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Beginning with this report, it is planned to redace the aaount of Material

incladed in the quarterly reporta of the Cheniatry Division. As far aa
possible the reports will Merely abstract coapleted work, eith references
to appropriate coapletion reports or joarnal articles, and give the carreat
statas, eith any aignificaat resalts, of eork in progress. This will avoid
daplicatioa between quarterly reports and coapletion reports and will elininate
the detailed presentation of eork in progress. The latter sill he the only

Material pernaaently lost froa the literature, aad it ia thought that the

advantages ia econoay aad rapid readability outeeigha thia losa.

ge :.. u.u : . * @ ) aa
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ABSTRACT

cranny ir sbubcb, fiuimubli. anb snucrvBAL blbibntb

Under tk* bending of phase studies, work bss been ceapleted on tbs solu-
bilities of ¢ nunber bf fission prodnet anlfstsa nnd on tbs liquid-solid
equilibria for tbs tborinn nitrsto —vstsr systsn. Thbs solubilities in vntor
of tbs snlfntos of Y, Cs, La, Cd, and Zn and tbs solubilities in agnaons
U0,S04 solntioa of tbs sslfatss of Y, Ls, sad Cd bars been determined up to
shont 250°C.

Three aotbods for ebsraetsrising spaeiss in aqueous solution continue to
receive attention solvent extraction, anion exchange, and ultrncentrifuga-
tioa. Work on thoriam—thenoy 1l tri fluoroacetpae conploxea is skint conpleto,
bat nonelexperimental anomalies have delayed the work vith tircéniun. Ultra-
centrifuge stadias indicate that a diaerBsed undissociated uranyl fluoride
nolecnle is a major species in eolations of uranyl fluoride.

NUCLSAB CKBIBTBY

Tbs current investigations of decay sekeaes of the fission chniaa going
tbrongb rare gases have uncovered a nee bets group in I*** a nee 720-Rev
ganna ray in I1**1, end a nee.810-Rev beta gfoup in the same isotope. It has
else been found that a very small fraction of tke disintegrations of 5-day
Xul** goes by a soft beta te a 380-Rev level in Csl**,

#

la the separation of Np**T from tke eaates from the Redox treatment of
tke Cbalk River material, tbs neptunium is .concentrated eitk the rare earth
fission products and added cerium. It is planned to asperate tke cerium by
precipitation ns cerium iodete, and conditions have been worked out under
which tbs loan of neptunium is only 1 to 2V

BAB!* - MBA NIC CKBISTBY

One hundred end fifty-two millicuries of methanol-C14 has been prepared
by catalytic reduction of carbon dioxide.

¢ Omme



Thirty-one and one-half aillieolea of forme acid-C14 haa been prepared
by the catalytic reduction of potaaaiun bicarbonate-C14e

a

The ayatheaea of glycine-1-C14, glyeiaa-2-C14, and aalonic acid-2-Cl4
are ia progreaa.

A total of 1 aillicurie of 2-heptadecylglyoxalidi*a*2-C14 haa keen pre-
pared ia US yield on a l1-aaole acale froa atearic acid-1-C:4.

Tea aillicuriea of chryaena-S,6-C14 haa been prepared, and progreaa haa
been aade ia the high-level preparation of aavaral other polynuclear hydro-
carboaa labeled with C14.

The reactione of foraaldehyda with diphenylacetaldehyde and forayl-
deaoxybentoia harp been atudied.

An iaotope effect of the order of IS at 2S*C and of about 10% at 0*C h*a
been deaonatrated for the decoapoaition in concentrated aulfuric acid of
foraic acid-C14. A preliainary value of about 140 caloriaa per aole haa been
calculated for the difference in activation energy of the reactiona of C,a and
Cl4 foraic heid.

A new aethod for the preparation of carbonyl-lab*led unayaaetrical
benaila ia being atudied.

C1KIISTIY or UPAIATIONS PftOCtMU

Experiaenta on the aeparatioa of lithiua iaotopea by conventional ion
exchange have been fiaiabed and have ahoen that the aethod ia not attractive
for large-acale uae.

The organic cheaical atudiea ia aolveat extraction have been directed
toward the organic phoaphatea which have aaauaed ao iaportant a role in recent
proceaa developaent. Tri-a-butyl phosphate labeled with P41 haa been prepared
and ia being used ia diatribution atudiea. Saaiplea have alao been aupplied to
HEW and KAPL.

Studiea of phoaphotaa fluoridea aa poaaible agenta for facilitating
reaeval of protactiniua and wraniua froa irradiated ThF4 have bean extended to

10



higher pressures end temperatures. Further indication of particle site reduc-
tion wee obtained, but there waa no evidence as to the mechanism of the attack
or ita effect on subsequent volatilisation of uraniua or protactiaiua.

fork on electrodepoaition of traces of radioailvar has been coapleted.
When less than a monolayer is present on the electrode, the deposition behavior
does not obey the Nernst equatioy, varies with different electrode aaterials,
and ia apparently influenced by the heterogeneity of the surface of any given
electrode.

CUBICAL PITSICS

fork on nuclear spina and eagnetic sonants has progressed in tvo di-
rections. On the cheeical side, an improvement ia the foreign salt coataat of
I 1*1 preparations has been made by substituting kydrasine for aulfurous acid
in the absorption of the elemental iodine aad by instituting a solvent ex-
traction step. On the side of measurements, nuclear induction has bean used
to give a more precise value of the nuclear magnetic moment of 111*. The
value ia 2.617 nuclear magnetons, to be compared with the microwave spectro-
scopic value of 2.74 + 50

The calorimetric deteruination of the rate of heat liberation by weighed
oamples of C,40, has been coapleted. but the actual rate of energy production
by the decay is still uncertain because of the possibility that some of the
energy is stored in the charcoal used to adsorb the samples* This possibility
will be explored in a separate experiment.

BABIATIM CBEIISTBY

The recent work on the decompoaiton of water by gamma radiation and on
the nature of various centers produced ia alkali kalida crystals by .<«uch
radiation haa been suunarited for the Radiation Chemistry Symposium being hald
in Cleveland in April. The activity of a ZnO catalyst for ethylaae hydrogena-
tion haa been found to be lowered by previous gamma-ray irradiation of tho
catalvat. In-pile radiation studies of uraayl sulfate solutions, now largely
radiation-corrosion tests of stainless steal, have given encouraging results;
13 runs showed normal behavior, seven were inconclusive, and two wars failures
(apparent precipitation of the uranium as evidenced by absence of appreciable
V O, pressure).

11
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Most of tke work of tho quarter kaa keen devoted to several aspects of
tke problem of messnrisf tke energy distribution of ionising radiations. To
assist generally in suck work n differential and integral pulse-height selector
kaa beau designed to replace tke present integral selector of tke A-1 linear

anplifier.

A problen in energy aeaaureaents eitk proportional counters is to ensure
constant gas nultiplicstion regardless of tke location is tke counter of tke
ionising event. One solution is to simulate an infinitely long counter by.
nakiag tke end vails of concentric insulated ringa, sack held at tke apprepri*
ate potential to approack tke Tfield distribution in an infinitsly long tube.
This expedient kaa been studied in an alectrolytic batk analog and found to
give proaisiag results in teras of uaiforaity of field. A proportional counter

vitk auck end valla is to be built.

ok <xn
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Til* Tharin Nitrati-ntar lyitu (V. L. Marshall and J. S. G ill). Tha
liguid-solid phasa eqailibria for tha thoriaa nitrate-—water ayataa have baas
stadiad froa rooa taaparatara to decoaposition taaparataras of tha aalt. Tha
danaitiaa of tha saturated solatioaa hare bean aaaaarad, and aoaa observations
concerning tha vapor-liquid equilibria hava bean aada. A detailed discussion
of this work, topether with the data, has bean published in the HBE quarterly
report OfffL-925, and only, tha significant results will be aantioned.hara.

A salution of thoriaa nitrate would show proaiae of utility for a breeder

reactor if the following, conditions ware nett

1* The nitrate woald hava to be enriched in M'.

2. A concentration of about 1 g of thoriun par ailliliter would have
to be attained.

3. The solati< ild have to display raasoaabla thereal and phase
atability.

4. A container notarial with high corrosion resistance and suitable
in other respects would have to ha found.

Tha purpoae of this study was to deteraiae tha feasibility of itans 2 and
3. Tha axpariaantal data show that a salution containing 1 g of thoriun
par niHiliter can be attaiaad at and above 118*C. In a closed systoa such a
solution does not deposit a solid phasa until a tenperature of about 22S°C ia
reached. Thera is thus a taaparatara range af wore than 100°C throughout
which a brooder solution could be aaintained theraally stable. Tha affacta
of radiation on tha syatea hava not bean studied.

The M aM 4 Byatan in gelation ia the lenegeaneoe Boaster gaperi*

it (V. L. Marshall sad J. S. Gall). A previous atudy(l,a> has bean node

(1) "Phase (Me gaik." ufM M u leecter faperiaeat rt /or tie Quarter lading M ntrjf I, 1950,
OML-iM. p. 09 (Apr. 21. 19S5*>.
(1) V. L. Harehall, J. t. 0411. a it 1. Sewer. "The Srstee UO"-UDj-gjO is gtlatiee to the Hewer

eaeeee hiactor,"” Ckeeietry Oivieiee Quarterly Pregrete leper* /or Period fedieg larch 11, 1950,
1 p. St (Jane l«. 19S0).

o0
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«kf -« . *S



of the aruyl sulfate—aruita trioride-vater systea from 25 to 300°C in which
precipitation phenomena were determined asm function of tanparnturn.fron
solutions that vara 0.168 If ia uranino trioxide (40 f of uraaiaa par litar)
and contained variable aaounta of aalfata ioa ap to a aaxiaua concentration
of 0.168 If. Theae roaalta indicated that, with teaperatare iacreaae, an
iacreaae of aalfata ioa coaceatratioa was noceaaary to prevent precipitation
of an aaidentified yellow aolid.

In this investigation wo have extended the exploratory atady to iaclade
aiailar solutions containing 0.126 and 0.0840 aeles par liter (30 and 20 f of
uraniua pari liter, respectively) ef uraniua trioxide. ’Acidity data are given
at 25*C for the varioaa solatioaa. Those atadiea were initiated to deteraiae
the feasibility of decreasing the aalfata concentration ia order both to reduce
the acidity and to lower the neutroneabsorption effect of the aalfur in a
hoaogeneous reactor aolatiea. la passing it aboald be aeatioaed that aay
increase in alhaliaity ef the solution due to the deficiency of sulfate ions
would be expected to offer conditions aore favorable for the radiation-induced
precipitation of uraniua peroxide. This would aeon that the aiaiaua teaperature
for operation vithoat the rish of peroxide precipitation night be soaewhat
higher for the aore alkaline, aulfate-defic”eat solution. A study of this
factor is planned by the Radiation Group of the Cheaistry Division.

Mxpar imantml. The experiaeatal procedure has bean described pravi-
tsaly(,,,) although a few aodifications were used in this worh. The solutions
were studied ia 3- and 6-aa-1.D. sealed quarts tubing rather than the capillary
tubes used ia the earlier worh. These larger tubes afforded stirring without
exploaioa daager up to about 270°C. The general procedure was to place a
sealed tube containing a solution of known eoapoaition in a cylindrical
aluainua heating block, iacreaae the teaperature slowly, and observe through
a slit aay phenoaeaa occurring ia the solution. Owing to aoae acatteriag in
the experiawatal data an alternate procedure was used ia which various aolutioaa
were held at 2S0*C for 16 to 24 hr to fix, within liaita, the aiaiaaa con-
centration of aulfate ion necessary to prevent precipitation of tho solid
phaae at this teaperature.

Acidity data at 2S*C were obtained with a Beckaaa pH aster.

Date and Diacuaaion. The teuperatures at which agqueous solutions con-
taining constant aaounta of uraniua triaxide and varying concentrations of



swsrTO:;

calfato ion deposit a yallov solid phase are given in Tables 1.1 aad 1.2 aad
are shown in Pig. 1.1. Previous precipitation, acidity, aad two-liquid phase
data ara iacladed in Figa. 1.1 and 1.2 for cosiparison. The deta in Fig. 1.1
are actually shown as a projection fron a three-dinensional nodal on which the
arnninn trioxide concentration can be represented at right angles to tanppra-
taro and snlfata ion concentration. Carves I, 11, aad Ill represent, respec-
tively, constant nraainn trioxide concentrations of 0.084, 0.126, and 0.168
nolea per liter. These carves approach a 1:1 smls ratio of nraainn trioxide
to aalfate at lines A, B, aad C.

The scattering of the precipitation data shown by the open circles in
Fig. 1.1 in dee partly to thegslow precipitation rate upon raising the sola*
tion taaperatara aad to the apparently irreversible character of the process.
Boaadary data obtaiaad Iron different solntions held at 250°C for extended
periods are givaa by the shaded circles. We nest then rely on these later
data to a greater extent than on the earlier values. An allowance for this
factor is included is dashed carves I, Il, and 11l of Fig. 1*1.

The acidity data for tip solntions are given in Table 1.1 aad shewn is
Fig. 1.2. As in Fig. 1.1, the diagran is actually a projactioa, the eraaiun
trioxide concentration being the third variable. Curves I, Il, and IIl are
then carves of constant uraaiua trioxids coacontratioa aad approach a 1:1 nola
ratio of UQ,/S04** at points B, C, and D. Lino AO represents a 1:1 mwin ratio
of UOf/S04*" at all concentrations of sulfate, ion aad, consequently, is the
pH curve for stoichionetric UO0,S04 solutions. Line EF of Fig. 1.2 rapraseats
saturation valuas of uraniun trioxide and snlfata at 25°C and indicatas that
a aaxisun pH of approximately S.92 nay bo reached at this teaperatura. At
2S0*C the naxinun attainable pH (neaaored at 25*0 bafore precipitation will
occur is approxiaotaly 3.00.

This work is an exploratory study rathar than a coopiate investigation of
the aystaa in that the solid phase is* not identified, the irreversible aspects
of the precipitation are not understood, the experiaeatal data are iaconplete,
and the tinea of equilibria attainaent are unknown.

X-Bay-Biftractiea Bata far the conpeaad Uraayl trthesilieate frlhydrate
(W. L. Marshall aad J. S. Gill). In an aarlior investigation* *> a synthesis

(1) 1. L Harebell end J. g. Will. **lhe Cnogvnd Uvenyl Ckwu”il*ot*JIVihyaroan.- CAg-iotry Diction
Quarterly Pregreee 1qert /or Period fading gepteéber 39. 1950, OWL-870, p. SS (Her. 1. 1951).
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TABLE 1,8

Meeapositloa-Prectpltatloa Characteristics af UBaM 4-UO,-1,0
Misties* BtlrraB at IBB*C

> mvV* STIRRING TIME OBSERVATIONS
(alo/U tw) (m Im/ lit«r) (kr)
* 0040 0 075* 14 T«1llm , etyiulliM precipitate
0.00%*0 e TM 90 Very aligkt yellee cryetalliee precipitate
0 00*0 0.0419 Y, No precipitate
o.U* 0.113 14 Yellee, cryetalliee precipitete
e 124 0.110 » Very elicit yellee cryetalliee precipitate
« 124 e, 122 90 Ne precipitete
e 1*4 0.1S1 5 Yellee. cryetalliee precipitete
0144 0.155 14 Very elicit yellee eryetellime precipitate

e 1*4 e 1*0 >0 No piocioitoto
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and iom general properties of srsay,! orthosilicate trihydrate ere giro*. In
this report X-ray-diffraction dot* ere giro* is Toblo 1.9 opd Fig. 1.1. They
wore obtained froa the eryatalliae powdered coaposad aaiag a recording X-ray
spectroaeter aad Ca Ka (X ¢ 1.54 A) radiation. The worh waa dona by B. S.
Berio of the Metallargical Division, Oak Ridge National Laboratory.

No attoopt war wade to analyte the atreetaro.

mnasareseat of golabilttp of Ptsalsa Prodaot salto aft Blgbh Teaperateres
aad P (M. H. Liatahe). The high-toaperaters salability carves for the
salfates of T, Ca, La, cd, and Za in water aad for those of T, La, sad Cd ia
UOfS04 selstioa containing 30 9 of araaiaa per liter have hewa detorained over
as wide a range of teaporataros as is possible with the quarts tabs syathotic
aethed. The data will be described ia detail ia a forthcoaiag ceapletion
report.

HivnM cannin

TTA Ceaplealag of Agaeoas Thorlas («. C. Waggoner aad i. ». Steaghtoa).
Aqueous TTA-thoriaa apacies ere being studied by aeasiriag the partition of
TTA, aader waitable conditions, between a bananas phase and aa aqueous phase,

h | fanctioa both of tboriaa concentration aad of chloride coacsatratioa.
A single ceaplas, aoao(tbaaoyltri flaoroaeetone) theriaa (i.s., ThT-4), has
beea foaad, and a tentative valne for hf (Th4* ¢ HT,4 ~g ThT** ¢ N¥

H™* 2.00 ia i.f i 5* There ia no avideace of a double ceaplas involving
both TTA aad chloride, via., ThCIT4*, the question of which recently arose
ia this laboratory.

It is planned to iasae a coeplatioa report covering this work within the
seat qaarter.

Itrceataa la Aqaoeaa mCl-iC104 (J. P. McBride aad B. f. Stesghten).
The stadias of the agaeoas coapleses of Zr4’ and ClI ions at ionic stroagth
M<NC104 + NaC104 ¢ NaCl) - 3.00 aad («f) * 10*8 IT, reported ia detail last
quarter,*4* were eateaded this qgaarter to acidities bslow 1 If. Zircoaisa
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concentrations lover than 10"* M wore used in order to reduce the likelihood
of sircoaina polymerisation at the lower;acidities. Considerable difficulty
was eacouatefod ia obtaining roprodvcibla and conaistoat resalts, and chloride
coaploxiag was revealed oaly in a qualitative aanner. The distribution
ratios, Zr aqueous/Zr benseae, were alaost uniformly higher than were expected
froa previous data. *The prohlea was farther complicated by the fact that
duplicate aeries of extractions (at p - 3.00) made at different sircoaina
concentrations and with extraction tabes cleaned by different aethoda showed
radically different behaviors, as pointed oat kotow. Additional experiaents
were ran to deteraiae the reasons for the discordant results.

The extractions ware carried oat in pyrex tabes with individually ground
glass stoppers ia a water bath at 2S°C. A saall amount of silicone grease wee
ased on the stoppers of the extraction tabes in Series | (common practice in
previeaa work). For Series Il, however, and for all subsequent extractions,
the steppers were reground and used without grease. In ell cases stoppering
eaa satisfactory.

Stock aolatioaa of TTAbeaaeae containing dead Zr*at proper concentrationa
and Zr*1 tracer were freahly prepared for each aet of runs by equilibrating
TTA-bensene with a dilate HNO, solution containing Zr and purified”™ tracer.
This aqueous HNO, solution was prepared as follows: A Zr-Nb tracer aixture
was added to e IT HNO( along with lead Zr ia a 0.1 If oxalic acid solution.
After the solution had been heated to tS to 100*C, KMa04 was added to destroy
the oxalate aad to precipitate MaO,, which carries the Nb. The aixture was
centrifuged, the supernatant was diluted, aad the labeled Zr was ready for
extraction.

The benseae phases for tha subsequent partition experiaents were then
prepared by diluting the atoch TTA-benseae solutions with benxene.

Counting plates for the organic phases aad for aqueous phases containing
no nonvolatile solute were prepared hy direct evaporation ef an appropriate
aliguot. Aqueous phases containing nonvolatile solutes were extracted with
benseae phaaea containing an exceaa ef TTA, aad the resulting organic phases
were nounted for counting.* AIll platea were counted oa the third shelf ef a
standard Geiger-Mueller beta counter without using an absorber. A check ef
the change with tiae of the activity oa the platea ceuated in thia aanner



.»vemled that tha Nb produced froa the Zr decay gave, in two eeeka tiaa, a
positive error of oaly 4%. That ia, the observed coaat eaa 41 higher than
that expected froa Zr** activity aloaa (65-day half-life). Diatribatioa
ratioa vara obtained froa the ration of the agaeea* to benseae activities.

Jlesults. Following ara the raaulta that were obtained froa the varioaa
eXperiaeata:

Partition of Zr aa a function of chloride concentration. The
conditioaa and reaulta far the extractioaa uaing C104"-C1"
aixturea ara aaaaariaed in Table 1.4.

.
Effects of tiae, aircoaiaa coacaatratioa, aad tuba treataoat oa
partition of aircoaiaa. The affacta of tiaa of equilibratioa
(at 2S*C). Zr coacaatratioa, aad tube aurface traataaat oa tha
partition of Zr betvaea .0.5 H HC1 aad 0.005 If TTA-baasene were
iaveatigated. The tabea used ia these extraction expariaeata
care treated with hot alcoholic KOH, boiled ia concentrated HNOa,
rinaed with distilled eater, aad dried at 110°C. Other treat*
aeat of the tabea ia given ia Table 1.5, which suaearisaa tha
raaalta.

S. Effects oftiae, aircoaiaa concantratioa, aad tabs traataaat oa
the specific activity of a 0.005 If TTA—bentene eolation. la
order to test whether or not the aircoaiaa coacaatratioa of a
0.0051f 1I.TA—beaxeae aalatioa coatainiag dead Zr and tracer woald
change on standing (not ia contact with aa agaaoaa phase), three
stock solatioaa were prepared contaiaiag 10" If, 10"* If, end
tracer Zr. Aligaota of the stock eolation contaiaiag each con-
centration of Zr warn placed ia tabea receiving tha three aarface
traataeats described ia Table 1.5 (aiae tabes ia all), aad the
aircoaiaa concentration eaa deteraiaed aa a function of tiaa of
ataadiag at 2S*C by counting aligaota. No significant change
ia coacaatratioa with tiaa waa noted ia aay of tha solutions
evar a period of two weeks.

Discussion and Conclusions. Tha Boat significant feature of the parti*
tiona, aqueous over benseae, observed in the "104*-C1‘ aixturea ia that they
ara alaost aniforaly higher than expected. ~he partitions show a lack of
consistency and, ia the case of Series 11, increase with tine. Since tha
C104" solatioaa free of CI" aad the pare HCl1 solationa show no iacreaae ia tha
diatribatioa ratioa with tiaa, it is unlikely that aircoaiaa hydrolysis
produced the pheaoawna observed. The leaching of a coaplexing iaparity (i.a.,
aiante particles inducing radiocolloid foraation or a chaaical coaplexing
agaat) froa the vessel walla night be tha caaaa of the observed roaelts. Tha
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TABLE 1.5

If fact af Tiaa af E«al llbratioa aad af Zlrcoaiun Concentration oa Distribution Ration
TAqueonn o»ar Baaaaaa)

Zirconium Partition Between 0.5 M HC1 and 0.005 M TTA-Benzene at 2S°C

DISTRIBUTION RATIOS

TOATICNT or EXTRACTION Zr o 10** I Ur « 10°* H Zr o tracer
TUBES
n*« 5 n-17 ne 15 me 5 » o 7 * - IS nes»,5 o« o 7 n = 15
None 0.241 0.247 0.247 0.394 0.394 0.348 0.372 0.386 0.321
Bailed in 10" MZNJC1/ ¢ 0-194 0.206 (0.185)** 0210 0.232 (0.186) “  0.273 0.330 0 282

0.5 5 NCI; let stand osar
nifbt; rinsed eitb 11,0; tried
at 110°C

Rinsed with U Dri-fila 0 2%$3 0 272 0 261 0.346 0.370 0 348 0 348 0.403 0 379
(C 1 997%) in aethyl alcohol;
dried 3 hr at 110°C

en * tiae in days

eeAnalytical data far tha trainee in psranthesea fir, material balances «f 105 and 106* partitions are probably lee.



hot alcoholic KOH used in cloaninf the extraction tubea of Series Il vould
produce new glass surfaces which would be wore susceptible to attack. The low
value* for the distribution ratios, aqueous over benswne, found initially in
Series Il (sfter two days of equilibration) and at low Cl concentrations way
be due to the removal of the impurities from the walls by the wore thorough
classing procedure. The distribution ratios, however, inerease with tine.
The rate of change with tine increases with increasing CI" concentration.

No change with time is noted for the distributions of Series I, but the
high 'values and lack of order point to the presence of impurities. Since the
sirconiua concentrations were higher, the concentration of inpurity producing
the largest change with tine in Series Il would change the values of Series |
by nore than 25%. It aeens unlikely, therefore, that a significant amount of
inpurity is produced here with time.

The decreases in the ratios with increasing tirconiun concentration
shown in the extraction fron 0.5 If HC1 point to the presence of a low con-
centration of icpurity evan in these solutions. Similar changes in distri-
bution ratios with change in sirconiua concentration have been observed by
Connick st ! *eeel jn HC10. solutions. They attributed the changes to low
concentrations of impurities and suggested that they were leached fron the
walls of the flasks by the perchloric acid.

A further significant fact in these runs is seen in the decrease in
partition carried out ia tubes which had been treated with ZrOCI,. It would
seen that this treatment either removed nore of the inpurity or conditioned the
walls against attack. That some impurity is present even in these solutions,
however, is demonstrated by a decrease in distribution ratio with decreasing
sirconiun concentration siailar to that pointed out above. The change in ratio
with change in tirconiun concentration also indicates that no significant
amount of dead Zr ia introduced into the extraction system’by the ZrOCI,
treatment. It should bs mentioned here that the extraction studies nade laat
quarter tera carried out in tubes which had been treated with ZrOCIl, and at

(S) B E. Connick and H McVey, fk« 4«sce«* Ckeaistry of gircoaioa, UCHL101, p. 24 (Mar. 1, 1948).

(4) B E. Connick sad V. H. Uses, Tht Hydrolytic Bckooior of gircomima im Perchloric Acid Sciatica,
UCBL-261, pp. 11. 19 ( r, 1948)



e Zr concentration of 10 * Jf. Ttu* «»y account in port for t»* fart that Ilower
distribution ration, aqueous over hemene aors

Anion-Exchange Studios (C.‘t- Moon* F. Insit and K. A h>aua» Work
n the anion exchange behavior of rhlonde and sulfate cosplsxeahas continued
The major emphasis, hoursear, van shifted from studies of separation effi
ciencies to detersination of the charge of the adsorbed ions. At the nee
tins experiments are being carried out to determine changes in activity-
coefficient ratios of adsorbed ions in the resin phase as s function of loading.

Properties sf Vrsiyl ¥luorlds Solutions (J. 8. Johnson and K. A. Kraus).
As mentioned in the previous quarterly report (ORNI 870) wultrecentrifuge
studies of uranyl fluoride solutions together with the activity coefficients
calculated from freezing point depressions*1' were found to be in ngreement
with the hypothesis that the solution® contain primarily the undissociated
monomer UO]F|. These activity coefficients, yj, were surprisingly low for an
undissociated solute i*m at moderata concentrations where they might be
expected to follow the equation***

log T/ « *m (D)

where k is a proportionality constant and a in the molality.

It appeared reasonable to assume that the observed low values of y* are
due to partial eeeocietion (e.g., dimerization) of the solute accoi ling bo the
equation

2UO,F, «--——-- ? (110,F)), (2)

with the equilibrium constant
K- a,/a,* (3)

where et mnend a, * m,y,, the activities of the monomer and dzmrnr, re -
spectively.

(7) C. H Sscay, “lks Mass Activity Ceefficiaats of Uraayl Fluoride is Water Solutions at 2$° . ‘Ckos-
istrjr Division Qurlirly Pro$r»$t Rtport f*r Ptrioti gnding Jmmt JO, t$50. ORH-795, Pm 28 (Oet. I,

(') H $. Honed and B. B Oven, Physical Chtmittry #/ fUrtreiyfic S»(aliens, 2sd., p. 209. Rsinhold,
New York, 1950.
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Asswaiag for convenience that the aonoaer is the species at infinite
dilution,* its activity can be evaluated froa the equation**

of F X7 * (4)

Aasuaing also [according to Eq. (1)] that

log y, - Aa and log y# - *,« (5)

a

and, for further siaplifieatioa, assuaing that A, < A. m A and reaeabering
that a » a, ¢ 2a,, both X aad A can be evaluated by trial and error froa the
observed activities e”.

As shown in Table 1.6, a satisfactory diaerisation constant X can be
obteined usiag A+ 0,17. The lower value of X at a - 0.1 is probably due to
dissociation into ions which was not properly eliainated in the calculation

of 7°f.

TABLE I.g

Blatriaatioa Conatant of Uraajr/l fluoride froa frooulog Point Bate

(A h 0.17)

a ./ ul mt X
01 0 0094 9 004 0.007 0.91
0.S 0.203 b 233 0 133 202
1.0 0«1 0 325 0 338 2.16
U 0 MB 0 302 0.559 2 13
SO 0 092 0 400 0 794 2 19
SO 1.374 0 425 im 221
40 1972 0412 1794 2.21
SO 104 0,401 2.300 2 02

*The sene m iiftiw wes weds is the evaluation ef the activity coefficientsy. item the fronting point
dots. This aaauaptiaa, though Barely not true at hi®i dilution, where diaaoerstiaa into 10,1*7 UU*
wid f nest occur, is accessary te honed the prohlca.

*'Equation 4 can be derived as fellows:

If - yft
where ff, fj, aad f, are the partial nolal free anergiea ef the solute, nonower, and dinar, respec-
tively, and r is the fractiaa a* nananar. At aquilihrian & m0 - f%. 2 Haaca Ff or Ff° o
ITla % » /,* & IT la st. Since at iafiaita dilation a, m *f, /,* m-Ff° neat he traa at all con-

controtions and a, « % at all concentrations.
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When the result* of the ul”r«cenln fulto experiments were interpreted on
the basis of the activity copffiaio.tts exlcu'eted from freezing point depres-
sions, good agreement between the theoretic al (30R) and calculated values was
found for the lees concentrated solutions (see Tab'le 1,7). At higher con
centrations the calculated molecular weights tended to become increasingly
higher. It aeemed probable that this trend in molecular waighta resulted from
the use of activity coefficients which are applicable at the freeting point
rather than at the experimental temperature (shout 30°C). Reversing the
procedure acti vity-coe fficient ratio* ci 3 he calculated from the cehtnfuge
data, assuming that the molecular weight is 308. For evaluation of activity
coefficients from these ratios, it eas assumed that the activity coefficients
for 0.1 If UGjKj solutions were the same at 0 and 30°C. This procedure ia quite
arbitrary and implies that K changes only little with temperature. It was
adopted for convenience and should be revised after the r«rtinent data are

availabla.

TABLE 1.7

bMrnd Molecular Weights of 10,1,, Uslag Activity CoeTftcleats,

frea Preemlag Point Loeerlag

INITIAL OBSERVED
EXPERIMENT uD,r3 MEDIUM MOLEQULAR
<») WEIGHT
1 0 153 1 M NaClIoO, 213
2 0 239 W ater 292
3 0 755 Veter 352
4 156 Water 366
5 5 17 Water 369 « 402

The results of the calculation for 0-2 to 2 if UCaF, solutions are shown
in Tabla 1.8. It ia interesting that the new (30*C) activity coefficients
are also in fair agreement with a dimerization hypothesis. As alao shown in
the table, reasonably constant values of f % 1.8 are obtained using k - 0.1)8,
which is considerably smaller than ita value at the freeaing point (k » 0.17).
Using these constants for evaluation of activity coefficients at higher
concentration, the "observed"” molecular weight of uranyl fluoride ia the
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"taturiUd" solution was calculated to be between 286 and 228« Although these
values are too low, a re-evaluation of k and k at 30°C does not appear neces-
sary since with this vdry dense solution sufficiant distortion of the quarts
plates of the cell nay occur to lead to errors of this order of aagnitude.

TAILS 1.8

Activity Coefficients of- Ut,!, at II'C fron 11lltraceatriface lata

(Assuming Molecular Weight m 308 and yj m 0.750 it a m 0.2)

a yf K faimr k - 0 08) MOLECULAR WEIGHT
0.5 (0.750)* 120 (300)

oS 0 570 1-62 (308)

1.0 0-454 181 (308)

1-S 0-410 1 00 (308)

to 0-302 112 (308)

1.0 (0.357)** 204 (4 * 5m)
40 (0.347)** 203 (I *S3.)
SO (0.340)** 228 (S-S - 6 a)
6-0 (0-352)** '

*Assumed fj at 30°C equals yj at (resting point.

eeCalculated aaawsiag JTm 1.8 aad Am 0 08
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2. NUCLEAR CHEMISTRY

DECAY SCHEMES DP SOME ON PBMUCTS8
H. Zeldes B. H. Kete'ie
A. R. Broai

Work has continued on the decay schemes of the aass 133 fission products.
A nee bets group has been found in 11*1 which is enitted in s transition to
the 2-day sietsstable level in Xcl'*. ,In a very snail fraction of 5*day Xe,J*
disintegrations a soft beta group is enitted in a transition to a 380 Kev
level in Ca

Part of the work on I 1** has been done with sources containing appreciable
amounts of I*11. This has led to a study of the I11*1 decay acheaM in which a
new 720-Kev ganna ray and a new 810-Kev beta group hawe been found.

A considerable- anount of tine has been spent on instruaientation for the
new short-lived iaotopes laboratory. Equipnent has been designed for the
rapid separation of fission gaaes in order to study the radiations of short-
lived gaseous isotopes and their descendants.

It is planned to reinvestigate the aaa* 135 chain because aiany inprovenents
have been nade in inatruaenla and techniques sines it waa studied three years
ago. In addition to decay schene work, it is hoped that independent fiaeion
yields of soae of the chain uenbera can be determined in the new laboratory.

EVIDENCE FDD HE PMMCTIDN DP T«,Dr

G. W Parker and V. J. Martin

During the process of developing a routine purification method for
technatiua by subliming TeO, from process crudes, a white to pale yellow
product was observed to deposit near the heated portion of the quar-.s assembly.
This material, which can be melted and which will fora yellow or green solu-
tions, will also, upon standing, becoee dark red end resemble TcO(. A sharp
detonation twice rosalted when quarts tubes containing the sublimed oxides of
technetium wore heated with a torch to attach a collecting tube. The explosion
blew out the ground stopper connectod to the train, but, fortunately, detectable
amounts of technetium apparently were not releesed outaide the furnace.

3i
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In the future it in planned to collect tone of the light-colored oxide
for X ray examination and for oxygen analyaia.

[ON or CBBIUN rtoo neptunium and babe BABINS
BY IOOATB PNECIPIT4TION

P. M lent* and G. V. Parker

In preceding reporta (OKNl. 685 p. 62. °HN1 695, p. 51) the initial atepa
in the large acale separation of Np,, T from the ORNL pilot p.lant Hedox mites
eere described. A summary of steps follneing the concentration of the fission
rare earths and neptunium by coprecipitation with added Ce(OH); ia

1. Removal of chemical and radiochemical cerium by iodate precipi
tation.

2. Metathesis of*the neptunium and the fission product rare earth
nitrains to the chlorides by hydroxide precipitation and dissolu-
tion ia HCL.

3. Removal of neptuniumby reduction to Np(IV) and extraction into
TTA xylene.

4. Fractionation of ga4dpliniua, europium samarium promethium etc.
by the usual ion exchange elution with citrate buffers.

Reswval of bulk cerium by swan* of the ceric iodate precipitation outlined
by Boldridge and Hume'1* has been adapted to the first step. In the work
described below, some of the variables affecting the quantitative removal of
cerium, and the behavior of neptunium are described.

Solubility of Ceric lodate In the initial separation after thorough

washing, the neptunium, rare earthy and cerium hydroxides are to be dissolved
out of the centrifuge tube with strong nitric acid and stored for later

separation and purification.

In order to determine the effect of acid strength on the solubility of
Ce(10s)4, precipitations were made at five HNPj normalities (2. 4, 8 10, and
12) wusing, per liter, 200 mg of Ce(lll) carrier 200 mg of La holdback carrier,
sad Ca,<4 tracer. To oxidne the cerium to CellVI the solutions were made

f

(1) V. F. Boldridp sad D N. Hume, A .Study of IIl Separation «/ Carton ky lodutt Pncipi taften* and

lit /aproved ladiiiliiirat Patern mettoo a/ Cartaa and Bara fariA Activities, Clinton Laboratories
Report OC R-2845 (Jana 30. 1945)
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0*1 M with 1 K NwBrOj (about 60 tiiaes stoichiometric). After being digested
several winutea on a hot plate, the solutions were cooled in an ice bath and
then centrifuged. The precipitate was washed once with a volume of H}0 equiva-
lent to 50% of the original, and the two supernatants were coabined. Portions
of the combined supernatants and the dissolved Ce(l1O, )4 were counted. The

results (Table 2.1) indicate that for all practical purposes <¢ solubility of

Ce(10( )4 is unchanged over the range of 2 to 12 N ttfO, .

TABLE 2 1

Solubility of Ce(10j)4 Ibaa Precipitated Out of f. 4. S. 14. wad

IB N UNOj

RNOj Ce(Il1l) CARRIER La HOLDBACK % Celdd ACTIVITT
(#> (p'liter) («fitter) IN PRECIPITATE
2 0.2 0.2 100

4 0.2 0.2 M 1

. 0.2 0.2 9% .4

10 0.2 0.1 99.2

12 0.2 02 94.s

lepaMtlaa of Bara Barth* froa Carle ladata. Since europiusi is one of
the trivalent rare earths whose recovery from the fission products is sought,
deterainations of 'he extent of its recovery froa the iodate precipitation at
various '- td normalities werecondacted. The conditions were identical to
those maintained for the previous C*(10()4 solubility axperiaent except that
Eull' tracer was used.

It can be observed froa Table 2.2 that as the acid normality increased
the recovery of europium improved.

solubility of Np(If) I*4ate Compared with Np(t) lodate. It was expected
that the different states of neptunium should exhibit different solubilities
in a HKO, solution, and hence the behavior of neptunium under the conditions
of the ceric iodate separation was investigated.
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«

TABLE t.S

mecover? of laropiu (ru C«(10J)4 Precipitated Bat
f A «. & It. sat ta n bnb,

0(111) CARRIER La HOLDBACK % g,*** ACTIVITY
(8) (g/liter) (g/liter) IN PRECIPITATE
3 0.3 0.3 01.0
4 0.3 0.3 93.4
1 0.3 0.1 91.0
10 0.3 0.3 9T.0
13 03 0.3 9SS

I e

This =ii accoaplished by preparing two nets of duplicate sawplea of
4 MHNQj solution. To one set waa added, per litor, 200 ag of Co(lll) carrier,
200 ag of La holdback carrier, Np(lV) tracer, and NaBrOa;jto the other,,the
ease except for NaBrO, . Both aeta were waraed for 20 ain on a ateaa bath
prior to the addition of HIOa and then allowed to cool before ceatri fugatioa.
The iodata precipitate waa dissolved in HCl in preparation for counting. To
eliainate the abaorbing effect of the iodate in counting the neptuniua activity
in the filtrate, 35% NaOH waa added to thia acidic eolation to precipitate out
the rare earth hydroxides. These were separated by centrifugation', washed
with H]0, and dissolved in HCl to prepare a relatively solid-free eanple for
counting. The results (Table 2.3) indicate little or no difference ia solu-
bility in a 4 N HNO( solution between the Np(1V) and Np(V), although iodate
oxidation of Np(l1V) nay have occurred.

TABLE 8.1

Becoverr of Npa,#<If) and Np(V) fran the Precipitation
of Ceriaa as Ceric lodate

i MNaBrOj YIELD OP Npl**

CARRIER (ag) U HOLDBACK ADDED IN FILTRATE
SAMPLE Ce(lll) Co(1V) (+0) (al) (*)
Np(lV), Ne. 1 ; 30 Naas 30 Naas 93.3
e« Ns. 3 30 Float 30 Nose 93.0
Up(V), Ne. I Nous 30 30 S 04.5
3 No. 4 None 30 30 S 00.3
35
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Nut Precipitation of Ce(18,)4. It lias beea demonstrated by Willard***
that when ceric iodate ia precipitated slowly by gradual oxidation is a strong
HNO, eolation a Ce(10,)4 crystal is formed which has a diameter maay times
greater than that formed by rapid precipitation. The wet volume of the
precipitate is therefore several times smaller. This method of dease precipi-
tation appeared to offer good possibilities as a means of removing the cerium
quantitatively without losing the neptunium on an otherwise flocculeat preci-
pitate.

While a much more attractive crystalline Ce(10,)4 was obtained by the
reconaeitded procedure, it is believed that the poor separation obtained ia
inherent in the very high cerium concentration (1 to 2 g/liter), under which
conditions the solubility of Ce(lll) iodate is exceeded. The .results of this
investigation can be seen in Table 2.4.

Becevery of Bp*** by 'tease Prpcipltatloa” of Ce(I1W,)4 compared till
etreat Preclpltattea ef carte Cerlaa free 4 H MB4,

8,0, TIEU) Of Bp***
SAMPLE Ce(lll) CARRIER La HOLDBACX ADDED IB FILTRATE
(g/liter) (g/liter) (el) <%)
Direct, Be. 1 | 4.14 0 111
e« ¢« Be. 1 X 0.14 4 «1-4
IDeeee”, Be. S S 0.14 X »M
Be. 4 2 4.14 2 32.T

field Inproveneat by gepreclpltatloa ef Ce(lt,)4..1n order to denoastrate
that it is possible to recover at least 99% of the aeptunium as a result of
the ceric iodate precipitation for the removal of cerium, three synthetic
product solutions containing 0.5, 1.0, and 2.0 g of cerium PMr liter were
prepared in 4 N HNO, solution. These samples were treated with 1 If Ni*rO, to
assure complete oxidation of the cerium and a 200-fold excess of HIO, reagent
to precipitate the cerium. As indicated ia Table 2.5, the yield of Np,,# ia
the filtrate wvaried from 84.2 to 91.7% with the first iodate pracipitatioa.
Since a single iodate precipitation entailed too great a loss of neptunium,

(S) B. B. Wfllsrd, private eeananieetien.
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the precipitates were dissolved in dilate HCL for a reprecipitation. As aa
intermediate step the rare earths were precipitated with 35% NaOM to eliaiaate
the iodate. The hydroxides, after thorough washing with H,0, were again
dissolved in a volume of 4 N HNO, equivelent to that aaed in the beginning.
The resaltiag solatioas were treated ia a Banner identical to that nsed
previously to precipitate the iodaees the first tine; after counting the
precipitate aad filtrate fractions it was foand that 74 to 100% of the nepta*
aiaa activity realising froa the first precipitation was recovered in the
second iodate filtrate. This gave a gross yield with two iodate precipitations
of 94 to 100% of the total Np” *.

TABLE S .|

fetal Beesvery ef Bp*** froa Precipitation ef |.B te t.B g ef Carina
par Lltar aa carta lodate frea apathetic predact galatlaa

YIELD OP Bp*** YIELD Or Np*i)* Ngr YIELD OF Npl**
Ce ay aio, IN let IODATE IN Bed IODATE VITE TWO 1GOATY
(g/liter) (al) <> (B) PRECIPITATIONS (*)
1.0 BM 44 4 ~140 *'100
M B 14B 74 94
1.4 IBS ot »S.i 9B.I
IBS 111 ~iao lie

Baaaary. This investigation has shown that the removal of ceriua in
coacentratioas of 0.S to 2.0 g/liter caa be satisfactorily accomplished froa
a mixture of fiaaioa rare earths by precipitation of Ce(10,>4 out of a strong
HNO, solution. When two pracipitations are Bade the loss of trivaleat rare
earths and Np to the Ce(lO#)a precipitate can be expected to be of the order
of 1 to 2%
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3. RADIO-ORGANIC CHEMISTRY

aVNTMIlI W LOE-MMLECULAB-WEIfIWT INTIIKtIATII CONTAININS C14

E. J. Dowling V. J. Skraba
A. R. Jones T. C. Weeks

Hethanel-C14

One hundred end fifty eillicnricj of aethanol-C14 has been prepared hy
the catalytic redaction of carboa dioxide-C14. Methanol is foraed ia this
process in a yield of 90% sad is obtained as s colorless liquid eith the re>
tractive index and vapor pressure of pure aathanol. However, a coaparison of
the specific activity of the carbon dioxide with that of the Methanol indi-
cates that a dilation of about 15% occurs in the process. Physical aethoda,
applicable for the deterauaation of iapurities is the aethanol, have indicated
high parity. Coaparison of the infrared spectrua of this product with that
of pore aethanol has shown the aaterials to be qualitatively identical. Mass
spectrograaa (by Roger Hibbs of the Chenistry Division, Y-12) have also shewn
that, froa aass auaber 12 to aass auaber 104, the two substaaces are quali-
tatively identical.

Poraie Aeld-Cc11

By the Tolbert it al.<*> aodification of the Melville et al.<,) procedure
for the catalytic reduction of potassiua bicarbonate,.31.S aaoles of 30%
foraic aeid-C** has been prepared in good yield.

ilyeiae-1-C14, <lpelae-S-C14, Malania Aeid-1-C14

Several attempts to prepare glycine-1-C*4 by the aethod of Sakaai(J)
resulted ia an iapure product.

(1) B. N. Talbert, P. A Dn , and R E. Seliff, aepeblieked report.

(2) D. B. Melville, J. P. Raclwle, and E. B. Keller, “Svetheei* ef Methieeiae Caataiaiag Radiocarhea
ia the Methyl GreuP." J *<e<e Cfcca. 1«9, 419 (194?).

(1) W Sekani, V. |I. Evaaa, aad 8- Qaria, "Syatheaia ef Orpeaic Geapjusds Labelled with Isetepie
Carbee,** J. 4a. CAea. Sec. 49, 1110 (1947?).



Progress is being nude in tin. preparation of glycine -1-C14, glyc:ine-2-C14,
end anionic ncid~2’Cl14 through the intermediate chloroscstic acid.*4,4> In
this aethod equiaolar saosnts of chlorine and anhydroas acetic acid are allowed
to react at 140°C for 2 hr in the presence of catalytic quantities of phos-
phorus pentachloride, iodine, phosphorus, and acetyl chloride. The products
of chlorination are treated with a aixture of aaaoaiua hydroxide and aaaoaiua
carbonate at 60°C for 12 hr. The resulting glycine is separated by crystal-
lisation froa BMthanol.

SYNTMKSIS §F I11M =mOLICULAft-VKieiT COMPOUNDS CONTAININS C14

Preparation of g-geptadecylglyoxalidine-s-C14
V. F. Baaen and G. A Ropp

Olscassloa. Labeled >heptadecylglyoxalidine has been prepared on a I-
anole scale by a aodification of a process developed by Carbide and Carbon
Chtaicala Division. The reactions involved are the following:

CIrH, 6XW ¢ CHjN, - » Ct 7HS|GOOCH, + N,
C, yHJiCOOCH] ¢ NHjCH;jCH;jNHj -------- » C, : Hi|OONHC!Ifs CHj NH, ¢ CHOH
250&C ¢ N-CH1

Cl t H,,CON»CH1CHINHL -------- »C,H,C |T ®* ¢ H,0

Bxperlaeatal. Stearic acid 1 C,4(4> (0.294 * or 1 naole, assaying 91f
aicrocuries per aillieole) was aethylated with diaroaethane. To the resulting
aethyl stearate was added 0.67 al (10 aaoles) of ethylene diaaine. The
aixture was peraitte«l to stand for IS hr at TO'C. Excess diaaiae and alcohol
were reaoved at reduced pressure, and the residue was distilled at a pot

(4) B. N. Tolbert- aid 0. M Hugh**, 4* Improved Sjntkttit of Clyeiec-|-C14 «*4 Clyde*-J-C14 from
C*4-Lmkolo4 Aortic Acid, UCIL TH (Bay is. It**).

(*) G A Raw. Prepareua of Etbyl Acetate-2 Cl4 tad a-Betyl Acetete-2-C14 Using Alkyl Pbeapkates,"
J. Am Worn. Sot. 7f. *459 (19S0).

(4) Prepared by U. S'Testing Co., Hoboken. N. J.



temperature of 250”C it 3 u Hg, giving 0.248 g or 80.5* of tba theoretical
amount, m.p. 77 to 79°C. Radioactive assay: 985 nicrocnries per millimola.

migk*Level synthesis of Cl4*Lakeled Pelyaaelear lydrocarheme
'D. N. Hess sad C. J. Collins

Am sppsratas kss been coastractad for the high*level prodactioa of the
hydrocmrboas phenaathreae, beassathrsceae, chrysene, and 3fd4<beaxpbeaeathreae,
labeled eith Cw. Chrysene was prepared succesefally from 1,2*bensfluorene(1)
without iaolatiag the intermediate ester or carbiaol. Approximately 10
millicuriea of chryseae-5,6-C,14 has beam prepared ia an overall yield of 94ft
based on uarecovered carbon dioxide.

ncutfia W OBSAHIC BACIIMi

Mmctiea of Perualdefcpde with Aldehydes C ssttiaiii One Alpha Kydregea
J. G Barr, Jr.

As s resalt of the discovery tkst 9-formylfluoreae-10-C14 remcted with
formaldehyde to give inactive 9-fluorenenethanol (with displacement of the
aldehyde group as formic acid),**’ other similarly coastitatod aldehydes have
been studied in aa attempt to clarify this reaction.

In the normal reaction of formaldehyde with aldehydes containing one
alpha hydrogen atom, the first step probably involves the aldol addition of
formaldehyde to the aldehyde to form sa intermediate (I1).**’

(7) C J. Collins, A H. Joses, end C- M Toffol, ia Cheatetijr Pioioiss Qearterly progress deport /or
Period fading Jans SO. i0SO. CWL-TfS, p. Ti (Oct. S, 1950).

() J. G Burr, Jr., -The Asaction ef P-rorsylfl'erose with poenaMahyAs,” J. As. Ghee. Pec. 71, «2S
(1951)-
(99 R Memo. Organic Assetions, vsl. 11, p. 100, Viler, Roe York, 1M9-
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+ BOOOH

However, in the reaction of 9-fornylfluorene with formaldehyde, the inter*
mediate 11, if it forna, loaea the aldehyde (roup aa fornate to fora e carbiaol
as represented by 1V,<*)

In the schene below ere shown the results of the study of two sdditioeal
aldehydes, diphenylacetaldehyde and forayldesoxybensoin, together with two
previously reported reactions. The aldehydes are arranged in the order of

1
ascending basicity of the ~CH noiety, as reported by Conant and the lend. <*e >

C#H CH ~"CH,OH
OH .
A>SCHCHO ¢ CH,60 -———-- = jC
CH \CH.
(29) < *e QOhelaed, “The Study ef Eatranely Veek Acids,” J. 4s. Cfcea Sec. 54. UU,
(ID A. Pranks, “Abnormal Behavior ef Several 1,1-Ptheaoa I 1,3-Dibydroxyparaffiaa,” Bhsefaeh. 94,

1999, eep. 1904 (1919).
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[ ] a * Vv l1* j”* » S
C.H,. C.«.\ [<* <*
B. ACHCHO + CHjO C.
C*Hg \CH.CW
CoHdV OH*“ C*H* \
C.<»> il_ X C»CI4HO ¢ CHjO------- > CHCHjOH ¢ HC1400H
c,h4 C.H4X
CHC,4HO ¢ CH,0 CHCHj OH ¢ HC,400H
CfHgOO 1C,H,00

It u evident that the chaaga in the coaraa of the reaction froa path 1 to
path 2 parallela the iacreaaed basicity of this eoiety.

An explanation of this any be adduced froa a stady of the several re*
action paths which have bees postulated for the Cannissaroarosetion.<11*11*

The carbiaol, V, is indicated in bracjtets- because *it yields VI apoa*

taneoualy:

C.H, c.m, A

CHCHjOH c-ch, Diner
CH,, . . C,H,00
C.H..
ACHCH, "fCH,
C,H,— CHC1 C.H,~—CHCH
VIl

(12) B. R Almahr, Primciples #/ Ifit Organic p IM, Riley, Terk, 1950.

(13) R. Adana, ap. fit., p. 96.
(14) B- R Alexaadar, ap. tit., p. 307
(15) R- Adaaa, ap. cif., p. 99.

oo ti » i
-It«al }- I

* 0 a
«e  at* . oar



The dehydration product, VI, was identified by determinations of aolacular
weight, aolacular refraction, carbonyl content, uptake of hydrogen, and,
finally, by reduction to the carbinol, VIII, which gave a known chloride, JX*
ft wa» found that product VI (on oil) upon standing was slowly but coapletely
converted to a white crystalline solid, aelting at 108 to 110°C. This solid
was shown to have the eapirical coapoaition CIOH340|, a diaer of VI. However,
it gave no reaction of the carbonyl group, or of the hydroxyl group, and did
not show any unsaturation. The structure, X,

C,H,CO
M,C

CHHF \rg K

tentatively proposed to explain these observations, represents the product
of n Diels-Alder reaction, and would have both a highlv hindered double bond
and also a highly hindered carbonyl group. Further investigation of thia
snbatanca is in progress.

In the effort to prepare diphenylacetaldehyde froa diphenylacetyl chloride
by a Roaennund type reduction, an unusual product was obtained, i.e., tetra-
phonylethane:

PdbaSO,
(C#H,),CHOOK'1 ¢ H | --mrmmmmemeeee » (C.H,)| CH-CH{C.H#)| + (C,H,)JCH,

45 ¢ IS ¢ 54g

An explanation of this aaoaMloas reaction is being sought.

Sxperiaeatal .« 0,0 D.phmyltnmt thylen* olyeol. Diphenyl acetaldehyde
(9 g), prepared by the rearrangeneat of either hydrobensoin or a,a-diphenyl*
ethylene glycol, was dissolved m 50 al of 10% sodiua hydroxide and treated

*All aeltaag points ver* taboo so e Fisher-Johns block sod are socorrected CM assays woes accooplisbod
by a wot coaibestiae of caepaosdo. sad ian-cbaobar ejecting of tbs earboa dioside »aa does soavi>
brattag- rood electronstar  Macroseaaya for carboo sod bydregos sore by I V Galbraith, Kosovills,

43

gad .a
aa ee , e o



with 10 wl of 37% formalin solution o-ernight. The oil, which separated and
waa removed with ether, weighed 9 f. - The product, distilled at 4 ww'Kg pres*
aure, partly crystallised. Recrystsllisation from bewsene pentane gave 1.1 ¢

of colorless aicroplatea which welted at 102 to 103°C.

Anal. Calc, for C|#«|#0,: C, 78.8, H, 7.07; OH, 14.9*. Found C, 78.6,
H, 6.61; OH, 14.0%*.

The coapownd formed a dibensoate welting at 107 to 108°C‘(depressed by

admixture with the diol).
Anal. Calc, for CJ#HJ404 C, 79.8; H, 5.59. Found: C. 79.3; H, 5.52.

Reaction of fl-hydroxy-a-phemyl-ocrylophtnom (F»rmyldoxoxybtntoin) with
Formoldthydt. Desoxybenzoin (103 () was converted to foray ldeaoxybeatoia with
a aolutioa of 33 g of coaaercial sodium aethoxide and-62 al of ethylsformate
in 200 al of alcohol. The unreac?ed katene weighed 30.5 g. The aoiat enol
(91 g) suspended in 200 al of 37% foraalin waa treated with a solution of 23 g
of potasaiua hydroxide is a aixture of 150 al of.alcohol sad 30 al of water.
After the aolutioa was stirred overnight aad poured into water, the insoluble
oil waa extracted with ether and distilled at leas than 1 aa Hg pressure.
The distillate, collected in four fractions, weighed 60*7 g. The analytical

data obtained for the purest fraction are shown in Table 3.1.

TABLE g .1

Analytical lata far Ceapeaad VI

calc, far
DCTEHMINATICK TfBBB HOUND (1D
Molecular w e i*t B p elevatisa in boaseas til tot
Carbonyl Hydroxyloaino bydreehlerids* **> 11 e« 1 M
Molecular refraction di o* dl |
Bydroginetioa** Adoao PtOj it alcabal t O aelea t 0 noloo
*This is aa exaltation ef | t units, whteli la aet surprising far a carhaayl conjugated

with a phenyl frees sad e double hoed
esHoreel pressure *

iagio, eoafitattoo Organic dnelysir vie reactione reep*, p . ti ey, Nee Verb, It
Id S Siagio, Q fi Organic dnelysir vi ionel Creep* 17. ti Nee Verb, Itd#



Ten grant of coapoand V was hydrogenated. The project, distilled at
130*C at 1 an Hg pressure, was converted to the chloride, IX, a.p. 139 to
140°C, by the procedure of Kayaer.<>r>

The liquid product VI, after standing for a week sad half, deposited
crystals, a.p. 107 to 108°C, froa alcohol solution and in a fee weeks vaa
alswst completely solid.

4nel. Calc, for CJ#HJ40J: aol. at. 416; C, 86.3; H, 5.82. Found: aol.
wt. 420; C, 8S.7, H, 6.04.

This diaer did not react with hydroxylaaine in the procedure of Siggia, <1*)
it did not absorb hydrogen at noraal pressure in the presence of platinua,
and it did not react with phthalic anhydride in the presence of pyridine*
(showing the absence of hydroxyl function). The ultraviolet spectrua had a
single aaxiaun at 241 (log ig 4*22), .which is characteristic of a con-
jugated carbonyl function. The infrared spectrua (paste in Nujol) showed
absorption peaks characteristic of carbonyl functeion, but' none where the
hydroxyl bonds aight br expected.

Praparatioa of fi-HydroKyl-a-phonyI- (mcry\o-fl-Ct4 fphenono and Ita Reaction
with Formaldehyde. To a solution of 2.43 g of sodiua aethoxide in 25 al of
alcohol waa added 3.11 g of ethyl foraate containing 100 aicrocuries of Cl14.
To this waa added a solution of 7.85 g of desoxybehsoin .in 20 al oi‘ alcohol.
After this solution waa stirred for 36 hr, it was poured into water. The
recovered ketone weighed 4.38 g (56%), and was isdiocheaical ly inactive. The
aqueous layer, upon acidification, deposited 2.70 g (31%) of the labeled
forayldesoxybenaoia, a.p. 10f to 110"C. The bensoate was prepared, a.p. *106
to 107*C (future with the eaol welled at 90 to 100°C). This substance con-
tained 2.04 aicrocariaa of C:4 per ailliaole.

A auaptkaiea of 2.43 g of the labeled foray ldeaoxybeatoin in 5 al of
foraalin so ution was treat > with 10 al ef 10% alcoholic potassiua hydroxide.
\fter the solution was stirred for 18 hr and poured into wotor, the product
was extracted into ether and waa distilled at high vacuua ia a short-path
still to give 1.74 | ef a yellow oil, a0*4 1.5780. This subataace took up 11

@7y M T layaer, "Cm.triketies 1 I'fteda 4m rfeetteea buyaftripu,' 4ai. ekt». 4, 145 asp 171
(1454)

(1) g Hat*, ap. «it., p. 7
19 fMi., p 17
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aaoles (68% of theory) of hydrogen in the prenoace of platinua. The hydro-
genation product when distilled in high racnui yielded 1-54 g of a colorleaa
oil, nD3* 1.5571. This asbstaece (erode VIII) upon assay shoved less than 5%
of the starting eaterial solar C14 activity. This saall residual activity is
probably not significant because 6n such snail-scale runs it ess not possible
to purify the products thoroughly.

The aqueous fraction of the reaction product eas diluted with 980 ag of
uonradioactivs sodiua foraate. The solution ess trepted with 10 nl of 20%
bsniylthinroaiue chloride solution. The precipitated salt, n.p. 146 to 141°C,
war dried and assayed. It. contained 0.456 tiillicurie of Cl14 per ailliaola,
57% of the theoretical 0.803 aillicurie per sole. This denonatrated that the

Cl4 activity had boon converted predoainaatly to foraate.
\

Attempted Rotenmund Redu :tion of Diphenylace tyl Chloride. A snspenaion
of 4 g of 5% palladiue —bariue sulfate catalyst poasoned with 0.6 al of
quinoline-S solution in 200 al of toluene was prepared. To this solution vaa
added 44.6 g of dipheaylacetyl chloride, and a streaa of hydrogen was passed
through the solution as it was refluxed and stirred. The affluent hydrogen
chloride eas titrated eith 5 N sodiua hydroxide. After oversight reaction,
28 nl of NaOH had been cousuaed (7$% of theory). The cooled solution was
filtered froa the catalyst and evaporated under vacuun. The reaidual solid
was heated eith aqueous sodiua bicarbonate; the eadissolved aaterial was
filtered off; and the filtrate, after extraction eith ether, was acidified to
give 5.5 g (13.5%) of unreacted dipbeaylacetic acid. The neutral organic
aaterials were coabined and stirred with ether. The ether extract was evepo*
rated and the residue e«s distilled. The distillate, 4.4 g (13.5%), b.p.
87 to 89®C, n02> 1.5788, «aa di phenyleethane.

The ether-insoluble aaterial weighed 15 g (47% yield) and aelted at 209
to 210*C after several crystallisations froa benxene. This aaterial conforaa
in analysis and properties to tetraphenylethane.

Anml. Calc, for C]CH,a: C, 93.3; H, 6.64, sol. vt. 334. Found: C, 92.6;
H, 6.29; am1. wt. 320.

A aixture aeltiag point eith authentic tetraphenylethane (a.p. 211 to
212*C, froa diphenylchloroaethane and sine) shoved no depreaaion.
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IStropK EFFECT KM MCCWPMITIM 9F F9UIC ACIB-C14

G. A. Ropp A. J. Weinberger
0. K Neville

Experiments previoualy reported*14* have ehova that the decomposition
of formic acid-C14 in concentrated anlferic acid to fora carbon monoxide and
eater involves a measurable iirftope effect. Secceaaive staples of evolved gaa
were found to contain increasing anounts of C14 radioactivity. Since the
hinetica of the decomposition are of the first order, an eapresaion of the
following fore has been written:

In S o K & <*t - kl4)t (1)
where
S * the specific activity of the evolved gas sample at tine t
K - a constant'
1,1 - rate constant for formation of carbon monoxide-Cll

k|4 * rate constant for fornatidn of carbon monnxide*C14

It is aeon that substitution of values for In S and for t should permit the
plot of a straight line of slope - kt4.

This equation differs fron those previoualy derived**1**** in that the
specific activity figure used ia not aa integral of all increaenta of radio*
activity up to tine t but rather it the specific activity of one small in*
creaont of gaa at some tine t. Hence the smeller the aanple of gaa measured
ea a percentage of the total volune of prodact, the aore nearly will Eqg. (1)
be expected to be applicable ia correlating the experiaental resnlts. The
preaeat aethod, involving meaaureaent of the specific activity of successive
inerpaeats of product, is superior to that of aeasuring the iacrease in

(20) G. A. Rapp «ad A J. Veinberear, "The laatapa Effect ia the Decomposition ef Formic Acid-C14*
Chtmittrj Diiiiim Qaerterfy Progrtu gapart /or Period fadief Sepfoabe* JO, 1050. OHIL-ITO

(Mftr. 1, 1951).

(21) P. E. Yealnrich, “Isotopic Effects ia SonaSimﬁle Chemical Campm il," Isotopic fschemes geectieeo
ead Cheated flattie., p. 44. (WIL-C-8) Broohh.Tea Ceaferemce Report, Deceaher 1 - S. 194

(22) J. Btaeleiem, ibid., p. 53.

(25) V- H. Stevens ead R. «. Attree, “Effect ea Reaction RatesCaaadd by_the Sebetitetiea ef Cl4 forC1*
I. Alkalies Hydrolysis of Carbonyl-Lakeled Ethyl Beaeeete - Cm."J. geo. 2TB. 8§07 (1949).
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mpacific activity of the total prodnct ap to tiao t ia that a greater dif-
foroaco ia radioactivity will bo obaorvod batoaaa aaaplaa collactod at aay too
tiaaa, aad hence the advarao affact of coaatiag arror ia aaallar.

la ordar to approach nore cloaaly tba ideal ayataa of aeaaariag tba
activity of point aaaplaa, a flow ayataa coataiaiag a 10-al ioa ebaaber baa
baaa daaigaad and aaad ia receat experineate. Tba radioaetivitiaa of aac-
caaaivo 10-nl incraaaata of a total of 1000 al of gaa aay thna be aaaaarad by
aaaaa of a vibrating-reed alactroaatar aad recorded coatiaaoaaly oa a Brown
recorder. Tha kiaetica of tbha raactioa caa ba atadiad aiau ltaaeoualy by
aaaaaroaaat of tba volaaa af the gaa evolved aa a faactioa of tiaa. Figaro
3.1 abowa tba apparataa which haa boon naad. la this figara, A ia tba roactioa
voaaal daaigaod to allow tbe naxinua anrfaco for avolation of tbo gaa with a
aiaiaan volaaa for tbha gaa above that aarface; 0 ia a copper beat aacbaagar
wboaa function ia to briag tbho gaa to rooa taaparatara, ragardlaaa of tbha
tanporataro of tba reaction veaael; C ia aa aacarita taba to reneve fernic
acid apray which aight coataniaate tbha iaa chanber, 0; f ia a gaa-voluae
aeaaariag device which parnita tbhe callactioa oS gaa witboat changing tba
praaaara in tba ioa ebanbor; aad F ia a aerc»ry noaoaatar. The roactioa
voaaal contaiaa a aagaatic atirriag bar and ia aacloaad ia a coaateat-toapere-
taro bath, wboaa naaiaan variation ia 0.0S*C. Tba aatira apparataa ia con-
tained ia a hood whore a fairly coaataat taaparatara caa ba aaiataiaod. Tha
vibratiag-reed alactroaatar ia ao adjaated that tha ioa enrreat iacraaaa daa
to iaotopic affact daring an experiment prodacaa one-half to fall acala
deflection oa a Brown recorder. A plot of tbo logaritba of tbo rocordad
mpacific activity agaiaat tba tiaa baa boon foaad to give a fairly atraigbt
liaa. Tha alapa of tbia line naltipliod by 2.303 ia eqaal to ||t - kl4.
Thia divided by i (| froa tbe kinetic obaarvatioaa ia oaa fora far tbho ea-
preaaioa of tbe iaotepo affect. la Table 3.2 are tha data abtaiaad ia aix
axperiaaata at 0*C aad five experineata at 24.7*C.
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FIG. 3.1

ISOTOPE EFFECT IN FORMIC ACID DEHYDRATION'APPARATUS
USED IN CONTINUOUS MEASUREMENT OF GAS VOLUME AND
SPECIFIC ACTIVITY OF CARBON MONOXIDE EVOLVED

NOT CLASSIFIED
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TAILS 1.1

Mitt f*r HU rilaittM aX lIsotop* Iffoot is locosposlll*s of Foraic Acid

la lalfarlc Add Sslatlss

ISOTOPE EFFECT (S

*»a * *|4 L
deviation froa.

TEWERAIURE . e
(*€) (xm* ‘ 104 ) (aiaL’J*l X 1?)4) ?»' )

° 1.4 423 U 2 +10-9

141 335 9.3 s

111 4 01 11 2 ol

sir 3 St 11.7 o 44

350 3.8l 10.0 91

1ST 4.10 us *45

AV*, 151 330 110 94

14.7 74 5 45.4 155 -0-1

! t*.o 67 1 195 044
74.S 43 0 144 1.2

*1-4 42.3 7 44 -10 5

H I 73.7 920 +7.3

AV*. 77.5 44.3 . 54 4

The difference in activation energy for foraic acid-C1l1l* and fornic
acid-Ci14 can be calculated as follows: Froa the Arrhenius equations for the
activation energies of active and inactive foraic acid at teaperaturs T,,

exp (*Ha/NT,)

®*p (-*n/lir,)
where

ku and kl4 are the rate constant* for the C‘* end the Ci4 coapound,
respectively.

Att and Aj4 are the respective collision nuabers (including steric
factors).

fia and B.. are the respective activation energies.

e* oat a °a as * ae t

® »as | “° o\ a_ a s »

* H . a'a, & §41 a a
« a ate aa

a*x" ..



An expression siailar to Eq. (2) can be derived nt tesperature T,. Dividing
the equation for Tt by the equation for T,,
At
------------------- «» [ ------—---
> <* x> * I'T.r,) J
since AE » Et4 - Although 414 aay be soarawhat different froa 4,a, the

ratio of the two shoald be practically teaperatura-iadepoadent.

Putting Eq. (3) into logaritha fora, it becoaes

[ TtTa
AE - 2.303R
« *.V <*.«/**,>r’
14 A
K a hil \]

Thar, for f, - 298.0°K and T, - 273.2°K

*ia * *14 *ia * *»4

= 0,08 0.10

*ye “h .*°%j fc*«

AE % 180 cal/aole

In 90.5* HfS04,

Avg. kIt at 298.0°K m 77.5 * |0“*/ain

Avg. k. at 273.2°K m 3.52 x 10'Vain



Is additionto the asp.*riseata liated ia Table 3.2, oaa special run waa
eada using the apparatua daacribad previously except that the aacarite trap,
tha heat exchanger, and the aaaoaeter were reaoved froa the flow ayatea.
Reaoval of theae parta aad the redeaigaiag of the reaction veaaal eliainated
about 95% of the free voluae ef the ayatea between the aurface ef the aulfuric
acid and the ion chaaber. At 0°C, uaing thia aodified apparatua, a value of
10.0% was obtained for the iaetepe effect. Since thia value ia not aignifi-
caatly different froa the average valua of 11.0 for tha previoua axperiaenta,
it waa concluded that aoraaeat ef. the carbon aonoxido through the ayatea waa
eaaeatially "plug flow” aad that the teaperatare coefficient of the iaotepe
effect waa probably not due to differance ia the degrae of aixiag within the
free volaae of tha ayatea, i.e., to difference between the ratea of elution.

Cia MEeN m ill in tb uabkanociints gp a-pniTM ts:
OMYHBTBICAL BKNIILS

E. C. Headley* 0. K Neville
C. J. Colline

An inveatigation of a new aethod for the preparation of carbonyl-labeled
uasyaaetrical bensila has bean undertaken. The aethed involvea the reactiona
indicated in tha aquationa below:

Inktr of tW Research Participation Program sponsoreddjointly by tba Oak Ridgs Institute of Nnclesr
Studies and Oak Ridge National Laboratory; pernaneat address, Mississippi State Collags. State C Sliep,
M ississippi.



In til* present ease, the unsyauetrical 1y substituted group, X, is the
p-nethoxy group. la the folleviag sectioa the prepsretioae involving the
first four of the reectioas in the scheae are described.

Bxperiaeatal. (1) Phenyl p-Mctkoxyetyryl Ketone. To a stirred aixture
of 2S.1 g of acetophenone, 11 g of sodiaa hydroxide, 62 al of alcohol, end 98
al of mater, at rooa teaperature, eaa added 29.2 f of aaisaldehyde. The
aixture was thea heated at 30°C for 3 hr, aliened to stand overnight in a
refrigerator, sad filtered while cold. The yellow solid reaidae was washed
free of alkali with water sad finally with cold alcohol. After cryatalliaatiea
froa four tiaea ita weight in alcohol, the product aelted at 73 to 75*C and
weighed 42.84 g (84% of the theoretical yield).

(2) Phenyl p-Kethoxy tyryl Ketone Oxide. The phenyl p~aethoxystyryl
ketone was converted to pheayl p-aethoxyatyryl ketoae oxide hy adding 3 al of
30X hydrogen peroxide to a aixture of 1 g of the ketone, 2.5 al of 2 K aodiua
hydroxide, sad 30 al of alcohol and atirriag for 20 aia at rooa traperaturs.
The precipitate which resulted froa adding IS al of water end cooling weighed
730 ag. After the product had been dried over phosphorus peatoxide in a vacuua
desiccator, the yield was 69.4% ot the theoretical aaoaat, a.p. 81 to 83*C.

(3) Phenyl p-Methoxyhenxyl Glycolic Acid. A aixture of 730 ag ot the
epoxy coapound foraed in (2) above, 2.2 al of 2 N aodiua hydroxide, and 8 al
of alcohol was refluxed for I.S hr. After 28 alofwater had been added and the
aixture saturated with careen dioxide (dry ice), the iapurities were extracted
with ether. Acidification of the water layer produced 660 ag of the acid.
The yield was 84.5% of the theoretical aawuat, a.p. 18S to 187°C.

(4) Phenyl p-Methoxyhentyl Ketone. A aixture of S20 ag of the acid
froa (3), 46 al of glacial acetic acid, and* 125 ag of chroaic acid was stirred
overnight, after which 118 al of water was added. The product was extracted
continuously into ether, and the ether extract was waahed with aodiua hi*
carbonate solution. Cryatallisatioa froa alcohol yielded 170 ag of the
substituted deaoxybeasoia aeltiag at 9S to 97*C.<>4* The yield was 39.3% of
the theoretical aaount.

(14) Cf. 8. 8. Jeakias, "Baaseia Itoductisa. |. Ihs Mechaaisa ef Kataae Peraatiaa. Tha Gaea af Baaaaai.
e0in,” J. 4a. Ch*m. Sec., S4, 1155. sap. p. 118T (1931).



4 MISTRY OF SEPARATIONS PROCESSES

al

MLVKNT BXTBACTIM

Tl« eresale Cheatstry af Solvents (V. H. Baldwin and C. K. Hif(ias).
Smlfonta. Work oa theaa coapounda baa bean taaporarily diacontinned to allow
fall effort to be devoted to the atady of phosphatesi



iatara </ Pkoapkorie Acid. Several preparation* of tri-n-iityl phosphate
(P*a) hare boon wade by Jth* reaction bntvoon A*,P04 and n-baty. bromde.
Sanplas of tbio radioactive naterial bate baoa aappbind to roaoareb aad
darolopnont groups at REV and KAPL. The labeled TBP in being need in oar
laboratory for tbe atady of tbe diatribntioa of TBP between agaeoas nitric
acid aolationa nnd nonpolar solvent*.

* «

BLCCTBOtEFtSITItN MVAVIM VP SILVKB

J. C. Griess, Jr. (in conjnnctioa with L. B. Rogers
aad J. T. Byrne of M.I.T.)

Studies daring the past qaartnr bare enbraced a vide variety of topics,
all of which baVe bean considered to be variables affecting tbe electrodepo-
aitioan behavior ef fractional aoaolayera of silver on inert sarfaces. It Laa
been kaowa for aoae tin* that tbe pant history, as well an tbe type of elec*
tiod* naterial, in an ihportaat variable, bat it has jnat bean deaonatrated
that altboagbh tbe behavior can be changed by igniting an electrode, the pro*
ignition behavior will be regained by repeated aaodic polarisations of tbe
electrode. Than, if tbe treatneat of a set of electrode* ia consistent, the
data will be internally consistent. With on* or two niaor exceptions, a
person in another laboratory reprodneed the behavior aaing another olectrod*
of the sane naterial, provided the treatneat of the electrode, particularly
the cleaning procedar*, ia the sane.

Heretofore it has been a qaastion whether or not other eleweat* such aa
platinan, palladiun, or copper, which night be present in eolations of the
radioactive tracer, inflneac* the behavior of the silver. Daring the past
guarter, the behavior of traces of silver waa found to renain unaffected in
the presence of aaounta of these elenenta as great aa 10'a If.

Earlier stndies have shown that the deposition behavior of traces is
often considerably different fron that predicted fron tbe Neraat aquation
whenever fractional noaolayars are deposited. However, daring th* past
quarter a successful attenpt has been «ad* to atady changes teat occur in the
transition region of concentrations between pur* "-trace"' behavior aad "aacre"
behavior. A conparieon of the transition behavior on geld, platinan, and
palladiaa electrodes indicated that distinct differences exist which ar*
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chcracteristic for ell electrodes of the aaae Material. Although im Il dif-
ferences were observed betveer different electredaa of the ansM aaterisi, the

behavior fer n particular electrode appeared to be ceapletely reproducible.

Thefce stediee with silver have aade it possible to Modify end to extead
current bypotbeaea concerning the electrodeposition behavior of trace quanti-
ties ef ether eleneata on inert electrodes. In general, the shapes of the
deposities curves coafira the seggestion by Haissiasky that the deposition
behavior ef fractional aoaolayers is strongly influenced by the heterogeneity
of the surface. Hoeever, using a rigorous tberaodyneaic treetaent, it has
been possible to give a acre coapreheaaive description of the experiaentel

phenoaena then has heretofore been available.

The experiaentnl work at this laboratory has bean coapleted and the work
at M.I.T. eill be coapleted virhin a fee weeks. A coaplate report will be

issued in the near future, as a paper in the Journal of th* ElectrecAeatcs 1

Society.
VOLATILITY
P. A. Agron and E. G. Bohlaaaa
latreductlea. The study of the effects of the phosphorus fluoride

gases on thoriua fluoride was extended to higher pressuraa ia sealed quarts
tabes. Evidence fer a poasible couple* v*«ck is unstable at rooa teapereture
and at reduced preaaorea had beea obtained in previous work; therefore it
seeoed desirable to aake visual observations on theae gas-solid aystaaa under

varying pressure and teapereture coaditioos.

Biperlauatal Beaalta. Thortua fluoride sal* was subjected to PFa(g),
PF#(g), sad POFj(g) at various pressures ia sealed 4-ua quarts tubes. These
tubes were then heated ia a tubular quarts furnace under the conditions given
ia Table 4.1 to a aeries of teaperetures reaging froa 300 to 4S0°C. At 300*C
the gas pressures are roughly twice the iaitial pressures; however, the
dissociation pressures of ths hypothetical cooplex say be* greeter than the gas
pressures attained at the elevated teaperatares ia these experiaeats. There-
fore the TbF4(*) ia tehee t( 3. end S wee also exeaiaed et teaperetures below
the teapereture of the gee (anjor pertioa) by lowering the portion of the tube

eoataiaiag the solid below the furnace windings.



TAILS |1

CoatfltINi far M atin Thorlea PlaarIM at Ah Ptioaaloraa
fluoride lum la Quarts Takaa

CALCULATED PRESSURE

VOLUME Of TUBE AT ROOM TEMPERATURE MOLES OP GAS PER
TUB NO. (el) GAS fatal MOLE Of SOLID
1 1.4 111 1.4
1 1.4 14. T X.1
S S.S 34.4 9.6
4 1.4 1S.4 1.9
S S.S 11.6 S.6
6 1.4 POT, 16.6 1.S

la aoaa of tka above experiments waa aay liquid pkaso observed. Tba
aolid ia taka 3 showed a tendency to caka when it vaa kopt at a toaparataro
lower tbaa tbot of the (aa aa described above. Tba wbita thoriua flaorido
becane (ray ia all tubea except tube 6. ia tube 6 it waa unchanged. Thbha color
ckaage waa obaervtd when the tubes wore heated above 300*C. After a auabor
of cyclic heatingi. tube S exploded when the upper portion waa heated to 490aC

ia the faraaco.

Aa ia previous stadias, electron aicrofraphn of the treated aaterials in
tabes 1, 2. 4. and 6 show an apparent particle breakdown. The affect aeons
to bo aora prevalent ia staples 1 and 2. The product fron tuba 3 has fot
boon axaaiaad to data. It ia hoped that eloctroa diffraction pattoraa of tba
traatad aaaples nay soon ba obtained to establish the identity of the vary
fine particloa that appear ia the electron uicroscope plates.

latere Sorb. A natal syaten has been set up for passing tha phoaphoraa
fluoride gaaoa over irradiated ThF#(») at elevated tanparataraa sad pressures.
Aa attanpt will ba nada to aoa whotbar these treatments will facilitate tha
renewal of protactiaian sad uranium fron their lattice sitae ia tha irradiatod
saiid. At present, raas using UF4(«) as a stand-m are beiag carried ont.
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S. CHEMICAL PHYSICS

m | CKOI ATX SPKCTSOSCOPY

R. Jirings ton

I 1*' ItiilH . The amount of foreign salt praaoat in tba radioactive
sodium iodide eolation, the starting solatioa asad in ths previoaa runs, oaa
found to bo too largo. This caasod a low cbeaical yield of aethyl iodide aad
the foraation of considerable aaoants of foreign gaa, which prevented saecessfal
aierowavo obsarvatioas. Stadias have been aade on the ase of hydrasiae
solation aa a tske-up liquid in the distillation of iodine. A taaber of
experiaents have been done on a seaiaicro scale with natural 1'fT, and tracer
experiaents have been done with 11*¥1. |If iodine is dissolved ia a hydrasiae
solution and the eolation ia evaporated to dryaess by evacuating (not heating),
a dry residue is obtained which loses no iodine oa prolonged paaping. Chbeaical
assay indicates the residue to be a hydrasiae aalt, NfHA*HI or perhaps wore
correctly NfH 1. The salt will uedergo violent theraal dacoapositioa soaewhat
below 200*C bat is safe ap to at least 100°C.

A tost sxperiaant with the aicrowave equipment showed this aalt to be a
suitable startiag aatarial for preparing aatbyl iodide. However, slightly
aore foreign gas areas to fora than whan pare aodiaa iodide is aaod. If
sodiaa hydroxide is added to tho solatioa of iodine in excaas hydrasiae aad
the solation is taken to dryness, the dry roaidao contains aora hydrasiae
than a siailar solation dried without the sodiaa hydroxide. It was hoped that
the dry rosidae in this case woald contain no hydrasiae aad would bo essen-
tially aodiaa iodide. The aao of hydrasiae aa a take-up liquid for olesMatal
iodine has several advantages over the use of sal faroas acid. A ver*y large
exesas of hydrasiae can be used. This will allow oafficiant reserve of re-
ducing agent to be present so that the iodine will always be present aa iodide
even though the solation is stored for a few days and eoasidarablo hydrogen
peroxide foras by radiation decoapojition of the solatioa. Vken tba solation
ia pumped to dryness the excess hydrasine volatilisoa away. la the can* of a
salfuroua acid take-ap liquid, the practice has boen to neutralise the so-
lution with sodiaa hydroxide after the iodiae baa bean absorbed. This pre-
vents loss of iodine aa HI when the solatioa is taken vo dryness. Any excess
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aulfuroua acid than contributaa to the total aalt raaidae. However, aooa
exceaa aulfuroua acid moat be prevent to aaaara an affective taka-up liqaid
and aa a reaerva agaiaat future paroaido formation by radiation.

Ona hot experiment haa been carried oat aaiag the kydraaiaa nethod. It
v«a not aucceaaful bocaaaa of too ouch aalt being praaaat, but in thia caaa
the aoarca of tha aalt couldaonly bare boon apray-formed in tba final iodine
diatillation procaaa. Aa*a roault of thia axpariaaca it boa boon decided to
purify the normal 1'* 1 product produced by tba Oparationa Diviaion by a
aolvent extraction atop. A aatll extraction apparatua'that can anaily bo
oporotod by remote control baa boon built, and neveral tracer axperineata ha.a
boon carried out. Tba extraction of 1-curio amouatrf of earrier-froe 1,sl
appaara practical, but tba chemical yield mill not bo vary good. Thba method
baa been to convort tba averting material to elemental iodine, extract it
into carbon totracblorida, and then back-extract it into n dilute hydrasine
aolution. Mora complete detaila of the method will be preaantod in a later
report.

magnatic loneat of 11*. The magnetic aoaant of 111* ia being determined
by the nuclear induction atetbod in a cooporativo program with Harold Walckli
of the laotepe Pbyaica Diviaion a* Y-12 and Gordon Hebert of tbo Cbhaniatry
Diviaion at thbia Laboratory. Tbs dimple van 33 mg of iodine iA bydraainc
aolution with aono heavy mater add*4~ Both tbo I, T and Ila* raaonancaa, aa
mall aa deuterium, have been aeon in rtm aamplo. The I,,a raaonanco waa vary
weak. Meaauremonta more therefore made on a aaparato aolution of>ainilar
chemical compoaition. In addition, 11> waa noaaurod in aodiom iodide aa-
lotion to chock on poaaibl.e chemical ahift affocta. Thbhia maa eeaaidorod
deairable ainca publiabod maaauromanta on I'*’ more carried out in aodinn and
Notaaeiuo iodide aolmtiona. Tbo meaauremeata are nearly complete. Tbo re-
aulta proaoated below are preliminary.

It ia aatimatod that our 33-mg aamplo ceetaiaed about 75% | 11*,.the
remainder being liav.

Frequency monauromenta of iodine relative to deuterium more made at
fixed-reference magmatic fielde, giving

« 0.16744 i 0.0001



0.20007

Uain* « spin 6f 5/2 i»r I»*» and of 7/2 for [|*** <* >
correction of 0.545% for iodine,and -

for the protoa aoaent,<4> the final
melons are:

« did«*«netic
value of 2.79268 nuclaar aagnetona
Magnetic aoaent values in nuclear nal-

 2.6173 i 0.0003

M It, - 2.8089 i 0.0004

e 1.0732
(1) 1. C. Leviatkal, "Relative Nuclear Haaseta ef H* and |I*," Rfcya. Rea. 78, t0< (1950).
(1) R~ Liviufetea, 0. R. Gilliaa, aad V. Gordy, "TVa Nuclear Spin and Oadrupole tefl‘*V
jra. Rev. 74. 140 (1049).
(1) V. C. Oichiasee, "Martree Caupetatiee ef tW latereal Dianapietic field for Aloes,” Phyt Rw»
*9, MS (1050).
(4) H. SeeeerR.A"T"oeee, aad J. A. Ripple, "Values ef f, aad *"/aj Uaiaf the Q eefatroe Pkyi



The estimated accuracies do not inclada uacartaintiaa in the dianagnetic
correction. The only previous aeasnreaent on |1*9 was done by Microwave
spectroscopy and resulted in a value of 2.74 1 5% nuclear negaetoas. Our nee
value is within the eatiaatwd error of the older value. The I**7 value can
best be coaipared with published values as the frequency ratio to the proton.
Pound*¥) found 0.7S664 i 0.0002 relative to Nal*, which is listed below after
conversion with Bitter’s*7) Na** to proton ratio of 0.26450 i 0.01%. Zimoernan
sad William***) neasurenent and ours are also listed.

0.20013 i 0.00005 (Pound)

0.20003 i 0.00007 (Zianernan and Wi llians)

+ 0.20007 t 0.00003 (oura)

CALOBINETBY H RABIOACTIVITY

G. H. Jenks and F. H. SweetoOn

Caloriaetric deterninationa of the heat liberated by the weighed samples
of C** described, in a previous quarterly report (OfVfL-68Si p. 129) heve keen
coapleted. However, the power generated by decay of the samples is still un-
certain because of the possibility that an appreciable fraction of the decay
energy nay have been stored in the charcoal on which the C**04 asking up the
saaplea was adsorbed and in which the beta particles were absorbed. Measure*
neats designed to establish whether such a storage of energy occurrod are now

(

(6) R. V. Pound. “On the Nuclear Maaaeta ef I*** da*9, Qa7l, and P91.* PAya. few. 79, 1113 (19a).
(7) f. Bitter, “Mapietic Resonance Frequencies fer Several Nuclei,” Pkjrs. Be*. 75. 1925 (1949).

(9) J. R. Zieweruae and D. Williams, “Determination ef Nuclaar Oyromsgnetic Ratiae I,” Phjt. Do. 74,
150 (1949T

) WA7Jordy,N R .~illian, sad R Linalttm , “Nuclear Magnetic Mowaata from Microwave Spectre:



underway. In case a storage is detected, the fraction stored can also be
found fron the aeasureaents.

The caloriaietric daterainations which have been completed consisted of
two separate naasurenents on one jaaple and of a single aeasureaent on the
other. A calibration aeasureaent was also aade. The resalts of the two
measurements on the one saaple differed by less than 0.5%. The results for
the two different saaples (in teras of heat per unit asount of the original
batch froa which the saaples were aligooted) differed by 1.3%. The cali-
bration aeasureaent deaor.strated that the caloriaeter was operating as ex-
pected and showed that the heat leakage during the aeasureaents was 4 x 10"*
watts or about 0.5% o' the power generated by the saaples.

During the tiae the above aeasureaents were being aade the perforasnee of
the caloriaeter was excellent. Before that tiae, however, an umber of aeasure e
aants on one of the saaples had been atteapted but, in each case, had failed
because of a poor vacuua in the caloriaeter jacket. The poor vacuum resulted
froa leaks which apparently developed when the caloriaeter was cooled, since
tha jacket appeared tight when tasted at rooa temperature. The ticurce of the
leaks was found to be in the Cerrolow solder, a low-nelting alloy of indina
used instead of noraal soft solder to seal the jacket because tho calorimetric
saaples could not safely be heated much above room temperature.. Other means
were therefore taken to prevent heating of the aaaple and the Cerrolow was
replaced with lead-tin aolder. There was no further trouble with leaks.



Recent vork using Co*° gast . radiation is being written up for presents-*
tion at the April Meeting of the Anericsn Chemical Society. A sunnary of the
psper will sppesr in the next qusrterly report.

This work will be presented st the April Meeting, of the AMericsn Chemical
Society, snd s summery of the psper will be in the next qusrterly report.

KFPBCTS OF I0NI2KN6 BADIATION UPON imBOOBNBOUS CATALYSTS

J. A. Wethington snd E. H. Tsylor

A decrease in the activity of a ZnO catalyst for ethylene hydrogenation
has been observed ss s result of irradiation with Co*° ga;nma rays. A sample
of reagent-grade ZnO was activated by evacuating for 16 hr at about 360uii.
The half-tine of the hydrogenation of ethylene at 0°C <H#/CaH# * 2/1) was then
21 hr. Successive 2*hr evacuations at 100°C increased the half-tine to a
coastant 29 hr. Thirteen days of exposare to ganna rays at about 1S,000 r/nin
increased the half-tiae to 36 hr.

It is hoped that this reflects a direct effect upon the catalyst itself,
but other possibilities exist. The principal alternative hypotheses involve
either radiation qecomposition of adsorbed reactants or products with resulting
poisoning, or rad/aiation release of adsorbed water or oxygen fron the glass
with stronger adsorption upon the ZnO. These possibilities are being investi-
gated.
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J. V. Boyle D. M Richardson
F. J. Fitch C. H. Secoy

J. F. Manneschmidt M D. Silverman
H F. McDuffie A. «. Smith

A. B. Olsen~* F. H. Sweeton

Twenty-two in-pile corrosion»irradiation teste of aqueous ursnyl sulfate
solutions in contact with only tVpe 347 stainless steel surfaces were carried
out in the X-10 graphite reactor during the past quarter. This work is
described in detail in the- Homogeneous Reactor Experiment Quarterly Progreat
Report for Period Ending November 30, 1950 (ORNL-92S) and vill be only aum-
nsrised here. The stainless steel surfaces had been either pretreated with
IS HNQj or 2% CrOj, or had been aiaply cleaned and etched prier to the experi-
ments. Thirteen of the tests were classed as giving encouraging or successful
results, seven as giving inconclusive results because of sone sbnoraality
during the run, and two as failures. Classification as being successful or
having failed was on the basis of pressure-temperature-flux data recorded
throughout the run; a successful run showed normal responses to temperature
and flux changes and naintained appreciable pressures of hydrogen and oxygen
in excess of stean pressure throughout the run; an unseccessfl-’ rur failed to
oaintain pressure in excess of stean pressure, suggesting that the uranium had
been removed fron solution. There is sone evidence suggesting that the
failures were associated with reactor shut-downs. Available analytical data
indicata that only very snail amounts of tetravalent uraniun and reduced
sulfur are preaent at the end of a run.

Improvements in apparatus and technique' during the past quarter now
pernit experinenta to be carried out with greater safety and less loss of
experimental data than previously. Additional facilities for radiation studies
have been made available at hole 60 of the X-10 reactor and placed in service.

In anticipation of the plans to carry out experiments at higher neutron
flux in the MIR mock-up, a high-pressure testing area has been constructed.
All experiments so far have been carried out at fluxes which, while not «o
high as those for which the HRE is designed, are considerably higher than
those at which the HRE will operate until the system has been thoroughly

*1Uactar Technology Division.
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tested. It is therefore unlikely thst deleterious rsdistion effects, the
shseace of which asy be denoastrated in the present study, «ill be asnifested
at the low power levels which will charscterise early operations of the HRE

Aapoule experinents are underway in which the affects of different levels
of nraniua concentration, pH, taaperatura, and neutron flux upon the procipi-
tation of uraaiun peroxide are being studied. This work is considered to he
of interest in connection with probleais of start-up and shut-down as well as
the prevention of precipitation during operation at a steady level.

mKTKBIINATIPN OP ITIUUN PBBOXIBK IN TOO PBKS8KNCK OP UMNIUO IONS

E. J. Dowling V. J. Skrabe
A. R. Joses T. C. Weeks

As an inportant part of the study of radiation effects on aqueous uranyl
sulfate solutions, several nethods for the deternination of hydroge.i peroxide
at concentrations of 10~4 M hav « been investigated. The photoeetric aethod
reported by Allen «t sl.(1> failed to give sufficient accuracy owing to inter-
ference in the light absorption by ursnyl ion. Potentionetric titration with
ceric ion and ferrous o-phenaathroline indicator failed at high dilution. At
present, a polarogrephic method'for the determination of hydrogen peroxide is
being investigated.

(1) A. 0. Alisa, T. V. Daria, G V. Elnara. J. AL Oornlay, B M Baiaca, as6 C. J. 1, Dtcon*
petition tf ia*«r and Agmeomt Solution* Under Pile Pndittion, QPWL-130 (Oct. 11, 19490
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A DIFFERENTIAL AND INTE6RAL PULSE DEICRT SELECTOR PM TIE A-I ADPLIFIER

E. Fairatein

latrodactloa. The increased use of scintillation counters for tha
neaiurenent of beta- and gassas-ray energy spectra has eaphaaisad tha need for
an inexpensive differential pulse height selector. Because of the vide uaa of
the A-1 amplifier at this Laboratory, a unit snail enough to replace tha
integral pulse-height selector no* incorporated in it ia most desirable.
Such a unit should require a minimum of amplifier circuit change without
appreciably sacrificing speed of operation or reliability.

A circuit which meets these requirements has been designed and built.
There has been insufficient tine for extensive reliability teats, but there
appears to be no reason for early failure ia the present unit.

Description of Cirenlt. The basic differential pulse-height selector
consists of a pair of gate circuits followed by an anticoincidence circuit
(Fig. 7.1). The difference in triggering level of the two gate circuits
constitutes the slit width. The sensitivity of both gate circuits is varied
simultaneously by the pulse>height selector control. The anticoincidence
circuit accepts only those snplifiar pulses whose posh amplitudes fall within
the slit. Larger pulses are prevented from passing through.

Because of the finite rise and fall time of the signal pulse from the
amplifier, the lower gate is triggered before the upper, and the upper gate
recovers before the lower. It becomes necessary for proper operation of tha
anticoincidence circuit to delay the signal from the lower gate until the upper has
triggered, and to store the signal from the upper gate until the lower has
recovered. The delay is accomplished by using the differentiated trailing
edge of the lower gate signal. Storage is accomplished by charging a small

condenser through a diode

T( through T4 are the gfte circuits. Western Electric 404A tubes are
used becsuse of their high figure of merit and reported long life. To get

positive triggering on the fast pulses from the A-I, it is necessary to provide
inductive compensation in the plate circuits of T(snd Ts. Overcompensation
AS
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ia uied for two reasons: (1) Ar increase in speed of triggering of nearly a
factor of 2 results, and (2) the niniaun recovery tine is fixed at approxi-
mately 0.3 “~tsec. Binging is prevented by the diode claapa.

The gate circuits are followed by two halvas of a 12AT7 tuba, each half
being used as an iapedsfece transformer and phase inverter. This tube is
represented by T]a and on the diagraa. Both halvas are biased to coaiplete

cutoff to conserve tube life and power drain.

The storage circuit ia driven by one-half of a 6AL5 twin diode. The
reaaining half is uvuaed as a claap to discharge the storage circuit at the end
of a signal pulse. The claap is driven by the plate circuit of T,whose
plate load ia an open-and delay line. The claap i1a opened by the leading edge
of the signal froa the lower gate circuit. It 1a not closed until after the
lower gate has recovered and the differentiating circuit has been discharged.

Tl is a combined anticoincidence circuit and pulse shaper. The pulse
shaping 1ia accoapliahad by connecting the tube as a univibrator. Ita output
pulaa has an aaplitude of about 30 volts and a duration of 0.6 It ia
triggered (in the absence of an inhibiting aignal) by the trailing edge of the
differentiated signal froa the Ilover gate circuit. It ia prevented froa

triggering by the inhibiting signal froa the storage circuit.

T. 1is an inpedance transformer used as the output stage "for the circuit.
It will feed a 13-volt 0.5-fieec pulse of either poeitive or negative polarity
to an astarnal circuit. Ita source iapedance is 680 ohaa.

The grid-te-cathoda capacity of the 404A tube results in a saall aignal
being tranaaitted through tha gate circuits even without triggering action
taking place. Tha aaplitude of the signal 1ia dependent upon the rise tiaM and
aaplitude of the output pulaa froa the A-I. This spurious aignal is easily
neutralised by feeding a negative aignal equal 1ia autgnitude and shape to that
of the norauil output aignal froa tha A-1 into the cathode circuits of the 404A.
A coupling capacity equal to the grid to-cathode capacity of tha 404A oust be

uaed.

This negati.ve aignal can be obtained froa the glate circuit of the output
tube of the last feedback loop i1a the aaplifiar (sea Fig. 7.1). This change
and tha replaceaent of the power transferaer with one of higher power-handling
capacity are the only chsngea needed in the wiring of the reaainder of the A-I.
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IlictlU ittai laforaitlu. After the initial adjustaenta of tlio aero
positions of the slit vidth and pulse-height-selector controls, no additional
adjuatnents are necessary vhen it is used on the three available bandwidth*.
The aaxinun setting of the pulse-height-selector dial represents an actual
pulse anplitude of about 85 volts. The aexiau setting of the slit-uidth dial
represents 10% of this value. The output of the pulse-height selector will
drive an external scaler or couat-rate eater. The aininun dead tiae of the

circuit ia about 1 /isec. Under no condition of operation will it liait the
aax'iaua counting rate which the A-1 can now tolerate. The ainiaua actual

e
pulse anplitude it will accept is 2.4 volts. The linearity of the circuit is

as good as that of the best obtainable holipot. Unfortunately, when the A-I
is set for the 2-negacycle bandwidth, the aaplifier itself begins to saturate
at about 60 volts. At full scale on the pulse-height-selector dial the’error
is 12% The aaxiaua errors for the 0.5 sad 0.l-aegacycle settings are 0.5 and
.0.1%, respectively. The linearity is degraded with aging of tho 6AG7 tubes ia
the aaplifier.

PIELR-PORRINR ELECTRODES in cylindrical proportional counters
R. S. Stone and C. J. Borkowski

In energy neasureaents with proportional counters it is essential that
ionising events with equal energies should give rise to identical voltage
pulses, regardless of location of the ioaising event within the active voluae
of the cheaber. This aeans that the gee aul tiplicetion, end hence the electric
field, aunt be constant for the entire length of the collection wire. It is
proposed to investigate aethods of achieving this ia the case of the usual
cylindrical counter.

An infinitely long cylinder with e unifora coaxial epater wire would have
constant field of the type sought, but when end walls, seaple holders, or
other discontinuities are inserted, the field is found to be distorted. For
exaaple, an end wall which is at the aaae potential as the side wells will
reduce the field in its vicinity hy an eaount propertionel to exp -hs/h, where
s is the distance froa the end well end b is the radius of the cheaber.(1*

The usual aeans of doaling with this probloa is to record only the events
occurring in the unifora-field portion of the counter (one cheaber radius or
aore froa the ends). This is accoa”lishod ia various ways, one of the aost

<1) N** Bl.cheaj, ‘ The Cowntiag Voluaa ef a Cylindrical lIcausative »* Rev. 3ci. lairaalt
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common of which ia to iIncreaae the wire diameter, near tha enda ao aa to make
the fiald there too low for gaa multiplication to take place. This changa in
wire diameter will, of courae, itrelf create a diatortion ia the field, but of
a leaaer degree and iIn a direction oppoaite to that introduced by the end vail.
For the meaaurement of energiea of gaaeoua radioactive nuclidea much as Hs,
Cu , I11*, and S** it ia iImportant to maintain a uniform field throughout the

chamber volume if poaaible.

An approach to thia ideal could be obtained by making the end,wall in the
fora of a number qf concentric i1nhaulated ringa, each held at tha potential
which won. d aaiat at that radiua if the cylinder were infinite 1iIn length.

Thia potential ia

-

In r/«

- Vr
la 6/a

where Vr ia the total potential acroaa tha chamber and 6, a, and r are the
radii of the chamber, center wire, and point in queation, reapactively. With
an infinitely large number of ringa thia device could duplicate perfectly the
field of a chamber vith no end valla, a finite number of ringa giving a field

only approximately uniform.

Another aource of fiald diatortion ia a aanple holder which projeete into
the chamber. Such a holder 1ia uaeful 1in energy meaaurementa of aoft electrona,
in which caaaa we wiah the electrona from the aanple to give up all thair
energy in the counter gaa. To make thia poaaible the aource nuat be held a
aufficient diatance from tha walla to enaura that no particlea reach than.
The aame type of conatruction nay be employed here aa ia the caae of the and
walla. Tha holder can be made ia iaanlated aactione and mack bald at roughly

the correct potential for ita poaition ia the chamber.

In order to invaatigate the behavior of theae devicea, an alactrolytic
bath aaalogy wee aet up; the reaulta are plotted in Figa. 7.2 through 7.6.
Figure 7.2 ahowa the affect On tha field of tha conventional type of guard
aleeve. It ia aeon that thia type of correction atraighteae out the field
conaiderably; moreover, pulaea collected within thia region have auch lew gaa
multiplication that they are not uaually counted. To hold field diatortion to

a minimum, tha wire enlargement ehould be ae more than ia aaceaaary to cut the
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FIG. 7.2

FIELD PATTERNS FOR END WALL CORRECTING SLEEVES IN CYLINDRICAL
COUNTER; AS DEDUCED FROM MEASUREMENTS IN ELECTROLYTIC TANK
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FIG. 7.3

FIELD PATTERNS FOR END WALL EFFECTS IN CYLINDRICAL
COUNTER WITH AND WITHOUT RING-TYPE CORRECTION;
AS READ FROM ELECTROLYTIC BATH MEASUREMENTS
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Fit. 7.4

FIELD PATTERN FOR DISTORTION DUE TO INTERNAL SAMPLE
HOLDER AT SAME POTENTIAL AS WALL-AS READ IN ELECTROLYTIC BATH
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Fit. 7.8
FIELD PATTERN FOR DISTORTION DUE TO INTERNAL SAMPLE
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FIG. 7.

FIELD PATTERN FOR DISTORTION DUE TO INTERNAL SAMPLE HOLDER
WITH FOUR VOLTAGE STEPS-AS REAO IN ELECTROLYTIC BATH
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gas aaplification to a negligible value Figure 73 indicates that the
postulated ring type of end construction is capable of much better field
correction than guard sleeves, permitting use of the entire counter volume.
It is seen that aore rings «are needed near tke center wire tken furtker out,
since the potential gradient in auch greater near tke center than in the
vicinity of the side walls. This is as expected.

Figures T.4 through show the effect of ssnple holders held at .various
potentials. It is seen that an internal snaple holder held at wall potential
introduces bad field distortion (Fig. T-4), but that by insulating the holder
and applying proper voltages to it, either as a whole or in part (Figs. 7.5
and T.6), its disturbing influence nay be aininised. While segaent type
construction gives the bast field smoothing (Fig. 1.6), it is seen that
simply holding the whole structure at tke potential correct for its deepest
penetration into the chamber gives what is probably quite adequate correction

(rig. 7,V-

These investigations are felt to be encouraging enough ta justify con-
structing s chanber with the above type of correction for end effects. In one
scheme the end rings could be mounted on an insulating disk and connected by
dropping resistors of the proper values; the whole ssseably could then be
mounted inside an overall gastight chanber envelope. It should be noted that
to avoid introducing resistor noise into tke output ef tke chamber, separate
high-voltage supplies should probably be used for this correcting system and
for the chamber potential source proper.



