higher Ra content than carbonate rocks. (F. C. 
Kracek) 

1630 
THE RADIUM AND THORIUM CONTENTS OF THE PHONO-
LITE OF KAISERSTUHL. Wolfgang Seith. Ber. naturfor-
schend. Ges. Freiburg i, Br. 27, No. 2,4 pp; Chem, Zentr, 
1927, II, 2273. 

Various phonolites and tephrites from Kaiserstuhl were 
studied and a Ra content of 4.83 x I C T " and a Th content of 
4,25 X 10"' g. were found. The values for tephrite amount to 
6.62 X 10"'^ Ra and 4.33 x 10"' g. Th, without great varia
tions, as supposed by Lederer. From them may be calcd. a 
U content of 1.55 x 10"' and 2.10 x 10"' g. resp. per g. of 
rock. The Kaiserstuhl also shows a somewhat higher con
tent in radioactive substances than Hegau. (C. C, Davis) 

1631 
URANOTHORITE FROM THE MACDONALD MINE, HYBLA, 
ONTARIO, a- AND ^-HYBLITE—NEW SULFATIC ALTER
ATION PRODUCTS OF HYBLA THORITE. H, V, Ellsworth. 
Am. Mineral. 12, 368-72(1927). 

This is the first known occurrence of thorite in Ontario, 
Some of the crystals are % inch in cross section and all 
contain occasional pyrite inclusions. Analysis of selected 
material shows: PbO 1.32, UO2 7.67, UO3 9.46, ThOj 46.33, 
(Ce, La, DDjOj 0.08, (Yt, Er)20j 0 36%; hardness = 4 . 5 - 5 , 
sp. gr. = 4.414; n = 1.710. Because of intensive alteration 
the age values from the Pb:U ratio are very low. II. Two 
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new alteration products, a- and ^-hyblite, could be obtained 
pure only in microscopic amts, Microchem, tests show Th 
and U to be the most important constituents, a-Hyblite 
appears as a white porcelainic isotropic mineral with no 
cleavage; its n = 1,545, It contains minute bubbles, probably 
entrapped He, 0-Hyblite is yellow-brown with conchoidal 
fracture and is isotropic, with n = 1.610, also with bubble 
inclusions, (C, B, Slawson) 

1632 
RARE-METAL DEPOSITS IN BRAZIL. Henrique C, Thut, 
Chimica industria 1, 349-54(1926), 2, 383-4, 403-4(1927), 
Monazite sands. 

The monazite deposits in Brazil are the largest in the 
world; they extend from the state of Bahia to the state of Rio 
de Janeiro, Compn, Ce 62%, Th 1,5-15%, Y 1-3%, La 2.5%, 
Fe 2,5%, Al 3%, The sands are coned, on WiUleys and on 
Humboldt magnetic separators, Th is extd. as sulfate from 
monazite and thorite by decompn, with H2SO4. Ce is found 
assocd, with La, Y and Th in samarskite, euxenite, and 
monazite. The powd, mineral is digested with hot H2SO4 
and pptd, as double sulfate with K2SO4, the metals of the Y 
group remaining in soln. Y combined in gadollnte, xeno
time and in monazite sand. La: in monazite sands, cerite, 
allanite and lanthanite. La oxide is easily reduced by Na 
or K, or by electrolysis of the double Na chloride. Ta and 
Cb: combined in samarskite (40% Cb205, 14% Ta205), tanta-
lite and columbite, at Ramalhete, Peconha (Minas). Cb is 
obtained from the oxide by a reduction with Al; Ta from the 
fluoride by K. V is found in many places as vanadinite; it 
is extd, from a NaOH,Na2C03 fusion with H2SO4, Er is found 
combined in xenotime near Diamantlna and Tripuhi (Ouro 
Preto), The mineral is decomposed by HF and the insol, Er 
is sepd, by filtration. Notes on history, properties, compds, 
and uses are given for each metal, (R, D. Bumbacher) 

1633 
THE THORIUM CONTENT OF KATANGA PITCHBLENDE. 
AN ANALYTICAL CHEMISTRY INVESTIGATION. Fried-
rich Hecht and Eduard K5rner (Univ, Vienna), Monatsh. 49, 
460-75(1928). 

This paper contains many interesting comments on the 
difficulties attending the detn, of the Th content of pitch
blende. The method of C, W, Davis (C, A, 20, 1778) requires 
modification when a small quantity of Th (say 0.01%) is to 
be detd, because when Pb is pptd. as PbSOt, as it is at the 
start of the Davis method, a little Th02 is occluded by the 
ppt. After the electrolysis of the HNO3 soln, and deposition 
of Pb02 on the anode, the residual soln. should be combined 
with the filtrate from the original PbS04 ppt, so that it is 
available for the subsequent detn. of Th, The sepn, of Th as 
fluoride is better than as subphosphate because the 
Th(H2PPe)2 ppt- apparently occludes U and other elements. 
Moreover, the assumption that the subphosphate is changed 
completely to ThP20j on ignition does not appear to be true 
as the ppt, weighs too much. It has been noticed that Pb 
salts from radioactive minerals show a greater tendency to 
hydrolyze than ordinary Pb salts. Studies were carried out 
in the attempt to show the presence of Th"'"'"'̂  was the cause 
of this peculiarity, but In the light of all the results obtained, 
this explanation does not appear to be reasonable, although 
it is probable that when the electrolysis of the HNO3 soln. is 
carried out in accordance with the method of Davis, the 
Pb02 deposit always contains a little PbSOt and often some 
Th02, With respect to the detn, of U, the method of Schoep 
and Steinkuhler (C, A, 16, 3828) is imperfect when large 
quantities of U and P are present unless several pptns. are 
made. Although the presence of 0.01-0,02% of Th02 in 
pitchblende has been demonstrated by this work, it is pretty 
clear that this small quantity shows the falsity of the theory 
of Kirsch with respect to Th being one of the decompn. 
products of an isotope of U, (W,T,H,) 

1634 
THE RADIOACTIVE CONSTITUENTS OF HOKUTOLITES 
AND OTHER MINERALS FROM JAPAN. Jun Yoshimura. 
BuU. Inst. Phys. Chem. Research (Tokyo) 8, 223-7(1929). 

The Ra and Th contents of hokutolites, allanite and xeno
time from Japan were detd. For Ra Soddy's emanation 
electroscope was used, and for Th the const, current 
method. The results are: 

Mineral Locality 

U Th 
Ra (UjO,) (ThOj) 
(%) (%) (%) 

Hokutollte Hot spring of 1.73x10"' . . . 0.02 
Hokuto, Taiwan 

Hokutollte Hot spring of 1.22 x 10"' . . . 0.01 
Shlbukuro, Akita P. 

Allanite Shlrakawa 4.87 x 19"' 0.017 1.05 
near Kyoto 

Xenotime Ishlkawa, 6.98 x 10"' 2.42 
Fukushima P. 

In the above table, the U content was calcd. from the amt. of 
Ra, the recognized equil. ratio being applied. The Ra and 
Th contents of both hokutolites are of the same order of 
magnitude. The radioactivity of this substance is mainly 
ascribed to Ra and its disintegration products, the effect 
due to the Th series being slight, since the quantity of Th 
present is relatively very small. With the xenotime, the 
sample used contained assocd. zircon; hence the decompn. 
was effected by boiling with coned. H2SO4, and the activity 
of the evolved emanation was measured; the amt. of Ra 
shown in the table may, however, include a little from the 
zircon. Phys. Chem. Research, Suppl. 10, No. 10, 47-52 
(1929). (G. Calingaert) 

1635 
MONAZITE. Anon. Mineral Ind, 37, 430-1(1928), 

Statistics of monazite, Th compds, and Ce are given, 
(A. Butts) 

1636 
DETERMINATION OF THORIUM IN COLD MUD FLOWS 
AT LA TOJA (PONTEVEDRA), F, Dfaz de Rada. Anales 
soc, espan. fis. quim. 27, 631-6(1929), 

The presence of Th in the mud is shown by radioactivity. 
The curve of de-activation shows the co-existence of Ra and 
Th, descending in the first few hrs, sharply, because of Ra. 
Th was detd. by a continuous gas current in comparison 
with a known Th soln. The muds contain 0,0025 g, Th per g. 
(E. M. Symmes) 

1637 
MONAZITE, THORIUM AND CERIUM. R. M. Santmyers, 
Bur, Mines, Information Cire, 6321, 43 pp.(1930), 

S, discusses the minerals bearing Ce and Th, mode of 
occurrence, tests, mining and prepn,, production, trade 
and uses, A 4-page bibliography is given. (Alden H, Emery) 

1638 
THE CHEMISTRY AND THE GEOCHEMISTRY OF THE 
TITANIUM GROUP. George von Hevesy. J. Chem, Soc, 1931. 
1-16, 

The amts, of these elements in the total mass of the earth 
are calcd. as follows: 

(1) from analyses of te r 
restrial rocks 

(a) assuming the 
earth to have an 
eclogite shell 

(b) assuming a per l -
odotite shell 

(2) from analyses of mete
orites alone 

(3) heat equil. consider
ations 

14 X 10 'g . /g . 2 X 10 >g./g. 

0.0018 g./g. 

0.0019 g./g. 

0.0015 g./g. 14 X 10 'g . /g . 

1.3 X 10"'g./g. 

3 X IQ-'g./g. 
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The geochem. behavior of HF is similar to that of Zr. When 
present as a miners; most of the earth's Ti is shown to 
occur as ilmenlte (FeTiOg). (J. Balozian) 

1639 
DETERMINATION OF RADIUM ELEMENTS IN PLANTS. 
III. E. Burkser, V. Kondoguri, V. Milgevska and K. Bron-
stein. Biochem. Z. 233, 58-61(1931). 

The Ra and Th as well as the Ru contents of a number of 
plants were found to be of about the same magnitude as those 
of the ocean (0.2-10.4 X 10"'% Ra and 0.5-3.6 x 10"'% Th). 
(S. Morgulis) 

1640 
COMPLETE QUANTITATIVE MICROANALYSIS OF CEY
LON THORIANITES. Friedrlch Hecht. Mikrochemle 12, 
192-204(1932). 

Detailed directions are given for detg. residue insol. in 
acid, PbO, Sn02, rare earths, Th02, U3O3, Fe203, AI2O3, 
Ti02, Zi02, CaO, MgO, and water lost below and above 110°. 
The results obtained in the analysis of samples weighing 
17.4, 37.0, and 38.5 mg. agreed well, and the summation 
varied from 98.98 to 101.7%. Only 140 mg. of the material 
was available. (W,T,H,) 

1641 
UTILIZATION OF SOME AZOIC DERIVATIVES OF 
H-VTDROXYQUINOLINE IN MINERAL ANALYSIS. U. AND IH. 
Gregoire Gutzeit and Robert Monnier. Helv. Chim. Acta 
16, 478-85, 485-6(1933). 

/)-(4')-Sulfo-o-tolyl-5 azo-o(8)-hydroxyquinoline forms 
an orange soln. in ale. When added to a soln. of Hg"'""'" in 
HNO3, a red color is obtained and a faint red color is 
obtained with Pd"'""'". A red soln. of o-carboxyphenyl-5-azo-
o(8)-hydroxyquinoline In ale. gives a violet ppt. with Hg"'""'", 
a purple color with Cu"'""'" and a characteristic violet color 
with Pd^"'"; Ag"'", Bi"'""'""'" As"'̂ "'""'" and Co"*"* give pale-red color
ations. A violet color is obtained with [MoOCls]"". A red
dish orange soln. of /)-tolyl-5-azo-o(8)-hydroxyquinoline 
gives a violet-red ppt. with Hg"'""'", a violet ppt. with Cu"'""'" 
and a brownish violet ppt. with Pd"'""'". In HNO3 soln., faint 
olive-green tests are obtained with Ag"'" and Bi^"'"*. Ru, Os, 
Ir, As, Ni, and Cr04 ions give brown ppts. with this reagent. 
In the presence of HCl, which masks the above tests , a vio
let ppt. is obtained when [MoOCljJ"" is present. The test 
is , therefore, sp. for Mo when less than 5% Cu is present. 
A brown soln. of phenyl-5-azo-o(8)-hydroxyquinolines in 
a l e gives a violet ppt. with Hg, a brown ppt. with Cu, a vio
let one with [M0OCI5]"" and faint tests with Au"'"̂ * and 
Zn"'""'". A table is given showing the corresponding results 
obtained with 16 other derivs. of o-hydroxyquinoline. The 
reagents are , as a rule, sp, for Hg"'̂ "'", Cu"'""'", Pd"'""'", and 
Mo"*"' but often give indications with Ag, Pb, Th, V, Bi, W, 
and Ru ions, Neg, results are obtained with Cd, Se, Te, Pt, 
Sn, U, Al, Ti, Th, Cb, Ta, Be, Yt, and Mg ions. (W,T,H,) 

1642 . 
METHOD FOR THE DETERMINATION OF URANIUM AND 
THORIUM IN ROCK SPECIMENS, Heinrich Graven. 
Sitzber. Akad. Wiss. Wien. Math, naturw. Klasse, Abt. Ila, 
141, 515-20(1932). 

The method of G. (C. A. 25, 2661) is open to the criticism 
that the standards prepd. from gypsum and active material 
contain much water of crystn. which may absorb y-rays 
differently from most stone materials. Also the specimen 
as found in nature or freshly broken gives different values 
by G's. method after being polished. New standards prepd. 
of dolomite, quartz, cement and active material agree in 
value with the standards previously used and prove that the 
water of crystn. does not interfere. The shape of the sam
ple also does not affect the measurements. Polished sam
ples uniformly gave values lower by almost a const, per
centage than freshly broken samples. By comparing the 

values obtained from broken and polished samples by G's. 
method with the Ra and Th contents detd, by the emanation 
method it was clearly established that the lower values 
from the polished samples are the correct values, since 
they are identical with the values obtained by the emana
tion method. Weathered surfaces give higher false values 
by G's. method. (O. E. Sheppard) 

1643 
THORIANITE FROM EASTON, PA. Roger C. Wells, John 
G. Fairchild, and Clarence S. Ross. Am. J. Sci, 26, 45-54 
(1933). 

Thorianite, unusually high in UjOj and low in Th02, occur
ring in the Pre-Cambrian serpentine near Easton, Pa., and 
assocd. minerals are described. The sample analyzed UO2 
4.44, UO3 33.15, Th02 38.47, PbO 5.21, ra re earths 2.49, 
R2O3 1,57, CaO 0,97, MgO 0,53, MnO 0.31, HjO 4.39, insol, 
(including SIO2) 7,86%, From the Pb-Th-U ratio, 4.84-
33.81-31.50, the age is calcd. as Pre-Cambrian. An altera
tion product analyzed UjOj 42.70, ThOj 25.06, PbO 3.86, rare 
earths 5,10 and insol, 5.90%. The Pb-Th-U ratio is 3.58-
22.03-36.21. It is a high-Th gummite, (Alden H, Emery) 

1644 
THE THORIUM CONTENT OF PITCHBLENDES FROM 
GREAT BEAR LAKE, N, W. T,, CANADA, A. Merkel. 
Centr. Mineral., Geol. 1934A, 312-15. 

Seven samples of pitchblende from the Eldorado Mine 
were analyzed by the x-ray spectrograph and were found 
to have less than 0.01% Th. From this it was calcd. that 
the Pb^°' (Th D) resulting from the Th must be less than 
0.00046%. The total Pb in the samples, as detd. by the 
same means, was 10.9 — 15.8%. (John E.Mllbery) 

1645 
CONCENTRATION OF THE ENISEI ORES. A. G. Bayula. 
Novosti. Tekhniki, Seriya Gornorudnaya Prom. 1935, No. 
6, 12. 

This ore contains about 0.5% Sn, about 6% rare earth 
elements and less than 1% of other rare elements. It is a 
mixt. of cassiterite, orite and monazite which contain Ce, 
Yt, and Th earths in addn. to Au. Concn, on a Wilfley table 
gave 8-13% of a concentrate and 92% Au recovery. Amal
gamation yielded 77-88% of Au; the yield was raised to 
95% by addnl. disintegration of the ore to 35-mesh, and up 
to 60% Sn, 10% rare earths and up to 20% of Th. Magnetic 
sepn. carried off only insignificant amounts of Au and ra re 
elements. It was possible by using strong magnetic separa
tion to sep. a number of products present in the nonmagnetic 
fraction. (A. A. Boehtlingk) 

1646 
OCCURRENCE OF RARE ELEMENTS IN GOLD SLIME. 
V. Zemel. Sovet, Zolotoprom. 1935, No. 7, 23-5. 

Results of analysis of 42 samples of Au slime, collected 
from various Russian gold mines, are given. Among the 
elements found in the slimes were: Zr, W, V, Ti, Th, and 
Mo. (S,L,M,) 

1647 
CONTENT OF LESS COMMON ELEMENTS IN ERUPTIVE 
ROCKS. E, Trbger. Chem. Erde 9, 286-310(1935). 

The occurrence in eruptive rocks of the chief rock-
forming minerals contg. the less common elements (P, Ti, 
Zr, Hf, Th, Ge, Sc, Ga, B, V, Cr, W, U, Mn, Ni, Co, Cu, 
Zn, Pb, Be, Sr, Ba, Li, Rb, Cs, F, CI, S, and the rare 
earths) and their mutual relations, with special reference 
to the at. radii of the elements, are discussed. Thence 
with the aid of some 1000 analyses, the av. content of these 
elements In each of 28 classes of eruptive rocks is deduced. 
(C. A. Silberrad) 

1648 
THE PRESENCE OF MONAZITE-CONTAINING SANDS IN 
THE GALICIAN COAST. Isidro Parga-Pondal. Bol. acad. 
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c ienc exactas fis.-quim. nat. (Madrid)2. No. 2, 16-19(1935). 
Sands contg. up to 30% monazite yielding Ce203, Y2O3, 

Th03, and P2O5 were obtained. (C. E. P, Jeffreys) 
1649 

HELIUM RATIOS OF ROCKS AND MINERALS FROM THE 
DIAMOND PIPES OF SOUTH AFRICA, Arthur Holmes and 
F. A. Paneth. Proc. Roy. Soc. (London) A154, 385-413 
(1936). 

The technics for the detns. of He, U, and Th in rocks and 
minerals are described, and the results of the analysis of 
20 specimens are given. The He ratio of kimberlite corre
sponds to an age of 58.10' years and is consistent with the 
late Cretaceous age assigned to the diamond pipes, Amphib-
olite xenoliths, known to be of pre-Cambrian age, have He 
ratios higher than kimberlite. Three eclogite nodules gave 
high He ratios and were thus proved to be accidental xen
oliths derived from preexisting crustal rocks, Xenoliths 
of the peridotite suite, including xenocrysts of zircon, all 
gave low He ratios. The bearing of these results on cer
tain theories of petrogenesis is briefly discussed. (Moms 
Muskat) 

1650 
INCREASED y-RAY SENSITI"VITY OF TUBE COUNTERS 
AND THE MEASUREMENT OF THE THORIUM CONTENT 
OF ORDINARY MATERIALS. Robley D. Evans and Ray
mond A. Mugele. Rev. sci. Instruments 7, 441-9(1936), 

Systematic comparison of many forms of tube counters 
reveals that the sensitivity to y-radiation from a source of 
given strength and geometry, may be markedly increased 
by increasing the effective area of the cathode through the 
use of screen-wire or grooved tubes and cathodes of high 
atomic no. If the cathode is not radioactive, various clean
ing agents do not increase its sensitivity. Temp, changes 
between 0° and 45° do not appreciably affect the Cu cathode 
tube counter. For every counter an optimum pressure and 
voltage can be found at which the counter is many times 
more sensitive than it would be with no care taken in selec
tion of these operating conditions. A y-ray counter is 
described which has a sensitivity which permits the direct 
measurement of the feeble y-radiation from the radioactive 
impurities in ordinary gramtic rocks. When combined with 
independent measurements of the U content by the Rn 
method, the sensitivity leads to Th measurements having a 
probable statistical error of about 12 x 10"' g. Th per g. 
rock when only 2-hr. measurements are made on 1400 g. 
of rock. (P, J, Wilson, Jr,) 

1651 
GEOCHEMISTRY OF URANIUM AND THORIUM. G. Kirsch 
and F. Hecht. Z. anorg. allgem. Chem. 236, 157-64(1938) 

While U IS coned, in acidic differentiates, Th appears to 
follow a somewhat different course and is probably present 
in much greater amt. than U in the depths of the earth. 
Uraninites from some localities seem to have been formed 
in depth over long periods of time, but were brought to the 
surface in a single intrusion. Caution must be exercised 
in detg. geological age from the analysis of a single spec
imen. (M.F.) 

1652 
JAPANESE THOROGUMMITE AND ITS PARENT MINERAL. 
Satoyasu Iimori and Shin Hata. Sci. Papers Inst. Phys. 
Chem. Research (Tokyo) 34, 447-54(1938). 

Thorogummite was found at a feldspar quarry in Iisaka 
village. Date County, Fukushima Prefecture, Japan, assocd. 
with allanite, zircon, fergusonite, yttrialite, e t c , and show
ing a radioactivity about 6 times that of Indian monazite 
The mineral exists in brownish, gum-like masses of 10 — 30 
mm. m diam. embedded in biotite or feldspar and of a sp. 
gr. of from 3.26 to 3.31. It is readily sol. in dil. HCl with 
sepn. of gelatinous S1O2. It contains S1O2 21.10%, Th02 

25.05, UO2 7.91, ZrOj 4.78, Y earths 12.19, and Ce earths 
0.57. The ratio of thoria and uranyl to S1O2 is somewhat 
lower than that of thorogummite from Llano County, Texas. 
The parent mineral for this thorogummite is considered 
to be yttrialite. (J. W. Shipley) 

1653 
THE RADIOACTIVITY OF SPRING WATERS. Hertha 
Pertz. Sitzber. Akad, Wiss. Wien, Math, -naturw. Klasse, 
Abt. Ila, 146, 611-22(1937). 

Radon, Ra and Th contents of springs of the southern 
Vienna hot springs region and at Fischau, Voslau, Baden, 
Wien-Meidling and ViUach were detd. Of these the springs 
at Baden contam the most Ra (about 6 x 10 '^ g./l.) and 
radon (about 6 Mache units). (Oden E. Sheppard) 

1654 
THORIUM-URANIUM RATIOS OF ROCKS AND THEIR 
RELATION TO LEAD ORE GENESIS. Norman B. Keevil. 
Econ. Geol. 33, 685-96(1938). 

Th and U contents and the Th/U ratio were detd. for 12 
basaltic and 12 granitic rocks from widespread localities 
and of different geol. ages. For the basaltic rocks, U varied 
from 0.49 to 1.94, av. 0.94 x 10"' g./g.; Th varied from 1.61 
to 5.05, av. 2 83 x 10"* g /g , Th/U varied from 1 8 to 4 7, 
av. 3.2. For the gramtic rocks, U varied from 0.58 to 8.0, 
av. 2.77 x 10"' g./g.; Th varied from 0.9 to 19.3, av. 7.94 x 
10"'g./g.; Th/U varied from 1.5 to 4.2, av. 2.8. From these 
averages and the results of Hevesy and Hobbie (C. A. 26, 
1548) on the Pb content of rocks, the at. wts. of granitic and 
basaltic rock Pb are calcd. to be 207.19 and 207.18, resp., 
values much closer to the at. wt. of ore Pb than those calcd. 
by Holmes from less reliable data. These results and the 
variable isotopic constitution of ore Pb recently reported 
by Nier (C. A. 32, 6944g) remove the basis for the conclusion 
reached by Holmes that ore Pb must be derived, not from 
basaltic or granitic magmas, but from a deep-seated mag-
matie source. (Michael Fleischer) 

1655 
ANALYSIS OF MINERALS BY THE X-RAY SPECTROSCOPIC 
METHOD. I. B. Borovskif and M. A. Blokhin. Bull. acad. 
sci. U. R. S. S,, Classe sci. math, nat., Ser. geol. 1937, 
929-36 

This method applied to various Zr and Ta silicates shows 
the presence in zircons of Hf, Sr, and Th, and in eudialytes 
of Y, Sr, and Ta. (C. A. Silberrad) 

1656 
THE GEOCHEMISTRY OF THE RADIOACTIVE ELEMENTS 
OF CENTRAL ASIA. I. THE DISTRIBUTION OF URAN
IUM AND THORIUM IN ROCKS OF THE KARAMAZAR MAG-
MATIC COMPLEX. L. V. Komlev. Trav. mst. gtat radium 
(U. S. S. R.) 4, 331-48 (in English, 348-50) (1938). 

Descriptions of 30 of the most typical rocks and their U 
and Th contents are given, and the geologic history is dis
cussed. (H. M. Leicester) 

1657 
RADIOACTIVITY OF THE MINERAL SPRINGS OF CHATEL-
GUYON (PUY-de-DOME). Adolphe Lepape and Marcel Ges-
lin. Compt. rend. 210, 223-5(1940). 

The amt. of Rn evolved from 7 springs at or near Chatel-
Guyon varies between 0.27 and 1.36 miUimicrocuries m the 
gases and between 0.06 and 0.29 in the water, but is much 
higher (2.65 and 2.93) in the water from 2 other colder 
springs. The colder and less mineralized contain more Rn 
than the hotter springs of deeper origin. The Ra content of 
4 was 8.1-9.1 x 10"*^ g./g. of the total solids, which amount 
to 0.17-0.21 g./l . The induced activity of Th averages 0.83, 
an unusually high figure. (C. A. Silberrad) 

1658 
TREATMENT OF RARE EARTH MINERALS. Alan R. 
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Powell and Johnson, Matthey & Co. Ltd. British Patent 
510,198, July 28, 1939, 

Th, Ce, and Y earths are recovered from monazite 
or other acid-sol, phosphate minerals by (a) dissolving the 
mineral in hot coned, H2SO4, (b) treating the resulting 
paste with a relatively small amt. of H2O and filtering the 
resulting acid soln. from the insol. material and earth sul
fates produced by the acid attack, (c) dissolving the earth 
sulfates in cold H2O to sep. them from unattacked mineral, 
S1O2, etc., (d) neutralizing the soln. with La didymium 
hydroxides, oxides or carbonates to ppt. hydroxides of Th, 
Tl, Zr, etc., (e) treating the filtered soln. from (d) with an 
alkali metal sulfate to ppt. the double sulfates of the earth 
metals and the alkali metal, (f) boiling the filtered and 
washed double sulfates with alkali metal hydroxide to obtain 
the insol. hydroxides of the earths and a soln. of Na2S04 for 
use again in (e), (g) filtering, washing and drying the 
hydroxides to convert the Ce(OH)3 therein to Ce(OH)4 by 
oxidation with atm. O, (h) digesting the dried hydroxides 
with dil. HNO3 sufficient to dissolve the trivalent hydrox
ides, leaving a residue of Ce(OH)4 and (or) basic nitrate, 
(1) dissolving the resulting ceric residue in HNO3 of not less 
than about 25% concn., (j) hydrolyzing the clarified soln. of 
Ce(N03)4 by the addn. of cold or hot H2O and a quantity of a 
suitable sol. sulfate or H2SO4 theoretically sufficient to con
vert the ceria partly or wholly into basic ceric sulfate, and 
(k) calcining the washed ppt to obtain pure Ce02 In a 
modification, the neutral sulfate soln. from (d) may be 
treated with an excess of alkali metal hydroxide to obtain 
the msol. hydroxides and the soln. of Na2S04 described in 
(f). In a further modification, the neutral soln. from (d) 
may be boiled to ppt. the hydrated earth sulfates, which are 
then converted into hydroxides by boiling with alkali metal 
hydroxide as in (f). 

1659 
MINERAL PHOSPHATES OF THE NORTHERN TERRITORY. 
Albert E. WiUiams. Chem. Eng. Mining Rev. 32, 373-5 
(1940). 

The occurrence of amblygonite and monazite as sources 
of Li, Ce, La, Di, and Th is noted. Also the mineral phos
phate deposits in Northern Territory are discussed from 
the standpoint of their future importance. (W.H.B.) 

1660 
URANIUM AND THORIUM DETERMINATIONS IN LIME
STONE AND DOLOMITE AND THE QUESTION OF THE 
RADIOACTIVE EQUILIBRIUM IN THEM. Use Lahner. 
Sitzber. Akad. Wiss. Wien, Math.-naturw. Klasse, Abt. Ila, 
148, No. 3 - 4 , 149-62(1939). 

The U was detd. by its fluorescence and the Th by its 
emanation. Limestone gave a mean value of 0,3 x 10"' g, 
U/g. rock and 2.4 x 10"' g. Th/g.; for dolomite the values 
were 4 x 10"'g. U/g. and 1.7 X 10"' g. Th/g. The minerals 
were from the Austrian Alps. By comparison with the mean 
value for Ra found by Kropf it can be shown that U and Ra 
are not in equil. Various reasons for this are discussed. 
(M. Farnsworth) 

1661 
HELIUM RETENTION IN COMMON ROCK MINERALS. 
Patrick M. Hurley and Clark Goodman. Bull, Geol. Soc. 
Am. 52, 545-60(1941). 

Detns. were made of He, Ra, and Th on feldspar and 
pyroxene sepd. from the same Triassic rocks. The age 
ratios calcd. for the pyroxenes are nearly 3 times those 
calcd for the feldspars. Age ratios detd. for Triassic 
magnetites are still higher. The differences are ascribed 
to loss of He. The ages detd. tor the magnetites agree 
fairly well with those detd. by the Pb method, and it is 
probable that magnetite loses little or no He. If the reten-

tivity of magnetite = 1, the specific retentivity of pyrox
ene = 0.8, that of feldspar = 0.3. (M. Fleischer) 

1662 
RADIOACTIVE ELEMENTS IN SEVERAL SOILS OF 
U.S.S.R. V. I. Baranov and S. G, Tseftlin, Doklady Akad, 
Nauk S.S.S,R, 30, 328-31(1941), 

The authors detd, the contents of Ra and Th in a no, of 
soil samples taken from various regions of U.S,S,R. lying 
approx. along the 40th meridian. The amts. of the elements 
and their ratio were approx. const., with Ra content of 
10""% and Th of 10"*% of the soUs used. The authors pro
pose an investigation of the fertility of the soils as related 
to the radioactive contents. (G. M. Kosolapoff) 

1663 
RADIUM CONTENT OF A NEW MINERAL FROM RAJ-
PUTANA. B, D. Nag-Chowdhuri, Indian J. Phys, 18, 
257-8(1944), 

The U and Th in a mineral can be rapidly detd, by analy
ses of the absorption curves of ^-rays in Al, The mineral 
examd. in this way was orange-yellow and of altered 
appearance. Most of the activity was due to U, which was 
present as oxide, and the mineral may be described as a U 
ocher. It contains U 60,1 ± 1,2% and Th 0,7 = 0,05%, This 
high U content compares favorably with that of other min
erals used for Ra extn. It is estd, to yield 234 mg, of Ra 
per ton, (B.A.) 

1664 
THUCOLITE AND NATURAL GAS FROM BOUDEN. 
Erland Grip and Olof H, Odman (Boliden Mining Co,, 
Boliden, Sweden), Sveriges Geol Undersdkn, Arsbok 38, 
No, 6, 14pp,(1944) (in English). 

Thucolite occurs as reniform, botryoidal masses in 
various assocns,, esp, m sericite- and andalusite-rich 
rocks of the tourmaline stage of mineralization m the 
Boliden mine (C, A, 35, 7326j). The mineral is inhomo-
geneous, consisting chiefly of a U-Th mineral and car
bonaceous matter, with minor rutile and sericite. One 
sample contained 30,15% ash (much higher than most sam
ples); a complete analysis of the ash showed the chief con
stituents to be U3O8 39.70, ThOj 6,24, TiOj 37,26%, The 
carbon mineral gave no x-ray powder pattern. Natural gas 
which has an intense sickemng smell has been encountered 
in the mine. Nine analyses showed CH4 59,6—68,8, Ne + 
inert gases excepting He 22,9-36,6, He 2,3-5,4%, The He 
IS probably a disintegration product of U and Th, Thucolite 
may have been formed by the polymerization of hydro
carbons, radioactive materials acting as catalysts. An 
analysis of natural gas from the Dannemora iron mine 
showed CH4 70, Ne, e t c , 19,7, He 6,0%, (M,F.) 

1665 
THICKNESS EFFECT OF THORIUM IN ROCKS. A. Hee 
(Geophysical Institute, Strasbourg, France). Ann. geophys 
2, 55-67(1946). 

The thickness effect on the emanation from talc, granite, 
travertine, and other rock materials contg. Th was investi
gated with samples to which Fe(OH)3 was added. The pres 
ence of Fe compds. increases the ionization current from 
the test samples, as does also H2O from geysers and min
eral springs. The previous conclusion (CA. 40, 3O8O5) is 
verified that increase in ionization current with thickness 
of test sample cannot be used to measure the Th content 
in rock and minerals. (C. C. Kiess) 

1666 
URANIUM- AND THORIUM-BEARING ROCKS IN HUNGARY 
T. Szalay and Alexander Foldvari. Banyasz. Kohasz. 
LapokSl, 179-81(1948). 

An app. equipped with Geiger-MuUer tubes was used for 
investigations. The rocks of the granite intrusion lying at 
the eastern side of the Velence mountain and Mecsek raoun-
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tain contained 0,60-0,75 x 10"' g, U and 4.0-7.3 x 10"' g. 
Th, The granite and the contact rocks of Velence mountain 
show defmite similarity to the geol. conditions of Joachims
thal. (Istvan Finaly) 

1667 
MODES OF OCCURRENCE OF SOME RARE-ELEMENT 
MINERALS IN PEGMATITES OF HAI-CHENG DISTRICT, 
SOUTH MANCHURIA, Hlsashi Kuno (Tokyo Imperial 
Univ,), Proc, Japan Acad, 22, 310-13(1946). 

Rare-element minerals such as euxenite, fergusonite, 
samarskite, betafite, thorogummite, and allanite are 
found only in muscovite-free pegmatites in the Hai-cheng 
district. Columbite, beryl, and monazite are found in 
muscovite-rich pegmatites, (W, H, Power) 

1668 
RADIOACTIVE MINERALS IN THE TAVISTOCK DIS
TRICT. R. W. Toll. Mining Mag. 85, 137-42(1951). 

Indications of radioactive minerals are fairly wide
spread in the region of the old Gunmslake Mine and fur
ther to the east in the granite of western Dartmoor, 
Torbernite and autunite are found in a Cu lode t ravers
ing partly decompd. granite at the former mine; tor
bernite has also been found not far away in the oxidized 
zone of a mine which has produced fair quantities of Sn 
and W, Both minerals also occur in the granite quarries 
of Dartmoor, and radioactive minerals in the thorium 
group are found assocd, with deposits of Sn. In the absence 
of a Geiger counter, suspected radioactive minerals were 
examined by means of photographic plates, and also with 
an improvised scintilloscope employing luminous Zn sul
fate. Emanation prints are reproduced, and methods and 
effects described, (A. W. Furbank) 

1669 
HEA-VY DETRITAL MINERALS, C, Osborne HuUon (Stan
ford Univ,, Stanford Univ. Calif,), Bull, Geol, Soc. Am, 61, 
635-710(1950) 

The results of a detailed investigation of the heavy detri
tal mmerals in sands and gravels from a wide variety of 
localities in South Island, New Zealand, are presented. The 
mineralogical techniques used are described, including 
crushing, screening, concn, of samples, and fractionation 
with heavy liquids. Optical data and densities are given for 
over 50 placer minerals, together with chem, analyses of 
aluminian chromites, almandine garnet, monazite, ilmenite-
titanhematite, rutheman siserskite, uranothorite, thorite, 
and sphene, and the crystal chemistry of many of the min
erals is considered. Particular attention is paid to the 
occurrence of tantallan cassiterite, gadolinite, monazite, 
thorite, xenotime, scheehte, and zircon. The nature and 
causes of the metamict state in radioactive minerals, the 
cause of micro-fissuring in these minerals and finally the 
location and nature of the source rocks of the heavy detri
tal minerals are discussed. An index and 257 references 
are given, (J, A, Maxwell) 

1670 
CHANGE OF THE CHEMICAL COMPOSITION OF THE 
CARBONATE ROCKS OF THE RUSSIAN PLATFORMS. 
A. P Vinogradov, A. B. Ronov, and V M Ratinskii. 
Izvest. Akad. Nauk U.S.S R., Ser. Geol. 1952, 33-50. 

The qual, changes of chem, compn. of the carbonate 
rocks of the Russian platforms are considered. The trends 
and periodical character of these changes, and the close 
connection of the evolution of carbonate compns, with gen
eral geochem, changes and the history of the tectonic 
development of the Russian platiorms are discussed. 
Tables of representative chem, analyses are given. Maps 
are provided to show geographic distribution of the sam
ples. Graphs are given which show (1) Ca and Mg contents 
vs, time, (2) Ca/Mg content vs. time, (3) Sr and CaS04 con

tent vs, time, (4) insol, material and Ba content vs, time, 
(5) the Th and insol, material content vs, time, and (6) 
the Ca/Sr content vs, time, (Gladys S, Macy) 

1671 
ALKALINE TREATMENT OF MONAZITE, Societe de 
produits chimiques des ter res rares , British patent 
674,400, June 25, 1952. 

Monazite is attacked with hot 55-70% NaOH, whereby 
Na phosphates can be sepd. from the insol. hydroxides. 
The rare earths and Th are dissolved in excess acid and 
the Th pptd. at a pH of 4 by partial neutralization with 
rare earth carbonates. As a modification, only enough acid 
need be used to attain a pH of 3.2 so as to dissolve the rare 
earths and leave Th and U in an insol. form. The Th con
centrate IS dissolved in HCl or HNO3 and filtered. The Th 
is pptd, as the sulfate or the double sulfate with K2SO4. 
(M. L. Nielsen) 

1672 
ON THE ULTIMATE DISINTEGRATION PRODUCTS OF 
THE RADIOACTIVE ELEMENTS. Bertram B. Boltwood. 
(Sloane Phys. Lab. Yale Univ.). Am. J. Sci., 23, 77-88 
(1907). 

A calculation of the ratio of uranium to lead in 43 uran
ium minerals, analyzed by HlUebrand and others, shows 
that in unaltered primary minerals from the same locality 
the amount of lead is proportional to the amount of uran
ium in the mineral and in unaltered primary minerals from 
different localities the amount of lead relative to uramum 
IS greatest m minerals from the locality which, on the 
basis of geological data, is the oldest. This is considered 
proof that lead is the final disintegration product of uran
ium. On the basis of the experimental data available, the 
amounts of helium found in radioactive minerals are of 
about the order, and are not in excess of the quantities to 
be expected from the assumption that helium is produced 
by the disintegration of uranium and its products only. The 
author considers it improlable that either lead or helium 
IS a disintegration product of thorium. (W. H. Ross) 

1673 
MEASUREMENTS OF THE RATE AT WHICH HELIUM IS 
PRODUCED IN THORIANITE AND PITCHBLENDE, WITH 
A MINIMUM ESTIMATE OF THEIR ANTIQUITY. R. J. 
Strutt. Proc. Roy, Soc, London (A), 84, 379-88(1910). 

The work described in the present paper is more elab
orate than that previously published (C. A., 4, 1146, 1424). 
The mineral was dissolved, and the amt. of He obtained 
was measured. Expts. were made in triplicate; large flasks 
were used in each of which there was about 3 1, of a soln, 
contaming about 600 g, thoriamte. At suitable intervals the 
solns, were boiled, the He collected in a tube containing O; 
after burning the latter, the He was separated from N by 
cooled charcoal, and was measured in a tube of very fine 
bore. The accuracy of the method and the necessary pre
cautions are discussed at length. Results: (1) thorianite 
from GaUo contaimng 24,50 UsOg and 65,44 Th02: rate of 
production per g. 3,70 x 10"' c c He per annum; He initially 
present 9.3 cc. per g,; time required to produce this 2.5 x 
10' years, (2) Ordinary thorianite containing 13.10% UgOg 
and 72.65% ThOj: the corresponding values are 2,79 x 10"' 
c c , 7.8 cc, and 2.8 x lO' years. (3) Pitchblende from 
Joachimsthal; 3.16 x 10"' cc. He per g. pitchblende per 
annum. These rates are in agreement with those calculated 
theoretically. "These expts. leave no doubt whatever that 
some specimens of thoriamte are as much as 280 million 
years old." The data in previous papers with regard to the 
minimum age of certain minerals are summarized: sphero-
sidenite from Rhine provinces (oligocene), 8,400,000 years; 
hematite, Co. Antrim, (Eocene), 31,000,000; hematite. 
Forest of Dean, (Carboniferous limestone) 150,000,000; 
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sphene, Renfrew Co., Ontario (Archean), 710,000,000 years. 
(J. Johnston) 

1674 
LEAD AND THE END PRODUCT OF THORIUM. I. Arthur 
Holmes and R. W. Lawson (Imperial Coll., London, and 
Radium Inst., Vienna). Phil. Mag. 28, 823-40(1914). 

Evidence is given to show that in fresh, primary rock-
forming minerals of the same geological age: (1) the ratio 
Pb/U IS remarkably const, and independent of the Th con
tent; (2) the ratio Pb/Th is variable; and (3) the ratio 
Pb/(U + 0.4 Th) IS variable instead of lieing const, as would 
be the case if Th E (Th Pb) were stable and isotopic with 
Ra G (U Pb) and Pb. It is deduced from these facts that the 
end product of U is stable and isotopic with Pb, but that Th 
E IS unstable, and therefore does not accumulate in geolog
ical time. At. wt. evidence indicates that the at. wt, of Pb 
prepared from Th minerals must be definitely decided upon 
before a conclusive argument can be based upon it. It is 
suggested that the end products of Th and Act are , resp., 
Bi and Tl. (A. T. Cameron) 

1675 
THE END-PRODUCT OF THE THORIUM SERIES. Arthur 
Holmes and R. W. Lawson (Radium Inst., Vienna). Monatsh. 
35, 1537-56(1914). 

Analyses of 18 Devonian minerals varying in Th/U ratio 
from 0.11 to 120.34 gave the usual value of 0.04 for the 
Pb/U ratio, but the Pb/Th ratio varied from 0,0004 to 
0.330. Ra G is therefore probably stable and isotopic with 
Pb, but Th E cannot be stable if isotopic with Pb, as de
manded by the Fajans-Soddy theory The analyses would 
require Th E to have a period of about lO' yrs It is as
sumed to give /3-rays and to be isotopic with Bi (G L 
Wendt) 

1676 
LEAD AND THE END PRODUCT OF THORIUM. IL A. 
Holmes and R. W. Lawson. Phil. Mag. 29, 673-88(1915). 

In addition to the material given in previous publica
tions (C. A. 8, 1912; 9, 266, 1147), the paper contains a 
discussion of the ages of minerals as corrected by at. wt. 
detns. of the Pb contained. The evidence of at. wt. detns. 
of Pb extd. from radioactive minerals points to the stabil
ity of Ra G, and the instability of Th E. (A. T, Cameron) 

Age Estimation of Rocks by Isotope Determination Ratios 

1678 

1677 
ISOTOPIC LEAD. F, W. Clarke (U. S. Geol, Survey). 
Proc. Nat. Acad. Sci. 4, 181-8(1918). 

Detns. of the age of the earth by means of the Pb-content 
of minerals and the Pb-U ratio give widely varying values 
even when based on the same mineral. The method is unre
liable, due to the probable presence of normal or common 
Pb among the Pb of radioactive origin in the mineral. The 
difference between these two kinds of Pb is discussed on 
the assumption that isotopic Pb is always the product of 
disintegrating elements and thus variable m at wt while 
normal Pb is the product of an orderly evolution of the 
chem elements and is constant in composition and at wt 
The evolution of elements accords with astronomical evi
dence, for the simplest elements occur first in the new 
stars and Pb is thus the parent rather than the child of U 
and Th Evolution is slow, but its converse, radioactive 
disintegration is relatively rapid The isotopic forms of 
Pb are intermediate and transition phases which themselves 
soon break up to give ultimately stable forms So also un
stable forms may have been produced in the evolutionary 
process though only normal Pb, the only stable form, per
sists (G L Wendt) 

THE AGE OF THORIUM MINERALS. R. W. Lawson (Ra
dium Inst , Vienna) Sitz Akad Wiss , Wien 126, Ila, 721-
39(1917). 

The paper deals with the end product of the Th series in 
the light of at. wt. results of HSnigschmid and others. It is 
shown that the age, detd, from the Th/U and Pb/U ratios 
may be between 8 and 300 million years. The minerals 
employed came from Devon, Brevig, and Norway. The pos
sible origin of the large discrepancy in age is discussed. 
The minerals from Ceylon give a range from 138 to 506 
million years. (S. C, Lind) 

1679 
THE GENETIC RELATIONSHIP BETWEEN THORIUM AND 
URANIUM AND THE DETERMINATION OF THE AGE OF 
RADIOACTIVE MINERALS, Gerhard Kirsch, Sitz, Akad. 
Wiss. Wien m , Abt, Ha, 551-68(1922). 

The parent of Th is supposed to be a U isotope present in 
small amts. in all terrestr ial U at the time the oldest U 
minerals were formed, and since completely disappeared. 
If pure ancient U minerals exist which were originally free 
from Th and Pb, the half period of "Th U" can be calcd, 
from the present relative Th/U and Ra G/U ratios of the 
mineral. From this and the age of the mineral calcd, from 
its Ra G/U ratio, the present "Th U" content of the U may 
be inferred, and, conversely, the age of other minerals may 
be inferred from the ratio of their Th contents, and the 
results of the Pb and He methods of estg, age may be 
checked. When the methods are applied first to the brog-
gerite of Moss and the East African pitchblende (Morogoro 
ore) the half period 6.3 x l o ' yrs. is obtained for "Th U." 
The same value is also obtained from Morogoro ore and 
St. Joachimsthal pitchblende. Numerous analyses of U and 
Th minerals are cited and critically studied. It is con
cluded (1) that in general the Th content increases with the 
age of the U mineral, as would be expected, (2) that the half 
life period for Th is 1,65 ± 0,05 x l o " years. Many special 
conclusions concerning the age of particular thorites, tho-
rianites and other minerals are also reached (Norris F 
HaU) 

1680 
THE RADIOACTIVITY OF THE ROCKS, John Joly, J, 
Chem, Soc. 125, 897-907(1924). 

Although the rate of decay of U is about 3 times as fast 
as that of Th a const, ratio in general seems to prevail. The 
accretion of radioactive elements by Zr may be due to the 
fact that Zr02 is isomorphous with the oxides of U and Th, 
These concns, of radioactive elements give rise to haloes. 
By measuring the radii of the haloes U and Th may be dis
tinguished. There are only 3 kinds of haloes generated by 
known radioactive means—those generated by U, by Th, 
and by Rn occluded in nuclei. Ionization curves of the 3 
kinds of haloes are given, J, has found in the mica of 
Ytterby haloes which differ from haloes of known radio
active elements. This may mean that a radioactive element 
has vanished or there may be an undiscovered radioactive 
element. Haloes may be reversed or bleached, (L,D,R,) 

1681 
RADIOACTIVE METHODS FOR THE AGE DETERMINA
TION OF MINERALS, G. Kirsch, Min, Petr, Mitt, 36, 
147-56(1924), 

The trustworthiness of the method of detg, the age of 
minerals from the Pb (Ra-G)/U ratio is discussed. It is 
necessary to know the at, wt, of the Pb present m order to 
distinguish between primary Pb and Ra-G; and further, 
it IS found that in specimens for which this has been detd, 
the compn. varies from piece to piece. New ests, , in mil
lions of years, a re : for br6ggerite from Moss, Norway, 
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895; pitchblende from JSchymov, Bohemia, 207; uraninite 
from Morogoro, East Africa, 605; pitchblende from Katanga, 
Belgian Congo, 550, From the published data for thorianite 
from Ceylon, the half life-period for Th is calcd, as 
T = (1,65 ± 0,05) X lO" years, and the age of the thorianite 
estd, at about 150 million years. The genetic relationship 
between U and Th Is discussed, and for Th U is calcd. 
T = 63,2 X 10' or 62.6 x lO' years. (B.C.A.) 

1682 
ESTIMATES OF GEOLOGICAL TIME, WITH SPECIAL 
REFERENCE TO THORIUM MINERALS AND URANIUM 
HALOS. Arthur Holmes, Phil, Mag, [7] 1, 1055-1074 
(1926), 

A careful study of the evidence on which certain meas
urements of geological time have been based is consist
ently in favor of the longer estimates. The Na method 
fails for lack of reliable data and lack of adequate knowl
edge of the geochemical cycle of Na salts (and particu
larly of NaCl in ground waters) in geological processes. 
The rich minerals give Pb-ratlos that vary from those of 
U minerals of the same geological age down to very low 
values. There is no reason why the lowest ratio should be 
regarded as the most reliable index to age. All are sus
pect, and none of them has much more value than a He-
raUo, which admittedly gives a min, result. If U disinte
grated more rapidly in the past, then there should be a 
relation between the Pb-ratios and the ratio of Th to U, 
The actual variation is Irregular, Some Th minerals give 
the same ratios as U minerals, and therefore there is no 
evidence that the U ratios are appreciably too high. It is 
suggested that the discrepancies in Th minerals are due to 
the fact that Pb present as oxide or silicate would be more 
easily removed by percolating waters and kinetic exchange 
than the Pb in U minerals, which may be present actually 
or potentially as a highly insol, uranate, Pleochroic halos 
due to U provide no evidence that U has disintegrated more 
rapidly in the past, as Joly has contended. Other ejqjlana-
tions are shown to be more probable as tested by at. wt. 
evidence. One conjecture involves the possibility that a 
hypothetical actlno-U of shorter life than U was formerly 
slightly more abundant than now. The reduction in the time 
estimates that would be necessary if this explanation were 
proved correct would range only between 1 and 3%, not up 
to 300% as has been suggested. At, wt, detns, on Pb from 
U minerals support the view that U has always disintegrated 
at substantially the same rate as at present. At the worst, 
if the rate has varied it cannot have decreased (by the 
wearing-out of an isotope) by more than about 3% since 
Middle Pre-Cambrian times. Finally, as a general deduc
tion, it may be safely asserted that the evidence presented 
shows that the age of a fresh primary mineral free from 
ordinary Pb is given to the right order by the formula 
[Pb/(U + 0,37 Th)] X 6600 mUUon years. The factor 0,37 
may later be found to be 0,36 or 0,38, The factor 6600 may 
be 6200 or 7000, A reduction varying up to 3% is necessary 
in all cases to take into consideration the obvious fact that 
the amts, of Th and U now in a mineral must be less than 
those present when the mineral crystd, A further reduction 
of 1 to 3% may in the future be found necessary if the parent 
of Act should be identified with an isotope of U for which the 
name actino-U has already been proposed. Taking the out
side limits of all combination of the possible variables, the 
length of time that has elapsed since the crystn, of the Mid
dle Pre-Cambrian pegmatites of Norway, Sweden, Ontario, 
Texas and Africa is found to be between 930 and 1080 mil
lion years, with 1020 million years as the most probable 
value on present data. Higher ratios for the Lower P re -
Cambrian are known, but cannot yet be regarded as so well 
estabUshed as those for the Middle Pre-Cambrian, (S,C,L.) 

1683 
AGE OF CERTAIN RADIUM-BEARING ROCKS IN AUS
TRALIA, Leo A, Cotton, Am, J, Sci, [5] 12, 41-6(1926), 

The minerals named in the following list were analyzed 
for their UgOg, UO3, UO2, Th02, and PbO content: ferguson
ite, mackintoshite, thorogummite, pilbarite, carnotite, 
monazite, concentrates and lodestuff, the latter an intimate 
mixt, of ilmenite, rutile and magnetite with a variable but 
small amt. of other material. The analytical results were 
applied in the formula T = Pb/U + 0,384 Th x 3000 million 
years, where T is the age in years and Pb, U and Th are 
the percentages of these resp, in the mineral. The results 
range from 240 million years for carnotite to 3840 million 
years for pilbarite. For the other minerals the range was 
620 to 1560 million years. The extreme figures for carno
tite and pilbarite are attributed to the altered character of 
the samples analyzed. In such cases but little reliance can 
be placed upon the Pb-U ratio. (L. W. Riggs) 

1684 
FACTORS INVOLVED IN THE CALCULATION OF THE 
AGES OF RADIOACTIVE MINERALS, Arthur Holmes and 
R. W, Lawson, Am, J, Sci, [5], 13, 327-44(1925), 

A comprehensive review of the principles of the detn. of 
age by the Pb/U ratio. Two formulas are applied to exist
ing results for 42 specimens of U and Th minerals cover
ing a wide geographical and geological distribution. (S.C.L.) 

1685 
ANALYTICAL DETERMINATION OF URANIUM; THORIUM 
AND LEAD, AS A BASIS FOR AGE-CALCULATIONS, 
Clarence N, Fenner, Am, J, Sci, [v], 16, 369-81(1928). 

Detailed directions are given for the detn, of U, Th, and 
Pb in radioactive minerals such as euxenite, polycrase, 
samarskite, and monazite, (B.CA,) 

1686 
HELIUM IN SOME THORIUM MINERALS IN U,S,S,R, A. 
Lukashuk. Compt, rend, acad, sci, U,R,S,S, 1928. 499-503; 
Chem, Zentr. 1930, I, 352, 

L, detd. the age of some minerals according to the for
mula: age = He/Th x 32 x l o ' years. The following results 
were obtained: chevkinite (Ilmen Mountains) Th02 1,26%, 
He 0.109 cc. per g,, age 318 x 10* years; eschynite (Ilmen 
Mountains) ThOj 6,22%, He 0,648 c c per g., age 382 x 10* 
years; orthite (transbaikalia) Th02 1,65%, He 0,0638 cc, 
per g., age 140 x lO' years; monazite (Transbaikalia) Th02 
8,15%, He 0,287 cc, per g., age 129 x lO' years. None of the 
minerals contained U, (G, Schwoch) 

1687 
CRITICISM OF THE GEOLOGICAL TIME MEASUREMENT. 
Gerhard Kirsch, Physik, Z. 81, 1017-8(1930). 

The half-life of Th has been measured directly by a-
particle counting; it is 1.8 x lO" yrs . This agrees with 
Heiman and McCoy, but not with Rutherford and Geiger, 
The Pb, U ratio in Morogoro pitchblende is 0,091, For a 
reliable detn, of age, the at, wt, of Pb is to be detd. and 
the crystals are to be tested for homogeneity. Canadian 
and Norwegian pitchblende are homogeneous. Amorphous 
uraniferous minerals, such as silicates, have probably 
undergone loss of Pb by heat or magmatic action, (A, L, 
Henne) 

THE AGE OF A MONAZITE CRYSTAL FROM PORTLAND, 
CONNECTICUT, Clarence N. Fenner. Am, J, Sci, 23, 
327-33(1932), 

A crystal of monazite from a pegmatite at Portland, 
Conn,, showed U 0,00, Th 7,489, and Pb 0,1007%, On the 
supposition that the Pb has been derived from Th by radio
active disintegration an age of 277,900,000 yrs, is calcd, 
(Alden H, Emery) 
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1689 
THORIUM MINERALS AS AGE INDICATORS. Roger C. 
Wells. J. Wash. Acad. Sci. 23, 541-4(1933). 

Monazite and thorianite seem to be less easily altered 
than uranitlte. In urano-thorites it cannot be assumed 
that the Pb isotopes have been sepd. by leaching and a loss 
of U would have to be postulated to bring the Ra G/U and 
Th D/Th ratios in agreement. It is suggested that the 
lower ratios and shorter ages be accepted in some cases 
and that the origin of the pegmatites and condition of the 
specimens should be carefully studied and described. 
(A.M.B.) 

1690 
THE RADIOACTIVE RADIATIONS FROM THE SURFACES 
OF SOLIDS AND THE MEASUREMENT OF THE THORIUM 
CONTENT OF ROCKS. Robley D. Evans. Phys. Rev. 45, 
38-42(1934). 

Ordinary granite, contg. about 3 x 10~' g. U per g. and 
about 6 X 10~' g. Th per g. of rock, will support an ioniza
tion current of about 10~" amp. per 100 sq. cm. of polished 
rock surface. About 90% of this ionization is due to the ar
rays from the rock, and about 10% to /3-rays. From land 
specimens the y-radiation is too feeble to operate an ioni
zation chamber but can be measured with a Geiger-MUUer 
tube counter. Observations of the surface ionization due to 
ff-rays, or of the y-ray activity with the tube-counter, rep
resent the combined effect of the U, Act and Th series. 
They can be corrected for the effects of the U and Act 
series by employing emanation measurements and thus the 
Th content of ordinary rocks may be obtained. Important 
applications lie in the field of geophysics and in certain 
cosmic-ray problems. (Bernard Lewis) 

1691 
THE EFFECT OF ALTERATION ON THE LEAD-URANIUM 
RATIO AND THE CALCULATED AGE OF WILBERFORCE, 
ONTARIO, URANINITE. Chester M. Alter and Egbert M. 
Kipp. Science 82, 464-5(1935). 

Sep. detns. of Pb, U, and Th are reported for the outer 
and middle layers and the core of a crystal of uraninite 
which was altered to some extent. In the alteration of uran
inite, Pb is lost less rapidly than U and Th. To calc. accu
rately the age of a mineral by the Pb method, the analysis 
must be made on fresh, unaltered specimens. Alteration 
causes the calcd. age to be too high. The Th/U ratio may 
vary in different zones of an unaltered single crystal of 
uraninite, owing to a change in the concn. of these elements 
in the surrounding medium, during the growth of the crystal. 
Disregarding the outer layer, an age of 1.42 x l o ' years was 
found for the specimen. A method is suggested for calcg. 
the relative Pb-producing power of U and Th from the 
analytical data on sections of single crystals of minerals 
in which the Th/U ratio varies, owing to some other process 
than alteration. (G.M.P.) 

1692 
DETERMINATION OF THE THORIUM CONTENT OF 
ROCKS. Wm. D. Urry. J. Chem. Physics 4, 34-40(1936). 

A new method for the detn. of 10"' to 10~'"g. Th is 
described. It is used to complete the data necessary for 
the calcn. of the age of geological material. The a-particle 
activity of Th in a streaming gas is measured with a 
counter: this procedure is more accurate than the usual 
ionization measurements on the Th deposit. Simultaneously 
the Pa/Ra ratio in common rocks can be detd. (G.M.P.) 

1693 
AGES BY THE HELIUM METHOD. H. POST-
KEWEENAWAN. William D. Urry. Bull. Geol. Soc. Am. 
47, 1217-33(1936). 

Proportions of He, Ra, and Th in 39 specimens of igne
ous rocks, mostly basic extrusives, of ages from Cambrian 

to Pliocene are given as detd. by geol. field methods. Ages 
in years, with probable e r rors , are given. The resulting 
time scale shows close correspondence with one from inde
pendent data using the Pb method and with one based on 
rate of accumulation of sediments. Possibility of the use of 
the He method for long-distance correlations and the types 
of materials suitable for detns. are discussed. There is a 
complete analysis of tinguaite. (R.H.B.) 

1694 
THE AGE OF THE SUN, THE DECAY CONSTANT OF 
ACTINO-URANIUM AND THE QUANTITATIVE RELATION 
AMONG LEAD, THORIUM AND URANIUM ON THE EARTH. 
Stefan Meyer. Sitzber Akad. Wiss. Wien, Math.-naturw. 
Klasse Abt. Ha 146, 175-97(1937). 

With the assumption that the distribution of Pb with 
respect to U on the earth is the same as on the sun and 
further that the Pb existing among the various Pb isotopes 
from any other source than radioactive decay is negligible, 
it is possible to calc. the age of the sun. An age scale is 
first obtained from the relation of total Pb on earth to U 
and from the relative abundance of the various Pb isotopes. 
From this is obtained the probable half-life period of actlno-
uranium. Then by use of the Pb isotopic distribution in a U 
ore from Morogoro of known age the following values seem 
the most probable: The relation of U^ ' (actino-uranium) to 
U'"' is taken as 0.09 ± 0.01. Total Pb to U on the earth at 
present is 4 ± 0.5. The half life value of u " ' is then 7 ± 
0.5 X 10' yrs. The age of the sun is then 4.8 ± 0.4 x lO' yrs . 
If 0.8 to 0.9% U^ ' is mixed with U " ' the at. wt. of U will be 
depressed 0.024 to 0.027, which is in good agreement with 
the recent value of O. Hanlgschmid, -226.07 for Ra. The 
ratio of Th to U on the earth appears to be 6.5 to 7 on this 
basis, but actually in the crust of the earth is only about one 
third this value. This indicates that Th to U ratio in the iron 
core of the earth may be much higher. (Oden E. Sheppard) 

1695 
THE DETERMINATION OF LEAD, THORIUM AND URANI
UM IN ALLANITES FOR THE PURPOSE OF GEOLOGICAL 
TIME MEASUREMENTS. Edith Kroupa and Friedrich 
Hecht. Z. anorg. allgem. Chem. 236, 181-99(1938). 

A method of careful chem. analysis, that combines 
macro- and micro-chem. procedures, is described in detail 
and checked by the analysis of 3 synthetic samples contg. 
about 1 mg. Pb, 1.5 mg. of U and 16.5 mg. of Th02. The Pb 
results agreed within 0.05 mg. of the wt. actually present, 
the U within 0.44 mg. and the Th02 within 0.43 mg. (M. 
Fleischer) 

1696 
THORIUM-URANIUM RATIOS OF ROCKS AND THEIR 
RELATION TO LEAD ORE GENESIS, Norman B. Keevil. 
Econ. G e o l . ^ , 685-96(1938). 

Th and U contents and the Th/U ratio were detd. for 12 
basaltic and 12 granitic rocks from widespread localities 
and of different geol. ages. For the basaltic rocks, U var
ied from 0.49 to 1.94, av. 0.94 x 10"* g./g.; Th varied from 
1.61 to 5.05, av. 2.83 x 10"* g./g.; Th/U varied from 1.8 to 
4.7, av. 3.2. For the granitic rocks, U varied from 0.58 to 
8.0, av. 2.77 x 10"* g . /g . ; Th varied from 0.9 to 19.3, av. 
7.94 X 10"* g./g.; Th/U varied from 1.5 to 4.2, av. 2.8. 
From these averages and the results of Hevesy and Hobble 
(C. A. 26, 1548) on the Pb content of rocks, the at. wts. of 
granitic and basaltic rock Pb are calcd. to be 207.19 and 
207.18, resp., values much closer to the at. wt. of ore Pb 
than those calcd. by Holmes from less reliable data. These 
results and the variable isotopic constitution of ore Pb 
recently reported by Nier (C. A. 32, 6944,) remove the 
basis of the conclusion reached by Holmes that ore Pb must 
be derived, not from basaltic or granitic magmas, but from 
a deep-seated magmatic source. (Michael Fleischer) 
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1697 
STABILITY OF U AND TH FOR NATURAL FISSION. W. 
F. Libby. Phys. Rev. 55, 1269(1939). 

The half-lives of U and Th for natural fission following 
neutron absorption are at least lO" and 5 x lO" years, 
resp. The agreement between the U and Th age detns. on 
old rocks shows that the half life for any possible natural 
fission is at least 5 x lO' years. 

1698 
GEOLOGICAL MEASUREMENT OF TIME BY THE ANALY
SIS OF MONAZITE. Edith Kroupa. Mikrochemie 27, 165-
75(1939). 

In monazite the ratio of the Pb to the Th content is 
important for the measurement of geol. time. Microchem. 
methods of analysis are recommended because of the econ
omy with respect to both time and material. In the work 
here described, the Pb was detd. as PbSOj. For the Th 
detn. treatment with NH4NO, and HjOj served to sep. Th 
from the rare earths. The ppt. was dissolved in HNO,, the 
H2O2 removed by evapn., the Th was pptd. by addn. of NHs 
and the ppt. ignited to oxide. UOj+ was also detd. with 
the aid of oxine. The procedure, which is described, was 
tested by means of a synthetic monazite contg. known quan
tities of the various constituents. The results obtained 
were excellent. (W.T.H.) 

1699 
METHOD OF STUDYING THE RADIOACTIVITY OF ROCKS. 
Edmond Rothe and Mme. A. Hee. Compt. rend. 210, 30-2 
(1940). 

The method, termed that of "layers of varying thickness," 
consists in detg. the radioactivity of varying thicknesses of 
finely powd. rock, obtained by placing in minute trays all 
of the same diam. but of varying depth amis, of 0.5, 5, 18, 
and 30 g. of the powder and plotting the measured activity 
against the thickness. The resultant curves are compared 
with similar curves given by similarly prepd. powders of 
(I) a neutral salt, contg. 3,77 x 10"' g. Th(NO,)4, and (H) 
BaCl2 contg. 52,2 x 10"" g. RaCl2. With I the curve is 
approx. a straight line; with II the curve ends in a horizon
tal portion indicating that above a certain thickness the 
radioactivity depends only on the surface portion of the 
sample. Comparison with these standard curves of those 
given by the powd. rocks (15 examples given) gives an 
approx. indication of the amts. of Th and Ra present. 
(C. A. Silberrad) 

1700 
DETERMINATION OF LEAD, THORIUM AND URANIUM 
IN ZIRCON WITH RESPECT TO THE GEOLOGICAL ESTI
MATION OF TIME. F. Hecht and F. Korkisch. Mikro
chemie 28, 30-63(1939). 

It is important, if the contents of Pb, Th, and U are to be 
used as a basis for measurement of geologic time, that the 
detns. should be as accurate as possible. The procedure 
described in this paper represents a combination of macro-
and micro-methods. Only 1 g. of material is required and 
the 3 elements are detd. in a single weighed sample. Good 
results were obtained in the analysis of synthetic mixts. 
The sample of mineral is weighed into a crucible of chem
ically pure Ag whose Pb content has been detd. accurately. 
It is mixed with 10 g. of pure Na202 and covered with a 
layer of NajCO]. The Ag crucible is then placed within a 
larger porcelain one and slowly heated until the contents 
melt. After 30 min. at the m.p., the fused product is 
treated with water and after removal of the crucible, dis
solved in dil. HNO). The soln. is evapd. to dryness 3 times 
with coned. HNOj. The residue is taken up in HNOj and hot 
water and the SiO; filtered off. The SiO; ppt. is examd. by 
removing the Si with HF, fusing with K2S2OT, digesting with 
HNO|, examg. the residue for PbSOi and the soln. for Th 

and U. The U02(N03)2 is sepd. from Pb and Th by evapg. 
the HNO3 soln. to dryness and then after the addn. of a little 
HNO3 extd. by means of ether in a Soxhlet app. Eventually, 
after a lengthy treatment, the UO2 is detd. by pptn. with 8-
hydroxyquinoline and finally weighed as UjOg. The Pb is 
detd. after pptn. with H2S and conversion of the PbS into 
PbS04, in which form it is finally weighed. The Th is even
tually pptd. by treatment with fluoride and finally weighed 
as Th02. In order to obtain accurate results, great atten
tion was paid to the purity of all the ppts. Some of the 
recorded weighings are to 7 significant figures and the final 
results in all cases appear to be satisfactory, although very 
great precautions had to be taken to get results accurate 
within a few % of the truth when the content was low. 
(W.T.H.) 

1701 
THE RADIOACTIVITY OF ROCKS. Clark Goodman and 
Robley D. Evans. Trans. Am. Geophys. Union, 1941, 
544-7. 

The present estimates of the amt. of radium and thorium 
in acidic, intermediate, and basic igneous rocks are com
pared with the estimates made in 1936 (Jeffreys, C. A. 31, 
4587,). The results indicate that the present estimates are 
Vj to V2 less than the previous ones. The effect of this var
iance on the estn. of heat generation in rocks due to radio
activity is discussed. 13 references. (S.G.) 

1702 
HELIUM AGE MEASUREMENT. I. PRELIMINARY MAG
NETITE INDEX. Patrick M. Hurley and Clark Goodman. 
Bull. Geol. Soc. Am. 54, 305-24(1943). 

Helium age measurements on magnetite specimens of 
various geol. ages show a grouping and sequence in accord
ance with geol. knowledge and a spacing compatible with 
ideas derived from sedimentational history. Ages in mil
lions of years from some 70 magnetites are given. Accu
rate analysis of the He, Ra, and Th content of cleanly sepd. 
magnetite will give the age of the present crystal structure 
of the magnetite, except in the rare case in which He was 
trapped in the magnetite structure at time of formation. It 
is possible that pyrite, pyrrhotite and galena may give sim
ilar data. Age measurements on igneous rocks are unsuc
cessful owing to leakage of He from most of the common 
rock minerals. However, helium-retaining minerals such 
as magnetite may serve this purpose. (C. Milton) 

1703 
DETERMINATION OF Pb, Th and U IN ALLANITES WITH 
RESPECT TO THE GEOLOGICAL MEASUREMENT OF 
TIME. F. Hecht and A, Grunwald. Mikrochemie ver. Mi-
krochim. Acta 30, 279-96(1943). 

Starting with about 1 g. of accurately weighed sample, 
the analysis starts with treatment of the sample with aqua 
regia, removal of the Si by repeated evapn. with HNOj and 
treatment of the Impure SIO2 with HF + H2SO4. This treat
ment is very similar to the conventional attack except that 
HNO, is used rather than HCl because the U is next to be 
removed by extn. with ether from 60% NH4NO2 soln. The 
NH4NO, extn. is repeated and the UOj* is eventually pptd, 
with oxine in a buffered AcOH soln. The soln. from which 
the U has been removed is treated with aqua regia (in 
reversed proportions) and the NH4''' is oxidized completely 
after which the Pb is pptd. as sulfide from very dil. HCl 
soln. The ppt. is removed and washed with dil. H2S soln. 
and finally with NH4OH and (NH4)2S soln. to remove Mo. 
The PbS ppt. is dissolved in HNO, and converted to sulfate 
which is weighed. The Th is removed as oxalate together 
with rare earths. The oxalates are ignited, the resulting 
oxides msed with K2S2OT and the Th is eventually pptd. with 
NH4OH + H202. This is merely an outline of the procedure 
as numerous details require attention but In the hands of 
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an experienced analyst excellent results can be obtained in 
detg., say 1 mg. Pb, 12 mg. of Th, and 1.5 mg, U in the 
presence of far greater quantities of Fe, Ce, Al, Si, etc. 
Several complete analyses are given and the Pb (U + 0.36 
Th) ratios appear to be satisfactory. (W. T. Hall) 

1704 
THE USE OF RADIOCHEMICAL ANALYSIS FOR THE 
CORRELATION OF GEOLOGICAL STRATA. V. I. Baranov, 
K. G. Kunasheva, and S. G. Tseitlin. Bull. acad. sci. U.R. 
S.S., Classe sci. chim. 1943, 178-90(English summary). 

The Ra and Th contents of the rocks in the Permian and 
Upper Carbon ferous strata from Upper Uslon bore holes 
near Kazan are reported. The radioactivity decreases in 
the rock in the order limestone, dolomite, anhydrite, 
gypsum. The av. Ra content is 5.38 x 10~"%, equiv. to 
1.61 > 10"*% U, and Th is 1.09 x 10"*%. The Th/U ratio 
of 0.68 is much lower than in most rocks. Only the 
carbonates of the Schwagerine horizon show a high Th 
content, and this fact may be useful in their identification. 
Bore hole H2O from this region contains up to 5 x 10~"% 
Ra and 8 x 10""% MsThl. The presence of Ca and espe
cially of Ba in the H2O favors the presence of Ra. The 
radioactive elements in the H2O are probably dissolved 
from the minerals of the region. (H. M. Leicester) 

1705 
RADIOACTIVE SUBSTANCES. HI. THE ANALYSIS AND 
AGE OF A NORTH CAROLINA MONAZITE. Allen D. Bliss. 
Am. J. Sci. 242, 327-30(1944). 

A monazite from Spruce Pine, N. C , analyzed Th 4.83, 
U 0.02 and Pb 0.13%. The calcd. age is 600 million yrs. 
(Alden H. Emery) 

1706 
AGE DETERMINATION OF QUARTZ VEINS AND PEG
MATITES IN BRAZIL. Djalma Guimaraes. Econ. Geol. 
43, 100-18(1948). 

Age calcn. of rocks by Pb/U or Pb/U Th detns. cannot 
safely be applied to pegmatites and granitic dikes without 
accompanying petrogenetic study because such rocks us
ually show more than one period of granitization and are 
not the result of a single physicochem. cycle. (Marjorie 
Hooker) 

Distribution in Ocean 

1707 
DISTRIBUTION OF RADIOACTIVE SUBSTANCES IN AND 
OVER THE SEA. V. F. Hess. Sitzb. Akad. Wiss. Wien, 
Ha 127, 1297-1313(1918). 

H. discusses: interchange of matter, in general, due to 
diffusion, heat motion, etc.; movements of radioactive sub
stances in the earth, the atm., and the oceans; Ra, Th, and 
U content of the seas, oceans, ocean beds, and rivers; and 
the question of evapn. in this relation. An av. of 1.04 x 10~" 
curie of emanation is given up to the atm. by I cm', of sea 
surface per sec. Since W. Schmidt and H. previously detd. 
that the land gives off from 2 to 3 times 10~" curie, the 
amts. of emanation escaping from the land surface and the 
sea surface are approx. equal. (L. D. Roberts) 

1708 
RADIOACTIVITY OF SEA WATER. Ernst Foyn, Berta 
Karlik, Hans Pettersson, and Elisabeth Rona. Nature 143, 
275-6(1939). 

The U content of sea water varies directly with the NaCl 
content; ocean water with 3.5% NaCl contains 2 x 10"' g. U 
per 1. The av. Ra content is 0.07 x 10~" g. per 1., with a 
range of 0.03—0.2 x 10"" g. No correlation has been found 
between these variations and locality, depth, salinity, or 
time. The Th content is less than 10"* g. per 1. The Ra 

present is about 0.1 of the amt. which would be in equil. 
with tlie U present; lo Is copptd. with the Fe(OH)j which is 
pptd. in coastal waters. Th is probably also copptd. with 
Fe(OH),; the Th/U ratio is much higher in denuded rocks 
than in sea water. (G.M.P.) 

1709 
THE PROPORTION OF THORIUM TO URANIUM IN ROCKS 
AND IN THE SEA. Hans Pettersson. Anz. Akad. Wiss. 
Wien, Math.-naturw. Klasse 1937, 127-8; Chem. Zentr. 
1938, n, 3382. 

Although according to a classification of Kirsch (1928) 
the quant, ratio Th: U amounts to 2.3 in acid eruptive rocks, 
2.1 in medium acid rocks, and 1.5 in basic ones, expts. 
carried out with E. Foeyn showed no Th to be detectable in 
200 1. of water from a great depth in the Skagerrak although 
the method used (pptn. of the Th from 200 I. with Fe(OH),) 
was sensitive for 10"' g. Th per 1. According to the detns. 
of B. Karlik the U content of water samples from the same 
depth was 1.5-2 x 10"' g./l. The Th:U ratio is therefore 
less than 1, probably less than 0.5. The reason for the Th 
deficiency in sea water may be its removal with the sedi
ment. According to the data of Kirsch the av. value of the 
Th: U ratio in sedimentary rock (except limestone) is 2.8 
and in clay even 3.0. This enrichment must occur through 
pptn. of the Th with ferric Fe, which is unstable in sea 
water and ppts. as Fe(OH),. This likewise explains the 
results of the Th detns. in sea water. The Th isotope, lo, 
could be dragged down also in this pptn., which would result 
in the sea water being impoverished in the elements of the 
lo disintegration series. In support of this view, measure
ments of E. Rona on sea water gave smaller values for the 
Ra content than the equil. values calcd. from the U content. 
In addn., the Ra deficit may be in part due to the role played 
by biol. extn.-sepn. of RaCO, with the CaCO, by organisms 
pptg. lime. These assumptions appear to be substantiated 
by preliminary direct detns. on the lime shells of moUusks. 
(M. G. Moore) 

1710 
RADIUM AND THORIUM CONTENTS IN THE SILT OF THE 
BARENTS SEA. K. G. Kunasheva. Trav. lab. biogeochim. 
acad. sci. U.R.S.S. 7, 106-8(1944). 

The Ra and Th contents of 15 samples of silt were detd. 
by the emanation method. The samples were taken from 
the bottom of the sea approx. along the 32nd meridian at 
various distances from the shore. According to tabulated 
data the Ra content varied from 4.0 x 10~" to 9.9 x 10""%; 
Th content was from 4.8 x 10~* to 8.8 x 10"*%. (Valery A. 
Streltzov) 

METALLURGY AND CERAIWICS 

Physical Properties of IWetals and Alloys 

1711 
THORIUM. H. Karstens. Z. Elektrochem., U , 33-4(1909). 

A reply to Meyer's article maintains that von Bolton's 
ThCl4 was pure because it was entirely soluble in water, 
while the oxychloride is not. Analyses of the solution gave 
results corresponding closely to ThCl4. If the temp, is too 
high in preparing ThCl4 by action of CCI4 on Th02, soluble 
oxychlorides are produced, but analysis of the solution then 
gives results not corresponding to ThCl4. On treating Th 
with 5% HCl, 15% remains insoluble, 85% dissolves and from 
this solution cone. HCl ppts. "muriaticum-thorium." The 
contention of Meyer that this is identical with "meta-tho-
rlum chloride" is not contradicted. The formula previously 
given, Th02(ThCl4)4, was a typographical error and should 
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have been Th02(ThCl4)x where x is a simple whole number. 
The "meta-thorium chloride" of Stevens would have the 
formula m(TH02)'x(ThCl4). A foot-note.by P. Askensay 
(Karlsruhe) states on the basis of his experience in wire
drawing, that the ductility of von Bolton's Th precludes the 
presence of oxide. (W. C. Arsem) 

1712 
ALLOY OF THORIUM AND NICKEL. E. Chauvenet. Bull, 
acad. roy. mid. Belg., 1908, 684-5. 

Thorium chloride was treated with metallic Li in a Ni 
crucible, in an attempt to obtain metallic Th. In place of 
the metal an alloy of the composition NiTh2 was formed. 
(Fred R. Kneeland) 

1713 
COLLOIDAL THORIUM. E. Wedekind and H. Baumhauer. 
(Univ. Tvibingen). Z. Chem. Ind. KoUoide, 5, 191-3(1909). 

Finely divided Th was rubbed hard under cold dil. HOAc, 
then washed with H2O. After a certain amotmt of the acid 
had been removed the H2O carried into soln. colloidal par
ticles of Th. The hydrosol is fairly stable to electrolytes 
but is readily coagulated by alkalis, due probably to the de
struction of Th acetate, the coUoidator. The particles carry 
a + charge and are visible under the ultramicroscope. The 
amount of emanation from 0.023 g. Th hydrosol is equal to 
the amount from 0.111 g. metallic Th, and is less than the 
amount from a corresponding Th(N03)4 sol. The gel was 
20.5% Th and 78% ThOj. (H. Isham) 

1714 
THORIUM. H. von Wartenberg. Z. Elektrochem., 15, 
866-72(1909). 

ThCl4 was made by heating Th02 in CI which was passed 
through S2CI2, the temp, being below the sublimation point 
of ThClj. By electrolysis of ThCl4 dissolved in fused KCl, 
NaCl, Th was deposited in trees on the cathode about 10 g. 
being obtained in 4 hours with a current of 4 amps. 200 g. 
of metal were obtained from 1 kg. of Th nitrate. Analysis 
of metal gave: Th 88.2%; Th02, 11.6; C, 0.15; Na, 0.04; Si, 
0.03; Fe, 0.06: The metal is ductile in spite of its high 
oxide content. The oxide appears to exist mostly as struc
tureless particles enclosed in the metal instead of being in 
solid solution. Special experiments showed that both Pb and 
Tl could be rolled and drawn even when they contained con
siderable oxide. The heat of formation of Th02 from the 
elements was detd. as 326.2 ±0.5 cal., and the heat of for
mation of ThCl4 as 300.2 ± 2.02. The melting point of 88.2% 
Th is given as approximately 1700°. The app. used for this 
experiment was a small vacuum furnace with a tubular W 
heater, the temp, being measured with a Wanner pyrometer, 
taking 1745° as the m. p. of Pt. Thorium sulphide was made 
by heating the metal in S vapor, and the formula ThS2 es
tablished by analysis. It is a yellowish brown substance un-
attacked by water or alkalides but soluble in hot dil. acids 
with partial separation of sulphur. (W. C. Arsem) 

1715 
THE RADIOACTrVITY OF THE HALOGEN AND OXY-
HALOGEN COMPOUNDS OF THORIUM. J. Chaudier and 
Ed. Chauvenert. Compt. rend., 150, 219-21(1910). 

Measurements were made of the radioactivity of various 
halogen and oxyhalogen compounds of Th by the Curie gold-
leaf electroscope as commonly used. For quantities of 
these substances containing more than 10 mg. of Th, spread 
uniformly over a surface 4 cm. in diameter, the radio
activity varied with the nature of the associated elements, 
the intensity of the radiation diminishing as the at. wt. of 
the elements increased. The authors consider that this 
variation is due to an absorption of the rays in the thin 
layer of the substance by the elements which enter Into the 
constitution of the molecule. This absorption tends toward 
a limit for each of the substances studied as the thickness 

of the layer increased. With layers of the different-com
pounds containing less than 10 mg. of Th the activity tended 
toward that of Th and became equal to it when the layers 
became sufficiently thin, which confirms the results ob
tained by others that the radioactivity of Th is an atomic 
property. (W. H. Ross) 

1716 
RADIOACTIVITY OF THORIUM. G. T. Gray. Australian 
A. A. Sci., 11, 359-65[1910?]. 

Thirteen Th minerals, for the most part from new lo
calities were analyzed for Th, and the Th activity measured 
by comparing the Th Em. continuously emitted by solutions 
obtained from the different minerals with a standard Th 
solution from the mineral thorianite. Although the Th con
tent of the minerals ranged from 0.17-50% Th02, the ratios 
of the activities to the Th present were found quite constant. 
Since the emanation activity is proportional to the radio-Th, 
the radio-Th is proportional to the Th, and the constancy of 
the ratio in minerals from such widely different localities 
and occurrences is explicable only on the assumption that 
radio-Th is a product of Th. The experiments thus confirm 
the work on the radioactivity of Th by other Investigators — 
Hahn, Boltwood, Dadourian, McCoy and Ross, and introduce 
a new method of comparing activities. (H. Schlundt) 

1717 
THE SELENATE OF THORIUM. G. Wyroubov (Paris.) Z. 
Kryst. Min., 47, 371-2(1909). 

The crystals said to be Th(Se04)2-8H20 which were meas
ured by Rosati and analyzed by Manvelli and Cingolani and 
were isomorphous with Th(S04)2-9H20 and U(S04)2-9H20 were 
probably crystals of Th(Se04)2-9H20 since analyzed crystals 
of this comp. give almost identical crystal measurements. 
(E. S. Larsen) 

1718 
PSEUDO BINARY ALLOYS. A. Portevin. Rev. metal., 8, 
7-37(1911). 

In extending Roozeboom and Austen's application of the 
phase rule method to these alloys (Z. physik. Chem., 53, 
449 (1905)) the author finds 3 general cases: (1) there is 
no equil. relation between the components and compds. in 
the liquid phase; (2) an equil. establishes itself between the 
compds. and components at high temps, and Is not modified 
in the region of solidification; (3) the equil between the 
compds. and components in the liquid phase establishes 
itself during the time of cooling and solidification. In the 
latter case there are 3 types depending on whether the dis
sociation of the compd. In the liquid state gives up heat, 
absorbs heat, or neither gives up nor absorbs heat. These 
generalizations are then applied to pseudo binary alloys. 
(1) abnormal curves of solidification of such alloys as Ag 
with Al, Bi, Th, Sn, Pb; (2) abnormal curves of solidification 
of definite compds. such as Sb2Mg3, B2Mg3, Zn2Mg, Mn,P2; 
(3) abnormal curves of equil. of solid solns. such as certain 
bronzes in which Cu2Sn separates. The alloys Al-Sb, F e -
Mo and Fe-Cr are discussed in detail. The author gives 
diagrams and full discussions of all the various types. 
(E. J. Witzemann) 

1719 
TUNGSTEN-THORIUM, A DUCTILE ALLOY. L. Freiherr. 
Metall u. Erz, 10, [I] 844, (1913). 

Pure WO3 was first prepared by pptn. Next 1.059 Th04 
were dissolved in abs. ale. and to this were added 100 g. of 
the purified WO3. The ale. was next evapd. and the mtxt. 
dried at 100°. The mixt. was reduced by placing it in a 
quartz tube and heating for 1V2 hrs. in a strong current of 
H. During 1V2 hrs. a low sooty flame was used, then for 
V2 hr. a blast lamp was applied, bringing the final temp, to 
about 900°. The amorphous powder obtained was mixed with 
a binder such as adraganth, formed into bows about 10 cm. 
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long and 0.3 to 0.5 min. in cross section, and reduced once 
more in a current of H at 1100°. An elec. current of 5 -7 
amp. at 250 v. was next passed through the bow while it was 
in an atm. of NH3. This heated the material to incandescence 
and sintered about % of its length. This product could be 
bent, hammered and drawn. It was found impossible to pro
duce ductile alloys with more than 1% Th. (Carle R. 
Hayward) 

1720 
TUNGSTEN-THORIUM, A DUCTILE ALLOY. L. Freiherr 
V. Grotthuss-CaU. MetaU u. Erz, 10, 844(1913). 

A number of W-Th alloys were prepd. from purified WO3 
and ThCl, by reduction in H at 900°, reheating to 1100° in H 
and finally to white heat in NH3. The alloy with 1% Th was 
ductile but when the Th content was increased, ductility 
disappeared. (W. T. Hall) 

1721 
French Patent 466,737, Dec. 30, 1913. Wolfram Lampen 
A.-G. 

The durability and ductility of alloys of high melting point 
(Cr, V, Nb, Ta, Os, Rh, Th, Zr, W) are increased by the ad
dition to the bimetallic mixt. (W with 1% Th) in the press, 
before hardening, of a metal of the Pt group which acts 
catalytically, causing the formation of a solid soln. 

1722 
THE HALL EFFECT AND ALLIED PHENOMENA IN RARE 
METALS AND ALLOYS. Alpheus W. Smith. (Ohio State 
Univ.) Phys. Rev. 8, 79-88(1916). 

The coeffs. of the Hall effect (10* at 24°), of the Nernst 
effect (10' at 60° and 17000-18000 gausses) and the sign of 
the thermoelec. height (taken against Pb) for In, Li, Mo, W, 
Ce, Ta, Th, FejCo, Fe, Co, are -0 .73 , -17.0, +12.6, +11.8, 
+ 19.2, +10.1, +2.4, +13.3, +110.0, +24.0; +3.2, +16.0, 
-17.2,-100.0, +10.0, +9.8, - 3 . 7 , +250.0, -81.0, +200.0; and 
•••, - • "*", - , "•", -7 "'"> - . "'"> - . r e s p . 

1723 
DRAWING REFRACTORY METALS. J. Hisamoto. U.S. 
Patent 1,345,441, July 6; British Patent 139,065, April 23, 
1919. 

A slug of W, Ta, Th, Zr or similar refractory metal is 
surrounded by a refractory oxide such as that of Th, Mg, 
Ce or Zr and these materials are enclosed evenly in a tube 
of metal, e.g., Ni, steel or an alloy of Ni and Cr. The tube 
and contents are drawn to filamentary size and the tube and 
oxide are then removed from the inner filament of refrac
tory metal, e.g., by dissolving it off with an acid. 

1724 
TUNGSTEN ALLOY. G. R. Fonda. Canadian Patent 246,906, 
Feb. 17, 1925. 

An alloy for filaments contains W with Th and Cu. 
1725 

PROPERTIES OF Th METAL. H. C. Rentschler and J. W. 
Marden. Phys. Rev. 25, 589(1925). 

Coherent Th of great purity was prepd. It is workable and 
pliable and can be rolled, drawn and worked cold; m.p. 
2115°K. ± 30°. The volatility is very low even at the m.p. 
The d. = 11.3 to 11.7 depending on previous working. The 
linear coeff. of expansion (0 to 100°) = 12.6 x 10"'. Cold-
worked wire has a tensile strength of about 80,000 lbs. per 
sq. in. and a resistivity at room temp, of about 18 x 10"* 
ohm-cm. with an av. temp, coeff. of resistance between 
room temp, and the m.p. of about 0.0021. 

1726 
ALLOYS. R. W. Stimson and W. Borchers. British Pat
ent 247,634, Nov. 6, 1924. 

In forming alloys contg. Si, Ti, or Zr together with Co, 
Cu, Cr, Fe, Mn, Mo, Ni, Ta, Th, W, U or V, a mixt. of ores 
and fluxes is subjected to reduction with a carbonaceous 
reducing agent, the proportions of the constituents being so 

adjusted that a slag is formed which is neither strongly 
basic nor strongly acid and which has a principal basic 
component of a "mild" character such as AI2O3. Various 
details are given and among the alloys described are: 
Fe-Co-Ni-Si; Fe-Cr-Mo-W-Si; Fe-Mn-Zr-Si and Cu-Si 
alloys. 

1727 
INVESTIGATION OF THE THERMIONIC PROPERTIES OF 
THE RARE-EARTH ELEMENTS. E. E. Schumacher and 
J. E. Harris. J. Am. Chem. Soc. 48, 3108-14(1926). 

The thermal emission of pure Ce, La, Pr, Nd, Sa and of 
aluminum alloys of Yt, Eu, Ga, Tb, Dy, Ho, Er, Th, Yb and 
Lu were measured over a range of temps. At 1800° all had 
emissions of the more than lO' greater than W, Ce having 
the highest, 3 x 10' x Ew The emission from the alloys is 
less than the pure metals but is still high. (F.R.B.) 

1728 
METALLIC THORIUM. J..W. Marden and H. C. Rentschler. 
Ind. Eng. Chem. 19, 97-103(1927). 

Methods of prepg. high-grade Th powder, the fused metal 
and ductile Th are described. A detailed description of the 
Ca-CaCl2 method of prepg. Th powder is given. Two meth
ods of heat treating, methods of analysis and phys. prop
erties are given and compared with values obtained by 
other investigators. (J.B.) 

1729 
THERMIONIC EMISSION OF TUNGSTEN, MOLYBDENUM, 
THORIUM, ZIRCONIUM AND HAFNIUM. C. Zwikker. Proc. 
Acad. Sci. Amsterdam 29, 792-802(1926). (E.H.) 

1730 
ELECTRON-EMITTING THORIUM. H. C. Rentschler and 
J. W. Marden. Canadian Patent 268,260, Feb. 8, 1927. 

An electron-emitting material consists of homogeneous, 
metallic Th. 

1731 
CARBON ALLOYS OF TUNGSTEN AND OTHER METALS. 
A. Brennecke. British Patent 259,560, Oct. 7, 1925. 

In casting C alloys of W, Th, Ta, compds. of W with B or 
Si or similar compns., a mold is used which is at a temp, 
sufficiently lower than the crucible that decompn. of un
stable compds. in casting is prevented. The crucible and 
mold may both be heated in an elec. resistance furnace and 
transfer of the metal effected within the furnace. 

1732 
LIGHT METALS AND ALLOYS, ALUMINUM-MAGNESIUM. 
Miss M. G. Lorentz, et al. Bureau of Standards, Circ. No. 
346, 403 pp.(1927) 

The author covers the available information on Al, taking 
up commercial Al, its production and applications. Its met
allography giving photomicrographs; its chem. and phys. 
properties, as well as its technology. The constitution, 
technology and properties of Al alloys of As, Sb, Bi, Be, B, 
Cd, Ca, Ce, Co, Cr, Cu, Ge, Au, Fe, Pb, Li, Mg, Mn, Mo, 
Ni, P, Pt, K, Se, Si, Ag, Na, Ta, Te, Th, Sn, Ti, V, and Zn 
are considered. Mg is also reviewed from the standpoint of 
properties, metallurgy and technology, while the alloys of 
Mg with Al, Cu, Cd, Zn, and Ni are discussed. An appendix 
giving the definitions of phys. terms and a bibliography are 
included. (A. W. Coffman) 

1733 
THE COMPRESSIBILITY AND PRESSURE COEFFICIENT 
OF RESISTANCE OF TEN ELEMENTS. P. W. Bridgman. 
(Harvard Univ.) Proc. Am. Acad. Sci. 62, 207-26(1927). 

The elements investigated were Pr, La, Ce, Be, Ba. Th, 
for both compressibility and elec. resistance. Tne temps, 
were 30° and 75° and the pressures varied from 0 to 12,000 
kg./sq. cm. The compressibility of Th at 30° is represented 
by the equation, AV/Vj =-18.18 x lO^p + 12.78 x I Q - ' V . At 
75°, AV/Vj =-18.46 x 10"'p = 13.29 x 10" 'V- The variations 
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to a molten Ni-contg. mass, prior to casting, 1 or more of 
the rare earth metals, Sc, Y, Hf and Th included, in such 
amt. that if there is any residue in the finished alloy it does 
not exceed 0.5%. Thus, elec. resistance elements may be 
made from an 80-20 Ni-Cr alloy in this manner. Before 
the rare earth addn., the mass may be subjected to treat
ments for deoxidation, desulfurization, improvement of 
forgeability, etc., e.g., it may be treated with alk. earth 
metals, e.g., Ca, Ca silicide, a group 5 element, e.g., P, 
As or Sb, Se, S, Te, Mn, Mg, Si or B. C, Cu, Fe, P and S 
may be present as impurities and Al, Co, Mo or W may be 
added to modify the mech. properties. 

1762 
HEAT-RESISTANT ALLOYS. (The Mond. Nickel Co. Ltd.) 
French Patent 806,080, Dec. 7, 1936. 

Ni alloys, e.g., contg. Ni 80 and Cr 20%, are made more 
resistant to heat by adding to the fused alloy, before cast
ing, 1 or more rare earth metals (Sc, Y, Th) either alone 
or along with an alk. earth metal (either as an element of 
an alloy or compd.). 

1763 
HEAT-RESISTANT ALLOYS. Wm. Guertler. British 
Patent 468,903, July 15, 1937. 

Fe-Cr-Al alloys contain up to 1.9% of Th; or, when the 
proportion of Cr or of Cr and Al together exceeds 25%, the 
proportion of Th may be 1.9-5%. There may also be present 
a total of 0.01-2% of Mn, Si, Mg, W, Ti and (or) Mo. 

1764 
ALLOYS. Deutsche Gold- und Silber-Scheideanstalt vorm. 
Roessler. British Patent 470,877, Aug. 24, 1937. 

Articles capable of resisting the action of O at high temps, 
are made from Ni-Cr alloys contg. Cr 10-30 and Th up to 
1.9%. 

1765 
HEAT-RESISTANT ALLOYS. WUli Godecke and Wm. 
Guertler (to Degea A.-G. (Auerges.)). U.S. Patent 2,105, 
283, Jan. 11, 1938. 

Alloys which are suitable for elec. resistances, etc., 
contain Fe together with Al about 1-10, Cr about 20-35 
and Th about 0.001-5%. 

1766 
ALLOYS. Leonard B. Pfeil. British Patent 488,322, July 
5, 1938. 

Th, Zr, or U is introduced into a molten bath consisting 
principally of Ni, Fe, Co, Cr or (and) Cu, e.g., a Ni-Cr 
alloy, by mixing powd. Th, Zr or U, or a material such as 
Fe-Zr or Ni-Zr produced from a refined ore, with a metal 
or alloy of lower or not substantially higher m. p. and add
ing the mixt. to the molten bath. The diluent metal may be 
one of the constituents of the molten mass. The powd. mixt. 
may in some cases be agglomerated by cementing, pressing, 
or sintering or by embedding it in a molten mass of a metal 
or alloy of lower m. p., e.g., Ce, Ca. 

1767 
COPPER-THORIUM ALLOYS. Franz R. Hensel and Earl 
I. Larsen (to P. R. Mallory & Co.). U.S. Patent 2,136,548, 
Nov. 15, 1939. 

Alloys which are suitable for Ne sign electrodes, etc., 
contain Cu together with Th 0.005-10% and an element of 
the second group of the periodic system such as Cd, Zn, 
Be, Mg, Ca, Sr, or Ba. U.S. Patent 2,136,549 relates to 
otherwise similar alloys contg. U instead of Th. 

1768 
SILVER-COPPER ALLOYS. The British Thomson-Houston 
Co. Ltd. British Patent 496,033, Nov. 23, 1938. 

Electrodes for spark gaps of elec. arc converters consist 
wholly or partly of a eutectic Ag-Cu alloy with an addn. 
of 0.5-10% of Ba or Th. The addn. may be 5% with a Ag-Cu 
ratio of 72:28. 

1769 
ALLOYS. Alloys Ltd. French Patent 835,468, Dec. 22, 
1938. 

Alloys of a metal chosen from the group consisting ot 
Cu, Ni and Ag with a metal of the Ti group of the periodic 
table, are obtained by mixing a metal of the first group in 
powder form with a hydride of a metal of the second group, 
raising the temp, of the mixt. so as to decompose the hy
dride and then raising the temp, further so as to cause the 
metal of the first group to diffuse into the grains of the 
metal liberated from the hydride. Hydrides of Tl, Zr, Hf, 
or Th may be used. In forming an alloy of Cu and Ti, the 
mixt. is heated gradually in a vacuum to 1000°. When the 
temp, reaches 350° the Ti hydride begins to decompose and 
the nascent H removes all traces of O and N contained in 
the powder, and the mixt. gradually becomes compacted. 

1770 
SILVER ALLOYS SUITABLE FOR MAKE-AND-BREAK 
CONTACTS. Franz R. Hensel, Kenneth L. Emmert, and 
James W. Wiggs (to P. R. MaUory & Co.). 

U.S. Patent 2,161,576 relates to alloys of Ag with Mg 
0.05-15% and Th 0.005-10%. Such alloys have good cor
rosion resistance. 

1771 
ELECTRIC MAKE AND BREAK CONTACTS. Franz R. 
Hensel and Kenneth L. Emmert (to P. R. Mallory & Co.). 
U.S. Patent 2,165,481, July 11, 1939. 

Alloys are used contg. Ag together with Th 0.005-25%, 
which serves to reduce the transfer tendency. 

1772 
ALLOYS RESISTANT TO BURNING AND SCALING AND 
SUITABLE FOR RESISTANCES, UTENSILS, ETC. William 
Guertler (to Chemical Marketing Co.). U.S. Patent 2,190, 
781, Feb. 20, 1940. 

Alloys resistant to burning and scaling in the presence 
of O at temps, above 1000° are formed of Ni together with 
Cr 10-30 and Th 0.05-2%. 

1773 
NEUTRALIZATION AND IONIZATION ON A THORIATED 
TUNGSTEN SURFACE. N. D. Morgulis, M. P. Bernadiner, 
and B. I. Dyatlovitskaya. J. Phys. (U.S.S.R.) 2, 25-38 
(1940) (in English). 

The results of an exptl. investigation of the neutralization 
of Cs and K ions and the ionization of Cs, K, and Na ions on 
the surface of thoriated W at different degrees of activation 
(9) and at different effective work functions {<p) are given. 
It was found that as 9 increased, the coeff. of neutralization 
increased and the coeff. of ionization decreased. It is con
cluded that the Th film on the W surface possessed a non
uniform (spotted) structure. Further work is in progress. 
16 references. (Frank Gonet) 

1774 
DEVELOPMENT WORK IN HEAVY- AND LIGHT-METAL 
ALLOYS. W. Guertler. Metallwirtschaft 19, 435-45(1940). 

This address is a survey of various investigations con
ducted in the Institute for Applied Metal Science of the 
Technical High School in Berlin and in the Institute for 
Metallurgy and Raw Materials of the Technical High School 
in Dresden. The investigations covered Pb bearing metals, 
the system Ag-Cu-Pd, Th as an alloying element for the 
heavy metals, Al bronzes contg. Fe and Cr, Ni-free Mn-
German silver, spray mist testing app., the system Ag-Al, 
Al-Zn-Mg alloys and Th as an alloying element for Al and 
Al aUoys. (H. Stoertz) 

1775 
INVESTIGATION OF THE SURFACE STRUCTURE OF 
THORIATED TUNGSTEN BY MEANS OF AN ION MICRO
SCOPE. N. D. MorguUs. J. Exptl. Theoret. Phys. (U.S. 
S.R.) 10, 168-70(1940). 
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By use of the fact that thermal ionization of gas of alkali 
metals in contact with a W surface completely covered with 
Th is very small, as compared with that of pure W, it is 
possible to obtain the actual picture of the surface of the 
cathode made from thoriated W. The ions of Cs were used 
in this expt. Results show that the film of Th on the surface 
of W is not uniform, leaving spots of bare W. (Roksalana 
Gamow) 

1776 
MOLYBDENUM-THORIUM. H. Nelting. Z. Physik 115, 
469-80(1940). 

The electron emission of thoriated Mo wires was studied 
under a variety of conditions. The Th02 is reduced in the 
temp, range 2200-2400°K. Above 1800°K. rapid evapn. of 
the surface film starts with deactivation. Activation occurs 
in the temp, range 1500-1700°K. Activation curves are 
given for temps, of 1615, 1700 and 1750°K. All the curves 
showed final coverage of the surface. A theoretical inter
pretation of the results is given in terms of the diffusion of 
Th through irregularities in the surface. The diffusion 
coeff. obtained at 1700°K. Is 2.3 x 10""' sq. c m . / s e c , in 
good agreement with Dushman. (E. J. Rosenbaum) 

1777 
TENSILE PROPERTIES OF ROLLED MAGNESIUM AL
LOYS— BINARY ALLOYS WITH CALCIUM, CERIUM, 
GALLIUM AND THORIUM. John C. McDonald. Trans. 
Am. Inst. Mining Met. Engrs., Inst. Metals Div., Tech. 
Pub. No. 1247, 3 pp.(1940). 

Ca, Ce, Ga, and Th increase the ductility of Mg markedly 
and also increase its strength. In this respect they are 
similar to Zn, Ag, Al, Tl, and Cd. They are much different 
from Sb, Bi, Cu, Pb, Ni, and Sn, which have little or no 
beneficial effect on ductility. (C. L. Mantell) 

1778 
RADIOACTIVE ALLOY LIGHTNING PROTECTOR. Pierre 
Grenier (to Socifte fran^aise Helita). French Patent 
846,369, September 15, 1939. 

A lightning protector has a lower part of a conductive 
metal and an upper part of a radioactive alloy such as Cu 
30, Ni 65 and Th 5%, or Fe 20, Ni 70, and Th 10% or Fe 14, 
Ni 60 and Th 26%. 

1779 
WORKABLE GOLD ALLOY SUITABLE FOR JEWELRY. 
Ludwig Weiss (to Chemical Marketing Co. Inc.). U.S. 
Patent 2,243,023, May 20, 1941. 

An alloy having a purple-colored shade is formed of Au 
75, Al 24.25, Th 0.25, and Sn 0.5 parts. 

1780 
GOLD ALLOYS SUITABLE FOR JEWELRY. Ludwig Weiss 
(to Chemical Marketing Co. Inc.). U.S. Patent 2,243,177, 
May 27, 1941. 

Workable alloys of a purple shade contain Au about 68 .5-
78.5%, Th about 0.5-10%, and Al not over 24.25%. 

1781 
VALVES FOR mTERNAL-COMBUSTION ENGINES. Wil-
helm Rohn, Franz BoUenrath, and Heinrich Cornelius. 
U.S. Patent 2,246,078, June 17, 1941. 

Valves which have high strength and creep resistance 
are made of an alloy consisting of 50 - 70% together of Co 
and Ni with at least 10% Co and at least 0.05% Ni, Cr 6 -
25%, Mo or W 0.05-15%, Fe 0.05-30%, and metals of the 
group Ti, Zr, Th, V, Cb, and Ta 0.05-15%, the head of 
the valves being annealed at a temp, above the temp, at 
which the valves are used and the stem of the valve con
sisting of the same material hardened by cold working. 

1782 
MAGNESIUM ALLOYS. Georg von Giesche's Erben. Brit
ish Patent 516,454, Jan. 2, 1940. 

An improvement of Brit. 490,712 (C. A. 33, 960,) which 

consists in substituting the third alloying constituent of 
Mg-Al alloys by 4-14% of any 2 or more of the metals Cd, 
Bi, Th, and Zn. 

1783 
NICKEL ALLOYS FOR USE AS PTOS IN ARTIFICIAL 
TEETH. Werner Hessenbruch (to Heraeus-Vacuumschmelze 
Akt.-Ges.). German Patent 699,850, Nov. 7, 1940 (CI. 40b. 
14). 

Pins to be imbedded in the ceramic part of the artificial 
tooth are made of a Ni alloy contg. up to 3% Th and Be, the 
two not exceeding 5%. This alloy may contain also Ce 0.01 — 
1, Al 0 . 1 - 1 , Mg 0 . 1 - 1 , and Si 0.01-2%. Another alloy for 
the same purpose consists of Th 0.1-1.2, Al 0.3-0.7, Be 
0 .1-0 .5 , Ce 0.01-0.4%, Ni the remainder. 

1784 
ALUMINUM ALLOY. Rolls-Royce Ltd. French Patent 
49,927, Sept. 22, 1939. Addn. to French Patent 819,263 
(C. A. 32, 20798). 

P, Cb, Ta, Th, Te and (or) one or more of the 15 rare 
earth elements are added to the alloy described in French 
Patent 819,263. The proportion of the P should not exceed 
0.25% and the content of all the above-mentioned elements 
should not exceed 2%. 

1785 
CONSTITUTION OF INORGANIC GELS. Harry B. Weiser 
and W. O. Milligan. Advances in Colloid Sci. 1, 227-46 
(1942). 

This paper is a summary of work done in the authors' 
labs, since 1938 on the constitution of gels of the following 
inorg. compds. by use of the techniques of the phase rule, 
x-ray diffraction and electron diffraction: A1203, Ga203, 
SC2O3, La203, Nd203, Pr203, Sm203, CrjOj, Fe20s, SiOj, 
Cb20s, Ta205, Ti02, Zr02, Th02; CuS, AS2S3; ferro- and 
ferricyanides of Ti, In, Al, Sc, La, Nd, Zn, Cd, Cu; Prus
sian blue and TurnbuU's blue. (H.B.W.) 

1786 
EFFECT OF GASES ON SOLID METALS. J. D. Fast. 
Chem. Weekblad37, 342-50(1940). 

A discussion, based on the literature, of the diffusion of 
O and N through Th, Zr, W, and Fe, and of S through Ag. 
(Gottfried Beck) 

1787 
PACKING POWDERED METALS SUCH AS TITANIUM, 
ZIRCONIUM, THORIUM AND URANIUM TO PREVENT 
OXIDATION. Peter P. Alexander. U.S. Patent 2,284,551, 
May 26, 1942. 

The metals are packed in A, He, Ne, or Xe. 
1788 

NOTES ON THE DEVELOPMENT OF POWDER METAL
LURGY. Cyril S. Smith. Powder Metallurgy Conf., Mass. 
Inst. Tech. Aug., 1940. 

1789 
ALLOYS. Hans Bernstorff and Albert AllendOrfer (to 
Chemical Marketing Co.). U.S. Patent 2,291,865, Aug. 4, 
1943. 

At least one of the metals Be, Ti, Zr, Th, and W, having 
a great affinity for gases, is mixed in finely divided form 
with at least one of the less reactive metals Cu, Fe, Mo 
and Ni, and the mixt. is enclosed in a casing of the less 
reactive metal and the materials are heated to a temp, 
below the m. p. of the metals to cause diffusion of the 
metals to form a preliminary alloy, and the latier is then 
employed to introduce the desired quantity of the reactive 
metal into further quantities of the less reactive metal. 

1790 
COLORED GOLD-ALUMINUM ALLOY. Ludwig Weiss and 
Gustav Buchenauer (to Deutsche Gold und Silber-Scheidean
stalt, vorm. Roessler). German Patent 710,934, Aug. 14, 
1941 (CI. 40b. 4). 
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An Au-Al alloy, primarily for jewelry, contains the two 
components in a ratio corresponding to AUAI2. In addn. it 
contains up to 7% of Th. 

1791 
MALLEABLE AND HEAT-RESISTANT ALLOY Wilhelm 
Rohn (to Heraeus-Vacuumschmelze A.-G ). German Patent 
722,506, May 28, 1942 (CI. 18d. 2.50). 

The alloy contains Cr 5-30, Th 0.01-6, alk. earths 0 .05-
2% and Fe the rest. The alk. earths may be replaced en
tirely or partly by rare earths, such as Th. Small quantities 
of deoxidizing and work facilitating components are also 
included 

1792 
THE ALLOYS OF Th WITH Cu, Al AND Na. G. Grube and 
L. Botzenhardt. Z Elektrochem. 48, 418-25(1942). 

Temp -compn. diagrams are given of Cu-Th and Al-Th 
alloys up to 50% Th and of Na-Th alloys up to 80% Th. The 
three systems show the intermetallic phases Cu4Th, Al,Th 
and Na4Th, produced by peritectic reactions above Th 
concns. of 40, 42 and 30'?fc and above temps, of 1024, 872 
and 121°, resp Cu and Al alloys with low Th content are 
ductile, easily workable and stable in air, but become 
brittle and corrode at higher Th concn. Na-Th alloys are 
all soft and plastic. Tests of the hardness of different 
alloys after a variety of heat-treatments showed that a 
Cu-Th aUoy contg. 4% Th treated at 200° for 15 hrs . and 
an Al-Th alloy contg. 1.5% Th, treated at 350° for 30 mm. 
produced optimum hardnesses. (O. H. Miiller) 

1793 
THE ACTION OF THORIUM IN RESISTANCE-WIRE AL
LOYS. K. W. Frohhch and A. Barthel. Metallwirtschaft 
21, 103-5(1942); Chem. Zentr. 1942. H, 96. 

The properties of Cr-Ni and Cr-Al steel resistance 
alloys are improved by Th addns. The effects of Th on 
heat-resistance, elec. resistance change, structure and 
hot strength are discussed. (Iver Igelsrud) 

1794 
HIGHLY HEAT-RESISTANT Cr-Ni ALLOYS. Heraeus 
Vacuumschmelze A.-G German Patent 730,630, Dec. 17, 
1942 (CI. 40b. 14). 

Alloys of Ni 50-70, Cr 10-25, Fe 3 7 - 1 , Mo 3-12 , Mn 
0 - 4 , Si 0 - 2 and one or more of Ta, Cb, Th, and Ti 0 . 3 -
20% are used for parts exposed to 500-900° and higher. 
The Mo may be partly or entirely replaced by W. 

1795 
Pt ALLOY FOR APPARATUS AND PARTS. Karl W. 
Frohhch (to Deutsche Gold- und Silber-Scheideanstalt. 
vorm. Roessler). German Patent 732,187, Jan 28, 1943 
(CI. 40b. 4). 

The alloy contains Ta 0.01-10, Cb 0.01-6, Be 0.005-3, 
Sn 0 01 -6 , Cr 0.01-6, Th 0.005-2.5% and high-grade Pt 
alloy (i.e., at least 50% of Pt) the rest. This alloy is used 
for app and parts exposed to 1200-400°. 

1796 
COMPARISON OF THE PROPERTIES OF SINTERED AND 
MOLTEN METALS AND ALLOYS. R Kieffer and W. Hotop. 
Kolloid Z. 104, 208-23(1943). 

A review with 12 tables and 27 references on the d., elec. 
and mech. properties of W, Mo, Ta, Cb, Ti, Zr, Th, V, Cr, 
U, Cu, Ag, Au, Pt, Ni, Co, Fe, steel, WC-Co, Fe-Ni, Fe-
Al, and Fe-Ni-Al-Co alloys. (H. S. van Klooster) 

1797 
HEAT-RESISTANT ALLOY. Heraeus-Vacuumschmelze 
A.-G. German Patent 735,990, April 22, 1943 (CI. 40b. 
14). Addn. to German Patent 730,630 (C. A. 38, 5448). 

For parts having to withstand temps, above 600° are used 
alloys of Cr 25-40, Fe 1-57, Mo 3-12 , Mn 0 - 1 , Si 0 - 1 , 
Ta, Cb, Th, Ti, and Zr singly or combined 0 3-20% and the 
rest Ni. Cr and Mo are used m quantities above the indi

cated lower limits. The Mo may be replaced entirely or 
partly by W. 

1798 
NICKEL-CHROMIUM-IRON HEAT-RESISTANT ALLOY. 
Eberhard Both (to Heraeus-Vacuumschmelze A.-G.). Ger
man Patent 735,991, April 22, 1943 (CI. 40b. 14). Addn. to 
German Patent 730,630 (C. A. 38, 5448). 

In the alloy described in German Patent 730,630 Ta, Cb, 
Th and Tl can be entirely or partly replaced by B, particu
larly 0.1-3% of B. The total of Ta, Cb, Th, Ti and B does 
not exceed 8%. These alloys are used for parts exposed 
to 500-900°. 

1799 
THE EFFECT OF SMALL ADDITIONS OF Th ON THE 
LIFE OF HEAT-RESISTING ALLOYS. Werner Hessenbruch 
and Lore Horn. Z. Metallkunde 36, 145-6(1944). 

Heating 15 exptl. Ni-Cr alloys, contg. Ni 80 and Cr 20% 
and addns. of 0.015 to 2% of Th, at 1050° showed progres
sively increasing life with increasing Th. The 2% Th alloy 
had double the life of the 0.2% alloy. (W. A. Mudge) 

1800 
THE STRESS-CORROSION BEHAVIOR OF Al-Mg-Zn AL
LOYS. W. Bergmann and W. Guertler. Korrosion u. 
Metallschutz 19, 160-4(1943); Chem. Zentr. 1944, I, 242. 

The Al-Mg-Zn alloy G54 was investigated for 14 days 
under various corrosion conditions. No corrosion was ob
served in air, tap water, artificial sea water, or NaCl soln., 
but by tempering at 60-70° the tendency to stress corrosion 
in tap water and sea water is increased. Addns. of Cu, Ti, 
and Th increased the corrodibihty in tap water; Th, V, Mn, 
and Fe decreased it in sea water, sometimes also Cu and 
Si; Tl increased it strongly. In sea water, the results of the 
alternating-immersion method agreed well with those of the 
spray method. (M. Hartenheim) 

1801 
ALLOYS FOR THE PRODUCTION OF ALLOY STEELS 
Arthur H. Stevens. British Patent 561,407, May 18, 1944 

An alloy is produced which contains 6-50% of reactive 
elements of the class consisting of Ti, Be, B, and Th together 
with Al and Zr which serve as protective elements for the 
reactive elements. The Al together with Zr should be less 
than 3 times the content of the reactive elements, the Al 
being more than 1% of the alloy. The Si content should be 
less than 20% with the remainder of the alloy being Fe or 
other carr ier metal. The alloy thus composed imparts hard-
enability and toughness to plain C steel and low-alloy steels 
contg. less than 5% of alloying constituents. Reference is 
made to British Patent 556,770 (C. A. 39, I84O2). (J. 
Davidson) 

1802 
ALLOYS FOR THE PRODUCTION OF ALLOY STEELS. 
Arthur H. Stevens. British Patent 561,592, May 25, 1944. 

An alloy is produced which contains 6 - 50% of one or 
several of the elements Ti, Be, B, and Th, 6-50% of one 
or several of the metals V, Cb, Ta, and U, and less than 
20% of Si, the remainder of the alloy being Fe or other 
carrier metal. This alloy imparts hardenabihty and tough
ness to plain C steel and low-alloy steels contg. less than 
5% of alloying constituents. The alloy may also contain up 
to 35% of one or more of the elements Al, Zr, and Mg. 
(J. Davidson) 

1803 
COBALT-NICKEL ALLOYS FOR HEAVY-DUTY PARTS 
OPERATING AT HIGH TEMPERATURES. F anz BoUen
rath, Heinrich Cornelius and Wilhelm Rohn (to Heraeus-
Vacuumschmelze A -G.) German Patents 723,911, July 2, 
1942 (CI. 40b. 14). Addn. to German Patent 713,279 

Alloys of Co and Ni 50-70 with at least Co 15, Cr 12-25, 
Mo or W, separately or together, 2.5-15.0, Fe and one or 
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more e lements (I) 0 -30%, are used for purposes described 
in German Patent 713,279 I comprises Ti 0 3 - 1 2 . 0 , par
ticularly up to 5, Ta up to 15, Cb up to 15, Th up to 8, par
ticularly up to 5%. In addn. the alloy contains up to 1% of 
the usual deoxidizing addns. such as Si, Mg, Mn, Be, Al, 
alkali or alk. earth meta l s . (M. Hoseh) 

1804 
RARE METALS AS CONSTITUENTS IN LIGHT ALLOYS. 
W. J. KroU Light Metal Age 3 , No. 12, 23-30 , 45(1945). 

The effects of addns. of rare metals to Al and Mg alloys 
are discussed, with emphasis on Li, Be, Ca, Ba, Sr, Ce-
group meta ls , Ga, B, Ge, Ti, Zr, and Th. Factors affecting 
the availability of rare metals , such as occurrence of the 
o r e s , market demands, and methods of extraction are con
sidered and methods of introducing the rare metals into 
light al loys are described. 85 re ferences . (L.S.) 

1805 
MAGNESIUM-BASE ALLOY WITH THORIUM John C. 
McDonald (to Dow Chemical Co ). U.S. Patent 2,371,531, 
Mar 13, 1945 

An alloy with a high degree of formability and good cold-
roUabihty i s obtained by alloying Mg with 0 1-10 .0% Th 
The preferred range for most satisfactory strength and 
formability i s 0 . 5 - 3 0% Th and for greatly improved cold-
roUabihty IS 0 . 1 5 - 0 3%Th ( I I ) 

1806 
PRODUCTION AND USES OF RARE METALS W. J. KroU 
(U S Bureau of Mines, Albany, Ore.) . Mining and Met. 27, 
262-6(1946). 

The process metallurgy, propert ies , prewar pr ices , and 
estd. world production of Li, Rb, Cs , Au, Be, Sr, Ba, B, Y, 
La, Ce, Ga, In, Tl, Ti, Zr, Hf, Th, Ge, V, Cb, Ta, U, Se, Te, 
and Re are briefly d iscussed (C. W. Schuck) 

1807 
ALLOYS OF THORIUM WITH COPPER, SILVER, AND 
GOLD. E. Raub and M. Engel (Gmund). Z. Elektrochem. 
49, 487-93(1943). 

The phase diagrams for the al loys of Th with Cu, Ag, and 
Au were investigated. In these 3 s y s t e m s compds were 
observed with an at. ratio of 3 1 and 5 3 (Cu, Ag, Au Th). 
In the sys t em Cu Th the compd CugTh i s present. The 
rich compds. are probable in the compn range not invest i 
gated. These al loys are s imi lar to the La al loys with Cu, 
Ag, and Au. Only in the Cu al loys does a compd. with an 
at ratio of 6 1 (Cu Th, Ce, La, Pr) appear. In the compds. 
with the at ratio 3 1 in all s y s t e m s the m.p. increases 
greatly above the Ag and Au. In s imi lar order and direction 
the heats of formation of the chlorides increase . Compds. 
with the at. ratio 5 3 exist in al loys of Ag with Ba and Sr. 
None of the compds. has a characterist ic color, it i s grayish 
white or, in the CujTh, pale pink. Compds of like compn 
and structure are alike in chem behavior. The compds. 
with the at. ratio 5 3 (Cu, Ag, Au • Th) are unstable and 
pyrophoric, especial ly the Ag5Th3 Compds. with the at. 
ratio 3 1 are l ikewise unstable and decomp. gradually in 
air with the evolution of heat. The CujTh i s essent ial ly 
stable but decomps in H2O with evolution of H2. The soly. 
of Th in Cu, Ag, and Au i s very smal l . With Au and Cu 
the max. i s approx. 0.001 and with Ag 0.2 wt. %. A low Th 
content has no effect on the chem. properties of the Cu, Ag, 
and Au. A high Th content greatly affects the chem stability 
because of the low stability of the thoride. The hardness of 
the alloy increases with the thoride concn. In no case does 
the mixed crystal formation of Th with Cu, Ag, and Au 
produce an increase in hardness. (W George Parks) 

1808 
HEAT-RESISTING ALLOYS SUITABLE FOR RESISTANCE 
WIRES. Wm. M. Kay U.S. Patent 2,174,919, Oct. 3 , 1940 

Ni IS alloyed with Cr 1 0 - 3 0 , Th 0 . 0 1 - 2 , Si 0 . 2 5 - 3 , and 
Ce 0 . 0 1 - 2 % Ca, Mg, and Zr also may be used. 

1809 
THE INFLUENCE OF ZIRCONIUM UPON THE SOLIDI
FICATION OF MAGNESIUM ALLOYS AND SOME PROP
ERTIES OF CAST MAGNESIUM ALLOYS CONTAINING 
ZIRCONIUM. Franz Sauerwald. Z. Metallkunde 40, 41-6 
(1949). 

Addns. of approx. 0.6% Zr to Mg alloys give optimum 
combination of fine grain and high mech. and corros ion-
res is t ing properties . Results for Zr addns from 0.1 to 
1.1% are given and compared to those from Zr plus one or 
more of Al, Si, Mn, Sn, Ni, Cu, Ca, Zn, Ag, Tl, Th, Be, Bi, 
Pb, Ce, and Cd (W. A. Mudge) 

1810 
METALLIC THORIUM. Westinghouse Electr ic Inter
national Co. British Patent 623,160, May 12, 1949. 

The preferred reaction mixt. i s ThClz 70 and ThOCl2 
30% with 7 5 - 1 0 0 % e x c e s s of finely divided Ca. The reaction 
s tarts at approx. 500 -600° , heating i s continued by induc
tion at 1100-1200° for 15 min. Ca and its sa l ts are leached 
from the cooled mixt. by 1-1 AcOH, and the Th powder i s 
rinsed with water, followed by ale and ether. (Paul C 
Baker) 

1811 
PREPARATION AND PROPERTIES OF TITANIUM-BASE 
ALLOYS. P. H. Brace , W. J. Hurford, and T. H. Gray 
(Westinghouse Elec . Corp., East Pittsburgh, Pa.) . Ind. 
Eng Chem. 42, 227-36(1950). 

Alloys for testing in cast form at high temps, were prepd. 
by melting and casting in vacuum or under an atm. of highly 
purified A. A special furnace sys tem was used in which, by 
rotation about a horizontal ax i s , the metal was transferred 
from the induction-heated melting chamber to a mold that 
was preheated by an e lec . res i s tance unit. For crucibles , 
best resul ts were obtained from a dense body of high-purity 
ThOj, fired at approx. 2000°. Graphite, AI2O3, and MgO 
were used for molds. Tens i le data on the al loys were ob
tained at 1400, 1500, 1600, and I750°F. by means of a 
screw-driven autographic tensi le test machine by both 
const, strain rate and creep-rupture procedures . At 1750°F. 
the best 0 2% yield strengths were shown by T i - C r - b a s e 
al loys contg. both Mo and W, the at. ratio of the latter e l e 
ments being approx. 4 to 1. The use of W and Mo together 
give more favorable properties than when either i s used 
alone. Alloys contg. more than 95% Ti were found that 
exhibited good res i s tance to oxidation in air up to approx. 
900°. At 950° some alloys showed yield strengths com
parable to those of No. 31 Stelhte. (M F. Quaely) 

1812 
DETERMINATION OF THE HALF-LIFE OF URANIUM"'. 
E. K. Hyde (Argonne Natl. Lab., Chicago). Natl. Nuclear 
Energy Ser., Div. IV, 14B, Transuranium Elements , Pt. II, 
1427-30(1949). 

The half-life of U^" prepd. by neutron irradiation of Th 
and a chem. sepn. was 1.62 (±0.01) x lO' y r s . (J. E. 
Hudgens) 

1813 
TREATMENT OF MAGNESIUM AND MAGNESIUM-BASE 
ALLOYS TO INCREASE THEIR RESISTANCE TO COR
ROSION. Rene Gide. U.S. Patent 2,512,493, June 20, 1950. 

The corros ion-res is tant properties of the coating for 
meta l s consist ing chiefly of Mg, Al, and (or) Fe , covered 
in U.S. 2,465,443 (C. A. 43, 4211d) are enhanced by a pre
liminary immers ion of the cleaned metal for 5 - 2 0 min. 
in a preferably-boiling soln. comprising about 0 . 1 - 1 % of 
a salt (preferably sulfate) of a metal lower in the e lec tro
motive s e r i e s than the metal to be protected. Zr, Th, Ti, 
and Ce are especial ly effective. Subsequent immers ion for 
at least 30 min. in a boiling 1 - 6 % KMn04 (or Na or K d i -
chromate) soln. , with or without 0 . 1 - 1 % of a salt as above, 
IS stil l required, and coloring additives or the like are 
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added to this second soln. if desired. Subsequent washing 
and drying or de-oiling may be done; the coatings are very 
adherent. (A.H.A.) 

1814 
GLOfl/ING CATHODE WITH A METAL ALLOY SURFACE. 
Imre Fatal. Hungarian Patent 139,286, Feb. 2, 1949. 

A basic kernel of a metal of high m.p. is covered elec-
trophoretically with a mixed dispersion which gives on 
glowing a layer consisting of the basic metal with high m.p. 
The dispersion may also contain the oxides of such other 
metals which decrease the extrusion work of electrons at 
the surface of the cathode and also such other compds. in 
place of oxides which change on oxidation to oxides or on 
reduction to metals. Mo wire is glowed in an area contg. 
gaseous WCl8 and Th diiodide or the wire is electrophoret-
ically treated In colloid dispersions of W or Th. (Istvan 
Finaly) 

1815 
THE CONSTRUCTION AND OPERATION OF THORIA RE
SISTOR-TYPE FURNACES. S. M. Lang and R. F. Geller 
(Natl. Bur. Standards, Washington, D.C.). J. Am. Ceram. 
Soc. 34, 193-200(1951). 

The 8 neating units are oxide resistors of the Nernst 
filament type consisting essentially of Th02. The furnaces 
have been operated at temps, up to 2050° with an atm. of 
air. Construction details, drawings, and a photograph are 
given. (C. H. Kerr) 

1816 
THE ALLOY IRONS. L. Sanderson. Eng. and Boiler House 
Rev. 66, 301-6(1951). 

A review with special reference to the effects of addns. of 
Al, Cr, Cu, Mo, Ni, Ti, V, Mn, Si, Th, and Zr to cast irons. 
(R. W. Ryan) 

1817 
USE OF RARE-EARTH METALS IN MAGNESIUM CASTING 
ALLOYS. J. C. McDonald (Midland, Mich.). Light Metal 
Age 9, Nos. 11/12, 13-14, 16(1951). 

A review of the work done on the use of Zr in cast Mg-
ra re earth alloys. This element refines the grain of the 
casting; thus it prevents cracking during freezing. It also 
improves the properties. From the foundry standpoint, 
0.25% Zr is adequate for grain refining. Possible uses of 
didymium and Th as alloying constituents are also de
scribed. (L. H. Seabright) 

1818 
HEAT-RESISTANT FERRITIC ALLOY. Erik H. M. Hag-
glund and Nils G. Rehnqvist (to Aktiebolaget Kanthal). U.S. 
Patent 2,580,171, Dec. 25, 1951. 

A heat-resistant alloy contains Cr 10-40, Si 0 .2-2.5 , 
Al 0.1-9%, and the rest Fe, except for impurities, and fine 
particles of a mixt. of oxides and carbides in an amt. of 
0.05-10%. The oxides and carbides are stable at temps, of 
at least 1200°; they are uniformly dispersed in the alloy as 
an insol. suspension. In practice, the brittleness of the 
alloy is diminished if the alloy contains, on an av., at least 
six particles of oxide or carbide per sq. in. of cross sec
tion in an enlargement of 250 times. Oxides and (or) car
bides of the following are suitable addn. agents: Ca, V, Zr, 
Nb, Mo, Hf, Ta, W, Ti, Th, Li, Be, Mg, Sr, Ba, and Ce. As 
several of the listed metals have a deteriorating influence 
on the heat resistance of the alloy if dissolved in the alloy, 
it is necessary that sufficient C or O be present in the alloy 
to combine with the whole amt. of the added metal. The 
alloy is suitable for elec.-resistance material which main
tains its ductility after prolonged heating at high temps. 
(M. F. Quaely) 

1819 
FURTHER WORK ON HEAVY COLLATERAL RADIOACTIVE 
CHAINS. W. W. Meinke, A. Uhiorso, and G. T. Seaborg 

(Univ. of California, Berkeley). Phys. Rev. 85, 42&-31 
(1952). 

The half life of Ac"^ is 5.5 ± 0.5 sec. The haU life of 
P a " ' is of the order of 1 s e c ; the half life of the P a " ' chain 
is about 5 sec. An addnl. short-lived chain collateral to the 
Ac(4n + 3) natural radioactive family was partially identi
fied. The nuclide members, their radiations, half lives 
(predicted), and observed and predicted energies of radia
tion in m.e.v. are U" ' , a, 1.3 ± 0.3 min., 6.8 ± 0.1, and 7 .0 -
7.2; Th" ' , a, (~10"' s e c ) , 7.55 ± 0.1, and 7.5-7.7; Ra" ' , 
a, ( -10" ' s e c ) , 8.0 ±0 .1 , and 7 .9-8 .1; Em" ' , a, ( - 1 0 " ' 
s e c ) , 8.6 ±0 .1 , and 8.6-8.8; P o " ' , a, 0.52 s e c , 7.434, 
and —; and P b " ' , stable. (G. M. Petty) 

1820 
PHASE DIAGRAMS OF BINARY ALLOYS. CobaU-platinum, 
W. Koster. Z. Metallkunde 40, 431-2(1949). 

The following are briefly discussed on the basis of the 
phase diagram: the prepn. of the alloys; their phys. prop
erties, such as the capacity for both mech. and magnetic 
hardening (aging) in the range of the Co-Pt phase; the type 
of structure; polymorphous transition and magnetic transi
tion; the course of the liquidus curve; and the appearance 
of the different phases. Thorium-silver. E. Raub. Ibid. 
431. The production of the alloys, their phys. and chem. 
properties (hardness, stability, and spontaneous inflam
mability), the soly. of Th in Ag, and the course of the 
liquidus and solldus curves are discussed. The diagram 
includes the range from 0 to about 45 at. % Th (63 wt. %). 
The data are uncertain beyond this limit. (M. G. Moore) 

1821 
TUNGSTEN ELECTRODE FOR WELDING OF METALS. 
John F. Lancaster and Wm. K. B. Marshall (to A. P. V. Co., 
Ltd.). German Patent 805,899, June 4, 1951 (CI. 21h, 30,5). 

Tungsten electrodes used for welding of metals can in
crease their thermionic emissive capacity by the use of 
0.1-3% Th oxide on the surface. Working conditions require 
an inert atm. of A or He. The casing or covering of W 
electrode can be worked more suitably by touching the 
heated electrode into a powder of Ba(OH)2 or Ba(N03)2 
which decomp. and leaves a film of Ba(OH)2 on the surface 
of the electrode. (Ernest F. Stevenson) 

1822 
MALLEABLE CHROMIUM AND ITS ALLOYS. H. L. Gil
bert, H. A. Johansen, and R. G. Nelson (U.S. Bur. Mines, 
Albany, Ore.). U.S. Bur. Mines, Rept. Invest. No. 4905, 
22 pp.(1952). 

The H treatment process, with a treatment time of 16 
hrs . at 1200°, yielded a product suitable for arc melting. 
Cr produced by H treatment of electrolytic Cr and arc-
melted to 450-g. ingots could be hot-forged to as much as 
60% reduction without cracking. Rolling arc-melted Cr 
presented difficulties owing to the large grain size. An
nealing of worked material removed this difficulty. Metal-
lographic examn. showed that H-treated electrolytic Cr 
consistently contained less intergranular oxide than the 
untreated material. Cr produced by reducing CrCl2 with 
molten Mg contained more inclusions than Goldschmidt Cr' 
which in turn contained more oxide inclusion than the origi
nal electrolytic Cr used as starting material. Arc-melted 
Cr was shown to be forgeable at liquid air temps. The sug
gestion is made that a low-temp, transformation may occur 
in Cr and that the low-temp, form is ductile. Cr powder 
compact bars were drip-melted in pure H by induction 
heating. No improvement in quality of the metal was noted. 
Cr-metal powder was deoxidized by melting in beryllia 
crucibles with stoichiometric addns. of various metals, 
with no significant improvement in most cases. Very soft 
metal was found as a result of Be and Th addns. (C. W. 
Schuck) 
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1823 
PYROPHORIC THORIUM ALLOY. Kurt Virag. Austrian 
Patent 172,660, Oct. 10, 1952. 

The Th alloys having good pyrophoric properties and ex
cellent wear resistance contain Sn, Cd, or Bi as binder 
metals. Typical compns. are: Th 66, Sn 34; Th 67, Cd 33; 
and Th 52, Bi 48%. (F. Epstein) 

Thoria (Th02), Uses and Properties 

1824 
APPLICATION TO THORIA OF A GENERAL METHOD OF 
SYNTHESIS OF FLUORIDES AND SILICATES. A. Duboin. 
Compt. rend., 146, 489-91(1908). 

Thorium Fluoride: Thoria dissolved in fused KHFj yields 
approximately KF-ThF4, separable from excess of flux by 
water, but if the melt is re-fused with an excess of KCl or 
KBr the simple fluoride is formed. Two variations of this 
procedure are described, leading to better results. The 
crystals obtained are chatoyant, but can be made clearer 
by introducing them, a little at a time, into fused KCl. The 
product shows, under the microscope, elongated crystal
lites with indeterminable forms, isotropic except sometimes 
at the edges. Crystal system perhaps isometric. Fuses at 
bright redness, not attacked by cone H2SO4, but slowly by 
the moderately diluted acid and by HCl. Crystallized thoria: 
Obtained by fusing the fluoride with Na2C03 in crystals 
resembling those of the original fluoride. Fusion of amor
phous thoria with a mixture of Na2C03 and NaF in the pro
portions resulting from the treatment just described did 
not afford the crystallized oxide. Double Silicate of Th and 
K; Si02 is added to KF in fusion, then Th02. The cooled melt 
is extracted with water and the silica and silicate separated 
by a heavy solution. Very birefringent crystals, negative, in 
pseudo-hexagonal groupings like those of aragonite. Optic 
axes widely separated. The crystals may be orthorhombic 
of monoclinic. Readily attacked by acids. Formula, K20-
Th02-2Si02. (W. F. HlUebrand) 

1825 
EXTRACTION OF THORIA FROM MONAZITE SAND. F. 
Wirth. J. Gas Lighting, 124, 209(1914). (C. A. Cole) 

1826 
THE ULTRA-RED EMISSIVITY OF SEVERAL OXIDES. 
H. Schmidt-Reps. Z. tech. Physik 6, 322-5(1925). 

A lab. method has been worked out for measuring the 
spectral emissivity at well-defined true temps. Ceria, 
thoria, Cr oxide, and the Welsbach mixt. have been studied, 
curves for which are given. These curves show the very 
strong selectivity of the radiation for the Welsbach mixt. 
and for thoria, as compared to those for Cr oxide and for 
ceria. (J. H. Perry) 

1827 
THE EMISSIVITY OF THORIUM OXIDE. W. E. Forsythe. 
Phys. Rev. 25, 252(1925). 

The black-body emissivity of Th02 was 0.40 when heated 
either with oxy-H or oxy-gas flames. (F.O.A.) 

1828 
REDUCTION OF THORIA BY HYDROGEN. B. Segall. 
Chem.-Ztg. ^ , 897(1928). 

A review of recent researches on the behavior of thoria 
in an atm. of H at high temps., both alone and in contact with 
W. (B.C.A.) 

1829 
ACTIVATORS DI CANDOLUMINESCENCE. E. L. Nichols 
and L. J. Boardman. J. Optical Soc. Am. 20, 115-30(1930). 

Luminescence from thoria excited in a H2 flame is char
acterized by 3 temp, intervals, up to red heat, 600-1000°, 
and 1000-1500°. The luminescence at each stage was detd. 

and compared with black-body radiation. The candolumines-
cence of a no of oxides was studied with various activators. 
ThOj at 860° in a H2 flame has a glow 29.6 times black-body 
radiation. When it is activated by Nd oxide, the optimum 
concn. of the activator is 1%. Alumina activated by 1% BeO 
shows a max. at 1250° with a 9-fold enhancement for green 
and 6-fold enhancement of red regions of the spectrum. 
Activators in candoluminescence behave as in other types 
of luminescence. An optimum concn. of activator exists 
and the activators are selective in action. The temp, crests 
are characteristic of the activator and are independent of 
the solvent. (Arthur Fleischer) 

1830 
DETERMINATION OF THORIA IN THORIATED WIRE BY 
ITS RADIOACTIVITY. Toshiwo Sasahara. Proc. World 
Eng. Congr., Tokyo, 1929 33, 359-64(1931). 

By comparing the radioactivities of a thoriated wire 
whose Th content is unknown and of standard wires of the 
same size, the Th content is easily detd. (Alden H. Emery) 

1831 
THORIUM OXIDE, A HIGH-TEMPERATURE REFRACTORY. 
Oscar O. Fritsche, H. B. Wahlin, and Joseph F. Oesterle. 
Trans. Electrochem. Soc. 64, (preprint) 11 pp.(1933). 

A crucible of special design and materials was required 
for a study of the positive-ion emission of metals at high 
temp, and in a vacuum. The properties of Th02 are par
ticularly suitable. ThOj readily made from the cheaper 
nitrate, can be easily fused in a simple smothered C arc 
furnace without the formation of any carbide, which is said 
to form at 1200°. The fused Th02 is prepd. for making into 
shapes by grinding to 100 mesh and mixing with just enough 
ThCl4 soln. to pack firmly. Suitable molds can be made of 
electrode graphite. The shapes can be burned in the graph
ite mold to 1600° in a high-frequency induction furnace 
without danger of excessive carbide formation and be sin
tered enough to withstand handling. The parts after removal 
from the mold are finished by heating to 1000° in an elec. 
muffle furnace, reburned at 1600° in the high-frequency 
furnace and given a final heating to 1000° in the muffle fur
nace to ensure complete removal of all carbide. The finished 
product is not glazed but has fair strength. Th02 shapes 
have numerous possibilities in the scientific lab., but ad
ditional study tending to secure a glazed product is de
sirable. MgO can be fused and used in much the same way. 
(C.G.F.) 

1832 
MAGNETIC STUDY OF H"!n3RATED THORIA. F. Bourion 
and D. Beau. Compt. rend. 198, 916-18(1934). 

The magnetic susceptibility of hydrated thoria varies 
linearly with the content of H2O; it is therefore a mixt., and 
not a true hydroxide. (C. A. Silberrad) 

1833 
AEROGEL CATALYSTS. THORIA; PREPARATION OF 
CATALYST AND CONVERSION OF ORGANIC ACIDS TO 
KETONES. S. S. Kistler, Sherlock Swann, Jr . , and E. G. 
Appel. Ind. Eng. Chem. 26, 388-91(1934). 

Two procedures for prepg. thoria aerogel are described. 
Thoria aerogol is distinctly superior to thoria hydrogel, 
thoria prepd. from the oxalate or thoria on pumice, as 
catalyst in the conversion of aliphatic acids to ketones. 
(H. M. Stark) 

1834 
THORIUM OXIDE. Chemische Fabrik von Heyden A.-G. 
French Patent 828,334, May 16, 1938. British Patent 495, 
143, Nov. 8, 1938. 

Th oxide having particularly good reactional properties is 
made by heating complex salts contg. Th oxalate to 2 8 5 -
450°. The heating is continued until the oxide dissolves in 
some hrs . in 3 - 4 times the amt. of boiling coned. HNO3. 
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Crystal Structure of Metals and Compounds 

1835 
ELECTRICAL CONDUCTIVITY OF THORIA AT HIGH TEM
PERATURES. Mare Foex. Compt. rend. 215, 534-6(1942). 

The resistance of compressed thoria cylinders as a 
function of temp, was detd. by placing the cylinders in a 
furnace and measuring the current at 220 volts. Alms, of 
O, air, N, CO2, vacuum, H and Co were used. The res i s 
tivity, which follows the law p = Ae^/^, changes less rapidly 
with the temp, than that of most refractory oxides, and is 
lower than the latter below 1000°. Below 1400°, thoria is a 
better insulator in reducing atms., whereas above 1400°, 
It IS better in inert atms. (R. W. Spitzer) 

1836 
CRYSTAL STRUCTURE AND THE CONSTRUCTION OF 
THE ATOM. P. Niggh (Zurich). Z. Krist. 56, 12-45, 
167-90(1921). 

In studying the relations of chem. compn. to crystal 
structure it is important to consider not only the arrange
ment of the atoms but also their symmetry. Thus CaC03 
and Ag3(AsS3) are crystallographically related, but the 
latter is hemimorphie, lacking a center of symmetry, which 
IS to be ascribed to the fact that the group Ca"*̂ "'" of the first 
compd may well be centrosymmetrical itself, while the 
group Ag3"'""'""'" can not be. The fact that PbS is holohedral, 
while KCL which has the same crystal structure is not, 
indicates that either K"*̂  or CI" or both are lacking in sym
metry center. The at. figure changes with the temp and 
pressure, and from one compd to another so it must be 
remembered that the properties of a given atom are in
dividual for each compd. Vol. relations of individual atoms 
can be worked out from study of isomorphous series 
Tables are given showing the sp gr., equiv wt., and equiv 

vol., for the series Ge Te"'" Ce"̂  U"̂  
Th"'""'""'•"'", C"'""'"•'""•", and S"'""'""'""'" in 1-2 each In some cases 
the results are rendered imperfect by inaccurate sp. gr 
detns., and new detns. on many salts are called for. The 
at. vol. relations in the best characterized compds are 
very striking. Some of these results have been obtained by 
others, but the periodicity of the phenomena of at. vol. is 
here for the first time fully brought out. The vol. relations 
are evidently directly connected with the shells of electrons 
in each kind of atom. A table is given on the general plan of 
the periodic system, showing the at vol. relations of most 
of the elements. At. vols, are directly connected with the 
no. of electrons and their arrangement in each kind of 
atom. Calcns. of at. diams. from X-ray measurements by 
Bragg (C. A. 14, 3584-3585) have given results agreeing 
closely with those obtained by N. on the entirely different 
basis here presented In applying these results to the inter
pretation of isomorphism, it is first recognized that sta
tistics now available indicate clearly that substances crystg. 
in the more symmetrical systems are dominantly very 
simple in structure; that those crystg. in trigonal form 
often have the numbers 3, 6, or 9 in the ratios of their con
stituent elements or groups, and those in tetragonal form 
the nos. 4 or 8. There is thus a very definite relation be
tween the symmetry of the constituent groups and that of 
the crystal Extending this to specific cases where sub
stances are crystallographically similar although chemi
cally dissimilar, it is to be concluded that isomorphism is 
more a phenomenon of geometrical than of chem. relation
ship. "Only since chemically related substances, because 
of this very relationship, yield geometrically similar types 
of compds., do we find isomorphism predominantly con
nected with the groups of related elements of the periodic 
system." Langmuir (C. A. 13, 2622-2623) holds that isoster-
ism or possession of equal nos. of electrons is necessary 

for compds to show isomorphism, but N. points out that 
this IS not the case. Tabulations of at. diams show that 
the univalent alkali atoms have the largest spheres of in
fluence, next the bivalent, and finally atoms of other va
lences. A diagram is given, based on Bragg's, showing that 
there is marked periodicity mat vol relations. Isomor
phism often occurs where unexpected, and is lacking where 
predicted. (E. T. Wherry) 

1837 
CRYSTAL STRUCTURE OF TITANIUM, ZIRCONIUM, CE
RIUM, THORIUM AND OSMIUM. A W Hull. Phys Rev 
18, 88-9(1921). 

X-ray powder diffraction patterns of the metals were 
taken. Ti crystallizes in the hexagonal system, holohedral 
class, with an axial ratio 1.59 ± 0 01. The arrangement of 
atoms IS a slightly distorted form of "hexagonal close 
packing" of solid spheres, being shortened in the direction 
of the principal axis in the ratio 1 633 to 1.59 The side of 
the unit triangular prism is 2 97 A , and its height is 72 A. 
The lattice is made up of 2 sets of these triangular prisms, 
the atoms of one set being in the center of the prisms of the 
other set. Zr has a crystal structure identical with Ti, with 
axial ratio also 1.59. The side of its unit triangle is 3 23 A. 
and its height 5.14 A. Ce shows the same structure at Ti 
and Zr, with axial ratio 1 62 The accuracy of the data is 
not sufficient in this case to distinguish with certainty be
tween the experimental value 1 62 and true hexagonal close 
packing of spheres 1.633. The side of the elementary t r i 
angle is 3.65 A. and height 5.96 A (taking c = 1.633). There 
IS present also a face-centered cubic form, with side of 
cube 5.12 A. giving the same density as the hexagonal form 
Ce thus appears to be composed of a mixt. of the hexagonal 
and cubic forms of closely packed arrangements of atoms, 
like Co. Th is a face-centered cubic lattice with side of 
cube 5.04 A. Os is likewise found to crystallize in a hexago
nal closely packed lattice, with axial ratio 1.59. The side 
of the unit triangle is 2.714 A., and its height 4.32 A (D. 
MacRae) 

1838 
CRYSTAL STRUCTURE OF NATURAL AND OF SYNTHETIC 
OXIDES OF URANIUM, THORIUM AND CERIUM. V M. 
Goldschmidt and L. Thomassen. Videnskapsselskapets 
Skrifter. I. Mat.-Naturv. Klasse 1923, No. 2, 48 pp 

The minerals pitchblende, broggerite, cleveite and tho
rianite, and the pure oxides U02, UO3, UsOg, Th02, and Ce02 
were studied. Debye-Scherrer diagrams were made by 
means of rays from a Hadding-Siegbahn metallic Rontgen 
tube with Al windows, the source of rays being an Fe anti-
cathode. App., methods of work and of calcn. are described 
in detail The results are shown in 18 tables The crystal 
structures of fluorite and yttrofluorite were also examd. 
Detailed descriptions are given of the minerals and of the 
methods used in prepg. the oxides. Summary UO2, ThOj 
and Ce02 are isomorphous, the metallic atoms being ar
ranged in face-centered cubic lattices. Three different 
geometrical possibilities exist for the arrangement of the 
O atoms, the most probable being that of the fluorite type. 
The cryst. structure of UsOg is essentially different from 
that of UOj, and the crystals do not belong to the isometric 
system. UO3 was obtained only in the amorphous state. 
Cleveite, broggerite and thorianite have a definite cryst. 
structure, with atomic arrangement corresponding to the 
original crystal lattice. The structure of these 3 minerals 
corresponds to that of isomorphous mixts. of UO2, Th02 
some CeOj and eventually to the dioxide of U-Pb. Therefore 
broggerite and the other varieties of uraninite do not belong 
to the spinel group The lattice dimensions (a x 10"' cm.) 
were ThOj 5.61, thorianite 5 57, broggerite 5.47, cleveite 
5.47, UO2 5.47, and CeOj 5.41. Cleveite, which is rich in 
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UO3, IS transformed to UgOg by heating to 800°. Broggerite 
after heating has the structure of UO2. Pitchblende from 
Joachimstal contains cryst. material of the isometric sys
tem in a strongly dispersed condition. The U atoms are ar
ranged in face-centered cubes with edges 5.42-5.45 (10"') 
cm., therefore smaller than those of pure UO2, perhaps in 
consequence of isomorphic replacement of U by an atom of 
smaller vol. The cryst. structure of yttrofluorites is 
closely related with that of the fluorites, the edge of the 
elementary cube being 5.49 (10"') cm. against 5.47 for 
fluorite. In yttrofluorite the F atom is not arranged as in 
fluorite Probably the taking up of an excess of O in the 
crystn. of UO2 is in its geometrical relation comparable to 
the taking up of an excess of F atoms in yttrofluorite It is 
noteworthy that minerals so strongly radioactive and so old 
as broggerite and thorianite can entirely or largely keep 
their original atomic arrangement, notwithstanding for ex
ample in broggerite, perhaps one out of 8 U atoms is t rans
formed into Pb. (L. W. Riggs) 

1839 
THE CRYSTAL STRUCTURES OF SOME TETRAGONAL 
CRYSTALS. M L. Huggms. Phys. Rev. 21, 719-20(1923). 

Speculations on the structures of T1O2, SnOj, Pb02, Mn02, 
M0O3, RuOj, ZrSi04, ThSi04, YtPOj and MgFs, Zr02, and 
S1O2 (christobalite), MnsOi, Mn203, CaW04, PbMo04 and 
Hglj. (A E Steam) 

1840 
CRYSTAL STRUCTURE AND PHYSICAL PROPERTIES. 
A. E. van Arkel. Physica 4, 286-301(1924). 

The crystal structure of the oxides was in the regular 
system (fluorite type), Zr02 with duo = 5.08 A., ThOz with 
djQQ - 5.26 A (B J C. van der Hoeven) 

1841 
THE CRYSTALLINE STRUCTURE OF THORIUM BORIDE 
G AUard Compt rend. 189, 108-9(1929). 

The measured and calcd angles of diffraction are given 
for various planes. For cubic symmetry the 6 atoms of B 
might be placed at the vertices of an octahedron with the 
Th atom in the center. (E. G. Vanden Bosche) 

1842 
INVESTIGATIONS ON CARBIDES. I THE CRYSTAL 
STRUCTURE OF dARBIDES MCj. M v. Stackelberg. Z 
physik Chem., Abt. B, 9, 437-75(1930). 

X-ray investigation by the powder method of a series of 
carbides of formula MeCz shows that they have a face-
centered tetragonal lattice with 4 mols in the unit cell and 
lattice consts. as follows, recording a, c and the d. in order 
CaCz 5.48, 6.37, 2.21, SrCj 5.81, 6.68, 3.26, BaCj 6.22, 7.06, 
3.90, LaCj 5 54, 6.55, 5.35, CeCj 5 48, 6 48, 5.56, PrCj 5.44, 
6.38, 5.75, NdC2 5 41, 6.23, 6 08, ThC2 5 85, 5 28, 9.3, NaHCj 
5.40, 8 17, 1.33, KHC2 6.05, 8.42, 1.37. The C-C distance 
in the C2 group is 1 4 A. U., agreeing with band spectra data 
With the help of the polarizing microscope the tetragonal 
symmetry was confirmed for CaC2, SrC2, and BaC2. An 
electron configuration similar to that of the Ng mol is 
postulated for the Cj and HC2 groups. The possible space 
group classifications are discussed. These carbides appear 
to show a new lattice type somewhat similar to that of 
pyrite. (J B. Austin) 

1843 
THE MECHANISM OF ACTIVATION OF THORIATED 
TUNGSTEN AND MOLYBDENUM. A. Gehrts. Z. tech. 
Physik 12, 66-71(1931). 

A math, treatment. The mechanism derived on the as
sumption of Th migration by slip along the crystal surfaces 
to the surface of W and Mo wires agrees with the exptl. r e 
sults. The grain-size-diminishing action of thoria in wires 
may be due to adsorption and migration of Th on the crystal 
surfaces. (A.F.) 

1844 
THE CRYSTAL STRUCTURES OF SEVERAL CARBIDES 
AND BORIDES. M v. Stackelberg. Z. Electrochem. 37, 
542-5(1931). 

In order to form a carbide of the CaCj type, hydrolyzing 
to C2H2 with H2O, a min. metal ion size is necessary. The 
metallic properties of most carbides of this formula are 
due to the presence of 2 extra valences electrons. Ca, Sr, 
Ba, La, Ce and Th form borides of formula MeBg with 
CsCl-type cubic lattice 

1845 
CRYSTAL STRUCTURE OF BORIDES OF COMPOSITION 
MBg. M. V. Stackelberg and F. Neumann. Z. physik. Chem. 
B19, 314-20(1932). 

The lattice of CaBg has the CsCl structure, the lattice 
points being occupied by Ca atoms and Bj groups, and the 
atoms of a Bj group occupy the corners of an octahedron. 
The lattices of SrBg, BaBj, LaBj, CeBj, PrB8, NdBj, ErBj, 
and ThBe are probably of the same type. All these borides 
are metallic in their physical properties. > 

1846 
X-RAY STUDY OF SOME BORIDES. G. AUard. Bull 
soc. chim. 51, 1213-15(1932). 

An x-ray study by the powder method, of the borides 
MBe, where M is Ca, Sr, Ba, La, Ce, Nd, Gd, Er, Yb, Yt 
or Th. Their isomorphism was established. Each has a 
simple cubic lattice, with an atom of metal at the top of 
the lattice and an octahedral Bg at the center. 

1847 
INVESTIGATION OF THE CRYSTAL LATTICES OF HET-
EROPOLY ACIDS AND THEIR SALTS, a t o Kraus. Z. 
Drist. 94, 256-79(1936). 

The following compds. are all trigonal, space group Dsj, 
and have 2 mols in the unit cell. The unit is rhombohedral 
with the edge and angle as indicated ThSiWi204o27H20, 
a = 16.30A., a = 59°6'. ThSiWi2O4„-30H2O, 16.35A., 59°30', 
. . . The isomorphous relationship between the acid and its 
salts, and between various hydrates of the same salt, and 
the structural isomorphism between the cubic and hexagonal 
types, are discussed. 

1848 
THE VARIATION OF THE LEAD-URANIUM-THORIUM 
RATIO OF A SINGLE CRYSTAL OF WILBERFORCE, ON
TARIO, URANINITE. Chester M. AUer and Egbert M. 
Kipp. Am. J Sci. [5], 32, 120-8(1936). 

Successive layers of a single crystal of uraninite were 
removed by HNO3 and analyzed for Pb, U, and Th. U and Th 
are leached more readily than is Pb; fresh material must 
be used as basis for age calcns. Th varied in inner sec
tions, probably owing to variation in concn. of solns. during 
crystal growth. (Alden H. Emery) 

1849 
LEAD-URANIUM-THORIUM RATIO OF A SINGLE CRYS
TAL OF WILBERFORCE URANINITE. Chester M. Alter 
and Laura A. YuiU. J. Am. Chem. Soc. 59, 390-1(1937). 

Detns. of the Pb-U-Th ratio was made on sections of a 
single crystal of uraninite from Wilberforce, Cardiff Town
ship, Ont. Successive sections were removed mechanically 
from the crystal and analyzed as described by Alter and 
Kipp (see preceding abstract). The Th content was found 
to vary, being greatest in the outer layers and at the core. 
The discrepancy in age of the mineral as calcd. from the 
above ratio amounts to 80 million years as between the 
ratio of the content in the whole crystal and that existing 
at the core and 40 million years as between the ratio calcd 
for the whole crystal and that existing in the outer layer. 
This discrepancy is on an age calcd to be between 1100 
and 1200 million years. (J. W. Shipley) 
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1850 
CRYSTAL STRUCTURE OF INTERMETALLIC COMPDS. 
OF Al WITH Ti, Zr, Th, Co, AND Ta. G. Brauer. Natur-
wissenschaften 26, 710(1938). 

Compds. of Al with Ti, Zr, Cb, Th and Ta of high Al con
tent all correspond to MAI3. They are well shaped crystals 
obtained by reduction of the metal compds. by Al and soln. 
of excess Al out of the alloy. TlAlj is ThAlj is hex
agonal a = 6.480A., c = 4.601 A., 8 atoms per cell. 

1851 
MIXED-CRYSTAL FORMATION BETWEEN SEVERAL 
FLUORIDE SALTS OF DIFFERENT FORMULA TYPES. 
E. Zintl and A. Udgard. Z. anorg. allgem. Chem. 240, 
150-6(1939). 

Mixts. of the binary systems LiF-MgFj, CaF2-ThF4, 
CaFj-YFj and SrFj-LaFj were studied. The prepn. of the 
constituents is given. For the first pair mixts. contg. 5, 
10 and 15 mol. % MgF2 were tested with x-rays, charac
teristic lines of the latter already being strong for the 
5% mixt. No mixed crystals could be found at 9 mol.%. 
The lattice const, of LiF does not change on melting with 
MgF2. Calcns. on data for a mixt. of 33.5 mol.% YF3 and 
66.5 mol.% CaF2 indicate crystals of the interstitial type. 
From a 66.6 mol.% SrFj and 33.3 mol.% LaFj a lattice 
const, of 5.849 A. and a d. of 4.88 indicate the interstitial 
type of cryst. Three mixts. of 9.22, 18.6, and 27.3 mol.% 
CaF2 for the fourth pair were prepd. From the lattice 
const, and d. the Interstltial-type crystal was again indi
cated. The vacant lattice position type was also considered 
but found incompatible with the data. (Raymond H. Lambert) 

1852 
THE CRYSTAL STRUCTURE OF THORIUM PHOSPHIDES. 
Karl Meisei. Z. anorg. allgem. Chem. 240, 300-12(1939). 

Debye-Scherrer diffraction diagrams were registered for 
some previously reported Th-P prepns. The series included 
patterns of ThOj (attributed to an oxide layer on Th metal), 
a subphosphide and a compd., ThsPj, this latter being en
countered pure at this indicated compn. Th3P4 is body-
centered cubic with a,, = 8.600 ± 0.002 A. and 4 mols. per 
unit cell. The 12 Th and 16 P are, resp., equiv., and the 
use of a parameter V12 for P gave suitable agreement be
tween observed and calcd. intensities. Each Th is sur
rounded by 8 P at a distance of 2.98 A., and the P-P dis
tance is 3.20 A. The subphosphide above was not encountered 
pure, but the lines attributed to it satisfied the relation for a 
face-centered cube with a,, = 5.818 ± 0.003 A. The d. and 
compn. of the mixts. indicated a formula near ThP for the 
subphosphide. Relative intensities were compared with 
those calcd. for assumed NaCl-, CU2O- and ZnS-type struc
tures, and for NaCl type deficient in P. The best agree
ment was with the NaCl type. (G. L. Clark) 

1853 
INVESTIGATION BY ELECTRON DIFFRACTION OF THE 
STRUCTURES OF SOME TETRAHALIDES. M. W. Lister 
and L. E. Sutton. Trans. Faraday Soc. 37, 393-406(1941). 

The structures of the following mols. were detd. from 
the scattering of fast electrons by the vapors: CBr4, CI4, 
SiBr4, Sil4, GeBr4, Gel4, SnBr4, Snl4, PbCl4, TiBrj, TICI4, 
ThCl4, ZrCl4, SeCl4. In every case where the configuration 
would have an important effect upon the mode of scattering 
it was found that the assumption of a tetrahedral mol. was 
entirely satisfactory. The bond lengths in A. were: C-Br, 
1.94 ± 02; C-I, 2.15 ± .02; Si-Br, 2.14 ± .02; Si-I, 2.43 ± 
.02; Ge-Br, 2.29 ± .02; Ge-I, 2.50 ± .03; Sn-Br, 2.44 ± .02; 
Sn-I, 2.64 ± .04; Pb-Cl, 2.43 ± .04; Ti-Br, 2.31 ± .02; Ti-Cl, 
2.18 ± .04; Th-Cl, 2.61 ± .03; Zr-Cl, 2.33 ± .05; Se-Cl, 2.13 ± 
.04. Several examples occur where the bonds are shorter 
than the sums of the covalent radii ascribed by Pauling and 
Huggins. The percentage contractions in the halides of the 

elements of Group II and IH differ from those of halides of 
elements in Group IV-VII. (Victor R. Deltz) 

1854 
ABSORPTION OF THORIUM ON TUNGSTEN SINGLE CRYS
TALS. Myron H. Nichols. Phys. Rev. 61, 390(1942). 

1855 
THE CRYSTAL STRUCTURE OF ThSij. G. Brauer and A. 
Mitius. Z. anorg. allgem. Chem. 249, 325-39(1942). 

ThSi2 prepd. from its elements was analyzed and examd. 
by means of x-ray powder and single-crystal photographs. 
The body-centered tetragonal crystals yielded the following 
data: a = 4.126 A., c = 14.346 A, sp. gr. from x-ray data = 
7.79, from pyknometer data, 7.63; 12 atoms per unit cell, 
probable space group, DJJ,. There are 4 Th atoms in 000, 
0 Vz V4, V2 V2 Vz, Vz 0 Vi. and 8 Si atoms in OOZ, OOZ, 0 V2(V4 + 
Z), 0 %{% - Z), % %{% + Z), V2 V2('/2 - Z), V2 0(% + Z), Vi 
0(^4 - Z) where Z = 0.4165. In the lattice, each Th atom 
touches 12 Si atoms; each Si atom touches 6 Th and 3 other 
Si atoms. The structure of ThSi2 is compared with the 
structures of other disilicides, especially those of the 
transition metals. (Robert H. Osborn) 

1856 
TABULATED DIFFRACTION DATA FOR TETRAGONAL 
ISOMORPHS. L. K. Frevel, H. W. Rinn, and H. C. Anderson 
(Dow Chem. Co., Midland, Mich.). Ind. Eng. Chem., Anal. 
Ed. 18, 83-93(1946). 

Continuing the Valuable procedure for comparing diffrac
tion patterns of isomorphic substances the authors present 
data for tetragonal isomorphs. Four complete figures depict 
representative diffraction patterns for 40 tetragonal sub
stances, arranged in sets with the simplest structure with 
highest symmetry listed first. In addn. 327 tetragonal sub
stances, including 50 synthesized by the authors, are tabu
lated by types. Included is a table listing 447 in an ascend
ing order of axial ratios. 

1857 
SUGGESTIONS FOR A CRYSTALLOCHEMICAL SYSTEM OF 
IONS. Guido Carobbi (Univ. Florence, Italy). Atti e mem. 
accad. sci., Modena 7, 3-25(1947). 

A general classification of ions is proposed in order to 
form groups whose elements are connected by isomorphism. 
The value of the ionic radius is the guide for the listing. 
The following 9 groups are obtained: (1) N+̂  C*^ B*\ Be+^ 
S+« Se+' Cr+^ P+^ As+* V+^ Si+^ Ge+* Mn+S C1+' Br+' Mn+', 

Te"^" Re*" 
Co+' Ni+^ 

^+6 

Mn (2) A1+', V+3 Ga+= Ti+^ V+^ Tî ^̂  Sb*\ Cr+ +6. 

„+< T,-+l Ru"̂ * Ir+' Os"*' 
+ 5 . Mo^' W+^ Sb-̂ " Ta*" Nb 

Fe+' Rh+=' Ir+', Pd+* Se+*; (3) 
, Mo+* W+^ As+2 P+^ Sn+* In+* 

Pt+S Bi+5; (4) Li+, Mg+2 Ni+2 C0+2, Fe+^ Zn+2 Cu+\ Sc+= 
V+^ (5) Pb+* Hf+* Zr+S Te+S Sb+s In+^ Mn+2 Re+2, Cu+; 
(6) Na+, Lu+' Yb+' Er+', Cd+2 Ca+2, Tu+= Ho+' Y+', Cê ^̂  
U+4 Th+S TI+' Dy+' Tb+=, Gd+' Sm+' Eu+'; (7) Hg+2, Nd+' 
Pr+' Ce+', Sr+2 LU+\ Ag+ Hg+, Sm+2 EU+2 Yb+2, Bi+' La+'; 
(8) H+ O-^ F", K+, Pb+2 Ba+^ Au+', T1+ Rb+ Cs+; (9) 8"^ 
Cl~, Se~^, Br", Si~* Sn~*, I~. Ions not sepd. by commas in 
the same group are characterized by a greater isomorphic 
affinity. C. gives these 9 groups in a tabulated form in 
which empty places are also considered. (C. Scandura) 

1858 
A5B PHASES. Theo Heumann. Nachr. Akad. Wiss. 
Gottingen, Math.-physik. Klasse, Math.-physik.-chem. 
Abt. 1948, 21-6. 

A simple hexagonal cell is described as representative 
of AjB types of metallic compds. Typical examples are 
NisCe, NijLa, NijCa, and ZnjLa. In the hexagonal cell, the 
size of the a axis is detd. chiefly by the radius of the A 
atoms. The A atoms form the frame of the cell to a certain 
degree. As the A atoms in themselves possess a high co
ordination no., equal to that in the pure metal, obviously, 
similar metallic binding forces apply. Only Cu compds. 



TID-3044(Suppl. 1) 231 

with Ce and La show a greater a axis than corresponds to 
the radius of Cu. Examn. of the systems Cu-Ce and Cu-La 
by thermal and microscopic tests indicates that the AjB 
phases present do not correspond to the ratio 1-5, but are 
to be written in a higher Ce or La content corresponding 
to (CU4 gCe|,_2)Ce. As representative of the A member, Co, 
Ni, Cu, and Zn qualify, Ni having the most compds. Co 
combines with the rare earths but not with Ca to form A5B-
type compds. Fe forms no A5B compds. The B atoms are 
Ca and related elements such as the rare earths or Th. 
The compds. are characterized by marked contractions and 
by high m.ps. They also exhibit very close linkages. (M. 
F. Quaely) 

1859 
CRYSTAL STRUCTURE OF Th(OH)2Cr04-H20. Georg Lund-
gren and Lars G. Sillen (Univ. Stockholm, Sweden). Arkiv 
Kemi 1, 277-92(1949) (in English). 

The hydrolysis of Th*"*" compds. theoretically may involve 
the formation of polynuclear complexes bound together with 
either O or 0H~ bridges. The crystal structures of basic 
Th*'*' salts are of mterest because they may shed light on 
the mechanism of hydrolysis of large quadrivalent cations. 
Small, yellow, rod-like crystals were obtained by mixing 
hot solns. of KjCrjO, and Th(N03)4-4H20 and digesting the 
ppt. for several hrs. after addn. of a few ml. coned. HNO3. 
Rotation and Weissenberg photographs with Cu Ka radiation 
and powder photographs with Cr Ka radiation showed the 
unit cell to contain 2 mols. and to be monoclimc with di
mensions a = 7.67,, b = 6.II3, c = 6.94o A.; 0 = 113.8,°, 
V = 297.83 <̂ "' A. The only systematic extinction was (0 k 0) 
with k odd, indicating the space group to be either Cf or C2h-
A plausible structure could be assigned on the basis of the 
higher symmetry, hence, Cjh - P 2^ /^ 'was chosen. By 
means of four Patterson diagrams the Th and Cr positions 
were detd.; the O atoms were located satisfactorily by a 
systematic argument based on requirements of space and 
coordination. The structure consists of infinite zig-zag 
chains of compn. [Th(OH)f''']n extending in the b direction, 
discrete CrOj" tetrahedra between them, and H2O mols. 
contained in lattice holes. Each Th is surrounded by 8 O 
atoms at an av. distance of 2.5 A. This is the first r e 
ported structure contg. [Th(OH)2"'']n strings, and it sup
ports a hydrolysis mechanism involving polynuclear com
plexes bound together with 0H~ bridges. (L A.) 

1860 
EFFECT OF CATIONS ON THE GROWTH OF CRYSTALS 
OF BARIUM SULFATE FROM AQUEOUS SOLUTIONS. 
Takemaro Yamamoto (Central Meteorol. Observatory, 
Tokyo). J. Chem. Soc. Japan, Pure Chem. Sect., 71, 56-8 
(1950). 

The effects of the concn. of solns., the order of mixing, 
and of foreign cations were studied in the pptn. of BaS04. 
The largest crystals are obtained by adding 0.2 ~ 0.5 N 
(NH4)2S04 or H2SO4 to 0.02 N BSLCI^. The order of mixing 
the solns. has hardly any effect. In the presence of H"*", 
Cu+^ Mg+2, Ca+^ Zn+2, Cd+2, Al'+, La'+, Ce'+, ZrO+2, Cr'+, 
Mn+^ Fe'+, Co^^^ Nl+^ Th*+, and UOJ^ the faces c (001) 
and q (Oil) develop, the crystal elongating in the direction 
of a- or b-axis. The most effective ions are H''' and Fe'''". 
Tĥ "*" and ZrO'''^ hinder the crystal growth. (T. Katsurai) 

1861 
COMPOUNDS OF THE CujCa-TYPE OF CRYSTAL STRUC
TURE. Theo Heumann. Nachr. Akad. Wiss. Gottingen, 
Math. Physik. Klasse, Ila Math.-physik.-chem. Abt. 1950, 
No 1,, 6 pp 

Compds. of the AjB type were studied. Because of the 
requirements of the radius ratio TB/ITA only Co, Ni, Cu, 
Zn, Ag, Au, and Pt can be used for the A atoms, and only 
the contractable alk. earths and rare earth metals plus Th 

satisfy the requirements for the B atoms. All A5B compds. 
have a hexagonal unit cell with a, between 4.864 and 5.664 
A. and CQ between 3.940 and 4.636 A, ir^ /wj^ vanes from 
1.31 to 1.62 with the interat. distance A-B varying from 
2.81 to 3.27 A. The lattice consts. of the A5B compds. are 
linearly dependent on the at. radius of the A atoms. The 
A atoms have a coordination no. = 8, whereas the B atoms 
pack with a 4-fold coordination. (Gilbert E. Klein) 

1862 
THE SPONTANEOUS DESTRUCTION OF THE CRYSTAL 
LATTICE OF RADIOACTIVE MINERALS. Paul Pellas. 
Compt. rend. 233, 1369-71(1951). 

The effects of a-rays and recoil nuclei are considered. 
When the lattice contains partly covalent bondmg, Wlgner 
effects result in Its transformation into a metastable state 
where the free energy is at a higher level than normal. 
Under sufficiently intense Irradiation the mineral structure 
acquires an amorphous character (metamict), birefringence 
appears, d. and hardness are modified, and the mineral be
comes vitreous. If then, a certain e;iergy of activation is 
supplied, the mineral recrystallizes imperfectly (micro-
cryst.) with an exothermic reaction. For a given mineral, 
the amt. of heat released during recrystn. is proportional 
to the flux received, up to the point where max. disorder 
has been attained, after which the heat released is the same 
regardless of mtensity of flux. In structures with ionic 
bonding, atoms displaced by the Wlgner effect return almost 
instantly to equiv. lattice positions, which explains why geo
logically ancient uranimte, xenotime, and monazite main
tained their lattice structures although subjected to very 
intense total irradiation with time. The formula N = (4.25U + 
1.21Th) K ' T IS offered, where T = time of irradiation (sec) , 
N = equiv flux of the a- rays emitted in the solid angle in 
by a layer of mineral 1 sq. cm. in area and In thickness = 
the av. length of the a-ray path in the mineral; U and Th = 
% U and Th; K ' = an absorption corff. or K ' = 0.85/[r (Cg/A)] 
where C = concn., s = "stopping power" and A = at. wt. of 
the mmeral constituents. The min. fluxes necessary to 
produce the metamict state in allanite, fergusonite, and 
thorite are , resp , 2.3 (±20%) x 10"/sq. cm.; 4 (±20%) x 
10"; 1 (±10%) X 10". The greater stability of thorite is 
perhaps due to the more ionic nature of its internal bonds. 
(Esther W. Claffy) 

1863 
CRYSTAL SIZE DISTRIBUTION OF ELECTROLYTIC 
METAL POWDERS. POWDERS FROM FUSED ELEC
TROLYTIC BATHS. Chuk-Ching Ma (Tulane Univ., New 
Orleans, La.). Ind. Eng. Chem. 44, 342-6(1952). 

Earlier results have been extended to Ta, Nb, W, and 
Th powders obtained from fused fluoride, fluoride-chloride, 
borate, and phosphate baths at 780-1050°, 10-60 amp./sq. 
dm., and with varjang amts. of Fe202 in the baths. (Ernst 
M. Cohn) 

1864 
ANOMALOUS MIXED CRYSTALS IN THE SYSTEM THO
RIUM OXIDE-LANTHANUM OXIDE. F. Hund and W. 
DunwSchter (Tech Hochschule, Stuttgart, Ger.). Z. anorg. 
u allgem. Chem. 265, 67-72(1951). 

Various mixts. of Th(N03)4 ^"^ La-(NOs)4 solns. of known 
wt. were pptd. with boiling aq. NHj, and the ppt. was fired 
at 1300° to the oxides. Th02, crystd. in the fluorite lattice, 
may take up to 52 mol.% of La203 and still maintain mol. 
symmetry by formation of mixed crystals. The lattice 
consts. increase from aw = 5.592 ± 0.001 A. for pure ThOj 
to aw = 5.645 ± 0.005 A. for the mixed crystal richest m 
La20j (69 9%). (Carolyn Kruse) 

1865 
ACCELERATION OF SINTERING IN SINGLE PHASE. EF
FECT OF MINOR ADDITIVES. Serge Tacvorian. Compt. 
rend. 234, 2363-5(1952). 
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If the component B of a mixt. of A and B which forms 
mixed crystals having a compn. close to that of A, has a 
low surface-activation energy and, therefore, a low m.p., 
addn. of a small amt. of B will result in the formation of 
a diffusion layer on the surface of the crystals of A and 
cause sintering at a temp, close to that of B. The product 
obtained by "sintering through surface activation" is stable 
at temps, exceeding considerably the sintering temp, pro
vided the sintering time was sufficiently long to allow the 
surface diffusion layer to go over into a solid soln. with 
properties close to those of A. Addn. of B should be in the 
order of 0.5 mole %. The method was originally used for 
manuf. of refractories but is equally applicable to metals. 
Th02 gave a product of d. 9.6-9.7 by sintering at 1500° 
according to this procedure. (Hans Schindler) 

1866 
ANOMALOUS MIXED CRYSTALS OF THE FLUORITE 
LATTICE TYPE. G. Brauer and H. Gradinger (Univ. 
Freiburg, Ger.). Naturwlssenschaften 38, 559-60(1951). 

Mixts. of dioxides with fluorlte-type lattice and trioxides 
with C-type lattice can form transitional mixed crystals. 
The C-type lattice resembles the fluorite lattice by slight 
shifts and leaving ^/^ of the oxygen locations unused. A com
plete set of mixed crystals is found for the series Ce02-
Y2O3, all prepns. being annealed at 1400°. A curve shows 
the change In lattice const, from qne side to the other: 5.40 
A. for pure Ce02, 5.29 A. for YOi_5. Other combinations 
that give mixed crystals over part of the range are Th02-
Y2O3, Th02-La203, Th02-Nd203, Th02-Sm203, Th02-Gd203, 
Ce02-Sm203, Ce02-'5fb203. (B. J. C. van der Hoeven) 

1867 

THE CRYSTAL STRUCTURES OF CeB4, ThB4, AND UB4. 
Allan Zalkin and D. H. Tempieton (Univ. of California, 
Berkeley). Acta. Cryst. 6, 269-72(1953). 

These 3 compds. crystallize in a new structure, called 
the UB4-type structure. For CeB4, a = 7.205 ± 0.008 A., 
c = 4.090 ± 0.005 A., x-ray d. = 5.74g./cc. The correspond
ing values for ThB4 are 7.256 ± 0.004 A., 4.113 ± 0.002 A., 
8.45 g . / c c ; for UB4 the values are 7.075 ± 0.004 A., 3.979 ± 
0.002 A., and 9.38 g./cc. The space group is D j h - P4/mbm, 
with 4 metal atoms in 4 (g): ±(u, Vz + u, 0; '/j — u,u,0), where 
u = 0.31. These metal atoms are coplanar; each has 5 nearly 
equidistant neighbors in the plane and 2 more remote neigh
bors in adjacent planes. The holes in this structure between 
the planes are best filled by B atoms as follows: 4 Bj in 
4(e): ± (0,0,v; % %,\), with v = 0.2; 4 Bn in 4(h): ± (w, % + 
w, Vz; Vz - TW.w, Vz), with w = 0.1; 8 Bin in 8(j): ± (x,y, Vz; 
Vz + X, Vz - y, Vz; y,x, Vz; % + y, Vz + X, Vz), with X = 0.2, y = 
0.04. (T.H.D.) 

Ceramics 

1868 
U. S. Patent 1,121,889, Dec. 22, 1915. H. Arnold. 

Making refractory utensils of zirconium oxide by pressing 
a mixt. of Zr oxide and H2O in a mold into the desired shape 
and burning the molded article at a temp, of 1600-1800°. 
The utensils may be coated with a glaze formed of Th and 
Zr oxides mixed with variable amts. of Si02, Ti02, or AI2O3 
to regulate the fusing point of the mixt. The utensils will 
stand a temp, of 3000° without fusing. Th oxide yields a 
similar product. 

1869 
U. S. Patent 1,121,890, Dec. 22, 1915. H. Arnold. 

Making refractory utensils of thorium and zirconium 
oxides by first pressing Th oxide or Zr oxide or a mixt. 
of both, under high pressure, then forming the compressed 
mixt. into a paste with H2O or a l e , casting in molds and 

burning. The articles may be glazed as described in the 
preceding pat. 

1870 
REFRACTORY VESSELS FROM THE RARE EARTHS AND 
FROM THE OXIDES OF THORIUM AND ZIRCONIUM. (O. 
Knofler & Co.) German Patent 285,934, Jan. 22, 1913. 

The purest obtainable oxides of Th, Zr, and the rare 
earths, without the addition of binders (by which the m.p. 
would be lowered), excepting some pure H2O which is driven 
off during the process without residue, are shaped by com
pression in suitable forms under high pressure, whereby 
the oxides adhere by virtue of their inherent plasticity. 
Upon subsequent burning in furnaces of known construction, 
at 1400-1600°, the shaped bodies acquire the requisite 
solidity and hardness. A contraction results from burning, 
but does not continue upon heating to 1800-1900° and the 
product does not sinter at this temp. The vessels may be 
heated to 2000° and above, for a long time, without fusion. 

1871 
REFRACTORY VESSELS FROM RARE EARTHS AND THO
RIUM AND ZIRCONIUM OXIDES. (O. Knofler & Co., Chem. 
Fabrik.) German Patent 287,554, Nov. 29, 1913. 

Addition to 285,934 (C. A. 10, 1087). ZrOj or ThOj or 
mixts. of both, in certain circumstances together with rare 
earths, without addition of foreign substances, are subjected 
to high mechanical pressure. After relieving the pressure 
the product is finely ground and then stirred up with H2O, 
a l e , or the like, whereupon the liquid mass is poured In 
the usual manner into the desired forms, dried, and burned. 
The molded article is readily removable from the form, and 
does not show cracks either on drying or burning. The ves
sels are claimed to be tight and sufficiently strong to resist 
fracture when thrown upon a hard floor, while at the same 
time they are lighter in wt. than those made according to 
the principal patent. 

1872 
HOLLOW WARE OF TUNGSTEN OR OTHER REFRACTORY 
MATERIALS. C. A. Pfanstiehl. U.S. Patent 1,286,089, Nov. 
26, 1919. 

Hollow ware, such as dishes for lab. work, are formed 
of powdered W, Ta, MgO or oxides of W, Ta or Th by in
serting a body of Cu into a mass of the powder, compressing 
the powder around the Cu under a pressure of 130-160 tons 
per sq. in. (at which pressure the Cu flows and becomes to 
a certain extent embedded in the compacted refractory ma
terial) and the embedded Cu may then be removed by the 
action of HNO3 or other solvent selected with reference to 
the refractory material employed so as not to attack the 
latter. 

1873 
RELATIVE VOLATILITIES OF REFRACTORY MATERIALS. 
W. R. Mott. Trans. Am. Electrochem. Soc. 34(1918) Pre
print. 

A study of the order in which refractory materials vola
tilize in the elec. arc , and the distances at which their 
vapors condense from the arc. Ten arc methods for ob
taining the relative volatilities of metals, carbides, oxides, 
nitrides, fluorides, chlorides and sulfides are suggested 
and partially developed. The following b. ps. have been 
estd. on a triple basis of reference to the curves with Fe 
for equal (atomic) amounts of materials, fractional distn. 
series and position of deposition at the negative crater; 
Fe satd. with C, 3,500°; SiOj, 3,500°; Pd, 3,600°; C, 3,700°; 
AI2O3, 3,700°; chromium carbide, 3,800°; vanadium carbide, 
3,900°; Rh, 4,000°; Pt, 4,050°; uranium carbide, 4,100°; Ru, 
4,150°; La203, 4,200°; titanium carbide, 4,300°; Yt203, 4,300°; 
columbium carbide, 4,300°; Zr02, 4,300°; ThOz, 4,400°; Ir, 
4,400°; Os, 4,450°; molybdenum carbide, 4,500°; yttrium car
bide, 4,600°; thorium carbide, 5,000°; zirconium carbide. 
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5,100°, Ta (carbide ?), 5,500°, and W (carbide ?), 6,000°. 
The metals in this series were satd. with C, which would 
tend to raise the b. p The volatility of the oxides investi
gated takes the following approx. order K2O, Na20, LijO, 
V2O5, B2O3, BaO, SrO, MnO, FeO, CoO, NiO, Cr203, T1O2, 
V2O4, S1O2, CaO, MgO, (xCaO-ySi02), (xBaO-yAlzOj), AI2O3, 
T12O3, V2O3, Er203, Ce02, Nd203, La203, BeO, Yt203, Zr02, 
Th02. Bn sublimes at near 3000°. A number of theoretical 
considerations are advanced concerning the ratios of abs 
b. ps to m ps , and upon a universal vapor-pressure curve 
applicable to all substances The value of the ratio is 1 8 for 
all elements except the alkali metals for which the value is 
3.3. In conclusion, a short bibliography of the subject is 
given. (H. Jermain Creighton) 

1874 

USE OF SPECIAL OXIDES IN PORCELAIN BODIES. R. F. 
Geller and B J Woods. J. Am Ceram. Soc 4, 842-54 
(1921) 

Oxides of Th, Ti, and Zr and silicate of Zr were tried. 
T1O2 increased drying and burning shrinkage and resistance 
to spalling. The burning range was long but the bodies 
softened above cone 12. Th02 increased burning range and 
refractoriness Drying shrinkage was normal, burning 
shrinkage very high, spalling resistance very low and 
warpage bad Zr02 caused high burning shrinkage, in
creased firing range, highest resistance to spalling, and 
showed normal drying shrinkage and no warping. Zircon 
bodies showed softening points below cone 18, a short firing 
range, good resistance to spalling and normal drying and 
burning shrinkage. None of these showed any appreciable 
effect upon elec. resistivity. (C. H. Kerr) 

1875 
REFRACTORY MATERIAL. J. W Marden and H K. 
Richardson. U.S. Patent 1,554,225, Sept. 22, 1925. 

A layer of Th oxide is applied to the surface of fireclay 
bricks or other refractory materials to improve their re 
sistance to high temps. The Th oxide may be mixed with 
Zr02 and double fluorides and H2O to facilitate its ap
plication to the material as a coating. 

1876 
CONTRIBUTIONS TO THE CERAMICS OF HIGHLY RE
FRACTORY MATERIALS. HI. THE SYSTEM ZIRCONIA-
THORIA. Otto Ruff, Fritz Ebert, and Hans Woitinek. Z. 
anorg. allgem. Chem. 180, 252-6(1929). 

There is no reaction between Th02 and Zr02 up to 2400° 
After heating to 2600°, 1-1 mol mixts. gave x-ray evidence 
of 2 new mixed crystals. These were cubical and had a = 
5.32 and 5.51. Th02 can just be melted by the oxyacetylene 
flame. Its m.p. is estd. at 3050° and it is the most r e 
fractory material known. M -p. data indicate a continuous 
series of mixed crystals from Zr02 to Th02 while x-ray 
diagrams of the cooled melts show 2 series. Hence a sepn. 
into 2 different mixed crystals must take place shortly 
below the m.p No lower oxide of Th formed by thermal 
decompn. or reduction was found. (A.C.H.) 

1877 
FUSING REFRACTORY METALS. Siemens & Halske A.-G. 
German Patent 518,499, Nov. 2, 1926. 

Metals such as Ta, W, Th or their alloys are completely 
fused in strongly cooled crucibles made of materials of 
lower m.p. than the said metals, e.g., of quartz, Cu, or Ag. 
The metal to be fused may be heated by high-frequency 
elec current, and the crucible, if electrically conductive, 
may be made in a no. of insulated segments 

1878 
DILATOMETRIC STUDY OF SOME REFRACTORY OXIDES. 
F. Gambey and G. Chaudron. Chimie & Industrie Special 
No., 453-4(March, 1931). 

The MgO crucibles previously described have the draw

back of a high expansion coeff Expansion curves for a no. 
of other refractories were detd. up to 1600° by means of a 
Chevenard recording dilatometer and showed that quite a 
no. of other oxides (e.g , BeO, Zr02, AI2O3, Cr203, Th02) 
had much lower expansion coeffs. than MgO, moreover, 
certain combinations (e.g , MgO-Al203, MgO-Zr02) have 
relatively small expansion coeffs , high m p. and better 
mech. properties at high temp than MgO. (A.P.C.) 

1879 
SPECIAL REFRACTORIES FOR USE AT HIGH TEMPERA
TURE. Wm. H. Swanger and Frank R. Caldwell Bur. 
Standards J Research 6, 1131-43(1931). 

Methods are described in detail for the prepn. of cru
cibles and other vessels from the oxides of Th, Mg, Zr 
and Be, to be used particularly for melting pure metals. 
Th02, with a m.p above 3000° is the most refractory of 
these oxides. Crucibles of pure fused MgO have been used 
at temps up to 2000° without detrimental effect upon the 
metal melted. Crucibles of com electrically fused or sin
tered Zr02 have been used at temps, up to 2000°, but unless 
the melting is done in air, there is danger of contamination 
of the metal by the Si in the refractory Expts. with very 
pure BeO indicate that, if available commercially, it might 
be a satisfactory refractory for use at high temp. (K. D. 
Jacob) 

1880 
RARE REFRACTORY METALS. Frand H. Driggs and 
William C. Lilliendahl (to Canadian Westmghouse Co., Ltd.). 
Canadian Patent 323,060, June 7, 1932 

A fusion mixt. of NaCl 500, KCl 500 and anhyd K2ThFe 
60 g. IS fused in a graphite crucible at 750-800°. The cru
cible forms the anode and a strip of Mo the cathode. The 
Th IS recovered electrolytically. 

1881 
MELTING-POINT CURVES OF HIGHLY REFRACTORY 
OXIDES. IV. ALUMINUM OXIDE. H. V. Wartenberg and 
H. J. Reusch. Z. anorg. allgem. Chem. 207, 1-20(1932). 

The following m. ps. were newly detd.: Cr203 2275°, 
LajOj 2315°, Ga203 1740°. M. p. curves are given for AI2O3 
with BeO, MgO, SrO, BaO, NiO, CoO, CU2O, T1O2, ThOj, 
Ce02, La203, Mn304, Fe304, Ga203, and Cr203. (Alfred 
Hoffman) 

1882 
THE CERAMICS OF HIGHLY REFRACTORY MATERIALS. 
V. THE TERNARY SYSTEMS: Zr02-Th02-CaO, Zr02-
Th02-Mg0, Zr02-BeO-CaO, Zr02-BeO-Ce02. Otto Ruff, 
Fritz Ebert, and Wilhelm Loerpabel. Z. anorg. allgem. 
Chem 207, 308-12(1932). 

Triangular diagrams are given for these systems at 
temps, between 2000° and 2800°. (B. A. Soule) 

1883 
NEW CERAMICS OF PURE, HIGHLY REFRACTORY 
OXIDES. E. Rishkevich. Elektrowarme 4, 30-1(1934). 

The difficulties in using metal oxides with very high 
m. ps. due to their low plasticity and deformability are dis
cussed. The advantages and disadvantages of AljOj, BeO, 
Zr02, MgO, Th02, ZrSi04, and MgO.AljO, are considered. 
(M. Hartenheim) 

1884 
MELTING-POINT DIAGRAM OF REFRACTORY OXIDE 
[MIXTURES] WITH LIME. H. J. Reusch and H. von 
Wartenberg. Heraeus Vacuuraschmelze 10th Anniv. Vol. 
349-55(1933). 

CaO forms eutectics with CujO (28% CaO, 1140°), BeO 
(50% CaO, 1470°), ThOj (24% CaO, 2300°), Mnj04 (15% CaO, 
1450°), NiO (36% CaO, 1750°) and CoO (36% CaO, 1420°). 
The m. p. diagram of mixts. of CaO and T1O2 shows maxima 
at CaO.Ti02, 2CaO.Ti02 and 3CaO.Ti02 and eutectlcs at 12% 
CaO, 1420° and 52% CaO, 1780°. (B. C. A.) 
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1885 
NEW GERMAN CERAMIC MATERIALS OF PURE OXIDES 
FOR THE MANUFACTURE OF CHEMICAL APPARATUS. 
Eugen Rishkevich. Chem. Fabrik 1936, 12-14. 

A review of some of the chem. and phys. properties of 
the pure oxides of Al, Be, Zr, Th, and Mg and of app. made 
from them; 29 references. (J. H. Moore) 

1886 
THE MANUFACTURE OF REFRACTORY ARTICLES 
FROM PURE OXIDES OF HIGH MELTING POINTS. J. H. 
Partridge and J. R. Lait. J. Soc. Glass Tech. 20, 200-17 
(1936). 

Crucibles, rods and tubing are made from pure AI2O3, 
MgO, BeO, Th02 and ZrOj. Production by fusion casting, 
slip casting and by the use of temporary bonding agents is 
described. Spacers of high elec. resistance for wireless 
valves are produced by molding AI2O) and MgO under pres
sure, to tolerances of ± 0.5%. Wet paste and slip casting 
processes are employed for the production of crucibles. 
For the extrusion of rod or tubing a plasticizing agent of 
flour contg. NH«OH is used for AljOj, and a cellulose 
compn. for MgO. The particle size must be graded to suit 
the diam. of the extruded shape. The extent of the firing 
shrinkage is controlled by particle-size grading, the ratio 
of plasticizer to material, and the use of material precal-
cined at different temps. Data are given on the chem., 
thermal and elec. properties of the materials produced. 
(H. F. K.) 

1887 
MELTING-POINT DIAGRAMS OF HIGHLY REFRACTORY 
OXIDES. Vn. SYSTEMS WITH LIME AND BERYLLIUM 
OXIDE. H. V. Wartenberg, H. J. Reusch, and E. Saran. 
Z. anorg. allgem. Chem. 230, 257-76(1937). 

M. p. diagrams were detd. for binary systems of Th02 
and for binary systems of BeO with Th02. No compd. 
formed. 

1888 
HIGH-TEMPERATURE REFRACTORIES. Henri George. 
J. four elec. 47, 127-8(1938). 

Brief description of the principal high-temp, refractories. 
Pure AI2O, is expensive, the natural form, corundum, 9 4 -
97% pure, is satisfactory commercially. Zircon, Zr02.Si02, 
may be decompd. by heating and the mixed oxides used as 
such, or the Si02 leached out by caustic. Zr02 is inert to 
metals and withstands high mech. loads and temp, varia
tions; C affects it above 1500°. MgO when melted at 3000° 
distils off most of its impurities and yields a more inert 
but expensive product than calcined MgO. When mixed with 
chromite to make bricks good to 2000°, the proper screen 
sizes of fused MgO produce optimum thermal or mech. 
properties. Thoria must be calcined or melted in an oxidiz
ing atm.; it stands high temps., and is easily formed into 
crucibles and other shapes, but is attacked by C and Si02 
and has a high coeff. of thermal expansion. A good chro
mite has its Fe/Cr ratio less than V3, and is inert to metals, 
fluxes and SiOj. (C. F. Bonilla) 

1889 
REFRACTORY COMPOSITIONS. THE GENERAL ELEC
TRIC CO. Ltd. Marcello Pirani. British Patent 492,394, 
Sept. 20, 1938. 

Refractories are made by firing below 1700° a mix com
prising zircon sand (I), ZrO; and (or) Th02 and a liquid 
binder, e. g., a soln. of starch or of a phthalic acld-glycerol 
or urea-CH20 resin, that leaves substantially no residue in 
the final product. The Zr02 and (or) Th02 is preferably 1 0 -
30% of the I. The mix should not contain any clay plasticizer 
nor any substantial amt. of AI2O], CaO or MgO. A small 
quantity, e. g., 1-10%, of an oxidizable metal powder, e. g.. 
Mo or W, may be incorporated when the refractory is used 

as a protective coating for an oxidizable material'such as 
Mo. The refractories may be provided with a glaze consist
ing substantially of Zr02.nSi02, where n is not less than 2; 
the glaze may be produced by firing a mix comprising finely 
ground Zr02 and Si02 with or without a small proportion, 
e. g., 5%, of Na silicate and binders, e. g., starch, artificial 
resins. The products may be used in the production of elec. 
heating elements, as insulators and for sealing W or Mo 
through quartz. 

1890 
THORIA: HIGH-QUALITY REFRACTORY. A. Esme. 
Argile No. 193, 11-13(1939). 

A review. (M. V. Condoide) 
1891 

CERAMIC MATERIALS OF PURE OXIDES. E. Ryschke-
witsch. Chemistry & Industry 57, 965(1938). 

Very satisfactory refractory oxides recently developed 
are the following sintered materials: recrystd. of-corun
dum, spinel, beryllia, zirconia, magnesia, and thoria. The 
phys., chem. and elec. properties of these materials are 
given. (H. F. K.) 

1892 
DIRECT-CURRENT RESISTANCE OF CERAMIC MATE
RIALS. H. Rogener. Z. Elektrochem. 46, 25-7(1940). 

R. gives data on d.-c. resistance of AI2O5, BeO, Zr02, 
Th02 and spinel. Plotted on a graph with log abs. temp, as 
abscissa and log mhos/cm. as ordinate the change of r e 
sistance follows straight lines the end points of which are: 
AI2OJ 1 X 10" ohm/cm. at 830°, 1 x lO' ohm/cm. at 1095°; 
BeO 3.85 X 10' ohm/cm. at 630°, 5.2 x lO' ohm/cm. at 
1100°; ZrOj 2.1 x lO' ohm/cm. at 340°, 2.3 x 10* ohm./cm. 
at 700°; Th02 2.6 x lO' ohm/cm. at 550°, 3.85 x 10* ohm/ 
cm. at 950°; spinel 4.8 x lO' ohm/cm. at 470°, 2.0 x 10* 
ohm/cm. at 1100°. Changes in values due to pretreatment 
and impurities present are stressed. The exptl. setup is 
described. (J. M. Noy) 

1893 

THE COMPRESSIVE STRENGTH OF PURE REFRACTO
RIES. Eugen Ryschkewitsch. Ber. deut. keram. Ges. 22, 
54-65(1941). 

The purest obtainable oxides were molded into small 
cubes, fired to cone 40 and compressive strength was detd. 
at a series of temps. The strength of AljO, at 20° was 
30,000 kg./sq. cm. against only 21,000 for a single crystal 
of corundum. Values were as follows at 20, 500, 1000, 1500 
and 1600°, resp.: for AI2OJ, 30,000, 14,500, 9000, 1000, 500; 
for MgO.Al203, 19,000, 14,000, 8000,—, 600; for ZrOj (with 
small addns. of MgO) 21,000, 16,000, 12,000, 200,—; for 
Th02, 15,000, 8000, 3600, 100,—; for BeO, 8000, 5000, 2500, 
1200, 500. No relationship between the values and m. p. 
could be deduced. (P. S. Roller) 

1894 

ZIRCONIUM OXIDE AND THORIUM OXIDE IN CERAMICS. 
Norbert J. Kreidl. J. Am. Ceram. Soc. 25, 129-41(1942). 

A comprehensive review of Zr compds. and their uses in 
refractories, ceramic bodies, binders, cements, glazes, 
glasses, and enamels. Information available on the sys
tems MgO-Zr02, Ti02-Zr02, Si02-Na20-Zr02 and other 
systems is surveyed. Uses of Th02 are briefly reviewed. 
Bibliography. (C. H. Kerr) 

1895 
MODULUS OF ELASTICITY OF SINTERED OXIDE RE
FRACTORIES. Eugen Ryschkewitsch. Ber. deut. keram. 
Ges. 23, 243-60(1942). 

The modulus of elasticity, E, was measured by detg. 
microscopically the bending deformation of a cylinder of 
the material, 1-2 mm. in diam. and 14.6 cm. long, loaded 
at one end and fixed at the other. The exptl. arrangement 
is described. E decreased with increase in diam. Extra-
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polated to zero diam., E for sintered AI2O3 was 5.0 x 10 
kg./sq. cm., very close to 5.2 x 10° for a single crystal of 
corundum parallel to the c axis. This indicates that the 
intercryst. binding strength is equal to the strength within 
the crystal. E for sintered AI2O3 decreased slowly to 800-
1000° and then rapidly to 1500°, when it was less than half 
the value at room temp. The presence of 5% Si02 caused a 
decrease in E at all temps. Similar curves of E against 
temp, were obtained for sintered spinel, BeO, MgO and 
Th02. However, the curve for sintered Zr02 showed a rela
tively rapid initial decrease with a flat min. at about 750° 
and then a second decrease commencing at 1000°. This was 
explained by the presence of 2% MgO in the ZrOj, or by a 
reversible phase change. (P. S. Roller) 

1896 

PURE OXIDE REFRACTORIES. D. Kirby. Metallurgia 
30, No. 176, 65-9(1944). 

The following are discussed: fused AI2O3, recrystd. 
AljOj, BeO, MgO, thoria zircon (67% Zr02, 33%Si02), 
zirconia, and Mg-Al spinel. (H. Stoertz) 

1897 
ORGANIC PLASTIFIERS IN THE PRODUCTION OF NEW 
CERAMIC MATERIALS. I. D. Abramson. Compt. rend, 
acad. sci U.R.S.S. M, 335-8(1946) (in English). 

Org. plastifiers are org. substances, which added to r e 
fractory materials such as AI2OJ, Zr02, Th02, and BeO, 
allow them to be formed in a manner similar to clay-contg. 
substances. The plastifiers can be either hydrophilic or 
hydrophobic. Burning of the oxides before addn. of the 
plastlfier stabilizes the surfaces and reduces the shrinkage 
in the subsequent burning of the semifinished product. When 
mixed with hlgh-mol.-wt. hydrocarbons such as paraffin, 
AI2O3, Th02, and Zr02 become plastic. A coating of AI2OJ 
on the surface of the semifinished product "sucks away" the 
liquid fraction from the Interior during burning and pre
vents formation of cracks owing to evolution of volatile de
compn. products. (W. N. Baker) 

1898 
COLORED GLASSES. V. THE FLUORESCENCE AND 
THE SOLARIZATION OF GLASS. Woldemar A. Weyl 
(State College, Pa.). J. Soc. Glass Technol. 30, 90-172 
(1946). 

Fluorescence is considered as the reverse of light ab
sorption, where a light quantum is absorbed and used to 
shift one electron into a higher orbit; this increases its 
energy. This state of the atom has only a limited life
time, and returns to the original by dissipation of energy 
in some other form. In fluorescence the absorption and 
emission processes are practically instantaneous. W. 
classifies glasses into 4 groups, based on the fluorescence 
centers, namely (1) fluorescent crystals imbedded in the 
glass such as ZnS; (2) other crystals to which the glass 
furnishes a "fluorescence activator" like Mn; (3) atoms or 
mols. energetically sepd. by the glass structure from each 
other like Ag atoms or CdS mols.; (4) ions which are analo
gous to coloring ions and may be considered part of the 
glass structure itself. In the fourth class glasses contg. 
rare earths, Mn, U, Cu, Th, Sn, Pb, and V are discussed. 
Fluorescence is of use in the study of the constitution of 

"glasses, identification, detn. of vitrification temps, of glass 
batches, and illumination. Solarizatlon is one particular 
form of photochem. reactions which are caused by the t rans
formation of a part of the radiant energy absorbed by glass 
into chem. energy. Glass can be reverted from a state of 
solarizatlon by storage in the dark, by exposure to long
wave radiation, and by heating to high temps. The most 
active elements (as ions) in solarizatlon reactions are Fe, 
Ti, As, Sb, Mn, and Ce. (H. F. K.) 

1899 
CHANGES IN THE INDEXES OF REFRACTION AND LIQ-
UIDUS OF A BARIUM CROWN GLASS PRODUCED BY 
THE PARTIAL SUBSTITUTION OF SOME OXIDES. Edgar 
G. Hamilton, Oscar H. Graner, Zeno Zabawsky, and C. H. 
Hahner (Natl. Bur. Standards, Washington, D. C ) . J. Am. 
Ceram. Soc. 31, 132-44(1948). 

Oxides of Li, Be, Ca, B, La, or Th were substituted 
(mole for mole) in a 8- or 4-component base glass. The n 
for the C, D, F, and G' lines and the liquidus were detd. 
Glasses with n^ of 1.600-1.714 and Abbe value (y) of 
62.2-52.7 were made in small Pt crucibles. Substituting 
BeO for BaO lowered n and increased y; substituting BeO 
for Si02 increased n, but y was only slightly changed. Sub
stituting less than 6 - 8 mole % of BeO for BaO or for Si02 
lowered the liquidus temp.; greater amts. of BeO raised 
the liquidus temp, and increased the tendency to crystal
lize. Substituting up to 26 mole % of CaO for BaO aided 
fining but lowered n and increased y. Substituting La203 
for BaO greatly increased n (av. 0.0056 per mole % sub
stituted) and decreased y; substituting more than 6 mole % 
greatly increased the liquidus temp. Substituting ThO; for 
BaO increased n (av. 0.0028 per mole % substituted) and 
decreased y; substituting more than 4 mole % greatly in
creased the liquidus temp. Substituting B2O3 for Si02 in
creased y, but the effect on n was anomalous, the max. in
crease in n occurring at about 22 mole % B2O3; the liquidus 
temp, was usually lowered as B2O3 increased, except when 
the glass contained La203. The occurrence of discontinuities 
in the liquidus-compn. curve and the n curves for each 
series at approx. the same compn., accompanied by a 
change in the primary phase at the liquidus temp., indicates 
a change in the arrangement of the atoms in the glass 
phase. Results indicate the possibility of producing optical 
glasses with n of 1.71 or higher and y above 50.0. Glasses 
contg. La203 showed low hygroscopicity and would therefore 
maintain good polished surfaces; they appear also to be 
highly resistant to attack by alk. solns. The extension of 
the field of optical glasses by these new compns. offers 
opportunity for further improvements in optical instrument 
design. Also in J. Research Natl. Bur. Standards 40, 361-
74(1948). (C. H. K.) 

1900 
CERAMICS AND NUCLEONICS. A. L. Johnson (Iowa State 
Coll., Ames). Am. Ceram. Soc. Bull. 27, 235-7(1948). 

A review of the fields of research on oxides of Th, Be, 
and Mg, on various nitrides, and on sulfides of Ce and Th, 
to det. their possible use in connection with the many prob
lems involved in the study of fissionable materials. New 
pressing methods were needed for forming the products. 
Firing temps, in many cases were 1700-2400°. Vacuums 
of 10"' mm. of Hg at 1800-2100° were necessary in work 
with sulfides and nitrides. Much of the information is still 
secret for security reasons. (C. H. Kerr) 

1901 
PURE OXIDE HEAVY REFRACTORIES. O. J. Whittemore, 
J r . Chem. Eng. Progress 44, 872-5(1948). 

Demands upon the refractories industry for increasingly 
higher temps, have prompted the development of a group of 
special refractories, termed the "pure oxides." These r e 
fractories are characterized: chemically, by being com
posed essentially of one of the refractory oxides, and by 
their freedom from fluxing impurities; petrographically, by 
being essentially monocryst: and self-bonded as compared 
with glass-bonded refractories of the fire-clay type or usual 
"super-refractory" type. The oxides, in order of increasing 
cost, are AI2O,, MgO, ZrOj, BeO, and Th02. (C. L. Mantell) 

1902 
PURE OXIDE REFRACTORIES WITHSTAND HIGH TEM-
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PERATURES. O. J. Whittemore, Jr . Materials & Methods 
28, No. 6, 79-81(1948). 

Characteristics of AI2OJ, MgO, Zr02, BeO, Th02, and 
some of their com. products at high temps, are given. 
(W. A. Mudge) 

1903 
PROPERTIES OF REFRACTORY MATERIALS. S. M. 
Phelps. Am. Refractories Inst., Tech. Bull. No. 86, 5 pp. 
(1948). 

A list of the properties of new types of refractories other 
than fireclay is given. New types include C in block form 
for use in blast furnaces; BeO and Th02 had special war 
uses, and are now available in small pieces. The cost of 
Th02 and the toxicity of BeO limit their use. Vitreous 
Si02 is used to some extent as a refractory. (G. Wolfram) 

1904 
PHYSICAL PROPERTIES OF PORCELAINS IN THE SYS
TEMS MAGNESIA-BERYLLlA-ZmCONIA AND MAGNESIA-
BERYLLIA-THORIA AND THEIR PHASE RELATIONS. S. 
M. Lang. L. H. Maxwell, and R. F. Geller (Natl. Bur. 
Standards, Washington, D. C ) . J. Research Natl. Bur. 
Standards 43, 429-47(1949). 

The ternary eutectic for the system MgO-BeO-Zr02 
was located at mol. compn. 4MgO:5BeO:3Zr02 and 1669°, 
and that for the system MgO-BeO-Th02 was located at 
mol. compn. 5MgO:10BeO:lThO2 and 1797°. No binary or 
ternary compds. were found in either system. An area of 
solid soln. is indicated for each. A no. of bodies were found 
suitable for various high-strength and high-temp, services 
where thermal shock resistance is not of great importance. 
The compressive strength at room temp, ranged as high as 
266,000 Ib./sq. in. for some porcelains in both systems. 
The max. values for bending strength at room temps, and 
at 982° were considerably higher for the MgO-BeO-Zr02 
bodies (39,000 and 32,000 Ib./sq. in., resp.) than for the 
Mg-BeO-ThOj bodies (14,000 and 16,000 Ib./sq. in., resp.) 
and the modulus of rupture value at 982° of one body in the 
binary system MgO-Zr02 was 29,000 Ib./sq. in. The resis t
ance to thermal shock for the MgO-BeO-Zr02 porcelains 
was fair to good, and for the MgO-BeO-Th02 porcelains, 
poor. All of the MgO-BeO-Zr02 bodies can be matured in 
com. kilns, whereas part of the MgO-BeO-Th02 porcelains 
and all of the Mg0-Zr02 porcelains cannot. (A. George 
Stern) 

1905 
BEHAVIOR OF REFRACTORY OXIDES AND METALS, 
ALONE AND IN COMBINATION, IN VACUO AT HIGH 
TEMPERATURES. P. D. Johnson (Massachusetts Inst, of 
Technol., Cambridge). J. Am. Ceram. Soc. 33, 168-71 
(1950). 

Changes in bulk d., shrinkage, and wt. were detd. for C 
and for dry-pressed specimens of BeO, MgO, Zr02, Th02, 
Mo, and W after firing for 2, 4, and 8 min. in vacuo, at 
100° intervals from 1500° to 2300°. The limiting factor for 
many refractories is not the m.p., but stability when in 
contact with other substances, and the rate of volatilization, 
e.g., MgO cannot be used in vacuo, even for a short time, 
above 1600-1700°, nor BeO above 2100°. C, Zr02, Th02. 
Mo and W can be used for long periods at least to 2300°. 
Max. d. of some oxides, such as MgO and BeO, cannot be 
attained at higher temps., perhaps owing to internal vola
tilization, indicating the advisability of using high-temp, 
atm. furnaces for such substances. Of the oxides tested, 
BeO was the most stable in contact with C, Zr02 most 
stable in contact with Mo, and Th02 most stable in contact 
with W. The most stable oxide mixts. were Zr02 with Th02 
and MgO with Th02. Unstabillzed Zr02 fired to a dense, 
strong mass at 2200° and above in vacuo. (C. H. Kerr) 

1906 
PLATINUM COMPOSITIONS. BAKER PLATINUM LIM
ITED. French Patent 941,701, Jan. 19, 1949. 

Finely powd. Pt or an alloy thereof Is mixed with 0 .01-
1.0% of a refractory oxide to form electrodes for spark 
plugs, wire gauze catalysts, thermocouples, heating ele
ments for elec. furnaces, and app. for molten glass. The 
powders are prepd. by decompg. mixts. of (1) (NH4)2PtClj 
(contg. 100 g. Pt) and an aq. soln. of Ba(N08)2 (contg. 
0.25 g. BaO); (2) 90 g. finely divided Pt, an aq. soln. of NH4 
hexachlororhodate (contg. 10 g. Rh), and an aq. soln. of 
Th(NOs)4 (contg. 0.5 g. ThOj); (3) 96 g. Pt dissolved in aqua 
regia, NH4 tungstate soln. (contg. 4 g. W), Th(N03)4 soln. 
(contg. 0.2 g. ThOj), and NH4OH to neutralize; (4) 2550 g. 
powd. Pt, 283 g. powd. Rh, and an aq. soln. of Zr(N03)4 
(contg. 0.2 g. Zr02). The mixts. are evapd. to dryness, 
heated at 600—1000° in air or H, sieved, molded under a 
pressure of 50-80 kg./sq. mm., and heated in air or H at 
1100-1550°. The process is applicable to alloys of Pt with 
Rh, Ir, Ru, Pd, W, or Mo. (J. Harrison) 

1907 
CERTAIN REFRACTORY COMPOUNDS AS THERMIONIC 
EMITTERS. D. L. Goldwater and R. E. Haddad (Bartol 
Research Foundation, Swarthmore, Pa.). J. Applied Phys. 
22, 70-3(1951). 

The following commercially available refractory compds. 
have been investigated as thermionic emitters: ThC2, ZrC, 
TiC, TaC, TaB, ZrB, and for comparison, Th02. Encourag
ing results were obtained only from ZrC. (H. P. Knauss) 

1908 
FIRED PRODUCTS OF TH^E CLAY CONTAINING RARE 
ELEMENTS. Satoyasu limori and Shozo limori (Sci. Re
search Inst., Tokyo). Repts. Sci. Research Inst. (Japan) 
25, 218-23(1949). 

Tile clay was mixed with quartz, feldspar, and oxides of 
Al, Be, Ce, La, Nb, Nd, Ta, Th, Ti, U, W, Y, and Zr, pressed 
into a form, dried in air , and fired at 1300-400°. The prod
ucts contg. La20j, Ta205, Ti02, CcjOj, Nb205, Nd20,, WOj, 
Y2OS, and ZrOj were fired completely to the desired hard
ness. The first three shrank about 20%. Mixts. of weathered 
pegmatite, white clay, and minerals (35:35:30) contg. rare 
elements were fired; the addn. of rare earth elements and 
V lowered the m.p. of the products, while Ce made the prod
ucts porous. Further, LI2O and La203, when properly mixed 
with feldspar, silicate, and china clay and fired similarly, 
made good porcelain glazes. (J. G. Yoshioka) 

1909 
PREPARATION AND TESTS OF REFRACTORY SULFIDE 
CRUCIBLES. D. Eastman, Leo Brewer, LeRoy A. Bromley, 
Paul W. Gilles, and Norman L. Lofgren (Univ. of California, 
Berkeley). J. Am. Ceram. Soc. 34, 128-34(1951). 

To make the crucibles the sulfides were ground to 250-
or 325-mesh and mixed with 5% by vol. of naphthalene for 
a binder. The naphthalene was added In an ether soln., the 
ether evapd. as the slurry was stirred leaving the naphtha
lene deposited uniformly throughout the material. The cru
cible was formed in a steel mold under 50,000-100,000 
Ib./sq. in., and pretreated at 100-150° in an evacuated con
tainer to remove the naphthalene. Sintering for 10-30 
min. in an evacuated system was done at a temp, appro
priate for the individual sulfide. The data show that sulfide 
crucibles are useful in the casting of metals, especially 
when the prevention of oxidation is Important. Crucibles 
made from CeS and ThS are similar and can be used for 
all metals (except Pt) which melt below 1800°. Above 1800° 
ThS is more resistant and less volatile than CeS. Both 
have been used for casting Th. The metal U can be heated 
to above 1900° in ThS. The sulfides US and ThS are similar, 
but US is not quite so resistant to reduction by reactive 



TID-3044(Suppl. 1) 237 

metals. Crucibles made from Ce3S4 and Th4S, are more 
susceptible to reduction but can be used because thin pro
tective layers of CeS and ThS are formed. Very reactive 
metals like the alk. earth metals will cause attack at temps, 
where they are volatile but can be cast at their melting 
temps., and the ingots are easily removed. The Th2Ss cru
cibles have properties intermediate between those of ThS 
and Th4S, and offer no special advantages. The ThS2 cru
cibles lose S above 1500°, but are useful below 1500°. The 
Ce2Sj crucibles are similar to the ThS2 crucibles. The 
CeS, ThS, and US crucibles appear to be best for mixts. of 
metals and halides, although Ce2S3 and ThS2 have some 
value. (C. H. Kerr) 

1910 
A STUDY OF THE REFRACTORY BORIDES. Leo Brewer, 
Dwight L. Sawyer, D. H. Tempieton, and Carol H. Dauben 
(Univ. of California, Berkeley). J. Am. Ceram. Soc. 34, 
173-9(1951). 

Various mixts. of B and Ce, Ti, Zr, Nb, Ta, Mo, W, Th, 
and U were heated to 1300-2050° (depending upon the 
compn.), in an atm. of A, and the phases of the binary sys
tems were detd. by x-ray examn. The following phases 
were identified: W2B, WBo.92-1.02 WB2.|)o-z.iz M02B, 
MoB0.95-1.0s M0B2.J3, Ta2Bm, Ta2B, TaB, TajB4, TaBi „.2.5j, 
NbB„_ NbBf, (the m and n are unknown values), NbB, 
NbjB4,'NbB2 ^ , , ZrB2, TiB2, CeB4, CeBj, ThBj, UB2, and U-
B4. Lattice consts. are given. The Mo and W borides are 
very high melting but less stable toward reduction than the 
other borides. The most promising refractories for highly 
reducing conditions are TaB and NbB, both melting at above 
2000°. The Nb borides are more readily sintered than are 
those of Ta. Under severe refractory conditions ZrB2 and 
CeB4 show considerable promise. When reducing condi
tions are not too severe, W2B and WB should prove useful. 
The borides of Mo are similar to those of W, but melt at 
lower temps., which is an advantage because of the difficulty 
of sintering the W borides except at very high temps. 
(C. H. Kerr) 

1911 
PROTECTIVE COATINGS FOR REFRACTORY BUT 
READILY OXIDIZABLE METALS. John H. Ramage (to 
Westinghouse Electric Corp.). U. S. Patent 2,555,372, 
June 5, 1951. 

Refractory but readily oxidizable metals, such as Mo, 
W, Ta, Zr, Th, and U, are protected by electroplating with 
Cr, followed by heat-treating in a H atm. at a temp, suffi
cient to form a eutectic between Cr and the metal. The 
metal is protected from oxidation up to 1500° or possibly 
as high as the m.p. of the Cr-metal eutectic. Instead of 
electroplating, the metals may be chromized by packing 
them in powd. Cr or a mixt. of Cr and Cr203, and heating 
for several hrs. in H at a temp, of about 1100°. (J. C. 
Tallman) 

1912 
REFRACTORY CERMETS. L. J. Cronin (Raytheon Mfg. 
Co., Waltham, Mass.). Am. Ceram. Soc. Bull. 30, 234-8 
(1951). 

Refractory materials, with m.p. 1800° or higher, were 
studied for possible use in special thermionic cathodes. 
These cermet bodies can be heated to high temps, by im
pressing a voltage directly across the terminals. Resis
tivity can be varied by control of compn. and processing. 
Operating conditions demand low vapor pressure, chem. 
stability, adequate thermionic and secondary electron 
emission, high strength when hot, etc. A great many eligi
ble materials were tested, but since most mixts. formed 
low-melting eutectics, most of the work was confined to 
pure metals and oxides, especially Th02 and Mo. The 
powders of Th02 and Mo were sifted through 325-mesh 

sieves, formed under hydraulic pressure, and heated in a 
reducing atm. The pressure (5,000-200,000 Ib./sq. in.) 
and temp. (1500-2200°) were varied depending upon the 
characteristics desired. Satisfactory cathodes from 0.050 
to 3.000 in. diam. were made. They have furnished elec
trons for magnetrons putting out from 20 to many million 
w. Tube frequencies have ranged up toward 20,000 mega
cycles, and pulse widths of 10 microsec. have been sus
tained. Any desired resistance value can be obtained; for 
example, Th02 is an excellent Insulator, while Mo is a 
good conductor. Refractory cermets have established their 
place in the electronic industry. (C. H. Kerr) 

1913 
THERMAL EXPANSION OF SOME REFRACTORIES EM-
PL0'5fED IN THE GLASS INDUSTRY. N. V. Solomin, N. M. 
Gandina, and N. A. Fridlender. Steklo i Keram. 8, No. 3, 
8-11(1951). 

Measurements at temps, up to 1000° were made with an 
optical differential dilatometer (Soviet patent No. 86256) 
with synthetic corundum as a standard. Curves of thermal 
expansion of calcined kaolin, grog refractory, and pyromet-
ric porcelain were smooth and practically coincided with 
one another. Measurements of Dlnas agreed with petro-
graphic investigations and sp. gr. detns.; Dlnas with sp. gr. 
2.48 showed a sharp dilatometric effect at 500-600° (3- — 
a-quartz) while Dlnas of sp. gr. 2.35 showed a stronger ef
fect at 200-250° (8- — «-cristobalite). The curve for elec-
tromelted zirconmuUite was smooth. The vitreous phase of 
zirconmuUite showed a large increase in coeff. of expansion 
above 600° which is probably related to the appearance of 
dangerous stresses and the cracking of mulUte blocks at 
700-800° during the heating up of glass-melting furnaces. 
Fired corundum refractories showed no marked changes in 
the coeffs. of expansion but the abs. values were almost 
twice as high as those of grog refractories. (B. Z. K.) 

1914 
RIGIDITY MODULUS OF SOME PURE OXIDE BODIES: 
8th COMMUNICATION TO CERAMOGRAPHY. Eugene 
Ryshkewitch (Flight Research Lab., W.A.D.C, Dayton, O.). 
J. Am. Ceram. Soc. 34, 322-6(1951). 

The modulus of rigidity or shear modulus G = 21M/ar'7r, 
in which 1 = length in cm. of the test cylinder from its fixed 
point to the point of application of the torque, M, expressed 
in kg. X cm.; a = torsion angle, in radius; and r = radius in 
cm. of the cross-section of the test cylinder. Specimens 
were in the form of cylindrical rods which increased ab
ruptly to ends of much greater diam. This insured rigidity 
in holding the specimen by one end and provided an exact 
length from the point where the thin part of the rod began 
to the point where the bending force was applied. From 
exptl. data the modulus of rigidity (G) of single crystal 
corundum was estd. to be 1.9 x lO' kg./sq. cm. Young's 
modulus (E) for single crystal corundum is given in the 
Landolt-Bornstein tables as 5.2 x 10* kg./sq. cm. From 
these values of G and E the Poisson ratio ((x) appears to be 
0.37, which is comparatively high. The values of E and fi 
(av. of 2 samples in each case) for sintered Zr02, stabi
lized by "alloying" with 2 y2% MgO, and fired to cone 32 
were, resp.: 1.38, 0.36; for sintered BeO fired to cone 39, 
2.82, 0.38; for sintered Th02, fired to cone 40, 1.40, 0.17; 
for sintered synthetic spinel, fired to cone 40, 2.20, 0.29; 
for sintered natural zircon purified to about 99% and fired 
to cone 30, 1.98, 0.35. The values of G reported separately 
for the same 2 samples of each were, resp.: for Zr02, 0.51, 
0.50; for BeO, 1.04, 0.97; for Th02, 0.61, 0.58; for spinel, 
0.79, 0.78; for zircon, 0.71, 0.74. (C. H. Kerr) 

1915 
ELASTIC AND FLOW PROPERTIES OF DENSE, PURE 
OXIDE REFRACTORIES. James F. Wygant (Standard Oil 
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Co. of Indiana, Chicago). J. Am. Ceram. Soc. 34, 374-80 
(1951). 

The oxides studied included slip-cast MgO, hydrostatically 
pressed MgO, Th02, zircon, and mulllte. Elastic and flow 
properties were influenced primarily by the properties of 
the parent crystals, and secondarily by the conditions at the 
grain boundaries. No apparent relation was seen between 
mech. properties and m.p. In MgO, strength and rigidity 
decreased rapidly above 1000°, and at 1300° serious plas
ticity developed. Th02 was very weak below 1000°. Zircon 
developed extreme plasticity above 1000°. Mulllte showed 
low rigidity which was independent of temp. The strength 
and rigidity of MgO at high temps, were inferior to those of 
AI2O] and Zr02 but superior to those of most other common 
oxide refractories. Creep in all these refractory oxides at 
high temps, includes a period of decelerating flow followed 
by flow at a const, rate except under very high stresses. 
Fabrication by hydrostatic pressing is widely applicable. 5 
photomicrographs. (C. H. Kerr) 

1916 
REFRACTORIES. Leo Brewer, LeRoy A. Bromley, and Er -
mon D. Eastman (Brewer and Bromley to the United States 
of America, as represented by the Atomic Energy Com
mission). U.S. Patent Appl. 791,466, Official Gaz. 641, 
1346(1950). 

A sulfide or oxysulflde of any valence state of Ce, Th, 
or U, prepd. by treating the oxide of the metal with H2S in 
a C system, by reaction of the anhyd. metal halide with S 
or H2S, or by the reaction of stoichiometric amts. of H2S 
and the metal hydride at high temp, and subatm. pressure, 
is ground with 5% by vol. of a binder material, e.g. naph
thalene or cetyl a l e , and an org. solvent, e.g. ether or 
propane, to prevent oxidation; the solvent Is volatilized, 
the mixt. pressed into a crucible mold at 50,000 Ib./sq. In. 
pressure, and the pressed body sintered in vacuo at 1600-
1900° for Ce, 1700-2200° for Th, and 1500-1900° for U. 
Such crucibles, highly refractory and stable, are useful for 
melting metals of high at. wt. (M. M. Berry) 

1917 
FORMING A GLAZE ON CARBON. Charles H. Prescott, 
J r . U.S. Patent 2,587,523, Feb. 26, 1952. 

Advantages of C as a structural material at high temps, 
are extended by covering it with a refractory glaze of Th, 
Hf, or Zr carbides. Thorite (ThSiOi) is ground and sus
pended in cellulose nitrate and sprayed on C. After spray
ing the coated C is heated to 2350°K in a stream of CO. 
This decomposes thorite, evaps. Si02, and forms ThC on 
the surface. Evapn. of Si02 is facilitated by adding C to the 
coating, where It forms SIC which volatilizes easier than 
Si02. (J. D. Gat) 

1918 
DENSE REFRACTORY OXIDE SHAPES. Raymond F. 
Walker and Stefan G. Bauer (to Minister of Supply). British 
Patent 665,373 Jan. 23, 1952. 

Refractory oxides, such as BeO, AI2O3, Zr02, and Th02, 
shaped by slip casting or cold pressing, and heated in a 
graphite tube furnace at 1800° for 20 min. to reach a max. 
d. of 2.96 for BeO. Firing at 2000° for 2 hrs was required 
in an oxyacetylene furnace to give this d. Porosities of less 
than 3% were obtained at temps, as low as 1600°. The In
crease In d. from 1600 to 1850° accompanies a color change 
beginning with gray and approaching black caused by absorp
tion of C from the atm. This mechanism was not explained 
as a CO atm. in a BeO tube furnace was not effective. 
(Paul C. Baker) 

1919 
CERAMIC INSULATORS FOR HIGH-FREQUENCY CAPACI
TORS. W. Rath. Ber. deut. keram. Ges. u. Ver. deut. 
Emallfachleute 28, 177-93(1951). 

An extensive discussion of the principles in the evolution 
of high-frequency insulator materials. The gap existing be
tween the monograph of Albers-Schonberg (Industrielle 
Keramik. Bd. n . Hochfrequenz-Keramik 1939 (C. A. 33, 
8376i)) on high-frequency dielectrics and the FIAT Rev. of 
Ger. Sci. 1947 is bridged by the present publication. The 
binary systems of Ti02 with BeO, MgO, CaO, SrO, BaO, 
and ZnO, in regard to their dielec. consts., temp, coeffs., 
and dielec. losses (tan 6), are characterized by many dia
grams. The logarithmic law of the change of the dielec. 
const, as a function of the concn. in these binary systems 
and the particular properties of BaTiOs as a Seignette-elec. 
and piezoelec. crystal phase with Curie point phenomena 
are discussed. Particularly interesting are the binary sys
tems Ti02-La203 and Ti02-Th02 and the ternary systems 
of the following oxides, for which instructive diagrams and 
numerical data are given. T102-Zr02-Th02, Ti02-La203-
Th02, Ti02-La20,-CaO, T102-Th02-CaO, and T l O j -
Zr02-CaO. A table shows the dielec. consts. in different 
ranges of the temp, coeffs. from + 100 to - 1300 x 10~*. 
(A. M. M.) 

1920 
SUPERREFRACTORY OXIDES. Felix Trombe. Bull. soc. 
franc, ceram. 1949, No. 3, 18-26. 

Superrefractory oxides are listed as oxides with m.ps. 
between those of AI2O3 (2050°) and Th02 (3000°) and consist, 
in order of m.ps., of AI2O3, YjO,, SrO, BeO, CaO, ZrO,, 
CeOs, MgO, and Th02. A summary of their properties is 
given. To study these properties, a solar furnace capable 
of melting any oxide under oxidizing conditions, and even of 
distg. C, is used. It consists of mirrors which cone, solar 
radiation on a small area. It has a receptor surface of 3 
sq.m. and delivers about 1.5 kw. of energy to a surface of 
0.64 sq. cm. Rods of solidified material have been made 
by feeding powd. oxides onto the hot spot by gravity. They 
are partly crystd. An app. of larger size is planned to 
produce single crystals. An optical dilatometer to meas
ure thermal expansion at temps, between 1200 and 2500° 
is described. (A. M. M.) 

1921 
EXPERIMENTAL REFRACTORY BODIES OF HIGH-
MELTING NITRIDES, CARBIDES, AND URANIUM DIOX
IDE. P. Chiottl (Iowa State Coll., Ames). J. Am. Ceram. 
Soc. 35, 123-30(1952). 

The nitrides were prepd. in most cases by passing NH3 
or N over metal powder or shavings at 400-940°. The car
bides were prepd. by heating the metal powder or oxide, 
mixed with C, in graphite crucibles under vacuum to 
approx. 2000°. The most successful method of forming 
nitride and carbide products was to press the powder at 
50,000-60,000 Ib./sq. in. in hardened tool steel dies, with 
1-2% paraffin as a temporary binder. Dense and well-
bonded products were made by presintering part of the 
powder. Details of procedures are given. Firing was done 
in a high-frequency induction furnace to temps, up to 2800°. 
In prepg. UC a special procedure was followed. Shavings 
of U were mixed with graphite powder and converted to 
finely divided UH3 by passing H over the charge at 250-
300°. During cooling He was used In place of H. The charge 
was reheated to approx. 825° for 10 hrs . , producing a dark 
gray powder, which was then slightly sintered at 1600° un
der vacuum. Evidence of a tendency of BejN2, TaN, and 
ThN toward instability at high temps, was noted. The hex
agonal structure usually attributed to TaN is actually that 
of Ta2N. One sample whose compn. was close to that of 
Th2N3 appeared to have a hexagonal phase with lattice 
consts. Q!o = 3.87 A. and Co = 6.16 A. Detns. of m.p. gave: 
ThN = 2630 ± 50°; UN = 2650 ± 100°; UC = 2590 ± 50°. 
(C. H. Kerr) 
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1922 
SOME MEASUREMENTS OF THE TOTAL EMISSIVITY OF 
METALS AND PURE REFRACTORY OXIDES AND THE 
VARIATION OF EMISSIVITY WITH TEMPERATURE. A. 
H. Sully, E. A Brandes, and R. B. Waterhouse (Fulmer 
Research Inst., Stoke Poges, Bucks, Engl.). Brit. J. 
Applied Phys. 3, 97-101(1952). 

The emissivity of metal surfaces and of ceramic mate
rials can be detd. quickly over a temp, range of 300°-800° 
by an app. consisting of a strip of the metal or of ceramic-
coated metal heated electrically and capable of being ro
tated about its long axis without change in temp. The radia
tion falls on a thermopile connected to a galvanometer. 
Total emissivity is, for polished platinum 300°-900°, 
0.062-0.160; for other materials emissivities vary widely 
depending on temp., surface treatment, temp, of initial 
oxidation, and coating thickness. Values are graphed for 
lamp-black, Nimonic 75, piu-e Ni, stainless steel, ceria, 
zirconia, thoria, magnesia, alumina, and fused silica. The 
emissivity of oxide coatings decreases with thickness of 
coating for particles of various sizes to a limiting linear 
relation which is the same for all sizes The ratio of this 
limitmg thickness of coating to particle size is nearly 
const ; this suggests the limiting thickness is a function of 
the no of particle-air interfaces encountered by the radia
tion in passing through the coating. The variation of total 
emissivity with angle of observation markedly deviates 
from the Lambert cosine law with polished Pt, but the 
law IS obeyed with oxidized Nimonic 75, oxidized Ni, and 
pure alumina (Eleanor Tatge) 

1923 

TITANIA-CERAMIC DIELECTRICS Jack Woodcock and 
John K. Paridge (to Steatite & Porcelain Products Ltd., and 
Dubilier Condenser Co., Ltd ). U.S. Patent 2,602,753, July 
8, 1952. 

An alkali metal, or preferably a combination of 2, and 
Th02 or Zr02 is added to the BaT103 dielec. A typical 
compn. consists of 3% Li2Th03, 2% NaF, 4% Th02, and the 
remainder BaTi03. A lowered permlttivity-temp. curve is 
said to result (J. B. McCoy) 

Ores 

1924 
THOROTUNGSTITE, A MINERAL CONTAINING TUNGSTEN 
AND THORIUM FROM THE FEDERATED MALAY STATES. 
J. B. Scrivenor and J. C. Shenton. Am. J. Sci. 13, 487-90 
(1927). 

The mmeral was found in an eluvial deposit overlying 
granite at Pulai, in Perak. The crystals are transparent, 
acicular and less than 1 mm. in length. The n > 1.74, 
double refraction is high and the optical character is —. The 
sp. gr. = 5.55. The mineral is attacked by acids and is par
tially dissolved by hot NaOH, leaving a ppt. of Th02, FejOs 
and rare earths. Analysis by Shenton gave: H2O 4 18, 
WOj 69.69, Fe203 1.35. AI2OJ 4.31, S1O2 0.48, Th02 16.00, 
rare earths mostly Ce20s 1.77, Zr02 1.96, CaO 1.02, sum 
100.76%, approx. formula 2WO3.H2O—(ThO2.Ce2Oj.ZrO2) -
H2O (L. W. R ) 

1925 
THE CONSTANCY OF THE URANIUM-ACTINIUM RATIO 
m MINERALS. Frank H Bruner and Herman Schlundt J. 
Phys Chem. 38, 1183-8(1934). 

Analyzed specimens, 2 carnotites, 3 pitchblendes, 1 sod-
dite, and 1 thonanite were tested. The U content in these 
varied from 18.6 to 62 4% The relative amts. of Act in the 
ores were detd. by measuring the active deposit of actinon, 
removed from an acid soln. of the ore by a stream of air 

and collected on a charged plate in a brass chamber. The 
activity of the plate was measured in a condenser connected 
to an electrometer. The carnotite gave low values for the 
ratio. The other minerals gave ratios varying about 6% 
from the mean, and indicated that in unaltered minerals the 
Act/U ratio is a constant. Because of modifications intro
duced into the method no numerical value could be assigned 
to the const. (A. M. Brant) 

1926 
THE KOLA PENINSULA AS A SOURCE OF RARE METALS 
AND THEIR USES. N. Pervushin. Redkie Metal. 2, 27-38 
(1935), Neues Jahrb. Mineral., Geol., Ref. H, 1937, 674-6. 

Source minerals for Ti, Ta, Cb, Zr, Ni, Th, rare earths, 
V, and Mo are described with details of their occurrence. 
(J F. Schairer) 

1927 
MONAZITE—A SOURCE OF THORIUM EXTRACTED BY 
SECRET PROCESSES. L. Sanderson. Can. Mining J. 64, 
208-9(1943). 

Th and Ce are produced from monazite sands. (W. H. 
Boynton) 

1928 
PRELIMINARY OBSERVATIONS ON THE DISTRIBUTION 
OF TRACE ELEMENTS IN THE ROCKS OF THE SKAER-
GAARD INTRUSION, GREENLAND. L. R Wager and R. L. 
MitcheU. Mmeralog. Mag. 26, 283-96(1943). 

Quant spectrographic analyses were made by the method 
of C. A 35, 5562 on 11 rocks representing distinct stages 
of differentiation. The parent magma was close to av. 
gabbro in compn., differing in the low K2O content, the high 
FeO/Fe20, ratio and the high SrO content, 0.2%. Cr, NI, 
and Co were markedly coned, in the early differentiates, 
Co being less rapidly pptd. than Ni. Zr, Yt, Th, La, Rb, and 
Ba were markedly coned, m the late differentiates. The Cu 
and V contents first Increased, then rapidly decreased as 
differentiation proceeded. The Ga content is low and varies 
approx. with the Al content. The probable location of the 
trace elements in the various minerals of the rocks is dis
cussed with particular reference to the effect of ionic radii 
and charges. (Michael Fleischer) 

1929 
Th-U RATIOS IN ROCKS AND MINERALS. N. B. KeevU. 
Am. J. Sci. 242, 309-21(1944). 

Frequency distribution curves for 100 detns. of Th-U 
ratio are presented and discussed. For most purposes, a 
const value of 3.2 may be assumed for the Th-U ratio. The 
results do not support Holmes' theory of the genesis of Pb 
ores from a deep-seated source (Alden H. Emery) 

1930 
RARE EARTH MINERALS OF CEYLON. D. N. Wadia. 
Rec. Dept. Mmeral. Ceylon, Prof. Paper No. 1, 3-14(1943). 

A summary of occurrences, with analyses, of sources of 
Th, U, Ti, and Ce. Thonanite, thorite, monazite, zircon, 
and ilmenite are recovered from placers and beach sands. 
Placer deposits of thonanite are nearly exhausted, but it 
is known to occur in many pegmatites. There are large 
reserves of beach sands rich in ilmenite and contg. mona
zite, zircon and rutile. Five analyses of monazite show 
9.5-28.2% Th02. Small deposits of titaniferous magnitite 
that contams V, and of molybdenite have not been mined. 
(Michael Fleischer) 

1931 
A CHEMICAL STUDY OF THE BIOSPHERE A. P 
Vinogradov Pedology (U S.S.R ) 1945, 348-54(English 
summary). 

V accepts Vernadsklt's concept of the biosphere, the do
main of the earth's crust contg. life. Metamorphosed sedi
mentary rocks down to the cryst foundation are included m 
the biosphere. In a geochem. study of the biosphere anal-
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yses were made of the soils of the Russian plain from 
north to south along the 40th meridian. The min. and max. 
contents of rare and other scattered elements in the zonal 
soils examd. are given in percentage of dry soil, as follows: 
Li 1.0-9.1 x 10"*; B, 0.12-1.7 x 10"'; F, 1.0-3 x 10"^; Ti, 
0.25-0.80; V, 0.75-2.5 x 10"^ Cr, about 5 x 10"'; Mn, 
0.01-0.21; Co, 0.12-1.3 x 10"'; Ni, 1.0-6.5 x 10"'; Cu, 
0.5-2.6 X 10"'; Zn, about 5 x 10"'; Ga, about 1.0 x 10"*; Ge, 
10"*; As, 1.2-9 X 10"*; Se, below 10"'; Br, 0 .1-4 x 10"'; 
Rb, 1.9-8.9 X 10"'; Sr, 0.013-0.26; Zr, about 0.03; Mo, 
1.5-4 X 10"*; Cd, about 2 x 10"*; I, 0.31-1.7 x 10"'; Ba, 
0.01-0.20; Tb, 1.4-2 x 10"^; Pb, 0.38-4.3 x 10"'; Ra, 
1.9-2.9 X 10""; Th, 2.6-9.5 x 10"*. Living organisms, as 
a rule, take up those elements which go into soln. The 
insol. elements are taken up with difficulty. Thus Ti in 
soils runs to 0.6%, whereas living organisms contain about 
10"' to 10"*%; Zr in soils runs up to 0.01%, whereas in or
ganisms J t is less than 10"*. A diagram is given showing 
the elements found In greater quantities in plants and those 
found In greater quantities in soils. V. theorizes on the r e 
lation of the biosphere compn. to the compn. of the living 
organisms and on the basis of deficiencies and excesses of 
certain elements he proposes a series of biogeochem. 
provinces. (J. S. Joffe) 

1«32 
TECHNOLOGY AND USES OF MONAZITE SAND. R. Philip 
Hammond (Lindsay Light and Chemical Co., West Chicago). 
Am. Inst. Mining Met. Engrs., Mining Technol. 10, No. 4, 
Tech. Pub. No. 2037, 5 pp.(1946). ~ 

A typical India monazite sand contains Ce oxide 30.6, 
P2O5 26.2, La oxide 15.7, Nd oxide 10.5, Th oxide 8.1, Pr 
oxide 2.9, SiOj, 2.4, Sm oxide 1.0%, and smaller amts. of 
oxides of the rare-earth elements. The Th content varies 
with the source of the ore. All com. deposits consist of 
transported monazite sands liberated by erosion and coned, 
by the action of H2O, which has sluiced away lighter mate
rials and coned, the heavy grains of monazite, together with 
ilmenite, zircon, garnet, and other heavy minerals. In 
processing, about 8 lb. of BaS04 Is added to each ton of 
monazite sand, and the mixt. is roasted with H2SO4 in a 
closed cast-iron vessel. In roasting, the rare earths are 
left in sol. form, to be leached out with H2O. The Th, Ba, 
Ra, and meso-Th remain as insol. sulfates. The Th ppt. is 
boiled with NaOH and then dissolved in H2SO4, to sep. the 
sol. Th sulfate from the meso-Th, Ba, and Ra sulfates. The 
soln. contg. the rare earths is Th-free. The sepn. of Ce is 
based on its oxidation to a quadrivalent insol. form while 
the salts of the other rare earths, all trivalent, remain sol. 
The com. uses of Th, rare earth salts, Ce, La, and Nd are 
briefly described. (C. W. Schuck) 

1933 
A RADIOACTIVE MINERAL FROM MOZAMBIQUE RE
LATED TO DAVIDITE. F. A. Bannister and J. E. T. Home 
(Brit. Museum, London). Mineralog. Mag. 29, 101-12 
(1950). 

A bla'ck opaque radioactive mineral from Mavuzi, Tete 
district, Mozambique, Portuguese East Africa, is chemi
cally similar to davldite, though unlike it in the x-ray pat
tern of the heated material (metamict structure). The min
eral apparently belongs to the ditrigonal pyramidal class, 
with an axial ratio a :c of 1:1.37 (morphological data, not 
x-ray). Crystals are tabular to pyramidal, with ditrigonal 
pyramids dominant. Twinning occurs by rotation about the 
[1120] axis. Hardness 6, sp. gr. 4.46. Analysis gave NO2 
54.5, Fe20j 10.2, CTfi, 0.17, V2O5 1.4, U,0, 9.8, FeO 16.5, 
Zr02 0.4, CejOj 5.6, Na20 0.15, CaO 0.3, Th02 0.07, PbO 
0.72, H2O"'' 0.05, SIO2 0.06%, corresponds to the formula 
A Bj(0,OH), where A is Fe, Ce, U, Ca, Na, Zr, Th, and B 
is Ti, Fe"*̂ "*"*̂ , V, Cr grouped together on basis of similar-
sized ions. (Marie L. Lindberg) 

1934 
THORIUM AND ITS PRODUCTS OF DISINTEGRATION. 
May S. Leslie (Faculte Sci., Paris . Lab. Mme. Curie.) 
Radium, 8, 356-63(1911). 

Fifty g. of thorite were carefully examd. for the presence 
of unknown members of the Th series. None were found. Be
sides Th and its disintegration products, the members of 
the U series are present in small quantity, but no other ac
tive elements. Mesothorium is pptd. with the insol. sul
fates, but probably incompletely by a single treatment since 
in this case the Th obtained by washing the sulfate residues 
with water has after 1 yr. too great an activity. By repeat
edly pptg. a Th salt with NHj, all the mesothorium is proba
bly held in soln. It is pptd. in part with the carbonates of 
the alk. earths, and with the oxalates in acid soln. and is 
carried down with Fe(OH)3. The relative activities found 
for the different Th products in equil. accord with the 
theory that the emanation gives 4 a-part icles. Th itself is 
slightly active giving rise to a-particles of range scarcely 
more than 2 cms. Radio Th has a period of some months 
only, and a range of 2 cm. (A. T. C.) 

NUCLEAR PROPERTIES 

1935 
DISSOCIATION OF ThCl4.18NH2. E. Chauvenet. Ann. 
chim. phys., 23, 275-80(1911). 

ThCl4.18NHs dissociates at low temp., the vapor pressure 
being a t -22 .5° , 246 mm., a t - 1 0 ° , 560 mm., at 0°, 1031 
mm., at +80, 1630 mm. The following values were detd. 
or ca l c : Mol. sp. heat of ThCl^, 149.8; of ThCl4.18NH3, 
356.8. Heat of soln., of ThCl4.18NHj in HCl, 214.2 cal. 
Heat of formation of ThCl4.18NHj, 225 cal. That of 
ThCl4.12NH3 being known, that of the addition of 6NHj to 
ThCl4.12NH3 is found to be 53 cal. From these results the 
correctness of Q/T = 0.032 could be established. Also that 
of Clapeyron's formula. (H. Gruener) 

1936 
THE LIFE-PERIOD OF RADIOTHORIUM, MESOTHORIUM, 
AND THORIUM. Lise Meitner (Univ. Berlin.). Physik. Z. 
19, 257-63(1918); J. Chem. Soc. 114, H, 347-8(1918). 

Measurements extended over 7 years of o!-, (3-, and y-
rays of 6 prepns. of Radio-Th prepared by electrolytic and 
chem. methods all gave linear logarithmic decay curves, 
the half-period for the 6 prepns. varying between 690 and 
698 days, the mean being 696 days, 1.905 years, accurate 
to about 1%. The life-period of Meso-Th 1 was detd. by a 
new method from the growth of Radio-Th from Meso-Th 
initially free from Radio-Th. Meso-Th as free as possible 
from Ra was prepared from mantle ash by the firm of 
Knoefler and Co., Ploetzensee, the prepn. being crystd. 3 
times at fortnightly intervals to remove Radio-Th and its 
products. Tested for Ra it was found that only 0.8% of the 
0-rays and 0.62% of the y-rays were due to this element, 
for which correction was made. By comparing the curve 
obtained with theoretical curves drawn from various periods 
of Meso-Th, the results were found to agree well with a 
value of 6.7 years for the half-period. This new value was 
checked by observation of the decay of the activity of a 
prepn. of Meso-Th prepd. by Hahn in 1906 and 7.1 years 
old at the commencement of the measurements. The period 
again found 6.7 years is considerably higher than the value 
5.5 years commonly accepted. The max. of the or-activity 
of a Meso-Th prepn. is calcd. to be 4.83 years from prepn., 
and of the y-rays, through 0.5 cm. of Pb, 3.34 yrs. For 
prepns. of equal activity of Ra and Radio-Th, respectively, 
in equil. with their a-products, the y-rays of Ra are 1.5 
times those of Radio-Th and 0.9 times those of Radio-Th 
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and Meso-Th In equil. The life period of Th was calcd. by 
a somewhat elaborate method depending on a comparison 
of the a - rays of Ra and Th prepns. under defined conditions 
and found to be 2.37 x 10'° years (half-period) which is 
somewhat greater than previous estimates, 1.28 (Geiger and 
Rutherford), 1.86 (McCoy), 1.5 (x 10'° years) (Heimann). 
The above value is reduced to 2.16 x 10'° years if the just 
published value for the half-period of Ra is taken as 1580 
years (Hess and Lawson). (S. C. Lind) 

1937 
RADIOACTIVE ELEMENTS FORMED BY IRRADIATION 
OF Th WITH NEUTRONS. Irene Curie, Hans von Halban, 
J r . , and Pierre Preiswerk. Compt. rend. 200, 2079-80 
(1935). 

The radioelement of period 1 min. formed by irradiation 
of Th with neutrons is shown chemically to be an isotope of 
Ra, produced probably according to goTh '̂̂  + on' — BB^ct"' + 
2He*. It probably gives r ise to the Act isotopes of periods 
15 min. and 3.5 hrs. An isotope of Pa of period 2.5 min. 
has also been proved among the products of irradiation of 
Th; this is probably produced from the Th isotope of period 
25 min. already observed among these products 9(|Th '̂̂  + 

on -^ 9oAci „Act'- 2.5 mliu „Act'" ^ 

1938 
ARTIFICIAL TRANSFORMATION OF Th BY NEUTRONS: 
ESTABLISHMENT OF THE HITHERTO MISSING RADIO
ACTIVE SERIES 4n + 1. Otto Hahn and 'Lise Meitner. 
Naturwlssenschaften 23, 320(1935). 

On irradiating Th with neutrons 2 processes take place: 
(1) a nonampllfiable one, a 1-min. substance (C. A. 29, 
4257) going over into a 3-radiator of 11-12 min. half 
period, (2) an amplifiable one giving a substance of 30 min. 
half period. The irradiation was conducted with varying 
amts. of paraffin. The 30 min. substance is Th^". Both 
processes are attributed to a 4n + 1 transformation. 

1939 
X-RAY EVIDENCE OF THE IONIC ARRANGEMENT IN 
THORIUM NITRATE SOLUTIONS. J. A. Prins and R. 
Fonteyne. Physica 2, 570-2(1935). 

X-ray diffraction patterns were made of Th(NOs)4 solns. 
of different cones. The halo obtained varies with the solute 
concn. and does not disappear until the latter has dropped 
to 0.005 M. The diffraction angles correspond to the as 
sumption of a close-packed arrangement of Th ions sur
rounded by water. (B. J. C. van der Hoeven) 

1940 
THE FOURTH RADIOACTIVE FAMILY WITH ATOMIC 
WTS. 4n + 1. L. Groshev, Uspekhi Fiz. Nauk. (U.S.S.R) 
15, 931-2(1935). 

A brief review and discussion of recent work by Fermi, 
Meitner, Curie, and others on the products obtained by neu
tron bombardment of Th. 

1941 
RADIOACTIVITY INDUCED IN THORIUM AND IN URANIUM 
BY BOMBARDMENT WITH NEUTRONS. Oscar D'Agostino 
and EmUio Segre. Gazz. chim. Ital. 65, 1088-98(1935). 

When Th and U, freed of their natural disintegration 
products, are subjected to bombardment by electrons, they 
acquire an artificial radioactivity in which more than 1 
period is present. With Th, 2 activities were identified, 
viz., approx. 1 min. and 24 min.; neither of which is sensi
tive to hydrogenated compds. As proved by chem. tests, the 
life of 24 min. represents a new radioactive isotope. (C. C. 
Davis) 

1942 
ARTIFICIAL RADIOACTIVITY PRODUCED BY BOMBARD
MENT WITH NEUTRONS. VII. E. Amaldl, O. D'Agostino, 

E. Fermi, B. Pontecorvo, F. Rasetti, and E. Segre. 
Ricerca sci. 6, I, 435-7(1935). 

Accurate life periods are recorded for Al, S, CI, Cu, Zn, 
Ga, Rh, Sb, and Th. Chem. sepn. of the active material 
from P, CI, Cu, Ga, and SI shows the activity to belong to 
an Isotope of the same element: the activity of Zn is due to 
a Cu isotope. The lO-sec , 13-min. and 100-min. activities 
of neutron-activated U are attributed to successive trans
formations, probably of the elements 92, 93 and 94, all of 
at. wt. 239. Co, Cu, and Au emit y-rays. (B. C. A.) 

1943 
NEW TRANSFORMATION PROCESSES BY NEUTRON 
IRRADIATION OF imANIUM—ELEMENTS BEYOND URA
NIUM. Otto Hahn, Lise Meitner, and Fritz Strassmann. 
Ber. 69B, 905-19(1936). 

By the bombardment of U with slow neutrons and various 
chem. sepns. of the products together with a study of the 
radiation emitted, the evidence indicates that new radioac
tive isotopes of elements 92-90 are obtained according to 
the scheme: 

IT ' -
12 U on' - 9„Th"' + a ; 90Th"' - j iPa" ' - 92U'" -

93Eka-Re^" -~. Similar studies using fast neutrons indicate 
a 2nd type of transformation process is taking place ac-

a 
cording to the scheme: 92U"' + n — 92U"' + 2n; 92U"' — 

9jEka-Re"' — 94Eka-Os"' — j jEka-Ir" ' \ StiU a 3rd 
process according to the 3rd scheme is indicated: 

92U"' + n — U" ' ; 92U'" — jjEka-Re" ' — 94Eka-Os"' — 

s s 
j jEka- l r" ' — 98Eka-Pt —. The half periods of these artifi
cial j3-radiators were found as follows: Th ' " , 4 min.; 
P a " ' , very short (?); U" ' , 24 ± 2 min.; U" ' , 40 s e c ; U" ' , 
10 s e c ; Eka-Re" ' , 16 ± 1 min.; Eka-Re" ' , 2.2 ± 0.2 min.; 
Eka-Os" ' , 12 hours; Eka-Os" ' , 59 ± 2 min.; Eka-Ir^ ' , 3 
days; Eka-Pt (?), about 3 hrs . (Oden E. Sheppard) 

1944 
THE ARTIFICIAL ACTIVITY OF THORIUM CAUSED BY 
NEUTRONS. Elisabeth Rona and Elisabeth Neuninger. 
Naturwlssenschaften 24, 491(1936). 

The Th prepn. used had been purified from Ms-Th periodi
cally for 22 years and thus contained a minimum of Rd-Th; 
previous expts. on artificial transmutation with neutrons 
were repeated with this material. The chloride was i r ra 
diated for 16—210 hrs . with fast and slow neutrons (from 
Be and Ra emanations; 300-400 mlllicuries). Besides the 
25-min. substance (Th isotope) and the 3.5-hr. substance 
(Act isotope) an Act Isotope of 42-hr. half period was found. 
The general scheme of demolition is: 9oTh^" + ju' = 

IgRa + 2** ; 88^^ BjAct'' in i n - » 

,Pa"»^,9Act" 

1 min. 3.5 hn. 

— 9oTh"'. Neither the Th of 229 

at. wt. nor the Pa could be found. (B. J. C. van der Hoeven) 
1945 

FOURTH RADIOACTIVE FAMILY. I. Joliot-Curie. Bull, 
acad. sci. U.R.S.S. Classe. sci. math. nat., Ser. phys. 1936, 
645-7 (in English 647-9). 

The radioactive families with mass nos. 4n, 4n + 2 and 
4n + 3, where n is an integer, have been found in naturally 
radioactive substances. By bombarding Th with neutrons 
9oTh'" is formed. This is the start of a 4n + 1 family. Five 
members, emitting |3-radiation, have been discovered, iso
topes of Pa and Ra, with half periods of 24 min., 2.5 min., 
1 min., 12 min. and 3.5 hrs . The members, emitting a-
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particles wUl be difficult to discover because of the long 
half-period to be expected. (G. M. Evans) 

1946 
RADIOELEMENTS FORMED IN URANIUM AND THORIUM 
IRRADIATED BY NEUTRONS. Irene Joliot-Curie and 
Paul Savttch. Compt. rend. 208, 343-6(1939). 

The substance of period 3.5 hrs . obtained by irradiating 
Th with neutrons (C. A. 29, 5344,) is probably identical with 
that of the same period obtained from U (Hahn, et al. C. A. 
31, 6552,), and is not an isotope of Act. (C. A. S.) 

1947 
INTENSELY IONIZING PARTICLES PRODUCED BY NEU
TRON BOMBARDMENT OF URANIUM AND THORIUM. 
R. D. Fowler and R. W. Dodson. Phys. Rev. 55, 417-18 
(1939). 

The work of Hahn and Strassmann and of Frisch and 
Meitner on U was confirmed; a similar effect was found 
with Th. (G. M. Petty) 

1948 
THE DELAYED NEUTRON EMISSION WHICH ACCOMPA
NIES FISSION OF URANIUM AND THORIUM. R. B. Roberts, 
L. R. Hafstad, R. C. Meyer, and P. Wang. Phys. Rev. 55, 
664(1939). 

Direct neutron emission is responsible for the delayed 
neutrons that were observed. The cross section for the 
production of delayed neutrons by Ll-neutron bombardment 
of U is about 4 x 10"^' sq. cm. The energy of the delayed 
neutrons is < lO' e. v.; it is probably 5 x 10' e. v. Delayed 
neutrons were also observed from Th activated with fast 
Li neutrons. The period was the same as from U; the in
tensity, '4 as great. (G. M. Petty) 

1949 
TRANSMXTTATION OF URANIUM AND THORIUM BY NEU
TRONS. F. A. Heyn, A. H. W. Aten, J r . , and C. J. Bakker. 
Nature 143, 516-17(1939). 

The irradiation of U with slow neutrons results in the 
formation of radioactive noble gases. Three processes 
were observed: (1) X e " ' 

"0.5 min. 
Cs 139 10 min. 

Ba"' 
87 min. 

L a ' " (stable), (2) 

Xe- Cs-
long 

Ba ^ ^ La, (3) Kr" - - Rb" 

nmin. 
S r " (stable). The absence of radioactive Sr and La 

was proved. Comparable but not identical results were ob
tained on irradiating Th with fast (Li + D) neutrons. (G. M. 
Petty) 

1950 
RADIOACTIVE HALOGENS PRODUCED BY THE NEUTRON 
BOMBARDMENT OF URANIUM AND THORIUM. R. W. 
Dodson and R. D. Fowler. Phys. Rev. 55, 880(1939). 

Two radioactive I Isotopes, with half-lives of 45 min. and 
12 hrs . , were detected in the fission products of U and Th. 
The 2.5-hr. I was not found. Radioactive Br (40 min.) was 
obtained from U; it was not obtained from Th, but is not 
excluded by these data. (G. M. Petty) 

1951 
TRANSMUTATION OF THORIUM BY NEUTRONS. A. H. W. 
Aten, J r . , C. J. Bakker, and F. A. Heyn. Nature 143, 679 
(1939). 

Radioactive noble gases are formed by the fission of Th 
with fast neutrons. Active C at the temp, of liquid N was 
used to cone the active gases. The change in exptl. tech
nique made it impossible to search for the 2-min. alkali 
period. Otherwise the results were Identical with those ob
tained with U: Rb, 17 min.; Ba, 87 min.; Cs, 10 and 33 min.; 
Sr, Inactive. Evidently the fissions of U and of Th lead to 
the same noble gases, and the schemes of decompn. sug
gested for U also hold for Th. (G. M. Petty) 

1952 
DEBRIS FROM DISINTEGRATION OF URANIUM. Otto 
Hahn and Fritz Strassmann. Naturwlssenschaften 27, 
163-4(1939). 

In order to decide between Kr and Rb vs. Xe and Cs In 
the decompn. products of U and Th (C. A. 33, 45115) the fol
lowing procedure was followed. The U soln. irradiated with 
slow neutrons was traversed by an air stream which takes 
up the active noble gas. After drying of the air with Mg(Cl04)2 
It was passed over active C cooled with C02-EtOH. The C 
was boiled with acidified H20 contg. Ba, the Ba pptd. from 
the filtrate. In each case the 86-min. Ba isotope was found; 
on working at the most rapid rate an inappreciable amt. of 
the 14-min. Ba was found. Protracted air flow caused a 
small amt. of the 300-hr. Ba to appear. It is concluded that 
Xe is the intermediate substance since Kr would have pro
duced Sr. No Sr was found. There is Cs in the alkali metals 
formed; Rb is uncertain. There are 3 alkali isotopes pres
ent of less than 8 min., about 35 min. and of fairly long life 
periods, resp. The active Xe isotope has a very short life, 
the one from which the 86-min. Ba is derived has a life of 
the order of sec. (B. J. C. van der Hoeven) 

1953 
FISSION PRODUCTS OF THORIUM. Alexander Langsdorf, 
Jr . Phys. Rev. 56, 205(1939). 

When Th was irradiated with 9-Mev neutrons from 
D + Be, K r " (3 hrs.) which decayed to Rb" (18 min.) was 
found. Other noble gases with soft radiations, the longest 
life being 5.5 days, were observed; none left an appreciable 
active deposit. (G. M. Petty) 

1954 
THE RADIOACTIVITY OF CHLORINE BOMBARDED WITH 
NEUTRONS. N. Ripper. Ber. oberhess. Ges. Natur-u. 
Heilk. Giessen 1^, 72-85(1937-38). 

In contradiction to the results of Libby, et al. (C. A. 29, 
7179) the bombardment with neutrons of compds. contg. 
Th(NH4Cl, NaCl, AgCl, HCl) caused no increase in the no. 
of Of-particles radiated. Approx. emanation rates of Th 
were: for Th(NOs)4 dissolved in HjO or HCl, 5%; for Th02 
mixed with AgCl, 0.5%. The half-life periods of the 2 8-
emanations from Th were detd. as 37 min. and 13.8 days. 

1955 
FRAGMENTS IN THE DISINTEGRATION OF THORIUM. 
O. Hahn, F. Strassmann, and S. Flugge. Naturwlssen
schaften 27, 544-7(1939). 

After 5 hrs. irradiation of 4 g. Th, poor in Ra-Th, with a 
40-ma. current of neutrons from Li bombarded by 780-kv. 
deuterons, the prepn. was worked up 1 day later; 1 g. Ba 
was added, BaCr04 crystd. fractionally and activity curves 
were detd. from 100 hrs . after crystn. The activity can 
readily be split up into that of Ms-Th, half period 6.7 yrs . , 
Th X with 3.64 days and Ba of 300 hrs. Irradiating lOg. Th 
for 2 hrs . with Li + D of 500 kv., working up 2 hrs . later and 
crystg. BaCr04 gave the result that the 3rd and 4th frac
tions contained a rapidly disintegrating substance. The 1st 
and 2nd fraction have a different characteristic; they are 
high in Ra isotopes. Further analysis of these curves shows 
that their activity can be entirely explained by the presence 
of 300-hr. and 86-min. Ba. The 66-hr. substance previously 
found in Th disintegration products was studied further. It 
consists of a Te isotope, forming 2.3-hr. 1 and a Mo iso
tope, both having the same half period. Chem. sepn. of the 
2 is effected by pptn. of Te from 17% HCl by SO2 and pptn. 
of Mo with H2S. (B. J. C. van der Hoeven) 

1956 
FISSION OF THORIUM BY NEUTRONS. Y. Nlsina, T. 
Yasaki, H. Ezoe, K. Kimura, and M. Ikawa. Nature 144, 
547-8(1939). 

Th nitrate, carefully freed from Ms-Th and other disln-
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tegratlon products except Rd-Th, was exposed 1-5 hrs. in 
the cylotron to fast neutrons from D + Li. Chem. sepn. 
showed the presence of radioactive Bi, Hg, Sb, Sn and Ag: 
radioactive elements in the alkali, halogen. Mo, Se + Au, 
and Cu + Cd fractions have not been identified. Radioactive 
Pb and As were absent. The chem. sepn. required 2 - 3 
hrs . , so short-lived radioelements escaped detection. 
Starting with U, radioactive ppts. of Bi, Hg, Ag, Sb + Sn and 
the Cu + Cd fraction were obtained. (G. M. Petty) 

1957 
SPLITTING OF THE URANIUM AND THORIUM NUCLEI 
INTO TWO COMPLEX NUCLEI. I. N. Golovin. Uspekhi 
Khim. 8, 529-36(1939). THE SPLITTING OF THE URANI
UM AND THORIUM NUCLEI. EXPERIMENTAL EVIDENCE 
FOR THE EXPLOSIVE DISINTEGRATION OF URANIUM 
AND THORIUM NUCLEI UNDER NEUTRON BOMBARD
MENT. Frederick Joliot. Uspekhi Khim. 8, 537-39(1939). 
RADIOELEMENTS FORMED IN URANIUM AND THORIUM 
IRRADIATED BY NEUTRONS. I. Joliot Curie and P. 
Savich. Uspekhi Khim. 8, 540-2(1939). PHYSICAL BASIS 
FOR THE DIVISION OF HEAVY NUCLEI UNDER NEUTRON 
BOMBARDMENT. S. Frish. Uspekhi Khim. 8, 542-4(1939). 
DISINTEGRATION OF HEAVY NUCLEL Niels Bohr. 
Uspekhi Khim. 8, 544-45(1939). (F. H. Rathmann) 

1958 
SOME PECULIARITIES OF THE ATOMS FROM THE NU
CLEAR FISSION OF URANIUM AND THORIUM. Otto Hahn. 
Ann. Physik 36, 368-72(1939). 

A discussion. (Henry C. Thomas) 
1959 

STUDY OF URANIUM AND THORIUM FISSION PRO
DUCED BY FAST NEUTRONS OF NEARLY HOMOGENEOUS 
ENERGY. R. Ladenburg, M. H. Kanner, H. Barschall, and 
C. C. Van Voorhis. Phys. Rev. 56, 168-70(1939). 

The effective cross sections of the U and Th fission for 
neutrons of 2.4-Mev. are found to be 5 x 10"^' sq. cm. 
and 1 X 10"" sq. cm. (± 25%). The ratio of the cross sec
tions for Th and U fission is const, to within 10% for neu
trons of 2.1, 2.4, 2.9 and 3.1 Mev. av. energy. (H. C. 
Thomas) 

1960 
THE BURSTING OF URANIUM AND THORIUM NUCLEI 
INTO LIGHT ATOMS. Otto Hahn and Fritz Strassmann. 
Physik. Z. 40, 673-80(1939). 

A review of recent work by the authors (C. A. 33, 4745, 
36845, 45II5, 8107,, 9I2I3). (J. B. A.) 

1961 
NUCLEAR FISSION OF URANIUM IRRADIATED WITH 
NEUTRONS. Willibald Jentsche and Friedrich Prankl. 
Physik. Z. 40, 706-13(1939). 

The energy distribution of the fragments is given. 
Through exact measurements of the range, the ionization 
curve for the particles of highest energy is obtained. The 
particles fall into 2 groups whose origin is discussed in 
terms of nuclear structure. The energy spectrum for slow 
and fast neutrons is given. Th also shows 2 groups. (J. B. 
Austin) 

1962 
SOME FISSION PRODUCTS OF URANIUM. E. Segre and 
C. S. Wu. Phys. Rev. 57, 552(1940). 

The 2 chains Sb • Ti • I • Xe • 
10 min. 60 min. 22 hn. 5 days 

and Te I • Xe • were identified in the 
~ 15 min. 6.6 hn. 9.4 hn. 

fission products of both U and Th. No active deposit of Xe 
with a life between a few sec. and several months could be 
found. The ratios of the Intensities of the 9.4-hr. and 5-day 
periods of Xe are 9.4 for U (fast and slow neutrons) and 17 
for Th. There are , in addn., one or more short-lived Xe 

isotopes growing from I. Hahn's identification of a 67-hr. 
Mo (C. A. 33, 8107,) has been verified by the extn. of the 
characteristic 6.6-hr. activity of element 43 from the Mo 
produced by fission. A chem. sepn. of Ge, As, and Se from 
irradiated U failed to show any activity with a half-life 
greater than 12 hrs . (G. M. Petty) 

1963 
FISSION OF URANIUM AND THORIUM UNDER DEUTERON 
BOMBARDMENT. R. S. Krishnan and T. E. Banks. Nature 
145, 860-1(1940). 

Recoil fragments from the deuteron fission of U and of 
Th were sepd. chemically. The activities of the Pt, Ba, and 
La fractions are described, but are not identified. In U, 
some of the activities duplicate those obtained from neutron 
fission. (G. M. Petty) 

1964 
FURTHER INVESTIGATIONS ON THE DECOMPOSITION 
OF URANIUM AND THORIUM ON NEUTRON IRRADIATION. 
Willibald Jentschke and Friedrich Prankl. Sitzber. Akad. 
Wiss. Wien, Math.-naturw. Klasse, Abt. lla, 148, 237-51 
(1940). 

By use of an ionization chamber and a vacuum-tube elec
trometer with recording oscillograph and counting circuits 
the max. energies of the nuclear fragments of U and Th 
were found to be 108 ± 11 and 100 ± 10 Mev., resp. By a 
direct detn. groups of 2 ranges from U were recognized, 
heavy particles with a range of 12 mm. and light particles 
of range 20 mm. A plot of energy vs. range showed that the 
loss of energy at the beginning of the path was greatest. 
Both thermal and fast neutrons were shown to be effective 
in disintegration; no resonance absorption was found in the 
range between thermal and fast neutrons. Two principal 
energy groups for U were found at 57 and 93 Mev.; 50% 
of the particles occurred in each group. The energy dis
tribution was the same for both slow and fast neutrons. A 
few particles of 140 Mev. were found. A proposed ex
planation of the occurrence of these particles leads to a 
half-life of 10"" sec. for the fission process. (H. C. 
Thomas) 

1965 
FISSION OF HEAVY ELEMENTS. Mario Ageno, Edoardo 
Amaldl and Daria Bocciarelli, Bernardo Nestore Cacci-
apuotl and Giulio Cesare Trabacchi. Ricerca sci. 11, 302-
11(1940). 

Expts. on the dependence of the collision area for fission 
of U and Th upon the energy of the bombarding neutrons are 
described. Various neutron sources are used. It is found 
that the collision area remains const, up to neutron energies 
of the order of magnitude of 10 Mev. Fission obtained 
with energies of 200 e. kv. is interpreted as due to U^". 
(Robert Simha) 

1966 
SPLITTING OF THE NUCLEI OF U AND Th. I. N. Golovin. 
Uspekhi Khim. 8, 1293-1313(1939). 

A review of the non-Russian literature. G. discusses the 
question of transuranium elements, the laws of disintegra
tion, the neutrons, 8-particles, the chem. elements obtained, 
and the nuclear energy liberated. 

1967 
DEUTERON-INDUCED FISSION IN URANIUM AND THO
RIUM. I. C. Jacobsen and N. O. Lassen. Phys. Rev. 58, 
867-8(1940). 

The fission yields of U and of Th rise rapidly with deu
teron energy from 8 to 9.5 Mev. At 9 Mev., the cross 
section in U is 5 x 10"" sq. cm.; in Th, ~ 3.5 x 10"" sq. 
cm. This supports the prediction that successive transfor
mations occur in these fission processes. (G. M. Petty) 

1968 
PHOTO-FISSION OF URANIUM AND THORIUM. R. O. 
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Haxby, W. E. Shoupp, W. E. Stephens, and W. H. Wells. 
Phys. Rev. 59, 57-62(1941). 

Fission of U and Th has been observed to be produced by 
irradiation with y-rays. The cross section for this photo-
fission produced by the y-ray from F bombarded with pro
tons has been measured and found to be: a^ = 3.5 ± 1.0 x 
10"" sq. cm.; a.̂ ^̂  = 1.7 ± 0.5 x 10"" sq. cm. (Bernard 
Lewis) 

1969 
FISSION PRODUCTS OF IHIANIUM AND THORIUM PRO
DUCED BY HIGH-ENERGY NEUTRONS. E. Segrfe and G. T. 
Seaborg. Phys. Rev. 59, 212-13(1941). 

In the fission of U and Th by neutrons of energies up to 
10 Mev. no fission products with at. nos. between 43 and 
51 have been reported; evidently this fission is unsym. 
With ~ 17-Mev neutrons, two chains were observed 
from both U and Th: P d ' " (17-hr.) — Ag '" (3.4-hr.) — 
Cd ' " (stable), and Pd '" (26-mln.) — Ag'" (7.5-day) — Cd'" 
(stable). These agree with the results of Nlsina, et al. 
(C. A. 34, 6521,, 77342). The 17-min. Pd of Kraus and Cork 
(C. A. 32, 42,) was not found in the deuteron bombardment 
of Pd. The cross sections for the production of these two 
chains from Th are comparable and are about one-tenth of 
the cross section for the formation of 77-hr. Te. An activity 
in the fission products of ~ 4 hrs . is probably due to Ru. In 
the neutron bombardment of Pd, a 40-sec. Ag"'* ' ""* was 
also found to grow from the 13-hr. Pd'° ' ' "*: it may be iden
tical with the 40-sec. Ag formed from 6.7-hr. Cd'" ' "" 
(Alvarez, Helmholz and Nelson, C. A. 34, 3584,). (G. M. 
Petty) 

1970 

CHEMICAL NATURE OF THE RADIOACTIVE FRAGMENTS 
OF THORIUM FISSION. RADIOACTIVE HALOGENS. I. 
A. Polesitskii and M. Orbell. Compt. rend. acad. sci. 
U.R.S.S. 28, 215-16(1940) (in English). 

About 50 g. Th(NOj)4 was bombarded for 5-10 hrs. with 
fast neutrons Li + D from the cyclotron. Intensity of the 
neutron beam was equiv. to 10 g. Ra + Be. The irradiated 
Th(N03)4 was dissolved in water and treated with 50 mg. 
KI; this was oxidized with KNO, and the I distd. into Na2S03 
and pptd. as Agl. To eliminate contamination with possible 
radioactive Br, 50 mg. of KBr was added. Tests with radio
active Br (4.2 hr.) and I (25 min.) as indicators showed the 
Agl contains 2 radioactive I isotopes with half-life periods 
of 1 and 15 hrs . , resp. , and about 0.01 microcurie initial ac
tivity. Repeated distn. showed less and less isotope I (1 hr.), 
which indicates its origin from Te isotope of about 40-min. 
half-period. Neither I isotope has any long-lived parents. 
The I isotope (15 hrs.) is probably not identical with the I 
isotope (22 hrs.) from U but probably is identical with the 

1 isotope (13 hrs.) obtained from Te on deuteron bombard
ment. 
n . A. Polesitskii and N. Nemerovskii. Ibid. 217-18. 

In an attempt to detect radioactive I (half period, 2.3 hrs.) 
isolated by Hahn (C. A. 33, 9II64) from irradiated Th 100 g. 
of ThCl4 in aq. soln. was Irradiated 24 hrs . by fast neutrons 
Li + D from the cyclotron with neutron beam Intensity 
equiv. to about 50 g. Ra + Be. The irradiated Th soln. was 
treated with 20 mg. Te dissolved in HNO3. SO2 pptd. the Te, 
which was dissolved in HNO, and treated with 50 mg. KI, 
oxidized with KNO2 and the I distd. After 24 hrs. the r e -
distd. I showed a high activity of I (2.4 hrs.) but still only 
about a tenth the activity of I Isotopes (1 and 15 hrs.). Te 
showed half-life period of 78 hrs. Similar technique showed 

2 radioactive Br isotopes (45-min. and 4.5-hr. half periods). 
The 45-min. Br isotope had activity of the same order as I 
(1 hr.) and the second Br isotope about a tenth as great. Br 
(4.5 hrs.) may be identical with Br'". (Oden E. Sheppard) 

1971 
PROTON-INDUCED FISSION. G. Dessauer and E. M. Haf-
ner. Phys. Rev. 59, 840-1(1941). 

In addn. to the (p,n) reaction of U, a reaction of U and Th 
due to 6.9-Mev protons was studied. With Th, a bom
bardment of 25 microamp.-hrs. in 8 hrs. yielded a sample 
which could be observed 2.5 days; the decay curves are 
characteristic of a mixt. of many periods. The range of 
fission products from 9iPa"' is 0.0005-0.0006 in. of Al. 
The effect was observed down to 5.8-Mev. proton en
ergies. With U, the effect (fission of 93"') is of the same 
order of magnitude. (G. M. Petty) 

1972 
THE FISSION OF THORIUM AND PROTOACTINIUM. E. 
Amaldl, D. Bocciarelli, and G. C. Trabacchi. Ricerca Sci. 
12, 134-8(1941). 

The existence of disintegration processes of Th was 
shown by the method already used for U; for Pa the results 
are uncertain. (G. A. Bravo) 

1973 
FISSION CROSS SECTION IN URANIUM AND THORIUM FOR 
DEUTERON IMPACT. J. C. Jacobsen and N. O. Lassen. 
Phys. Rev. 59, 1043(1941). 

With 9-m.e.v. deuterons, the fission cross sections are 
(2.2 ± 1) X 10"" sq. cm. for U and (1.5 ± 0.7) x 10"" sq. cm. 
for Th. The variation of the cross section with deuteron 
energy is unchanged. (G. M. Petty) 

1974 
FISSION YIELD BY FAST NEUTRONS. M. Ageno, E. 
Amaldl, D. Bocciarelli, B. N. Cacciapuoti, and G. C. Tra
bacchi. Phys. Rev. 60, 67-75(1941). 

The relative value of the fission cross section of U for 
neutrons from various sources is : Rn + Be, CTf/5; D + C, 
af/8; D + D, D + Be, D + B, CTf; D + Li, 1.4CTf. The fission 
cross section is nearly const, between 1 and 10 m.e.v. The 
high cross section found with D + Li neutrons is due to 
successive transformations which are possible for energies 
of the impinging neutrons above 10 m.e.v. A similar in
crease of the fission cross section was also observed with 
Th, in good agreement with Bohr's theory. (G. M. Petty) 

1975 
PHOTOFISSION OF URANIUM AND THORIUM PRODUCED 
BY THE y-RAYS OF LITHIUM AND FLUORINE BOM
BARDED WITH HIGH-SPEED PROTONS. B. Arakatu, Y. 
Uemura, M. Sonoda, S. Simizu, K. Kimura, and K. Muraoka. 
P r o c Phys.-Math. Soc. Japan 23, 440-5(1941). 

Fission fragments were observed and effective cross sec
tions for the fission process are given for both 17-m.e.v. 
Li y-rays and 6.3-m.e.v. F y-rays. Ra C y-rays of 2.2-
m.e.v. gave no fission. (A. O. Allen) 

1976 
DEUTERON-INDUCED FISSION IN URANIUM AND THO
RIUM. D. H. T. Gant and R. S. Krishnan. Proc. Roy. Soc. 
(London) A178, 478-92(1941). 

Most earlier fission studies have been carried out with 
the use of neutrons as the impacting projectiles. In the work 
described deuterons with an energy of 9 m.e.v. produced by 
a cyclotron are used to irradiate uranium and thorium. The 
exptl. arrangement of the target is described. The ranges 
of the fission fragments from both U and Th are about 2.3 
cm. in air. The radioactive-decay curves which are ob
served are those characteristic of a complex radioactive 
mixt. The active deposit is examd. for a, fi, y radiation, 
x-rays, neutrons and positrons. The observed emission is 
generally similar to that given out in the cases of fission 
induced by neutron bombardment. Neither positron nor 
a-part icle emission could be detected. A rapidly decaying 
neutron emission is observed. The mechanism of the fis
sion is discussed and the fission cross sections are evalu-



TID-3044(Suppl. 1) 245 

ated The excitation function i s detd. The exptl. arrange
ments are such as to exclude any poss ible effects due to 
any neutron-induced f iss ion. (S. Tolansky) 

1977 
A NEW TYPE OF NUCLEAR REACTIONS. (THE SPLIT
TING OF URANIUM AND THORIUM NUCLEI UNDER THE 
INFLUENCE OF NEUTRONS.) I. M. Frank. P n r o d a 9, 
No. 22, 20-7(1939); Khim. Referat. Zhur. 1940, No. 5, 1. 

The history and the most important resul ts of nuclear 
investigations are discussed. Under the influence of neu
trons U produces radioactive substances whose chem. 
propert ies are identical with those of Ba. The U and Th 
nuclei are split into 2 parts of approx. equal m a s s e s under 
the influence of neutrons (the decompn. products contain 
not only Ba, but a l so other e lements of the middle part of 
the periodic system). The part ic les formed p o s s e s s an 
energy of the order of 70-100 m.e.v Th i s decompd. by 
rapid neutrons only, U i s decompd. by both rapid and slow 
neutrons. The decompn. is accompanied by the liberation 
of neutrons. Some theories of the mechanism of the d e 
compn. formulated by Bohr and the possibil i ty of obtainmg 
a continuous decompn. of U nuclei according to the chain 
reaction mechanism and its application for practical pur
poses are discussed. (W. R. Henn) 

1978 
CROSS-SECTION MEASUREMENTS FOR DISINTEGRATIONS 
PRODUCED BY DEUTERONS IN THE HEAVY ELEMENTS. 
R. S. Krishnan and E. A. Nahum. Proc . Roy. Soc. (London) 
A180, 321-32(1942). 

The cros s sect ions have been measured tor reactions 
produced by deuterons on Pt, Au, Hg, TI, Pb, Th, U. The 
deuterons are cyclotron-produced, with an energy of 9 
m.e V. Thin layers of the substances are bombarded for a 
definite t ime and the resulting activity i s compared with 
that of a standard source. Cross sect ions have been detd. 
tor the following reactions: (d,p) reactions. i9*pt-'"pt (18 
hr.) , i"pt -"9pt (32 mm.) , ' " A U - ' » ' A U (2.7 day), "«Hg-'"Hg 
(48 mm.), "<Hg-2»5Hg (5.5 mm.) , 2 0 5 T I - " « T 1 (4.4 mm.) , 
208pb-2»9pb (2.75 hr.) , 2»9BI-2 '«BI (5 day), zsZTh-ZS^xh (26.5 
mm.) ''''Ur-"'Ur (23.5 mm.) , (d, n) reactions: '"Au-'"*Au 
(32 hr.), 2»»Hg-2»'Tl (10.5 hr.) , 2»5Tl-206*pb (54 hr.) , ^ ' ' B I -
^'"Po (143 day). The observed values of the (d,p) reaction 
vary from 30 x 10"^' sq. cm. for Pt to 5 x 10"" sq. cm for 
U. For the (d,n) reaction the values are about one-fifth 
those for the (d,p) reaction. Calcns. of the c r o s s sect ions 
to be theoretically expected are made. The general trend of 
resul ts favors the lower of the alternative values which 
have been proposed for the standard nuclear radius. 

1979 
DEUTERON-INDUCED FISSION OF URANIUM AND THO
RIUM. J. C. Jakobsen and N, O. Lassen. Kgl. Danske 
Videnskab Selskab, Math.-fys. Medd. 19, No. 6(1941). 

Deuterons from a cyclotron were shot against U and Th 
foi l s . The effective c r o s s section of the deuterons was 
detd. and compared with the theoretical values of Bohr and 
Wheeler (C. A. 33, 9II55) Disagreements were found with 
U, which were ascribed to the behavior of the isotope of at. 
wt. 235. The foUowmg gives a comparison of U and Th, with 
mean deuteron energy (in m e v.) followed by relative f i s 
sion yie lds . U:8.2, 17; 8.52, 27; 8.92, 48; 9.3, 41. Th:7.6, 7; 
8.12, 12; 8.55, 52; 9.2, 85; 9.3, 175. The abs. effective c r o s s 
section of 9 .0-m.e .v . deuterons was found to be 2.2 x 10"^° 
sq. cm. ± 50%. (Hans A. Schenkel, A. O. Allen) 

1980 
THE FORMATION OF ZIRCONIUM AND PROTOACTINIUM 
BY IRRADIATION OF THORIUM WITH NEUTRONS. Otto 
Hahn and Fritz Strassmann. Naturwlssenschaften 29, 
285-6(1941). ~ 

The formation of a Pa isotope by irradiation of Th with 

slow neutrons (C. A. 32, 78164) was corroborated. Th(OH)4 
(free from mesothorium and contg. 2% Rd-Th) was irradiated 
with unretarded and slow neutrons, resp . , for 100 hrs . ; the 
Th(OH)4, dried at 150°, dissolved in HNO, (3-5% free HNO3 
in soln.) , treated with 50 mg. ZrOCl2 and pptd. with (COOH)2. 
The filtrate was pptd. with NH4OH, the ppt. dissolved m acid, 
pptd. with NH4OH (to remove oxalates) , d issolved and 
treated with B12S2 (for the removal of e lements pptd. by HjS) 
and the filtrate freed from H2S. Zr was pptd. repeatedly with 
NH4OH, dissolved m a little acid and warmed with a few 
drops of HF after the addn. of 10 mg LaCl3; the filtrate (free 
from alk. earths and Th) was freed from HF by H2SO4, freed 
from sulfate by repeated pptn. with NH4OH, the purified 
hydroxide ppt. dissolved in HCl (37%) and treated with a 
soln. of 500 mg ZrOClj. Zr was fractionally pptd. with HCl 
or HCl and acetone. Pa and Cb were pptd. m the residual 
liquor with NH4OH, but were not sepd. The act iv i ty / t ime 
curve of the f irst ZrOCl2 fraction from the ejqjt. m which 
unretarded neutrons were used mdicates that the fraction 
cons i s t s mainly of 17-hr. Zr, but an increase m activity 
during the f irst hr. shows the formation of 75-mm. Cb from 
the Zr.; the fourth fraction i s of small activity, which d e 
c r e a s e s only slowly and i s caused by small amts . of 25-day 
Pa. The activity of the f irst ZrOCl2 fraction from the expt. 
with slow neutrons was smal l (little 17-hr. Zr), whereas 
the fourth fraction showed considerable activity and con
s i s ted only of Pa. The f irs t expt. showed that the 17-hr. 
Zr isotope, from which i s formed the 75-min. Cb observed 
by Grosse and Booth on U f i ss ion (C. A. 34, 4659'), i s a lso 
formed from Th. (Hans Schmdler) 

1981 
NUCLEAR SCATTERING CROSS SECTION (CTgc) FOR 
HEA-VY ELEMENTS WITH PHOTONEUTRONS OF ABOUT 
800 e.kv. T. A. Goloborod'ko and A. I. Leipunski. Compt. 
rend. acad. sc i . U.R.S.S. 30, 708-9(1941)(in English). 

The abs. values of a with monochromatic neutrons of 
0 .1-1 .0 m.e.v. vary from element to element m the region of 
light e lements (H to Ca) and m the region of heavier e l e 
ments (Mn - Bi). No correlation with the at. wt. (no.) was 
found. Discrepancies between the values obtained by G. and 
L. with photoneutrons from Rd-Th + D and those of Amaldi, 
et al. (C. A. 34, 67I2) obtained with neutrons from C + D are 
attributed to a mistaken mterpretation of the Amaldi s p e c 
trum. (M. Hoseh) 

1982 
SPONTANEOUS FISSION OF THORIUM. I. S. Panasyuk and 
G. N. Flerov. Compt. rend. acad. sc i . U.R.S.S. 30, 704-5 
(1941)(m English). 

The life of the Th02 was mvestigated m an ionizing 
chamber. For sake of comparison, U3OJ was studied m a 
s imi lar chamber. The chambers were filled with A at 500 
mm. Hg, the potential applied was 270 v. From the data 
obtained the half-life of spontaneous f iss ion of Th i s estd. 
to exceed lO" and for U 5 x lO" years . (M. Hoseh) 

1983 
FISSION OF HEAVY NUCLEI. I. V. Kurchatov. Uspekhi 
Fiz . Nauk 25, 159-70(1941). 

Three types of f iss ion of heavy e lements (W,Th,Io,Pa) 
leadmg to light e lements , and to heavy e lements , and nearly 
sym. f iss ion, are d i scussed on the bas i s of data in the l i t 
erature. (F.H.R.) 

1984 
SPONTANEOUS FISSION OF URANIUM. K. A. Petrzhak 
and G. N. Flerov. Uspekhi F iz . Nauk 25, 171-8(1941). 

An analys is of new exptl. data on the rates of spontaneous 
f iss ion of U and Th on and below the earth's surface shows 
that f iss ion cannot be accounted for on the bas i s of the known 
intensit ies of cosmic radiation, either neutronic, electronic 
or m e s o t r o n i e Nor can the effect be accounted for by neu-
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Irons produced by the a-particles of dismtegration. P. and 
F. conclude that this is a truly spontaneous fission of one 
of the nonexcited isotopes of U whose periods of half-decay 
are lO", lO'*, lO" years (up to ten times as long) for U '" , 
U^" and U"*, resp. Probably the isotope u"* is the chief 
participant in this spontaneous fission. (F. H. Rathmann) 

1985 
SPONTANEOUS NEUTRON EMISSION OF U AND Th. H. 
Pose. Z. Physik 121, 293-7(1943). 

To eliminate the effect of cosmic rays, the neutron emis
sion of U was studied m a mine at a depth of 485 m. The 
background count was very const, at 0.77 ± 0.01 particles/ 
mm. while the counting rate with U was 7.41 ± 0.05 par-
ticles/min. This corresponds to a half-life of 3.1 x lO" 
yrs . if 1 nucleus underwent fission for each neutron emitted. 
A small effect was found with Th, corresponding to a half-
life of 1.7 X 10" yrs . (E.J.R.) 

1986 
SPONTANEOUS FISSION OF U AND ITS NEIGHBORING 
ELEMENTS. S. Flugge. Z. Physik 121, 298-300(1943). 

On the basis of the theory of Bahr and Wheeler (C. A. 33, 
91165), and by use of the value of the lifetime of U for spon
taneous fission, the lifetimes of the individual U isotopes 
and neighboring elements are calcd. The lifetimes of U '̂*, 
U " ' are 9.1 x lO", 8.7 x l o " and 8.3 x l o " s e c , resp. The 
corresponding contributions to the total observed activity 
are 6, 82 and 12%, resp. The lifetimes for Th"^ ionium"" 
and P a " ' are 8.5 x l o " , 8.1 x l o " and 8.9 x l o " s e c , resp. 
For a mass no. of 239, elements 93 and 94 would have life
times of 7.8 x 10" and 8.3 x l o " sec. As a rough rule an 
mcrease m at. no. of 1 unit leads to a lifetime smaller by a 
factor of 10*, while a lowering of the at. wt. by 1 unit leads 
to a lifetime smaller by a factor of 10. (E. J. Rosenbaum) 

1987 
THE FISSION OF IONIUM BY NEUTRONS. Irene Joliot-
Curie and Frederic Joliot. Ann. phys. 19, 107-9(1944). 

Oxides of U, Th, and a mixt. of Th and lo were irradiated 
by neutrons produced by bombardment of Be with 6.7 m.e.v. 
deuterons at the College de France cyclotron. Active fission 
fragments projected from the oxide masses were collected 
on Plexiglas plates and their relative amts. detd. by a thm-
wall counter. The ratio of the fission cross section of lo to 
that of Th was found to be 2.7, in agreement with the detn. 
of Jentschke, et al. (C. A. 34, 7735^) The activities from 
Th and Th-Io decayed at the same rate, but the activity 
from U decayed faster; the ratio of the activities from U 
and from Th dropped with time from 3.02 to 2.76. The 
products from U fission must therefore differ from those of 
Th or lo fission. (A. O. Allen) 

1988 
NUCLEAR ENERGY AS A POWER SOURCE. UNITED 
STATES NAVY'S INTEREST IN NUCLEAR POWER AS 
DISTINCT FROM USE IN NUCLEAR ORDNANCE. H. G. 
Bowen. Mech. Eng. 68, 779-81(1946). 

Use of nuclear power in ships should result m a great 
reduction m size of power plant—this would be especially 
valuable in the case of submarines. Further work must be 
done on thorium as a supplement for uranium in the at. pile. 
A coolant for the at. pile should be found which will be fluid 
from 1500 to 2000°F. and which will not become radioactive 
to any troublesome extent. (R.W.R.) 

1989 
CONFIGURATIONS WITH F ELECTRONS. Ph. Schuurmans 
(Univ., Amsterdam). Physica 11, 475-80(1946)(in English). 

Math, and theoretical. The energies of the terms with 
large L and S values are calcd. from configurations with f 
and d electrons. The results are useful m the analysis of 
the Th and U spectra. The configurations fx are calcd. m 
part. The distances between the multiplets of high multi

plicity can be expressed m terms of the single parameter 
5F2 + 6F4 - 91Fs. By analogy with the configurations dx 
the groupmg of the terms at the point of degeneracy is 
found; by extension of the analogy the corresponding group
ing for the configurations g^ can be found without further 
calcn. (T. H. Dunkelberger) 

1990 
SOME UPPER LIMITS OF POSSIBLE ALPHA-ACTIVITY. 
K. Jenkner and E. Broda. Nature 164, 412-13(1949). 

Several heavy elements were tested for a-decay. Photo
graphic plates were impregnated with various ions by bath
ing m solutions of suitable salts. After drying and keeping 
for known times the a- t racks formed were counted in n 
(usually 1,000-2,000) fields of view under the microscope 
and identified among radioactive contammants by measuring 
the track length. From the no. of tracks counted the half 
life was calcd. The foUowmg half lives (years x 10"") were 
observed: Mo > 9, Rb > 17, Zr > 2, Cd > 6, Pb > 3, Bi > 3, 
Sm 0.0010, Th 0 000014. From the examn. of non-impreg
nated plates It IS concluded that the half lives of Ag and Br 
exceed 10" years. (G. Cohn) 

1991 
ANGULAR DISTRIBUTION OF NEUTRONS FROM TARGETS 
BOMBARDED BY 18-M.E.V. DEUTERONS. P. Ammiraju. 
Phys. Rev. 76, 1421-2(1949). 

Measurements of the angular distribution of fast neutrons 
from targets bombarded with deuterons of less than 20 
m.e.v. show that most of the neutrons are emitted in the 
forward direction. By use of 18-m.e.v. deuterons on Be, 
Na, Cu, Ta, Pb, and Th, the angular distribution of the neu
trons was detd. The distribution of neutrons from Cu and 
Be IS in agreement with the stripping process (Serber, C. A. 
42, 1807c). Results with the other targets do not support 
this theory. (G. M. Petty) 

1992 
PAIR PRODUCTION AND PHOTOELECTRIC EFFECT IN 
SCINTILLATION PHOSPHORS. P. R. Bell (Oak Ridge Natl. 
Lab., Oak Ridge, Tenn.). Science 112, 7-9(1950). 

The pulse heights of scintillation pulses from the phos
phor Nal + 0.5% Til are nearly proportional to y-ray en
ergy. The method also shows Compton recoil electron dis
tribution, pair production, annihilation radiation, and x-rays. 
Pulse distributions are shown for this phosphor receiving 
radiation from Hg^"', C s ' " , K*^ Na", and Th. (LB J.) 

1993 
THE 0-SPECTRUM OF TIN'". Raymond W. Hayward (Univ. 
of California, Berkeley). Phys. Rev. 79, 409(1950). 

The 9.9-day Sn'^' was prepd. by the fission of Th by deu
terons. The interaction is first-forbidden. There are 0 
end-points at 2.37 ± 0.02 and 0.40 ± 0.01 m.e.v. A y-ray, 
expected near 2 m.e.v. was not found. (G. M. Petty) 

1994 
DOUBLE DEVELOPMENT OF NUCLEAR EMULSIONS. 
C. Jech (State Radiotherap. Inst., Praha-Bulovka, Czech.). 
Phys. Rev. 80, 759-60(1950). 

A fine aq. suspension of lo (Th^'") was deposited on the 
surface of an Uford C 2 emulsion. After 24 hrs . the plate 
was developed m ID-19 developer m the usual manner for 
10 mm., washed, and dried without being fixed. After an
other 24 hrs . the plate was developed 2 mm. with the same 
developer, treated with AcOH and fixed. The breadth of the 
track shows the day on which it occurred. Probably 3 or 
more developments and time intervals as short as a few 
mm. can be used (G. M. Petty) 

1995 
PHOTOELECTRIC DISSOCIATION OF THE DEUTERON. 
C. H. Collie, H. Halban, and R. Wilson (Oxford Univ., Engl.) 
Proc. Phys. Soc (London) 63A, 994-1009(1950). 

The cross section for the photodisintegration of the deu-
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teron has been measured by detecting the photoprotons 
formed in a high-pressure ionization chamber. The values 
obtained are 13.91 ± 1 x 10"" sq. cm. for 2.62-m.e.v. y-rays 
from radiothorium and 15.6 = 1 x 10"" sq. cm. for the 2.76 
m.e.v. y-rays from radiosodium. The method of measure
ment IS described m detail. Discrepancies with other work
ers and with theory are discussed. The results fit a meson 
mass of 300 and a high value for D binding energy. (S. 
Tolansky) 

1996 
L-ELECTRON CAPTURE AND a-DECAY IN NEPTUNIUM"'. 
Ralph A. James, Albert Ghiorso, and Donald Orth (Univ. of 
California, Berkeley). Phys. Rev. 85, 369-70(1952). 

Np" ' was prepd. by bombarding I?^' with 20-m.e.v. deu
terons. Its a-particles have an energy of 5.06 ± 0.02 m.e.v. 
(the disintegration energy is 5.15 m.e.v ), and the a - and 
x-ray half life is 410 ± 10 days. The closed cycle 

a 5.15 m.e.v. 

Of 4.65 m.e.v. 

.,235 

EC 

U " ' 

Th' 

indicates that 0.14 and 0 24 m.e.v. are available for K- and 
L-electron capture, resp. The branching ratios and corre
sponding half lives are- a, 0.00005, 20,000 yrs. ; K-capture, 
<0 10, >12 yrs. ; L-capture, >0.90, <450 days, total, 410 days. 
(G. M. Petty) 

1997 
SOME COMMENTS ON THE MECHANISM OF FISSION. 
Glenn T Seaborg (Univ. of California, Berkeley). Phys. 
Rev. 85, 157-8(1952). 

The log half life for spontaneous fission of the nuclides 
rp|j230,232 pa231 u232,233,Z34,Z35.Z38 fj Z37,239 pjj238,Z39 ĝ ĵ ĵ 

ĵjj24l,242 jg plotted against Z V A , where Z^/A is the fission-
ability parameter. A line drawn through Cm *̂̂  and Th^'^ lies 
near or below all the data. The rate of spontaneous fission 
can be controlled by a Boltzmann-type factor in which the 
required activation energy for fission depends on Z^/A. For 
a given value of Z^/A the rate is greater for an even-even 
nuclide than for one with an odd no. of nucleons. The use of 
these and other considerations for predicting spontaneous 
fission rates for undiscovered nuclides is discussed (G. 
M. Petty) 

1998 
SCHOTTKY DEVIATIONS FOR THORIATED TUNGSTEN. 
E. G. Brock and Fr. Houde. Phys. Rev. 81, 319(1951). 

1999 
THE SPECIFIC RADIOACTIVITY OF THORIUM AND THE 
ACTIVITY WITH CHEMICAL TREATMENT AND WITH 
TIME. Herbert N. McCoy and W. H. Ross (Univ. Chicago). 
J. Am. Chem. Soc, 29, 1709-18(1907). 

A redetermination of the specific radioactivity of tho
rium mmerals was made. The value 1009 was found for the 
specific activity of thorium in minerals containing the equi
librium amount of its products. Efforts were made to sepa
rate radiothorium from thorium by chemical means, but 
the negative results obtained would indicate that the separa
tion of these two elements is remarkably difficult, if not 
impossible. The dimmution of activity observed after cer
tain chemical treatments may be explained by Hahn's 
hypothesis of an mtermediate product, mesothorium, be
tween thorium and radiothorium. This product is readily 
removed by chemical treatment m consequence of which 
the radiothorium decays with time, causing the observed 

changes of activity. From opservations made on a sample 
of pure thorium dioxide from which all the mesothorium 
had been removed, the period of the latter was calculated 
to be 5.5 yrs . Measurements were likewise made of two 
samples of thorium dioxide (one of which contamed but 
little, the other the equilibrium amount of radiothorium), 
first with ThX and subsequent products present, and then 
with these removed. The results obtained furnish good evi
dence that thorium dioxide when freed from all its prod
ucts, still gives off a - r ays , and has an activity of about 
105. (W. H. Ross) 

2000 
THE SPECIFIC RADIOACTIVITY OF THORIUM AND ITS 
PRODUCTS. G. C. Ashman (Kent Chem. Lab., Univ. Chi
cago). Am. J. Sci., 27, 65-72(1909). 

Experimental results are given from which the a - ray 
activity of Th02, freed from its products, was calculated to 
be 104 and of radiothorium 185. The activity of the Th02 
plus radiothorium and its products when present m equi
librium amounts is 939; therefore the products alone have 
an activity of 660. Since the activity of Th02 is 104, that of 
Th Itself is then 119, which lies between the limits of the 
estimate previously made by McCoy and Ross (J. Am. 
Chem. Soc , 29, 1714 (1907)). It is pointed out that the ac
tivity ascribed to Th itself is too much m excess of the 
activity of the ionium associated with Th in minerals to 
warrant the conclusion that the observed activity of Th is 
due wholly or largely to the presence of ionium. An ex
pedient method is given for separating Th and radiothorium 
from the other dismtegration products of the element by 
precipitation with m-nitrobenzoic acid. (W. H. Ross) 

2001 
THE ZEEMAN EFFECT WITH LINES OF THE THORIUM 
SPECTRUM. B. E. Moore (Univ. (Gottingen) Physik, Z., 
10, 297-307(1909). 

Of the very numerous Imes m the spectrum of Th several 
hundred were studied from negatives made with a large 
concave grating. Unsymmetrical breakmg up of the lines, 
rare in other spectra, is common with Th. Dissymmetry 
in form, in intensity and in character (sharp or diffuse) of 
components is of frequent occurrence. An explanation of 
some of these unsymmetrical separations is offered by 
Ritz (following abstract). (P. G. Nuttmg) 

2002 
SOME ABNORMAL ZEEMAN EFFECTS IN THE SPECTRUM 
OF THORIUM. W. Ritz (Gottingen) Physik. Z., 10, 307-
8(1909) 

The unsymmetrical breaking up of some of the Th lines 
observed by Moore (preceding abstract) are treated as 
special cases of the general mathematical theory by adding 
an unsymmetrical term to the general formula but without 
any hypotheses as to the corresponding atomic structure. 
(P.G.N.) 

2003 
RANGES OF THE ALPHA PARTICLES FROM THE THO
RIUM AND ACTINIUM PRODUCTS. H. Geiger and J. M. 
Nuttall (Univ. Manchester). Phil. Mag., 24, 647-54(1912). 

The values of the ranges of the a-particles from Th and 
Act. products have been detd. and the author's results for 
these and the U series are given m the following list m 
which in order are the substance, the ranges at 0° and 15°, 
resp (in cm.), and the initial velocity (x lO' cm. per s e e ) : 
U 1, 2.37, 2.50, 1.47; U 2, 2.75, 2.90, 1.54; ionium, 2.85, 
3.00, 1.56; Ra, 3.13, 3.30, 1.61; Ra Em., 3.94, 4.16, 1,74; 
Ra A, 4.50, 4.75, 1.82; Ra C, 6.57, 5.94, 2.06; Ra F, 3.58, 
3.77, 1.68; Th, 2.58, 2.72, 1.51; Radio-Th, 3.67, 3.87, 1.70; 
Th X, 4.08, 4.30, 1.75; Th Em., 4.74, 5.00, 1.85; Th A, 5.40, 
5.70, 1.93; Th Ci, 4.55, 4.80, 1.82; Th C2, 8.16, 8.60, 2.21; 
Radioact., 4.36, 4.60, 1.80; Act. X, 4.17, 4.40, 1.77; Act. 
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Em., 5.40, 5.70, 1.93; Act. A, 6.16, 6.50, 2.02; Act. C, 5.12, 
5.40, 1.89. The logs, of the transformation consts. of the 
Th series plotted against the ranges of the a -particles give 
pts. lying approx. on a straight line, as previously recorded 
in the case of the Act. and U series, and which lies between 
and is parallel to the 2 lines obtd. for these series. (A. T. 
Cameron) 

2004 
THE GROWTH OF RADIOTHORIUM FROM MESOTHO
RIUM 2. J. A. Cranston (Glasgow Univ.). Phil. Mag., 
25, 712-5(1913). 

Observations on the growth of a -activity from a quantity 
of pure Meso-Th 2 showed that there is no intermediate 
product between it and Radio-Th. (A. T. Cameron) 

Radiations 

2005 
THE MAGNETIC SPECTRUM OF THE BETA RAYS OF 
RADIOTHORIUM AND THORIUM X. O. v. Baeyer, O. Hahn, 
and L. Meitner (Berlin-Dahlem). Physik. Z. 16, 6-7(1915). 

The far-reaching parallelism in properties between the 
members of the Th and Act families which must exist ac
cording to the modern views of isotopism has already been 
demonstrated with respect to the a-radiations of corres
ponding members of the 2 families. In the |3-radiations an 
apparent difference was reported by the authors (C. A. 6, 
2356) in that a strong 8-radiation was found for Radio-Act 
which seemed to be lacking in the case of Radio-Th. Since 
the method of photographing the magnetic spectrum is much 
more sensitive than the electroscopic method, the question 
of 8-radiatlon has been again investigated for both Radio-
Th and Th X. The latter for photographic purposes can be 
easily deposited electrolytically on a thin Pt wire as cathode. 
Radlo-Th presents more difficulties and must first be sepd. 
from Th X and other decomp. products by repeated pptn. 
with ammonia, followed by addition of a small quantity of Ba 
salt which is electrolytically deposited with Radio-Th cath-
odlcally, using 50-100 v. and 0.01-0.02 amps. In this way 
a deposit equiv. in 8-radiation to about 0.01 mg. of RaBr2 
was obtained on a length of wire of about 0.8 cm. and of 0.15 
mm. diam. A 12 hr. e:q)osition of this Radio-Th in a field 
of 100 Gauss gave a sharply defined reproduction of 2 lines 
due to 8-rays of 0.51 and 0.47 of light velocity, resp. These 
2 lines had previously been wrongly ascribed to Th X by the 
authors, but the discrepancy now is removed. The spectrum 
of the Th X showed 2 strong lines, 0.72 and 0.63 of the ve
locity of light. (S. C. Lind) 

2006 
CONSTITUTION AND CONFIGURATION OF THE ATOM. 
Emil Kohlweller (Stuttgart) Z. physik. Chem. 94, 513-
41(1920). 

A theoretical paper. It is assumed that only a portion of 
the positive charge of the at. nucleus Is associated with 
particles having a mass of 2 units [(2)], and that the r e 
mainder of the positive electricity is associated with par
ticles having unit mass. Two of the latter particles always 
enter into combination with one electron [(2*''")]. It is fur
ther assumed that the particles (2"'") polymerize to form the 
structure (4"'""'"), i.e., a-particles, and that 5 (2*"'")-systems 
may combine with 5 electrons to form the complexes (2**), 
which play a role in the rare earth series. In addition to the 
complexes {i^*), (2*"*") and (2**), the inner portion of the 
atom possesses a small number of electrons indirectly 
bound. The excess of the total quantity of positive electricity 
over negative in the interior of the atom is compensated by 
an external electron system with a number of electrons 
equal to the excess of positive electricity, i.e., to the "nu

cleus difference." The outer electron system is the seat of 
only phys. phenomena of matter, while chem. processes, a 
large number of phys. phenomena, and all phenomena depen
dent on mass have their origin in the nucleus of the atom. A 
distinction is made between the central portion (the true nu
cleus) and the middle zone of the nucleus. The central por
tion of every kind of atom consists of either a He nucleus 
(as in the case with the isotopes of elements which belong 
to the U evolution series) or a H mol. nucleus (isotopes of 
the Th series). These assumptions are used as a basis for 
a lengthy discussion of the structure of atoms. For ex
ample, the Th atom is assumed to be made up as follows: 
The center consists of a H-mol. nucleus with 2 positive 
charges, while the remainder of the nucleus contains 20 
(2*"*") systems, 5 (2**)-complexes, 8 positive nuclear groups 
each with 8 positive charges, and 22 neutral systems with 22 
positive charges and 22 electrons. The middle zone has 4 
positive charges, and the other electron system 90 units, of 
which a max. of 4 can go over to the middle zone as valence 
electrons. The total mass of the Th atom amounts to (1 + 
20 + 5 + 8.8 + 22 + 4) X 2 = 232 units; the positive nucleus 
charge Is (2 + 20.2 + 5.2 + 8.8 + 22 -i- 4) = 142; the negative 
(20.1 + 5.2 -I- 22) = 52. The nucleus difference (= the at. 
number) is, therefore, 142 - 52 = 90. The structure of the 
atom decreases in complexity as the at. number decreases. 
First (4''""'")-systems and electrons disappear from the 
structure. With the last triplet of Group VHI the H2''" com
plexes vanish, while the H2-system appears for the last 
time in the rare earth series. The simplest atoms contain 
a true nucleus formed of groups each of 4 (4"*""*")-systems 
and possess in the simplest cases only a center with 2 posi
tive charges surrounded by a fairly complex middle zone 
(Mg 24) which gradually decreases in complexity and 
vanishes when He is reached, so that He consists of only 
a nucleus with 2 positive charges and 2 electrons in the ex
ternal electron zone. The structure of the atoms of the 
rare earth elements and the cascade elements is discussed, 
and the periodic system of the elements is represented 
graphically in 3 dimensions. The following conclusion is 
reached: Each element consists of at least 2 isotopes which 
belong, respectively, to the Th and U evolution series of 
matter. The difference of the elec. charges of the two 
isotopes is always the same, while the difference between 
their at. masses is 2 units due to their different nuclear 
centers, respectively, (2"*"̂ )- and (4"'"''')-nucleus. The first 
17 members of the periodic system consist of only 2 iso
topes. In conclusion, there is given in tabular form, for the 
elements H-K, the at. mass of each of the 2 Isotopes of 
which the element is composed, the constitution of the 
nucleus center, the number of He nuclei, the number of H2 
nuclei, the number of outer electrons contained in the atom, 
the valence system and the proportion in which the 2 iso
topes are present. (H. Jermain Creighton) 

2007 
THE GEIGER-NUTTALL EQUATION. Gerhard Kirsch. 
Physik Z. 21, 452-6(1920). 

Taking the number of independent nuclear particles whose 
coincidence in definite configuration leads to instability as 
81 in the U series, 77 in the Th series, and 71 in the Act 
series, a constant value for log(t/hk*''') Is obtained for the 
successive alpha radiators in the center of the disintegra
tion series, where t is the time for which probable disinte
gration is calcd. and h is Planek's constant. This value is 
distinctly different for the three series, however, and ac
cords with the assumption that Th belongs to a 4n family of 
elements, U to a 4n + 2, and Act to a 4n -̂  1, whence Act has 
an at. wt. of 225. Arguments are given for the independence 
of the Act series from the U series, with perhaps an origin 
in a U''^ isotope which is undetectable, has an at. wt. of 233 
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and dismtegrates through U^, U^H, and U Z to Proto Act. 
The suggestion is made that the Act series may contain 
isotopes of identical dismtegration energies composed of 
4n + 3 elements containing 3 H particles and 2 extra nuclear 
electrons. The double range of Radio Act is cited in con
firmation. (G L. Wendt) 

2008 
RADIOACTIVE FACTS AND NUCLEAR STRUCTURE. 
Gerhard Kirsch (Upsala.) Physik Z. 22, 20-3(1921). 

A radioactive nucleus contains an a particle at the center 
surrounded by alternatmg rings or shells of electrons and 
a particles. The no of electrons in the rings increases in 
the order 2, 4, 6, 8, etc. The first a-r ing is the source of 
the a - rays . This model Is applied to the Th series. The 
emitting a ring is supposed still to contain 5 a-particles in 
RdTh and 2 m ThA. After ThA emits one of the a-particles 
m this ring, the other goes to the center and joms the other 
a-particle already there. This leaves 2 electron rings to
gether and the next change is a /3 disintegration. The second 
a particle at the center now finds itself de trop and leaves 
after the first /3 change, or at least after the second, with 
max. velocity (ThC.ThC'). The nucleus has now returned to 
a condition roughly similar to its state at the beginning of 
the dismtegration of RdTh, and this explains the stability of 
the end product when the relative stability of RdTh is con
sidered. Similar views are applied to the Ra and Act series, 
m which the central a-particle is replaced by 2H particles 
and one H or X3 particle, resp. All radioactive atoms are 
supposed capable of both a and 0 disintegration, but the al
ternatmg structure of the nucleus always makes one type 
much the more probable, and the mmority change is usu
ally masked. The condensed charges in the nucleus are 
likened to a liquid or solid state of electricity. (Norris F . 
Hall) 

2009 
SOME a-RAY TRACKS. C. T. R. Wilson. Proc. Cambridge 
Phil. Soc. 21, 405-9(1923). 

Enlargements are given of 3 stereoscopic photographs of 
a - ray tracks from Th02 obtained by the cloud-track method 
m an elec field When an a-ray passes before expansion 
the ions are sepd. in the field according to their mobilites, 
giving a means not only of counting the ions formed but also 
for measuring their mobilities. Th emits an a-particle and 
the Th A resulting has about twice the mobility of ordinary 
ions, suggesting less attraction for moisture. In a fraction 
of a second Th A emits another a-particle. The first part 
of its cloud track is forked because the first a-particle had 
used up the excess moisture and the ions formed by the 
second must migrate m the elec. field to regions of more 
moisture to become fixed. The straight track of a fast 
8-particle is shown and the very curved path of a slow one 
near the end of its path. Recoil atoms give enlarged heads 
to the a-tracks Along the first part of these tracks are 
small side tracks of the secondary 8-particles of 6-rays of 
Bumstead (C. A. n_, 752). Their range suggests a speed 
double that of the a-particles. They have no special forward 
velocity component; this suggests that they come from the K 
level of the atom. Some of the first of the 5-tracks end m 
globular cloudlets which suggest the ejection of short range 
8-particles from gas mols. by K-radiation (6), conflrmmg 
Kapitza's (C. A. 17, 360) explanation of greater loss of en
ergy by a - rays per electron ejected durmg the first part of 
their range. (F. O. Anderegg) 

2010 
GRAPHS FOR CALCULATION OF ELECTRON EMISSION 
FROM TUNGSTEN, THORIATED TUNGSTEN, MOLYBDE
NUM AND TANTALUM. Saul Dushman and J. W Ewald. 
Gen. Elec. Rev. 26, 154-60(1923). 

A series of graphs of the equation log I = 1.7792 + 2 log 

T - bo/2 303T is given, in which log I is plotted as ordmate 
against bo at const value of T. Values of bo for W, Mo, Ta, 
Th, and Ca are, resp , 52,600, 50,000, 46,500, 34,100, and 
26,000 Corrections for the coolmg effect of the leads and 
for the "Schottky effect" are discussed. (D. MacRae) 

2011 
THE ABSORPTION OF HARD y-RAYS BY ELEMENTS. N. 
Ahmad. Proc. Roy. Soc (London) 105A, 507-19(1924). 

The absorption of hard y-rays in the elements H, C, O, 
Al, S, Fe, Ni, Cu, Zn, Ag, Sn, Pt, Hg, Pb, Bi, Th, U has 
been measured by a method givmg greater accuracy than 
has been previously obtained. The y-radiation originated in 
Ra B and C and in the expts. was filtered through 1 cm. Pb. 
The app. consisted of 2 ionization chambers whose currents 
could be balanced and the resultant measured on a quadrant 
electrometer. The absorption screens were placed m the 
path of a beam of y-rays defined by heavy lead slits and 
could be placed either near the source or near the ioniza
tion chamber. The mass absorption coeff. of Al was detd. 
directly and then comparative measurements were made 
between Al and the substance under examm. All screens 
were of such a thickness as to give an absorption of 15-18%. 
Only the results obtained when both the Al and the unknown 
were near the source are discussed. The e}q>tl. values 
show that the absorption is not simply proportional to the 
mass traversed by the rays, but when the absorption per 
electron is plotted against the at. no. a smooth curve is ob
tained. The absorption per atom is given by (i^ = aZ + bZ* 
as in X-rays. The value of the scattermg term aZ is not 
that predicted by J. J. Thomson's classical formula. Usmg 
A. H. Compton's formula the effective wave length of the 
y-rays is 0.015 A. If b = 8^' and j3 = 2.24 x 10"', as found 
by Richtmeyer for X-rays, the effective y by calcn. is 0.019 
A., in fair agreement with the value computed from the 
scattermg term. (S K. Allison) 

2012 
THE RADIATION PRODUCED BY BOMBARDING OXIDES 
INTENSIVELY WITH CATHODE RAYS. Karl Thucke. 
Physik. Z. 25, 115-9(1924). 

Th02 and the mixt. of oxides found In the ordinary gas 
mantle were mvestigated. It was found that these oxides 
emit a white light when intensively bombarded with cathode 
rays as evidenced by the observations that the distribution 
of energy in the infra-red, the ultra-violet and visible part 
of the spectrum emitted is the same as that to be expected 
from pure temp, radiation. The relation between the total 
radiation and the temp, of the oxide was found to correspond 
to that of temp, radiation. There is a linear relationship 
between candle power and the load carried as expressed In 
watts. For a given pressure, the efficiency of production of 
the light mcreases with the load. (L. M. Henderson) 

2013 
AN EXPERIMENT WITH THORIUM EMANATION. Bernhard 
Batscha. Zt. Physik. u. chem. Unterricht 37, 117-8(1924). 

Th(OH)4 IS prepd. from 5-10 g. of Ta(N03)4 or Th(S04)2 
treated with NH4OH. The Th(OH)4 is placed in a glass tube 
connected with a simple electrometer. At first air is drawn 
through the instrument to show that this does not cause the 
discharge of the electricity from the electroscope. Then 
air IS drawn through the tube contg. the Th(OH)4. (S. 
Morgulis) 

2014 
THE ABSORPTION OF ;3-RAYS BY MATTER. George 
Fournier. Compt. rend. 180, 1490-2(1925). 

The absorption of 8-rays is extended to Mg, Fe, Ni, Zn, 
and Cd. The linear law is confirmed. With elements of 
higher at. no. than 50, the phenomenon of absorption is 
complicated by secondary rays. Using the linear law, the 
secondary rays can be studied by subtraction from the 
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e:5)ression y = ±k-(e-*' ""/P^ - e"'' ™/''*). Pt, Au, Th, and 
Pb were examd. The coeff. of absorption of the secondary 
rays Is much smaller than that of the primary ones. (M.F.) 

2015 
THE LONG-RANGE PARTICLES EMITTED BY THE AC
TIVE DEPOSIT OF THORIUM. Nubuo Yamada. Compt. 
rend. 180, 1591-4(1925). 

The active deposit of Th emits 2.9 a-particles of 11.5 
cm. range for each 10,000 o-particles of 9.6-cm. range. 
The particles of 15 and 18.4-cm. range are probably H-
partlcles, emitted by the bombardment of a-particles. 
(Marie Farnsworth) 

2016 
CHARACTERISTIC 8-RAY SPECTRA AND THEIR PHOTO
ELECTRIC EFFECT. Jean Thibaud. J. Phys. Radium 6, 
82-98(1925). 

The method used m studymg the penetrating y-rays of Ra, 
Ms-Th, and Rd-Th consisted in exposing a narrow, thick 
band of some element to the y-rays and observing the /3-
particles emitted by the element or secondary radiator. 
The stream of (3-particles is deflected by a strong magnetic 
field into arcs of different parameters depending on the 
velocities of the 8-particles. On a photographic plate placed 
m the path of the 8-rays, Images of the source are formed 
where the particles of different speeds strike the plate, thus 
constituting a 8-ray spectrum of the secondary radiator. 
The /3-ray spectra of U, Pb, Pt, W, Ce, Sb, Ag, and Cu, thus 
excited, are tabulated, and it is seen that the 8-rays are 
displaced toward higher velocities with decreasing at. no. 
If to the homologous lines of the 8-ray spectra of these ele
ments the energy of the corresponding K absorption is added, 
the results so obtained will be const., thus verify mg the 
photoelee law of Einstein. On comparing the /3-rays excited 
by y-rays with the characteristic 8-ray spectra of the ele
ments it is found that they are identical. The energy of the 
excitmg y-ray is found by adding to the energy of a 8-ray 
the energy of the at. level m which it originates. Applymg 
this principle to the observed 8-ray3 of the foregoing ele
ments has made it possible to det. 24 monochromatic y-rays 
m the spectra of the radioactive members of the Ra and Th 
families. These are presented in comprehensive tables. 
(C. C. Kiess) 

2017 
EXTREMELY PENETRATING a-RAYS FROM THE ACTIVE 
DEPOSIT OF THORIUM. K. Phillipp. Z. Physik 37, 518-
28(1926). 

The scintillation method is used to measure the range m 
air of 2 groups of very fast a-particles from Th active de
posit. The expts. confirm the existence of groups of 9.5 and 
11.5 cm. range. For every lO' o-particles of 8.6 cm. range, 
65 of the 9.5 cm. group and 180 of the 11.5 cm. group are 
found. (H.R.M.) 

2018 
SPECTROGRAPHIC JUNCTION BETWEEN THE X-RAY 
REGION AND THE EXTREME ULTRA-VIOLET. A. Dauvil-
lier. Nature 118, 551(1926). 

The methods previously described (C. A. 20, 2285, 3385) 
have been applied to observe the soft x-rays of Th. The fol
lowing Imes have been measured: N8 at 45.3 A. U.; 06 at 
48.2 A. U.; Na at 51.5 A. U.; Oy at 71.0 A. U.; and 08 at 
121 A. U. This series of lines completes our knowledge of 
Rontgen series and at. levels and at the same time bridges 
the gap between ordmary x-rays and the Millikan optical 
spectra in the extreme ultra-violet. (C. C. Kiess) 

2019 
LINES OF TRANSFORMATION PRODUCTS OF URANIUM 
AND THORIUM IN THE SPECTRA OF THESE ELEMENTS. 
H. Nagaoka and T. Futagami. Proc. Imp. Acad. (Japan) 2, 
318-23(1926). 

Many of the transformation products of U and Th form 
isotopes with elements whose spectra are well known; the 
spectra of the elements belonging to the same isotope are 
composed of the same lines, so that by comparing the known 
spectra of the isotopes with those of the parent radioactive 
elements, we can select the lines of the derivatives. Sev
eral such comparisons are made. (C. J. West) 

2020 
COMPARISON OF THE SPECTRA OF RADON WITH THOSE 
OF URANIUM AND THORIUM. H. Nagaoka and T. Futa
gami. Proc. Imp. Acad. (Japan) 2, 390-4(1926). 

The comcidence is quite marked in many Imes of short 
wave lengths and leaves little doubt that lines emitted by 
radon, which are the same as those emitted by thoron and 
acton, have been observed by spark or arc discharge with 
metals or compds. (C. J. West) 

2021 
HELIUM LINES IN THE SPECTRA OF URANIUM AND 
THORIUM. H. Nagaoka and T. Futagama. Proc. Imp. 
Acad. (Japan) 2, 7(1926). 

A comparison is given of the lines of He, U, and Th. The 
coincidence of U Imes is much greater than those of Th. 
(C.J.W.) 

2022 
THORIUM EMANATION. Jan Sgbor. Chem. Listy 22, 
521-6(1928). 

Expts. with Th(N03)4 solns. indicate that the course of 
decompn. is a function of the accumulation time. As the ac
cumulation time mcreases, the half-period time decreases. 
S. considers this to be due to an mcreased ionization caused 
by the deposits of the Tn during its accumulation. (Frank 
Maresh) 

2023 
THE INFLUENCE OF THE COLLECTOR TEMPERATURE 
ON THE YIELD IN THE 8-RECOIL OF THORIUM. K. Donat 
and K. Phlllpp. Z. Physik 59, 6-12(1929). 

In an app. m which the collector temp, could be varied, 
the following yields were obtamed on a brass collector: 
20°, 2-6.5%; -90°, 8.9%; -170-180°, 14.5-22.7%. Further 
decrease to -245° did not mcrease the yield. Argon up to 
0.01-mm. pressure did not change the yield. It is expected 
that if the isotope Bi was used as the collector, higher yields 
would be obtained. Other factors affectmg the yield are the 
low concns. of atoms, gas-free surfaces, and loss of recoil 
due to surface energies. (Arthur Fleischer) 

2024 
THE RANGE OF THE a-PARTICLE FROM THORIUM. 
G. H. Henderson and J. L. Nickerson. Phys. Rev. 36, 
1344-7(1930). 

Wilson-chamber photographs were taken of the range of 
o-particles from Th. It was found to be 2.59 ± 0.05 cm., 
which agrees reasonably well with the value found from the 
Geiger-Nuttall relationship. (Bernard Lewis) 

2025 
TOTAL RADIATION FROM SEVERAL OXIDES. Gerhard 
Liebmann. Z. Physik 71, 416-21(1931). 

A simple app. for the detn. of total radiation from non-
metallic bodies is described; a thermopile is used for 
measurement. Variation of radiation with temp, up to 2400° 
abs. was detd. for several oxides, AI2O3, Cr203, and MgO 
and Pt; also Th02-Ce02 mixts. were investigated. The 
curves are given. Variation with particle size was also 
considered. (William E Vaughan) 

2026 
FINE STRUCTURE OF a-RAYS FROM TH. S. Rosen-
blum and M. Valadares. Compt. rend. 194, 967-70(1932). 

Previous results have been confirmed and improved by 
the use of refmed equipment. (Albert L. Henne) 
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2027 
THE FINE STRUCTURE OF a-RAYS FROM RADIOTHO
RIUM. S. Rosenblum and C. Chamle. Compt. Rend. 194, 
1154-5(1932). 

This work represents the first detn. of the velocity of 
a - r ays from RdTh and its derivs. The RdTh and MsThj 
were sepd. from MsThi and ThX by double pptn. of BaCl2 in 
excess HCl. The liquid contg. RdTh was evapd. in a fine 
glass capillary giving a line source of radiation. The mag
netic spectrum of RdTh was then studied by the previously 
used (C. A. 25, 2637) methods. The velocities of the rays in 
XIO' cm/secTare 1.802, 1.736, 1.650, 1.612, 1.600, 1.594, 
for'ThA, Th, ThX, RdThOi, RdTha2, ax, resp. The energy 
differences a i - a2, ai - a^, a^ - a^ and aThx _ ^x '^° ' ' ' 
respond to 82, 123, 42, and 390 electron kv., resp. The 
magnet can be standardized from the known velocity of the 
r a y a - T h C . (H.A.S.) LONG-RANGE a-RAYS OF TH C . 
Johannes Port. Z. Physik 74, 740-4(1932). Absorption 
measurements of a - rays from ThC' show that for lO' a -
particles of normal range (8.6 cm.) there are 48.5 of range 
9.79 cm. and 193 of range 11.62 cm. This agrees well with 
recent measurements by Rutherford, Wynn-Williams, and 
Lewis (C. A. 26, 652) (Egon Bretscher) 

2028 
THE a-RADIATION OF RADIOTHORIUM, RADIOACTIN-
lUM AND THEIR DERIVATIVES; THE COMPLEXITY OF 
THE o-RADIATION OF RADIOACTINIUM. Irene Curie. J. 
phys. radium [7], 3, 57-72(1932). 

By means of a Wilson cloud-chamber, tlie ranges of the 
a - rays from RdTh, RdAct and their derivs. have been 
studied. The radiation of RdAct is composed of 2 groups, 
Oi and a j , of ranges 4.66 cm. and 4.34 cm., in air at 15° 
and 760 mm. pressure. The s{udy of the increase of the 
ratio Act X to RdAct, in a prapiv of RdAct initially pure, 
shows that, very probably. Act X Is formed from RdAct by 
loss of an a- ray from one or other of the groups. The en
ergy difference of the 2 groups, a , and 02, is in the neigh
borhood of 2.8 X 10' electron volts. It is equal, within exptl. 
error , to the energy of one of the a - ray groups of RdAct, 
or of the most penetrating of the y-rays of Act X. (I. J. 
Patton) 

2029 
THE RADIATION OF INCANDESCENT OXIDES AND OXIDE 
MIXTURES IN THE VISIBLE SPECTRUM. H. Hoppe. Ann. 
Physik 15, 709-28(1932). 

The radiation emitted by the following oxides and mixts. 
was studied: ZrOj, Sn02, NdjOj, Ce02, Al203-Cr203, Th02-
Ce02, and MgO-ZnO. There was a decrease in the amt. of 
radiation for decreasing grain sizes below 1 ji. For all 
oxides and mixts. (except Cr203) the amt. of radiation in
creases in the red with increasing temp. A log relationship 
exists between the emission of Al203-Cr203 mixts. and the 
Cr203 content, but no such relationship was observed in the 
Th02-Ce02 mixts. In the violet, the emission of AI2O3-
Cr203 was decreased by % compared to pure AI2O3 by the 
addn. of several % Cr203. The Th02-Ce02 mlxts. of low Ce 
content give black body radiation in the short wave region, 
but increase of the Ce decreases the violet again. Lieb-
mann's "Fleckmethode" of temp, measurement (C. A. 25, 
34) was used on single crystals of white sapphire and ruby. 
The emissivity of the ruby increased in the red with in
creasing temp. The sapphire does not radiate in the visi
ble. (L.W.) 

2030 
THE a-RADIATIONS FROM RADIOTHORIUM AND ITS 
DERIVATIVES. S. Rosenblum and C. Chamle. Compt. 
rend. 196, 1663-4(1933). 

The existence of 2 groups of a - r ays from RdTh was 
confirmed, whereas a 3rd group previously suspected as 

coming from RdTh probably belongs to Po; the faster-
moving rays are about 5 times as intense as the slower 
rays, the energy difference being 86 electron kv. The 
velocities of rays in lO' c m . / s e e are 1.615, 1.602, 1.738, 
1.653, and 1.805 for RdThOj, RdThOi, Th, Th X, and Th 
A, resp. (E. G. Vanden Bosche) 

2031 
AN APPLICATION OF PROBABILITIES TO THE COUNT
ING OF o-PARTICLES. Norman I. Adams, J r . Phys. Rev. 
44, 651-3(1933). 

The a-part icles emitted in a simple radioactive change 
are distributed individually and collectively at random, and 
hence the probability of any no. of particles in a fixed in
terval obeys the Poisson law. This is not true in general 
for the particles from a radioactive series; A. derives the 
distribution law for the case that the chosen interval is 
either long or short compared to the half life of each spe
cies considered; the results are needed for accurate detn. 
of the disintegration const, of Th. (L. S. Kassel) 

2032 
SELECTION RULES FOR THE 8-DISINTEGRATION. G. 
Gamow and E. Teller. Phys. Rev. 49, 895-9(1936). 

The selection rules for beta transformations are derived 
from neutrino theory both for the original Fermi assump
tion and for the assumption that heavy particles have a 
direct effect on the disintegration. The Fermi selection 
rules lead to difficulty in assigning spins to members of 
the Th family and the modified rules avoid this difficulty 
and agree with all exptl. evidence. (L. S. Kassel) 

2033 
A QUANTITATIVE STUDY OF PLEOCHROIC HALOES, 
in. THORIUM. G. H. Henderson, C. M. Mushkat, and 
D. P. Crawford. Proc. Roy. Soc. (London) A158, 199-
211(1937). 

The haloes were studied by the method of (I) and (II) and 
the results on a-part icle ranges are comparable. The a-
particle ranges found in these very ancient biotites (Pre-
Cambrian) agree well with modern lab. detns. (A. B. F. 
Duncan) 

2034 
SPECTRAL EMISSIVITIES OF COLUMBIUM, THORIUM, 
RHODIUM AND MOLYBDENUM. L. V. Whitney. Phys. 
Rev. 48, 477(1935). 

2035 
SECONDARY ELECTRON EMISSION OF METALS WITH A 
LOW WORK FUNCTION. H. Bruining and J. H. de Boer. 
Physica 4, 473-7(1937). 

The metals investigated, Li, Cs, Be, Mg, Ba, Al, Th, Ni, 
Mo, and W, were deposited by sublimation in a high vacuum 
upon a metal plate (Ni, Mo) in the same tube in which the 
secondary emission was measured. Except for Th the detns. 
a re reproducible. The max. of secondary emission for the 
metals with low work function is less than that for metals 
with high work function (Ni, Mo, W). When the metals are 
deposited in an insufficient vacuum the capacity for second
ary emission r ises appreciably. The halides of the alkali 
and alk. earth metals show a great capacity for secondary 
emission. An eiqilanation of the phenomenon is offered. 
(V.D.) 

2036 
RANGE OF a-PARTICLES FROM THORIUM. G. H. Hen
derson and G. C. Laurence. Phys. Rev. 52, 46-7(1937). 

Recent values of this range are discussed. The value of 
Kurie and Knopf, 2.72 ± 0.03 cm. at 0° and 760 mm. may be 
too high. The treatment of data on a probability paper plot 
is considered to be unjustified in such measurements. 
(Victor Deitz) 

2037 
DETECTION OF a-PARTICLES IN THE DISINTEGRATION 
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OF THORIUM. A. Braun, P. Preiswerk, and P. Scherrer. 
Nature 140, 682(1937). 

Th, bombarded by Ra + Be neutrons, gives a-particles 
with energies above 9 m.e.v. The reaction is: 9oTh"' + 
n — 88^^"' + a. (G. M. Petty) 

2038 
A NEW DETERMINATION OF THE RANGE OF a-RAYS OF 
THORIUM. Josef Schintlmelster. Sitzber. Akad. Wiss. 
Wien, Math.-naturw. Klasse, Abt. Ha, 146, 371-88(1937). 

Measurement with the tube electrometer of ion pairs 
produced gave a value of 2.73 ± 0.01 cm. extrapolated range 
for air at 15° and 760 mm. Max. range is 2.76 cm. and 
mean value 2.70 cm. A simply constructed guard-ring con
denser and a new way of compensation of the boundary in
fluence are described. (Oden E. Sheppard) 

2039 
ARTIFICIAL TRANSMUTATION PROCESSES BY THE IR
RADIATION OF THORIUM WITH NEUTRONS; THE PRO
DUCTION OF ISOMER SERIES BY SPLITTING OFF OF 
a-RAYS. Lise Meitner, Fritz Strassmann, and Otto Hahn. 
Z. Physik 109, 538-52(19381. 

The processes resulting from the irradiation of Th with 
f&st and with slow neutrons is studied. Four transmutation 
series are observed. Both slow and fast neutrons produce, 
by direct entry, a Th'" atom with a half-period of 26 ± 2 
min. With the arrangements employed the amplification 
factor is 10. After very long irradiation, the existence of a 
protactinium isotope can be detected. The half period is 
24-27 days. A protactinium isotope with 2.S min. half pe
riod, rejjorted by Curie, Halban, and Preiswerk (C. A. 30, 
4084i) was not observed. The series 

2̂ 2 8 6 
proposed is Th + n — Th"' 2, mini Pa"' 25 dayi' U"'? 

and is attributed to a resonance process of the (n, y) form. 
The irradiation with fast neutrons leads to the production of 
3 Ra isotopes with half periods of 1 min., 15 min. and 4 hrs. 
resp. In addn. 3 Act isotopes, half periods 18 min., 3.5 hrs. 
and 20-30 hrs., resp., are foimd. The genetic relationships 
in these 6 substances are investigated and experimentally 
accounted for. It appears that the transmutation mechanism 
is of the form Th"' -H n — (Th"') -* Ra"' + a and this gives 
3 isomeric series as follows. 

Th"' (n, a) - Ra'" ^ ^ Act'" ^ j j ^ Th ? 

Th'" (n, a) - Ra"' - ^ Act'" ^ r ^ Th ? 

Th'" (n, a) - Ra"» ^r^i^ Act'" -^^^ Th ? 

The same processes are found when D -H D neutrons of about 
2.5 m.e.v. are used. The calcn. of the excitation possibilities 
according to the formula of Gamow shows that the a-radia
tions must have energies of about 12 m.e.v., in order to 
leave the intermediate Th"' nucleus. This is the first time 
in which isomeric series have been found assocd. with the 
occurrence of a disintegration. The theoretical aspects of 
isomery are discussed. (S.T.) 

2040 
THE EXISTENCE OF a-RAYS DURING THE IRRADIATION 
OF THORIUM AND URANIUM WITH RADIUM + BERYL
LIUM NEUTRONS. G. v. Droste. Z. Physik 110, 84-94 
(1938). 

The app. consists of an ionization chamber combined with 
an amplifier. This enables single a-particles to be detected 
in the presence of about 400 mg. of Ra equlv. distant 1.5 

cm. from the chamber, after filtering through 1.5 cm. of 
W. U and Th are irradiated with fast neutrons and the ex
istence of disintegration particles is sought. Within an 
error of 0.5 particle/min. none was found for U, a fact in 
agreement with chem. observation. With Th, for which 
other kinds of observations prove that there is an a -parti
cle emission during irradiation, no definite decisive evi
dence outside of the exptl. error could be adduced. This is 
not in contradiction with the yield, which can be expected 
from observations of the resulting ^-decay of the Ra iso
tope which is created. (S. Tolansky) 

2041 S 
RESONANCE ABSORPTION OF SLOW NEUTRQNS. X .E . 
Downing and C. D. Ellis. Nature 142, 793(1938). 

Resonance levels were found in Bi (1 and 11 v.), Th (2 and 
18 v.), U (5 and 30 v.), Co (1 v.) and Pb (?). The 2 levels of 
Bi represent high excited states of Ra E. The anomalous 
absorption reported in B by Michiels (C. A. 32, 89I84) is 
due to resonance levels in the I (40 v., several hundred v.) 
which was used both as filter and as detector. (G. M. Petty) 

2042 
EXPLOSIVE RUPTURE OF URANIUM AND THORIUM 
NUCLEI UNDER THE ACTION OF NEUTRONS. Frederic 
Joliot. Compt. rend. 208, 341-3(1939); U. phys. radium 10, 
159-60(1939). 

In view of the indefinite nature of the interpretation of the 
result of bomliarding U with neutrons on the usual lines it 
is suggested that what really happens is that the atom is 
split into two, e.g., into Cs'*'"aha Rb", which then by suc
cessive 8-ray emissions pass Into Ba, La and Ce, and into 
Sr, Y, Zr, Cb, and Mo", resp. This is shown by energy 
considerations to be theoretically possible, and exptl. evi
dence in support is obtalnOT by coating a brass cylinder 
contg. (Rn + Be) externa^jkwlth U oxide, surrounding the 
whole with a concentric <(ttelite cylinder and examg. the 
activity of the complex of radioactive elements deposited 
on the interior of the bakelite. This is found to be analogous 
to that of the artificial elements formed in U. The treated 
similarly behaves similarly. (C. A. Silberrad) 

2043 
TRANSMUTATIONS OF URANIUM AND THORIUM NUCLEI 
BY NEUTRONS. E. Bretscher and L. G. Cook. Nature 143, 
559-60(1939). 

Analyses were made of the recoiling fragments from U 
and Th which had been bombarded with a mixt. of slow and 
fast neutrons. The existence of true "trans-U" elements 
cannot be maintained. (G.M.P.) 

2044 
NEW PRODUCTS OF THE FISSION OF THE THORIUM 
NUCLEUS. Lise Meitner. Nature 143, 637(1939). 

Recoil nuclei from the fission of Th were collected in 
water. Some of the fission products are chemically analo
gous to those fission products of U which were formerly 
assigned to trans-U elements. Decay periods of 40 min. 
and 14.5 hrs. were found. (G.M.P.) 

2045 
PHOTOFISSION OF URANIUM AND THORIUM. R. O. 
Haxby, W. E. Shoupp, W. E. Stephens, and W. H. Wells. 
Phys. Rev. 58, 92(1940). 

A 0.5-microamp. beam of 2-3-m.e.v. protons was used to 
bombard CaF2 and AIF3 targets. There was no fission. 
High-energy y-rays from these targets induced fission in U 
and Th. With 2.9-m.e.v. protons, there was 1 fission per 
10' y-quanta per 3 x lO" protons. The cross section for 
fission is 10"" sq. cm. (G. M. Petty) 

2046 
MATHEMATICAL CHEMISTRY. S^ndor Nagy. Magyar 
Chem. Folyoiral 48, 105-12(1942); Chem. Zentr. 1943, I, 
1353. 
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Various chem. concepts are defined mathematically ac
cording to the formulas of N. Examples: (1) a - and 8-rays 
are math, progressions, diverging from each other; (2) the 
at. wt. forms a root, the at. no. a square; (3) the series U, 
Th, Act is a combination without repetition; (4) the formulas 
show the math, reason and basis for the termination of the U 

^series with Pb and the branching of the series for Act; (5) 
^e formulas explain the math, differences of the o-, m-, 
^d p-positions. (G. M. Murphy) 

- AND SALT-ABSORPTION CORRECTIONS IN RA-
CONTENT MEASUREMENTS. W. E. Perry. Proc. 

. (London) 57, 178-90(1945). 
easurement of Ra content by the y-ray method in-
rrection for the absorption of the radiation in the 

container and in the radioactive material Itself, 
are detd. for cylindrical containers made of 
u-Ag alloy and monel having wall thicknesses 

id external diams. up to 8 mm. Absorption 
in powd. materials are described. Empirical 

ford^^^^^^Bf^ived; the results provide a basis for estg. 
salts. Salt-absorption corrections are 
absorption in powd. materials is detd. 

H2O, Bi2(S04)3, PbO, BaSOj, ZnS, S, 
bsorption coeffs. are given for: RaS04, 

discu 
for: T 
MgO, 
RaBr2 
rections a' 
tainers. Pi 
for full tube 
compds. is ( 
Applications ti 
Be neutron sou 

2048 
THE LOCALIZAT 
ERALS IN POLISH: 
PATTERN. Herma 
Md.). Am. Mineral 

^C02. Theoretical salt-absorption cor-
both full and partially full con-

Jt-absorption corrections are given 
\Application to radioactive luminous 

particular those employing ZnS. 
rates are discussed and to Ra and 
Dlansky) 

lUM AND THORIUM MIN-
. L THE a-RAY EMISSION 

Natl. Inst. Health, Bethesda, 
124(1946). 

U and Th minerals occurring in polished sections are 
characterized by means of a selective a- ray emission pat
tern on light-desensitized emulsions. The characteristics 
of the emulsion are described, and details of the necessary 
technique are given. Developing at 32° is necessary to ob
tain reproducible autoradiographic densities. The emulsion 
shows lack of sensitivity to 8 and y radiations, visible and 
ultraviolet light, and chem. agents producing pseudophoto-
graphic effects, and is only slightly sensitive to x-rays and 
neutron radiations. The emulsions exhibit a marked fading 
of the latent image if development Is delayed, and the latent 
Image is destroyed by the presence of Hg vapor during the 
exposure. The procedure described produces a sharply de
fined, reproducible image of o-ray-producing particles in 
polished sections in direct contact with the emulsion. The 
resultant pattern can be enlarged up to 200 diams. and is 
serviceable in the identification of fine mineral grains and 
reveals the variation in the a - ray activity of minute struc
tures. All known radioactive minerals and varieties are 
classified into 7 groups based on the relative photographic 
densities produced by the mineral compared with a unit of 
minerals of known a- ray activity. (Michael Fleischer) 

2049 
NEW EXPERIMENTS CONCERNING THE SURPLUS y-RA-
DLATION FROM ROCKS. Victor Francis Hess and J. 
Donald Roll (Fordham Univ., New York, N. Y.). Phys. Rev. 
73, 592-5(1948); Norsk. Geol. Tids. 27, 1(1947). 

Previous investigation having shown that certain igneous 
rocks show a greater y-ray intensity than can be explained 
by their known U, Th, and K contents, expts. were devised 
to det. whether this surplus radiation could be due to art i 
ficial radioactivity induced within the rocks by cosmic rays, 

even though this possibility seemed unlikely from a theo
retical standpoint. A large sample of crushed dunite, an 
ultrabasic rock which is practically free of U, Th, and K, 
was placed in an Fe house (walls 10 cm. thick) surrounding 
a sensitive ionization meter. The ionization observed with 
the dunite in the Fe house was the same as with the Fe 
house empty. The Fe house was then filled with crushed 
granite, first at Fordham Univ., and then In an underground 
station where a thick layer of rock reduced the intensity of 
cosmic radiation to a few % of the value at sea level. No 
difference in the y-ray ionization from the granite sample 
was detected between the two levels. This shows clearly 
that the surplus y-radiation found previously cannot be as 
cribed to the effect of cosmic radiation on the granite. Re
cently Gleditsch and Graf (C. A. 41, 7246b) have published 
a new detn. of the intensity of y-radiation from K which is 
considerably higher than the hitherto accepted value of 
Gray and Tarrant (C. A. 28, 2610,). Since this new value is 
in sharp disagreement with others found in the literature, 
further expts. will be necessary before it can be decided 
definitely whether the surplus radiation is due to the un
suspected Intensity of y-rays from K or to some other 
source as yet unknown. (G. M. Petty) 

2050 
EXPERIMENTAL PHOTOFISSION THRESHOLDS IN URA
NIUM'", U R A N I U M ' " , U R A N I U M " ' , PLUTONIUM'", AND 
T H O R I U M ' " . H. W. Koch, J. McElhinney, and E. L. 
Gasteiger (Univ. of Illinois, Urbana). Phys. Rev. 77, 
329-36(1950). 

A method of o self-cancellation is described which per
mits the detection of fissions and the detn. of threshold 
energies in highly a-active samples of U ' " and Pu ' " . 
The thresholds (m.e.v.) for photoflssion are: Th ' " , 5.40 ± 
0.22; U" ' , 5.18 ± 0.27; U ' " , 5.31 ± 0.25; U ' " , 5.08 ± 0.15; 
Pu"», 5.31 ± 0.27. (G. M. Petty) 

2051 
LOW-MASS FRANCIUM AND EMANATION ISOTOPES OF 
HIGH a-STABILITY. E. K. Hyde, A. Ghiorso, and G. T. 
Seaborg (Univ. of California, Berkeley). Phys. Rev. 77, 
765-70(1950). 

Isotopes of Fr with 126 or fewer neutrons were sought in 
bombardments of T h " ' with 350-m.e.v. protons. F r ' " , with 
an apparent half life of 19.3 min. for branching decay By 
a-emission (44%) to At'°' and by orbital electron capture 
(56%) to Em ' " , has been found. E m ' " is shown to be a 23-
min. o-emitter. A t " ' decays primarily (99.5%) by orbital 
electron capture to Po'° ' , but shows 0.5% a-branching. The 
Fr and Em isotopes have a-haU lives completely out of line 
with the simple predictions based on the previously known 
isotopes of these elements. Their high a-stability is be
lieved to be due to a closed sh^ll of 126 neutrons in analogy 
to the behavior of elements 83-85. The nonexistence of 
long-lived F r in nature is discussed in the terms of this 
and other recent work on Fr isotopes. (G. M. Petty) 

2052 
PERMEABILITY OF URANIUM AND THORIUM MINERALS 
TO a-PARTICLES. Herviisio Guimaraes de Carvalho (Lab. 
producao mineral, Rio de Janeiro). Anais assoc. quim. 
Bras i lS , 61-6(1949). 

The range of a-particles emitted in ipinerals of U and 
Th was measured by forming a wedge-shaped sample of 
compacted powder or of solid and finding the thickness at 
which a radiograph ceases to blacken further. The range 
for Ra-C' and for T h - C a-part icles varies from 30 to 76 
IJ. for 20 minerals listed. (C. F. Bonilla) 

2053 
USE OF THORIUM NITRATE AS A RADIOACTIVE STAND
ARD FOR IMMERSION-TYPE GEIGER-MULLER TUBES. 
Ray L. Shirley (Michigan State Coll., East Lansing). Anal. 
Chem. 22, 732(1950). 

file:///Application
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Prepns. of Th(N03)4 which have been allowed to grow into 
partial equil. with MsTh2 may be used to check the repro
ducibility of immersion-type Geiger-Mviller tubes. The 
counting rates observed for equal vols, of solns. of dif
ferent Th(N03)4 concns. with an immersion-type counter 
are nearly a linear function of the Th concn. (J.E.H.) 

2054 
WINDOW-CORRECTIVE CURVES AND THE SHAPES OF 
8-SPECTRA. D. Saxon (Univ. of Wisconsin, Madison). 
Phys. Rev. 81, 639(1951). 

Bunker, et al. (C. A. 45, 471e) conclude that their ob
served deficiency of low-energy electrons is the Th'" 
^-spectrum cannot be due to source or to counter window 
effects and suggest the possibility of low-energy defocus-
ing in the spectrometer. It is shown that most or all of the 
observed deficiency is due to the counter window alone. 
(G. M. Petty) 

2055 
RADIATIONS OF U Y. Arthur H. Jaffey, Jerome Lernet, 
and Sylvia Warshaw (Argonne Natl. Lab., Chicago). Phys. 
Rev. 82, 498-501(1951). 

The radiations of U Y were examd. by absorption-curve 
techniques. Among the radiations are: 0.2-m.e.v. 8; L 
x-rays; 35-e.kv. y; soft electronic component, probably 
conversion electrons ~50 e.kv.; soft quantum component, 
probably M x-rays; and 65-75- and •^lOO-e.kv. y. On abun
dance and coincidence considerations, a tentative decay 
scheme is suggested which includes a 0.2-m.e.v. 8- fol
lowed by 35- and 65-e.kv. y-rays in cascade with a 100-e.kv. 
cross-over transition. The half life is 25.64 ±0.1 hr. 
(G. M. Petty) 

2056 
RADIATIONS OF U Y(Th"'). P. H. Stoker, Ong Ping Hok, 
and G. J. Sizoo (Vrije Univ., Amsterdam). Physica 17, 
164-6(1951) (in English). 

The source U Y is prepd. from uranyl nitrate and al
lowed to age for 2 days, after which the Th activities (U Y 
and U Xi) are sepd. by the ether-H20 method, and are freed 
from impurities by means of an ion-exchange column. Fi
nally the activity is dissolved in HCl and deposited on a thin 
acid-resistant film made of "pep", a plastic coating material. 
The thickness of the sources is 1-2 mg./sq. cm.; they are 
grounded by means of a thin Al layer (10 y/sq. cm.) pre
viously evapd. on a formvar film. The 8-ray spectrum of U 
Y is obtained on a magnetic spectrometer by measuring the 
superimposed U Y-U Xi spectrum, then decaying the U Y 
activity. After about 11 days the U Xi spectrum is measured. 
The difference of the superimposed U Y-U Xi spectrum and 
the U Xi spectrum, when cor. for the decay of both activi
ties, gives the U Y spectrum. The energies of the conver
sion lines of U Y are tabulated. (G. Meister) 

2057 
COMPLEX a-SPECTRUM OF URANIUM'". A. Ghiorso 
(Univ. of California, Berkeley). Phys. Rev. 82, 979(1951). 

With material highly enriched in U'", a-groups were 
found at 4.58, 4.40, and 4.20 m.e.v. (and possibly at 4.47 
m.e.v.). The abundances are 10.2%, 85.6%, and 4.2%, resp. 
The partial a-half lives are 6.99, 0.833, and 17.0 x 10' yrs., 
resp. u '" decays to Th'" by a 4.66-m.e.v. o-particle; by a 
4.48-m.e.v. a-particle plus a 0.180-m.e.v. y-ray; and by a 
4.28-m.e.v. a-particle plus a 0.380-m.e.v. y-ray. (G. M. 
Petty) 

UTILIZATION 

A cursory review of the history of the incandescent man
tle, describing well-known raw materials and methods of 
separating thorium therefrom, and from the other raw 
earths; also the purity, cost of production and fluctuations 
in price during recent years of the commercial nitrate. 
French manufacturers of incandescent mantles were en
tirely dependent upon foreigners for their impregnating 
solutions until about a year ago, when a properly equipped 

• > # . 

factory was started in France. (T. Lynton Bri) 

2059 
German Patent, 200,466, May 1, 1906. Addition to 194;348, ^ "̂  ' 
July 25, 1905. Hans Kuzel (Baden b. Wien). ' ' ^& f 

Variously formed articles are made of Cr, Mn, iBo, V^W, ' 
V, Ta, Nb, Ti, Th, Zr, B, Si, Pt, Os, Ir, Fe, Ni, Ob, A^ib.V 
Pb, or Cu, in the colloidal state, following the p i t c e s w S ; ^ 
the principal patent for the manufacture of incafidesfj^nj _,-
filament, excepting that peptonized colloids as'^epai*^ «c-
cording to 186,980, v. C. A., 1908, 599, are 9 J ^ 3 ^ , AU 
the water may be expressed from the produclP\*l3c«is then 
heated for 1 to 2 hrs. in a reducing atmospherfe^ tnereoy 
being free from fracture and strain, and si^aWKlbr the 
manufacture of projectiles with a coating w'^*-

2060 >li ^S^> .^ 
TANNING WITH MONAZITE RESIDUB6JTRO|i 'THORIUM 
EXTRACTION. M. Parenzo. ColleeiiiMf, 1910, 121-4. 

Under Garelli's direction, the autw^ Jias ̂ prttinued expts. 
in tannage with salts of the rare e^r^S. Monazile residues 
contain about 50% Ce2(C03). ChlorU^.'an|'Wtrates pre
pared from these were found to yii^;g.'goo« glove leather 
excelling alum-tanned leather 
on unchromed hide powder sh 
containing 0.43 g. Ce203 in 
by the hide; the absorption 
diluting to 0.108 g. 0620,, 
by addition of NaCl. The 

f̂ Sisl̂ HWie to H2O. Expts. 
.'î jth a nitrate soln. 

, -ti-VSo of this was fixed 
!cW|^d to 22.22% on 
sW^lher raised to 31.48% 

fd^'j^j^e similar results; 

2058 
MANUFACTURE OF NITRATE OF THORIUM. 
Rev. chim. ind., 17, 323-28(1906). 

L. Pierron. 

NaCl addition (as to be expectted) -s^s without effect. The 
process has practical possibilities, these residues being 
cheap. (W. J. Keith) 

2061 
German Patent, 233,023, July 10, 1909. Kreidl and HeUer, 
Wien. 

In the manuf. of pure thorium nitrate and a Th-(N03)4 
mass for Incandescent mantles, the crude Th compds. are 
treated with organic H2SO4 compds. such as alkyl-, espe
cially ethylsulfate, and the pure Th-alkylsulfate obtained by 
fractional cryst. is converted in the usual manner into Th-
nltrate. For the production of gas mantles the conversion is 
not carried to completion, a small quantity of Th-alkylsulfate 
yielding upon ignition an extremely voluminous elastic 
oxide. 

2062 
THE RARE EARTHS CONSIDERED WITH SPECIAL REF
ERENCE TO THE THORIUM INDUSTRY. C. R. Bohm. Z. 
angew. Chem., 24, 1203-9(1911). 

The paper is largely a historical review. Zirconia is now 
more easily obtained from native Brazilian zirconia than 
from zircon; is used in pottery, enamels, are lighting and 
Rontgen ray therapeutics and promises much for the future. 
In incandescent gas lighting it cannot displace thoria be
cause the latter gives a more coherent and resistant prod
uct. It is not as suitable for making mantles from artificial 
silk as from cotton or ramie fibers, because of its property 
of swelling. Ceria is the most easily obtained rare earth; it 
constitutes 50% of the waste of the thorium industry. (E. J. 
Witzemann) 

2063 
U. S. Patent, 1,020,255, March 12, 1912. C. R. B8hn. 

Making thoria mantles for incandescent gas lights. 
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2064 
U.S. Patent, 1,022,543, Apr. 9, 1912. L. Glaser. 

Making holders for filaments having a surface of sub
stantially pure thorium oxide and a body of stronger mixed 
oxides. 

2065 
THORIUM AND ITS COMPOUNDS. Edmund White. J. Gas 
Lighting, 120, 443[1912?]. 

Historical review. (C. A. Cole) 
2066 

THORIUM NITRATE CONTAMINATED WITH DIDYMIUM; 
INFLUENCE OF THE LATTER ON THE COLOR OF IN
CANDESCENT MANTLES. V. Pasquero and P . Pizzorno 
(Genoa). Rass. min., 37, 293-5[1913?]. 

Mantles prepd. from certain samples of Th and Ce nitrate 
were found to have a pink color. The color was traced to 
the pressure of 125 mg. of didymium nitrate in 100 g. of 
the Th salt, and it was found that 20 mg. of the former in 
100 g. of the latter was sufficient to impart a distinct pink 
color to mantles prepd. from Th and Ce nitrates. (Chas. 
A. Rouiller) 

2067 
PRASEODYMIUM CONTAINED IN THORIUM NITRATE THE 
CAUSE OF THE COLOR OF THE AUER MANTLES. Vin-
cenzo Pasquero (Genoa). Rass. min., 38, 63[1913?]. 

On mixing small amts. of Nd and Pr nitrates, instead of 
the com. didymium salt, with Th nitrate, it was found that 
it was the P r salt which caused the pink color in the man
tles, 5 mg. per 100 g. of the Th salt being sufficient. The 
color is ascribed to the formation of Pr407 on ignition. 
(Chas. A. Rouiller) 

2068 
British Patent, 12,752, May 30, 1912. M. M. Hubers. 

In the manuf. of filaments of alloys of tungsten with 
thorium or like metals, according to 5,026, 1912 (C. A., 7, 
2724), the carbonizing and decarbonizing operations are 
now effected with long aggregate lengths in a furnace, in 1 
operation. Lengths usually of several meters are used, 
weighing from 3 to 7 g. The furnace is traversed by a 
reducing-gas such as H, free from O and moisture, and 
optionally from N. Amorphous or colloidal W is used. 

2069 
U.S. Patent, 1,086,428, Feb. 10, 1914. C. A. von Welsbach. 

Making incandescent electric lamp filaments from a 
mixt. of collodion, Os and Th oxide, denitrating the col
lodion and heating the filament electrically in an atm. of 
CO and H2O or CO2 and CO. Sugar may be used also as a 
binder and a small amt. of AI2O3 added produces a denser 
filament. 

2070 
ZIRCON, MONAZITE AND OTHER MINERALS USED IN 
THE PRODUCTION OF CHEMICAL COMPOUNDS EM
PLOYED IN THE MANUFACTURE OF LIGHTING APPA
RATUS. J. H. Pratt. North Carolina Geol. Econ. Survey, 
Bull. 25, 111 pp.(1916). 

The occurrence, uses and approximate compn. of min
erals containing Zr02, Y2O3, and ThOj are given. A list is 
given of the localities where monazite and the minerals a s 
sociated with it are found, while a more detailed account of 
the deposits in North and South Carolina is included. The 
methods for the mining and cleaning of monazite sands are 
also noted. Attention is drawn to the sources of supply of 
Ta, W, Ti and other metals used as filaments for lamps. 
(R. L. Sibley) 

2071 
PHYSICAL STUDY OF THE WELSBACH MANTLE. Herbert 
E. Ives, E. F. Kingsbury, and E. Karrer . J . Franklin Inst. 
186, 401-38, 585-625(1918). 

Mantles of Th02, ZrO,, MgO, AI2O., Si02, and BeO, resp.. 

were of such relatively low visible emissive power that each 
of these oxides by itself was useless for light-production and 
of no promise as a colorant'. Study was also made of man
tles composed of mixts. of Th02 plus the oxide of one of the 
following metals: Ce, U, Mn, Ni, La, Pr , Ne, and Er. In all 
cases an optimum mixt. proportion was found; at this opti
mum, the luminous efficiency was greatest for Ce, followed 
by U and Ne, resp., and was too low in the case of the other 
oxides to be of much interest. "The comparatively high ef
ficiency of both the Ce and U oxides is due to the presence 
of a strong absorption band in the blue end of the visible 
spectrum. In the case of cerla this band is present only 
when the oxide is hot; in the U oxide it is present also in 
the cold condition. Other oxides—namely, Mn and P r — 
bleach when hot, thereby partly losing their visible absorp
tion bands, with consequent low efficiency." Oxides of the 
following metals were not suitable for use as constituents 
of mantles: Ba, Cd, Ca, Fe, Mo, Sr, Ti, W, Zn, also Pt. 
The remainder of the paper is of interest to the physicist 
and the illuminating engineer. (Joseph S. Hepburn) 

2072 

RESISTANCE OF PURE INSULATING MATERIALS. E. 
Podszus. Verh. deut. physik. Ges. 19, 231(1918); Elek-
trotechn. Z. 39, 229(1918). 

A W ribbon 1 mm. wide and 0.2 mm. thick was wound into 
a helix 28 mm. long and 7.5 mm. in diam. The helix was 
mounted on the stem of a large incandescent lamp bulb and 
the ends of the ribbon were attached to the leading-in wires. 
Current of 50 cycles was passed through the ribbon and 
temp, measurements were made with a Holborn-Kurlbaum 
pyrometer CaO, AI2O3, MgO, Th02 and BN were compressed 
into small pencils 10 mm. long by 1.3 mm. diam., con
nected with a Wheatstonebridge and suspended in the W 
helix. The bulb was then evacuated. BN had the highest r e 
sistance at incandescent temp. The introduction of N into 
the bulb caused the resistance (temp. = const.) to drop with 
all oxides, except AI2O3. (C.G.F.) 

2073 
THORIUM AND CERIUM IN INCANDESCENT GAS LIGHT
ING. P. Lambert. Rev. chim. ind. 28, 178-80(1919). 

The history of gas mantles is given and their manuf. de
scribed, as are also the methods used in extg. Th and Ce 
from their ores. In making mantles, a mixt. of Th02 with 
0.3-2% CeOj gives the best results. (J. L. Wiley) 

2074 
THE INCANDESCENT GAS-MANTLE INDUSTRY. ITS RAW 
MATERIALS AND BY-PRODUCTS. Grinnell Jones and S. 
D. Kirkpatrick. U. S. Tariff Commission, Tariff Informa
tion Series No. 14, 32 pp.(1920). 

Monazite sand, Th and Ce nitrates, gas mantles, pyro-
phoric alloys, Ce and Meso-Th are dealt with. (E.J.C.) 

2075 
STATE OF THORIUM IN FILAMENTS MADE FROM TUNG
STEN METAL AND THORIA. E. Wedekind. Edel-Erden 
und-Erze3 , 109-10(1922). 

Starting with tungsten filaments contg. 2% of Th02 and 98% 
metallic tungsten W. obtains a residue from the treatment 
with a mixt. of HF and HNO3 which amounts to 2% of the 
total wt. of the filament. He, therefore, concludes that Th02 
is present in the finished filament substantially as such and 
that no detectable quantity of metallic Th results during the 
sintering of the metal in a reducing atm. W. believes Th02 
forms a solid soln. with W and is present in this form in the 
filament. (Duncan MacRae) 

2076 
ELECTRON EMISSION FROM THORIATED TUNGSTEN 
FILAMENTS. I. Langmuir. Proc. Am. Phys. Soc. 1922, 
Phys. Rev. 20, 107-8(1922). 

In filaments of W contg. Th at high temps, the Th by dif-
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fusion forms an adsorbed surface layer on the W, covering 
a fraction 6 of the surface. The log of the electron emis
sion is a linear function of 8, as expected from theory. 
An equation is given for the change in 8 due to heat treat
ment. Results show that surface Th atoms evap. from 
underlying Th atoms much more readily than from under
lying W atoms. (S. K. Allison) 

2077 
ELECTRON EMISSION FROM THORIATED TUNGSTEN 
FILAMENTS. Irving Langmuir. Phys. Rev. 22, 357-98 
(1923). 

Th02 contained in W filaments can be partially reduced to 
Th by heating in a vacuum to between 2600° and 2800°K. The 
filament can then be "activated" by heating a 2000-2100°K., 
for at this temp. The atoms diffuse to the surface of the 
filament more rapidly than they evap. from it. Filaments 
which have been treated in this way when tested between 
1400° and 1500°K. emit electrons many thousand times more 
actively than a pure W filament at the same temp. On cer
tain assumptions a mathematical analysis of the exptl. r e 
sults gives for the abs. value of the coeff. of diffusion D of 
Th through W, log,o D = 0.044 - 20,540/T. The rate of 
normal evapn. of Th atoms from a partly covered W sur
face (8 = 0.2 to 0.8) in atoms/cm.^ sec. is logm Enm = 
31.43 - (44,500/T). Studies of the effect of prolonged ac
tivation show that the surface film is not more than one 
atom thick. The rate of induced evapn. depends on the dif
fusion and on 8 (the fraction of the surface covered). Expts. 
show Ej = DG (0.82e + 189'), where Ei is the rate of induced 
evapn. and G is the concn. gradient of Th atoms inside the 
filament. Equations are given for the rate of activation, 
which depends directly on the difference between the rate of 
diffusion to the surface and the rate of evapn. from the sur
face. Energy changes for Th atoms per gram atom are: (1) 
heat of reduction of ThOj in W = -138,000 cal. (absorbed), 
(2) heat of evapn. of Th from W = 204,000 cal., and (3) heat 
of diffusion of Th through W = 94,000 cal. (S. K. Allison) 

2078 

RADIATION OF THE WELSBACH MANTLE. E. Podszus. 
Z. Physik 18, 212-6(1923). 

Expts. are described which demonstrate that for the same 
true temp, a mantle contg. 1% Ce02 radiates more in the 
visible region than does a mantle of pure Th02. Owing to 
its high emissivity, too much Ce02 makes it impossible to 
maintain the high temp. Thus there are optimum conditions 
at which the increase in light emission due to increasing 
the proportion of Ce02 is counterbalanced by the increase 
in temp, difference between the mantle and the flame. The 
influence of size of particles, etc., is discussed. If the 
mantle could be made of CeOj on a material which had no 
emissivity the light efficiency would be greatly increased. 
(D. C. Bardwell) 

2079 

ARC LAMPS. British Thomson-Houston Co., Ltd. British 
Patent 216,900, June 1, 1923. 

A body of a refractory material emitting radiation at the 
red end of the spectrum (and which may be formed of Zr 
oxide, carbide or silicate or of Th oxide) is placed between 
electrodes, which are preferably of W in an enclosed arc 
lamp contg. gas or vapor, e.g., Ne, A or N, together with 
Hg or an amalgam which is heated to incandescence to start 
the arc. 

2080 
THE THERMIONIC ILLUMINATING LAMP AND RISLER 
FLUORESCENT TUBES. Jacques Boyer. La nature 53, i, 
278-82(1925). 

A description with photographs of the principles, manuf. 
and use of thermionic lamps with the Risler effect, part of 
which is included in new patents (C. A. 18, 1437). By uti

lizing as the exciter of radiation the vapors emitted by salts 
at their dissociation temp., remarkable luminescent effects 
can be obtained without the intervention of fluorescent sub
stances. Thus with Ga, Na, Ce, and Th, the fluorescence is 
violet, yellow, blue and green, resp. The emission of the 
vapors in the tubes is produced by electronic bombardment 
from the cathode at a high temp. The app. consists of a 
glass bulb joined to the main tube and connected with a shunt 
circuit, the 2 branches of which are connected with 2 disk 
cathodes whose electronic paths converge on the metallic 
salt. When the atm. in the luminescent tube becomes 
rarefied because of adsorption of the gas by the walls and 
electrodes, a current passes through the shunt circuit, ac
quiring a higher p. d. When the cathode becomes heated, 
particles are emitted, with bombardment of the salt, the 
resulting vapor filling the main tube and maintaining auto
matically a const, pressure. In making the tubes, the usual 
methods for removing traces of N, H, etc., from vacuum 
tubes are inadequate and P2O5, C at low temps., liquid air, 
Mg, and W covered with red P are all used. The Risler 
tubes have a cond. corresponding exactly to the ionization 
potential of the chem. pure gas, and by supplying them by 
the aid of a high tension transformer with Ruhmkorff coils 
or high frequency resonators, the light emitted is steady 
and reaches 275 candle-power per m. With a heating unit 
and an incandescent W filament, the electronic emission is 
sufficient to bring about luminescence of the gaseous ions. 
Filaments coated with Th02 give remarkable results, the 
effects being due to the emission of a-particles whose 
ionizing power in a gaseous mixt. is great enough to r e 
place the mech. effect of electronic emission of an incan
descent filament. This adaptation of the Edison effect may 
also be applied to lamps with 2-3 electrodes for use on 
110 V. circuits. A filament of any desired form heated at 
reduced pressure is placed at a certain distance from a 
plate or grid or from a metallic armature, all of which 
are under a pressure of 0.1 mm. of Hg. The gas may be 
H, Ne, Hg or He. The electrons, attracted by the plate or 
grid on which the positive charge is maintained, cause any 
gas through which they pass to become luminescent. If a 
Th filament is used, lo is recovered. Derivs. of Ra, e. g., 
lo and Po, are among the most promising for use in this 
type of lighting. The filaments require only about 4-6 v. 
and 2 amps. The same principles allow of the direct Illumi
nation of vacuum tubes. Thus Ne tubes which usually re 
quire dangerous transformers can by the Risler method be 
filled with 99.5% Ne and give an intense light. By means of 
the automatic shunt circuit an app. can be constructed for 
the direct readmission of gas into X-ray tubes of the focus 
type. (C. C. Davis) 

2081 

METAL TOOLS AND DIES. K. Schroter and W. Jenssen. 
U. S. Patent 1,551,333, Aug. 25, 1926. 

Tools or dies adapted for drawing wires, etc., are formed 
of metals of the 4th, 5th, and 6th periodic groups fusible 
above 1000°, e g., of Ti, Zr, Th, Si, V, Ta, Cr, Mo, W, or U, 
with surface portions of such metal in combination with a 
metalloid, e.g., C or B. 

2082 

BENZIDINE DERIVATIVES OF THIOUREA. Leon Pinto. 
Compt. rend. 181, 788-90(1925). 

A low yield of monoacetylbenzidine (I) is obtained by 
condensing benzidine with 10 parts of glacial AcOH at 130° 
for 3 hrs. I is treated with an excess of CS2 in EtOH for 20 
hrs . on the water bath to form diacetylbenzidinethiourea 
(II), m. above 360°. The free base (III) is obtained by hy-
drolyzing at 125-130° with 0.1 N HCl. IH at 70° loses its 
water of crystn. Diazotizing and coupling III with aromatic 
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amines and phenols gives a new series of direct cotton 
colors. (D. H. Powers) 

2083 
THERMAL EMISSION OF ELECTRONS FROM METALLIC 
TUNGSTEN, MOLYBDEN, THORIUM, ZIRCONIUM AND 
HAFNIUM. C. Zwikker. Verslag Akad. Wetenschappen 
Amsterdam 35, 336-46(1926). 

If the thermal emission of electrons is considered as a 
vaporization of an electronic gas, it can be represented by 
the formula of Richardson-Dushman 1 = AT^ 10~''/T , in 
which A and b are consts. depending on the materials. W, 
Mo, Th, and Ta give a value of A which agrees with the 
theory, while Zr and Hf deviate greatly. (G. Calingaert) 

2084 
DETERMINATION OF THORIA IN TUNGSTEN FILAMENTS. 
Dorothy H. Brophy and Charles Van Brunt. Ind. Eng. Chem. 
19, 107-9(1927). 

The method described is based upon volatilization of W 
in a current of HCl or CHCI3 after a preliminary oxidation. 
The residue is assumed to be Th02. Such an assumption 
cannot be made in some cases, however, and the problem of 
detg. less than 0.1 mg. of Th with certainty is not yet 
solved. (W.T.H.) 

2085 
TUNGSTEN AND THORIA. Zay Jeffries and P. Tarsov. 
Am. Inst. Mining Met. Eng. No. 1614-E, 17 pp.(1927). 

The conclusion of Langmuir that Th is present in solid 
soln. in thoriated W wires is reviewed, and expts. are de
scribed showing the enlargement of thoria inclusions as the 
W wires were heated to higher temps. Microscopic examn. 
showed that the solid soly. of thoria in W was not over 
0.01%. O is distd. out of the wire faster than Th, and Th 
much faster than W. Thoria particles in the wire were 
larger as the firing temp, of the ingot was raised. Their 
concn. was found to be greater at the W grain boundaries 
than within the grains. They were elongated in swa ng, 
but not as much as the W grains. At temps, below 1200° the 
thoria was brittle. Photomicrographs are shown to illus
trate its appearance in wires of different sizes. In elec. 
lamp filaments the thoria particles are useful to control 
grain growth of the W. They increase slowly in size when 
the lamp is used, their growth being dependent upon diffu
sion. Thoria is only slightly sol. in liquid W, so that the 
sintering method of producing thoriated W ingots is neces
sary to get a uniform distribution of the thoria. (Geo. F. 
Com stock) 

2086 
ACTIVATING THORIATED METAL WIRE. J. W. Mar-
den, T. P. Thomas, and J. E. Conley. U. S. Patent 
1,626,685, May 3, 1927. 

The wire is heated and passed continuously through CO 
or other gaseous C compd. free from H. 

2087 
ELECTRON EMISSION FROM THORIATED TUNGSTEN. 
S. Dushman and Jessie W. Ewald. Phys. Rev. 29, 857-70 
(1927) 

The electron emission for a monatomic layer of Th on 
W is best represented for zero field strength by the rela
tion I = 3 T ' £ - 3 0 . 5 0 0 / T ^ where I is expressed in amp./cm.^. 
The emission was measured for different states of activa
tion of the filament. If d is the fraction of service covered 
with Th, then 6 < 0.95 (approx.) log AS varies linearly with 
te, where the emission for the given surface is represented 
by I = AST^e -beA . it is pointed out that the emission for a 
monatomic film of Th on W is greater than that observed 
for metallic Th. (Bernard Lewis) 

2088 
PHYSICS OF THE OXIDE RADIATOR—ESPECULLY THE 
WELSBACH MANTLE. H. Ewest. Gas u. Wasserfach 70, 
873-7(1927). 

The phys. theory underlying the oxide radiator is r e 
viewed. The spectral distribution of the radiation from the 
Welsbach mantle and of mixts. of ThO with La, Ni, Er, Pr , 
and Nd oxides is shown graphically for various temps 
(R. W. Ryan) 

2089 
THE BEHAVIOR OF THORIUM OXIDE IN INCANDESCENT 
FILAMENTS OF TUNGSTEN. W. Geiss and J. A. M. van 
Liempt. Z. anorg. allgem. Chem. 168, 107-12(1927). 

Th02 in W filaments is reduced to metallic Th above 
2700° abs. Th and W do not form mixed crystals. The dif
fusion of the Th02 towards the outside occurs along the 
edges of the grains of W, not through the lattice. (A. L. 
Henne) 

2090 
THERMINOIC VALVE. N. Rashevsky. British Patent 
271,885, May 27, 1926. 

A thermionic cathode consists of a support of refractory 
material such as W or Mo with a coating of metal such as 
Ni of a relatively low m.p. and low work function. When Ni 
is applied to a filament contg. Th oxide the reduction of the 
oxide begins at a lower temp, than when Ni is not present. 

2091 
TITANIUM PIGMENTS, ETC. J. Blumenfeld. British 
Patent 275,672, Aug. 9, 1926. 

Oxides of Ti, Th, Zr, Sn, Ce and other fourth-group 
metals are prepd. by hydrolysis of a soln. of a salt of the 
metal in the presence of colloidal particles of a compd. of 
the metal found in or added to the soln. before or during 
hydrolysis; e.g., a hot coned, crystalloidal soln. of Ti 
sulfate is slowly poured, while stirring, into V4 its vol. of 
hot water or dU. soln. by which colloidal particles are 
formed and later pptd. 

2092 
TUNGSTEN FILAMENTS COATED WITH THORIUM. John 
W. Marden, Thomas P. Thomas, and John E. Conley (to 
Westinghouse Lamp Co.). U. S. 1,675,120, June 26. 

Filaments for electron emission are formed of W free 
from Th compds. which is thermally plated with metallic 
Th, e.g., by deposition from Th acetylacetonate vapor. An 
app. is described. 

2093 
CAUSE OF THE LOSS OF THERMIONIC ACTIVITY OF 
THORIATED TUNGSTEN FILAMENTS UNDER CERTAIN 
VOLTAGE CONDITIONS. A. C. Davies and R. N. Moss. 
PhU. Mag. [7], 5, 989-1010(1928). 

The object of the present investigation was to inquire 
more closely Into the cause of the deactivation of thoriated 
W filaments, in a high vacuum, by the application of voltage 
encouraging emissions, at temps, well below the minimum 
necessary to cause any decrease of emission due to the 
temp, alone. To this end a thorough investigation was first 
made of the way in which the emission from an activated 
thoriated W filament varied with time during the applica
tion of various different arrangements of elec. fields, at a 
ser ies of different filament temps, and concn. gradients of 
Th in the filament. Valves of the type V. S. 8 B. were em
ployed for this purpose. These are triode valves with cy
lindrical electrodes, the filament being enclosed by an 
open spiral grid of about 3 mm. diam., and a cylindrical 
anode of about 1 cm. diam. and 2 cm. length. (Greorge 
Glockler) 

2094 

CONDITION OF THORIUM IN THORIATED TUNGSTEN 
FILAMENT. Ancel St. John. Amer. Inst. Mining Met. 
Eng., Tech. Publication No 22, 10 pp.(1927). 

Examn. of a high-emission filament supposed to contain 
about 0.75% thoria indicated the presence of metallic Th, 
and in some cases an "alloy of Th in W." There is no evi
dence of Th as oxide, and none of an "alloy of Th in W." 
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The "alloy of W in Th" has a characteristic parameter and 
probably a characteristic compn. During the Investigation, 
methods were devised for detecting as small a quantity as 
0.2% of a minor constituent. (W. H. Boynton) 

2095 
IONS AND ELECTRONS IN THE VACUUM LAMP. P. 
Selenyi. Physik. Z. 29, 311-8(1928). 

The electron and ion phenomena which take place in a 
vacuum lamp or vdiich can be produced by it are described 
systematically. The behavior of the lamp or that of the 
ions and electrons towards electrostatic, magnetic and 
electromagnetic influences are discussed. It has been 
shown that the vacuum lamp can function as detector, 
rectifier, voltameter, magnetron, photocell and vacuum 
meter. Some investigations carried out with vacuum lamps 
are mentioned (detection of Th in the burning filaments, 
detection of O formed in the electrolysis of glass). Some 
methods of the detn. of vacuum in the ready-made lamps 
are discussed briefly. (M. R. Fenske) 

2096 
ELECTRON EMISSION AND DIFFUSION CONSTANTS FOR 
TUNGSTEN FILAMENTS CONTAINING VARIOUS OXIDES. 
S. Dushman, D. Dennlson, and N. B. Reynolds (Gen. Elec. 
Co.). Phys. Rev. 29, 903(1927). 

The emission phenomena are similar to those observed 
with thoriated W filaments. The values of A and b, resp., 
in the thermionic emission equation are for Y 7.0, 31,300; 
La 8.0, 31,500; Ce 8.0, 31,500; Zr 5.0, 36,500; U 3.2, 33,000; 
Th 3.0, 30,500. Data are also given for the diffusion consts. 
and heat of diffusion of U, Th, Ce, Zr, and Y. (W. W. 
Stiller) 

2097 
THORIUM-COATED FILAMENTS. John W. Marden, John 
E. Conley, and Thomas P. Thomas (to the Canadian West
inghouse Co., Ltd.). Canadian Patent 284,951, Nov. 20, 

, 1928. 
Filamentary material of W, Mo or other similar mate

rial has applied thereto a pure coating of Th. 
^098 

VISIBLE RADIATION CHARACTERISTICS OF INCANDES
CENT OXIDES. Marcella L. Phillips (General Elec. Co. 
Research Lab. Cleveland, O.). Phys. Rev. 32, 832-9(1928). 

Energy radiated in the visible part of the spectrum of 
various oxides and their mixts. when heated to red bright
ness, between 1400° and 2000°K., by means of cathode-ray 
bombardment, and gas-air and oxy-gas flames, was meas
ured by an (^tical pyrometric method. The oxides investi
gated were of the elements U, Ce, La, Nd, Er, Yt, Zr, Th, 
Al, Be, Mg and mixts. of thoria with 1% ceria (the Wels
bach mantle mixt.), 1% and less of urania, 1% neodymia and 
1% MgO. These were either pressed or fused to ensure 
good surface conditions. In general linear relations were 
found between the logarithm of the red-blue intensity ratio 
and the reciprocal of the brightness temp., and between the 
logarithm of the candles emitted per unit surface area and 
the logarithm of the brightness temp. Different modes of 
heating gave different radiation curves for the same oxide. 
Tables are given of the candles per sq. cm. and the relative 
blue brightness for red brightness temps, of 1400°, 1500°, 
1600°, 1700°, 1800°, 1900°, and 2000°K. (Bernard Lewis) 

2099 
THE EVAPORATION OF THORIUM FROM TUNGSTEN. 
MaryR. Andrews. Phys. Rev. [2], 33, 454-8(1929). 

The rate of evapn. of Th from pure W and from carbon
ized W was measured between 2000° and 2500°K. The Th 
was deposited on these surfaces by evapn. either from tho
riated filaments or from metallic Th. Evapn. from both 
surfaces varied directly with the fraction covered, being 
more rapid from pure W than from carbonized W. The heat 

of evapn. from W was calcd. to be 177,000 cal./g. mol. and 
from carbide 202,000 cal./g. mol. (Bernard Lewis) 

2100 
X-RAY TARGET. John W. Marden, Clayton T. Ulrey, and 
Louis F. Eurke (to Westinghouse Lamp Co.). U. S. Patent 
1,733,744, Oct. 29, 1930. 

A fused Th insert is intimately united to Ta and the Ta is 
united to a backing of material such as Cu of good heat cond. 

2101 
THORIATED TUNGSTEN FILAMENT. John H. Ramage 
(to Westinghouse Lamp Co.). U. S. Patent 1,764,644, June 
17, 1930. 

NH F̂ is added to an ammoniacal soln. of WOj, and the 
soln. is acidified with an acid soln. contg. a proportion of 
an acid sol. Th compd. substantially equiv. to the NH4F 
used. The pptd. tungstic acid and Th fluoride mixt. is re
covered and the W in the mixt. is reduced to metal by heat
ing with H, and is used for filaments which have good re
sistance to offsetting. 

2102 
METAL FILAMENT FOR INCANDESCENT ELECTRIC 
LAMPS. C. Senen. Belgian Patent 370,823, July 31, 1930. 

The filament is formed of an alloy of W, Th, Ir, Ni, and 
Cr, or of an alloy of W, Th, and Zr. It has an elongated 
cross-section, either an ellipse or a double parabola. 

2103 
EFFECT OF ADSORBED THORIUM ON THE THERMIONIC 
EMISSION FROM TUNGSTEN. Walter H. Brattain. Phys. 
Rev. 35, 1431(1930). 

The thermionic emission from a W ribbon has been in
vestigated. With increasing Th deposited, the emission 
went through a max. and then decreased to a const, value. 
The Th diffused into W at 1800°K. (E.J.R.) 

2104 
A TUNGSTEN FILAMENT ALLOYED WITH THORIUM FOR 
INCANDESCENT ELECTRIC LAMPS. Kwan Nishimoto. 
Proc. World Eng. Congr., Tokyo, 1929 24, 1-36(1931). 

The W-Th alloy is a solid soln. 
2105 

TUNGSTEN CARBIDE COMPOSITION SUITABLE FOR 
DIES FOR DRAWING WIRE. Le Roy L. Wyman (to General 
Electric Co.). U. S. Patent 1,822,720, Sept. 8, 1931. 

W carbide is used with about 25% of Co and about 3% 
ThOj. 

2106 
THORIATED TUNGSTEN FILAMENTS. Wm. B. Gero and 
Edmund S. Davenport (to Westinghouse Lamp Co.). U. S. 
Patent 1,826,514, Oct. 6, 1932. 

Treatment of drawn thoriated W filaments to render 
them capable of exaggerated grain growth when incandesced 
to elevated temps, comprises annealing the filament to a 
white heat under slight tension at a definite size larger 
than the final size and then mechanically working the fila
ment to final size. 

2107 
ACTIVATED THORIATED TUNGSTEN CATHODES. 
Malcolm N. Rich and Ernest A. Lederer (to Westinghouse 
Lamp Co.). U. S. Patent 1,842,203, Jan. 19, 1932. 

Cathodes which have been subjected to a carbonizing 
action are heated to somewhat below 200° in H substantially 
to remove the C and W carbide content, and the filaments 
are subsequently heated in vacuo to about 2850° to decom
pose the Th compds. present, ^ p . is described. 

2108 
WORK FUNCTIONS AND THERMIONIC CONSTANT "A" 
DETERMINED FOR THORIATED TUNGSTEN. W. B. 
Nottingham. Phys. Rev. 36, 376(1930). 

2109 
AN ESTIMATION OF PATCH SIZES ON A THORIATED 
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TUNGSTEN FILAMENT. Leon B. Linford. Phys. Rev. 
36, 1018(1930). 

2110 
THE DECREASE IN THORIUM CONTENT DURING THE 
BURNING LIFE OF THORIATED TUNGSTEN FILAMENTS. 
F. Koref and C. Reiter. Teck wiss. Abhandl. Osram-
Konzern 2, 99-102(1931); Chem. Zentr. 1931 II, 3646. 

After burning for a long time the filaments began to show 
a decrease in the Th02 content on the outside, and to a like 
degree progressive recrystn. of W toward the axis. Both 
effects can lie avoided if the lamp contains some P2O5. The 
effect of the P20|j depends upon its partial pressure of O 
which prevents the reduction of the Th02. Attempts to 
obtain similar results with BaO, CaO, and Si02 failed. 
(M. G. Moore) 

2111 
TUNGSTEN-THORIUM PROBLEM. I. ACTIVATION OF 
TUNGSTEN CONTAINING THORIUM. E. Chalfin. Physik. 
Z. Sowjetunion 2, 59-76(1932). 

The no. of Th atoms evapg. from a W surface is only 
5 — 10% of the no. of Th atoms reaching the surface. The 
quantity log (1-6) depends on the previous handling of the 
wire; only in special cases is it a linear function of the time 
of activation. When a W wire is activated and deactivated by 
heating, the work of activation is decreased, as is also a 
quantity proportional to the total length of the cracks along 
which the Th atoms reach the surface. When a wire is 
heated to 3000° K. not only Th but also W evaps. (E. J. 
Rosenbaum) 

2112 
THE DIFFUSION OF TH IN W. Gorton R. Fonda, Andrew 
H. Young, and Amy Walker. Physics 4, 1-6(1933). 

Various lots of thoriated W wires varied widely in diffu
sion and activation const. The wires were heat treated to 
develop grain lengths from 4 ji to 3 cm. These variations 
produced marked changes in thermionic emissive charac
terist ics, such as activation and deactivation rates and 
emissive life at normal operating temp. The heat of diffu
sion was unaffected. The intergranular diffusion of Th thru 
W is relatively too fast to measure; the observed phenom
ena depend entirely on intragranular diffusion. This concept 
agrees with the existence of a crit. grain size for max. 
emissive life. Th atoms were found to spread over the sur
faces of W crystals. The effect of mech. strain on activa
tion was studied. 

2113 
THERMIONIC AND ADSORPTION CHARACTERISTICS OF 
THORIUM ON TUNGSTEN. Walter H. Brattain and Joseph 
A. Becker. Phys. Rev. 43, 428-50(1933). 

Th was deposited on a W ribbon by evapn. The thermionic 
emission was detd. as a function of temp, and amt. of Th on 
the surface; the amt. on the surface is expressed as the 
ratio, / , to the amt. which gives max. emission. For / < 2, 
a const, emission is reached, agreeing within a factor of 2 
with that for massive Th. The results obtained are com
pared in detail with expts. on thoriated W wires activated 
by diffusion of Th from the interior. The exptl. results of L. 
and of B. and B. are similar, but the interpretations differ. 
L. 's conclusions are based on an incorrect theoretical 
relation between emission and the fraction of surface cov
ered 9. A few data on the variation of emission with the 
applied field are given. The rates of evapn. and surface 
migration of the Th are studied as a function o f / and of 
temp.; both rates increase with/ . The work function for 
migration is about 4.7 v or 110,000 cal./mole, varying 
somewhat with / . (L. S. Kassel) 

2114 
SPUTTERING OF THORIATED TUNGSTEN BY BOMBARD
ING POSITIVE IONS. A. Gehrts. Z. tech. Physik 14, 
145-52(1933). 

The removal of the adsorbed thoria film by ion bombard
ment is a special case of cathode sputtering. It is independ
ent of the type of gas and is dependent on the ion energy. 
(A. Fleischer) 

2215 

THORIATED TUNGSTEN FILAMENTS. Irving Langmuir, 
J. Franklin Inst. 217, 543-69(1934). 

When the rate of evapn. of electrons from the filament is 
known, the change in the contact potential, V, produced by 
the adsorbed Th can be calcd, by the Boltzmann equation, 
and the dipole .moment, M can be calcd, from the equation 
V = 2 TTpM, where p is the no. of Th atoms per sq. cm. By 
an equation already used for Cs filaments on W, the 2-
dimensional equation of state of the adsorbed film can be 
calcd. from M, Then, by Gibbs' adsorption equation, the 
relation of the at. evapn. rate to the temp, and the fraction 
of the surface covered by Th atoms can be detd, (E. R. 
Rushton) ' 

2216 
SMALL CAST THORIUM OXIDE CRUCIBLES. H. K. Rich
ardson. J. Am. Ceram. Soc. 18, 65-9(1935). 

Crucibles were made from ThOj by slip-casting. Cryolite 
is needed in the slip to Insure success. Firing was at 1885° 
in a special gas furnace. The addn. of Zr02 aided in manuf. 
The crucibles gave good results in vacuum-induction fur
naces to melt pure metals at 2300°. Expansion curves 
showed a peculiar action in crucibles made with Zr02 at 
700- 900°. The mean coeff. of expansion of fused Th02 
was detd. as 93 x 10"' from 0° to 600°. These crucibles 
were fairly resistant to chem. reagents but not enough so 
for chem, work. They resisted wetting of molten metals 
of high m.p. (C. H. Kerr) 

2217 
LUMINESCENCE OF THORIUM OXIDE ACTIVATED BY 
RARE EARTHS. OPTIMUM CONCENTRATION FOR DIF
FERENT SOURCES OF EXCITATION. Frances G. Wick 
and Charlotte G. Throop. J. Optical Soc. Am. 25, 57-62 
(1935). 

Three sets of specimens were prepd. in which Th02 con
tained as activators Pr , Sm, and Tb varying in concn. from 
10 mols. of Th02 per atom of activator to 100,000 mols. per 
atom. Luminescence was excited by the H flame, 4-4.8-kv. 
cathode rays, ultraviolet light and 80-kv. Mo x-rays. The 
concn. of activator, in mols. of Th02/atom of activator, for 
max. luminescence as excited by flame, electron bombard
ment, ultraviolet radiation and x-rays was for Tb 158.5, 
389, 69.18 (2500-2900 A.), 62.5; for Sm 23.44, 69.18, 48.98 
(2200 A.), —; and for Pr 263, 489.8, 346.7 (2900-3000 A.), 
200-400. (H. A. Smith) 

2118 
ELECTRON-OPTICAL IMAGES OF EMITTING WIRES. H. 
Mahl. Z. Physik 98, 321-3(1935). 

The electron-optical image of a W-wire Is compared with 
the photograph and images of thoriated W and Mo wires are 
given. (B. Swlrles) 

2119 
EMISSION PICTURES OF THORIATED TUNGSTEN AND 
THORIATED MOLYBDENUM. I. FUNDAMENTAL PHE
NOMENA IN THORIATED TUNGSTEN. E. Bruche and H. M 
Mahl. Z. tech, Physik 16. 623-7(1935). 

The several phases in the treatment of thoriated W have 
been studied with the electron microscope. On the first 
heating, strongly emitting rings surrounding weakly emit
ting regions are seen. On reduction, discrete points indi
cating the emergence of Th appear. On activation these 
points become brighter. Th migrates over the surface of 
the W but does not spread out evenly. Instead it collects in 
discrete patches. Th emerges from the crystal faces as 
well as at the crystal boundaries. In no case was uniform 
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emergence at the boundaries observed. The points at which 
Th emerges change after deactivation. The structure of the 
W is best observed after deactivation, (J. B, Austin) 

2120 
THERMIONIC EMISSION FROM TUNGSTEN AND THORI
ATED TUNGSTEN FILAMENTS. W. B. Nottingham. Phys. 
Rev. 49, 78-97(1936). (B.L.) 

2121 
CONTACT POTENTIAL MEASUREMENTS ON TUNGSTEN 
FILAMENTS. David B. Langmuir. Phys. Rev. 49, 428-35 
(1936). 

The electron emission and contact potential were detd. 
for filaments of pure W and of activated and deactivated 
thoriated W. (L. W. Kassel) 

2122 
THE EMISSION PICTURES OF THORIATED TUNGSTEN 
AND THORUTED MOLYBDENUM, H. INFLUENCE OF 
CARBURIZATION ON THORIATED TUNGSTEN. E. Bruche 
and H. Mahl. Z. tech. Physik 17, 81-4(1936). 

The behavior of thoriated W after carburization in CgHio 
vapor is studied with the electron microscope. Carburiza
tion lowers the reduction temp, of Th02 so that a strong 
emission is obtained with a relatively mild heat treatment. 
By controlling the carburization the surface can be made to 
give either uniform or discrete emission. The discrete 
emission can be activated or deactivated as in ordinary 
thoriated W, On deactivation W2C decomposes to give 
patches of C on the surface. In a single crystal broken up 
by carburization, Th appeared at the grain boundaries, 
(J, B, Austin) 

2123 
AUTOMATIC EXHAUST APPARATUS FOR USE IN THE 
MANUFACTURE OF THORIATED FILAMENT DEVICES, 
ETC. Raymond R. Hoffman (to Hygrade Sylvania Corp.). 
U. S. Patent 2,057,098, Oct. 13,1936. 

Various structural, elec. and operative details. 
2124 

MEASUREMENT OF THE WORK OF REMOVAL OF AN 
ELECTRON. E. N. Gribanov, J, Tech. Phys. (U.S,S,R.) 
5, 1356-61(1935), 

A method based on the heat of evapn. of electrons is 
given with a scheme of the circuit for measuring the work 
of removal of an electron from an incandescent wire, as in 
elec. lamps. Data are given for Th wires. A test of the 
method showed that the av. error is not more than 0.4%. 
(F. H. Rathmann) 

2125 
ACTIVATING THORIATED TUNGSTEN CATHODES. Gorton 
R. Fonda (to General Elec. Co.). U. S. Patent 2,069,407, 
Feb. 2, 1937. 

Activation is effected by incandescing the cathode in the 
presence of H at about atm. pressure and at a temp, of 
about 3000°. 

2126 
THORIATED TUNGSTEN ACTIVATION AS REVEALED BY 
THE ELECTRON MICROSCOPE. A. J. Ahearn and J. A. 
Becker. Phys. Rev, 49, 879(1936), 

2127 
PHOTOELECTRIC AND THERMIONIC INVESTIGATIONS 
OF THORIATED TUNGSTEN SURFACES. Allen King. 
Phys. Rev. 53, 570-7(1938). (Bernard Lewis) 

2128 
ELECTRON-MICROSCOPE STUDIES OF THORIATED TUNG
STEN. Arthur J. Ahearn and Joseph A. Becker. Phys. Rev. 
54, 448-58(1938). 

An electron microscope is described which was used to 
obtain electron images of thoriated W ribbons. Th comes 
to the surface in eruptions, at a relatively small no. of ran
domly located points. X-ray analysis shows that the surface 

of a single-crystal W ribbon is a (211) plane and that (111) 
is the preferred direction of migration of Th in this plane. 
(S. L. Gerhard) 

2129 
LIGHT OUTPUT AND SECONDARY EMISSION CHARAC
TERISTICS OF LUMINESCENT MATERIALS. S. T. Martin 
and L. B. Headrick. J. Applied Phys. 10, 116-27(1939). 

Light output and screen-potential data are given for ZnS, 
Ca tungstate, willemite, Zn Be silicate, Zn Mg silicate, Zn 
Ba silicate, Zn Be Zr Th silicate and Zn Cd sulfide. These 
phosphors were sprayed from suspension onto Nonex glass 
and bombarded by electrons of 0.5-10 kv. The limiting 
potentials of willemite and other Zn silicate screens is 
from 6 to more than 10 kv.; of 2 samples of ZnS, 6 - 9 kv.; 
of Ca tungstate, less than 5 kv. Formulas are given for 
light output and for the function of c d . (G. M. Petty) 

2130 
DRIFT OF ADSORBED THORIUM ON TUNGSTEN FILA
MENTS HEATED WITH DIRECT CURRENT. R. P. Johnson. 
Phys. Rev. 53, 766(1938). 

The migration toward the neg. terminal of Th adsorbed 
on W is demonstrated directly in a simple electron-
optical tube. (B.C.P.A.) 

2131 
THE LIGHT OF COMBUSTION OF SOME METALS AND 
ALLOYS, n. J. A, M, van Liempt and J, A, de Vriend, 
Rev, trav. chim. 58, 423-32(1939) (in German), 

Previous expts. on the amt. of light, the light yield and 
the flash time of the combustion light of metals and alloys 
were extended to pure Th and Ti and the following alloys 
Al + 2.8% Zr, Al + 7% Mg, 91% Al + 7% Mg + 2% Zr, Al + 
2.5% Ti, Al + 1% Ca and Al + 1 and 2% Li. The term leumen-
sec, as unit of measurement for photographic flash lights is 
defined and compared with standards in current usage. 
(H.S.v.K.) 

2132 
ELECTRODES FOR ARC-DISCHARGE VALVES Hugo J. 
Seemann (to General Elec. Co.). U. S. Patent 2,151,567, 
Mar. 21, 1939. 

An alloy is used contg. Th or Ba about 5, Ag about 68.4, 
and Cu about 26.6%, which has good resistance to deteriora
tion. 

2133 
INVESTIGATION OF CONTACT HETEROGENEITY ON THE 
SURFACE OF THOR1A.TED TUNGSTEN. N. D. Morgulis and 
B. I. Dyatlovitskaya. J. Exptl. Theoret. Phys. (U.S.S.R.) 9, 
293-301(1939). 

By the thermal ionization of Na atoms, the contact inhomo-
geneity of Th films on W surfaces was studied. The distri
bution of the Th spots is in accord with the Becker-King 
theory; the Th is probably adsorbed on certain spots, alter
ing the electron expulsion work (p from 4.5 e.v. on the pure 
W surface to 2.6 e.v., while it is not at all adsorbed on other 
spots. The disagreement with the results of Becker (Rev. 
Modern Phys. 7, 110(1935)), and Nottingham (C. A. 30, 
33IO7) is due to the greater accuracy obtained by the use of 
atoms in place of electrons. (F. H. Rathmann) 

2134 
THERMOELECTRIC STUDY OF THORIATED MOLYBDE
NUM FILAMENTS. Pierre Grauwin. Ann. phys. 12, 88-160 
(1939). 

Discussion and review of previous work. Expts. conducted 
on the thermionic emission of the filaments as a function of 
time, temp, and presence of external gases (Hg and O2). The 
consts. of emission in the Richardson formula are 4 = 2.61 ± 
0.01 e.v., A = 1 ± 0.25 amp./cm.Vdeg.'. The results are in 
good agreement with those of Dushman (C. A. H, 3282; 21, 
2220). 22 references. (Earl A. Gulbransen) 
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2135 
ACTIVATION PHENOMENA ON THORIATED TUNGSTEN 
AND THORIATED MOLYBDENUM. H. Nelting. Z. tech. 
Physik 21, 103-10(1940). 

Measurements of the rate of activation of thoriated Mo 
were made at 1615°, 1700°, and 1750°K. The curve at 1750° 
K. shows a max. Although the form of the curves is dif
ferent from those for thoriated W, they follow the same 
differential equation. The amt. of Th appearing per sec. 
per cm. during the activation is const, for W but decreases 
with time for Mo. The rate of diffusion of Th to the surface 
is limited but the rate of spreading on the surface is very 
high. Equations are derived which express the relation 
between coverage and time. Calcd. diffusion coeffs. agree 
with Dushman's value for 2000°K. Thoriated W and Mo 
must Ixjth be heated above the operating temp, to reduce 
Th02, The Mo cathode is not suitable for a high specific 
emission but is suitable for low emission. The life of the 
Mo cathode is shorter than that of a W cathode. (J. B. 
Austin) 

2136 
OPAQUE, ENAMEL-LIKE, HARD AND PROTECTIVE 
COATINGS ON ARTICLES OF ALUMINUM OR ALUMI
NUM ALLOYS. Max Schenk (to Ematal Electrochemical 
Corp.). U. S. Patent 2,262,967, Nov. 18, 1942. 

Coatings contg. an oxide of Th are formed by immers
ing the articles in an aq. acid bath contg. cations of a salt 
of Th such as Th NH4 oxalate together with O-contg. anions 
which will promote the formation of a hard adherent coat
ing, and passing an elec. current through the articles as 
an electrode. 

2137 
DISSOCUTION OF HYDROGEN ON TUNGSTEN AND 
THORIUM-COATED TUNGSTEN. N. S. Zaitsev. J. Phys. 
Chem. (U.S.S.R.) 14, 644-9(1940). 

The rate v of dissocn. was detd. by the reduction of pres 
sure p of H2 cooled in liquid air after being in contact with 
hot W wire. In the course of one expt. V was proportional to 
p, i.e., the reaction was of the first order. At a const, p 
(10"'-10"^ mm. Hg) v is higher the smaller the Th concn. on 
the surface of W. Probability of dissocn. is a linear function 
of the work function of the metal and is independent of temp. 
(1570-1820° abs.). (B.C.P.A.) 

2138 
FIELD EMISSION FROM TUNGSTEN AND THORIATED 
TUNGSTEN SINGLE CRYSTALS. J. H. Daniel. Phys. Rev. 
61, 657-67(1942). 

A reproducible time sequence of different pattern types 
appears in electron projector images of field emission 
from W single crystals when the crystals are kept at temps, 
above 100°K. These pattern types, some of which have been 
observed before and attributed to migrations of surface W 
atoms, can best be explained, with a single possible excep
tion, as the result of rearrangement of adsorbed gas atoms 
on certain crystallographic surface areas under the influ
ence of temp, and field. (Bernard Lewis) 

2139 
SPECTROGRAPHIC DETERMINATION OF TH IN W FILA
MENT WIRE. S. L. Parsons. J. Optical Soc. Am. 33, 
659-62(1943). 

A spectrographic method is described for detg. Th in W 
over the range from 1 to 2%. Samples are burned in a 2200-
v.a.-c. arc using 2.4 amp. A conventional analytical curve 
prepd. from chemically analyzed samples shows a linear 
relation between log concn. and log ratio of the intensity of 
Th 2899.3 A line to the intensity of W 2904.0 A line. The 
method is in routing use for controlling production of fil
ament wire for power tubes. (W.F.M.) 

2140 
THE DETERMINATION OF TH IN TH-TREATED W WIRES, 
W. B8hm. Metall u. Erz 40, No. 11/12, 179(1943). 

The method described consists in digesting the thoriated 
W wire with HF + HNOj, pptg. Th(OH)4 by treatment with 
NaOH (which also dissolves the WO3), dissolving the washed 
Th(OH)4 in HCl, pptg, Th(C204)2 and igniting to ThOj, If all 
the Th(0H)4 does not dissolve in HCl, fuse the residue with 
KHSO4, (W. C. Ebaugh) 

2141 
PROPERTIES OF TH-CONTAINING HARDENING STEELS. 
Heinrich Cornelius. Arch. Eisenhiittenw. XT, 23-7(1943). 

Th does not produce in the system with Fe a sepd. y-
range. There exist very likely several compds, of Fe with 
Th; one of these, rich in Th, melts at slightly above 1000°, 
A high soly. of one of the two metals in another state than 
the solid is improbable. The effect of Th in quantities up to 
1.4% on hardening steels consists mainly in the formation 
of a very stable carbide, ThC2, which even at temps, up to 
1340° is practically insol. in solid Fe. The hardening temp, 
range is not much enlarged, as the ThC2 exists mainly in 
coarse distribution. The hardenability of steels is , there
fore, entirely lost if the Th content reaches about 10 times 
the C content, which is sufficient to bind all the C as car
bide. Larger amts. of Th in the hardened steel reduce its 
toughness. The scaling resistance of hardening steels is 
not improved at 650 to 800° by alloying with Th, The expts, 
lead to the conclusion that addn. of more than a few tenths 
% Th is disadvantageous. Th seems to be able to prevent 
intercryst. corrosion of austenitic steels if it can be had at 
sufficiently low price and in sufficient quantities. (M, 
Hartenheim) 

2142 
FACTORS AFFECTING SHEET STRENGTH. S. R. H. Edge. 
Proc, Tech, Sect,, Paper Makers' Assoc, Gt. Brit. & Ire
land 25, 210-15(1944). 

Data are reported to show the difference in the results 
when lab. sheets are allowed to dry free and are allowed to 
shrink and when plate-dried without shrinkage. Shrinkage 
makes an appreciable difference in the substance of the 
sheets but, with allowance for this, the bursting and tearing 
strengths decrease and the breaking strength increases 
when shrinkage is prevented. On the papermaking machine, 
paper always has a higher tensile strength in the machine 
direction and a higher moisture expansion in the cross 
direction of the sheet. Data are given also to show the 
marked effect of tension during drying on increasing the 
tensile strength. Expts. are also given to show the effect 
of the addn. of Na2S04, AlClj, CaCl2, alum, chrome alum, 
Th(S04)2, FeClj, NaOH, Na2COj, NH4OH, and NajSOj to 
London tap water on the phys. properties of pulps when 
air-dried and not-dried. (C. J. West) 

2143 

A G E I G E R - M O L L E R TUBE WITH A THIN-WALLED ANODE. 
THE DETERMINATION OF THE DISTRIBUTION OF THO
RIUM ON THORIATED TUNGSTEN (WIRE). T. Mikhaleva 
(Middle Asia State Univ., Tashkent, Uzbek S.S.R.). J. Exptl. 
Theoret. Phys. (U.S.S.R.) 15, 765-7(1945) (English summary). 

An Al tube with an Inside diam. of 1.7 mm. and a wall 0.09 
mm. thick forms the anode of a G.-M. tube filled with 37 mm. 
of air . (The pressure is crit,) With the tube shielded by 5 
cm, of Pb, 0,2 mg, of Th gave 12 counts/min. against a 
background of 8 counts/min. The plateau was 60-100 v. 
wide. Tests on supposedly uniformly thoriated W wire 
inserted into the anode showed fluctuations of more than 
75% from the av. Th content. (C.F.) 

2144 
CARBIDE STRUCTURES IN CARBURIZED THORIATED-
TUNGSTEN FILAMENTS. C. W. Horsting (Tube Dept., 
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RCA, Harrison, N, J,). J. Applied Phys. 18, 95-102 
(1947). 

The origin of the wide variety of carbide structures found 
in the surface of carburlzed filaments is traced to carbur-
izing conditions and subsequent processing during tube man
ufacture, A frequently occurring laminated carbide struc
ture contains less C than does W2C. The thyratron relay 
method of carburizing control is critically reviewed and is 
considered excellent, provided that strict control of the 
hydrocarbon content of the H2 atm, is maintained. Filaments 
having abnormal elec. characteristics were collected and 
analyzed metallographically. Solid and laminated carbide 
structures in varying proportions in test filaments were 
produced at will by changing the hydrocarbon content of the 
H] gas in an exptl. carburizing app. The character of the 
carbide formation obtained during carburizing and decarbur-
izing can be explained by the theory of diffusion and the 
characteristics of the C-W phase diagram. (S. L. Gerhard) 

'2145 
ZIRCONIUM AND THORIUM ELECTRODES IN DISCHARGE 
LAMPS. H. C. Rentschler, D. E. Henry, and W. C. Lillien-
dahl (Westinghouse Lamp Div., Bloomfield, N. J.). Trans. 
Electrochem. Soc. 91, 7 pp.(1947) (Preprint). 

Expts. with electrode materials in cold discharge lamps. 
Data are presented for evaluating the cause of tube blacken
ing in com. lamps and the elimination of this condition by Zr. 
The use of various electrode materials is discussed and 
their relation to lamp-operating characteristics. A method 
is described for investigating the cause of deterioration in 
phosphors. Expts. prove that the blackening of glass is bac
tericidal ultraviolet lamps is due to the interaction of O 
with Hg. The substitution of special Vycor for the ultraviolet-
transmitting glass now in common use increases the initial 
output and reduces the deterioration caused by solarization 
and practically eliminates the objectionable generation of Oj. 
Stability of the discharge is greatly improved by the use of 
Zr or Ti electrodes. Zr and Th electrodes in special lamps 
in Vycor can be used for testing the stability of fluorescent 
powders. (C.G.F.) 

2146 

VINYL HALIDE POLYMER AND COPOLYMER STABILIZA
TION. Wingfoot Corp. British Patent 584,674, Jan. 21, 1947. 

Vinyl halide polymers and copolymers were stabilized by 
incorporating 0.2 to 10% by wt. of a salt of thorium or zirco
nium such as Th(NOj)4, Th(C2H302)4, or Zr(N03)4. The sta
bilizer inhibited or retarded discoloration of the resins on 
aging at room temp, and at elevated temp. (N.A.S.) 

2147 
posirrvE IONS FROM THORIATED TUNGSTEN, G. A. 
Jarvis. Phys. Rev. 70, 106(1946). 

2148 
ALUMINUM PHOSPHATE PHOSPHOR. Herman C. Froeh-
lich and Joseph M. Margolis (to General Electric Co.). U. 
S. Patent 2,455,414, Dec. 7, 1948. 

A phosphor, emitting long-wave ultraviolet when excited 
by short-wave ultraviolet, can be obtained by pptg. a mixt. 
of Al(NOj),, Ce(NO,),, and Th(NOj)4 with boiling (NH4)2HP04 
soln., by drying the ppt. at 300°, and by firing at 1200° in H 
and steam. The CejOj content should be 12-25% and the 
Th02 content, 0.2-15%. 

2149 
CALCIUM PHOSPHATE PHOSPHOR, Herman C, Froehlich 
and Joseph M, Margolis (to General Electric Co,). U. S. 
Patent 2,455,413, Dec. 7, 1948. 

A phosphor is described which emits long-wave ultra
violet and some blue when excited by short-wave ultraviolet. 
This phosphor consists of Ca5(P04)2 activated by Ce (1-20%) 
and Th (0.01-20% by wt. of the phosphate, preferably 0.8%). 
A mixt. of nitrates is pptd. with boiling (NH4)2HP04 soln. 

The ppt. is filtered, dried at 200-300°, crushed. Screened, 
fired at 1250° in H and steam, and cooled in H to room temp. 
(S. Pakswer) 

2150 
CHEMICALLY CHANGED WOOL. STUDIES OF THE 
HARRIS PROCESS. Werner Kirst. Melliand Textilber. 
28, 394-6(1947). 

Wool was treated in a manner similar to the Harris proc
ess (CA. 35, 6800,; 37, 264,) with sym-dichloroacetone and 
and l,3-bis(chloromethyl)-4,6-dimethylbenzene in an 
acetone-water mixt. to which NaHCOj was added as a buffer. 
The preliminary reduction of the wool took place at 50° and 
a pH of 5.1 in solns. of 17.5 g. thioglycolic acid, 7 g. 
Ca(OH)2, and 1 g. Leonil O per I. for 2 hrs. sym-
Dichloroacetone reduces the alkali stability of unreduced 
wool about 20% under the same conditions of treatment. 
Probably reaction at the N or O produces new bridge links. 
The introduction of the ketone group, while increasing 
appreciably the stability towards alkalies, is probably 
responsible for the fact that the fiber becomes colored deep 
brown during alk. treatment. l,3-Bis(chloromethyl)-4,6-
dimethylbenzene, also is highly effective; it does not cause 
any discoloration on boiling with soda. Various mercaptans 
may be used for the reduction of the cystine-S compds. 
Treatment of reduced wool with Cu and Ni salts, which 
increase the alkali soly. only slightly, is not suitable for 
com. applications as the salts cause discoloration of the 
fiber. Wool reduced with thioglycolic acid and aftertreated 
with Zn salts does not become yellow to the same extent 
on hot alk. treatments as untreated wool. In place of the 
Zn salts it is possile to use salts of Th, Ce, and SnIV; this 
treatment causes a bleaching action at the same time, par
ticularly at low pH values. The introduction of the 
- S - Z n - S - b r i d g e apparently takes place preferentially at 
those places which tend to form unsaid, compds. during the 
degradation of protein chains by hydrolysis. Prolonged 
treatment with hot soda soln. gradually brings about a 
change of the white wool to yellow, however, not to the 
same extent as the original wool. Unlike the Harris proc
ess, this treatment is extremely simple in its com. appli
cations. (Leopold Scheflan) 

2151 
APPARATUS FOR SELECTIVE VACUUM COATING. Glenn 
L. Dimmick (to Radio Corp. of America). U. S. Patent 
2,482,329, Sept. 20, 1949. 

The app. designed for depositing a numtjer of different 
coatings by evapn. in vacuo is specially adapted to making 
selective reflectors. These reflectors are glass plates 
coated on one or both sides with very thin alternate layers 
having different ns, such as Th oxyfluoride and ZnS. The 
whole coating process is directed from a photocell control 
system and thus coating operation may be stopped as soon 
as the control meter indicated that the desired thickness 
has been obtained. By rotating the plate and exposing only 
selected areas to coating by the respective compds., a vari-
layered surface is obtained. (M. L. Hoseh) 

2152 
SOLDERING COMPOSITION. Howard T. Reeve (to Bell 
Telephone Laboratories, Inc.). U. S. Patent 2,503,564, 
Apr. 11, 1950. 

A soldering compn. or metal, free from vaporizable 
materials, and adapted for use between 400° and 600° is 
described. The material may be used without application 
of mech. pressure. Also the compn. is ductile and malleable, 
thus allowing shaping so as to conform to the arrangement to 
be soldered. The compn. is composed chiefly of Au, Ag, and 
Sn in proper proportions to form an alloy that will melt and 
flow at the above temps. Since alloys of the 3 metals within 
the required temp, range are brittle, attempts were made to 
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add other nonvaporizable metals to reduce the brittleness. 
This was not successful. Instead, the Au, Ag, and Sn are 
temporarily combined so that they may be alloyed into the 
final soldering alloy by being placed at the soldering point 
and raised to the soldering temp. The material is made 
up of 2 parts, one part being chiefly Au and Ag, and the 
other being a low-melting metal chiefly of Sn. Both parts 
are ductile and malleable when sepd. Other metals may be 
used, e.g., Cu in place of Au and Ag, and In, Th, and Pb 
instead of Sn. Ni, Pt, and Pd are possible addn. metals. 
Such a soldering compn. as described may be used in sol
dering metal parts in vacuum tubes. (G.S.M.) 

2153 
STUDY OF DESCALING PROCESSES. Marcel Pourbaix. 
Bull, centre beige etude et document, eaux (Li^ge) 331-9 
(1949). 

Similar to the effect of hexametaphosphate the addn. of 
small quantities of U and Th salts to hard waters reduces 
scaling owing to a formation of sol. carbonate complexes. 
A similar effect was observed if U salts or other radioac
tive substances were enclosed in Zn containers and sub
merged in water. The effect is probably due to the action 
of certain irradiated metals and has some relation to the 
Becquerel effect. Water which has been exposed to a treat
ment with weak a,c, shows very different behavior on heat
ing than untreated water in that (1) the methyl orange alky, 
is reduced more rapidly, (2) a very fine-cryst, ppt, of 
CaC03 is formed immediately, (3) a dispersion of the water 
in air appears to destroy the effect of the treatment, and 
(4) on boiling, the untreated Lifege water forms a crust of 
calcite, while after treatment a suspension of aragonite is 
formed. A simple portable app. for the detn. of the efficacy 
of various treatments is described. Certain treatment meth
ods (addn. of org. substances, NajAlO,, etc.) are based on 
the formation of vaporization as well as a sepn. of solids in 
finely divided form rather than in the form of a scale. The 
mechanism of the interaction between metallic surfaces and 
liquids is explained on the basis of a diagram representing 
the system Fe-H20 in which equil. potential (V) is plotted 
against pH. The application of d.c. and a.c. to iron elec
trodes is then discussed with reference to the same system. 
The control of elec. water-treatment methods is possible by 
means of a continuous detn. of the p.d. between the elec
trodes and a calomel reference electrode. This method of 
treatment is based on the gradual corrosion of the metals 
used as electrodes and the formation of colloidal corrosion 
products which act as crystal nuclei for CaCoj and accele
rate the thermal decompn. of the Ca(HCOj)2 soln. (G. H. 
Gloss) 

2154 
SPARK PLUG ELECTRODE. Max J. Stumbock and Ross 
Bayes (to Baker & Co., Inc.). U. S. Patent 2,545,438, 
Mar. 20, 1951. 

A mixt. of finely divided Ag or Ag-Cu alloy and approx. 
1.5% refractory oxide, such as Th, Be, or Al oxide, is sin
tered and then formed into wire. This electrode retains 
its hardness at 800°. (G. A. Wieczorek) 

2155 
REFRACTORIES. Leo Brewer, Norman L. Lofgren, and 
ErmonD. Eastman. U. S. Patent Appl. 791,467. Official 
Gaz. 641, 1346(1950). 

Thorium sulfides having a S:Th atomic ratio of 1.75-1.9 
(e.g. Th4Sj) are useful as nonvolatile refractories for the 
fusion of metals of high m.p. and great reactivity. U. S. 
Patent Appl. 791,468. Official Gaz. 641, 1347(1950). Tho
rium sulfides, such as ThS, ThjSj, Th4Sj, and ThSj, are 
prepd. (1) by heating stoichiometric amts. of ThS and ThHj 
to 500-600° at sutiatm. pressure, and then heating the Th 
metal from the decomposed hydride with the ThSe at 1400-

1800° for 30 min., or (2) by heating stoichiometric amts. of 
ThHs with H2S to 400-500° at subatm. pressure, then heat
ing the ThS2 from the partially converted hydride with HjS 
to 500-600°, and then heating the metallic Th from the 
remaining hydride and the ThSj to 1400-2100°, U, S, Patent 
Appl, 791,469, Official Gaz. &«., 1347(1950). Refractory 
thorium sulfides, such as Th4ST, Th2Sj, and ThS, are prepd, 
(1) by tensimetrical decompn, of ThS2 by heating for 3 hrs. 
at 1900-2000° and 10~' mm. Hg pressure, yielding a sulfide 
with S: Th ratio of 1.75, or (2) by heating stoichiometric 
amts. of ThS2 and Th to 1850-1900° at subatm. pressure for 
30 min., grinding the mixt, and reheating to the same temp, 
for another 30 min., or (3) by heating stoichiometric amts. 
of ThS2 and C to above 1750° at subatm. pressure. (M. M. 
Berry) 

2156 
THERMAL ION SOURCES FOR NEGATIVE IONS. Heinrich 
Hintenberger (Theodor Kocher Inst., Berlin). Helv. Phys. 
Acta 24, 307-9(1951). 

A directly heated W foil is covered with ZrOCl2 or oper
ated at a low pressure of HI, CCI4, Snl4, or AgBr to give 
neg. ions. An indirectly heated metallic powder of W or 
Th mixed with a halide is more satisfactory. Measurement 
of the ion current for such a source which contained 
5 X 10~' g. NaCl showed that for W powder, Na-ion emission 
reached a max. in about 30 min. and CI-ion about 20 min. 
later, the intensity of Na-ion emission being greater. When 
Th powder was used, Cl-ion emission was greater than Na-
ion emission. (George M. Murphy) 

2157 
NATURE OF LUMINESCENCE CENTERS. M. A. Konstan-
tinova-Shlezinger (P. N. Lebedey Inst. Phys., Acad. Sci. 
U.S.S.R., Moscow). Zhur. Eksptl. Teoret. Fiz. 21, 252-68 
(1951). 

The elements which act as activators in phosphors, Ti, 
V, Nb, Cr, Mo, W, Mn, Re, Fe, Co, Ni, Rh, Pd, Cu, Ag, Au, 
Zn, Cd, Hg, TI, Sn, Pb, Sb, Bi, rare earths, Th, U, have in 
common the tendency to form predominantly covalent bonds 
with the surrounding anions in a crystal. The hypothesis is 
formulated that a luminescence center may be constituted by 
such a covalent-bonded complex of the activator atom with 
the surrounding anions. Such a complex can be viewed as a 
"quasi-molecule" rigidly lodged in the host lattice; it is 
characterized by its coordination no. n, i.e., the no. of sur
rounding anions, and the assumption is made that the ability 
to luminesce is limited by the n. (N. Thon) 

2158 
LUMINESCENT MATERIALS. G. G. J. Gunther and G, G, 
B. Anderson (to Lumalampan Aktiebolag). Swedish Patent 
133,519, Nov. 6, 1951. 

A luminescent material of the formula, ^l20s.yMF/j_,) 
is prepd. by sintering in a reducing atm., or by sintering in 
an oxidizing atm. followed by heating in a reducing atm. 
The ratio x : y is between 8:1 and 1:2, and M is a metal of 
Group II with a mol. wt. less than 200, or it may be wholly 
or partly Al. An activator may lie present consisting of 
0.001-2% of Ce, Th, Mn, Cr, Cu, Bi, Sb, Pb, or U. In 
an example, a mixt. of NH4A1(S04)2 and MnS04 is heated to 
900°, mixed with CaF2 and acetone, dried, and heated first 
in air to 1400° and then in H to 1250 or 1400° to give a blue 
substance fluorescing green in an electron stream. (R. D. 
Satchell) 

2159 
INCANDESCENT ELECTRODE FOR ELECTRIC-DISCHARGE 
TUBES. N. V. Philips' Gloeilampenfabrieken. Dutch Patent 
68,130, June 15, 1951. 

The electrode consisting of Si02 and 2 or more basic 
oxides with b.p. above 2000°, with 1 or more basic oxides 
present in excess, 1 of which is Th02, is improved by mix-
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ing excess W or Mo with the vitreous emitting material cov
ering the electrode; this causes retarded vaporization of the 
material and longer duration of the electrode. To prevent 
the escape of much heat, a layer having a low cond., e.g. the 
same material without W or Mo, is placed between the emit
ting layer and the core. In an example 100 g. Th02, 35 g. of 
a mixt. of BaCO, and SrCOg, 165 cc. of a 3% soln. of cellu
lose in AcOAm and 165 cc. AcOAm are mixed and ground, 
22 g. quartz is added, and the mixt. is ground again. A thin 
layer of this paste is placed upon a W core. Another paste 
is formed by mixing 100 g. Th02, 35 g. of a mixt. BaCOg and 
SrCOg, 165 cc. of a 3% soln. of nitrocellulose in AcOAm, 
100 cc. AcOAm, and 900 g. W powder, grinding the mixt., 
adding 22 g. ground quartz, and grinding again. This paste 
is used as an outer layer. The electrode is reduced at 
about 2200° and sintered. (N. E. Nelemans) 

2160 
THORIATED TUNGSTEN CATHODE. Donald F. Driesch-
man and Leonard Hart (to Eltel-McCullough, Inc.). U. S. 
Patent Appl. 25,054, Official Gaz. M5, 274(1952). 

A cathode structure is made of a thoriated W emitter 
element and a W support, coated with a paste contg. a mixt. 
of finely divided W carbide and a metal in group 8 of the 
periodic table. Heating in an atm. contg. O2 is done to bond 
the 2 elements together. (M. M. Berry) 

2161 
GAS-TIGHT COATINGS ON BODIES OF HIGH-MELTING 
METALS. METALLWERK PLANSEE GES. m.b.H. 
(Eduard Nachtigall and Richard Kieffer, inventors). Aus
trian Patent 169,916, Dec. 27, 1951. 

Heat-resistant articles of Mo, W, Cr, Ta, Nb, or alloys 
thereof are coated by hot-dipping with Si-contg. alloys of, 
e.g., Al, Mg, Zr, Ti, Th, or Be. The firmly adherent metal 
layers are then oxidized in air or O at 1000-1400°. By this 
treatment the metal layers are converted into coatings contg. 
Si02, similar in compn. to natural silicates. (F. Epstein) 

2162 
RADIATION-ABSORBING GLASSES. Gordon F. Brewster 
and Norbert J. Kreidl (Bausch and Lomb Optical Co., 
Rochester, N. Y.). J. Am. Ceram. Soc. 35, 259-64(1952). 

In this study the absorbing constituents, Pb, Cd, and B, 
were kept at a max. The glass formers that are not good 
absorbers. Si, F, and Ge, were held to a min. To obtain 
acceptable chem. durability, a min. required amt. of Zr, 
Ti, Th, or Ta was used. The systems studied were: PbO-
TajOj-B20s-PbO-Nb205-P205, PbO-Th02-P20j, and 
Pb0-Ta205-Ge02 as x-ray or y-ray absorbers; CdO-
Ti02-B202 and Cd0-Zr02-B20j as thermal-neutron 
absorbers; and Cd0-Pb0-B20g as absorbers of both x-
rays and y-rays and of thermal neutrons. After a prelim
inary study with 10-g, batches, the most promising compns. 
were melted in 150-200-g. batches and stirred mechanically 
for 1-3 hrs. at 1100-1400°. The Archimedes principle was 
used to detd. d. Chem. durability was detd. by the time re
quired to form a /̂  wave length film on a freshly broken 
surface immersed in a 1% HNOj soln. at 25°, or if the glass 
dissolved in 1% HNOj, the rate of formation of a film when 
the glass was immersed in a 1% soln. of Na hexametaphos
phate at 25° was used to show relative acid resistance. The 
glass having the best x-ray absorbing properties, along with 
passable chem. durability, contained PbO 82, Ta205 2, Si02 
2, and BjOj 14%. The glass contg. CdO 63.8, TiOj 2.0, ZrOj 
3.1, and B2OJ 31.1% was equal in thermal-neutron absorbing 
power, and better in chem. durability, than were Cd borates 
contg. TiOj or Zr02. The glass contg. CdO 31.2, PbO 54.3, 
and BjOj 14.6% had at least 70% of the x-ray absorptivity 
and 65% of the thermal-neutron absorptivity of the best 
exptl. absorbing glasses, but its chem. durability was rather 
poor. (C. H. Kerr) 

2163 
ELECTRON EMISSION FROM TUNGSTEN, THORIUM, 
MOLYBDENUM, AND TANTALUM. S. Dushman, H. N. 
Rowe, and CA. Kidner. Phys. Rev. 21., 207-8(1923). 
(D. MacRae) 

2164 
AN EXPERIMENT WITH THORIUM EMANATION. Bern-
hard Batscha. Zt. physik. u, chem. Unterricht 37, 117-8 
(1924). 

Th(OH)4 is prepd. from 5-10 g. of Th(NOj)4 or Th(S04)2 
treated with NH4OH. The Th(OH)4 is placed in a glass tube 
connected with a simple electrometer. At first air is drawn 
through the instrument to show that this does not cause the 
disciiarge of the electricity from the electroscope. Then air 
is drawn through the tube contg. the Th(OH)4. (S. Morgulis) 

2165 
REACTIONS AT THE SURFACE OF HOT METALLIC FIL
AMENTS. IV. THE REACTION OF CO2 + Hj— Hfi + CO 
ON TUNGSTEN AND THORIATED TUNGSTEN. B. S. 
Srikantan. J. Indian Chem. Soc. 7, 745-57(1930). 

After W wire had been used a short while, it attained a 
steady state of activity for the interaction of CO2 and H2. 
The temp, coeff. and energy of activation decreased with 
rising temps, and the reaction velocity increased with the 
pressure of H2. Since the surface became satd. with COj 
below 200-mm. pressure, further increases in the pressure 
of CO2 did not change the reaction velocity. Thoriated wire 
was not found to give a const, state of activity. (L. P. Hall) 

2166 
EMISSION OF POSITIVE IONS FROM THORIATED TUNG
STEN. H. B. Wahlin. Phys. Rev. 35, 653(1930). 

The emission from heated, thoriated W was investigated, 
and in addn. to W ions of mass 184, Th ions of mass 232 
and an ion of mass 247 ± 2 were obtained. This latter ion 
may be Th monoxide, although all attempts to reduce it 
with H2 failed. It appears at an estd. temp, of atiout 2300°. 
The alternative explanation is that it is some other extremely 
stable compd. of an element. An x-ray investigation of var
ious Th sources is under way to settle this last possibility. 
(R. H. Lombard) 

2167 
PHOTOELECTRIC AND THERMIONIC EMISSION FROM 
COMPOSITE SURFACES. Wayne B. Nottingham. Phys. 
Rev. 41, 793-812(1932). 

The thermionic currents against various retarding poten
tials were measured for W at about 1700°K. and thoriated 
W at about 1200°. The fastest 0.1% of the electrons from 
thoriated W have a Maxwellian velocity distribution corres
ponding to the filament temp.; the rest of the electrons have 
a velocity distribution appropriate to a temp, about 50% 
higher. Some measurements of photoelec. currents for thin 
films of Na on Ni are presented. These results are inter
preted in terms of potential barriers at the surface; the 
form of the barrier can be detd. from the date; it is roughly 
parabolic, and alraut 4.3 x 10"' cm. wide one electron-v. 
below the peak. (L. S. Kassel) 

2168 
CATHODE INVESTIGATIONS WITH THE ELECTRICAL 
ELECTRON MICROSCOPE. E. Bruchs and H. Johannson. 
Physik. Z. 33, 898-9(1932). 

The emission phenomena were studied for pure and tho
riated W in 75-fold enlargement by use of the electron mi
croscope. With pure W the formation of crystals with heat
ing can t>e observed. A thoriated cathode begins to emit 
around 1350°. Sep. points from emission centers which 
grow and flow together until the whole surface is covered. 
If the cathode is cooled before the whole surface is cov
ered small black spots are formed and the emission takes 
place only at the Ixjundaries of the original center. Reac-
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tivation by over-heating can also be followed. (E. J. Rosen
baum) 

2169 
THE INFLUENCE OF WEAK ELECTRIC FIELDS ON THE 
EMISSION OF ELECTRONS FROM THORIATED TUNGSTEN. 
N. Morgulis. J. Exptl. Theoret. Phys. (U.S.S.R.) 2, No. 
5 -6 , 380-7(1932), 

According to Compton (C. A. 24, 2948) and Nottingham 
(Phys. Rev. 35, 669, 1128(1930);'c, A. 26, 3439) the work 
function for W with adsorbed layers of a foreign substance 
is reduced when a weak elec. field is applied, although there 
is no min. for the work function in the absence of an elec. 
field. To investigate this, M. detd. the work function of tho
riated W for potentials of 1-10 v. by means of the slope of 
the Richardson straight line. The decrease of the work 
function is greater than that calcd. from the Schottky for
mula. The departure of the exptl. value from the theoret
ical value is measured by the ratio of the 1st to the 2nd. It 
increases as the degree to which the W surface is covered 
differs from unity. It also increases as the cathode temp, 
decreases. On dipping lamp bulbs in liquid air to remove 
the remaining traces of air, for anode potentials of 10 v. 
the electron emission decreases to a certain limiting value, 
connected with the monatomic layer. No max. in the activa
tion curve as found by Nottingham was observed. (Marie 
Goyer) 

2170 

EMISSION PICTURES OF THORIATED TUNGSTEN AND 
THORIATED MOLYBDENUM. IH. COMPARISON OF THE 
PHENOMENA IN THORIATED TUNGSTEN AND THORIATED 
MOLYBDENUM. E. Briicke and H. Mahl. Z. tech. Physik 
17, 262-6(1936). 

The behavior of thoriated Mo as observed by the electron 
microscope is the same as that of ttioriated W as described 
previously. The rate of diffusion of Th over the surface of 
Mo is somewhat greater than over W. A general summary 
is given of the results reported in the three papers of this 
set. (J. B. Austin) 

2171 
THERMOELECTRONIC EMISSION OF MOLYBDENUM 
CONTAINING THORIUM. Pierre Grauwin. Compt. rend. 
205, 1375-7(1937). 

Attempted activation caused a steady decrease in the 
fraction (i» of the total surface covered with the mono-
atomic layer of Th, accompanied by a corresponding in
crease in the Mo work function, the final value (4.12 for 
t̂  = 0.02) agreeing well with the 4.15 found for pure Mo 
by DuBridge and Roehr (C. A. 27, 20). (C.A.S.) 

2172 
IONIZATION OF SODIUM ATOMS ON THE SiniFACE OF 
THORIATED TUNGSTEN. N. B. Morgulis and D. I. Dyat
lovitskaya. Compt. rend. acad. sci. U.R.S S. 21_, 165-7 
(1938) (in English). 

Equations are developed showing that (1) on the surface 
elements corresponding to the max. of the cosine curve 
the work function <p, changes very little during activation, 
and maintains a value approaching that of pure W (4.52 e.v.); 
(2) the value of the contact difference of the potentials, 
^Vjj = (<;Pi-<if2), and its change with Sj differs from the one 
obtained by Becker (C. A. 29, 4666i) by analyzing the anom
alous Schottky effect, for reasons as yet imperfectly known. 
(A. H. Krappe). 

2173 
TOTAL SECONDARY ELECTRON EMISSION FROM TUNG
STEN AND THORIUM-COATED TUNGSTEN. Edward A. 
Coomes. Phys. Rev. 55, 519-25(1939). (G. W. King) 

2174 
EFFECT OF THE ELECTRIC FIELD ON THE SURFACE 
IONIZATION OF SODIUM ATOMS ON THE SURFACE OF 

THORIATED TUNGSTEN. I. D. Konozenko. J. Exptl. 
Theoret. Phys. (U.S.S.R.) 9, 540-50(1939). 

K. studied the surface ionization of Na atoms on thori
ated W wires for potential gradients of 0 to 32,800 v./cm.; 
temps, of 1445 to 1810° K, and surface coverings of O = 0 to 
0,6, The relation log i"'^-l/T is linear. The effect of the ex
ternal field, increasing the ion current on complex surfaces, 
is interpreted as an ionic Schottky effect. The Langmuir-
Saha formula is applicable for Vi > Vw ; the formula of 
Dobretsova for the effect of the field on the surface ioniza
tion is better than that of Morgulis. On partially covered 
surfaces the Th atoms are distributed as islands. Deviations 
from the Schottky law when 1 > O > 0 are interpreted as due 
to the surface field, they may also result in the region of 
electron emission. 15 figs, show the exptl. results. 
(F.H.R.) 

2175 
THE L EMISSION AND ABSORPTION SPECTRA OF THO
RIUM AND THEIR ENERGY LEVELS. Yvette Cauchois and 
Marie-Louise Allaid. J. phys. radium [8], 1̂ , 44-50(1940). 

A precise study has lieen made of the wave lengths and 
intensities of lines, including all the strong lines, taking in
to account numerous weak lines of dipoles and quadrupoles, 
forbidden lines and numerous satellites. A special study 
was also made of the emissions of the P level. The absorp
tion edges and their detailed structure were analyzed. The 
energy values were detd. for all the levels of Th involved 
in normal x-ray emissions. The energy values for the P, 
levels of U, Th, and Ra found in this study are 72, 60, and 
43 v., resp. (S. L. Gerhard) 

2176 
SECONDARY ELECTRON EMISSION FROM THORIUM-
TUNGSTEN IN AN ION-ATOM INPACT IN A MERCURY-
VAPOR DISCHARGE. M. E. Gurtovoi. J. Exptl. Theoret. 
Phys. (U.S.S.R.) 11, 489-502(1941). 

A method is described for distinguishing secondary elec
trons ejected by metastable and by pos. ions. The "poten
tial emission" from Th-W rapidly Increases with decreas
ing work of removal. (F.H.R.) 

2177 
REMARK ON THE SHORT LINES OF Ti++. C G. Bedreag. 
Bull. soc. roumaine phys. 43, 49-53(1942); Chem Zentr. 
1943, n, 1942. 

Following a discussion of the electronic structures of the 
various ions of Ti, the electronic structures are communi
cated for the neutral atoms and the successive ionized 
stages of Ti, Zr, Ce, Th, U, and the elements 93 and 94. 
(C. C. Kiess) 

2178 
THE ELECTRONIC EMISSION OF TUNGSTEN-CESIUM 
AND TUNGSTEN-THORIUM CATHODES. Ch. Biguenet. 
Le Vide 1, 13-20, 54-60(1946). 

Review of the studies of Langmuir and the adsorption 
theories of de Boer. The tech. prepn. of W-Th is described, 
with a detailed account of two industrial processes for car
bonizing filaments. (M. L. Nielsen) 

2179 
DOUBLY AND TRIPLY ACTIVATED MAGNESIUM PYRO
PHOSPHATE PHOSPHORS. Herman C Forelich. J. Elec
trochem. Soc. 95, 254-66(1949). 

Mg pyrophosphate, doubly activated with Ce and Th, has 
been developed as an ultraviolet-emitting phosphor having 
considerably greater powder brightness than the standard 
360 BL Phosphor. The peak of emission occurs between 
3440 and 3560 A., depending upon compn., as compared with 
3600 A. for 360 BL. AU data refer to excitation with \ 2537. 
With increasing Th content, the brightness is increased and 
the peak emission displaced toward longer wave lengths. 
The increase in brightness compared with the singly acti
vated parent phosphors is more than additive and may be 
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Interpreted as being due to sensitization of Th by Ce. The 
phosphors are made more friable through addn. of a few % 
SIO2 before firing. They are very susceptible to oxidation 
at elevated temps, and, for this reason, have not given out
puts in lamps as high as expected from powder-brightness 
data. The further addn. of Mn resulted in a novel system of 
triply activated phosphors, Mg2P207:(Ce, Th, Mn), with rel
atively bright emission in the visible, plus variable amts. 
of ultraviolet. Color and brightness of these phosphors are 
a function of the concn. of all 3 activators, shown in graphs 
and tables. The max. brightness attained so far was of the 
order of '/, of that of Zn Be silicates of corresponding 
color. These phosphors, too, are improved by SiOj and 
show high sensitivity to oxidation at elevated temps. They 
produced lamps of lower lumen output than was expected 
from powder-brightness data. (C.G.F.) 

2180 
CASCADE PHOSPHOR SCREEN. Frederick H. NicoU (to 
Radio Corp. of America). U. S. Patent 2,476,619, July 19, 
1949. 

A fluorescent screen for cathode-ray tubes consisting 
of an interior phosphor layer emitting blue light (Ag-
activated ZnS), an intermediate layer, emitting yellow light 
(Cu-activated Zn, CdS) and a dichroic filter in contact with 
the inside wall of the glass bulb. This dichroic layer con
sists of 6 alternate layers of ZnS and thorium oxyfluoride; 
it transmits about 90% yellow light and reflects 85% of the 
blue light, thus liberating the long-peristence afterglow of 
the yellow phosphor, excited by the blue light from flashes 
of the short-persistence blue phosphor. (S.P.) 

2181 
THERMIONIC EMISSION FROM OXIDE-COATED CATH
ODES. D. A. Wright. Proc. Phys. Soc. (London) 62B, 188-
203(1949). 

With Ba/SrO cathodes, the satd. emission depends on the 
core material in use, and there is some correlation be
tween total coating resistance and satd. pulsed emission. 
The steady-state d.c. emission is lower than the pulsed 
emission but the d.c. emission measured immediately on 
application of the anode voltage is similar to the pulsed 
emission. The difference is due to a decay effect. Applica
tion of semiconductor theory can give a consistent account 
of coating cond. and emission, provided the concn. of Ba in 
stoichiometric excess is about 3 x l o " atoms/cc. With tho
ria there is little difference thermionically when studied 
as a coating on Ta or on W, or as a ceramic tube, and the 
pulsed emission is about twice the d.c. emission. Expt. and 
theory indicate that thoria is an excess semiconductor 
contg. a stoichiometric excess of alx>ut lO" atoms/cc. of 
Th. There is very little sensitivity to O, at temps, above 
1850°K. Behavior of Ba/SrO cathodes is given for the fol
lowing core materials in the best state of activation: pure 
Ni, O-Ni, Ti-Ni 0.25%, Al-Ni 0.1%, Al-Ni 0.4%, 0.18% Si-Ni 
with 0.06% Mg, Si-Ni 0.4%, Pt, W powder, Th powder, Be-Ni 
0,5%, Ta, Fe, embedded coating in Ni("Mush") and W. Expts, 
are carried out with thoria coatings sprayed on to a directly 
heated Ta strip. With W strip the adhesion was so poor that 
few results could be obtained, but with Ta, while the adhe
sion was not reliable, good cathodes could be made and 
tested. The behavior of the emission on exposure to O sug
gests that thoria is an excess semiconductor, and it is nat
ural to suppose that Th atoms in stoichiometric excess rep
resent the impurity. (S. Tolansky) 

EQUIPMENT 

2182 
THE SPECIFIC HEATS OF ISOTOPIC ELEMENTS IN RE

LATION TO THE POWER OF ATOMIC DISINTEGRATION. 
Victor Valenzuela Guardia. Actas y trabajos congr. per-
uano quim., 3° Congr. (Lima, Peru) 1949, 150-6. 

Previous work is further developed. Tabulations are 
given of the at. no., at. wt., at. and sp. heat, and Sg of the 
Ra, Th, and Act radioactive families of elements. The (ra
dioactive) power of disintegration is calcd. for various 
elements. (W. C Tobie) 

2183 
ELECTRIC INDUCTION FURNACE FOR TREATING THO
RIUM, URANIUM, ETC. H. Rentschler and J. W. Marden. 
British Patent 245,414, Jan. 5, 1924. 

2184 
This reference has been intentionally omitted. 

2185 
GRAPHITE-RESISTOR RADIATION FURNACES AND THEIR 
APPLICATIONS TO HIGH TEMPERATURES. Henri George. 
Trans. Electro-chem Soc. 68, 6 pp. (Preprint) (1935). 

New radiation furnaces employing a graphite resistor are 
descril>ed. The 100-kw. size has a capacity of 100 kg. The 
4-ton furnace lias 3 graphite resis tors , each 50 mm. in 
diam., and Y-connected to the transformer. The furnaces 
a re cylindrical in design and are usually revolved or rocked 
to facilitate mixing of the furnace charge. For special cases 
when temps, are desired above the m, p. (1800°) of the r e 
fractory lining, the furnaces are rotated at high speed, which 
causes the charge itself to serve as "lining." Thus, large 
batches of Th02 can be fused in the centrifugal furnace. 
Temp, of 3000° is attainable without introducing any C into 
the product. Twenty kg. of Si02 can be heated from ordi
nary temp, and melted in 6V2 min. (C.G.F.) 

2186 
A PULSE ANALYZER FOR NUCLEAR RESEARCH. H. F. 
Freundlich, E, P. Hincks, and W, J. Ozeroff (Natl, Research 
Council Can,, Chalk River, Ont,). Rev. Sci. Instruments 18, 
90-100(1947). 

An instrument is described for analyzing the elec. pulses 
from an ionization chamber into a no. of classes according 
to their amplitude; thus an energy spectrum of the active 
particles is produced. A comparison is made of 5 different 
models, with details of design and construction given for 
one designed for slowly rising pulses (up to 1 millisec. in 
duration) and for low counting rates (up to a few hundred per 
min.). It has 20 identical channels, with each recording the 
pulses within an amplitude range that can be varied from 
0.1 to 10 V. Curves are shown for the or-spectra of Th C, 
Th C , and Ra ' " . (M. L. Nielsen) 

2187 
AN IMPROVED HIGH-FREQUENCY CONDUCTOMETRIC 
TITRATION APPARATUS. Robert J. Bever, Carl E. 
Crouthamel, and Harvey Diehl. Iowa State Coll. J . Sci. 
23, 289-96(1949). 

The oscillator, cell, and measuring device are independ
ent units and any standard, stable equipment can be used. 
The oscillator and metering circuit can be protected from 
fumes and lab. accidents. The elec. circuit consists of an 
oscillator, a reaction cell, a transmitter-type inductance 
coil, a detector and bucking voltage. The high voltage 
across the transmitter coil requires 400 v. from a battery 
source but the current drawn is very slight. Three dia
grams, 3 sets of graphs, and complete directions for a s 
sembly, calibration, and use are given. If titrations r e 
quire a long time, heating of the soln. may alter the con
ductance. One soln. was warmed at 5.8° in 60 min. and 
suffered a decrease of 2.5 v. A correction can be applied. 
Rapid titration of Ba(OAc)2 with K2SO4 or of F~with 
Th(NO})4 do not seem to require stoichiometric amts., 
because of an induction period. This might be the basis 
for detg. the rate of pptn. of BaSOt. (F. E. Brown) 
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2188 
SCINTILLATION COUNTERS USING ORGANIC COM
POUNDS. G. N. Harding, B. H. Flowers, and J. S. Epp-
stein. Nature 163, 990(1949). 

Expts. were carried out with naphthalene (I), anthracene 
(II), and stilbene (III) phosphors as detectors of ionizing ra 
diations. The measurements were made with an EMI-type 
4140 photomultiplier with a single-channel pulse analyzer 
to record pulse-height distributions using a-particles from 
Po and Th C + C . Particular attention was paid to the pur
ity of the org. phosphors. The ratios of the pulse-heights 
for the Th C a-particle group were approx. 8 : 4 : 2 : 1 for 
Kl, II, in, and I, resp. H gave larger pulses than IH with 
both y-rays and o-particles. The org. phosphors did not 
give a linear relation between pulse-height and oi-particle 
energy, whereas KI + TI did. (Frank Gonet) 

2189 
PRACTICAL HIGH-FREQUENCY TITRATION APPARATUS 
FOR GENERAL LABORATORY USE. James L. Hall (West 
Virginia Univ., Morgantown). Anal. Chem. 24, 1244-7(1952). 

The app. described has a crystal oscillator circuit and 
measures the max. grid bias voltage by means of an auxil
iary vacuum-tube voltmeter. The oscillator circuit dia
gram is shown and can be assembled at low cost and is r e 
liable enough for a variety of detns. Illustrations indicate 

its use with NaOH-HCl and Th(N03)4-oxalic acid titrations. 
(J. B. McCoy) 

MISCELLANEOUS 

2190 
PREPARATION OF FOILS. R. W. Dodson, A. C Graves, 
L. Helmholz, D. L. Hufford, R. M. Potter, and J, G, Po-
velites. Natl. Nuclear Energy Ser., Div. V. 3, Misc. Phys. 
and Chem. Techniques, Los Alamos Project, 1-46(1952). 

Microvolumetric manipulations of solns. are described, 
particularly the construction, calibration, and use of micro-
volumetric flasks, micropipets, and transfer pipets. Coated 
foils were prepd. by various techniques including evapn., 
tetraethylene glycol spreading, slurrying, Zapon lacquer 
spreading, vacuum methods (as distn., for LiF and the acetyl 
acetonate complexes of U and Pu; or decompn., for B from 
B2H(), and electrodeposition (U from alk. carbonate, NH4 
oxalate, or fluoride; Pu from alk. carbonate or NH4OH-
NH4CI; Th from ferricyanide; Np from LiF). Foils were 
assayed by weighing and a coimting. Consideration was 
given statistical fluctuations, coincidence losses, self-
absorption, back-scattering, and collimation correction. 
(M.L.N.) 



THORIUM 

Name Isotope 

MsTh 1 Ra-228 
MsTh 2 Ac-228 
RdTh Th-228 
ThX Ra-224 
ThA Po-216 
ThB Pb-212 
The Bl-212 
T h e Po-212 
ThC" Tl-208 

APPENDIX 

NOMENCLATURE 

THORON 

Name Isotope 

Tn Rn-220 

URANIUM 

Name Isotope 

UX 1 Th-234 
UY Th-231 

ACTINIUM 

Name Isotope 

RdAc Th-227 

IONIUM 

Name Isotope 

lo Th-230 
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SUBJECT INDEX 

Information found in this bibliography may be readily located through the u s e of the 
subject index. It should be noted that the term thorium i s understood for main headings 
dealing with propert ies , u s e s , and character i s t ics . For example, the main heading 
Determination re fers to analytical methods used to determine elemental thorium. Tho
rium containing al loys and s y s t e m s are arranged alphabetically according to constitu
ents, with thorium appearing last; e .g, , Zr-Th al loys and CoCl;-H20-Th02 s y s t e m s . 
Compounds are entered directly. "See" and "see a lso" re ferences are included to aid 
the reader in locating the information desired. 
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for alcohol esterification, 934 
for alcohol hydrogenation, 868 
for alcohol oxidation, 1141 
for alcohol preparation, 1003 
for alcohol synthesis, 1009 
for alcohol-water adsorption coefficient, 951 
for alkyl aniline preparation, 827 
for alkyl halide preparation, 953 
for alkyl phenol dealkylation, 998 
for amine synthesis, 1017 
for ammonia alkylation, 810 
for ammonia oxidation, 898, 923 
for anisole preparation, 870 
for aqua regia oxidation, 1321 
for aromatic compound preparation, 929 
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Catalysts (Th and Th containing compounds) (Cont'd) 
for benzene alkylation, 943 
for benzene chloride decomposition, 856 
for benzene synthesis, 948 
for borneol vapor decomposition, 844 
for butadiene dehydration, 906 
for butadiene-naptha conversion, 902 
for butadiene preparation, 906, 921, 932, 939, 1004, 1008 
for butadiene synthesis, 939 
for butane dehydrogenation, 905 
for butane isomerization, 904 
for butene isomerization, 938 
for 2,3 butylene glycol dehydration, 932, 1008 
for COj reduction, 852 
for carbon disulfide preparation, 881 
for CO adsorption, 949 
for CO decomposition, 937, 949, 997 
for CO hydrogenation, 941 
for CO oxidation, 829, 836 
for CO reduction, 830, 879 
for carbonic acid synthesis, 843 
for carenes isomerization, 1006 
for castor oil hydrogenation, 869 
for coal hydrogenation, 909 
for cyclohexanol dehydrogenation, 863 
for cyclohexylamine preparation, 813 
for D2-hydrocarbon reaction, 1020 
for D2-H2 exchange, 987 
for dialkylbenzenes, 911 
for diolefins preparation, 835 
for diphenyl ether decomposition, 892 
for ester decomposition, 816 
for ethyl acetate decomposition, 1054 
for ethyl ether hydrolysis, 842 
for ethylene polymerization, 880 
for fatty acid oxidation, 996 
for fluorine hydrogenation, 828 
for formaldehyde decomposition, 823 
for formic acid decomposition, 824 
for formic acid dehydration, 848 
for formic-oxalate transformation, 861 
for furan acylation, 961 
for furan-ammonia dehydration, 853 
for glycerides decomposition, 819 
for heptane dehydroaromatization, 882 
for heptane dehydrogenation, 884 
for hydrocarbon alkylation, 1140 
for hydrocarbon cracking, 877, 9741 
for hydrocarbon dehydrogenation, 900, 934 
for hydrocarbon dehydration, 866 
for hydrocarbon synthesis, 803, 849, 867, 872, 873, 877, 

878, 897, 907, 910, 912, 915, 916, 917, 918, 925, 926, 
936, 947, 956, 957, 958, 959, 962, 963, 964, 965, 966, 
968, 972, 975, 977, 978, 979, 980, 981, 982, 984, 985, 
991, 992, 994, 995, 1011, 1024, 1026, 1028, 1029, 1129, 
1302 

for H2-CO2 reaction, 804 
for isobutylene polymerization, 894 
for isobutyric acid decarboxylation, 999 
for isoparaffin synthesis, 903, 913 
for ketone preparation, 832, 846, 851, 970, 1002, 1014 
for llmonene conversion, 976 
for linseed oil drying, 971 
for mesityl oxides, 845 
for methane-steam reaction, 850 
for methane synthesis, 862, 888, 920 
for methyl alcohol-ammonia dehydration, 837 
for methyl alcohol oxidation, 843 
for methyl alcohol synthesis, 1075 

Catalysts (Th and Th containing compounds) (Cont'd) 
for methylamine preparation, 825 
for naphtha fractionation, 990 
for HNO3 synthesis, 993 
for N2O decomposition, 834 
for oil synthesis, 889, 986 
for olefin polymerization, 899 
for olefins alkylation, 943 
for organic compound reduction, 886 
for p-cresol methyl ether synthesis, 870 
for phenol alkylation, 1005 
for phenol dehydration, 822, 840, 841, 891 
for phenyl and phenylamine preparation, 806 
for phthalic anhydride chlorination, 960 
for propane preparation, 1010 
for styrene decomposition, 946 
for styrene preparation, 935 
for thiophene alkylation, 944, 954 
for trimethylacetic acid decarboxylation, 999 
for turpene isomerization, 1006 
for urea preparation, 955 
for vinyl chloride preparation, 945, 1018 
preparation, 801, 807, 865, 875, 901, 909, 922, 929, 930, 

974, 983, 1001, 1007, 1019, 1025, 1027, 1031, 1833 
recovery, 855, 887 

Cathodes (See Filaments) 
Ceramic insulators, 1919 
Ceramic tiles (See Tiles) 
Cerite earths 

separation from, 1300, 1304, 1600 
CeOj-Th systems 

catalyst for CO combustion, 829 
catalyst for CO oxidation, 836 
catalyst for CO-H2 oxidation, 1000 
electrical conductivity, 504 
emissivity, 2029 
for gas mantles, 2073 
luminescence, 612 
melting point, 454, 638 
preparation, 1570 
radiation from, 2025 
solubility in HNO3, 1072 
spectra, 2098 
therapeutic uses, 214 

Ce-Th02 coatings, 847 
Ce-Th sulfate minerals (synthetic) 

preparation, 589 
Ce-Y ores 

separation of Th, 1198 
CsN03-Th(N03)4 compounds, 1134 
Cs oxide-Th02 systems 

use in radiology, 214 
Cs-Th systems 

luminescence, 261 
Chemical properties, 288, 348, 494, 501, 513, 575, 665, 

1041, 1120, 1162, 1175 
Chromatographic analysis, 1314 
Cr-Fe-Mn-Mo-Nl-Th alloys 

thermal properties, 1794 
Cr-Fe-Mo-Th alloys 

thermal properties, 1797 
Cr-Fe-Ni-Th alloys 

thermal properties, 1798 
Cr-Fe-Th alloys 

malleability, 1791 
thermal properties, 1791, 1818 

Cr-Nl-Th alloys 
electrical conductivity, 1793 
for electrical heating elements, 1759 
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Cr-Nl-Th alloys (Cont'd) 
for surgical instruments, 1754 
oxidation, 1764 
preparation, 1761, 1762, 1766, 1808 
scaling, 1772 
thermal properties, 1799 

Cr-Th alloys 
analysis, 1288 
malleabUlty, 1822 
preparation, 1747 

Cr203-Th02 systems 
catalyst for butane dehydrogenation, 905 
catalyst for methane-steam reaction, 850 
catalyst structure study, 931 
phase studies, 638 

Clay-Th02 tUes 
preparation, 1908 

Coatings (See also specific coatings, e,g,, Ce-Th02 coat
ings), 482, 1911, 2161 

for molten Zn, 928 
CoCl2-H]0-Th02 systems 

phase studies, 455 
Co-Cu-Fe-Ni-Th alloys 

properties, 1753 
Co-Cu-Si-Th systems 

catalyst preparation, 983 
Co-Cu-ThOi systems 

catalyst for CO reduction, 830 
catalyst for benzene synthesis, 948 
catalyst for ethane hydrogenation, 862 

Co-Cu-U-Th systems 
catalyst for naphtha fractionation, 990 

Co-Fe-Ni-Th alloys 
preparation, 1749 

Co-Fe-Nl-Th systems 
catalysts for CO hydrogenation, 941 

Co-Fe-Ni-Th02 systems 
catalyst for CO hydrogenation, 941 

Co-Fe-S102-Th02 systems 
catalyst for hydrocarbon synthesis, 1026 

Co-Fe-Th alloys 
catalyst for hydrocarbon synthesis, 995 
mechanical properties, 1755 

Co-Kieselguhr-MgO-Th02 systems 
electron microscopic study, 783 

Co-Kleselguhr-Th02 systems 
catalysts for CO adsorption, 949 
catalysts for CO decomposition, 997 

Co-MgO-Th02 systems 
catalyst for hydrocarbon synthesis, 910, 916, 956, 962, 

1028 
electron microscopic studies, 783 

Co-Mg-Th systems 
catalyst for hydrocarbon synthesis, 1011 
catalyst preparation, 901 

Co-Mg-Th02 systems 
catalyst for hydrocarbon synthesis, 920, 1029 

Co-Mo-Ni-Th alloys 
creep, 1781 

Co-Nl-Th alloys 
catalyst for cyclohexanol dehydrogenation, 863 
thermal properties, 1803 

CoO-NiO-Th02 systems 
catalyst for hydrocarbon synthesis, 978 

Coj04-Th02 systems 
catalyst for acetic acid esterification, 924 

C0-SIO2-11102 systems 
catalyst for CO reduction, 879 

Co-Th systems 
catalyst for hydrocarbon synthesis, 867 
recovery from catalysts, 890 

Co-Th02 systems 
catalyst for CO decomposition, 949, 997 
catalyst for D2-hydrocarbon reaction, 1020 
catalyst for hydrocarbon synthesis, 872, 873, 912, 915, 

926, 933, 936, 963, 965, 966, 972, 979, 984, 985, 994, 
1129, 1302 

catalyst preparation, 865, 1001 
CO and H; absorption, 854 
reaction rates, 914 

Color reactions (See Reactions) 
Colorlmetric determination (See Determination) 
Combustion 

luminescence studies, 2151 
Compounds (See Th compounds and specific Th compounds) 
Compressibility, 1733 
Continuous spectra (See Molecular spectra) 
Cu-Fe-K2C03-Th02 systems 

catalyst for hydrocarbon synthesis, 897, 915, 917 
Cu-Ni-Ag-Th alloys 

preparation, 1769 
Cu-Nl-Th alloys 

electrical conductivity, 1778 
mechanical properties, 1756 

CuO-Th02 systems 
catalyst for hydrocarbon synthesis, 849 

Cu-Ag-ITi electrodes 
physical properties, 2132 
preparation, 1768 

Cu-Ag-Th02 alloys 
sintering, 2154 

Cu-Th alloys 
phase studies, 1792, 1807 
preparation, 1789 

Cu-Th electrodes 
preparation, 1767 

Cu-Th systems 
catalysts for methane synthesis, 888 

CujTh 
crystal structure, 1861 

Cu-ThO: systems 
catalyst for esterifications, 860 
catalyst for oU synthesis, 889 

Corrosion 
by acetic acid, 1562 
by KNH2, 387 

Costs 
review of, 1191 

Crystal structure, 457, 630, 1480 
Crystals 

electrical conductivity, 367, 369, 388 
electron emission, 2138 

D 

Davidite 
analysis, 1933 

Decay products, 1672, 1674, 1675, 1676, 1934, 1955 
Decay series, 263, 278, 282, 284, 318, 445, 471, 484, 535, 

576, 655, 685, 688, 694, 698, 1415, 1421, 2007, 2034, 
2039, 2046 

Density, 1738, 1796 
Determination, 1182, 1189, 1213 

by calorimetric methods, 1109, 1208, 1209, 1267 
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Determination (Cont'd) 
by gravimetric methods, 594, 1078, 1223, 1226, 1232, 

1238, 1239, 1246, 1253, 1258, 1262, 1264, 1282, 1290, 
1298, 2140 

by polarographic methods, 1138 
by potentiometric methods, 391, 1126, 1287 
by radiometric methods, 1229, 1230, 1249, 1419 
by spectrographic methods, 1309 
by volumetric methods, 1142, 1207, 1264, 1283, 1303, 

2187 
in Al, 1275 
in basalt, 1220 
in blood and muscle, 115 
in cancerous growths, 56 
in earth crust, 1602, 1603, 1604 
in excreta, 13 
in food, 13 
in gold slimes, 1646 
in limestone, 1660 
in minerals, 1215, 1229, 1234, 1236, 1702 
in plants, 1639 
In soils, 1662, 1931 
in stellar spectra, 1590, 1591 
in Th-W wires, 1216, 2143 

Deuteron bombardment (See Irradiation) 
Dies, 2081 
Diffusion 

in AI2O3, 533 
in W, 319, 366, 2112 
through photographic emulsions, 794 

Distribution 
in sea water, 1207, 1708, 1709, 1710 
in water, 1653, 1657 
on W-Th wire, 2143 

Drawing, 1032, 1723 
Ductility, 1744 

E 

Electrical properties, 294, 341, 392, 358, 365, 469, 479, 
1733, 1748, 1796 

Electrocapillary potential, 518 
Electrochemical reactions (See Reactions) 
Electrodeposition (See Preparation) 
Electrodes (See also specific electrodes, e.g., Cu-Ag-Th 

electrodes), 1557, 1566, 2145 
preparation, 2154, 2159 

Electron bombardment (See Irradiation) 
Electronic configuration, 331, 334, 394, 398, 411, 459, 510, 

538, 1989, 2006, 2007, 2008, 2177 
Electronic spectra, 536 
Emissivity, 470, 1729, 1730, 2034, 2035, 2083, 2163 
Entropy 

bibliography, 1170 
Evaporation rate, 404 
Extraction equipment, 1228 

F 

Feldspar 
analysis, 1630 

Fergusonite 
radiant heat from, 1233 

Ferric acetate 
Th adsorption 

Filaments 
work function, 2124 

Filaments (Ce-Th02 coated) 
thermionic emission, 847 

Filaments (Mo-Th) 
analysis by electron microscopy, 2119, 2170 
activation energy, 2135 
emissivity, 1776 
preparation, 1814, 2095 
thermionic emission, 2139 

Filaments (Os-Th02), 2069 
Filaments (W-Th) 

crystal structure, 2128 
determination of Th, 2140 
electron emission, 2087 
evaporation rate of Th, 404 
preparation, 456, 1548, 1552 
surface structure studies, 1775 

Filaments (W-ThOj) 
activation energy, 435, 1111, 2093, 2107, 2111, 2112, 2125, 

2126, 2135, 2165 
NH3 decomposition on, 1115 
analysis, 2084, 2094, 2144 
arc lamps, 2079 
carburization, 2122 
coatings for, 2090 
contact potential, 1559, 2121 
determination of Th, 1830, 2084, 2089, 2143 
diffusion coefficient, 2096, 2112 
dissociation of H2, 2137 
electron migration, 2130 
electron-optical image, 2118, 2119 
emissivity, 373, 379, 492, 497, 1218, 1443, 1572, 1577, 

2010, 2076, 2077, 2080, 2084, 2089, 2096, 2099, 2103, 
2113, 2115, 2120, 2167, 2168, 2169, 2170, 2173, 2176, 
2178, 2181 

fabrication, 2085 
film disintegration, 428 
ionization of Na, 2172, 2174 
life expectancy, 2110 
microstructure, 1750 
neutralization of ions, 1773 
patch size, 2109 
positive ions from, 2147, 2166 
preparation, 2068, 2075, 2092, 2097, 2101, 2102, 2104, 

2106, 2123, 2160 
radiation effects, 1368 
radiometric analysis, 1459 
Schottky deviations, 1998 
spectrographic analysis, 2139 
sputtering, 1575, 1577, 2114 
surface structure, 2127, 2133 
thermionic constants, 2108 
x-ray diffraction studies, 1093 

Films 
deposition on tungstates, 447 
preparation by sputtering, 1583 
thermal effects, 282 

Fission, 474, 478, 1176, 1851, 1957, 1960, 1966, 1977, 
1983, 2042, 2050 

deuteron induced, 1963, 1967, 1976, 1987 
yinduced, 1968, 1975 
neutron induced, 1450, 1451, 1452, 1964, 1965, 1969 
neutrons from, 1948 
photographic detection, 1466 
proton induced, 1971 
review of, 1177 
spontaneous, 1982, 1984, 1985, 1986, 1997 

Fission cross section, 1959, 2045 
for deuterons, 1973, 1976, 1978, 1979, 1987, 1995 
for y rays, 1975 
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Fission cross section (Cont'd) 
for neutrons, 1974 

Fission products, 1950, 1958 
analysis, 1452, 1952, 1953, 1956, 1962, 1969, 2043, 2044, 

2051 
j3 spectra, 1457, 1993 
chemical separation, 1963 
energy distribution, 1961, 1964 

Flash bulb ^plications, 2151 
Fluorescence 

by electron excitation, 1184 
detection, 1255, 1268, 1521 
in ultraviolet light, 1278 

Foils 
preparation, 450, 2190 

Furnaces 
design, 1815, 2183, 2185 

G 

Gd203-Th02 systems 
crystal structure, 1866 

Geiger-Nuttal equation, 2007 
Geochemistry, 1651, 1656 
Gettering, 871 
Glass (Th containing) 

absorption coefficient, 2162 
Ixjnd characteristics, 529 
fluorescence studies, 1898 
index of refraction, 1899 

Au-Th alloys 
phase studies, 1807 

Gravimetric determination (See Determination) 

H 

Half-life (See also under specific isotope of Th), 280, 463, 
1420, 1423, 1424, 1428, 1437, 1441, 1697, 1936, 1942, 
1954, 1985, 1990, 2007, 2022 

Halides (See Th halldes and specific Th halides) 
Hall effect, 1722 
Hardness, 1738, 1748 
Hokulalite 

analysis, 1634 
Hj absorption, 363, 532, 660 
H2-Th systems 

temperature effect, 1071 
H2-Th02 systems 

radiation effects, 495 
H2(VS3)eTh4. I8H2O 

preparation, 1080 
Hydrosols (See also abstracts 706-800) 

coagulation by electrolytes, 726 
preparation, 1713 

1 

Impurities 
effect on CU2O rectifiers, 499 

Incandescent mantles, 2066, 2067, 2071, 2073, 2074 
Infrared spectra, 1271, 1515, 1532, 1534 
Insulators (See Ceramic insulators) 
Intermetallic compounds (See specific intermetallic com

pounds) 
Ion exchange properties 

in colloidal systems, 770 

Ion exchange properties (Cont'd) 
on phenolsulfonate resin, 1292, 1293 

Ion sources 
preparation, 2156 

Ionic mobility, 332, 696 
Ionic radii, 789 
Ions 

absorption by clays, 739 
classification, 1857 
coagulation of sols, 787, 789, 800 
effect on BaSOj crystals, 1860 
effect on gelatin, 1116 
flocculation of pectins, 779 
hydration, 505 
ionization potential, 1413 
migration, 492 
precipitation, 1298 
reaction with NH4 molybdates, 1084 
reaction with sodium molybdate, 595, 1084 
reaction with sodium nitrophosphomolybdate, 595, 1084 
separation from Be, 1096 

Ionizing radiation, 1947 
effects on gases, 1426 
effects on solids, 1458, 1605 

Ionization potential, 350, 1429, 1513 
Fe(cast)(Th containing) 

tensile properties, 1139 
Fe-Ni-Th alloys 

electrical conductivity, 1778 
Fe-Th alloys 

preparation, 1789, 1816 
Irradiation, 394, 398, 445, 467, 475, 704, 1535, 1812, 1937, 

1941, 1946, 1947, 1949, 1953, 1991, 2040, 2042 
by deuterons, 467, 1963, 1967, 1976, 1987, 1991 
be electrons, 394, 398, 1535, 1941 
by gamma rays, 1968, 1975 
by neutrons, 475, 704, 1450, 1451, 1452, 1812, 1937, 

1938, 1940, 1944, 1946, 1947, 1949, 1953, 1964, 1965, 
1969, 1980, 2037, 2039, 2040, 2042 

by protons, 1971, 2051 
by x-rays, 1527, 2011 

Isotopes 
j3 decay, 2032 
determination, 697, 698 
disintegration energy, 1439 
effect on reticulo-endothelial system, 107 
mass spectrographic analysis, 701 
tracer uses, 1442 

Isotopes Th^^', 2004 
alpha radiation, 2027, 2028, 2030 
beta radiation, 1448, 1455, 2005 
electronic configuration, 2008 

Isotopes Th" ' , 1944 
Isotopes Th^'°, 1997 
Isotopes Th^", 1996, 2057 

beta spectra, 2055, 2056 
decay scheme, 2055, 2056 
half-life, 2055 

Isotopes Th"^ 1997 
a detection, 1422 
beta spectra, 2054 
bremsstrahlung absorption by Al, 1471 
decay constant, 1441, 1453, 1456 
fission cross section, 1959 
r radiation, 1419, 1992 
half-life, 1919, 1986 
mass spectrographic analysis, 421 
neutron cross section, 481, 486, 1981 
photofission threshold, 2050 
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Isotopes Th^'' 
decay, 467 
production, 1945 

Isotopes Th^'* 
decay, 445, 1943 
production, 1943 

Isotopic analysis (See Analysis) 

J 

Johannite 
specific heat, 430 

K 

Kieselguhr-Ni-ThOj systems 
catalyst for CO decomposition, 937 

L 

La203-Th02 systems 
crystal studies, 1864, 1866 

LazOj-TiOj-ThOj systems 
dielectric properties, 1919 

Pb-Pt-Th systems 
catalyst for NH3 oxidation, 898 

PbO-PzOj-ThOz systems 
absorption coefficient, 2162 

Pb-Th alloys 
anode uses, 1585 

Lovchorrite 
beneficiatlon, 1394 

Luminosity studies 
in Crooke's discharge tube, 281 

M 

Mg alloys (Th(S04)2 coated), 1813 
Mg-Ag-Th alloys 

corrosion, 1770 
Mg-Th alloys 

casting, 1817 
cold rolling, 1805 
preparation, 584 
tensile properties, 1777 

Mg-Th-Zr alloys 
corrosion, 1809 

Magnetic moments, 355 
Magnetic properties, 466, 472, 514, 1157 
MnSOi- Th(S04)2' THjO systems 

preparation, 617, 1105 
Mantles (See Incandescent mantles) 
Mechanical properties, 1796 
Melting point, 308, 1748 
Hg-Th alloys 

electrical conductivity, 341 
Metal preparation (See Preparation) 
Minerals (See also specific minerals), 1163, 1166, 1168, 

1176, 1594, 1608, 1618, 1620, 1623, 1628 
age determination, 423, 1188, 1190, 1224, 1299, 1654, 

1675, 1676, 1677, 1678, 1679, 1681, 1682, 1683, 1684, 
1685, 1686, 1687, 1688, 1689, 1691, 1692, 1693, 1694, 
1695, 1696, 1698, 1700, 1702, 1706, 1929 

alpha particle range, 2048, 2052 

Minerals (See also specific minerals) (Cont'd) 
analysis, 290, 299, 304, 685, 692, 1220, 1221, 1235, 1248, 

1252, 2165, 1287, 1311, 1406, 1436, 1440, 1444, 1447, 
1523, 1524, 1525, 1539, 1541, 1543, 1595, 1606, 1607, 
1609, 1610, 1611, 1612, 1614, 1615, 1621, 1623, 1624, 
1625, 1627, 1629, 1630, 1631, 1633, 1634, 1638, 1640, 
1642, 1644, 1645, 1647, 1649, 1650, 1652, 1653, 1655, 
1656, 1661, 1664, 1665, 1666, 1670, 1675, 1680, 1690, 
1699, 1701, 1716, 1769, 1806, 1848, 1849, 1924, 1925, 
1928, 1933, 2049 

autoradiographic detection, 1464, 1467 
beneficiatlon, 1338, 1394 
bibliography, 1637 
crystal studies, 1206, 1599, 1836, 1848, 1849, 1862 
density, 1613 
detection, 1216, 1229, 1248 
determination in, 1215, 1220, 1229, 1234, 1235, 1236 
gamma radiation from, 1419, 2049 
glossary, 1193 
heat content, 420, 1639 
lo-Th ratio determination, 1373 
ionization action in, 1605 
isotope distribution, 1299 
Pb-U ratio, 300, 1613 
mining techniques, 1163 
occurrence in Austria, 1660 
occurrence in Canada, 1165, 1644 
occurrence in Ceylon, 689, 1592, 1593, 1930 
occurrence in Hungry, 1666 
occurrence In Japan, 1524, 1552 
occurrence in Malay, 1924 
occurrence in Manchuria, 1667 
occurrence in Mozambique, 1933 . 
occurrence in New Zealand, 1669 
occurrence in North Carolina, 2070 
occurrence in Pennsylvania, 1643 
occurrence in Russia, 1662, 1670, 1704, 1926 
optical properties, 1669 
photographic detection, 1668 
preparation of synthetic, 530, 589, 1592 
radiant heat from, 1233 
radiation from, 1458, 1605, 1619 
radiometric analysis, 1220, 1440, 1444, 1447, 1650, 1665, 

1666, 1680, 1690, 1699, 1701, 2049 
Ra"VTh ratio, 690 
reduction with CaC2, 1050 
recovery from, 1405 
review, 1176 
separation, 1198, 1313 
solvent extraction, 1230, 1382, 1386, 1408 
specific activity, 1999 
specific heat, 406, 430 
spectrochemical analysis, 1543 
spectroscopic analysis, 1265, 1524, 1525, 1539, 1543 
x-ray spectrographic analysis, 1265, 1525, 1539, 1655 

Mirrors (ThOF2 coated), 2151 
Molecular spectra (Including Band and Continuous), 386, 

394, 398 
MoOj-ThOz systems, 608 

catalyst for phenol cracking, 838 
catalyst structure study, 931 

Mo-Th alloys 
preparation, 1740, 1747, 1789 
thermionic emission, 2171 

Mo-Th crystals 
electron emission, 492 

Mo-Th filaments (See Filaments (Mo-Th)) 
Mo-ThOj alloys 

electron emission spectra, 506 
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ThOj (Cont'd) 
emissivity, 1826, 1827 
entropy, 264, 1170 
epithelioma production, 163 
ethyl alcohol adsorption, 812 
excretion, 124, 178, 213 
extraction from monazite sand, 1201, 1329, 1453, 1825 
fibroadenoma production, 179 
film formation, 1021 
fusibility with Zr02, 301 
gels, 722, 741, 745, 757, 786, 788, 791, 1785 
granuloma formation following injection, 179 
heat capacity, 489 
heat generation, 377, 427, 602, 1233 
heat of formation, 396, 402, 568 
heat of vaporization, 283 
hemangioma formation following injection, 177 
hepatitis occurrence following injection, 143, 182 
hydration, 477, 618, 645, 676 
hydrogel preparation, 790 
H2 adsorption, 771 
ignition with charcoal, 298 
ionic mobility, 488, 727 
ionizing radiation, 1458 
luminescence, 1829, 2117 
magnetic susceptibility, 1832 
mantles, 2059, 2062, 2063, 2064, 2071, 2078, 2088 
metabolism. 111, 159 

melting point, 301, 577, 585, 666, 1876, 1881, 1887, 2185 
modulus of reigidity, 1914 
molecular volume, 586 
oxidation, 874, 1321 
peptization, 338 
phase studies, 673 
photosensitizing effect on H2O2, 1533 
physical properties, 633, 1885 
pigment preparation, 826 
precipitation using sebacic acid, 1295 
preparation, 301, 545, 605, 621, 622, 627, 639, 640, 670, 

717, 790, 815, 952, 1131, 1369, 1394, 1397, 1406, 1834, 
2185 

reaction with CaO, 1051 
reaction with ThC2, 1112 
reduction, 1056, 1058, 1059, 1074, 1195, 1326, 1375, 1376, 

1384, 1828 
sarcoma production following Injection, 165, 172 
sintering, 666, 1865 
separation from AI2O3, Ti02, and Zr02, 1227 
separation from BeO by selenic acid, 1390 
separation from monazite sands, 1072, 1334 
separation from WO3, 1332 
sol preparation, 727 
solubility, 600, 1060 
specific activity, 1318, 1432, 2000 
specific heat, 274, 1752 
spectra, 2098 
spontaneous fission, 1982 
thermal properties, 1164, 1886 
thermionic properties, 327 
tissue distribution, 20, 83, 85, 86, 89, 94, 98, 99, H I , 

116, 120, 142, 147, 150, 151, 153, 156, 157, 159, 166, 
168, 170, 176, 178, 254 

toxicity, 20, 83, 96, 102, 105, 147, 148, 157, 158, 175, 
182, 254 

tumor formation following injection, 160, 162, 163, 165, 
169, 171, 172, 174, 175, 177, 179, 180, 181, 185 

use in amine preparation, 453, 1017 
use In radiology, 130, 144, 149, 150, 152, 157, 158, 163, 

166, 168, 173, 183, 213, 254 

Th02 (Cont'd) 
vascular degeneration, 125 
ventriculography with, 751 
viscosity, 725 
water adsorption, 812 
x-ray analysis, 347 
x-ray diffraction studies of cathodes, 1537 
x-ray mass absorption coefficient, 1546 

Th02 (irradiated) 
a particles, 1954 

Th02 mantles (See as subheading under Th2?) 
ThOj refractories, 1831, 1872, 1890, 1894, 1896 

chemical properties, 1891, 1902, 1903, 1905 
compressive strength, 1893 
deformability, 1883 
electrical properties, 1891 
emissivity, 1922 
expansion coefficients, 1878 
melting point, 1884 
modulus of elasticity, 1895 
organic plasticlzers for, 1897 
physical properties, 1831, 1872, 1891, 1902, 1903, 1905, 

1915, 1920 
plasticity, 1883 
preparation, 1879, 1888, 1889, 1900, 1901, 1912 
slip casting, 1918 
volatility, 1873 

ThOClj 
preparation, 545, 611, 1034 
reaction with alkali chlorides, 1098 

ThOFj 
mirror coatings, 2151 
optical properties, 1540 
preparation, 549 
use in fluorescent screens, 2180 
vacuum coating on reflectors, 2051 

ThOIj 
preparation, 568, 1150 

ThOS 
preparation, 546, 547, 553, 1146 

ThOS04 • H2O 
preparation, 551, 561, 573, 715 

Thorium peroxide 
preparation, 569, 572, 1079 

Thorium picrolonate 
use in gravimetric determination, 1258 

Thorium picrates 
adsorption by cellulose, 49 
preparation, 560 

Thorium phosphates, 364, 662, 1081, 1205, 1341, 1347, 
1348, 1354, 1364 

catalyst for alcohol conversion, 1003 
catalyst for hydrocarbon cracking, 974 
complex formation, 583, 1329, 1330 
cryotropic behavior, 419 
electrical conductivity, 747 
gels, 368, 399, 437, 473, 743, 755, 767, 768, 774, 796, 

1102 
preparation, 648, 732, 752, 753, 1358, 1361, 1365, 1410 
solubility in H2SO4, 1402 

ThsP, 
crystal structure, 1852 
preparation, 649, 677, 1125 

Thorium pyrocatechelate 
preparation, 607 

Th pyrophosphate (See Thorium phosphates) 
Th sebacate, 1328 
Th(Se04)2-8H20 

crystal structure, 1717 
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ThSij 
crystal structure, 1855 
diffraction pattern, 1856 
preparation, 1150 

ThSiOj 
catalyst for styrene decomposition, 946 
crystal structure, 1147, 1839 
determination in monazite sand, 1601 
glazes, 1917 

ThSlW,204i,-27H20 
crystal structure, 1847 

Th solutions 
impurity removal, 592 

Th(S04)2 
absorption spectra, 1536 
analysis, 1289 
chemical properties, 1097 
coagulation mechanism, 799 
coatings for Mg alloys, 1813 
crystal studies, 322, 589 
decomposition In water, 1037 
diffusion coefficient, 642 
effect on ameobic dysentery, 233 
effect on antibodies, 718 
effect on fungi, bacteria, erjrthrocytes, and proteins, 50, 

69, 70, 73 
effect on guinea pigs, 50 
effect on paper pulps, 2142 
extraction from monazite sand, 1402 
heat of solution, 359, 558 
hematological effects, 2 
precipitation, 69, 1553 
preparation, 1366, 1370, 1443, 1449, 1450, 1451 
solubility, 330 
solubility in acids, 1324 
solubility in (NH4)2S04, 557 
solubility in LizSOi, 571 
solubility in MnS04, 617 
solubility in methyl alcohol, 1085 
solubility in K2SO4, 557, 559 
solubility in Na2S04, 557 
solubility in H2SO4, 571 
solubility in HjO, 571 
therapeutic effects, 233 
thermodynamic properties, 460 
toxicity, 25 
vapor pressure, 556, 558 

Th(S04)2 • 2H2O • ThOS04 • 2H2O 
preparation, 561 

Th(S04)2-4H20 
preparation, 715 

Th(S04)2-9H20 
absorption coefficient, 2047 

ThSj 
preparation, 546, 547, 553, 555, 620, 658, 677, 1140, 

1319, 1596, 1714, 1900 
refractory preparation, 1909, 1916, 2155 

ThS2 coatings 
for electron-emitting cathodes, 1555 

Th tartrate, 1144 
Th tellurates 

preparation, 1125 
Th tetramlde 

decomposition, 564 
ThX (See R a ^ ) 
Thorogummite 

analysis, 1652, 1924 
occurrence in Japan, 1552 

Thoron (See Rn"") 

Thorotrast (See ThO;) 
Thucholite 

analysis, 1252, 1664 
Tiles 

production, 1908 
Sn-Th alloys 

pyrophoric properties, 1823 
Ti-Th alloys 

preparation, 1726 
Ti-Th02 pigments 

preparation, 2091 
Ti02-Th02 systems 

dielectric properties, 1919 
phase studies, 454, 638 

Ti02-Zr02-Th02 systems 
dielectric properties, 1919 

Tools, 2081 
Torbernite 

photographic detection, 1668 
Toxicity (See also toxicity of specific Th compounds), 26, 

82 
review, 112 

Tracer studies 
in solid state reactions, 1442 

WC-Th02 systems 
cathode preparation, 1589 
use in tools and dies, 2105 

W-Th alloys 
crystals, 2138 
preparation, 1719, 1720, 1734, 1740, 1741, 1747 

W-ThOj filaments (See Filaments (W-Th02)) 
W-Th02 systems 

catalyst structure study, 931 
W-Th wires (See Filaments) 

U 

Ultraviolet spectra, 275, 340, 476, 1259, 1478, 1515, 2018 
Uranite 

analysis, 1848, 1849 
crystal structure, 1848, 1849 
synthetic, 1592 

U02-Th02 systems 
thermal properties, 1101 

U-Th colloids 
carcinoma therapy, 733 

U-Th02 systems 
catalyst structure study, 931 

Uses, 1178, 1179, 1186, 1191, 1382, 1392, 1754, 2081, 2100 

V20-H20-Th02 systems 
preparation, 609 

Vaporization, 1377 
Vapor 

luminosity in Crooke's discharge tube, 281 
properties, 1507 

Vapor pressure, 404 
Volatilization, 289 

in 02, 395 
Volumetric determination (See Determination) 

W 

Water-Th02 systems 
specific heat and vapor pressure, 597 
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Welsbach mantle (See subheading mantle under ThO;) 
Wetting agents, 487 
Wires (See Filaments) 

Y203-Th02 systems 
crystal structure, 1866 

X-ray spectroscopic analysis (See Analysis) 
X-ray spectra, 314, 389, 400, 1217, 1432, 1433, 1434, 1474, 

1475, 1476, 1477, 1481, 1482, 1483, 1485, 1486, 1487, 
1488, 1490, 1491, 1492, 1493, 1494, 1495, 1496, 1497, 
1499, 1500, 1501, 1503, 1504, 1505, 1506, 1508, 1510, 
1518, 1520, 1531, 1542, 2018, 2175 

X-ray target (See Targets) 
X-rays 

absorption, 310, 1471, 1527, 2011 
production from Th targets, 1535 

X-rays (secondary) 
absorption in Al, 1471 

Zeeman effect, 493, 496, 1197, 1259, 1489, 1523, 1526, 
1528, 1538, 2001, 2002 

Zr-Th alloys 
preparation, 1726 

Zr02-Th02 systems 
crystal structure, 1876 
refractories, 1869, 1870, 1871 
thermal expansion, 590 




