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FURTHER PHOTOSYNTHETIC KINETIC STUDIES WITH CARBON -14 

J. A. Bassham, Kazuo Shibata, and Kjell Steenberg 

This study deals with photosynthesis in algae, and how certain chemi
cals change in concentration in these unicellular plants when illumination is 
suddenly changed~ 

A kinetic experiment was performed to determine changes in the concentra
tions of various intermediate compounds of the carbon-reduction cycle upon 
turning off the light. This type of experiment was fir.st performed by Massini 
and Calvin (UCRL-1950) in 1952 and showed that on cessation of light, the con
centration of phosphoglyceric acid (PGA) rose rapidly while that of ribulose 
diphosphate (RuDP) dropped. It was this and other evidence that led to the 
postulation of RuDP as the acceptor of Co2 • PGA being already known as a 
first product of carboxylation. The purposes of the experiment described 
here were several: 

1. To measure accurateiy the rate of increase of PGA concentration 
during the first few seconds of darkness and compare this rate with 
!he steady-state upta~e of C02 , each on a ~olar basis. In this. way 
lt Was hoped that ln VlVO proof IOr.the reacbon 

H 2CfOPo3H

C'=O 
I 

HC -OH 
1 

H.:- OH 

Hib-OP0
3
H-

+ HCO 3 ) 

H2 -~0P03H-
HOC-H 

I 
C02 
+ 
yo2 

HC.,-OH 
I 

H 2COP0
3

H 

which is the formation of two molecules of PGA from one molecule 
of RuDP and one molecule of C0

2
• could be shown. 
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To determine the steady.:.state con2entra'tidns' of' the varidus photosynthet
ic ·intermediates both in the light and in. the·dark. It was of special in
terest to see if the concentration of RuDP dropped below a measurable 
level in the dark. · . ' · · ·· 

3. To establish further light-dark.rcdations between the photosynthetic inter
mediates and the respiratory intermediates and C0

2
. 

The techniques of such experiments have been described in previous re
ports and will be mentioned only brieflY, here. A .0 .4o/o sus pens ion of the uni
cellular alga, Chlorella (packed ~wet vdtume/volutne of suspension), was 
allowed to come to a steady state of photosynthesis by exposure, with illumi
nation, to carbo_n -14-lab~led. C02 for about on~ hour in a thin, _flat~ trans
parent vessel w1th a coohng Jacket. The gas m1.xture { 1 o/o C0

2 
m au) was 

bubbled rapidly { 1200 ml/min) through the 79 ml of algae suspension and the 
level of C02 . and C 14o

2
, followed by C0

2 
anaJ yzer and an. ionizatipn chamber, 

were kept nearly constant with a large reservoir of gas. This large reservoir 
could be switched out of the system, leaving a s.mall system in w.hich the rates 
of changes of ~02 and c 14o2 in the system could be measured an~ the rate 
of photosynthes1s calculated. When a steady state was thought to ex1st, several 
small aliquots of the algae suspension were removed at 100 -second intervals 
for future checking. The light was then turned off and aliquots were taken 
rapidly at about 2 -second intervals for twenty seconds, then at longer inter
vals until the period of darkness had reach·ed 1500 ·seconds .. Light was then 
turned on and more aliquots were taken rapidly, then more slowly. 

Subsequently, all .aliquots were analyzed by paper chromatography and 
radioautography ·and the. radioactivity of intermediate compounds was deter
mined. Since these compounds are 11 saturated" with carbon -14, their radio
activity is a measure of their concentration. 

!he rate of u~take o_f C02 was determined to be 7.84 ~moles of C02 
per m1nute per cub1c centimeter of packed algae ( correspond1ng to 250 cc of 
algae s~stfension~. This corr~sponded to a C:arbon-14 uptake equivalent to 
13.3 x 10 cts/mm/ml algae. · . . . . . . . . 

The steady-state conce'ntration ·~£ PGA ·in the light was 1.63 J.!moles/ml 
of wet packed algae, while that of RuDP was 0.93 J.!moles/ml of wet packed 
algae. ·Concentrations in the dark were 2.22'and < 0.05 tJ.moles/ml, re
spectively. 

The changes of concentrations of RuDP and P(:iA are shown in Fig. l. 
The slope of the PGA concentration curve immediately after turning off the 
light is found to be greater than 10 f.J.moles/min/ml algae or, on a molar basis, 
greater than '1. 3 moles of PGA/mole of C0

2
; When the ratios of change 

during each of the first five intervals after turning off the light (up to 15 
seconds} were plotted and the best line was drawn through these values; the 
rate of change of :PGA (in moles) extrapolated to time of turning off the light 
divided by the rate of entry C02 (moles) at steady-state photosynthesis was 
2.0 ± 0. 5 ... Thi.s is taken. as. experimental confirmation of Reaction A .. The 
rate of change· of PCA concentration is its rate of formation minus its rate 
of disappearance. Since the principal reacti~n by which PGA is used up is 
its reduction, which requires reduced triphosphopyridine nucleotide (TPNH) 
formed by the light reaction, when the light is turned off, the rate of change 
of PGA concentration goes from zero (at steady state in the light) to nearly 
Calvin 
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the rate of its formation from RuDP, or on a molar basis, two moles of 
PGA increase for each mole of C0

2 
entering the cycle. 

Later the concentration of RuDP drops to zero so the carboxylation re
action stops. Furthermore, in the dark, thioctic acid, required for the oxidation 
of pyruvic acid, is formed from the reduced, dithiol form. Since pyruvic acid 
is derived by a dark reaction from PGA this results in a decrease in PGA 
concentration and a net oxidation of PGA to acetyl CoA and C0

2
... These 

relations are shown in Fig. 2. 

Acetyl CoA, formed from PGA, then enters the Krebs cycle and will 
appear as an increase in the reservoir siz.es of Krebs cycle intermediates. 
Since these latter intermediates cannot be considered as saturated with carbon-
14, their changes can only be measured in terms of measured carbon-14. 
From these relations it would be expected that the decrease in PGA concentra..:. 
tion from its maximum level to its dark steady state would be seen as a corre
spending increase in some Krebs cycle storage product. This is shown in 
Fig. 3. Radioactivity in citric acid, the first product of the condensation of 
acetyl CoA with oxaloacetic acid, increases manyfold on turning off the light, 
but the increase is still too small to account for much of the total carbon 
transferred from PGA. However, glutamic acid, which is formed by a side 
reaction from a -ketoglutaric acid, apparently functions as a storage reser
voir for Krebs cycle five -carbon acid and shows an increase in the dark which 
roughly corresponds to the decrease of PGA from its peak (Fig. 3). 

Actually, the situation is a bit more complicated, since the carbon 
transferred to the Krebs cycle is 2/3 that which comes from PGA (the other 
l/3 being evo:ved as C02 )_. Moreover, the ~onverted PGA i_s not simply 
the decrease 1n concentration of PGA from 1ts peak value to 1ts dark steady
state value, but includes also PGA converted to Krebs cycle intermediates 
during the time that its concentration is still rising. To determine the total 
PGA converted, it will be necessary to take the initial concentration of PGA 
plus 6/5 times the decrease of carbon in all the sugar phosphates (when the 
light is turned off) minus the dark steady-state concentration of PGA and then 
multiply this amount by 2/3. Determination of the light and dark concentration 
of other sugar phosphates is currently under way. 

A SEARCH FOR TETROSE PHOSPHATE 
IN PHOTOSYNTHETIC EXTRACTS FROM SCENEDESMUS 

J. A. Bassham and E. Malcolm Thain 

The only sugar phosphate that has been proposed as a member of the 
photosynthetic cycle, and that has not been isolated from photosynthetic ex
tracts, is tetrose phosphate. The synthesis of D -erythrose -4-phosphate by 
C. E. Ballou, H. O.IL. Fischer, and D. L. MacDonald of the Biochemistry De
partment has now facilitated the identification of this compound. A gift of 
erythrose phosphate has enabled us to run it on chromatograms with Scenedes
mus photosynthetic extracts, in which C0

2 
(as cl4o

2
) was in limiting amounts. 

Tliese extracts show well-differentiated sugar phosphate spots, perhaps be
cause RuDP and its precursors are built up to larger levels than usual. Initial 
chromatograms were sprayed with a molybdate reagent for phosphate; 1 these 

<2:~lvirF· S. Hanes and F. A. Isherwood, Nature 164, 1107 { 1949). 
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papers suggested that triose phosphate and tetrose phosphate moved to about 
the same area. The position, however, was obscured by secondary solvent 
fronts that. gave a positive reaction with the spray reagent. Latterly a perio
dater ·spray has been used; 2 the results so far obtained suggest that erythrose· 
phosphate moves to a position in which there is little or no radioactivity. Un
fortunately, recent chromatograms have not been of good quality; this may 
be because of the new batch of paper being used or ': temperature changes in 
the chromatography room;. Further work is in progress. 

CARBON DIOXIDE FIXATION BY EUGLENA 

E. Malcolm Thain 

In the previous quarterly report (UCRL-2932, page 40) degradations 
were given on glyceric acid derived from two sampf~s of Euglena (differing 
only in the growth medium used) which :had fixed C 0

2 
1n the dark. It was 

suggested that the slight labeling noticed in positions 2 and 3 was due to one 
of two possibilities: · · 

l. The slow operation of the normal photosynthetic cycle. 

2. A mechanism involving C0
2 

fixation by the malic and fumaric enzyme, 
followed by formation of pyruvic acid, glyceric acid, and triose, and 
finally reversible sugar rearrangements. 

In order to complete the work it was decided to see if the usual photo
synth~tic cy~le was op~rating in thi.s or_ganisn:. Euglena c~lls, grow.n in the 
orgamc med1um, were allowed to f1x C I'4o m a normal-hght expenment 
for a period of five minutes. Glyceric aciJ, from· PGA, was obtained as 
before and degraded by the periodate method. It was found to be essentially 
uniform! y labeled c1 34o/o, c 2 33o/o, C 

3 
32o/o. 

This is taken as confirmation that the normal photosynthetic cycle is 
operating in Euglena grown in the organic medium. If any deviation were pres
sen,t it would be expected in this sample, rather than in organisms grown in 
an inorganic medium, where all reduced carbon compounds are derived from 
photosynthetic processes. · 

EFFECT OF X-IRRADIATION UPON THE INCOR:fi>ORATION 
. OF ADENINE INTO RATS 1 

Edward L. Bennett and Barbara Krueckel . 

In a previous! y reported investigation (UCRL -:2355, Federation Proc. 
13, 181 (1954)}, the incorporation of adenine-4, 6-c14 into 5 1 -adenylic acid 
nucleotides, ribonucleic acid (RNA), and desoxynucleic acid (DNA) of normal 
A -strain male mice and mice subjected to 800 r x-irradiation was compared. 
The quantitative effect of x..,irradiation upon the incorporation.of adenine into 
DNA was different in each tissue studied, but in general a marked inhibition 
of incorporation was found in each of the tissues studied (liver, large intestine, 
small intestine; kidney, and carcass, muscle, and bone marrow). A smaller 

(2~ J. G. Buchanan, C. Dekker, and A. G. Long, J. Chern. Soc. 1950, 3162. 
Calvin 
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effect of x-irradiation upon the incorporation of adenine into 5 1 -adenylic acid· 
. ~ucle?ti~es and RNA adenine was noted. 1-~ s.trikingl y similar effect of x
uradlatlon upon the uptake of phosphate -P mto the' DNA of the above
mentioned tissues was found by Kelly et aL (Radiation Research, June 1955). 
In our p·rocedure, nucleic acids were isolated by a modification of the methods 
of Schmidt and Thannhauser and of Schneider. The adenine was subsequeiitl y 
isolated by paper chromatographic· methods that have beeri described previously 
(UCRL -282 7, UGRL -2828}. In the phosphate ..p32 experiments, a different ex
traction method has been used to isolate the DNA, so that a comparison of 
methods as well as of isotopic precursors has been involved. ' 

Recently, Harrington and Lavik (Arch Biochem. Bio~hys. 54, 6 ( 195?lh4 
compared the ip.forporation of phosphate _p32 , orotic -2 -C 4,aciaadenine-8...C , 
and formate -C into the DNA 'of the thymus of normal and irradiated rats. 
The incorporation of the precursor was studied in Wistar -strain r.ats weighing 
200 g which were subjected to 100 r x-irradiation and then given tqe precursor 
intraperitoneall y 30 min later. The rats were sacrificed 24 hr later and .the. 
DNA was isolated from the thymus and, compared to controls. The results 
were obtaine.d from the pooled tissues of 4 or 5 animals. An inhibition of 
phosphate._,p32 inc.orporation in the thymus DNA of x-irradiated rats ranging 
from 4 7o/o to 65o/o was found. Orotic acid incorporation into DNA cytosine was 
inhibited 56o/o to 76o/o; and incorporation into DNA thymine was inhibited 69o/o 
to 81 o/o. However, adenine incorporation was increased from 9o/o to 40o/o into 
thymus· DNA adenine, and from 0 to 19o/o in thymuf) DNA g:uanine as compar.ed 
to the controls. 

This report of a differential effect of x-irradiation upon the incorporation 
of phosphate _p32 and adenine -c14 is at variance with the results we had ob
tained in mic'e, where the effect of x-irradiation upon adenine and phosphate 
incorporation :lnto DNA was similar;· We felt that the observation by 
Harrington and Lavik should be reinvestigated since such an observation, if 
confirmed, may give us additional insight into the mechanism of formation 
of nucleic acids and also information concerning the ''blocking point" of x:..: 
irradiation . 

~ ' . ' 

. Ip. our .experime~t, three Long-Evans rats,we,re subjected to 1001 ~ x
irradiation and ·?.p min later were administered 2.o mg of ~denine-8-C. 
sulfate {2.6 x 10 dis/min total; 19,000 dis/min/iJ.g adenine) intraperitoneally. 
Three control rats were administered adenine at the same time. Twenty-
four hours later, the animals were sacrificed; and the soluble nucleotides, 
RNA, and DNA were isolated from the thymus, spleen, liver, and brain. 
(The brain was studied in this experiment primarily to determine the amount 

I . . 

of adenine utilized in this tissue and not in connection with possible radiation 
effects.} The procedures that have been described in previous quarterly re
ports were used to isolate and determine the specific activity of the 5 1 -adenylic 
acid derivatives, and adenine and guanine·, of the RNA and DNA. These pro
cedures worked quite satisfactorily with the amount of material obtained from. 
the spleen or thymus of an individual rat. Sufficient material was obtained 
to do duplicate ·chromatograms and 'spedfic activity determinations of all 
fractions except for rat thymus RNA. A Nuclea;r -Chicago Model C -110A 
automatic sample changer -windowless flow counter has been used to deter
mine the amount of activity present in the nucleic acid fractions and has 
greatly facilitated accurate determinations of the low level of activity found 
in some fractions .. 

Calvin 
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In Table I are summarized the approximate total amounts of radio
activity incorporated into the soluble nucleotide, RNA, and DNA fractions 
of each rat. In. addition, the average total· activity and the average percentage 
of total activity administered that has been incorporated into each fraction are 
summarized.· The spleen of rat No. 5 was enlarged and has been eliminated 
from the average. The amount of adenine incorporated into the liver· DNA of 
rat No. 5 was unusually low and has not been included in the average, The liver 
of rat No. 3 was also slightly larger than average and it is felt that no signifi
cant difference exists in the total amount of adenine found in the soluble nucleo
tides of the livers of the normal and x-irradiated rats. 

In Table II are summarized the specific activity of the- 5-adenylic acid 
· nucleotides, RNA-, and DNA-adenine of the thymus, spleen, liver, and brain 

o.f each rat,and the average for each fraction of the irradiated and nonirradiated! 
rats. A large difference between the control and irradiated rats was found in 
the specific activity of the DNA -adenine of the thymus, where the x-irradiated 
animals had a specific activity of·4. 7 dis/min tJ.g adenine as compared to a 
specific activity of 12.5 dis/min/tJ.g ade'nine for the control, or a 6"0o/o inhibition. 
A comparable decrease was found in the total activity found in the thymus DNA. 
In the spleen, an increase of specific activity of the DNA -adenine of the irradi
a ted animals was found as compared to the controls. However, the amount of 
bNA isolated from the spleens of the irradiated animals was approximately 
50o/o to 60o/o of the controls, and the total amount of radioactivity incorp,orated 
into the DNA of the spleens of the irradiated animals was less than that of 
the controls. A possible slight inhibition of incorporation ~f adenine into the 
RNA and the 5-adenylic acid nucleotides of the thymus of irradiated rats was 
noted, but additional experiments will be necessary to confirm this. No 
striking differences were noted in the specific activities of the 5 -adenylic acid 
nucleotides, RNA, or DNA of the other tissues. 

At the present time, the specific activity of the RNA- and DNA -guanine 
of each tissue is being determined. Preliminary results indicate that the DNA
guanine from the thymus of the irradiated animals has a: specific activity of 
0.8 dis/min/ jJ.g guanine compared to 1.4 dis/min/ tJ.g guanine in the controls. 
These specific activities are at the·lower limit.s of estimation by the procedures 
we are using, but it would appear that the inhibition of adenine incorporation 
into DNA -guanine roughly parallels the inhibition of incorporation of adenine 
into DNA -adenine in the thymus of the irradiated rats. · 

The results from the parallel experiment with phof?phate -P
32 

are not 
available as yet, but it is anticipated that they will be similar to those obtained 
with adenine. The reason for the differerre in results obtained by us and by 
Harrington and Lavik is not apparent. 

Calvin 



Table I 

Distribution of carbon-14 in several tissues of irradiated and nonirradiated rats 24 hours 

after intraperito-ne(;ll injecti~~ of adenine-B-e 14 

Thymus 
. * Irradiated 

Rat 1 1.2 X 10
4 

(186 g) 

Rat 2 
(186 g) 

Rat 3 
( 175 g) 

Average 

Percent of 
admi~i~tered 
Ad-C 

1.4 X 10
4 

1.4 X 104 

1.3.,x'l04 

N onir radiated 

Rat 4 
( 168 g) 

Rat 5 
( 170 g) 

Rat 6 
(182 g) 

Average 

Percen.t of 
admi~i..f te red 
Ad-C 
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1.2 X 
104 , 

1.1 X 10
4 

1.4 X 10
4 

1.2 X 10
4 

0.047 

Cold Trichloroacetic Acid Fraction 
Spleen· · Brain Liver 

'.: 4 
10

4 
10

6 
:6;4 X 10 2.2 X 3.1 X 

'7.5 .. x 4 10 : 
' . 4 I 

2.3x10 2.9 
. 6 

X ·10 
·'' 

-5.7·x 104 
·1.3 X 10

4 
4.1 X lo6 

' - 4 
6:5. X JO' '1.9':~.104 3.~.x 10

6 ': 

0.25 0.07 

8.0 X 104 
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** 10 5 1. 7 10
4 

10
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. 7.0 X u)4 2j> X 104 t 2.6 X io 6 

** 1o4 ' 2.1 10
4 106 

7.5 X X 2.6 X 

0.29 t 
. 0.08 10.2 

Ribonp.-cleic. AcidWra·ction ·. : · 
Thymus Spleen Brain · Liver · 

6.1 X 10 3 
2.7 X 10

4 
3.6 X 10

3 
1.1 X 10& 

.. 6-.8 3' 
3.3 104 

5.5 
3 1.0 X 106 

X 10 X X ·10 

5.5 X 103·· 
.. 4' 

5.2 X 10 3 1.3 106 2.0 x·10 ·. X 

·r, 

10 3 104 ro3 ; ' .. 

106 '.6.1 X 2.7 X 4.8 X 1.2 X 

0.10 ~: '4 .. 2 ·~. 
r. ·.~ 

!'• 

7.0 X 10
3 4.4 X 10

4 4:0 x io3 
0.95 x· to 6 

** -
: 

10
3 : 

io4 3 10
6 

5.9 X 5~3 X 4~7 x·lO 1~0 X 
·:; 

.. 

-8.7 X 103 3.6 x u)·4 
3:.9 _x 103 1.0 X 10~ 

:;·. 
._ 

4** 
103 . xJ03' lOb . 7.2 X 4.0 X 10 .. 4.2 1.0 ;t 
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' * Irradiated· 

Rat 1 

R,at 2 

Rat 3 

Average 

Percent of 
admini~tered 
Ad-c 14 

'Nonirradiated 

Rat 4 

. Rat 5 

Rat 6 

·Average 

Percent of 
administered 
Ad-c 14 

Thymus 

3.0 X 10 3 

3.6 X 10 
3 

3.8 X 10 
3 

. 3 
3. 5 X 10 

6.7x10
3 

- 3 
6.2 X 10 

1.1 X 10
4 

8.0 X 10 3 

. 
Table I 

(Continued) 

Desoxynucleic Acid Fraction· 

Spleen 

7.0 X 10 3 

' 3 
7.5x 10 

6.0 X 10 
3 

6.8 X 10 
3 

9.9 X 10
3 

4** 
1.3 X 10 

9.5x 10
3 

9.7x103** 

Brain 

< 1 X 10
3 

< 1 X 10
3 

< 1 X 10
3 

< 1 X 10
3 

0.004 

< 1 X 10 3 

< ·1 X 10 3 

<' 1 X 103 

< 1 X 10 3 

0.004 

' 

Liver 

7.5 X 10
3 

1.1x 10
4 

8.0 X 10 
3 

8.7x 103 

0.034 

7. 7 X 10 3 

3** 
.3.8 X 10 

9.8 X 10
3 

8.8 X 103** 

* Irradiated rats were subjected to 100 r of x-irradiation; 2.0 mg of adenine -8 -C 14 sulfate containing 
2.6 x 107 dis/min/total activity (19,000 dis/min/J.Lg adenine) injected intraperitoneally 20 minutes after 
irradiation. Control and irradiated rats were sacrificed after 24 hours. The estimates of total activity 
f'dis/min) are based upon counts of direct plates made of the isolated fractions; self -absorption corrections 
were large so the estimates are only approximate, especially when the total activity is low~ _ 
** The spleen of rat No. 5 was enlarged. therefore not included in the average. The total liver DNA of 
rat No. 5 was unusually low and has not been included in the average. 
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TabLet II 

Specific activity of 5' -adenylic acid nucleotide-, RNA -.l and DNA -adenine in x-irradiated 
and nonirradiated rats""' 

Nucleottde Adenine -. RNA -Adenine 
·' 

· DNA ~Adenine 
-· 

Thymus Spleen. Brain Liver Thymus. Spleen Brain Liver . Thymu.s Spleen, Brain Liver 

Irradiated 

Rat 1 96 325 26 728 38 136 9 235 5·.4 39 < 0.5 8 
Rat 2· 

'· 
130 481 24 711 40 

" 
180 16 235 4.3 21 < 0.5 6 

Rat 3 · 102 350 30 854 30 150 10 262 4.3 37 < 0.5 6 

Av~rage 109 385 27 765 36 155 12' 244 4.7 32 < 0.5 7 
._. 

- . 

;'• 

N onirradiated '. 

·R:at 4. 143 -384 )3 745 41 157 15 248 12.3 20 <:0.5 r( 

~~t:5 :- 150 311, 23 '757 39 125 12 2(>4 . 9.1 16 <0.5 ,, 
; 

Rat.6 - .. 133 379 35 600 45 159 12 210 . 16.0 24 < 0.5 
; ~ \ .. 

Average l-42 358 30 700 42 147 13 241 12.5 20 < 0.5 
"-f 

* I~ radiated rats were subjected to 100 r of x-irradiation; 2.0 mg of adenine -8 -C 14 sulfate containing 
2.6 x 107 dis/min total activity ( 19,000 dis/min/IJ.g adenine) injected intraperitoneally 20 minutes after 
irradiation. Control and .irradiated rats were sacrificed _24 hours later. Results are expressed a·s 
dis/ min/ jJ.g adenine. 

Calvin 
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THE EFFECTS OF THIOCTIC ACID AND 
8 -METHYLTHIOCTIC ACID IN MICE 

Ann M. Hughes 

UCRL -3068 

It has been postulated that one of the roles of thioctic acid is the de
carboxylation of lactic acid. Since 8 -methylthioctic acid has been shown to be 
an inhibitor of thioctic acid in bacteriological experiments, it was proposed to 
use it as a method of studying thioctic acid function in animals. If the theory 
were true that thioctic acid is necessary for the decarboxylation of lactic acid 
and that 8-methylthioctic acid is an inhibitor of thioctic acid, then animals 
pretreated with 8 -methylthioctic acid should show a slower recovery of C 14o 2 
from carboxyl-labeled lactic acid than normal animals. Also, the inhibition 
should be reversible through the administration of thioctic acid. 

Young 1 A 1 -strain mice ( 18 to 20 g) were injected intraperitoneally (i. p.) 
with 8 -niethylthioctic acid 8 hr and again at 1/2 hr before the administration 
of the lap.fled lactic acid. The compound proved to be so toxic that any change 
in the C 0 2 metabOlic pattern of the mice was due to the almost moribund 
condition of the animals. When the dosage of 8 -methylthioctic acid was re
duced to a nontoxic level, it exerted no effect on the lactic acid metabolism. 
A few experiments in which thioctic acid was subsequently injected in the 
same animals also showed no effect on lactic acid metabolism, revealing 
only that thioctic acid is much more toxic than 8 -methylthioctic acid. 

In vi~w of the surprising! y high toxicity of both thioctic acids, a pre
liminary experiment wa.s car.ried out to determine the approximate relative 
toxicity of the two compounds. Five to six mg of 8-methylthioctic acid is 
approximately an LD

50
, while 1 mg of thioctic acid is an LD

1 0
. Histologi

cal examination of animals injected with 8-methylthioctic acid ~owed ex
tensive kidney damage, particularly in the distal and proximal collecting 
tubules, with no evidence of glomerular damage. The liver also appeared 
abnormal , filled with large vacuoles. Special staining techniques are now 
being applied to determine the content of the vacuoles, since the pathologist 
examining the slides said that the vacuoles looked like those seen in cases of 
abnormal storage of glycogen. 

RESPIRATORY CARBON -14 PATTERNS FROM RATS INJECTED 
. WITH LABELED BICARBONATE 

Bert M. Tolbert and Martha R. Kirk 

T h . . f . c 14o . f . e 1nterpretatlo.n o ~espirato.ry 2 excr.ehon patterns, a~ a .. unc-
hon of labeled metabohtes, 1s comphcated by the b1carbonate excrehon hme 
of the body. Using c 14o2 excretion rates and total body bicarbonate burden, 
it can be calculated that the C0

2 
turnover time of a .rat should be between 

10 and 15 min. This value has 1:5een approximately confirmed by Gould et al. 
(J. Biol. Chern. 177, 295 (1949)), but it has been necessary for us to repeat 
this work using better instrumentation. Several interesting observations 
have been made. 

Instrumentation 

The ratio recorder, described in previous quarterly reports of this group, 
has been used. It measures C 14o2 by an ion chamber - electrometer 
Calvin 
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co~b"ination; co2 by an infrared gas analyzery and c14
0 2/C02 , L e. specif~c 

achvity, by a raho recorder. The response bme for the gas fiow and electri
cal circuitry has been speeded up by using, a 10 11 -ohm grounding resistor, a 
250-cc ion chamber, and a 1000-cc/min flow rate. The half time for response 
of the instrument is about 5 sec. 

Experi~ental 

. " When Na.~co3 · i.s .given to a rat byA?f~aper.itoneal (i. p~) injection,. a 
maxi~u:n s~peei~Ic a~hVIty of the ~reath C . o2 IS ~e.corde.d .about 3.5 mm 
after InJection. Dunng the following 1. 5 hr the speofic activity decreases by 
two first..,order rate processes, with half times of 5.8 min and 18.5 min (see 
Fig. 4~. 

If, however, the bicarbonate is given by intravenous (i. v.} injection 
iri th~ .tail v~i?", only about 20 .sec a~e reqq.ire~ ~o rea.c~ maxir;num G I4o2 
specific actnnty~ After about 20 min the specific activity again decreases 
with a half time of 18.5 min· (see Fig.· 5} .. Analysis of the curve shows two 
shorter half -time processes -- one of about 30 sec and the other 2. 7 min. It 
is difficult to say whether these short times can be correlated with any body 
processes, but the 18-miri. half time seems to be related to total body bi
carbonate turnover time" 

If the simple carboxyl ..,labeled metabolic intermediates, such as acetate
l-G 14, succinate-1-cl4, andlactate-l-cl4, are similarly injected in the tail 
vji.f and excretion curves measured, we see in each case a rise and peak in 
C 0? specific activity~; During the period 20 to 80 min after the injection, 
the C 14 Oz. specific activity decreases by an approximate first-order process 
with a hall-time of 17 to 20 min. This would indicate that the fraction of the 
~ornpound .that i~. going to be directly .oxidized to.fi,14o2 is o~idized rap~dly. 
In~ompanson With the rate of excretion of the G 0 2 " .·If this ?-ssumptlon IS 
vahd, then these curves can be analyzed to separate 1he excretion rate of 
C t4o2 from the oxidation rate for -the labeled compounds" Such analyses ·are 
currently in progress. · 

RESPIRATORY GARBON-14 PATTERNS IN RATS 
GIVEN LABELED LACTATE 

Ami M .. Hughes and Bert M. Tot9ert .. · 

. The ra"te of excreti.on o~ C 
14o2 after _intraperitoneal (i. p.) injection of 

labeled prop10nate was giVen m the precedmg Quarterly Report (UGRL-2932. 
po 12}" It was shown that.carboxyl-labeled propionate is much more rapidly 
oxidized to cl4o than is either the two- or three-label~d compound; it was 
also s~own that t~e two- and the three-labeied compounds were strikin:gly 
similar -- almost identkal -- in. their oxidation rates .. This·. was interpreted 
as confirming an early a-f3 randomization ofinjec,ted propionate. 

To extend the study. similar experiments have. be'en carried out using 
the three lactic acids labeled separat!="lY in each of the three carb9n atoms. 
In each case about 5 JJ.C {2 mg) of the labeled compound was injected i. .f.' in/ 
young adult rats" The cumulative and rate curves for excretion of G 1 0 
are shown in Fig. 6 and 7" As can be seen. oxidation of the lactic· acid cfoes 
c~~n· -
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Fig. 6 Excretion of C 
14o2 by the rat following intraperitoneal injection 

of labeled lactic acid. 
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no~ proceed by an early a-f3 randomization process: Thus, major oxidation 
of propionate does not p~_qc,eed vta direct oxidation to lactate or pyruvate. 

Peak excretion times for the lactate -1-C 
14 

varied from 6 to 10 min. 
This is extremely rapid and would indicate that the lactate, which is taken in

/ to the intestinal blood system and carried directly into the liver, must be 
very extensively decarboxylated by one pass through the liver. 

RADIATION DECOMPOSITION OF THIOCTIC ACID 

Patricia T. Adams 

In a previous report (UCRL -2949), the preparation of thioctic -S 
35 

2 
acid 

was described. Thioctic acid of .1 p.c/mg was prepared in 10o/o to 16o/o yield. 
When material of 200 p.c/mg was prepared by the same method, no crystalline 
product could be isolated. In order to test the theory that radiation damage 
to the thioctic acid during its preparation or crystallization was responsible 
for this result, the radiation sensitivity of thioctic acid has been measured 
under a variety of conditions. 

60 Samples of thioctic acid have been subjected to -y -irradiation from a 
Co source and to 4. 5 -Mev electron irradiation from a linear accelerator. 
The extent of decomposition under various conditions is listed in Table III. 
In order to estimate the rate of decomposition of thioctic -s35 

2 
acid due to its 

own radiation, a sample of thioctic acid was irradiated with carbon-14 f3 -rays, 
whose average energy (0.05 Mev) is approximately equal to that of sulfur -35. 

The carbon-14 irradia\ion was accomplished by dissolving 2.4 mg thioctic 
acid in 2.4 ml n::.;hexane-1-C 4 (90 J-Lc/ml) in a tightly stoppered Beckman spectro
photometer cell (the air .yolume above the solution was 0.6 ml). The absorption 
at 333 mp. was determined every few days for 43 days (see Fig. 8). During 'the 
same period of time, a nonradioactive sample (stored and treated in a manner 
identical to that for the radioactive solution) showed rio change in its ultra-
violet spectrum. At the end of 43 days, an aliquot portion of the hexane solu-
tion was evaporated to dryness. Only traces of radioactivity remained with the 
nonvolatile fraction. This nonvolatile radioactivity corresponds to one molecule 
of hexane for eight mol~cules of thioctic acid decomposed. Since it represents 
less than one part in 10 of the or~ginal hexane activity, it may arise from 
adsorption of hexane on the thioctic acid residue, or small amounts of non
volatile radiation decomposition products from the hexane. 

Since the G values for the decomposition of thioctic acid under -y-irra
diation in hexane solution do not change with varying concentration, we can 
conclude that almost all the energy that causes the destruction of the thioctic 
acid has first been absorbed in the hexane. The ;G( -M) value for crystalline 
thioctic acid is the same as for thioctic acid in solution. If we assume that 
the energy required for rupture of the sulfur -sul;l'ur bond is the same in the 
crystalline state as it is in hexane solution, we can infer that the energy ab
sorbed by the hexane is quantitatively transferred to the thioctic acid for this 
rupture. Since no appreciable radioactivity from hexane -1-C 14 was found 
associated with thioctic acid after irradiation, the process of decomposition of 
the solute must be one of energy transfer, rather than reaction of an activated 
hexane with the thioctic acid molecule. 
Calvin 
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Table III 

Radiation Decompositio'n of ,Thioctic Acid· 

Radiation 

C 
60 

0 y 

II 

H 

II 

II 

II 

4.3 Mev e 

Rep received 

1.5 X 10 
7 

4.0 X 10
7 

3.0 X 10
5 

1. 7 X 10
5 

1.7x 10
5 

6 X 10
5 

1.3x 10
6 

7.1 X 10 
7 

1.8x 10
4 

··----... -............ ___ .,._ 

Concentration Percent 
of thioctic dec om-

Solvent acid, M posed 

none 2.6 

II 7 

hexane 7.7 X 10-3 20 

II 4.1 X 10 -3 
23 

II 2.4 X 10- 3 43 

1 Oo/o benzene 5;7 X 10 -3 
12 

90 o/o hexane 

II 5.7 X 10 -3 28 

none 19 

hexane 4.9 X 10 
-3 6.6 __ _...,.,.,._.,..._,.,., __ ... 

* The rate of decomposition was calculated for crystalline thioctic 

'd G( M) _ molecules decomposed:. for solutions as 
ae1 as - - Ioo ev absorbed ' 

G( M) _ moiecti.le·s solute decomposed 
- - 100 ev absorbed by total soln 

• .. :.r. r 
. 1.~ J 

Calvin 

G(-M) 

9.7 

9.9 

9.2 

9.7 

10.3 

1.8 

1.7 

15.3 

31.0 
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When lOo/o benzene is added to the solution, the G value is decreased 

from approximately 10 to 1.8. There is apparently a competition for the 
radiation energy absorbed in. the system between thioctic acid and benzene 
(present in approximate! y 200 -fold mole excess over thioctic acid). This 
decreased rate of decomposition shows that a very real advantage could be' 
gained by storing radioactive thioctic acid in solutions containing benzene. 

The self -decomposition rate of sulfur -35-labeled thioctic acid, either 
in the crystalline state or in solution in hexane, should be similar to that of 
the thioctic acid in carbon-14-labeled hexane. Therefore, the G( -M) for self
decomposition of the thioctic -s35 2 acid should be· approximately 30. A decom
position rate of 0.3% per day would then be expected for the high-specific
activity product, which produces 3 x 10l6 ev/day/mg. This rate is obviously 
too low to explain the difficulties- encountered in crystallizing the product from 
the 100 -me preparation, since visible amounts of hexane -insoluble oil were 
formed from a clear hexane solution during one day's standing. It is possible 
that some impurity, formed in the synthesis, and originally hexane -soluble, 
is highly sensitive to radiation. Polymerization of this impurity during the 
periods of standing in hexane would inhibit crystallization of the thioctic acid 
and would explain the appearance of the insoluble oil. 

EFFECTS OF IONIZING RADIATION ON CHOLINE ANALOGS 

Richard M. Lemmon, Franco Mazzetti, and Margaret A. Parsons 

Further studies have been made on the radiation sensitivity of crystalline, 
anhydrous analogs of choline. These compounds have been irradiated with the 
1.2 -Mev (av.) y rays of a Co60 source and with a linear electron accelerator 
{Quarterly Report, UCRL-2932, p. 28). During the past quarter, the follow
ing choline analogs have been prepared: 

Carnitine hydrochloride, QcH~) 3NCH2CH(OH)CH2COOH] + Cl- , + 

(2 -Hydroxyethyl) triethyl ammonium chloride, [(c
2

H
5

) 
3
NCH2 CH2 OH J Cl 

Dimethyl (2 -hyd:roxyethyl} phenyl ammonium chloride, 

+ 

[
(CH3}2 J 

i. NCH
2

CH
2
0H Cl 

C6H5 

(2-Hydroxypi·opyl} trimethyl ammonium chloride, [(cH
3

)
3
NCH2CH(OH)CHJ+cl-, 

bis{2-Hydroxyethyl) dimethyl ammonium chloride,[(CH
3

)
2

N(CH2 CH2 0H) 2J +Cl-, 

(2-Hydroxyethyl) trimethyl phosphonium chloride, [cH 3) 3PCH2cH20H J+cl-, 
+ 

Choline fluoride, QcH
3

) 3NcH2CH2oHJ F- . 

The preparations, analytical procedures, and G values for these analogs 
will be described separately. 

Calvin 



:;,; 

-26- UCRL-3068 

· Carnitine hydrochloride 

This compound was prepared by the following series of reactions: 

~· 9H2-CHCH2 C 1 

HN\ /0 
CH-C6H

5 

yield: 37o/o 

( 1) C6H5COC 1~ 
p-(2) cone. HC 1 

c 6H5CONHCH~9HCH2 C1 
OH 

KCN J C H CONHCH
2 

<;::HCH
2 

CN 
6 5 6H 

yield: 48o/o yield: 44 o/o 
C1 :-

cone. HBr~ 

(1) CH
3
I, OH- + 

H 2NCH
2 

<(HCH
2 

COOH -(2-}-H_C_d.1~-~. 7) (CH
3

) 
3
NCH2 <(HCH2 COOH 

OH OH 

yield: 38% carnitine hydrochloride. 

The analysis for the amount of carnitine hydrochloride rema1mng after 
an irradiation was carried out bY. means of the same Rrocedure as has been 
used ~or b~taine hydrochloride, OcH3)3 NCH2 COOH]+c1-. This procedure is 
descnbed m the Quarterly Report for N"ovember 1953, UCRL-2455, p. 60. 

Three electron irradiations of carnitine hydrochloride have given G 
values of 16, 24, and 13 with corresponding percentages of decompositipn of 
12, 20, and 15. Two '( irradiations have been carried out; these have given 
G values of 22 and 44. We do not yet kn:ow the reason for this discrepancy; 
further irradiations are in progress. 

(2 -Hydr·oxyethyl) triethyl ammonium chloride 

The preparation of this compound was achieved by refluxing triethylamine 
overnight with ethylenechlorohydrin in aqueous -alcoholic solution. After the 
solution was evaporated to dryness the product was recrystallized from abso
lute alcohol-ether. 

Analyses for this compound have been made by the usual reineckate proce
dure (Quarterly Report for May 1954, UGRL-2647) after 15 min of boiling of 
the irradiated compound in dilute base (0.1 N NaOH) to get rid of any tri:
ethylamine. Two electron irradiations havebeen carried out; both gave a 
G value of 15. Four '( irradiations have resulted in G values of 15, 28, 
15, and 17. 

Calvin 
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Dimethyl (2-hydroxyethyl) phenyl ammonium chloride 

This compound was ·prepared by refluxing dimethylaniline with ethylene
chlorohydrin in alcoholic solution; the crude product was recrystallized .from 
absolute alcohol-ether. 

The expected amine product on irradiation of this analog, namely, di
methylaniline, is not volatile enough to permit its removal by boiling in alkaline 
solution. The analytical procedure finally adopted was to dissolve the irradiated 
material in approximately 0.1 N NaOH solution and to.extract this solution with 
ether overnight in a continuous-extractor. The aqueous solution was then neu.::: 
tralized and the quaternary ammonium salt precipitated on the addition of the 
reineckate reagent. ;fhe analysis of the reineckate precipitate was then made by 
the usual spectrophotometric procedure. 

Two electron irradiations of this analog have been made. They gave G 
values of 11 and 6. Two -y irradiations have also been made and P,ave ;giVen G 
values of 10 and l; one of these values must be a result of an error and further 
y irradiations are being made. ·, 

(2 :..Hydroxypropyl) trimethyl ammonium chloride 

Trimethylamine was refluxed in aqueous alcoholic solution with 1-chloro-
2 -propanol and the product was recrystallized from absolute alcohol-ether. 

The reineckate procedure was found to be unsuited to the analysis of this 
alalog, as some of the analog is lost by solution in the propanol that is used to 
wash out unreacted ammonium reineckate. However, when an aqueous solution 
of sodium tetraphenylboron is added to an aqueous solution of a quaternary 
ammonium salt, there is a quantitative precipitation of (C

6
H )

4
BN'E , where 

N~ represents the quaternary ammonium cation. The resulPant pr~cipitate is 
dried and determined gravimetrically. The error involved in this procedure 
is ± 2%~ 

One electron irradiation of this analog has been carried out; the G value 
is 7. Two "{ irradiations were made, giving G values of 6 and 9. 

. . 
Bis{2-hcydroxyethyl) dimethyl ammonium chloride 

This compound was prepared by refluxing:E:thylene chlorohydrin with ·~i
methylaminoethanol in aqueous alcoholic solution. The product was crysta1lized 
from absolute ethanol-ether. 

Dimethylaminoethanol was removed from this compound after an irradiation 
by passage through a Dowex-50 cation exchange column ih the sodium form. The 
amine could be washed through the column with 0.01 N NaOH solution and the 
quaternary ammonium cation was then removed from The column by 2 N NaOH. 
The usual reinec1<.ate -spectrophotometric analysis was then carried ouT on the 
acidified effluent, · 

One electron irradiation has been performed and has given a G value of 
10. Three y irradiations have been made and have given G values of 16, 11, 
and 9. 

(2 -Hydroxyethyl) trimethyl phosphonium chloride 

This phosphorus analog of chOline chloride was prepared following the di
recti01tlSE of F. G. Mann and A. F. Wells (J. Chern. Soc. 1938, 702} and of 
Calvin 
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R. R. Renshaw and R. A. Bishop (J. Am. Chern. Soc. 60, 946 ( 1'938))'. Tri
n:ethylphosphine was ~r~pa~ed by reacting PC 13 with TII 3~gi in ether s~lu
tlon, followed by prec1p1tat1on of the Agl complex salt of tnmethylphosph1ne. 
The trimethylphosphine· was generated from the complex salt by heating and 
was passed into a pressuretight flask where it was reacted (7 hr at 90° to 100°) 
in an ethanol solution with ethylenechlorol).yt;lrin. The product was crystallized 
out on dilution with ether, and was recrystallized from absolute ethanol-ether. 

The usual reineckate -spectrophotometric procedure for the quaternary 
ammonium compounds was found to be very satisfactory for the quantitative 
determination of this quaternary phosphonium compound. However, no irradi
ations of this analog have yet been made. 

Choline fluoride 

After considerable difficulty occasioned by the extreme hygroscopicity 
of this compound, an analytically pure sample of choline fluoride has been pre
pared after titration of the quaternary ammonium base with aqueous hydro
fluoric acid. No irradiations of this compound have yet been carried out. 

RADIATION DECOMPOSITION OF CALCIUM GLYCOLATE 

Hans Grisebach 

14 
Earlier observations on the radiation decomposition of C -labeled Ca-

glycolate were made by S. Weinhouse. 1 From his data for calcium glycolate-
1-C l4 decomposition one can calculate a G value· of 2 7 and for the 2 -labeled 
compound, 64. These values are higher than no~mal, and it was therefore of 
interest to study the effect of '( and f3 radiation on this compound. As an 
analytical procedure it was first attempted to separate the radiation decomposi
tion products on a celite column. This method was not satisfactory because 
recovery of the glycolate from mixtures of oxalic, glycolic, and formic acids, 
which were to be expected as the decomposition products, was only about 80o/o. 
More precise was a method reported by Chalkins. 2 When a solution of glycolic 
acid reacts with 2, 7 -dihydroxynaphthallne in sulfuric acid, a violet-red color 
is produced on heating. The color is then read in a spectrophotometer at 
530 mJ.l. Oxalic acid can be determined in the same solution by reducing it 
with magnesium to glycolic acid. The test curve was determined for ca.
glycolate and the Ca-glycolate samples were analyzed bY. this procedure after 
irradiation. Further pure samples of Ca-glycolate-1-c14 and Ga-glycolate-
2-c14 were irradiated and then chromatographed with a mixture of propanol
ammonia-water (60: 30: 10) on Whatman No. 1 filter paper. Radioautographs 
were made and the decomposition was determined by counting the spots. By 
these methods the following G values were obtained (see Table IV). 

The observed decomposition products were identified as formic and 
oxalic acids. The amounts of these compounds were about 1: l. Furthermore, 
there was a small amount of another compound with an Rf value higher than 

(1) See B. M. Tolbert et al., J. Am. Chern. Soc. 75, 1867 ( 1953). 

{2) V. P. Chalkins, Ind. and Eng. ,Chern. , Anal. Ed. , 15, 762 (1943). 
)": 

Calvin 
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Ga-glycolate which was not yet identified. 

The obtained G 4alues ar,e normal, contrary to the observations by 
Weinhouse with the c 1 f3,~adiation. The high G values 9bserved with the 
c 14 ;-labeled ca.-glycolate may;. be due to other influences, as for instance the 
laboratory air. 

Compound 

Ca -glycolate, dry 
in vacuo 

Ca-glycolate -3 HzO 
open tube 

~a-glycolate -3 H 20 
1n vacuo 

Ca-glycolate, dry 
in vacuo 

Table IV 

Calcium Glycolate Irradiation 

Radiation rep x 

Co 
60 

11.4 '(, 

60 
15 -y, Co 

Co 
60 

15 'Y· 

f3 ·' linear 7.2 
accelerator 

10- 7 G(-M)* 

5 - 7 

10 

5 

6 

G( -M} represents the number of molecules of starting material permanently 
altered per 100 ev energy absorbed. . 

PREPARATION OF COMPOUNDS CONTAINING 
ENHANCED OXYGEN -17 CONCENTRATIONS 

E. Malcolm Thain 

Experiments of nuclear magnetic -resonance shifts required the preparation 
of compounds containing ol7, derived from water enriched in this isotope. The 
unusual feature demanded of the preparations was that wate·r was the most ex
pensive reagent and therefore could not be used in excess, unless recovery pro
cedures were good. 

Acetic acid was readily prepared by the cautious addition of acetyl chloride 
(2.6 g) to water (1.2 g, 2 mols ) cooled to 10°; this reaction yielded acetic acid 
(1.9 g) and water {0.6 g). 

Acetone was enriched by ari exchange reaction.
1 

Acetone (2.4 cc) and water 
{0.6 cc, 1 mol) were heated in a sealed tube at 120° for 24 hours. 

~q M· Cohn and H. C. Urey, J. Am. Chern. Soc. 60, 697 (1938). 
alv1n -
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Ethylene glycol was prepared by the addi.tion of water ( 1.08 cc, 3 rnols 
to ethylene oxide ( l cc) in the presence of a trace of hydrochloric acid ( 5 h> 
10 N'), the reaction being effected in a sealed tube, heated at 120° for 2 hr. 
The-resulting viscous liquid was only slightly turbid, due to polymerization 
of the ethylene oxide, and was used without further purification. 

Many attempts were made to prepare methanol and ethanol, but without 
success; however, to mention the negative results may prevent their repeti
tion. 

L 

2. 
100° 
1 hr J 30o/o yield of CH30H in aqueous solution. 

Methyl p-toluenesulfonate gave similar results. 

3. CH2N 
2 

+ water. Experiments abandoned on account of difficulty in 

separating small amounts of methanol from large volumes of ether. 

4. 

5. 

6. 

7. 

8. 

--=-1=2 =-0 °_~ 
2 hrs no reaction. 

no reaction. 

no reaction. 

LiOH · H 20 + C 2H 5I 
0 

150 . 1 
2 hr.s · no reaction. 

ethylene. 

THE TERNARY SYSTEM n-PROPYL ALCOHOL, 
TOLUENE, AND WATER AT 25° C 

Elton M. Baker 

Liquid scintillation counting of tritium water rna y require a toluene
alcohol-water mixture with the alcohol acting as a consolute_liquid between the 
water and toluene. 

l . 
Other workers have used methanol and ethanol as the alcohol, but the 

detecting efficiency of the phosphor 'solvel1t has been very low owing to the light
quenching properties of the ale ohol. 

(1} E'.N. Hayes andR.G. Gould, Sc1ence, 117, 480 (1953). 
Calvin 
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Since toluene· is ·one of the more efficient solvents for phosphors' used 
in scintillation counting of tritium in water, it seemed desirable to study a:. 
system containing another alcohol which might show greater solubility in the 
hydrocarbon phase. It was believed that n-propyl alcohol, which is miscible 
in aU proportions in b·oth toluene and water and which has a high dielectric 
constant and g~od hydrogen-bonding diaracter, might prove to be a suitable 
alcohol since it should be possible to have a higher weight percent of toluene 
in solution and result in less quenching of the energy-transfer process. by the 
alcohoL · 

In order to select a practical and completely miscible mixture of liquids 
to be used as a solvent system for ·phosphors for liquid scintillation counting 
of tritiated water it was desirable to obtain solubility data for the ternary 
system containing n-propyl alcohol, toluene, and water. 

Washburn et aL 
2 

have studied toluene-water systems with various alco
hols as the consolute liquid, but n-propyl alcohol was not included with those 
alcohols reported. 

Materials 

Water was distilled from alR,;aline potassium permanganate and collected 
while hot and stored immediately. Eastman grade n-propyl alcohol was dis
tilled over calcium chloride; only the middle fraction was used. Its specific 
gravity was d 2] 0. 7999 ± 0.0002 and. its inqex of refraction njf was 
1.3854 ± 0.0001. 

Toluene of "Analytical Reagent Grade" was dried over sodium and frac
tionally distilled. This liquid hap. a specific gravity d~4 0.8593 ± 0.0002 and 
an index of refraction nij' of l. 332 5 ± 0.000 l. These values chec~ closely 
with those recorded in tlie "International Critical Tables. 11 

Experimental and Discussion 

. A calibrated 110 -ml pycnometer was used to dete~mine the spec~fic. 
grav:~.ty and. qn .Abbe refractometer was used to determ1ne the refractlve 1ndex. 
A constant-temperature bath at 25;0 ± 0.1 °C was used to control the tempera
ture of all liquid mixtures. 

·Weighed::~· portions of n-propyl alcohol and toluene in ground-glass 
stoppered flasks were brought to 25°C in the constant-temperature bath. 
Water was added from a calibrated burette in small quantities with shaking 
and allowing the temperature of the solution to return to 25°C before further 
additions of water. After the end point (milky translucency, due to separation 
of a second ph1=1se} was reached, the mixture was left in the bath for 30 min 
before the specific gravity and refractive index were determined. 

From the data in Table V a large -scale curve was plotted showing the 
variation of refractive index with the pe!centage of each com~·onent in the 
saturated solutions. The scale was such that 1 mm represented 0.2o/o of the 
component and 0.0004 in refractive index. This curve was used in determining 
the composition of the conjugate solution~ formed when alcohol in insufficient 
amounts to bring about homogeneity was added to two liquid-phase mixtures 
of toluene and water. After equilibrium was reached at 25°C, samples were 

(Z~ E R. Washburn, et aL. J.Am. Chern. Soc. 59, 2076 (1937); 61, 1694(1931); 
62,. 579 q 940\. 

Calv±tr ' 
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Table V 

Solubilities, :r:e.fractive indices andspecific gravities for' the 
ternary system toluene, n-propyl alcohol, and water at . 25° c. 

Weight percent Weight percent 
toluene n -propyl alcohol Refractive index Specific gravity 

91.016 8.493 1.4815 0.8537 

88.978 10.297 1.4789 0.8530 

85.784 13.190 1.4750 0.8516 

79.913 18.300 1.4672 0.8493 

71.136 25.906 1.4572 0.8468 

65.742 30.104 1.4518 0.8455 

58.484 36.001 1.4431 0.8446 

47.442 44.089 1.4322 0.8441 

41.460 47.820 1.4238 0.8450 

29.633 54.526 1.4091 0.8494 

18.299 56.596 1. 39 38 0.8536 

11.697 53.954 1. 3829 0.8773 

4.573 42.52 5 1. 3684 0.9128 

1.855 30.29 5 1.3578 0.9420 

0.609 22.653 l. 3519 0.9601 

0.444 20.969 1. 350 5 0.9637 

Calvin 
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removed from each of the 1?-yers, for determination o_f the refrac~ive index. 
The composition of each phase together with .the refractive ·index-is given in 
Table VI. A plot of the,'·cib.t,a from Table Vr' 1s giveti' oh ',thEi e4clilateraltriangle 
diagram of Fig. 9. Th~- fie··l'ines were obtained frohi 'the; ahaiysis ofth.e con
jugate. mixtures. _ T_he_ po_sitionof the plait point on th_e right-hand side of the 
diagram indicates an increase in solubility of alcohol in the toluene as the 
co.ncentration of the alcohol is increased. A plot of ;the. distribution of alcohol 
between the two phases shows a lack of constancy but incr.eases in toluene as 
the concentration. increases. The change in distribution of alcohol in the or
ganic and water layers is compare¢!. with distributions of other alcohols in 
Fig. 10. . 

When the solubility curves for the n-propyl alcoh<;>l -toluene -water 
system are compared with those for the system containing methyl alcohol, 
ethyl alcohol, and isopropyl alcohol, it is observed that-methyl alcohol is 
less ·efficient and isopropyl alcohol is most efficient in bringing about misci.,. 
bility in water -toluene systems. · 

As the amounts of alcohols are increased in the system, there is an in
creasing proportion of alcohol found in the toluene layer; n-propyl alcohol 
increases most rapidly and next to it comes isopropyl alcohol. It is observed 
that as. the n -propyl alcohol is increased in the system the· slope of the tie 
lines (Fig. 9) changes from a positive slop'e to a horizontal line and finally 
to a negative slope as the toluene phase dissolves a greater proportionate 
amount of the alcohol than is found in the water phase. This is true only when 
propyl or isopropyl alcohol is used as the consolute liquid. 

From the curve in Fig. 9, the compositions of various miscible mixtures 
may be selected for a suitable phosphor solvent mixture containing the triti
ated water. 

Calvin 
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Table VI 

Refractive indices and composition of conjugate solutions at 2 5°C 

Toluene phase Water phase 

Percent Percent Refractive Percent Percent Refractive 
alcohol t,oluene index~ alcohol to~uene index 

2.45 97.50 1.4890 8.20 91.30 1. 339 3 

7.20 92.30 1.4829 11.80 87.75 l. 3428 

11.85 87.15 1.4771 14e00 85.50 1. 3444 

20.50 77.30 1.4656 14.70 84.90 1.3458 

25.20 71.90 1.4590 15.50 84.00 l. 3465 

30.80 65.00 1.4509 15.90 83.85 1. 3468 

38.90 54.45 1.4386 17.70 82.02 1. 3466 

48.35 40.70 1..4225 19.10 80. 5.5 1.3489 

50.15 37.60 1.4190 19.30 80.30 l. 3482 

55.90 25.20 1.4041 22.20 77.25 1.3510 

56.65 17.50 l. 3936 22.40 77.00 1.3513 

Calvin 
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.i\/ ~.l' t !. 

.. '-; 

MU-9819 

Fig. 9 Ternary solubility diagram for n-propyl alcohol, toluene, and 
water. 
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Fig. 10. Distribution of alcohols between conjugate solutions of water 
and toluene. A, methanol; B, ethanol; C, isopropyl alcohol; 
D, n-propyl alcohol. (A, B, and C after Washburn et al.) 
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NUCLEAR GHEMISTR Y 

Glen·n T. Seaborg and Isadore Perlman in charge 

EXCITED STATES OF HEAVY EVEN -EVEN NUCLEI 

Isadore Perlman, FrankS. Stephens, Jr., John P. Hummel, 
R. C. Pilger, and Frank Asaro 

2 +:- State.s, 

A gamma ray of about 43 kev has been observed in the decay of Cm
244 

It has an abundance of 3.1 x 10-4 Since it undoubted! y represents the transi
tion from the first excited state to the ground state, a conversion coefficient 
cari. be calculated from the known abundance of a 43 . The conversion coeffi
cient is 7 50, which, upon comparison with theorehcal-empirical curves of 
conversion coefficients, indicates the 43-kev gamma ray is an E2 transition. 
Hence the first excited state has aspin of 2+:· 

4 + State.s 

Our 'published Cf
246 

alpha-gamma spectrum 
1 

was verified with a much 
better run. The best energy for the 4 +--}2 + gamma ray is 97 ± 3 kev. Its 
abundance. is 1. 3 x 10-4. 

6 + States 

We now have o£1'~rved four probable 6 +states populated in the a~pha 
decay of Cm242 , Pu , Cm244, and Cf246. Many of the data on the fust 
two have already been published. 2, 3 

242 
In Cm . decay the 157 -kev gamma ray (6 +~4 +) is observed to be in 

coincidence with a 102-kev gamma ray (4 +~2 +) . 

.' ·The same is .true for Pu
238 

decay. By a run in coinCidence with .the 100-
kev radiatiqn in Pu.238 decay, the 151-kev gamma ray and the K x-rays asso
ciated with this gamma ray were observed {the K x-ray value was divided by 
two becau~e we saw 100-kev radiation in coincidence with a 100-kev radiation). 
The K -conversion coefficient was 0.26 with a statistical error of 0.02. Other 

·errors are of the order of 0.03. This indicates an E2 transition with less 
than 15% Ml total branching and less than 2o/o gamma branching. 

In Crn
244 

decay a 150 -kev gamma ray has been observed in an abundance 
of 1.8. x lo-5. This gamma abundance corresponds to an alpha population of 
6 x l0.-5 to th~ 6 + state. · 

In C£
246 

decay a#amma ray of 149 ± 5-kev has been observed in an 
abundance of 3.4 x 10- . This corresponds to an alpha abundance of 1. 5 x 
Io-4 to the 6 + state. 

{ 1) Hummel, Stephens, Asaro, Chetham-Strode, and Perlman, Phys. Rev. 
98, 22 {1955). 

{2) Asaro; Thompson, and Perlman, Phys. Rev. 92, 694 (1953). 
(3) Asaro, and Perlman, Phys. Rev. 94, 381 (1954}. 
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. 242 238 
These have been observed m the alpha decay of Crn and Pu . In 

the decay of Cm242 a gamma ray of 210 ± 10 kev was observed in coincidence 
with the 157-kev gamma ray (6 +--44 +). The abundance of the gamma ray is 
about 2 x 10- 7 . The abundance of alpha particles to the 8 + state would then 
be -4 x 1o-7. 

In the decay of Pu
238 

a gamma ray of 203 ± 2 kev was observed in co
incidence with the 151-kev gamma ray (6 + --7 4 +}. The abundance of the 
gamma ray is 4 x 10-8 and the abundance of alpha particles to the 8 + state 
would then be 7 x 10-8 

Hindrance Factors 

A graph of hindrance factors for even-even nuclei is included in this 
paper. (Fig. l.} 

Bohr -Mottelson Theory 

With the relation E = B( I) (I+l) - D(I~ 2{I+1} 2 
and the best energies a

vailable for the 2 +~0 + and 6 +~4 + gamma rays, the values for B and 
D from Cm242 and Pu238 decay are 7.37, 0.0033 and 7. 25, 0.0042, respec
tively. These values indicate that the 8 +3?6 +transitions should have energies 
of 210 and 203 ± 3 kev for Cm242. and Pu2.3 , respectively, in good agreement 
with the data. The Cf2.46 and Cm2.44 6 +--74 + gamma rays will give about 
the same value of D within the large experimental errors. 

An interesting feature is noticed in the decal of ionium {thorium-2.30). 
The first excited state has an energy of 67.76 kev and the 4 + --72. + transi
tion is 142 ::1: 2. kev. This gives D a value of 0. 057. Since D is supposed 
to equal 16(B3/Ep2L the value for Ep (the phonon energy) is about 0.66 Mev 
for Io230 decay, as contrasted with 1.4 Mev for Cm2.42. decay. The Bohr 
estimate is approximately 1 Mev. 

r.,. States 

In the decay of Cm
242 

two gamma rays are observed with energies of 
605 ± 7 and 562. ± 7 kev. The ratio of the reduced transition probabilities 
for the 605- and 562 -kev gamma rays is 0.6, in good agreement with the value 
0. 5 predicted by the Bohr -Mottelson theory for K = 0, and with other experi
mental measurements of gamma rays from 1- states. The abundance of the 
alpha population to this state is about l x 10-6. 

()f:her' states' 
In Io

230 
decay a gamma ray of- 68 kev is observed in coincidence with 

the 2.53-kev gamma ray from the 1- state to ground (L x-rays were observed 
in coincidence in previous experiments). The L -conversion coefficient of 
this gamma ray indicates that it is E2. transition. 

(4) Rosenblum, Valadares, and Bernas, Compt. rend. 2.39, 759 (1954). _..._ 
Seaborg 
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Other Data 

A-r:n243 

The half life for Am?43 was deter~ined from alpha spectrograph,....mass 
spectrograph measurements as 7" 6 x 10 3 years" 

p-
0

20.6. 

The alpha group Rosenblum originally claimed as about 4o/o abundance 
and - 160 kev below the main group has a maximum intensity of 0"5o/o, from 
our alpha spectrograph measur~ments" Coincidence measurements indicate 
there is less than L7 x 10-4 photon/alpha particle in the 100- to 300-kev 
region" Our best energy for Po206 101.

0 
is 5"218 Mev" Rosenblum 9s value is 

also 5"218 Mev" 

SPALLATION REACTIONS ON ALUMINUM 

Paul Benioff and Marvin Kalkstein 

Six targets have been run on the Bevatron at 5" 7 -Bev proton bombarding 
energy" Each of three of the six targets {6. 7, 7a) consisted of three 2 -mil 
aluminum foils in a stack" One target (5) was a stack of two 6 -mil and one 
5 -mil beryllium foils. four 2 -mil polyethylene foils, and three 2 -mil alumi
num foils" Another target (4) had three 2-mil polyethylene foils and two 
3 -mil and one 1-mil aluminum foils in a stack" The remaining target (4a) 
consisted of two 30 -mil aluminum foils" · 

The target activities were resolved from decay-curve data taken on the 
gamma pulse-height analyzer. No chemistry was necessary" The cross 
sections were all based on a determination of the Na24 production cross 
section in aluminum by Rex Shudde of this laboratory" Using the method 
given by Turkevich! he obtained a value of 8.3 mb for Na24. 

Table I gives the cross sections that were obtained from the six .runs. 
For each target the eros s section marked with an asterisk was used as a 
base and all the other cross sections were determined relative to iL The 
value for the c 11 production cross section in be-ryllium by secondary reactions 
is an upper limit, since the amount of carbon impurity in the beryllium tar
get is unknown" The values. given for the two -minute activity are total cross 
sections for all isotopes decaying with a half life of about two minutes and 
having some gamma-ray activity in the 0"51-Mev gamma peak on the pulse
height analyzer" 

(1) A" Turkev1ch, Phys" Rev" 94, 775 (1954)" 

Sea borg 
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(2) Private communication by Lloyd Currie, ,Institute for Nuclear Studies, 
Chicago, Illinois. 
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FISSION-SPALLATION COMPETITION IN HEAVY ELEMENTS 

L Cross Sections for Deuteron-Induced Reactions of Pl~tonium-239 

Walter M. Gibson, Richard A· Glass, and Glenn T. Seaborg 

A series of bombardments of Pu239 with deuterons in the energy range 
9 to 24 Mev has been completed. The results of preliminary calculations of 
the (d, xn) cross sections are given below. These cross sections are based 
on empirically determined countin,g efficiencies which were reported earlier. 
The counting efficiencies for Am239 and Am238, which were unexpectedly 
low, are currently being redetermined .. 

Reaction: 

Product: 

EC counting 
efficiency used: 

Deuteron energy 
(Mev) 

9 

13 

16 

19 

21 

24 

Pu
239

(d, xn} Cross Sections 

(d, n) 

Am240 

91% 

(d, n) 

10.4 

12.7 

13.3 

13.3 

( 13) 

(d, 2n) 

17% 

Cross section 
{mb) 

(d, 2n) 

'10.6 

91.5 

96.4 

81.1 

73.3 

{70} 

(d, 3n) 

8o/o 

(d, 3n) 

35.4 

64.0 

(80) 

These values have an estimated accuracy of ±15% (those in parenthe.S,E;lS 
are ± 25%.) 

Seaborg 
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IL c>r·os·s Sections for Alpha-Particle -Induced Reactions of Uranium-233 

T. Darrah Thomas, Rich.;:trd 'A. Glass, and Glenn T. Seaborg. 

Work has been continued on fission-spallation competition in alpha
particle -induced reactions of uZ33 Ari unexpected source of error ha,.s led 
to the nec~ssity of revising the (a, n) cross sections so that the true v:alues 
will be higher than those previously reported. All the (a, xn) cross sections 
appear to be low (""" 1 rob), but no calculations have been made. Preliminary 
values for the (a, pxn) cross sections give the following results. 

233 
U (a., pxn) cross sections 

Alpha-particle energy . (a., p) (a., pZn) 
(Mev) (rob) (rob) 

28 o;3. 0.8 

31 1.1 5.8 

34 0.9 8.8 

37 1.5 12.4 

40 1.0 13.0 

45 0.7 8.6 

III. Gross Sections for Alpha-Particle-Induced Reactions of Uranium-235 

Robert Vandenbosch, Richard A. Glass, and Glenn T. Seaberg 

A study of the spallation and fission reactions of u
235 

bombarded with 
alpha particles is in progress: Cross sections are being determined as a 
function of energy for the alpha-particle energy range 20 to 50 Mev. Pre
liminary cross sections {in millibarns} for 22, 25, and .28 Mev are as follows. 

235 
U (01., pxn) cross sections 

Reaction: 

Product: 

Alpha-particle energy 
(Mev) 

22 

25 

28 

(01.; p) 

Cross sections 
(rob) 

(a., p2n) 

0.02 <0.001 

0.1 0.01 

1.5 2 5 
The (a, xn} reactions and the fission reaction cross sections are also 

being determined, but no results are presently available. 
Seaoorg 
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IV. Cross Sections for Reactions of Uraniurn-238 with Alpha Particles 

Susanne E. Ri
1
tserna, Richard A. Glass, and Glenn T. Seaborg 

Uraniurn-238 has been bombarded with 24.2-, 27.4-, and 32.3-Mev 
alpha particles, and preliminary calculations of some spallation cross sections 
have been made. The counting efficiencies used to calculate these cross sec
tions have been estimated. 

Reactions: 

Products: 

Counting 
efficiency per
cent 

Alpha particle 
energy 
{Mev) 

24.2 

27.4 

32.3 

U 238( ' ) t' a.., xp, 'Yn cross sec 1ons 

(m, p} (m, pn) ·(a, p2n) (a, an) 

Np281 Np 
240 

( 60 min) 

66 87 66 66 

Cross sections 
(rob) 

1 0.5 

2.2 1 19.7 

14.8 12.2 

The accuracy of these results is estimated to be about 25o/o. The 15-
rninute activity found in the neptunium fraction (2 7.4 Mev} would seem to 
confirm Lessler's results. 1 However, there was fission-product contamina
tion in the sample and it is possible that this 15-rninute activity may be a 
fission product. Attempts are being made to devise a faster separation pro
cedure, as the procedures that have been used are too lengthy and give poor 
yields. 

( l) R. M. Lessler, University of California Radiation Laboratory Report 
No. UCRL-2647 (July 8, 1954). 

Sea borg 
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STUDY OF THE NEUTRON-:-DEFICIENT Ll.J.TETIUM 
ISOTOPES 170, 171, 172 

Marvin Kalkstein 

A sample of about 20 mg of thulium oxide was bombarded for two hours' 
with· 38 -Mev alpha particles on the 60 '-inch cyclotron. The lutetium was sepa
rated with the help of James Grover by running through a heated lactate column 
using Dowex-50 resin and a pH of approximately 3.45. Weightless samples 
were obtained by extracting the lutetium into TTA and then back-extracting 
into water. The total sample activity at the time of the final purification was 
of the order of 108 counts per minute on Shelf 1 of an end=window Geiger 
counter. 

About one-tenth of the final sample was run in the time-of-flight mass 
separator by Dr. Maynard Michel. A sample was collected at mass 170 and 
its decay was followed on a Geiger counter and on the gamma-ray pulse ana
lyzer. The value obtained for its half life was 2.0 ± 0.1 days. The·gamma
ray pulse analysis showed some evidence for one or more gamma rays in the 
region of 1 Mev. The sample was quite weak, so that the ytterbium K x-ray 
peak was the only peak that was really prominent. · 

A number of samples were mounted for the gamma-ray pulse analyzer 
and these have been followed 'for two months at various energies. In the earli
est measurements there was considerable activity in the region from 1 to 
2.5 Mev, although no peaks were readily resolved. This activity went down 
to background in a relatively short time and seems likely to have all been 
due to the Lu 170. After the decay of the Lu 170, there remail,'led a very promi
nent peak at 740 kev with a shoulder containing a gamma ray at about 660 
kev. These have so far decayed through more than six half lives. Their 
half life is 8.5 days and they can therefore be assigned to Lu 171 In addition 
to these gamma rays and the ytterbium K x-r<;~.ys, there is some evidence 
for gamma rays at about ZOO kev. 

The major portion of the lutetium sample was mounted on a wire and 
studied in the permanent magnet electron spectrographs with the assistance 
of Dr. Warren Smith and Dr. Jack Hollander. Several runs were made on 
P.M. I (approximately 52 gauss) and a later one on P.M. II (approximately 
99 gauss). More than seventy lines were resolved on the first run and assign
ed to thirteen gamma rays from 19.4 to 84.4 kev. The lines due to the 84.4-
kev ~amma ray died out very rapidly and are therefore in the decay of the 
Lul 0. This energy is in good agreement with the lines seen in the decay 
of Tml70 to Yb170o The other lines were of longer half life. It may be 
possible from their intensities on the various runs to distinguish between 
some of those belonging to the 8.5-day Lu171 and the 6.7-day Lu172. 

Recently, a thin sample {about 5 mg) of thulium oxide was bombarded 
for 2 hours with 40 -Mev alpha particles on the 60 -inch cyclotron. Using a 
thin sample and the higher alpha-particle energies we should obtain more 
Lu 170 relative to the higher -mass isotopes. The lutetium from this sample 
is presently being studied on the gamma-ray pulse analyzer and the magnetic 
lens spectrometer. · · 

Sea borg 
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DECAY OF BISMUTH-204 AND BISMUTH-.203 

Arnold Ro Fritsch and Isadore Perlman 

Twelve -hour Bi:
204 

activity was obtained by bombardment of T l203 , 
which had been enriched to 80 percent in T 1203, with 36 -Mev alpha particles 
on the 60-inch cyclotrono The initial work was a study of the gamma spectrum 
in which it was found that the ratio of the 899.;.kev gamma ray to the 375-kev 
gamma ray was 3 to 2 and that the 913-kev gamma ray of the 68-minute 

Pb204m2 isomer was present tc> approximately 1% abundanceo 

Gamma-gamma coincidence work carried out on Bi
204 

with the help of 
Frank Stephens revealed very little, since there seem to be many low-intensity, 
high-energy gamma rays associated with Bi204, together with the many gamma 
rays already reported for Bi20~, Bi206 1 The results of the coincidence 
studies show that there were roughly. 3 peaks beyond the 899 -kev gamma ray 
which accounted for 11% of the total 900 events 0 Also, coincidence with K 
x-rays showed approximately 3 to 2 ratio of 899..;. to 375-kev gamma rayo 
With 900-kev gamma rays as gate the ratio again was 3 to 2o When all the 
gamma rays of higher energy than 1100 kev were used as gate, 22o/o of 375 
and 35% of 900 were in coincidenceo The one firm conclusion to be drawn 
from this is that the first and second excited states of Pb204 seem to be popu
lated to a considerable extent directly. 

A series of extremely strong samples was used on the beta spectrograph, 
which has a resolution of approximately 2%0 Gamma rays of 295, 67p, 1050, · 
1202, 1345 ( 1445 -1460), 1525, 1925 kev were foundo 

Conversion lines which belong to Bi
204

, but which have not been assigned; 
were at 130 and 180 kev. (The energies quoted are good to within 1%.) 

(1) Do Eo Alburger and Ho Pryce, Phys. Rev. 95, 1482 (1954). 
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The experimental results fitted into the known decay scheme of 
Pb204m2 are: 2 

2186 
68 min 

1273 

899 

--.---------- 9-

913 
E5 

1050 672 

375 
1925 E2 

~-----+L 
899 

E2 

--~~------------~~0+ 

3 -.? 

The third excited stat~ ~as so placed in analogy with almost identical 
levels in Pb206 and Pb202. ' The log ft values are only approximate and 
are based on a 5. 5-Mev value for the deca0 energy. It should be noted that 
from the decay schemes of Pb206 and Pb2 2 one is led to belive that a 5 
level exists above the 9, which is perhaps the means of reaching the 9 level. 

(2) V~ 'E. Krohn and s. Rabay, Phys. Rev. 95, 1354 (1954). 
(3) D. E. Alburger and H. Pryce, Phys. ReV. 95, 1482 (1954). 
(4) Wapstra et al., Physica 20, 521 (1954). -
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Bismuth -20 3 

The 12 -hour Bi 
20 3 

activity was obtained by a bombardment of the en
riched T1203 with 46-Mev alpha particles. The gamma spectrum of Bi203, 
together with Bi204, Bi205, etc., is unresolvable. 

Using a strong sample in the beta spectrograph resulted in finding 
gamma rays of· 822 and 1520 kev. There also were some very doubtful indica
tions of gamma rays at approximately 500 and 1200 kev. 

The known decay scheme of Bi 
207 

is 

0.8 sec 
Pb207m 

1. 76 

565 

i13/2 + 

1063 M4 

p1/2-

The 5.6-second isomer reported to be Pb
202

m by Hopkins
5 

hasre
cently been assigned to Bi203 on the basis of milking experiments. 6 Appli
cation of the lifetime formula for an M4 transition shows an approximate 
half life of 10 seconds for 822-kev gamma rays and approximately 0.01 second 
for 1520-kev gamma rays. Also the ground state of Pb203 has been shown 
by Prescott 7 to be f

5
/

2
- . 

The level scheme proposed for Pb
203 

pn the basis of this preliminary 
work is as follows. 

(5) N.J. Hopkins, Phys. Rev. 88, 680 (1952). 
(6) I. BergstdSm and A. H. Wapstra, Phil. Magazine 46, 61 (1955). 
( 7) · Prescott, Proc. Phys. Soc. 67A, 254 ( 1954). -
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822 M4 

Also, using the fdea in thi~? case, based on Bi
207 

levels, that 

£ 5/ 2 -i 13/ 2 = 1063-x, 

f 5/ 2 -h9/ 2 = 1760-x, 

UGRL-3068 

one finds x = 240, which seems to give some sort of empirical agreement. 

THE FAST -COINCIDENCE COUNTING APPARATUS 

D. Strominger and J. 0. Rasmussen 

The fast-coincidence counting apparatus has been used to study the possi
bility of metastable stat es 1 existing in several heavy nuclides. This apparatus 
has been described in various Quarterly Reports for the past two years. 1 ·In 
the work to be re.r,orted, stilbene crystals were used to detect alpha particles 
(Gf249 and Np23 f) and anthracene crystals were used to detect beta particles 
(Th23l and Ra225). In all the experiments Nal (Tli-activated) crystals were 
used to detect and analyze gamma transitions. 

Californium -249 

In a previous Quarterly Report
2 

we reported a delayed transition follow
ing the alpha decay of Cf249 to C:m245. Since that time we have reinvestigated 
the problem and found the delayed transition was actually due to.Np237 contami
nation on our equipment. 

( 1) Rasmussen, Kalkstein, and Strominger, Chemistry Division Quarterly 
Reports, (1953-1955). 

(2) Strominger, Gallagher, and Rasmussen, Chemistry Division Quarterly 
Report for September, October, and November 1954, University of Cali
fornia Radiation Laboratory Report No. UCRL-2841, January 10, 1955. 
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The reinvestigation showed there were no delayed transitions and that 
an upper limit of 8 x 10- 10 second could be set for the lifetime of the levels 
giving rise to gamma transitions of 394, 340, and approximately 250 kev. 

We are grateful to Stanley G. Thompson, Albert Ghiorso, and others 
of the heavy-element research team for the preparation and loan of this cali
foli'nium sample. 

Neptunium -2 3 7 

Engelkemeir and M~nusson3 reported the existence of a metastable 
state of half life 3. 7 x 10- second following the alpha decay of Np237 to 
Pa2 33, Their equipment did not permit them to determine which gamma rays 
were being delayed. 

We investigated this isotope with our apparatus. A sample of Np
237 

was chemically purified from its daughter activity by means of TTA solvent 
extraction. We obtained a half life of ( 3. 6 ± 0 .4) x 10-8 second for the meta
stable state. This delay is exhibited by both 30- and 87-kev radiation, assign
ed as E 1 by Stephens. 4 Engelkemeir and Magnusson have also recently found 
that this delay is exhibited by both 30- and 87 -kev radiation. 5 

Thorium-231 

Following the beta decay of Th
231 

to Pa
231 

there are two E1 transitions 4 

of energy 26 and 85 kev. We decided to see if there was a metastable state 
present in Pa231 analogous to the one present in Pa2 33 

Th
231 

samples were prepared by: chemically separating the thorium 
daughter from uranium enriched in u235 (this sample contained more than 
99 percent u2 35). 

Both the 26- and 85 -kev gamma transitions were found to be delayed, 
with a half life of (41 ± 0 .4) ~ 10-8 second. Higher -energy gamma radiation 
(-170 kev) of low'ihtensity (-1 percent of the 85-kev gamma peak) showed no 
delay (half life < 3 x 10-9 second). 

225 
To make sure that the observed delay was real, a sample of Ra was 

also run. There is a 40-kev E1 gamma ray4 in Ac225 following the beta de
cay, for which Rasmussen, Stephens, and Kalkstein6 have set an upper limit 
of 2 x 10-9 second. Thi~ 40 -kev gamma ray appeared on our equipment with 
an upper limit of 4 x 10- second for its half life. 

(3) Engelkemeir and Magnusson, Phys. Rev. 94, 1395 (1954). 
(4) F. S. Stephens, Jr. , "Decay Schemes and NUclear Spectroscopic States 

in the Heavy-Element Region", (Thesis), University of California Radi
ation Laboratory Report No. UGRL-2970, June 1955. 

(5) T. Novey, private communication to F. Asaro (1955). 
(6) Rasmussen, Stephens, and Kalkstein, unpublished data (1953). 
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We are grateful to Dr. Richard A. Glass and others of'the fission and 
spallation group for the loan of the uranium sample. We are also gratefU:llo 
Drs. Frank Asaro and Frank S. Stephens for aid in preparing the Ra225 . 
samP,.le. 

~-. 

ISOTOPE SHIFT IN THE CURIUM SPECTRUM 

John G. Conway and Ralph D. McLaughlin 

TWo isotopes of curium were available for this work, Cm242 and c:m
244

. 
Thirty-nine micrograms of each isotope was used. The specfrograph was a 
2 !'-foot Pas chen-Runge mount with a 30,000 -line -per -inch grating. The spec
tra were photographed in the second and third order using Eastman I -0 spec
troscopic plates. The wave -length range covered was 3050 to 5250 A (second 
order). 

The curium lines recorded totaled 182, 148 of which had isotope shift. 
Both positive and negative shifts were found. The largest shifts were -0.187 A 
for the 3784.803 A line and -0.219 A for the 4145.847 A line. 

CRYSTAL STRUCTURE OF Cr 5Si 3 

Carol H. Dauben and David H. Templeton 

Single crystals of Cr 5Si3 were prepared by C. E. Myers and A. W. 
Searcy. Cr5Si3 is tetragonal, with 1 

a= 9.170 ± 0.006 A, 

c = 4.636 ± 0.003. 

The space group is D~~ - I4mcm and with a Z = 4. The x-ray density 
is 5.86 and the measured density 5.6. There are 

4Gr(I) in (b) 0, 1/2 1/4; 1/2, 0, 1/4; +B.C. 

16Cr(II} in (k) ± [xyo; y, x, o; y, x, 1/2; x, y; 1/2;] +B. C. 

4Si(I} in (a) 0 0 1/4, 0 0 3/4, +B. C. 

8Si(II) in (h)± ~~ l/2 t y, 0; 1/2-x, x, O;J +B. C. 

At present we have 

xCr = 0.075; 

XSi = 0.·163. 

Ycr = 0.224. 

Further refinement may change these. slightly. 

Other compounds whose powder patterns indicate the same structure 
are Mo 5si3 , W 

5
si

3
, Mo

5
Ge 3 , and probably Cr 5Ge 3. 

Seaborg 

r-



-'52- UCRL-3068 

STRUCTURE OF 3-HYDRAZIN0-5-THIOL-1, 2, 4-TRIAZOLE 
AND CHOLINE CHLORIDE 

Michael E. Senko arid David H. Templeton 

Three different Fourier projections have been completed for the com
pound 

N-N 
II II 

HS -C C -NHNH2 \ I 
N 
I 

H 

(3-hydrazino-5-thiol.-1, 2, 4-triazole). Signs for these projections were deter
mined by placing the sulfur atoms at positions determined from Harker sec
tions using the 2 1 axis and the c glide plane of the space group P2 1/ c. The 

first projection taken in the direction of the c axis showed extensive overlap 
of the molecules of the unit cell and was discarded after two refinements gave 
no improved resolution. The second projection was taken along the a axis, 
and after six r~finements yielded all atoms completely resolved. Birefringence 
data placed the double bonds in the T 02 plane. With the molecule oriented in 
this plane, a projection along.the 101 axis should resolve all atoms. This pro
jection has been carried through two refinements and with the exception of the 
hydrazino substituent all atoms have been placed and at least partially resolved. 
Bond angles and distances suggest that the hydrazino linkage will also be re
solved in further refinements. ·This problem is now being set up for automatic 
computation. 

T_he space group of choline chloride [fCH
3

)
3
N+CH

2
CH20H,C1-] has been 

determ1ned to be Pz 1z1 2 1 with 4 molecules per unit cell, and a - 11.74 A, 

b- 11.60 A, c -5.95 A. Intensity data are being collected in preparation for 
the determination of this structure. 

Seaborg 
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CHEMICAL ENGI~EERING (PROCESS CHEMISTRY) 

_NOTES ON WORK IN PROGRESS 

The Effect of Fluid Properties on the Mas$ Transfer Rate m the Gas Phase

Robert J. Fallat and Charles R. Wilke 

High-pressure equipment for the study of HTUG correlations has been 
designed and is now on order. It is hoped that the data collected will clarify 
the use of JPU2 as a correlatin~ parameter for HTUG. 

Thermal Conductivity of Gases at High Temperatures 

Henry Cheung and Charles R. Wilke 

The following have been designed: 

( 1) :1_ Gas -mixing system consisting of 3 gasometers of 25-liter capaCity 
and calibrated volumetric bulbs. · 

(2) High-pressure (up to 2000 psi) gas -purification unit with activated 
carbon and silica gel filters. 

Leak checking of the th,ermal conductivity cell is in progr~ss. 

Gas -Phase Mass Transfer Studies 

Loren J. Hov and Charles R. Wilke 

During the past quarter, a new sampling device based on a volumetric 
determination of gas mole fraction has been constructed and placed in operation. 
Experimental work on determining the psychrometric ratio in the air -water 
system over an extreme. range of film pressure factors has been completed. 
Film pressure factor range was from 0.94 to 0.09, with preliminary calcula
tions of corresponding psychrometric ratios from 1.00 to 0.04. Correlations 
with previous theory and other investigators' data are being worked on. 

Stability of Perforated Plate Trays 

RobertS. Brown, Donald N. Hanson, and Charles R. Wilke 

The manufacture of the apparatus is continuing and is expected to be 
completed.shortl y. 

Vacuum Flow through Annular Sections 

Walter Dong and Donald N. Hanson 

There had been some question whether the flow of gases in the rectangular 
duct was evenly distributed; therefore, additional ga:s distributors were added 
to the equipment. Redesigned pressure taps were also installed. At the present, 
the equipment is being outgassed in preparation for data taking. 
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Correlation of Limiting Current Density at Horizontal Electrodes 
Under Free Convectlon Gond1hons 

Eugene J. Fenech and Charles W. Tobias 

Problems of data collecting have been solved by the use of a Speedomax 
Function Recorder. It is now possible to get a continuous plot of current 
vs voltage over the entire working range in less than 15 minutes. This has 
greatly improved the quality of the data. Limiting current densities for one 
concentratipn of CuS04 and H so4 have been obtained and reproducibility 
demonstrated as excellent. conechng data over the entire range of interest 
will continue through the summer. 
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GE:;NERJ\~. CHEMISTRY. 

· W. M. Latimer, DireCtor 
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METALS AND HIGH-TE.MPERATURE THERMODYNAMICS 
l:' 

Leo Brewer •• John Engelke, William Hicks, Neiland. Hultgren, • 
Geoffrey James. James Kane,, Oscar Krikorian·, .. 

Lewis Roberts, and Petros Zavitzanos • . 

. Determination of Absolute f Values 

The apparatus for these determinations has been partially constructed. 

Study of SO and c 2 Gases 

The attempt to fix the ground state of SO has been abandoned. Measure
me~ts of the position of the si.nglet state of c 2 have fi~ed it within 1000 kaysers 
of th.e ~. The heat of format10n of C2 ( 31r) has been f1xed at 191.4 ± 5 kcal 
at o9K and is reported in Oscar Krikorian~s thesis, UCRL-2888. 

Molybdenum Gaseous Oxy-Halides 

Further work has established that the gaseous species MoO, C 1 will· 
account for all results in the Mo-Q-C 1-H system, and its heat ana en1ropy 
of formation have been determined. This work will be completed this summer. 

Oxide Reaction Sit:udies 

The study of the exchange of oxygen with uo2 -Th02 solid lattices has 
continued and should be completed this summer.· 

Ternary Boride ~Carbon Systems 

Ternary compounds have been found in the Mo-C-B system and the 
Ge -B -C system. The main features of the diagrams are now known and this 
work will be terminated shortly. 

Vilporization arid Condensation Coefficients. o'f .Molecular Beams 

This work has been completed and reported in James Kane's thesis, 
UCRL-2957. 

Compilations of Thermodynamic Data 

Ge -Ge02 and Si -SiO, System. The main features of the Ge -Ge02 dia
gram have been established through use of a differential thermal anaJysis 
apparatus. The Si-Si02 system is also under study~ The DTA apparatus in 
use now is inductively Iieated~ · 

' . 
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BASIC. CHEMISTRY, INCLUDING METAL CHELATES 

JohnBelow, Howard Cady, Robert E.· Connick, Laddie Griffith, 
Armine Paul, and Robert Wood 

Fluoride Complexing 

The work on fluoride complexing has been completed and published as 
UCRL-2926. 

Studies on the Reduction of H
2 

GrO 
4 

It was observed that when H2 C:rO 4 was reduced with Hz.02 in the pres
ence, of excess HC 10

4
, the resulhng soiution was at first an mfense emerald 

green color, changing in several hours to the violet form. It was felt that 
the green species formed in this reduction may be a single polymeric species 
and attempts were made to separate it with an ion-exchange resin. 

The int€lnse emerald green species was found to be m:ore stable at 
high acid concentrations, decomposing in about an hour when prepared in 
0.01 M HC10

4
, and in 5 or 6 hours when prepared in 5 M HC10

4 
at 25°C. 

It was stable !or several days at 0°C. A solution prepared by reduction of 
H 2Cr04 with excess H

2
o2 in 5 M HC10

4 
at 0°C was run through an ion

exchange column conta1ning Dowex 50. The column was kept at 0°C by 
placing it in a condenser through which ice water was pumped. Four distinct 
fractions were obtained. About 7 5o/o of the total Gr was eluted in the violet 
form with 2 M HC 104 . In addition, 3 distinct green species were eluted with 
a mixture of 2 M HC10

4 
and 1 M A 1C 1

3
. The first green fraction eluted was 

very intense in col or and corresponded to about 15o/o of the total Cr. Its 
spectrum had maxima at 6250 J?. and 4350 J?. . The violet form, 
Cr(H2 0)(., +3, has maxima at 5750 J?. and 4080 R. Not enough of the other 
two fracfions was obtained to run a spectrum. 

Some ion-exchange studies were also carried out at room temperature 
in solutions of H 2C:r0

4 
reduced with a deficiency of H

2
o

2 
in 0.01 M excess 

HC 104 . The intense green color of these solutions disappeared almost as 
fast as they were put on the column. A small amount of a green species 
was obtained, however, after the violet form had been eluted. The spectrum 
of this green species had the maxima in the same position as the violet species. 

The spectrum of the solutions reduced at low acid with a deficiency 
of H 2 o2 was followed as a function of time. The solutions were intensely 
green only if enough H 2 0 was add.ed to reduce more than 70o/o of the = 
H 2Cr0

4
. Within 15 mmules after the solutions were prepared, the Cr0

4 
began to increase. This increase occurred only in solutio_!ls that were in
tensely green after preparation. The final maximum CrO- concentration 
was attained about 1..:.5 hours after preparation. It was at first thought that 
the increase in CrO~ concentration was due to the breaking up of the violet 
peroxy complex of Gr(VI). However, since none of this could be extracted 
from t}!_e solutions· with ethyl acetate, it was concluded that the increase 
in Cr04 concentration must be due either to the decompo~ition of a peroxy 
complex of Cr(VI) different from the violet or to the reoxidation from an 
intermediate oxidation state of Cr. 
Latimer 
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Solutions of H
2
Cr0

4 
reduced with Zn, Fe++, and Sn ++are also emerald 

green. The green color remains intense for sev~ral days at room temperature. 
The position of the maxima in the spectra is very close to that of the violet 
species of Cr(III). 

Spectrophotometric Study of Rapid Reactions 

(The following is a continuation of the work done by John Below, whose 
work is reported in UCRL -30 l L) 

An investigation was made in order to find possible design changes that 
would improve the mixing device. Possible changes for future work are listed. 

( l) Coat inside of mixer with Teflon. This would avoid interfering 
reactions due to stainless steel container. It was found that it is possible 
to coat Te'flon onto stainless steel surfaces, and this can be done locally. 

(2) Change shape of mixer to either hemispherical or triagonal; this 
would allow tight seals between baffle and container and may help to eliminate 
premixing. 

Ruthenium Chemistry 

Chemical .reduction of Ru0
4 

below the +4 oxidation state, and wit~o~t 
complex formation, has been troublesome. A method that seems prom1s1nf 
is to add Ru0

4 
solution slowly to an excess of reducing agent (Fe++, Hgz+ , 

Sn++, etc.) in trifluoroacetic acid. Electrolytic reduction of RuO solutions 
and the solutions obtained· above is also being studied as a preparJtive method. 

The Entropy of the Selenide Ion in Aqueous Solutions 

Several experiments have been run to determine the second acid con
stant of H

2
Se. The· glass electrode that was used in these experiments is 

now bein:g checked for accuracy and reproducibility in 2N KOH. Strongly 
alkaline solutions must be used since the second acid constant is between 
lo-15 and 10:-16. 

Latimer 
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