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I. QUARTERLY PROGRESS REPORT. P ro je c t 48

A. N uclear Che ml f try  
G. T. Seaborg and 1. Perlm an

M u i  Assignments in the Rare Earth Region 
Maynard Michel

The four r a re  earth  elem ents lu tetium , ytterbium , thulium  and 
e rb iu m  ‘ m  been produced in high yield by spallation of tantalum  with 340 Mev 
protons and the Isotopes produced, including several not prev iously  repo tted , 
have been investigated with the object of establish ing  the decay ch a rac te ris tic s  
and the co rrec t m aes assignm ent.

The principal a ttack  was to co llec t the individual isotopes using the 
tim e-o f-fligh t m ass sp ec tro m eter. H ow ever, an examination of the decay curves 
indicated a ra th e r com plex m ixture of iso topes , so a p relim inary  survey of the 
active Isotopes was m ade using the conventional 60° sector type m ase sp ec tro 
g raph . The reason for th is decision wee that the tim e-of-flight m achine, as se t 
up now, csn collect only 4 isotopes from  a given run, making a p relim inary  
knowledge of the approxim ate m ass num bers very  useful.

Results a re  now available from  the 40° sector type m achine for 
y tterb ium , erbium  and thulium . All sample.) were run on a sim ple therm al ion 
so u rc e , using a  tungsten ribbon as the em itting surface. The sam ples were 
mounted in the form  of su lfa tes and collection made on Ilford G -2 photographic 
p la te s . Im m ediately a f te r  each run the m a tte r  plate was placed face to face 
with an Eastm an 111-0 spectroscopic plate in  o rd er to make a tra n s fe r  of line* 
due to  radioactive iso topes. 8everal tra n s fe rs  were m ade, a t varying tim es, 
from  each m aster plate in o rder to determ ine rela tive  half-lives to  some degree.

The gross ytterbium  decay shows periods of 68 m inu tes, 62 hours 
and 31 days, with a 7 hour growth superim posed. The m ass spectrograph  transfer 
indicated active isotopes a t m ass 166 and 169, with half-lives consisten t with 
assignm ent to the 62 hour and 31 day a c tiv itie s , respectively. Both these isotopee 
have been reported prev iously  and our re su lts  a re  in agreem ent with the previous 
assignm ents.

F or thulium , the g ross decay ind icates periods of 7 .7  h ou rs, 9 .6  days, 
26 hours and one considerab ly  longer at low yield. The 26 hour has not been 
rep o rted  previously. The tran sfe r plates from  2 runs indicate active isotopes at 
m asse s  165 and 167 only. Those are  consisten t with assignm ent to the 26 hour 
and 9. 6 day ac tiv ities, respectively . Ho line was seen at m ass 166, although the 
p la tes were sufficiently fogged that no significant lower lim it can he se t on the 
yield. However, the 7. 7 hour activity has been assigned by genetic re la tio n 
ships a s  will be shown la te r .
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For erbium , the g ro ss decay ind icates period of 1-1/4 hou ra , 29 
hours and 9. 4 days. The previously  reported 10 hour decsy was evidently not 
reso lved  but it has been obtained by milking thulium  from the sam e bom bardm ent. 
The tra n s fe r  plates give th ree  active isotopes at m asses 160, 161 and 166. The 
't ro t  two can be assigned to the 29 hour and 3. 25 hour ac tiv itie s, with some 
uoubt attached to the 5. 25 hour line since it does not seem  to decay faat enough. 
The line a t 165 also seem s to  be much too long lived to be the 10 hour isotope 
and not long enough to be 9. 4 days. No line was seen st m t is  169, but the yield 
of the longer lived isotope wss considerably below the others and m ight not be 
expected to show up. C onsiderable doubt can be attached to the p roper a l i g n 
m ent of the 5. 25 hour snd 10 hour erbium  iso topes, with the possib ility  of the 
existence of isom ers not too unlikely.

No successful ru n s have been made on lutetium  as yet.

It is now planned to  collect sam ple# of each of the iso topes produced, 
in the tim e-of-fligh t sp ec tro m ete r to get accu ra te  assignm ents and decay  periods. 
Recent d ifficu lties with the ion source have slowed the program  but w ork i t  again 
under way.

Two successful runs on ytterbium  have been made in the tim e-o f - 
flight m achine in which Yb™k was collected in appreciable quantities. These 
sam ples ('*300-500 counts p e r minute) show a 7. 2 hour growth *nd a $7 hour 
decay, confirm ing the assignm ents of both *ncl

Work on the erb ium  and thulium iso topes is  now in p ro g re ss .

The C ry sta l S tructure of High Cyciobutans 
D. H. Tem pleton

According to Rathjens and Gwinn,* cyclobutane m elts at 182° K and 
has a tran s itio n  point at about 145° K. We have investigated the s tru c tu re s  of the 
two solid  form s by the x -ra y  diffraction method.

Samples provided by Dr. Rathjens w ere sealed In P yrex  c ap illa rie s , 
mounted in  the cam era , and cooled in the usual way with a stream  ol cold 
nitrogen gas. Powder p a tte rn s  of the low tem p era tu re  form  contain m any lines. 
The s tru c tu re  is not cubic and has not been solved. Powder pa tterns of the high 
form  show only a single line which is assigned to 110 on the basis of the single 
c ry s ta l work.

Slow freezing resu lted  In single c ry s ta ls  of the high form  whose 
o rien tations seem ed to  be random  in the cap illa ry . Rotation photographs of 
four such c ry s ta ls  at about 171° K [axs* of ro tation  approxim ately (100), (311), 
(531), and (441), respective ly  j  show the unit cell to be body-centered cubic with

1. G. W. Rathjens and W. D. Gwinn, to be published.

a*  . «v,vt*«**• <■ vv- +*+»**\ «•«— v —v  n«*i<**• «tusa ‘
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•  » 6. 06 * 0. 03 A (>Cu Ka *1 . 5*2 A,. Though only reflections of the form # (110) 
end (200) a re  observed, the in terp reta tion  is unique because the c ry sta l#  were 
m isaligned enough to perm it independent observation of “ coincident" reflections 
m nearly  every  ca te  so that the m ultlp licites of the form s were determ ined. The 
d istribution  of the spots among the various layer lin es  was also  checked in each 
caaa. T his unit cell, with two m olecules, co rresponds to s calculated density  of 
0.84 a  0. 01 g cm -*.

If the origin is chosen at the center of g rav ity  of one m olecule, then 
the second molecule must be at the body cen ter. To achieve cubic sym m etry , 
these m olecules must have ro ta tional d iso rder, e ith e r atstic  or dynam ic. S tru c 
ture fac to rs were calculated on th< basis Of com plete spherical sym m etry , using 
m olecular dim ensions consisten t w»*t\ the electron diffraction resu lts of D uniti 
and Schom aker2 for the gas. No cot rectum  was m ade for tem perature or ab so rp 
tion. The ro  su its, listed  in Table 1, explain the rap id  decrease  of in tensity  with 
increasing  Bragg angle and the absence of the h igher o rd er reflections. However, 
it is im possible  to get perfect agreem ent with the observed ra tio  of F(M0) to F(200) 
unless the absorption e r ro r  is m ore serious than is  estim ated. This fact is in te r 
preted  as evidence that the ro ta tiona l d isorder ie not spherica lly  sym m etric . Indeed, 
since the in term olecular d istance , 5. 25 A petween c en te rs , is  substan tia lly  sm aller 
than the la rg e s t van der Waals d iam eter of cyclobutane, the rotations a re  expected 
to be hindered appreciably.

These data yield no inform ation concerning the p lanarity  of the carbon 
skeleton, since reasonable deviations from  p lsnarity  have a tr iv ia l effect on the 
form  factor of the rotating m olecule.

TABLE I

S tructure F ac to rs  for High Cyclobutane

SCI ^obs ^ca lc
no 2.8 2.8
200 1.5 1.0
211 <0.9 <0 . 2

The C rysta l S tructure of TbOF
D. H. Tem pleton and Carol H. Dauben

TbOF was p repared  by D arrell Feay and B. B. Cunningham. It was 
made by pyrohydrolysis of TbF« at 400° C in a muffle furnance overnight. It is 
rhom bohedral, iso struc tu ra l with the rhombohedral form  of YOF and LaO F.* The 
lattice  p a ram ete rs  determ ined from  a powder photograph taken with chrom ium  Ka 
radiation ( A « 2.2909 A) are:

a * b. 750 a 0.010 A 
/ a * 5 3 .1 * 0 . '°

T . J. fl. D unlts and V. Schom aker, I .  thorn , Phys. £0, iW -*7 (l95Z)l 
L W. H. Z acharlasen , AcU C ry st. 4, 231 (1951).

l* a i *W W <l itin - - h m



Furnace Spectrum of Plutonium 

John G. Conway

The spectrum of plutonium &• being investigated using a vacuum 
furnace of a modified King typ«. A tantalum tube containing the plutonium ia 
inserted into the hot tone and the spectrum it then observed out the end of the 
tube. .The work to date bat yielded several plates in the wave length range of 
3400 A to 6000 A and a temperature ra^ige from 2100° C to 2600° C. Spectra 
are still being taken hence no wave length measurements or temperature 
classification of the plutonium lines have ss yet been attempted.

Development of Vapor Pressure Apparatus 

B. B. Cunningham and S. C. Carniglia

A symmetrical twin Knudten effusion device has been cone true ted 
for the measurement of vapor pressures of the heaviest elements and their 
compounds in the region 10*3 to 10"* mm Hg. Alpha particle counting will be 
employed to determine the number of molecules effusing down a defined beam 
to a receiver.* 1 The twin deaign will facilitete the simultaneous investigation 
of two substances at a few pointa, eatabliahing accurate relative values of their 
vapor pressures by minimising inadvertent differences in the temperatures st 
which comparisons are made. The equipment is easily adapted, also, to 
measurements on s single substance.

The tantalum effusion vessel is heated by s molybdenum resistance - 
wire furnace, powered by low voltage alternating current. Sensibly uniform 
chamber temperatures have been obtained from room temperature to s maximum 
of about 1500” C. In-place calibration of a Pt-90 Pt, 10 Rh thermocouple against 
standard melting points is now in progress.

Radiation Chemistry 

Amos S. Newton

The data on the helium ion radiolysis of alcohols1 has bean extended 
and the yield values checked for better accuracy and consistency. In Table 1 
are presented the yield values of hydrogen and hydrocarbons for all alcohols 
through the butyls. These data show well the regularities point out by McDoxmsi.

1. Of the numerous papers describing the general techniques, see for example*.
T. £. Phipps, R. L. Seifert and O. C. Simpson, Argonne National Laboratory 
Classified Report CN-3223 (September 1945).

1. W. R. McDoonei, University of California Radiation Laboratory Report, 
UCRL-1378, Thesis (Ph.D.) ( June, 1951).
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TABLE !

Yields of H ydrocarbon! Produced in the 
Helium Ion Bom bardm ent of Alcohols

Product . M ethyl Ethyl n - P ropyl

Yield, B
Iso-

Propyl

(h lo lecu les/lM  ev)
Iso - n-Sec 

n- Butyl Butyl Butyl
T e rt.
Butyl

H2 3.46 3.46 2.80 2.71 3. 59 2.77 2.61 \ 2 4
c h 4 0:36 0.43 0.067 1. 14 0.055 0. 142 0.37 1.60

c 2h 2 - 0.040 0.035 0.019 0.027 0.013 0.050 0 .014

c 2h 4 - 0. 17 0. 30 0.022 0.090 0.022 0.38 0.091

c 2h 6 0.014 0. 17 0. 54 0. 17 0.035 0.017 0.86 0. 52

CJH6 - 0.003 0. 140 0.27 0.21 0.81 0.051 0.020

c 5h 8
Isobutene

• 0.025

]

0. 145 0.088
-0 .0 0 7

0.46 0 .65
0.067

0. 110 0.017
0 .27

Butene -1 
Butene-2 j -

<<0,001 0.010 • } 0.093 - 0.053 
0. 126

•

Isobutene m • M). 04 - 0. 162 - 0. 11
n .Butane 1 * m <0.010 0.100 , 0. 127 - 0.216 -

O ther co rre la tions can now be made with these  data . In the compounds 
methyl, Isopropyl, te r tia ry , butyl and isobutyl alcohols to e re  is  no obvious method 
for the production of ethane other than the reaction of m ethyl rad icals.

mm
m

H

f e s

I

t opi

I

One can  write sim ple k inetic  equations for the form ation of methane 
and ethane in the p ro cess ,

CH3 4 H — > CH4 dN/dt(CH4) * kj(CH3)(H) )

CH} ♦ CH j— »C2H6 dN/dt(C2H6) * k2(CH3)2. (2)
•

Thus the ra tio  of methane to ethane form ed depends upon both the concentration of 
hydrogen and m ethyl rad icals. With helium  ion bom bardm ents of the in tensity  in 
the range used in these  experim ents, estim ations indicate tha t each helium ion 
can be considered as a separate chem ical event, in which case  the concentrations 
a re  constant and independent of the ra te  of bom bardm ent. Hence, concentrations 
can be m easured b> the total yield of products found and rad ica l concentrations 
can be estim ated  from  the products form ed by reactions of these  rad icals.

<CH3) * |c h J  + 2 )C2h J  (3)

<CH) * 2 Ih J  + |C H j + | c nH2nJ n>2 (4)

V .

\  /
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Such formulations assume s knowledge of mechanisms and the ulti
mate fate of such radicals, and, if and k2 are considered to be rate constants, 
the aesumption is implied that other reactions ( e .g ., H ♦ H—*H,) are alow 
compared to reactions. (1) and (2). A safer assumption is to sap mat competing 
reactions are included in the formulation defining kj and k2 and that these are 
relative rate constants. In any case one can then set up the expression:

seen that of the alcohols studied K is constant at 1.1 except for a marked d is
crepancy for isobutyl alcohol. The yield of both methane and ethane is small 
in this case, as expected, since the methyls are not attached to the carblnol 
carbon atom. However, there appears to be about 5 times too much ethane for 
the amount of methane produced. (Compare qualitatively the relative yields 
from methyl alcohol.) It is thus apparent that either 1) our formulation is 
br eaking down and many methyl radicals are  disappearing to other fates, or 
2) ethane is being produced by another process, e .g ., a rearrangem ent. Sines 
no rearrangement which might produce ethane is obvious either from structural 
considerations or an analysis of the mass spectrometer fragmentation data oi 
isobutyl alcohol, the problem is still open to question.

might be general in helium ion bombardments of liquid systems. Data p re 
viously presented2 on di-isopropyl ether gives s  value of K * i, 26 and runs on 
acetone and acetic acid gave 1. 20 and l.U , respectively. The results on settle 
acid do not include the methyl radicals going to form acetone, which product 
was shown to be formed though not quantitatively measured. Hence, K for 
acetic acid is low by an unknown amount. Since the group of compounds studied 
i t  such that wide variations in the ratio of were found, it is
encouraging that the value of K shows such s constant value.

.  kl(CHt)(H)
k j (C H j) i  ’

(5)

and letting K c k j/k2,

(M

The result of such s calculation of K is shown in Table 1! and it Is

The question immediately a rises  as to whether such s formulation

2. A. S. Newton, University of California Radiation Laboratory Quarterly 
Report, UCRL-1878, (July 2, 1952). pp 28-31.
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TABLE II

v
Alcohol

Yield, G. of P roduct or Radical
Kc h 4 HZ C;H6 Cn« 2n+2 (CHj) (H)

CH3OH 0. 36 3. 46 0.014 0. 39 7. 28 1.38
(CH3)2CHOH 1. 14 2.71 0. 17 0 .0 9  1.48 7.65 1.30
(CH3)3COH 1.60 1. 24 0. 52 0 .1 3  2.64 6. 19 1.31
(CH3)2CHCH2OH 0. 142 2.77 0.017 0 .81  0.176 6. 49 0.23

In the above experim ents, data  w ere obtained on the gaseous products 
fo rm ed in the helium  ion radiolysis of acetone and acetic acid. See Tables 111 and 
IV. Although a com plete analysis waa not m ade for products not found in the vapor 
phase , the resu lts m ight be of in te res t to o thers and are  hence tabulated here The 
ace tic  acid used was reag en t grade glacial ace tic  dried by boiling with triacetyl 
bo ra te  followed by d istilla tion . The m elting point of the final m a te ria l was 16. 67° C 
(L it. 16. 68°C). The acetone used was d ried  by refluxing with calc ium  metal and 
d istilla tion . The second q u arte r of the d istilla tion  though a 35 plate column was 

* used  for bom bardm ent.

I ;

TABLE III

Some Chem ical Products Form ed  in the Helium  Ion 
Bombardment of A cetic Acid

Product
E xperim ental

G
L ite ra tu re

G

0. 52 0 .85
CO 0. 38 0. 5
c h 4 1.38 1.05

c zh 6 0.84 0 .2

C° 2  N 4.04 2.9
CH3CHO

CH3-C& H3 1 P resen t in sm all amounts in gas.

CH3-C-OCH3 J
HzO (in liquid) 2. 15 -

I

3. W. L. Whitehead, C. Goodman and 1. A. B reger, J. Chemie Physique 48, 
184 (1951). Solid acid  bombarded with radon alpha partic les.
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TABLE IV

Some Chemical Products form ed In Ihe 
Helium Ion Irradiation of Acetone

Product 0

*2 0.41
CO 0.80
c h 4 0. 84
c zh 2 0.03
c *h 4 0.04

CZHi 0. S3
CHr C»CH >0. 004
CjH* 0.03

C)«8 \ t

CHjCHOJ o . o z

c o z 0.03
tC4H8 0.003
’•Polymer”* 0.74

* Calculated a t acetone from weight of 
m aterial not volatile in vacuum.

Tantalum spallation and rUiloi? 

W. E. Nervifc

During the pact quarter the decay characteristic* of Isotopee of thr 
heavy ra re  earths producod in the bombardment of tantalum with HO M*v pro* 
tons were investigated.

The grots rare  earth fraction wat firs t separated from other opal* 
lation and fiat ion products and purified by repeated fluoride and hydroalde p re
cipitations. The individual ra re  earths were then separated on a Dow«x*S0 
cation exchange resin column. Preliminary experiments indicated that on a 
column 43 cm long with a diam eter of 14 mm packed with 4 percent croee 
linked Dowcx-50 resin of mesh s ite  300*400 a satisfactory separation could be 
effected with an eluting solution which was 0, 43 molar in total lactate, 0.01 
molar in phenol, and at a pH of 3. 35. With the column maintained at an
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elevated temperature by trichloroethylene vapor and with a flow rate of 0.5 
milliliter/minute, the individual rare earths were eluted in the following timet: 
lutetium, 177 minutes; ytterbium, 199 minutes; thulium, 244 minutes; erbium, 
307 minutes; holmium, 379 minutes. A rough sketch of the elution curve is 
given in Fig. 1.

Grots decays of aliquots taken at the peaks of the elution curve are 
being followed. Analysis of the decay curves is not complete as yet but several 
facts are apparent from data obtained up to the present time.

Lutetium. The shortest lived isotope seems to have a half-life of 
approximately one hour rather than the four hours reported.1

Ytterbium. Yb1̂  has been reported1 to have a half-life of 62 hours. 
This activity has been isolated with the ytterbium fraction, separated on a time- 
of-flight mass spectrograph and identified definitely a t belonging to Yb1̂ .
Growth of the 7.7 hour Tml66 daughter waa observed and the Yb*^6 decayed with 
a half-life of 59. 5 hours.

A short lived activity with a half-life of 68 minutes was also observed 
in the gross ytterbium fraction decay. Milking of thulium from ytterbium after 
this activity had been allowed to die out gave large amounts of 7. 7 hour Tml66 
and 9. 6 day Tm'^7, Since has been shown to be the daughter of 59. 5 hour
Yb*k6 the 68 minute ytterbium activity is tentatively assigned the mass number 
167.

. 1. I . M. Hollander, t. Perlm an , G. T. Seaborg,"'Table of Iso topes, UCRL-1928 
Revised, December, 1952.

W
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Thulium. Gross decay of the thulium fraction indicates the presence 
of 7. 7 hour T m ^6. 9. 6 day Trn167, plus longer lived activities which are prob
ably Tm*&®, W "®  and Tm171. In addition, there is a previously unreported 
activity which seems to have a half-life of approximately 26 hours. Attempts to 
isolate this activity have been unsuccessful but a milking experiment performed 
four days after the initial separation on the day of bombardment gave reasonable 
amounts of pure Er*^5 which decayed with a 10. 2 hour half-life. On the basis of 
this experiment the new activity is assigned mass number 165. Its half-life is 
quite uncertain, however, since the parent and its 10 hour daughter growth
had to be resolved from fairly large amounts of 7. 7 hour and 9.6 day thulium 
activities. It seems reasonable to state that the half-life is of the order of a day.

Erbium, The erbium fraction presents by far the most confused 
picture of any of the elements investigated. Previously reported* neutron de
ficient isotopes of erbium are: E*16(f-l6l# approximately 17 hours; Er*^J, ap
proximately 65 hours; Er*®*, 10 hours. Decay of the gross erbium fraction in
dicates the presence of two activities; one of 3. 25 hour half-life, and the other 
29 hours. Separation of the isotopes on a conventional mass spectrograph and 
use of the photographic plate transfer technique indicate that the short lived 
activity belongs to E r r a n d  that £r*®0 and Er*^* are present In equal abundance 
and have approximately the same half-life. Combined with the fact that 10 hour 
Er*65 has been milked from T m ^ 5, these data indicate that Er*^0 should have s 
half-life of approximately 29 hours, Er*^ approximately 3. 25 hours, and E r* ^  
should have an isomeric state which decays with a half-life of approximately 29 
hour*. No Er*63 activity wsa seen on any of the photographic transfer plates.

Attempts are being made at the present time to isolate each of the 
nuclides of interest on the time-of-flight mass spectrograph in order to identify 
the mass numbers without doubt. The most recant experiments indicate that this 
has been done with some success although detailed information is not yet available 
for publication.

Spallation Products of Silver
Per Kofstad

/

Studies have been continued on the spallation of silver with 340 Mev 
protons. Ml elements between cadmium and iron with the exception of krypton 
and technetium have been isolated and the cross sections for the formation of 
some sixty isotopes have been evaluated. The cross sections range from about 
100 mb for silver to 10** mb for copper. In the region of the periodic table 
below copper, we have isolated sodium, magnesium, chlorine, manganese, 
cobalt and nickel with cross sections close to 1 0 mb for all of them. As a 
comparison, Luis Marques found the cross sections of Be7 and F*8 to be 10“* 
and 10*2 mb, respectively.** * These values will be checked later.

1. L. Marques and I. Perlman, i^y*. Rev. 81, 953 (1951).
2. L. Marques, Phys. Rev. 86, 405 (1952),
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A short-lived activity which hag not been reported previoutly in the 
literature has been found in the niobium fraction from the spallation of silver.
The half-life is 2 hours, decaying partly by positron emission, the positron 
hiving an energy of 2. 9 Mev as determined by a crude beta ray spectrometer. 
From cross section considerations and assuming Nb^O to be a 100 percent 0* 
emitter, this activity is estimated to decay SO percent by positron emission. 
Zirconium was milked after 24 hours of separation from niobium; the tirconium 
fraction gave a positron activity with a half-life of 78 hours which was assigned 
to Zr39. The short-lived niobium activity is thus assigned to NV^.

Decay of Am**2 
T. Pas sell

The gamma ray conversion electron spectrum of lb-hour A m ^^m  
has been observed using the double-focusing beta ray spectrometer. Seven 
peaks were observed which could be assigned to 2 gamma rays of 43.4 and 
41 kev, respectively; the foriner in its electron capture decay to Pu*** and the 
latter In its beta decay to Cm***.

Previous workers had proposed a third gamma ray and assigned it 
to an isomeric transition in Am***. Our interpretation allows it to be present 
but in sm aller abundance than we were able to detect. This interpretation is 
consistent with data obtained on the same isotope with s  bent crystal gamma ray 
spectrometer.

The Entropies of Aqueous Species 
James W. Cobble

Empirical considerations of entropy have led to the correlation of 
the entropies of aqueous solutes with the charge, interatomic distances (or 
molar volumes) and the structure of the species. Such correlations have yielded 
equations for the calculation of the absolute entropies for any ion or neutral 
species and should prove useful in the thermodynamics of aqueous solutions. The 
resuits of the investigations are contained in UCRL reports 2103, 2104 and 2105.

Theoretical considerations of the proper model for the solute-solvent 
interaction consistent with the above equations are in progress.

Completing of the Lanthanides and Actinides 
James W. Cobble

Investigations are currently being initiated on the completing of 
lanthanide and actinide ions using standard and Raman solution spectroscopy 
and potent!ometry. Identification and characterisation of such complex ions 
may be of in terest with regard to the recent proposals on "f” electron bonding 
in the actinides. Similar characterisations are also being considered for the 
MylM type ions with a view to understanding the special stability of the uranyl ion.
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The Cheml>try of Technetium and Rhenium 
James W, Cobble

A number of estimated thermodynamic functions for technetium and 
rhenium compounds have proved useful in describing the chemistry of these two 
elements and these values, together with a review of the chem istry of technetium, 
are being published in a symposia issue of the Journal of Physical Chemistry.

I
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B. Bio-Organic Chemistry 
M. Calvin and A. A. Benton

Observations on the Radiation Decompoiition of Some C**-Labeled Compound!
B. M. Tolbert, P. T. Adams, Edward L. Bennett, Ann M. Hughes 

Martha R. Kirk, R. M. Lemmon, R. M. Roller, R. Ostwald and Melvin Calvin

The work described here was initiated by a recent observation that 
considerable radiation decomposition has occurred to a sample of choline-methyl- 
Cl* chloride which had been synthesised in these laboratories last spring. This 
observation, together with a similar one made by Dr. Sidney Weinhouse on samples 
of (^-labeled calcium glycolate which were synthesised here four years ago, has 
illustrated the need for information on the rate of decompoiition of C^-labeled 
organic compounds. Since this group has carried out during the past sis years the 
syntheses of several dosen labeled organic compounds, we have available a number 
uf such compounds which could be examined for evidence of radiation decomposi
tion. From these compounds we picked a list of twelve which had been exposed to 
large amounts of self-radiation since their syntheses and for which there are un
equivocal data to show their high degree of purity at the time of synthesis. All of 
these compounds had been stored in dry, solid form in a dark cabinet at room 
temperature. The extent of the radiation decomposition was established by making 
paper chromatograms of each of the compounds and determining, by means of 
radioautographs of the chromatograms, if other radioactive constituents had ap
peared during storage. Similar paper chromatograms had been prepared at the 
time of synthesis and in all cases there had been no observable for, at most, less 
than one percent) radioactive impurity. By comparing the old radioautographs 
with the ones recently prepared, we have measured the percentage of radioactive 
impurities which have appeared since the time of synthesis. In the case of choline, 
which had been stored in an evacuated sealed tube, we were able to determine the 
amount of a volatile radioactive product, namely, trimethyiamine, which had 
formed during storage. None ol the other compounds were stored in sealed tubes 
and any volatile decomposition products would not be detected unless they comprised 
a considerable fraction (at least ten percent) of the radioactivity of the freshly 
prepared compound. The data which were obtained are summarised in Tables 1 
and II.

The data of Tables I and II show that there is a general relationship 
between the amounts of radiation (Repe) and the likelihood of finding some radia
tion decompositions however, the choline and atllbamidine provide two major ex
ceptions. Our data are too scanty to permit predictions aa the the susceptibility 
of various organic groups to radiation damage - this we hope to do later with the 
accumulation of further information. For the present, however, it should be 
emphasised that users of C**-labeled compounds would be well advised to check the 
purity of their compounds frequently, particularly if the compound ia of high specific 
activity and/or was prepared several years ago. For checking such purity, paper 
chromatography provides a very convenient tool, especially for finding non-volatile 
radioactive impurities. However, it may also be rueful for volatile impurities If 
these compounds have either a basic or acidic fuxr> don and can be kept in a non
volatile form on a paper chromatogram by using, v aspect! vely, an acidic or basic 
solvent (for example, the chromatography of choline which is reported here).
There are several references in the literature^ 2, 3,4 to the use of paper chroma
tography for determining the purity of radioactive preparations.

,̂***-M~ aKK
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TABLE I

Compounds Showing M ore than One P ercen t Radiation Decomposition

t
1 :

Compound Date P rep ared  Sp. Act. 
_________________ ( p c /m g )

fto . of non-volatile 
Radioactive Products 

Reps(a ) O bserved on Paper 
*10-® Chrom atogram s! *>)

% Decomposition

V aline-4 .4 * .C^4 HC1 Nov. 1951 6 .0 10 ! 1-2

Nor valine - 3-C*4 * KCl Jan . 1951 17.7 . 46 6 5

Norleucine -2-C*4 M arch 1952 17.4 20 4 2

Choline -m ethyl « c j 4  chloride May 1952 13.0 11 o M 63

Calcium glycolate -1-C*4 F eb . 1949 5.8 30 l 13«»

Calcium g lyco late-2 -C*4 

C holestero l-4-C 14^

Feb. 1949 4 .0 21 1 22«>

These values w ere calculated a s  follows:

Roentgeru equivalent p h y . i c l  * «kJ.ljj|}Jg g a g f t lin g ram s

where: k * frac tion  of radiation absorbed  (a rb itra r ily  given 
the value of 1 in our calculations)

N s to ta l num ber of events since the tim e of synthesis
£  & average energy of the radiation  (*$0,000 ev . for C**)
R eps/ev  is  taken as 1. 9 * 10“**

(b) These observations were made in  February  1953*

-<•

i

C
O

pu*4
■O
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Footnotes. Table 1 (continued)

(c) The Main decom position product of the m ethyl-labeled 
choline is the volatile trim ethylam ine. F u rth e r  details 
a re  recorded in the experim ental p a rt of th is  paper.

(d) T hese values were determ ined (private communication) 
by D r. Sidney Weinhouse who found that rad ioactive 
fo rm ate  was p resen t in these percentages. The form ic 
ac id  was steam  d istilled  from  the glycolic acid  and its 
rad ioactiv ity  m easured  as  CO^ after oxidation by 
m ercu ric  ion.

(e) C onsiderable rad ioactive  decomposition of cho lestero l- 
4-C** has been observed by P rof. W illiam G. Dauben 
(private  comm unication). These observations will be 
d escribed  in detail in  a  separa te  publication.

TABLE n
Compounds Showing L ess than One P ercen t Radiation Decomposition

Compound Date P rep a red Sp. Act. 
U*c. / m g . )

Reps x

G lrcine-2 -C 14.HCl D ec. 1951 4 .9 6
Guanine hydrochloride -4 -C** M arch 1950 2 .6 9
8 -Asaguanine -4 -C ^ M arch 1950 3 .8 13
Adenine su lfa te - 4 ,6 - C ^ M arch 1950 2 .9 10
8 - Ataadenine -4 ,6 -  C^* M arch 1950 4 .4 15
Stilbamidine d iise th ionate- 

amidine - - C ^ F eb . 1951 13.7 31
Thyroxine -c-C 1* May 1950 1.0 3
Succinic a c id -2-C** D ec. 1949 3 .9 14

t 6*

Experim ental

The valine -4 ,4 ’-c l* . nor v a lin e -3-C**» and norleucine-2-C** which 
w ere found to show^radiation decom position w ere all p rep a red  via an aceta- 
midom alonate syn thesis  using as s ta rtin g  m a te ria ls , respec tive ly , Isopropyl- 
m ethy l-C y  iodide, propyl-l-C** iodide and buty l-1-C ^ iodide. All of these 
preparations will be the subject of a forthcom ing publication. The final p u rifi
cation of the labeled  compounds was accom plished by elution from  an ion 
exchange column. P a p e r ckrom atography of the p reparations (phenol-water in 
one d irection , butanol-propionic ac id -w ate r in the other) showed that there was 
lea s  than one p ercen t of radioactive im puritie s present.
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The preparation of the labeled choline hat been reported earlier.  ̂
The material described here was prepared at a later date (May 1952) using the 
same procedure. The later preparation included, in addition, the same paper 
chromatographic search for radiochemical impurities as was carried out on all 
the labeled compounds mentioned in this report. Again, these impurities were 
less than one percent of the preparation.

Since the radiation decomposition of the choline is so extensive 
(63 percent) we made some efforts to determine what the principal decomposi
tion products were. Upon opening a sealed tube of the choline a pronounced 
odor of acetaldehyde was observed. The presence of acetaldehyde was estab
lished by the preparation directly, from the choline sample dissolved in water, 
of the 2,4-dinitrophenylhydrasone. This derivative, after re^rystaliisations 
once from glacial acetic acid and twice from ethanol, was found to have a 
melting point of 146° (literature value”; 147°). It was also found to be com
pletely non-radioactive.

About two-thirds of the radioactivity of the original choline pre
paration was volatile - it was lost in the operation of making a plate for counting 
the choline chloride. That this volatile product is trlmethylamine was demon
strated as follows: (1) Alkali was added to a freshly opened tube of*the choline 
and the volatile products were collected in a connected trap which contained a 
saturated solution of picric acid in ethanol and which was cooled in a liquid 
nitrogen bath. The trap was removed, closed off from the atmosphere and 
warmed, with shaking, to about 60°. After the trap was cooled hack to 0°, 
crystalline pierste appeared. The solvent was removed by' filtration and the 
precipitate was dried. Its melting point after two recr/stail!nations from 
ethanol was 211° (literature value': 216°) and its activity was 1.67 me./mmole 
(the activity of the original choline chloride was 1. 82 me./mmole; both values 
determined by direct plating). (2) When the labeled choline chloride from a 
freshly opened tube was placed in acid solution and an aliquot portion paper 
chromatographed (one-dimensionally) using a n butanol-cone. HCl-water 
(4:1:1 by vol.) solvent, two radioactive spots were obtained. The faster moving 
spot (higher IU. value) contained 63 percent of the total activity and the slower 
moving spot (choline) contained'37 percent of the activity on the paper. The 
faster moving spot waa cut out, eluted, and the material co-chromatographed 
with labeled trlmethylamine hydrochloride. These materials proved to be 
chromatographically identical (one-dimensional paper chromatogram with the 
same acidic butanol solvent.

The syntheses of the labeled glycolic acids, and the criteria for 
th&ir purity at the time of preparation, hAve been described in an earlier 
publication. * The same applies to the guanine, 8-asaguanlne, adenine and 
8-Asaadenine^, to the glycine?, to the succinic acid") and to the stilhamidine . 
The thyroxine aynthesis (R. M. Lemmon, unpublished work) was carried out 
using glycine-2-C^ and following the original procedure of Harlngton.**
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Syntheses of Labeled O r talc Compounds

Synthesis of Heptanoic-7-C**-Acid. R. M . f  .o llvr
Sodium hcptanoate-7-C l4 hat been p rep a red  (following, in general, 

the p rocedure  of H. S tetter and W. D iericha, B erich te  85, 61 (1752)) by con
densing m ethyl-C 1* iodide with the potaspium sa lt of d iEydroresorcinol, splitting 
the re su lta n t 2 4taethyl-Cl*-cyclohexane —, 3-dione with base, and reducing the 
re su ltan t keto-acid with hydranine. The reaction  sequence i t  outlined below.

r
| c U H 3-CH2 -?-(C H 2Jj .COO-
L

n - n h 2
C14H j -CM2 .C-. (CH2)j -COO — * C " H j -(CH2)j -COOH

The condensation was done in an aqueous m edia in a sea led  tube; 
the m olal ra t io  of potassium  dihydroresorcinol to methyl iodide wss 1. 2 to  l.
It was found that the concentration  of the solution m ay be varied over a co n sid er• 
able range without g rea tly  affecting the yield of the desired  condensation product. 
The optim um  concentration w as found to be that which wss sufficient for the 
"hydrated” potassium  dihydroresorcino l to  m elt a t a  tem perature  below 6*® and 
• till  be a so lid  at room tem p era tu re .

It was also found that the yield could be increased by low ering the 
reaction  tem p era tu re . However, this involved a longer tim e for the reaction  
to go to com pletion. Boiling m ethanol was chosen ss  it provided a tem pera tu re  
(65°) giving an optimum yield in a  reasonable length of tim e (4 hours).

The 2-m ethyU C **-dihydrorcsorciao](2-m ethyl-C **-cyclohexane4, 5- 
dione) w as iso lated  from  the reaction  m ixture and excess potassium  d ihydro 
reso rc in o l by dissolving in a  sodium  hydroxide solution (1 eq. NaOH/ eq. of 
sta rting  extracting with e ther to rem ove any methyl -ether an d /o r
d i-substitu tion  products, and then acidifying to  pH 5 The product, which is 
p rac tica lly  insoluble in w ater, was filtered , washed and dried.

The 2-raethyl-C l<t-d ihydrorcsorclno i was dissolved In m ethanol and 
sufficient p re -p rep ared  reduction solution was added so that the ra tio s  of 
components w ere es follows: 1 mole of compound, 5 .4  mole sodium hydroxide,
2160 m i of di-ethylene glycol .uul 135 mi of 8. percent hydracine hydrate.

The m ixture was brought to boiling and the low boiling components 
d istilled  out until the solution reached c refluxing tem pera tu re  of 150°. A fter 
2 hours, the low boiling com ponents were again d is tilled  out until the tem pera tu re  
of the solution reached 19^°. The solution was rrtlu x ed  Lt th is tem p era tu re  for 
24 hours. The reduction m ijru re w a r  then made acid and extracted with a bentene- 
e ther solvent; the solvent was up tu rn  extracted with a sodium hydroxide solution 
which wa* then made acid and the heptanoic acid steam  distilled out.

*

%

i

?
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On the rad io ac tiv e  p re p a ra tio n , s ta r t in g  w ith m ethyl-C ** iodide 
(2. 21 g. , 5. 08 p c . /m g . ) ,  the y ield  of 2-m ethyl-C * -d ih y d ro re so rc in o l w as 
45.1 p e rc e n t and the subsequen t o v e ra ll y ield  of sod ium  h e p tan o a tc - 7 -C*4 wag 
39. 6 p e rc e n t. It was found to con ta in  no rad io ac tiv e  im p u r itie s  (one d im en sio n a l 
p ap er c h ro m a to g ra m s  run  in a p ro p an o l-am m o n ia  so lven t) and i ts  sp e c if ic  
a c tiv ity  is  4. 79 p c . /mg.  (The th e o re tic a l value fo r the  ra d io a c tiv ity  is  4. 74 
HC./mg.)

S tud ies on th e  S ynthesis  of D iethyl M alona te - 2 -C**. D o ris  Chin

T he sy n thesis  of d ie thy l ma l ona t e - 2 has  been in v estig a ted  on 
a sca le  su ita b le  for high a c tiv ity  p re p a ra tio n s  (15-20 m m o le s) . P r e l im in a r y  
e x p e r im e n ts  w ith inactive  sy n th e se s  showed tha t m alo n ic  s c id  can  be p re p a re d  
e a s ily  and in  high yield fro m  c h lo ro a ce tic  acid  v ia  cy an o ace tic  acid  and s e p a ra te d  
and p u r if ie d  a s  the ca lc iu m  sa lt . E s te r if ic a tio n  w as a ttem p ted  by ac id ify in g  c a l 
c ium  m alo n a te  suspended in  e x c e s s  ethanol and re flu x in g  6 ho u rs  or m o re ; the 
y ields w ere  about 30 p e rc en t. A sy n th es is  of d ie thy l m alo n a te  fro m  c h lo ro a c e tic  
acid  v ia  e thy l cyanoaceta te  w as t r i e d  but gave low y ie ld  of an am biguous p ro d u c t 
contain ing  n itro g en , The p ro d u c t could not e a s ily  be p u rif ied  since  e th y l c y a n o 
a c e ta te  and d ie thy l m alonate  have v e ry  s im ila r  p h y sica l p ro p e r tie s  (boiling  po in t, 
so lu b ilitie s ) . The m ost p ro m is in g  m ethod seem s to  be e s te r if ic a tio n  by re a c tio n  
of s i lv e r  m alona te  with ethyl iod ide; th is  p re p a ra tio n  h a s  given u s  y ie ld s  of 75-87 
p e rc e n t b a se d  on s ilv e r  m alona te . F u tu re  w ork w ill s tu d y  th is  m ethod of sy n th e s is  
in  in ac tiv e  and m o d era te ly  ac tiv e  ru n s  s ta r tin g  from  aodium  a ce ta te  and p r e p a r i a ; 
c h lo ro a ce tic  ac id , s i lv e r  m alo n a te  and, fina lly , d ie th y l m alo n a te .

S tu d ies  on the S y n th es is  of S ^ - L a b e le d  6 , 8 -D ith io -o c tan o ic  A cid

P .  T . A dam s

HZC
i

T he sy n th es is  of 6 , 8 -d ith io -o c tan o ic  ac id  (Mth io c tic  acid") 

C jH -fC H ^C O ^H  la b e led  w ith ra d io -su lfu r  is  be*-g in v e s tig a te d . Two

p o ss ib le  sy n th e tic  ro u tes  to  th is  com pound have been  u n d e r co n sid e ra tio n  and  the 
w ork done on  each  of th e se  ro u te s  w ill be d e sc r ib e d  s e p a ra te ly  below.

(a) The f i r s t  a tte m p ts  to  p re p a re  the th io c tic  acid  w ere  d ire c te d  
to w ard  a sy n th e s is  th rough  the in te rm e d ia te  com pound HC = C -C H O H lC H ^.C O ^E t. 
A dipaldehydic  e s te r  (O C H fC H ^ C O ^ E t) was p re p a re d  in the following m a n n e r: 
S q u ad -m o la r q u an titie s  of ad ip ic  ac id  and d ie thy l ad ip a te  (p rep a re d  a s  d ire c te d  
in  O rg . Syn. , C oll. Vol. 11, p. 264, J . W iley and S ons, New York) w e re  m ix ed  
and h ea ted  a t  250° fo r five h o u rs . The m ix tu re  w as a llow ed  to  coo l, f i l te r e d  and 
su b jec ted  to  d is tilla tio n  under red u ced  p re s a u re .  E thyl hydrogen ad ip a te  (m . p. 
28 -2 9 °, b .p .  130-132°/! m m ) w as ob tained  in  35 p e rc e n t y ie ld , w ith a lm o s t 
q u an tita tiv e  re c o v e ry  of unused  d i-a c id  and d i - e s te r .
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The mono-eater was treated with a 15 percent molar exceai of r e 
distilled thionyl chloride, allowed to stand at room temperature for 1-1/2 hours 
and heated under reflux on a steam bath for 16 hours. The half-acid chloride of 
adipic ester was collected by vacuum distillation (b.p. 95-97/2 mm) in 85 per- 
cent yield.

Reduction of the acid chloride with hydrogen, using a Pd-BaSO* 
catalyst, was carried out according to the procedure of G. B. Brown, J. Org. 
Chem., 160 (1946). The adipaldehydic ester was obtained in 65 percent yield
by vacuum distillation (b. p. 68-74/1 mm. m. p. 2-4-dinitrophenyl hydraione: 
76-77° (corr.)). The product was stored at liquid nitrogen temperature because 
of its tendency toward rapid polymerisation.

Condensation of this aldehyde with acetylene waa attempted in two 
ways. Preparation of acetylene Grignard reagent in an atmosphere of excess 
acetylene, followed by addition of the aldehyde, save only polymeric products, 
Condensation in sodium and liquid ammonia (K. Campbell., B. Campbell and 
L. Eby, J. Am. Chem. Soc. 60, 2883 (1918)), yielded mostly high-boiling 
polymers plus varying amounfiTof ethyl-hydrogen-adipate and ethyl -6 -hydroxy 
caproste.

(b) A new synthetic route to the labeled thioctlc acid is currently 
under investigation. The equations Cor this route are as follows:

C10C(CH2)4C02Et ♦ (CH2}2 . CH2.CH-CO(CH2)4C02Et2)distill

CHjC06CH2CH2CO(CH2)4CO2Et N>BH4 , CHjC08CH2CH2CHOH(CH2)4CO2El

CHJca8c*ic»2c „ .„ c il<coit,

CH2CH2CK(CH2)4C02Et CH2 TJH-(CH2)4C02Et
SH 5 ---------

The vinyl ketone has been prepared in tho following manner: (II. V. 
Bullock, e t al. , J. Am. Chem. Soc. 74, 3455 (1952)). Dry aluminum chloride (1 
mole) was added to 300 ml. of nitrobenaene cooled in an ice bath. To this 
solution, 0. 5 mole of the acid chloride was slowly added. Ethylene was bubbled 
through the solution for four hours at a rapid rate and the solution was then 
poured onto a mixture of ice and chloroform. The organic layer was separated, 
washed with water and sodium bicarbonate, dried with sodium sulfate, and 
distilled. Hydrogen chloride was evolved during the distillation of the solvents. 
The vinyl ketone (b. p. 97402/0. 2 mm) was obtained in 35 percent yield.
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In p re lim inary  experim en ts, addition of th ioacetic  acid to this com 
pound, followed by reduction with sodium borohydride, seem ed to give rise  to 
a product which is not the desired  thio e s te r . However, there  a re  indications 
that the compound produced may be the th io-acetal

/ CH2-CH L  CH-(CH2:)4C 0 2Et

s 4

If this acetal is indeed the prim ary  p roduct, it may be found to be as useful an 
in term ediate  as the thioi e s te r , since the functional groups a re  s till  found on 
the desired  csrbon atom s.

Studies * i \ the Syntheses of C**-Labeled Peptides
R. Ostwald

As a p re lim inary  step in an investigation of the m echanism  of p ro 
tein  synthesis in living organism s, the synthesis of C**-labeled peptides bus been 
undertaken. Two m ethods of synthesis of peptides have been tentatively explored. 
These methods, and the re su lti  so far obtained, will be described  separately  
below.

(a) The phthalyl method, as described by J. C. Sheean (J. Am. 
Chem. Soc. 71_, 1B56 (1949)) and W. G rassm ann (Ber. 83, 244 (1950), u tilises 
the following sequence of reactions:

R - CH - COOH 4r
NH

CO\ r — COs.
O 180° , j NH - CH(R) - COOH

/  Jttm ln * II \ __-CC3T

SOCl2

P C I. NH • CH(R) • COCl R ' '  CH(NH^  J  C00H
Dioxane 4 MgO or 

aqueous NaHCOj

° S'NH - CH(R) - CO - NH - CH(R') - COOH - i i i S f f l l f f .S,
2) H+

n  I X*. ♦ NH2 - CH(R) - CO - NH - CH(R') - COOH

m
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Phthal ylalanine wai obtained in 86 percent yield, m. p. 160461°.
Phthalyl-alaninyl chloride was obtained at a glass in about 85 percent yield by 
either heating phthalylalanine in dry benaene with an equimolar amount of PClj 
and evaporating to dryneaa, or by heating phthalyl alanine with an excess of 
thionyl chloride and removing the excess reagent by repeated evaporation with 
chloroform. The second procedure seems less satisfactory because of the 
difficulty In removing the last traces of thionyl chloride.

Condensation of the acid chloride with L-leucine to give phthalyl. 
alanyl-L-leucine was tried in two different ways:

(1) Phthalyl -alaninyl chloride dissolved In dtoxane was dripped 
slowly into an ice-cold, stirred suspension of leucine and MgO. After acidi
fication and evaporation of the solution, the gummy solid was extracted with 
ethyl acetate to separate the product from MgClg. This procedure proved to b« 
unsatisfactory because the Inorganic salt could not he separated completely and 
because the product obtained constituted only a small percentage of the expected 
yield.

(2) When phthalyl-alaninyl chloride ditto)ved in chloroform was 
condensed with leucine in an aqueous solution of NsHCO}, and the resulting 
mixture acidified with acetic acid, evaporated to dryness and taken up in 
alcohol, 55 percent of the leucine was rscovsrsd as such. The phthal yl-aUityl- 
leucine could not be obtained in crystalline form, but remained an oil or dry gel,

In another experiment the alkaline condensation mixture was acidi
fied with hydrochloric acid instead of acetic acid and extracted with boiling 
alcohol to remove the NaCl. Some leucine was recovered, hut the phthalyl- 
alanyl -leuc ins remained an oil. One-dimensional paper chromatography In 
butanol-propionic acid solvent indicated that this oil contained large amounts of 
leucine, some phthalyl peptide and phthalyl alanine.

Hydrolysis of this oil by heating with hydrasins hydrate In alcohol 
and subsequent acidification with acetic acid, yisideO phthalylhydrasine (45 per
cent of theoretical, assuming the oil to have been only phthalylpeptlds and 
phthalylalanine) and a solid containing Urge amounts of alanine, some leucine 
end some peptide, as determined by paper chromatogtaphy. To determine the 
effect of thie hydrolysis procedure on a peptide, gfycyl-leucine wae treated with 
hydrasine as dsscribed above. One- and two-dimensional paper chromatograms 
showed that a large amount of the peptide is cleaved to give leucine.

(b) E. Fischer's method for the synthesis of peptidss (Bar. 40,
1754 (1907)) is dsscribed by the following scheme:

R - CHBr . COBr ♦ R - CH - COOH R .  CKBr - CO - NH - CM(R') . COOH

in tj

NH4OH } R - CH(NHZ) - CO - NH - CH(R') - COOH.
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a -b ro m o -p ro p io n y l  b rom ide  and »n e q u im o la r  am ount of 1 N NaOH 
w ere  a l te r n a te ly  d ripped  in to  an  ic e -c o ld ,  s t i r r e d  so lu tion  of L - le u c in e  in 4 N 
NaOH. T he yellow oil w hich  p re c ip i ta te d  upon ac id if ica t io n  was e x t r a c te d  wrEh 
e th e r .  T he  w a te r  lay e r  y ie ld ed  40 p e rc en t  of the  s ta r t in g  am ount of leu c in e .
The e th e r  e x t r a c t  y ie lded  an oil (p re su m ab ly  a m ix tu re  of a -b ro m o -p ro p io n y l  
leuc ine  and a -b rom opropsonic  acid). This was a n im a ted  using a m ix tu r e  of 
( N H ^ C O i  and NH^OH at 55° fo r  five h o u rs .  The p roduc t wss p u r i f ie d  on * 
Dowex 50 ion-exchange  c o lu m n  to  rem ove N H ^B r. It r e p re se n te d  a 32 p e rc e n t  
yield (c a lcu la ted  as peptide) and proved  by p a p e r  ch ro m a to g ra p h y  to  c o n ta in  
a la n in e ,  leuc ine  and p e p t id e .

F ro m  th ese  r e s u l t s  it see m s  e s s e n t ia l  to find a m ethod to  s e p a r a te  
a la n y l - le u c in e  from  a lam n e  and leucine . U sing  th e  phthalyl m eth o d , th e s e  
sm in o  a c id s  a r e  p r e s e n t  in the  end p roduc t b e c a u s e  of the d iff icu lty  of obtaining 
pure  ph»v * ily l-a lany l- leuc ine , f r e e  f ro m  ph tha ly l a lan ine  (a r is in g  by h y d ro ly s is  
f ro m  u n r e a c te d  p h th a ly l-aU n tn y )  ch lo ride) and f r o m  u n reac ted  le u c in e .  The 
s e c o n d a ry  diff icu lty  is  the  h y d ro ly s is  of the p ep tide  w%*h h y d ra s in e .  T h is  m ay 
p o s s ib ly  be overcom e by the u se  of pheny lhydrax ine  and e q u im o la r  a m o u n ts  of 
the r e a g e n t s  r a th e r  than  the  e x c e s s  used so f a r .

The F is c h e r  m e th o d  p re s e n ts  the  ana logous  p ro b lem  of ob ta in ing  
pu r*  * -b ro m o p ro p io r ty l - leu c in e  free  of o -b ro m o p ro p io n ic  aetti (which give* r i s e  
to a lan in e  during  am ina tion) and of u n re a c te d  le u c in e .  F ra c t io n a l  e lu t io n  from  
an io n -ex ch an g e  co lum n and ch ro m a to g ra p h y  on W hatm an No. J p a p e r  ( th is  paper 
a llow s h eav y  loading) a r e  be ing  invest iga ted  a s  m ethods  to s e p a ra te  the  pep tide  
f ro m  the  con tam ina ting  am in o  ac id s

The Iso tope  E ffec t in  the P in a c o l  R e a r ra n g e m e n t  

D. E. P ack

The pu rp o se  and p re l im in a ry  r e s u l t s  of th is  work w e re  d e s c r ib e d  
in the  Q u a r t e r l y  P r o g r e s s  R e p o r t ,  UCRL-1959, fo r  June, July and  A ugust 1952. 
Since th a t  t im e  the m ethod  of ca lcu la tion  of the  iso to p e  effect h a s  b een  r e 
e x am in ed .  The r e a r r a n g e m e n t  of p inacoi and th e  sp li t t in g  of the r e s u l t in g  
p inaco l one c an  be r e p r e s e n te d  by the following e q u a t io n s ,  w here  C* r e p r e s e n t s  

o r  C14.
CH, CHj y ?"» ?"> „ k.0B. „„ I 1b  ■** CH>v°Wi55r Ur.1C 0 2H 4 C H R r 3 (1)

<j*3 f H j  CH3 <f«3 <JH3
CHj -C - C - C H 3 CH3-C . 0 * 0  ---- » C H 3-<i - CO^H 4

A h  A h A h . A h  3
C H B r 5

;II
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9*3 9*3
C H ,- t  -l i  • ? - CH3 

OH OH

'* 3  <f*3
. c*o

<r*3
■»CH3-Cj -

CH,
COzH 4 CHBrj

<r»3<T«3
CH„-C - C-CH, — 0*C - C -C H j— 4 CH

3 w**3
1*1OH O

<f*3

<rc
CH

4
CH

-(^ - c o 2h 4 CHBr 3

In the above equations and in the following calculations only the mono-labeled 
pinacol is considered, although the labeling in actually equal in all four methyl 
groups. Calculations show that the number of di-, t r i * and tetra-labeled m ole
cules is a wiry negligible fraction of the total,

Referring to the above equations and assuming that the react!on is 
first order with reepect to pinacol and asauming that the bromoform reaction 
proceeds without any isotope effect, the specific activities or molt fractions of 
the trimethylacetic acid and bromoform are given by the following equations, 
where P , T and B refer to unlabeled pinacol, trimethylacetic acid and brornoforna 
respectively, and P*. T* and B* refer to the same compounds containing C** or

T* k2 ♦ k , P* (1 • ,* <k2 4 k» 4 k«,t

T M T  kT « k ) 4 k 4 P* S ♦ P(1 •  **»*) (»)

B*  ̂ k , P* (1 . •  ' (kl 4 kJ 4 k4,l>

B* ♦ a  k t  ♦ k j 4 k4 P* (1 . ,**k2 4 4 V 1) 4 P ( |T ,* klH

When the rtaction  is complete, t * a?and aquations (9) and (t) become, after 
rearrangement:

r P T *

P» - T»
• P* 4 P " T* I T

T T T T
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k 3
V S

B*
* B  

T * ---------

\ y i
C om bining eq u a tio n s  (5) and (6) a t  an y  tim e  g ives eq u a tio n  (9).

*,♦-4

B*
H F

T*----
T*TT

T h u s I t is  see n  th a t in  the  above d e r iv a tio n  th e  ra t io  k - / k 2 4 *4 
alw ays o b ta in e d , although the  r a t io  a c tu a lly  w anted is  k j / k ^ .  T h is  r e s u l t  i s  no t 
unex p ec ted  a s  an  ex am in a tio n  of eq u a tio n s  (2) and (4) w ill show th a t the  la b e le d  
tr im e th v ia c e tie  a c id  can  a r i s e  by tw o d iffe ren t p a th s , one 
of and  th e  o th e r m ig ra tio n  of At p r e s e n t ,
th a t w ill g ive  th e  d e s ire d  r e s u l t  w ith  p inaco l.

involving m ig ra t io n  
no  m ethod is  known

It m ig h t be added , in  p a s s in g , th a t th e  u se  of s n  uneymnv* t r i e s ]  
1 • •  * .m « lh y l-C U - i - « th y l - 2 ,  J -p « n t« d io l- l -C Upinaco l ouch a s  2 -m ethyl-

e 
CM- C .H .

*N  /  1 5

Ch / |  ' f c j H ,
OH OH

1

would ob v ia te  the  ab o v e -m en tio n ed  d iff icu lty . Tw o d if fe re n t  p ro d u c ts  w ould bo 
ob ta ined  f ro m  th e  r e a r ra n g e m e n t of th e  m ethy l g ro u p  to  y ield

*
CM,

/  5

C2»S
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and the other migration of the ethyl group to yield

m
II being a methyl ketone will undergo the bromoform reaction to yield bromoform 
and diethylmethylacetic acid, while U1 will not react. In thie way the two 
pinacolonee can be differentiated and the desired rate ratio can be obtained. How
ever. even if the desired results were obtained, a theoretical interpretation would 
be complicated due to the fact that the rearrangement involves not only the breaking 
of a carbon-carbon bond, but also the formation of a new bond which might be 
subject tc. an Isotope effect itself. For these reasons the work is being discontinued

Sodium Acetate Metabolism by Pantothenic Acid Deficient Rats 
Martha R. Kirk and Ann M. Hughes

Production of Pantothenic A dd Deficit at Rata

The production of pantothenic acid deficient rate has been previously 
reported (Unas, J. Nutrition, 20, §65 (i960)) and that procedure wea followed in 
the present work. The diet use? consists of purified caeeit: (vitamin-free), fat 
(Primea), sucrose and Hubbell salts; which can be supplemented with vitamins 
as desired. In our experiments, the oil soluble vitamins and all the water soluble 
vitamins, except pantothenic acid, ware added to the diet. Nursing females wars 
started on the diet when the litter waa frurteen days old. Young were weaned at 
the age of twenty-one days and continued on the diet. From each litter two young 
were selected as controls. These animals were raised separately and received 
the deficient diet plus pantothenic acid.

Riiminetion of Radioactivity in the Breath of Pantothenic Acid Deficient Rata 
Injected with Sodium Ac«U te-2-P* " ‘ ~ ~~ Tn.. rr-n

The metabolism of C**H.COONa, with and without injection* of 
Coentymc A. by the pantothenic acin deficient rats ia being studied, using the 
apparatus previously described by us for measuring respiratory  C**0j 
(Quarterly Report, 0CRL-187I, for March, April, May 1952). Acetate was 
injected intraperitoneally s t the level of 2 mg (10 p c .) per re t. CoA, when 
used, wee injected in the tail vein s t the level of 3-4 mg per ra t. The CoA used 
was obtained from Pabet Laboratories and is reported to be 63 percent pure.
It was dissolved ia  norm al saline and brought to pH 6-7 with 0.1 N NsOH. The 
metabolism of acetals by the control animals was also determined. In the 
experiments carried  out thus far, the deficient rats metabolised testate to
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C ^ 0 ? illghtly  m ore rapidly without CoA than with the enzym e. The m etabolism  
of the acetate by the control an*mals was sim ilar to that oi the„deficieni anim als 
when the la tte r  a re  given CoA. The g rea tes t difference between the norm al and 
deficient anim als seem s to be the production of a labeled compound oth^r than 

in the b rea th .

In p revious experim ental work involving our method of determ ining 
C'^O^ ( i.e . # passing  resp ired  a ir through in  ionization cham ber), the cham bers 
have shown no contamination at the end of a seven-hour experim ent; that is , 
after conclusion of the experim ent, the cham ber i t  flushed with dry s ir  for ten 
m inutes, at the end of which tim e a ll activity  will have been flushed out and the 
voltage on the e lec tro m ete r will have retu rned  to the base line. However, in 
the firs t experim ent involving deficient r s ts ,  a large sm ount of activity rem ained 
in the cham ber, even after flushing with dry a ir for sev e ra l hours. This would 
indicate the production of some volatile m etabolic compound other than C ^ O j by 
these anim als.

Attempted Identification of Volatile Compounds Other than Exhaled by
Pantothenic Acid Deficient Rais

A trap  containing a few m illilite rs  of concentrated  H^SOj was placed 
between the ra t cage and ionisation cham ber and was found to remove tht con. 
taminant com pletely without rem oving any appreciable CO^. Several methods of 
determining total activ ity  in H^SO^ tra p s  (including steam  distillation and 
VanSlykr combustion) have been attem pted and, while a ll ahow some activity 
presen t, none determ ines with accuracy  the to til amount in the trap.

Acetaldehyde was rdded to the separate sam ples from  a
number of d ifferent trap s , each rep resen ting  a du fe ien t experim ent. The 2 ,4 -  
dinitrophenylhydrones were p repared  and were each re c ry s ta llise d  from  95 p e r 
cent ethanol to a m elting point of 147°. In two of the c a se s , the derivatives w ere 
further purified by passing through a  s ilic ic  acid column following the procedure 
of Roberts and G reen (Ind. Eng. Ciietn. , Anal. Ed. , 18, 33S (1946)) and then 
rec ry sta llised . In all cases the pu rlU td  derivatives w ere radioactive, showing 
that at least one of the volatile compounds must be acetaldehyde. However, the 
data are  as yet insufficient to perm it us to say that acetaldehyde is the only 
radioactive carbonyl compound p resen t in the H^SO^ tra p s .

D istribution of RadioacttvltY in the L iver a of Normal and Pantothenic Acid 
Doficlenl Rats a lte r  Injection of Sodlum ~Acctale^Z-04

Expe r im ental. One norm al ra t  and two pantothenic acid deficient 
ra ts  were each Injected in trnperitoneally  with 2 mg (10 p c . ) C^HjCOONa. The 
norm al ra t and one deficient ra t  w ere sacrificed  one hour a fte r injection. The 
second deficient ra t  was sacrificed a t the end of thrtoe h ou rs. The liv e rs  were 
Im mediately hom ogenised with 95 percen t ethanol and ex tracted  in a Soxhlet 
apparatus with ethanol-e ther (3:1 by v o l.)  for eight hours. The remaining 
separations w ere c a rr ie d  out according to  the following schem e:

-Vi
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EtOH.Et^O extraction

Inso lub le
I

Lipid Material

Proteinaceous material 
Counted,
Dissolved in 30# KOH (aq.) 
Glycogen precipitated with 

Na2S04 and EtOH.

Disti l led at  low 
p r e s s u r e  in  N* 
a tm o sp h e re ,  w e n  
up in d ry  p e t r o 
leum e th e r .  P h o s 
pholipid p r e c i p i  - 
fa ted with a ce to n e  
and MgClr

Glycogen

Dissolved in hot H^O. 
R eprecipttatsd. 

i Counted.

Supernatant

Solvent removed by dis
tillation at low pressure 
in N>. Refluxed with 50# 
alcoholic KOH 6 hours. 
Acidified with 5 N H,S04. 
Extracted with Et^O

Phospholipid

Reprs-
ci p i ta  ted,  
Counted

Et2O extracl^
i

Acid-Aqueous

Fatty acids and non* 
saponifiable.

Counted.
•pirated on Amber Ills IRA 400 
ion exchange rs ii l .

Probably glycerols 
Counted.

r

V.

1Fatty acids Non-saponifiable-

Counted. j Counted.

Activity of each fraction was determined by direct plating onto a platinum dish 
and counting In a Tracerlab Flow-Geiger counter.

I
Results are recorded I|j Table III. Percentages ere based on total 

activity recovered.
:

.--V-w; •
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TABLE XU

Fraction
D eficient Rat Sacrificed 

A fter One Hour
Deficient Rat Sacrificed  

After Thi^ee Hours
Norm al Rat Sacrificed 

After One Hour

- ; •
Total Act.

*c.
4  Total 
L iver 
Act.

4  InJ. 
Act.

Total Act.
HC.

4T otal
L iver

Act.

4 ln j.
Act.

Total Act. 
»»c -

4 Total 
L iver 

Act.

4InJ.
Act.

Proteinaceous m ateria l 0. 196 51. 57 1.96 0.097 67.00 0. 967 0. 250 57.05 2. SO
Glycogen 0.012 3. 27, 0. 124 0.015 10.6 0. 153 o;o52 11.82 0.518
Phospholipid 0.070 18.52 0.703 0.026 17.88 0.258 0. 100 22.71 0.995
Fatty acid 4 non-sap. 0.054 14. 10 0.535 0.012 8.04 0. 116 0. 063 14. 33 0.628
Fatty acid 0.038 8 . SI 0.375 0.006 4.28 t .  062 0.038 8.63 0. 378
Non-saponifiable 0.012 3.06 0. 116 0.005 3.67 0.053 0.031 6.96 0. 306
Acid-aqueous 0.060 1 15. 74 0.598 0.010 7.06 0. 102 0.026 5.89 0. 258
Total 0.380 • 3.80 0. 144 1.44 0.438 4. 38

> y
fc
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C o n c lu s io n s . S ign ifican tly  m o re  a ce ta te  la u ti l is e d  by the liv e r  of 
a  n o rm al than of a  paniother.se ac id  d e fic ie n t ra t .

The fa c t th a t a m uch s m a l le r  p e rcen tag e  oi the a c e ta te  u tilis e d  by 
the  defic ien t r a t  is  found in  the g lycogen  frac tio n  is  to  be ex p ec ted  since the la ck  
of pantothenic ac id  im p a irs  the a b ility  of r a ts  to  s y n th e s is e  g lycogen.

S tudies or. A denine M etabo lism  

E. L, B en n e tt and B, K ruecke l

P re v io u s  s tu d ie s  (B io ch im ica  e t B iophysics A c ta , in p re s s )  have 
shown tha t in tr a p e r i to n e a lly  a d m in is te re d  adenine is  in c o rp o ra te d  ex ten s iv e ly  
and rap id ly  in to  th e  soluble n u c leo tid es  and the nucleic  a c id s  of C57 m ice . The 
cold  10 p e rc en t tr ic h lo ro a c e t ic  ac id  (TCA) e x tra c ta b le  so lu b le  n u c leo tid es  h ave  
been shown to  be p r im a r i ly  S '-a d e n v h r  ac id  (5-A M P) and its  d e r iv a tiv e s  such  
s s  adenosine  d ip h o sp h ate  (ADP) and aden o sin e  tr ip h o sp h a te  (A T P). The e x te n 
sive  in c o rp o ra tio n  of adenine *4. 4 -C 14 in to  the n u c leo tid e s  and  n u c le ic  a c id s  h as 
m ade it p o ssib le  to  d e te rm in e  the tu rn o v e r  r a te s  of th e se  com ponents In v a r io u s  
t is s u e s  of C$7 m ice  fro m  the  d is a p p e a ra n c e  of carb o n -1 4  in  the 5 ' -adeny lic  a c id  
pool (cold T C A -so lu b le  com pounds h y d ro ly se d  to 5-A M P by tre a tm e n t w ith 
ca lc iu m  hydrox ide) and from  th e  ad en in e  in  the n u c le ic  a c id .

T h e se  s tu d ie s  a r t  now be in g  extended  to  d e te rm in e  s e p a ra te ly  the 
h a lf - l i fe  of aden ine  in deaoxynucle ic  ac id  (DNA) and p en to se n u c lc ic  acid  (PNA) 
in  the v a rio u s  t i s a u e s .  The e a sy m a tic  a n a ly tica l d e ta rm ln a tlo n s  of sp ec ific  
a c tiv ity  have no: b een  co m p le ted , so  i t  m u s t be e m p h a s is e d  th a t a ll da ta  and 
co n c lu s io n s  a r e  su b jec t to  re v is io n . T he h a lf-life  of th e  so lu b le  n u c lno tidee  
(5 -A M P  pool) b a se d  on 5 to  lb  day  d a ta  of the in te s tin e s  w as 1-1 /2  d ay s; l iv e r ,
5 d ay s; c a r c a s s .  15 d ay s; and in te rn a l o rg a n s , 8 -1 /2  d a y s . L ittle  a d e n in e -C ^  
is  in c o rp o ra tsd  in to  the DNA of the l iv e r  (a t 24 h o u rs , l e s s  th an  one p e rc e n t 
of th a t w hich h a s  been  in c o rp o ra te d  in to  the l iv e r  PN A ). T he s tom ach  in c o r -  
p o ra te d  20 p e rc e n t  as  m uch in to  the  DNA a s  in to  the  PN A ; in  the c a se  of the 
c a r c a s s  (in c lu d in g  bone) the am oun ts  In c o rp o ra te d  in to  the DNA and PNA w ere  
eq u a l. Ths sp e c if ic  a c tiv ity  of the DNA adenine in the c a r c a s s  to h ig h e r a t 24 
h o u rs  than the  sp e c if ic  a c tiv ity  of th e  PNA sdeniiu*. T he d is a p p e a ra n c e  of to ta l  
a c tiv ity  (up to  16 days a f te r  in jec tio n ) a p p e a rs  to b- as ra p id  o r m o re  ra p id  f ro m  
the DNA of th e  s to m a ch , in te s tin e s  and  c a r c a s s  th an  fro m  the  PNA of th s s s  sam e  
t i s s u e s ,  in d ica tin g  a  fa s te r  ren ew a l r a te  for DNA than  fo r PNA in th e se  t i s s u e s .
On the o ther h an d , the carbon -14  a c t iv i ty  a p p e a rs  to  d is a p p e a r  slow ly f ro m  the  l iv e r  
and In te rn a l o rg a n s  of the m o u se  (o rg a n s  o th er th an  lu n g s , h e a r t ,  k id n ey s, in 
te s t in e s ,  l iv e r  and sto m ach ).

In a d d itio n , an in v e s tig a tio n  is  being m ade of f a c to r s  w hich m ay  i n 
fluence the tu rn o v e r  r a te s  of so lu b le  n u c leo tid es , DNA o r  PN A . The in itia l 
ex p e rim en t, in  w hich am in o p te rin  w as a d m in is te re d  f ro m  1 to 16 days a f te r  the  
a d m in is tra tio n  of a d e n in e -4 , 6 - C ^  in d ic a ted  no change in  the h a lf-life  of m o n o 
n u c leo tid es , DNA, o r PNA fro m  th a t of the con ti o lg. O th e r e x p e r im e n ts  a r e  
p lanned to  s tu d y  the e ffe c t of o th e r  f a c to r s ,  such a s  tu m o rs  and I r ra d ia t io n , on 
the above tu rn o v e r  r a te s .  4
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The e x ten s iv e  in c o rp o ra tio n  of adenine in to  so lu b le  n u c leo tid es  su ch  
i i  5 - AMP in d ic a te s  th a t an enzym e s y s te m  is  p re s e n t  w hich  is  able to  p e r fo rm  
a co n v ers io n  of th is  type:

A denine ♦ (R ib o te - 5 -phosphate  ? ) — f 5 ' -ad en y lic  ac id .

P re l im in a ry  s tu d ie s  h iv e  shown th a t th is  re a c tio n  c a n  he d em o u n t* a t-d  u sing  
e ith e r  m ouse o r p igeon ltv#>r h o m o g en a tes  (0. 25M s u c ro s e )  in  the ab sen ce  of 
the n u c lea r f ra c t io n  and a lso  the ab se n c e  of the m ic ro s o m a l frac tio n . As 
yet* the s y n th e s is  h aa  not been  d e m o n s tra te d  in  a  s y s te m  in  w hich both the 
m ito ch o n d ria l and cy to p la sm ic  s u p e rn a ta n t f ra c tio n s  a r e  n o t p re se n t. F u r th e r  
e x p e r im e n ts  a r e  in  p ro g re s s  to  p u rify  the  enxym e o r  e n sy m e s  involved and  to  
d e te rm in e , if  p o s s ib le , the in te rm e d ia te s  and n e c e s s a ry  c o - f a c to r s .

G lu co se  S p ecs  in the Dog 

. G . L . S e s r le

T he in it ia l  w ork on the p ro b le m  of d e te rm in in g  th e  g lucose  sp ace  
("g lu co se  space*4 is  the volum e of th o se  f re e  g lu c o s e  co n ta in in g  flu id s in the 
body, the g lu co se  of w hich is  in  ra p id  e q u ilib riu m  w ith the  blood s tr e a m  
g lucose) in  the  in ta c t co n sc io u s  dog h a s  been p re v io u s ly  r e p o r te d  in c o n n ec - 
tion  with o x id a tio n  s tu d ie s  in  the dog (D. D. F e l le r ,  I. L . C haikoff, E . H. 
S tr iso w e r and G. L . S e a r le \ J . B io l. Chem . 188, 865 (1951)). A con tinuation  
of th e se  s tu d ie s  i s  now in p ro g r e s s .

A n e c e s s a ry  d:.tum , the d ilu tio n  of in je c te d  g lucose  a t s e ro  
tim e , w as o b ta in ed  in  the  in it ia l  s tu d ie s  by e x tra p o la tio n  of the  sp e c if ic  a c t iv i ty 
tim e  cu rv e  of p la sm a  g lucose  o b ta in e d  follow ing s  s in g le  in je c tio n  of 10 m g of 

-lab e led  g lu c o se . C a lcu la tio n s  a r is in g  from  th is  d a tu m  gave r e s u lts  th a t 
v a r ie d  g re a t ly  T h is  le d  to the c o n c lu s io n  tha t the  e x tre m e ly  ra p id  u ti l is a tio n  
of g lu co se  by the  an im al was of p r im e  c o n s id e ra tio n  in  th is  study . I t was 
re a so n e d  th a t the oxidation  of the h ig h ly  ac tiv e  in je c te d  g lu co se  was tak ing  
p lace  b e fo re  i t  had  m ixed  th o ro u g h ly  w ith  endogenous g lu c o se  of the body, th u s  
leading  in  m an y  c a s e s  to  u n p re d ic ta b ly  h igh  v a lu es  fo r g lu c o se  sp ac e .

F u r th e r  s tu d ie s  on the p ro b le m  of g lucose  m e ta b o lism  in  th e  in ta c t  
an im al have c e n te re d  a round  the co n tin u o u s in fusion  of C ^ - la b c le d  g lu co se  in  
am ounts not ex ceed in g  0 .9  mg in  s ix  h o u r s .  The in fu sed  g lu co se  e n te r s  tb s  
an im al in  the vena cava  n ea r the e n tra n c e  of the h ep a tic  v e in . We b e liev e  th a t 
th is  techn ique  g iv e s  the g re a te s t  p o s s ib le  a c c u ra c y  in m e a s u r in g  the  d ilu tio n , 
of the in fu sed  g lu co se . T hus we c o n s id e r  th a t when we have ob ta ined  a  
s te a d y -s ta te  s itu a tio n  in the  sp e c if ic  a c tiv ity .t im e  c u rv e  of g lu co se , the  m ix in g  
of the co n tin u o u sly  in fused  ac tiv e  g lu co se  and th a t new ly  p ro d u ced  by the l iv e r  
of the a n im a l is  p ro ceed in g  u n der o p tim u m  sp a tia l c o n d itio n s .

Two m e a su re m e n ts  each  in  the  n o rm a l (Mg. the  d iab e tic  dog, and  the 
d iabetic  dog c o n tro lle d  with in s u lin , have yielded c o n s is te n t v a lu es  in  the  ra n g e  
of 30 p e rc e n t of the a n im a l 's  vol .m e . The la te s t  m e a s u re m e n t,  c a r r ie d  cu t on 
s  sup p o sed ly  n o rm a l dog. has b ro u g h t an  excc p tion  to  the fig u re  s ta te d  above, 
yielding a va lu e  of 45 p e rc en t of th e  a n im a l 's  vo lum e. T h is  anom olous v a lu e  is  
c u r re n tly  u n d e r in v estig a tio n  v ia  re p e a te d  m e a su re m e n ts  in n o rm a l dogs of s u f 
fic ie n t n u m b er to  y ield  a q u a lified  s ta t i s t ic a l  b a se  lin e . T he anim al in w hich the  
high value w as o b ta in ed  m ay , if  th e  need  a r i s e s ,  be b io p s ie d  to d e te rm in e  su s*  
pected  I s le t  m a lfu n c tio n .

ISAM
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Sal fur -containing Component* of Photos ynths tie Organisms
A. A. Benton

/In tn investigation of the pretence of thioctic tcid (6 , 8-dithio- 
oc ten ole acid) In photosynthetic orgtnitnut it It also Important te know what 
other sulfur compound* are involved in plant metabolism. A.*i£*. from t  few 
amino acids and sulfate eaters, a relatively small number of sulfur com
pounds art known in plants.

The algae Scenedstmut and Chlorella pyt. were grown an t  small 
scale in s low-sulfate medium containing ZO me. 8 * ^ 4“ per liter. Theta 
algae were killed in the light and In the dark and analysed by paper chromate* 
graphy. No significant differences between the compounds' dark* and light, 
killed cells were observed. Ethanol extraction removed 80*15 percent of the 
activity from the colls. The insoluble residue was hydrolysed in acid and both 
it and the alcohol extracts wars chromatographed. The fresh alcohol extract 
had only one major compound. Tht acid hydrolysate had the expected amino 
acids, inorganic sulfate and a major product with an Ry slightly loss than that 
of alanine.

The major alcohol .soluble product (10 percent of total algal sulfur) 
had an Ry similar to leucine and is suspected to be similar to thioctic acid in 
solubility properties. It is a week acid although its sodium salt is somewhat 
soluble in chloroform. Its distribution coefficient between water and chloroform 
in similar to that reported for 6, 8 -dithie-octanoic acid by E. t». Patterson, st a l.,
(J. Am. Chcm. 80c. 1 7y> 5919 (1951)). Upon mild Brg oxidation the compound 
slowly changes to a second, somewhat more water-soluble product ss indicated 
by s decrease of about IS percent in the Ry value. This compound apparently 
hao chemical properties similar tc those of the original. Both are converted by 
brief acid or alkaline hydrolysis at 100° to a compound of much lower Ry 
(similar to that of nucleotides). Further hydrolysis in acid or by phosphatsae 
gave no change in chromatographic properties.

Very little or no detectable thioctic acid activity In these products 
has been observed with the Streptococcus fascalis bio-assay. Authentic thioctic 
acid does not co-chromatograph with this compound. The former is readily 
detected by a platinic iodide spray test.

Quantitative Assay for Thioctic Acid 
R. Clinton Fuller

♦ ,

Because of tho probable importance of thioctic grid (h, 8-dithlo- 
octanoic acid) in the mechanism of energy transfer in photosynthesis, it has 
become desirable to determine the presence of thioctic acid in green plants 
and to localise quantitatively the site of thioctic acid in its active metabolic 

. state in the’cell. Several methods for the determination of thioctic acid have 
been reported in the literature. However, they are rather time consuming 
and cumbersome. At the suggestion of Dr. E. L. Patterson of tho Lederle
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Labor ait or le t * quantitative assay woo set up with Si re pi o« occua lee calls <A. T .C . 
1011). Our method U an adaptation of that drvc 1 cp^JaTT«TcrT*Tn31T will be 
published by that *reup. The quantitative determ ination U made by me te a r  in* 
the d iam eter of a aoac of growth on b ac teria l-seed ed  thioctic -Croe ag ar plate*. 
Our growth medium ia co m p le tes  synthetic and U essentially  that deacriSad by 
E. E. Snell (3. Biol. Cham. , Uu, 431 (1751)). A ataadard d a ta  respecter curve 
waa datarm iaad  la each experim ent and a sam ple is shown !a F igure  l . -

Not only U the assay  rem arkably  sensitive but ex trem ely  specific.
The following sulfur compounds give no response; thiam in, glutathione, cystine, 
cyste ine, biotin and 5, t- th io c tic  acid. Both 4, $• thioctic acid sad  i ts  oxidation 
product Bis b. 8 -sulfoxide a re  equally active.

P re lim in ary  experim ents indicate that Scenedeemue oh aquae con
ta in s at least 2 .5  > th toctic acid par g ram  of dry-weight algo#.' Of th is amount. 
only 0 .2  \  per gram  U  available to S. fas ca lls  a fte r SO percent alcohol ex tra c 
tion. The residual 2 y p e r gram  ia made available only a fte r 3 N acid  hydrolysis 
and ia equally d istributed  between the alcohol and the extracted  Falls . E xperi
m en ts a re  in p rog ress to  determ ine chlorophyll and thiectic acid ra tio  ia algae 
grown under various conditions.

Thioctic acid  has been located on two-dim ensional paper chrom ato
g ram s of algal e x tra c ts . Cana rally  it seem s to  run  d o e s  to the solvent front 
in pheuol and at an R y of 0. 9 in butanol-propionic acid.

To c la rify  fu rth er the active m etabolic state af th ioctic acid , bio- 
satographic techniques have b e ta  developed with the assay organism  for the 
location of active th ioctic conjugates on paper chrom atogram s. It has been 
dem onstrated by the use of this technique that the assay  organism  will utilise 
to  som e extent conjugates of thioctic acid and thiam in and of th ioctic  acid and 
cocsrboxyU sa These conjugates may be im portant in active th ioctic acid 
m etabolism .

Flow System  for Kinetic Studies in Photosynthesis 
J. A. B aasham

The re su lts  of previous kinetic stud ies of the introduction of 
into the in term ediates of carbon fixation during  photosynthesis* have indicated 
the im portance of obtaining accurate data fo r Use very sho rt exposures of the 
plant to radiocarbon <0.1 to 10 second). In o rd er to obtain such data , a  flow 
system  for introducing C** to the suspension of algae has been devised; this 
system  elim inates c e r ta in  d iesd v an tag e  of the batch-wise sy stem  previously 
used. The steady s ta te  concentrations of C**Oj> can be m aintained Cvrmant 
so  that tbs specific activ ity  of the carbon is  the only variable  changed. In 
addition, the mixing of the oi the algae suspension can be made nearly
instantaneous.
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t f c t  UK iw 4** «  !«*.: ti*  d i t tW i« * U « i  w i t l  (4  m m
Much} Wbi*k I* illu m in a ted  trmm e ac h  tid e  by e M tk  o* light* k t i t*
•U*p***i*Mk *1 4ig*« Ml fht* MUern oat*** *#**• i Ml «a*tUM*#u*$y a e ra te d  «r$tfc * 
go* mi%t* r«  mi 4  percoo* C O | Mi M ( A em otl te en #  p a re n t  pom p ho* bee* 
4#*ig**4 l«  t*h»  * e tre e m  «i *lg«# **op#«t4ia» tree*  til*' bo ttom  *1 Mi# 
t»o« v*o*#S *»4 (m m  It th ro u g h  o ev e ro l hundred o l trooopoe#**
pU*ti« tub ing  iimmrmml d ia m e te r  *1 I man lit  am i ru le d  I f  Om*
h u m  lig h t e o n fc #  i«  Mi# i l lu m ia a tie *  cham ber 1 Tfct pom p develop* *uih . 
c le a t p re e o o re  «• Mi# euapeiMHon th rough  tin*  tuhftog *t * ra te  o# #b*o* 19 
m l p e r m uhiM w hich  reevtHe I* Out algo* t r i w r c u i f  th e  till*  t» ebool 14-19 
oocond* A i u « * »  *1 C ^ o  d i**e l**4  t» w a ter i t  pH 4 m  in je c ted  m u  tin *  
tubing * t e a n o u #  p « ftU  #2 b lo w *  d ie to o ce  fro m  ttw ««M of Mm  u H k|  A 
• • te n d  pwinp, pt*» * ey rt* § e  4*1#** * t <o**t*JM epeed , t « n # i  l i t*  rodhMNCtt#* 
lo l i t i a n  in to  Mm  4 |« *  » tr* * m  «t »  c m iU u it r i t«  r« g * rd i* * t 4  *1* JM»*t *1 
in jec tio n  At Mm  m 4  of the t* M « | Mm  *!§** f l« «  t i t *  *  » of otto* mi a lco h o l « M « I 
im m e d ia te ly  d en a tu re*  Mm  eu*ym o* . A p r* lim * * * ry  eo pertm e**  I m  boon p # f*  

m w h ich  Mm b ica rb o n a te  we# in jec ted  *t p#»»t* 14, 0- t ,  4, 4 I ,  **d A. I  
««co*»4t, fro m  Mm  **9  4  Mm  tub ing , T h t ra t*  *1 h a t t i w  woo
found to  b* 49 **4 44 m iliu m  t o n t i  p i t  m inu te  p « r tC  #1 ww«*fMMtP«d
elgae The algo*  eoapeoalon  n e ed  or** 0 ,1 p e rc e n t by volum e wo* p * ih # d  nig** 
I* wot# t , t s t r i c t i  mi Mhggg a lg a#  o r*  b m  being ai**ly*nd by p ap er c l*  om »U * 
g r a p h y , Will* Mm  r*to« mi UmmUm found I* Mil* • a p a r tm e n t  It i I m M ! * * * • «  
liM * to  A t* !* ,  * t Mm** « i  a b o r t  * •  0 -2  eecond* « u ifu  le n t f tsa tto *  of C** to  
p e rm it MMtlfOi*.

Kibolog*

1 >*11 * 4 « i t« n  *U H ib qi * * £ S e d o h c p t uUmm-

Aa m  M * rr i i  and l o r t l  O . Kay

Attempt* to degrade meteoAldehyd* bU-ph*t»yihydr**of**, resulting  
I ram  t ie  periodic acid o*»d*tion mi «wgar oeaaonoi bav# been continued The 
cyclic thioncotal of Mu* aldehyde and F, 2 •oMmndlMuot A** boo* pr#p*ro4. It 
w**̂  k»op#d Mi*t by thu* p ro u c tio g  tb# carbonyl group, tb# bydrokon# groopo 
could b« bfdrolyood. H m r t r . in  cold concentrated bydrorbloric ocid lb# 
compound did not rooct. On *t#*m du tilling  the ibioacetal in HQ* M appeared 
that the *c#t*l w*» hydro!food in proloroncc to Mm Hydrasone* In 40 percen t 
acetaldehyde (another reagent **«d lor hydrolysing oea««*«*) the thtoacetnl era* 
recovered unchanged.

Another approach to  the degradation ot rtbuloee I* the oaidation mi 
the th toacetal to * di*ul(o*«t and *ub*ofuent bydrolyeie, yielding ethyl*** 
methylene ditu lfooe,

•»
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T to  lab e led  K M tkyifM  would to  t t o  C j to  t t o  o rig in a l r th u lo a*  m o lecu le  T bli 
m i 4*Um  U i  W f» « iH  ww r f t ryH U lu « » 4  u t4  ^ • r f r « ^ M ic  aetd .
but Mi M i t l^ r  « 4 i«  c « 4 4  tto  ethyl* ne 4 i « H « k« t e  l to U te d ,
r« r ( f t« !  l U f d ^ l i  « U t t o  mad* uau tg  p n o 4 i »

A* attem pt to make tto  c » t r t i yi >4nn  tk io M tlr)  from  
bi ap**** b yd; a »**%• i t o  ethyl M rc ip tM . in hope* that thie dlaolfeee * t o 4  to  
m ore tM U f i t t U M ,  t o t  to r s  woauctoeafol t t o  »«m« ( t o m M i  t t o l  
«m 4 t* i to  d u M c rtti  from  y w l t o  a  compound con*
t t i f t i i f  M  auifuv* Jfcie c iw y w if  waa c U r t d f f i t o  or U p toop t, 4>phe»ylkydra-
ft«M py*na»U***t. 

t o d o h r j p t ^

In I f f* *  to determ ining I to  im o ia t  to i c t m i j  »  c i r t o  No. 1 to 
t to  to l« to  t« tfM < tt» ti  on t o t o p t t t l M M  t * i  toe**U«

gated Two moUe to ferm aidahyde v t r t  form** whan W m |  m  relabeled 
ito«lt|M «lB *iii * t r *  4 t | r i 4 t o  with ia to l to  glucM* preeen t to p» ovi4# n 4 t» *  
•cU v t fem aldehpdo  T to  m otto* woo t to a  «i«4 «a • ample a from  v a n  owe 
t t o ^ m t e i  with to y  beaaa (Q io rU rly  R eport, UCRLH44* for Septem ber. 
O ctober, Novem ber, !H f) . Tto roototo to ta u to i for tto  to t to percentage to 
ecttv itp  to C A « to  C-T oro no follow* 4 •*< * 4 percent, ^ 4  te c  , 4 pore out, 
20 ooc , U percen t, % m io .. 14 porcoat* 20 top* (tem pi* fro m  O ol Ridge), 
t l  pore.out T to  opporoot noa-uniform  labeling t» tto  long photo* >*!)<*•)• 
experim ent* ( I  m m . • l  d ty i)  mop re e u lt from  on o rro r  to t to  mot It to , to* 
though on oeaaeoe i f f r t o i t t M  oo t to  $ m is . tem ple gov* otop  6 percent to 
carbon Ho. T,

A noitor opproocti to t to  problem  hae too* on ettovft to  utilise tto 
dialdehyde rootouog from  neriodat* oxidation of «*4olt*p«oloo*ii ft i* hoped 
thot if •  thioecatai coo to  formed tK« n o g  will ttoa  hydra! ya« lttorto tog  
frogmen!* tto t c m  to  further degraded Dtthtoglycel otop gov* « rubbery 
polym er. Ethyl m ercap tan  »• bow being investigated, uaiag paper chromato* 
graphy to try  to ooporoto reaction product* to ihioecetal form ation aa* one* 
ceeding hydrolysis

a d y - S t a l e  H t  » f  r  v u ,  r S . m  t n J P h o i o * _» '-.the

A. T. Vilaon

An apparatus ha a toon built to  ****stiget* the effect of CO^ on the 
s teady-sta te  ra a e rv m r atsea m photo# yntto t  • to ng algae. Thia will to  da a* 
t rtbod in detail to a la te r repo rt P re lim in a ry  n p c r im c a t i  have bean c a rr ie d  
out, one of which i t  deecrtbod briefly  to r e .

Algae w«»e allowed to photosynthesis* la one p e rcen t COi  (44 p e r 
cent air) for IS m U U ea. At tto  end to  **Ui time the gaa o troam  waa changed 
to oot percent C l *<>2 without altering aay  other condition#. T toa*  condition*
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w r i  maintained for IQ  mmuUi whan Use gee stream wi« changed to 0 .0) per- 
coot C**0£ at the h im  specific activity and at the same rate of flow. During 
Use experiment • ample• of algae suspension were withdrawn from the illumine* 
tien vessel and hilled in *0 percent alcohol. Aliquot portions were chrotnato- 
graphed on paper and the various reservoir su e s  estimated by counting the 
spot* with a Geiger .Muller counter. A plot of the amount fixed is given in 
Figure 2 and a plot of the reservoir sines as s  function of time as givon in 
F i g u r r  I

It is of interest to note that the reservoir sines change profoundly 
and in a vary short time. There seemo to he two general hinds of change. 
F irs t, there is a sudden violent change where the reservoirs of the inter* 
mediates fluctuate wildly. Secondly, there is a more gradual overall change 
<4 all the intermediates to a lower level; this latter change takes something 
of the order of 10 minutes before a new steady state is attained.

It is clear oven at this early  stage that in our conventional photo
synthesis experiments we do net have a steady state situation and that during 
£*or experiments the ratios of the intermediates are changing very greatly, 
making the interpretation of all degradation worh much morn difficult. This 
may explain why the percentage fixed in short time experiments with phospho- 
glycsric acid exceeds the theoretical 66-2/3 percent as predicted frem our 
tentative cycle.

Work is proceeding on an experiment where many more points will 
be taken. If accurate curves can be obtained of the reservoir sises during the 
firstfew  minutes after the change, much valuable data could be obtained an to 
the sequefece of the early  intermediates.

a 0 f t  W '  w  *
t * * * * * * " * - - )wwrtg|ftiij||i-ritn̂ jeariVtimroi n i, ir^ji
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U. OUARTEAtY PROCRESS REFOftY 411
W* M L atim er, D irector

A Mwttl« and H>|H T y t y r t u n
U «  I r m r  L* Roy l r t n a « | ,  R u h a td  P a itt i*

0 « c* r  KtUtan4c ki4 James K*m

R efractory S ,L * |d f

Additional heating* of various pair* of m « u t»  with silicon to  
determ ine the relative s tab ilities  oi the met J  siUcade* have bee* u m « 4  m *  
and a sum m ary  ol J1  the expert m e a t a to fix the stabihteea el m etal
• t l io d e t  ta be*ng written

Mol ybdenum Chl orides

Work t« p rog rsrs ing  aa  the problem 4  determ ining the effect e l 
water upon the molecular toustitacn ta

Alkaline E arth  Oxide Caaea

The spectrum  oi MgO baa b t t»  observed la  em ission a« a taae ttaa  
ol tem pera tu re  yielding the heat of subH m attre to the *E sta te  of MgO Koodoo* 
cell m eaaurem eate  of the total vapor p.essur* have dem onstrated that the Jt, 
etate of MgO cannot account for the total vapor p ree au te  and It therefore to not 
the ground etate aa pravtoualy believed. A hand sy s tem  believed fee a via# from  
trip le t •  ta les  of MgO has been studied gad appears to  h*v« a lower etate ik lf ih  
io lower in energy than the *£ e ta te .

The vapor p ressu re  of fused sodium carbonate is he lag determ ined. 

Carbon Fluoride*

F urther experim ents a re  in progress to determ ine the heal i f  
form ation of CF and CFg by determ ination ol the •  m ission  in tensities aa a 
function of tem pera tu re .

*
>■ B a s ic C h e m i s t r y ,  l ^ l u d i rg  M e ta l C h s la te s

R E. Cor.nick. W illiam  Jolly, Albtn S to len . f ra n k  Owtngo,
Howard M ai, Lorin Hrpl«r and John Rury

Studies involving Liquid Ammonia aa a Solvent

The differential method for m easuring vapor p ressu res of liquid 
amm onia solutions (discussed in the Mat quarte rly  rep o rt)  has boon abendmiod 
because of two explosions which occurred  when liquid ammonia was confined 
in g lass apparatus at room tem p era tu re .
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* A minometer (with suitable steel containers and connections) has
been built (or measuring vapor pressures up to 4-1/2 atmospheres with an 
accuracy of a 1 mm Hg. The vapor pressures of liquid ammonia solutions oi  
potassium iodide end of silver iodide at 0° C have been measured over wide 
concentrstion ranges. These data have been used to calculate relative activity 
coefficients for the salts, which in turn may be used in estimating the free 
ene/gy of solution of the salts.

An attempt is being made to use an isopiestic method for deter
mining the vapor pressures of liquid ammonia solutions at room temperature. 
The vapor pressures of ammonium chloride solutions have been measured and 
such solutions can serve as reference solutions.

Brornate Thermodynamics

The calorimetric study of the heat of reduction of bromate has been 
concluded. A series of successful experiments has been performed in which 
heats were measured for the reduction of bromate by iodide and by bromide.
The detailed results and conclusions will soon be submitted for publication in 
the Journal of the American Chemical Society.

Thermodynamics of Indium

Experiments designed to investigate the equilibria between Injm\,
In*, In*2 and In*' by the method previously described are in progress. Definite 
indication of the existence of at least one ai  the lower oxidation state apecias has 
been observed. At present we have only enough data to calculate rough values 
for these equilibrium constants but this lack le 'being remedied.

The Heat and Entropy of Ionisation of Hydrofluoric Acid

The heats of solution of sodium fluoride in water and in aqueous 
perchloric acid have been measured. These values are used to calculate the 
heat of ionisation of hydrofluoric acidi By combining this heat with the free 
energy of ionisation, we have calculated the entropy of ionisation. We found 
AH° « -3180 cal./m ole and AS° * -25. 2 e. u. The detailed data will soon be 
published in the Journal of the American Chemical Society.

Thermodynamics of Sulfide Ion

This project has been completed and the results will be published 
shortly in UCRL-2108.

Hydrolytic Polymerisation of Zirconium

Work.ia continuing on the determination of the molar extinction 
coefficient of the first £r-TTA (Thenoyltrifluoracetone) complex in 2 M HCIO4 
solutions.

ifr.fr
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Potential of the RuO^* - RuQ  ̂ Couple
I

This project hat been completed and the results will be published
shortly.

Thermodynamics of Thioaulfa*.

In the continuation of thiosulfate equilibrium studies, preparation of 
pure finely divided Ag£S and Ag has been investigated. For A gfi the moat 
satisfactory method is to prepare an Ag20 precipitate, dissolve in dilute HCIO4, 
pass through purified H2S, and filter wash, dry and grind the Ag2& precipitate.
In the case of Ag, it has been found nearly impossible to remove final traces of 
Ag4 (from treating "reagent" Ag with HQO4 to dissolve Agj>0 impurity). Upon 
heating the reagent Ag to several hundred degrees AggO slowly decomposes but 
the Ag metal tends to sinter into hard lumps that cannot conveniently be ground 
up. To avoid these difficulties one can (1) wash the solution-prepared Ag with 
cold Na2S,03 (the same type of solutions with which the Ag is to be used) or
(2) heat the solid in a very dispersed form as on a large porcelain plate to reduce 
physical contact of Ag granules, and thus reduce sintering.

Study of Hydrates

Three separate methods of preparation of CaCK • 2H2O (c) are 
being pursued. (1) A large sample in a vacuum line is partially hydrated or 
dehydrated in stages in an effort to arrive at the composition of the stoichio
metric compound. Kinetically, over a week is required after the addition or 
removal of a small amount of water vapor when near this point before equilib
rium is again established. (2) "Reagent" chemical (always over-hydrated) is 
placed in n vacuum dessicator containing H2SO4 of appropriate vapor pressure.
(3) Vet crystals arc obtained by evaporating a solution of CaCl2 at 50° C ., 
the crystals then being placed in vacuum dessicator above. Several weeks are 
required by methods 2 and 3 to approach stoichiometric composition.

C. Chemical Engineering (Process Chemistry) Section 
L. A. Bromley, D. N. Hanson, T. Vermeulen and C. R. Wilke

Preparation of Titanium Metal. A. W. Peterson and L. A. Bromley

Further experiments on the production and purification of TU4 were 
conducted. The purest TH4 was made by refluxing the reaction mixture (excess 
Ti) at low pressure, eliminating contact with the air. Air contact must be 
eliminated, or oxidation takes place rapidly.

An electrically heated tungsten filament was immtrsed in the liquid 
TU4. No Ti deposited. It was subsequently discovered that deposition was 
impossible under the conditions of the above experiment for the following reasons:
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(1) No deposition will occur at a Til 4 v. p. > 40 mm Hg in the Yan- 
Arkel-deBoer proceaa; increasing v.p. over this value even removes previously 
deposited Ti. (from Runnels and Pidgeon, Journ. Metals 4, 8 , p. 843 (1952)).

The result of this is to limit the pressure of operation to< 40 mm 
Hg and the TII4 maximum temperature to 220° C for the above experiment.

(2) It was found that the rate of diffusion of I> (rate of removal 
from hot filament) is a controlling factor in the Van Arkei-deBoer process due 
to a low equilibrium partial pressure in the reaction

A
TU4 <— :------> Ti + 41

(from Runnalls and Pidgeon, Journ. Metals 4, 8 , p. 843 (1952)).

The result of this fact is to require fairly pure TU4 in order not to 
reverse the reaction in the vicinity of the hot filament. An experiment should 
be done to determine the value of the equilibrium partial pressure of lg.

(3) Film boiling was not attained, due to the difficulty of preventing 
the wire from burning out. Experiments on the film boiling in water showed that 
at high heat flux, film boiling suddenly started; the sudden decrease in heat 
transfer immediately fused the filament. .According to Runnalls and Pidgeon, 
the filament must be at least 1100° C for deposition to occur (film-boiling region).

Thus, a technique must be developed to attain stable film boiling 
without fusing the filament.

Film Boiling fromSub«cooled Liquids. E. 1* Motte and L. A. Bromley

Piping changes have been made so that cold water may be run in the 
coil of the storage task so that the liquids to be run may be sub-cooled. The 
pressure tape to the orifice below the storage tank has been connected to open 
end manometer tubes so that the pressure difference across the orifice is now 
read as height of flowing fluid. The cromel vs. alumel thermocouple that 
measures the amount of sub-cooling of the fluid has been calibrated and in
stalled in the apparatus. The one- and the three-inch orifices have been 
calibrated by means of a pitot tube assembly in place of the heater element 
above the nosale. The calibration of the three-inch orifice was checked by 
using the ASME orifice discharge coefficients for vena-contracts taps. A five 
percent variation in the flow rate was found due to the viscous dampening of 
the fluid in the manometer leg connected at the vena contracts of the orifice. 
Viscous dampening was used because fluctuations of five to seven centimeters 
were observed at flow rates around thirteen feet per second. Calibration 
curves for the two orifices have been prepared. Numerous repairs have been 
made in the equipment.
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Four liquids will be run: ethyl alcohol, carbon tetrachloride, 
benzene and hexane. The velocity of the liquids will be varied between sero 
and fifteen feet per second for each of the three sises of graphite heating 
elements which will be used. The effect of sub-cooling will be investigated 
within the limits of the apparatus. The effect of turbulence on heat transfer 
in forced convection film boiling will also be investigated for one. of the 
liquids.

Thermal Conductivity of Gases at High Temperatures. A. J. Rothman and 
L. A. Bromley

The furnace windings have been modified and the repaired furnace 
is now operative. The vacuum piping has been completed and vacuum tested. 
Measuring circuits are  almost complete. The thermal conductivity cell itself 
has given considerable trouble during construction, due to the fine welds r e 
quired. At this point almost all major components are assembled and ready 
for a tria l test, except the high-temperature platinum resistance thermometer 
aealed in quarts, which has also presented construction problems.

Capacity of Perforated Plate Liquid-Vapor Contacting Columns. C. D. Hunt 
and b . N. Hanson

Data on liquid properties indicate no significant effect of liquid 
viscosity on pressure drop; however, there is a definite effect of liquid-solid 
wetting properties, distinct from gas-liquid interfacial tension.

Data are  now b«ng taken to determine the effect in the pressure 
drop vs. gas flow of gas-liquid interfacial tension and liquid density.

The column has been modified to include a second perforated plate 
20 inches above the existing plav'e to study entrainment.

Maas Transfer in Agitated Liquid Systems. L. Fick, H. Rea and T. Vermeulen
\

A general study of mixing in closed cylindrical vessels has been 
continued. In comparisons of unbaffled and baffled tanks, SO percent higher 
epeed was found necessary to produce the tame inter facial a rea  in an unbaffled 
tank; this corresponds to a slight decrease in power consumed par unit of 
area produced.

The peripheral speed of the impeller has been identified to control 
the interfacial area , independently of impeller width. As the power required 
is directly proportional to the width, the width should be reduced to a value 
just sufficient for complete mixing. Experiments are now in progress to 
measure the uniformity of mixtures under varying conditions of agitation, to 
find the lowest practicable impeller widths.
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Previous studies had indicated that the interfacial area is insensi
tive to viscosity variations. Because this result disagrees with the theoretical 
analyses of droplet breakup, the inter facial-area behavior of mineral oil/water 
mixtures is beinq investigated in detail.

Preliminary measurements of mass-transfer rates in liquid-liquid 
mixtures have shown that equilibrium is approached within seconds, so rapidly 
that accurate measurements of rate are not possible in the present apparatus. 
This result indicates that nearly all heterogeneous reactions in which the rate 
increases with stirring speed will involve a reaction at the interface as the 
rate-determining step.

Gas-Phase Mass Transfer Studies, £. J. Lynch and C. R. Wilke

The unit for studying rates of evaporation from porous pellets in 
packed beds has been designed and partially assembled, pending completion of 
parts by the Radiation Laboratory shops.

The apparatus for measuring vapor diffusion coefficisnts is being 
repaired and moved to an area adjacent to the drying unit.

*
Psychrometric studies are in progress to test the validity of use 

of the film pressure factor in convective m an transfer. The results thus far 
are not conclusive since considerable difficulty has been experienced in ob
taining satisfactory gas samples and in maintaining a suitable degree of wet- 

» ness of the wick. Efforts are being made to overcome these difficulties.

Thermal Diffusion in Liquids. J. Powers and C. R. Wilks

Moderate revisions were made on the Liquid Thermal Diffusion 
apparatus and a series of three runs were made to investigate the effect of 
flow rate on the separation of ethyl-alcohol from water. The flow rate has 
no effect on the separation over the range from 0.06 to 0.6 cm/minute in the 
apparatus. Further changes are being made in order to investigate higher 
flow ratea.
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