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I ~UARTERLY PROGRESS REPORT. Project 48 

G. T. Se'aborg and I. Perlman 

A. Chemistry Of the Rare Earth and Actinide Elements 

Vapor Pressure of Neptunium Metal 

Merle E. Jones and B. B. Cunningham 

During·· measurements of the vapor pressure of Pu and Np metals by effusion 
techniques~- inconsistent valu'es were obtained in different runs in which the ' 
same experimental setup and the same pellet of metal were used. A surface 
coating was suspected to be the cause of the deviations. This possibility 
was investigated experimentally with mercury, forwhich accurate vapor pressure 
data are available. A freshly cleaned Hg pellet and one which had been ex-· 
posed to- laooratory air for a period of three days were used. There was no 
visible coating on the latter and it appeared as bright as a freshly cleaned 
pellet but the measured v~por pressure was lower a factor of 8 to 10 than that 
of the fresh pellet. When a small piece of tantalum was placed in the effusion 
crucible- with the apparently coated Hg drop and the crucible was vibrated 
during the measurements 9 the vapor pressure was found to be the same as that 
of the freshly cleaned drop. 

The effect of a surface coating is thus apparent and methods .for over­
coming this-difficulty in measurement of the vapor pressure of neptunium are 
being investigated. 
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The Behavior of Actinides and Lanthanides 
On Cation Exchange Columns with HCl as 

Eluting Agent 

R. M. Diamond, K. Street Jr., and .. G. T ~ Seaberg 

UCRL-1054 

·• The experiments described in the previous quarterly report have 
been. continued. As before the resin used was Dowex-50 spherical fines, 
hydrogen form, and the columns were 10 em long by 1 mm or 1-1/2 mm in dia­
meter. The flow rate was about 0.1 ml/min./cm2• The .results have been 

__ normalized to the 10 em by 1 nun colunul. and are given in Fig. 1 for Cm(III),, 
Am(-III)., Pu(III), Y(III), Eu(III)~ Ce(III), La(III), .Pu(IV), Sr(II:) with·. 
3,6,, 9 and 12 M HCl as eluting agent. 
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The Use of .Tartaric Acid.as an Eluting Agent for the 
IonoeExchange Separations of Tracer .. Ariiounts of Americium and Curium 

Richard A. Glass and Ko Street 9 Jr. 

Column separations of tracer quantities of :A.ffi.~ Cm~ and s~veral rare 
earths have been carried out ·on a 2 mm by 1? em column.packed with.Dowex-50 

. resino Both room temperature and high temperature runs9 ioeo 9 60°09 87°Cp 
and 100°0

9 
were madep using varying concent~ationa.and p:H~s of tartaric acid­

ammonium tartarate solution9 to determine where the best separation is ob~ 
tainedo 

The best roo.ni temperature rtin 9 usi~ 0 0 1 M tar.taric acid adjusted to 
pH 4

0
0 _with NH40H9 inclicated about a 30. percent dif#erenc$ in the distribution 

coefficients (Kd). of Am Etn.d Cmo. There was a de.crease in total activity down 
to about 1 percent of the peak ·values 1n· the region where. the Am and em over­
lapped between.the peaks. The disadvantages of the~e low temperature runs 
are the low rate of attaining equilibrium cionditionsp which limits the flow 
rate to about one 40 ~drop per 8 minutes~ and the_ low solubility of ammonium 
acid tartrate at low temperatures 9 which'prevents'using a concentration of 
tartaric acid higher than about 0

0
.1 M. The difficulty with both the low and 

high teril.pera:tureseparations 9 with regard to practical application 9 is that 
with anythiril:f larger than tracer quantities the peaks coalesce and the separa-
tion disappearso · · · . · · . 

The high temperattire runs at 870C 9 ··using. o o 4 M tartaric at a pH of 
3

0
3 and 0

0
8 M,at a pH of 2~8 9 indicated about 20 per~ent difference in Kd 

with the activity dropping to 10 to 50 percent of the peak values betw~en the 
peaks 0 . The runs at 60°C.and 100°0 produced compa;r-abl~ resultso Since 
equilibrium attainments are more rapid at high· temperature 

9 
these columns were 

run at the flow rate of a drop about every 3 minuteso High temperature runs 
at lower concentrations ana higher pH~s than those indicated resulted in ~ch 
smaller separat ion

9 
which is a good indication that the singly charged tart.r~te 

ion is more efficient in producing a -separationo 

When the rare earths europium and promethium were put on the column 
with the. Am and Cm

9 
the Eu came off slightly ahead. of the Cm .. and the Pm came 

off lastp slightly behind the Am9 at both high and low temperatureso At room 
temperature a 66 percent difference in Kd was obtained. between Pm and Eu and 
e.t 100°0 the differen(}e was 45 perc91nto 



:• 

'• 

UCRL-1054 

-9~ 

Improvements in·Microcalorimeters 

S. R •. Gunn ~d.B. B~ Cunningh8Jll. 

The semiadiabatic microqalorinieter described p~ev)ously had thermal 
leakage modules of about 0 0 030 d~gre~s p~r minute 'per degree th,ermal head. 
This rather large modulus led to con$idetab.le errors .in th,e measurement of 
heat changes due to ~he error in extrapolation of.r!=lpid drift rateso. By 
evacuation of the space 'between the .caiorimeter 9hamh~r .and the submarine 
to a pressure on the brder of lo~4 min of· mercury the heat exchanges due to 
air conduction and convection have been reduced until·a leakage modulus of 
0 0 .010 is attai.nedo . It is hoped that the vacuuni. may be ililprov~d to lower this 
value still further and it iS also planlled to coa:l:;· '.t:he. ca;tor:i.meier Chamber 
with a reflecting materiar~· such as :PJ..a~intiin foii~ in order to reduce heat 
exchanges due to radiati;on~'· · · 

'• ' : 

Some work has been done on then~we~.;.:VacU~-'jadketed adiabatic calori­
meter built here by E. ~ 0 W.estrUll1p ;Tr.; a.p.d ~~Roy Eyring in 1949 0 The con­
struction of the vacuum jacket h8:s been found'to be very u.p.satisfactory 9 and 
changes are being made to secure an effectively tight s;ystemo 

,. , ,'· 

\ 
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Crystal Structure of Os04 

Allan Zalkiliand,D. H. Temple~oii 

UCRL-1054 

X-ray diffraction in~esti.g~ti:ons -have been. c.arr~ed out on osmium 
tetroxideo Single crystal photogr?phS of the· substance were taken;, and the 
compound was found to have a m.ohocliniq: cell~· The f.'ol:low~~g dimensions 
were obtained~ 

:,·.\ ... · 
,.·.,. 

' . . . ~ 
.,. 

' 

The x-ray d~nsity was 'c~lc~lated to b·e 5:14 g/cm2 • The density 
in the Handbook for Cham. and_ Physics~ 1~_47_e;aitio~, -is 4 0 ,906 g/cm2 . 

reported 

The crystal wa~.· rotated a,bout' the .b. afr~S!~ (the needle axis) and the ob­
served extinctions permit t-he three space· groups c 2/in, c .2~ and c m. The 
assumption was made that. .the Oso4 · molecule consisted of four t_etrahedrally 
arranged oxygen atoms about eachosinium; thif! arrangeltl.ent necessitated just 
a 2 fold axis which was satisfied by the c 2 space group~ 

. ' ,'. ' . . ' 

There are 2 molecules, pe.r ~it cello Act:ual ~inal. structlll,'e determina­
tion is still in progressp whereby the positioD,s· of ~hti, ozy.gens are being de­
termined geometrieallyo ·The osmiums occupy the two fold .position (000) 
(1/2 1/2 0)0 

Non-tetrahedral molecules were, co~sidered'. Geoiii.etrical ·considerations~ 
however p excluded ail of those models other than tet:r~hedralo 

.-- There is considerable tendency toV\Tards ~t~inning in t'his crystal a It 
was determined froin layer line photographs that thi.s occurred in all of our 
samples by reflection in the 20! plane. 
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The Crystal Structure of Na2S203o5H20 

· Allan Zalk:in and D. H. Templeton 
' ' \ . 

UCRL-1054 

The crystal structure of sodium tlii.'()~i!Ulfate peht8hydrate is at present 
under investigation at this laboratory.· Jt.;.ray diffraction .data .results in a 
monoclinic cell for the material. The ~pace group being c2R - P 21/c. The 
following values are the cell dimens.ion$.~ · 

a = 
b :: 

5 96 :!: 0 04 Ad:: . 
0 ' + 0 ., . , .. ' 

21.66 "" 0 04 AO + '·0' . 0 
7 55 - 0 02 A · · 

lo3o 58i (t~~s•va:t.ue. ··c~es .. ·from,the m~:r;opb,olo~ical 
investigations of de la P;rovo.stage ) 

a:b:c ~ 0.2?6 1 
a:b:c == 6.2?45i 1 

~ · 0·~·~4,~ ·from x-ray· data · 
~. 0 0 3508 from morphological investigations 

.· .. of d'e la Provostagel 

The calculated x-1;ay density is lo ?44 g/em2 as compared with 1. ?29 g/cm2 
,the value given by the Hand'oook of Chemistr:y and> Physicsp 194? edition • 

·There are four molecules in th.e unit cell~ OUr calculations indicate 
that there is insUfficient room for the t}l;Los\ilfate' group to freely rotate' 
thus the thiosulfate group is apparently fixed i.il the' crysta,l. .Work is 
presently in progress to complete the structure determination with the evalua-
tion of all of the atomic parameters. c 

1 F. de la Provostage 9 Comp Rend 13 8?3 (1841) 
Ann Chim Phys ( 3) ~ 358 ( 1841 ) o 
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The Crystal Structure of Thorium Nitrate 

D. H. Templeton and .Carol H. Dauben 
) 

The work done on this problem during the quarter has been reported 
in UCRL-1016. 
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Radiation Chemistry of Alcohols 

A. s. Newton and W. R. McDonnell 

Some results on the radiatio~ chemistry of ethanol have been given in 
the- previotis-~uarterly Report

9 
UCR~923. Preliminary results have now been 

obtaine-d on several other alcohols and some generalizations can now be drawn 
from the data. The results are sl.liJllTlarized _in Table I. 

At present even in favorable cases t;he oxidized products do not balance 
the reduced products so some oxidized products are apparently being missed. 
In the gas phase from every alcohol there is mass spectrometer evidence of 
severaT compounds- in low yield which cannot ·be accounted for by the spectra 
of ordinary compounds. --The only peroxide seen to date has been dimethyl 
peroxide and the only ether dimethyl ether 9 both from methanol. If peroxides 
and ethers are formed in higher alcohol bombardments their yields are small. 
This indicates a lack of reactivity of the H on the hydroxyl (except methanol 
case). 

From the ratio of H2 to methane it'is seen that as the alcohol becomes 
more branched» the lower is the yield of H2 and the higher than of methane. 
Ifwe couple this with-the glycol results in which non-adjacent glycols have 
ii.ot beeil-observed 9 it follows that the hydrogen on the C to which the hydroxyl 

.Is attached must be especially susceptible to attack. In tertiary butanol no 
hydrogens are available at this point so the yield of methane is-enhanced. 

It is hoped that by careful distillation procedures some of the higher 
molecular weight materials can be identified. Even though the yield is small 
they will throw considerable light on the behavior of radicals in the liquid 
state. No evidence of large polymers has appeared and possibly these are not 
primary products in the bombardment of alcohols. 
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TABLE I 

Yields of Products from Alcohols 

(Yields in Molecules Product Formed/100 e.v.)""" 

Product/Alcohol Methanol Ethanol .n-Propanol I so- Tart= 
Propanol Butanol 

Total gases 4.5 2.8 3.03 ' 3.68 .· 2.11 
H2 3.60 2.03 1.96 1.61 0.;63 
co 0.34 0.081 0.28 0.051 <0.05 
CH4, 0.22 0.2'7 0.125 0.'78 0.'72 
C2H6 0.011 0~096 0.36 0.125 0.2'7 
C2fl4 0.086 0.12 0.031 0.06 
C2fl2 0.015 0.010 
C3H8 0.11 0.02 
C3Hs 0.04 0.105 
"Butanes" 0.005 
Acetaldehyde 0.201 
Isot>utane 0.14 
Acetone? 0.04 
Dimethyl ether· - ·· 0.113 
Dimethyl peroxide 0.005 
Acid (fl+) 0.021 0.019 0.024 0.00'7 0.,00'7 
H20 0.9'7 0.94 N.D. N.D. N.D. 
Formaldehyde lu58 0.34 0.6 None None 
Higher aldehydes None 1026 0.'7 o. '75 None 
Total• carbonyl None 1.67 1.4 1.85 1.4 
Ethylene glycol· 1.18 

OH OH 
Adjacent o:;C=C= 1.18 0.93 N.D •. 0.27 
CH20H residue 2.36 0.25 N.D. <0.03 N.D. 
RCHOH residue None 1.6 N.D. 0.16 N.D. 
R, 
R/COH residue None None N.D. 0.33 N.D. 
Non;,adjacent glycols None Small· N.D. VerySnall N.D. 
Totaiglycols 1.18 0.93 N.D. 0.2'7 N.D. 
Ketones Nqne Small Small 1.0 1.4 

N.D. = Not Determined. 

Glycol residues are shown by the aldehyde or ketone formed on periodic acid split­
~ 'ting. The yield is given for the residue in each case so the glycol would have 

half the yield if combined with a like residue. 
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B. Nuclear Properties and Transformations 

Light Isotopes of Zirconium and Their Product Nuclei 

G. D. O'Kelley and E. K. Hyde 

90-Minute zr87 • The end point of the zr87 positron· spectrum is 2.10 Mev 
(Fermi-Kurie plot) • A careful studY has been· made of the product nucla i from 
this isotope. zr87 ami ts no gamma-raysp but decays· to·· an· isomeric state of y87, 
which emits a very prominent 0.389 gamma-ray in addition to 8 gamma-rays from 1.07 
to 1. 76 Mev. The ground state of'· yf37 decays b·y pure electron capture to the 
isomer sr87m

9 
having a s ingre g8.rru:iia=ray 

9 
which we find to be 0. 394 Mev. Helmholzl 

previously measured this gamma-ray as 0.386 Mev. 

zr88 • Very little is known about this-isotope except that it is a long-lived 
electron capture isotopep with two co.tiversion lines observable on the beta-ray 
spectrometer corresponding to the K and L conversion of a 0.406 Mev gamma-ray. 
The half-life is about 200 days. · 

?8-hour zr89 0 This isotope emits positrons of o·~"910""Mev' and four gamma-rays. 
No electron capture is detected by absorption~ ana-all Auger electrons can be 
accounted for by the internal conyersion of the gamma-rays.·· The gamma-ray ener­
gies are 0.02? Mev, 0.396 Me.v 9 0.915 Mevp and 1.28 Mev. Atentative decay scheme 
is shown. in Fig. 1. 

0.92 

1.28 

0.39 

0.03 

Fig. 1 

Postulated Decay Scheme of zr89 
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Beta-Spectrum of p32. As a check on the energy calibration-of the beta-ray 
spectrometer~ a sample-of carrier-free·p32 was run. The beta energy obtained 
from a Fermi-Kurie plot ()f the data was 1. 685 ± 0 ~ 01 Mev. This value agrees very 
well with the recent values by Langer2 (1.689 ± 0.01 Mev) and Caldwell, et.al~ 
(1.684 Mev), although lower than Siegbabn' s value of 1. 712 Mev. Two samples 
were run in our investigatiori.f one source was only about 40 1J.gm/cm2 thick, while 
the other was about 0.12 mg/cm2 thick. Even after a correction for instrumental 
distortion was made according to the method of Primakoff and Owen, a distinctly 
non-iinear Fermi-Kurie-plot was obtained in the low energy regionA· The shape 

. of the Fermi=Kurie plot is· very similar to that obtained by Agnew:, and the 
momentum distribution at low energies seems to indicate

5
the same excess of 

electrons as that observed by Agnew and Warshaw, et .al, 

1Helmholtz, Phys, Rev. 60~ 415 (1941) • 
;Langer~ Phys. Rev, _76 641 {1949). , 

Caldwell, et .al., ISC-56, August, 1949 .• 
4Agnew, Phys. Rev. ?7, 655 (1950). 
5 --- . Agnew and Warshaw, et. al. , Phys. Rev. 80, 288 ( 1950) • 

( 

I 
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Report on Investigation of· Alpha Activity in the Rare Earth Elements 

J. o. Rasmussen 9 s. G. Thompson 9 A. Ghi9rso 9 and G. T. Seaborg 
. - -

The long-lived artificial alpha activity previously found in gadolinium 
fractiom has had assignment confirmed by further bombardments and chemical 
separations using a comoination of sodium amalgam reduction separations and 
cation·exchange column separations. Its alpha particle energy has been .measur­
ed a~ 3.21 ± 0.03 Mev by the differential pulse analyzer. Since a sample 
of this activity has shown no detectable decay in one year? we can set a low­
er limit on the half-life of this isotope at about 25 years. 

Fig. 1 shows a graph of relative yield-·of this 3.21 Mev alpha activity 
as a function of energy of alpha particl~s bombardi.og isot_opic sml47 (81.6 
percent). The reaction threshold of about 30 Mev and steep rise must almost 
certainly correspond toan (a,.3n) reaction. Seep for example the (a 9 2n) and 
(a 9 3n) excitation curves,for bismuthl and for indium2 •. An (a

9
3.D.).reaction on 

the main target material 9 Sml47 9 yields Qdl48. From sml44 (present to 1.10 
p~rcent in this sample) the. {a 9 3n) ·reaction yields GQ.l45. The fact that this 
3.2 Mev ·alpha activity has been produced in good yield by bombardment of 
europium (stable masses _151

9 
153) with 50 Mev protons would seem to rule out 

the assignment to Gdl45
9 

as the threshold of the Eul5l(p
9
7n)Gdl45 reaction 

must certainly be greater than 50, Mev. We liave 
9 

therefore, assigned this 
3.21 Mev alpha activity to Gdl48. This isotope has 84 neutrons 9 just two 
in excess of the stable shell of' 82. 

A small amount of' alpha activity ·of 2
0 
9 Mev· energy has recently been 

observed in europiumproduced by bombardment of isotopic sm.l4'7 by 10 Mev 
protons and chemicaily separated on a cation exchange column. The half-life 
of' this activity has not yet been determined with certainty9 but it is of the 
order of two months. The principal mode of decay of this activity must 
certainly be orbital electron capture. Mass assignment and deter~nation of 
branching ratio between alpha decay and electron capture will be attempted. 

The isotopically separated sa.rilarium with which these experiments 
were carried out was made available by the Oak Ridge Isotope Research and 
Production Division • 

1E.L.Kelly and E.Segre 9 "Some Excitation Functions of Bismuth 9 " Phys. Rev.· 
759 999 (1949) 

2'G':"M.Temmer9 "Excitation Functions for (a9 n)
9 

(a
9
2n) 9 and (a

9
3n) Reactions 

on Indium9 " Phys. Rev. 76 424 {1949). 
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Nuclear Spectroscopy: Decay Scheme of 21-hour Np236 

G. D. O'Kelley and D. A. Orth 

It was ~ossible to separate strong soUrces-of Np236 from deuteron­
irradiated u23 targets. The samples for use iri the beta ray spectrometer 
were evaporated from a drop-of concentrated hydrochloric acid solution on a 
Tygon film about 30 ~g/cm2 thick. 

Auger electrons, inter.Ilal conversion electrons, and beta particles were 
observed in the beta ray spectrometer. The beta spectrum is complex, and 
resolution of Fermi-Kui'ie plots·_of the data indicate beta energies of 0.51 and 

·0.36 Mev. A very prominent pair-of conversion lines corresponding to the K and 
L conversion.of a 0.150 Mev g8Jrun.8. ray are also seeri. H0wever, an estimate of 
the L-Auger intensities indicates far too-many L::..vacancies to be associated 
with the inter.Ilal conversion of-the 0.150 Mev gainma ray, even correcting for 
the 4.4 day Np234·electron capture isotope which was present in smaller amount. 
Careful absorption experiments are in agreement with the decay sche.QJ.e shown in 
Fig. 1, in which the excess Auger electrons and x-rays are attributed to 
electron capture in Np236. These data are in good agreement with the predic­
tions that Np236 should electron capture _as well as emit ~- particles. 

Conversion lines from 4.4 day Np234 were also seen, and appear to fit 
a decay scheme as showrCin-Fi'g. -2. The--K ?,nd L conversion lines from the 0.803 
Mev ganuna ray were the most prominent of the Np234 lines: while the others 
were very weak. 
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Fig. 1 

Decay Scheme of Np236 
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Fig. 2 

Proposed Decay Scheme of Np234 
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Specific Activity of u235 

,E. H~ Fleming 9 Jr., A. Ghiorso, and .B. B. Cunningham 
; 

Known weights of enriched u235 have been electrodeposited quantitatively 
onto platinum and the samples- coUn.ted, in order to determine accurately the 
specific activity 9f this nuclide. 

In order to remove counting yield uncertainties involved in the use of 
the usual 2 n counters, two low geometry chaJnbers have been constructed, such 
that only alpha particles emitted at an angle .greater than 45° above the hori­
zontal are counted. One chamber yields·· a coUn.ting rate of about 16 percent of 
that detected in a 2 n counter; the other, about 0.0026 percent. 

The second chamber mentionedwas designed for calibrating the first, by 
counting a sample containing aoout 4 x 105 alpha disintegrations in each. 
Uranium 234 is used for this purpose, along with tr238 to make up sample mass. 
The geometry of the second chamber is calculated to within 0.1 percent, permit­
ting an accurate calibration for the first. 

A single set of counts to date indicates .a specific activity for u2!35 
of 4.68 disintegrations/minute/microgram!l corresponding to a half-life of 7.21 
x: 108 yr. We believe ·the probable error of this determination to be less than 
± 2 percent. . . .. 
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Naturally Occurring Plutonium 

c. A. Levine and .G. T. Seaborg 

We have continued the in:vestigation of naturally occurring plutonium. 
Seven minerals have been subjected to chemiealtreatlil.ents designed to isolate 
any plutonium present., The results from four of. these minerals (the pitch­
blendes and Brazilian monazites) have been reported ih previous Quarterly Reports. 

,Table I gives a summary of the amounts of plutonium present in the ores. 
- . ~ -

No isotope of plutonium~ other than Pu239n was detectable in the plu­
tonium fraction It appears reasonable that the Pu239 was formed by (n

9 
Y) 

reactions on u2.~. Approximate calculations have been made which indicate that 
_the concentration of plutonium found is reasonable if the total neutrons avail­
able from spontaneous fission~ from (a;n) reactions tc\lcing place in the ore 9 

and from cosmic rays are konsidered. 

In the eases of tl1e pitchbl~.p.des 9 . neutrons. made availabl§l by spontaneous 
fission of uran.i-pm and by :th,e (a n) .reac~ion.s on light elements in the ore 
contribute the major portion of :the, n,e:utrons. The number of neutrons contri­

··buted oy :cosinie<.~:ra:ys~ .. saem,;':i'f3lativeiy ,;f3llght~ . 

The fact that the Pu239 to ura.D.itilil ratios in the monazite sands are 
approximately equal to the ratios in pitchblende'S is probably fortuitous. Again, 
approximate calculations can be made which indicate the relative importance of 
each source of neutrons in forming Pu239~ In ~he cases of the monazite ores, 
(a 9 n) reactions caused by the alpha particles of the natural radioactive elements 
impinging on nuclei of-the ligb.t·ele.inents are the most important source of neu­
trons. Spontaneous fission.of the thorium and uranium present gives rise to 
a lesser amount of neutrons 9 and again

9 
the cosmic ray contribution is relatively 

.small • ··'· 

A search w~s made for plutonium in fergusonite and carnotite in order 
to test the hypothesis that· the· Pii239 was fonned .by (n

9
. T) reactions on u238. The 

potassium and vanadium in carnotite and. the tantalum in fergusonite are elements 
with high neutron absorption cross sections~. These elements would be expected 
to capture a. large share ot the neutrons available

9 
thus decreasing the Pu239 

to uranium ratio. No Pu239 was seen in either of the samples and only· upper limits 
for the ratio could be set. In the ease of the carnotite 9 this upper limit is 
a factor of ten; to thirty below the ratios found in.the pitehblendes and monazites. 
In the ease of tl1e f'ergusonite~ due to background activity the upper limit for 
the Pu239/uranium ratio is the same order of magnitude as the ratio in the pitch­
blendes and monazites investigated. With larger samples of fergusonite 9 a bet­
ter limit could be set. A complete report on this investigation is being· issued 
as UCRL=l025. 



Pi tchblendas ~ 

Canadian,(l3o5%U) 
Belgian Congo {38% U) 
Colorado (50% U) ' 

Monazites~ 

Brazilian (0 0 24% U) 
N. Carolina. (1 0 64% U) 

Fergusonite~ 

Colorado (0 0 25% U) 

Carnotite 

Colorado ( 10% U) 

TABLE I 

SUmmary of Results 

Pu239Jore 

<4 · x lo=l4 
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Pu239/uranium 

? 1 x 1o-12 
12.0 x 1o=l2 

7• 7 X 10-12 
0 . 

8.3 X 10=12 

3 s x 10=12 
0 
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The Half=life and the Radiations from cm241 

G. H. Higgins and K. Street Jr. 

Several bombardments of Pu239 wl th helhuri. ions of various energies have 
been made and a curium fraction chemically- separateao Pulse analysis of the 
counting samples o"btained when ~"~~ 38 Mev bombarding particles were used showed 
the alpha energies of cm240 (6.26 Mev) 9 cm242 (6

0
08 Mev) 9 and a group at 

50 89 ± 0
0
03 Mev. Bombardments at 26-28 Mev produced activities of cm242 and 

the 50 89 alpha groupo The half=life of this group as determined by subsequent 
pulse analyses was "'3? days. 

The same samples were followed for decay_oh a windowless proportiona~ 
counter which counted the Auger electrons and the half-lives of cm242 (~ 162 
days) cm240 (26

0
8 days) 9 and an activity of N34 days-were found. The samples 

bombarded at lower energies have not fully decayed but the initial half-life 
is >35 days and <50 days.indicatingiittle 27-day cm240. 

On these bases-tl:ie--35:!: 2-day activity is assigned.to Cm241. The EC/a. 
branching ratiowas dete-rmined to be approximately- 20 fro.in the assumed ~ounting 
efficiency of 0.3 for the windowless proportional counter. Assumption of equal 
yield for the production of cm242 and cm241-at 26 Mev bombardment and compari­
son of the total alpha disintegration of each isotope yields the same ratio. 
The calculated alpha half~life is two years which is' not unreasonable for a 
curium isotope emitting particles of this energy: since the decay should be some­
what forbidden in view of the even~odd character'of Cm~41. Since an energy of 
6.0=6.2 Mev is expected for the ground state alpha transition of cm241 on the 
basis of the systematics of alpha radioactivity

9
. -the 5

0
89 Mev alpha group is 

thought~ to be a fine structure group.- There may be a second- alpha group of 
.6 0 0=6.2 Mev which was not observed i.ri these experiments but its abundance .inust 
be less than the 5.89 Mev group or its decay would have be.en noted in the cm242 
pulse analysis peak. It seems likely that ~he previously reported half-life 
(55 days) of cm241 was in error. · 
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~ass Spectrograph 

F. L. Reynolds 

During this period the mass spectrograph has-been largely employed 
as shown in Table I for .the determination' o:f the abundance ratios o:f heavy 
element samples submitted by other members o:f the laboratory and by one out­
side research group. 

In addition to the above the spectrograph was used to separate and col~ 
lect small amounts {lo-12 grams) o:f the Cm isotopesp cm242, cm243 and cm244. 

TABLE I .... .. ,_. 

Sample Mas.s 

% % % % % % % 
238 239 240 241 242 243 244 

Special Canadian Pu 93.60 5.84 0.58 <.014 
Chalk River ± .18 ±.16 ±.o5 

Pu C. R. No. 1 62.9 11.'7 1~60 .07 24.0 
Am c. R. No. 1 95.1 / 1.09 3.76 
Pu c. R. - L. A. 63.6 9.62 1.07 0.10 25.6 
Cm C. R. - L. A. 95.75 2.15 2.02 
Pu Crane No. 1 95.6 4.08 0.23 . <.02 ,;, 

Pu Crane No. 3 98.55 1.37 0.09 



Co Experimental and Service Chemical Work Related 

t.o the Physics Research Program. 

Identification of Short Lived Products Produced by a's on Lead 

R. i~ Leininger and Noel Spiess 

Three a activities have been obseried following-the bombardment of 
-lead 208 by a~ s from the siXty irich cyelotron-.1 Chemical identification of 
these activities has been completed and more precise values of the half-lives 
determined. 

l The 0.52 second activity has been observed in the Po fraction when 
the Po211 daughter of At2ll was quickly-separated from the parent material. 
This is the first known direct determination of the half life of Ace~ and 
indicates a factor of.lOO error in Gaiger-Nuttall for this activity. 

Separation was achieved by flashing a dull red heat electrically to a 
Pt strip on which At had been deposited. Under these conditions At evaporates 
while Po femains on-the Pt. Less than l/2 second elapsed between separation 
and the start of c ountingo 

2. The 25 second act.ivi ty was shown to. be a Po isotope by deposition 
onto silver from 2 molar HCl. The _procedure used as adapted from one described 
by Meinke.2 ·on the basis of excitation functions and bombardment of separated 
isotopes we have tentatively assign:ed the 25 second activity to Po2ll. 

3. The 2 0 17 minute activity has been identified as Bi2ll (Ac C) and is 
formed presumably by an a;p reaction on Pb208. The process used for chemi­
cal separation was as. follows~ 

(a) 100 mg PbC03 was bombarded for thirty ·seconds by 40 Mev av s 
then dissolved in 2 drops of 8 M HN03 containing orie mg of Bi 9 6 drops of cone. 
HN03 were then added and the solution evaporated until lead nitrate precipitated • 

. · '' . ···.··· 

{lJ) The supernatant from (a) was decanted in a 3 ml cone contain­
ing 4 drops of cone. ammonia and ~ne ml of distilled water. 

(c) To the above solution two drops of a one percent solution of 
"thlonal1d" were added to precipitate the- bis!lii.lth. 

(d) After centrifuging the tube-was.rinsed with 2 drops of acetone 
to remove excess water. The precipitate was then dissolved in two drops of hot 
acetone. and transf'ered to a Pt plate 9 dried arid then flamed: 

This procedure was completed in four minutes and gave a yield in excess, 
of fifty percent. The separation from lead was good but from Po was poor. 

. Since two of these activities have been assigned to the same isotope of 
polonium it is necessary to clarify the situation. We consider the 25 M 
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activity to be due to the ground state of Po211 and the 0)52 second activity 
to be an isomer. 

The K capture branching which occurs in the decay scheme of Astatine 
211 goes to Polonium 211. Branching between the two possible Po211 states 
might be expected and we have looked for it using the. method of Section 1. 
Under the conditions cif our expe-riment we observed no branching but could. 
have r:esolved one part in one· thousand. 

1 . -N. Spiess, Physics Quarterly Report» UCRL..;.896 
2w.Meinke

9 
Chemical Procedures Used in Bombardment Work at Berkeley» UCRL-432 0 
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Special Services 

R. F. Leininger 

The crystal program has been continued but hf!.S suffered. minor set­
backs due to impure stilbene. 
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B. M. Tolbert 

Synthetic ana Experimental Chemistry 

M. Calvin~ B. Tolbert» P. Adams 9 R;, Bartsch 9 R. Bonner, A. Fry, T. Geissman, 
s. Ikeda 9 D. Kritchevsky, R. Noller, R. Ostwald and R. Zeitschel. 

Synthesis of Compounds. During the past quarter the· following synthetic pre­
parations have been undertaken. The radioactive scale of the reaction is 
indicated by the amount of starting activity and the yield, based on starting 
Bacl4o3, if known yet, is also given. Most of the reactions were done on a 
10-20 mmole scale • 

. IUgh Specific Activity Preparations. Sodium bicarbonate in isotonic 
solution (lOme~, quantitative); sodlUm.valerate-l~cl4 (55 me., 9'7 p~rcent 
yield); sodium propionate-l~cl~ (4'7 me., 9'7 percent yield);methyl-cl4 iodide 
(86 me., 5'7~68 percent yield); propyl~l-Cl4 iodide (4'7 mc.i ?4 percent yield); 
isobutyl=l-cl4 iodide (15 me., 59 percent yield);·amyl-1-C 4 b'romide (45 me., 
33 percent yield) sodiu.iiJ. acetate-2-cl4 (6'7 me.; 40~4 percent yield); sodium 
isovalerate-2-cl4 (15-mc., 33 percent yield); sodium octanoate=l-cl4 {2 me., 
94

4
4 percent yield); choline-methyl~cl4 chloride-(12 mc.);_acety~choline-methyl­

cl chlo:t>ide (12 me.); cyclohexanone-2-Cl4 (40 me., 45 percent y1eld); valine­
l-cl4 (30 me. 

9 
51 percent- yield} succinic-2-cl4 acid (10 me., 30 percent yield); 

cup~ous cyanide-cl4 (10-m~ .. ~~ 65 '{:)er~ent yie~d) ; · a-naphthoic-carboxyl-cl4 acid 
(4 me.); l-naphthaleneacetic-a-cl4 acid (2 me.); glycol-1,2-c24 (0.1 me., 24 
percent yield, 0.2 mmole scale) benzoic-carboxyl-cl4 acid (25 me.) 

Low Activity Preparations andComp~s Under Study. Valine-4,4 9 -C~4 , 
norvaline-3-cl4 norleucine~3-cl4, leucine-3-cl4, n~butyl-l-cl4 iodide, iso­
propyl-methyl-C~4 iodide,*isobutyl.:.l-:-cl4 iodide, aspartic-Y-cl4 acid, aspartic­
~-cl4 acid and vinylacetic-l~cl4 acid. 

Distribution of Labeled Compounds. The following list of compounds has been 
offered for distribution to the Isoto~es Division. The approximate yields are 
indicated in parentheses~ Butyl-1-cl bromide (50.percent); amyl-l-cl4 bromide 
(50 percent); isoamyl-l-cl4 bromide (60 percent); isobutyl-l-cl4 iodide ( 60 
percent); isocarproic-2-cl4 acid (30 percent); isobutyric-l;..,cl4 acid ( 95 percent); 
isovaleric-l-cl4 acid (94 percent); norleucine-3-cl4 {40 percent); norvaline-
3-cl4. (40 parcent); aspartic-Y-cl4 acid {50 percent); aspartic-~-cl4 acid (30 
percent). 

The following compoUnds have been scheduled for preparation in, coopera­
tion with the Division of Animal Husb~mdry of the University of California at 
Davis for the project of Prof. Max Kleiber on the studies of metabolism of cows: 
Sodium n-valerate-l~cl4 (11 me.); sodium n-caproate-l-cl4 (11 me.); sodium 
n-valera~e-2-cl4 (30 me.); sodium n-caproate-2-cl4 (30 me); sodium isobutyrate­
l=cl4 (11 me.); sodium isovalerate-l-cl4 (11 me.); aspartic-Y-c14 acid (20 me.); 
aspartic-~-cl4 acid {30 me.}; leucine-3-cl4 (50 me.); norleucine=3~cl4 (25 me.). 
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cl4=labeled Antihistamini·c Drugs. The synthesis of several antispasmodic 
(ant ihistE!lD.inie} drugs has been u.ridertakeri for- the study of the mechanism 
of physiological actiori ari.d the rate of-these coinpouhds in the organism. The 
drugs being prepared are benadryl~ pyriberi.z8.mine 9 · and a representative of a 
group of structurally closely related drugs known to be· inactive in pharmocologi­
cal tests. Preparations of the necessary intermediates have been carried out, 
and the high activity preparation of benzoic acid labeled in the carboxyl 
group 9 which is the starting material for this work, is now being undertaken. 

Synthesis of Glycol-1,2-c24 • A solution ·of 21.5 mg. of oxalic acid-l 9 2-C~4 
in 10.3 ml of dry ether was found to contain 3.0 x 107 dis./min. Excess 
diazomethane was added and the solution was concentrated to 5-ml. Excess 
freshly prepared lithium- alwninum hydride solution was added and the reaction 
was continued in a sealed tube for- 20 hours at :LOoo·c-. After cooling the solu­
tion was acidified with lN sulfuric acid to pH 4.8 and the ether was evapora­
ted. The insoluble residue was f~rther extracted with water to give a volume 
of 17 ml. The extract was made alkaline ail.d distilled in vacuo to give an 
aqueous solution of glycol-1 9 2-C~~- • 

The product and its activity was assayed as follows: To 1.0 ml of the 
distillate was added 5 mg of glycol earrie'i'~ in 3 m1 of water. Periodic acid 
(1!!, 250 i\.) was added. This is- a 25 percent excess. After standing three 
hours at 2ooc the solution was completely d1stilled and excess dimedon reagent 
added. The precipitate was recrystallized and its specific activity deter­
mined to be 105 x 104 dis/min/mg of-- formaldimedon. · From this result it is 
calculated that 1.? x 10? dis/min of glycol ware obtained which represents a 
57 percent yield, 

Isopropyl-1 9 3-c24 Iodide. _In_ previous quarterly reports we have described 
the attempted preparation of labeled isopropyl iodide by condensation of 
methylmagnesium iodide with acetaldehyde. Although. this process is capable 
of giving fairly-satisfactory yields the results are _somewhat erratic and it 
has been found that the method is not_ satisfactory to use for high activity 
preparations. 

As a consequence and since this product was still needed, a different 
method was developed for the prep~rat ion df this important synthetic inter­
mediate, as follows~ 

( 

Copper chrom~te 

The overall yield for this process is ?5-80 percent based on the sodium acetate 
used. 
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In the procedure the bariUm: acetate is converted to ac.eton,e by prolysis 
at 450°0. The acetone is then transferred iri t.oto to a hydrogenation bomb · 
and there reduced at 2500 psi.of' hydrogen and l5ooc over copper chromite. The 
alcohol thus formed is 9 without further purif'ication9 treated with red phosphorus 
and iodine in the presence of' excess water. At:L analysis of' the product on a low 
activity run is underway to determine the exact purity. 

Valine=4 0 4G=0~4 • As was noted in the previous paragraph the isopropyl alcohol 
produced was converted to the iodide~ This halide was chosen because the 
yields on this step are much higher than in the conversion of' the alcohol to 
the bromide which wa:s carried out previously. However

9 
it was necessary to · 

re=establish that the iodide was capable of giving satisfactory condensation 
with ethyl acetamidomalonate in the preparation of labeled valine. Preliminary 
runs on this reaction indicated that a condensation yield of 65-?5 percent could 
be obtained. · 

Hydrolysis and decarboxylation of-the product and purification of the 
resulting amino acid by a: fractional elution from a Dowex 50 ion exchange resin 
column with 0.2 N hydrochlorid acid indicated that besides the valine and 
glycine (which comes from the excess acetariddomalonate) there ·were three other 
amino acids present

9 
namely9 an unknown

9 
-alanine and a-aminobutyric acid. 

Further investigation as to the source of these amino acids 9 either as contami~ 
nants from the halide or· as by=products of-·the condensation

9 
is underway. 

However 9 the isolation of pure valine by the chosen method of purification was 
satisfactory. 

Norvaline-3=014
9 norleucine~3-o14 and leuciri.e-3=014. In the last quarterly 

report a successful novel·method for preparing alcohols and halides from fatty 
acids was described •. Since these halides could be prepared in good yield the 

·synthesis of a series of three=labeled amino acids from these intermediates 
has been investigated. 

Norvaline-3=cl4. Low activity preparations of this amino acid were 
made by the condensation of n=propyl=l-ol4 iodide with ethyl acetamidomalonic 
ester followed by hydrolysis and decarboxylation of the resulting condensation 
product by reflu.Xfng the material with 48 percent HBr for ?2 hours. The 
purification of the mixture of amino acids formed in this process (valine 9 

glyc:i.ne»·· and traces of impurities) was carried out aga~n by fractional elution 
of the materials from a DJWex:50ion exchange resin column with 0.2 N hydro­
chloric acid. This purification was followed by a high vacuum sublimation 
The yield of pure norvaline in a preliminary warm run was approximately 60 per­
cent based upon the halide used as starting material, A high specific activity 
run is in progress. 

Norleuc~ne=3~cl4. Preliminaty runs on the synthesis of this amino acid 
by the condensation of n=butyl-l:.;,ol4 iodide and ethyl· acetamidomalonic ester 
have shown that satisfactory condensation yields can be obtained. In this 
case

9 
fractional elution from an ion exchange column is not necessary for puri~ 

fication since this amino acid is sufficiently insoluble in water that re­
crystallization gives good separation of the product from the accompanying 
glycine and small amounts of other amino aci~s. 
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Leucine=3=cl4. The synthesis of this material from isobutyl-l-cl4 
bromide is currently being studied. 

l-Naphthaleneacetic=a..:.cl4- Acid. About- 4 me of naphthoic-carboxyl-cl4 acid 
was prepared by carbonating the Grigilard reagent from 1-naphthyl bromide with 
an undetermined quantity of cl4o2 recovered-fi•om some high specific activity 
preparations. After carbonation of the Grignard

9 
the complex was decomposed 

with water and dilute acid and the ether solution separated. The aqueous 
solution was extracted twice with ether and the combined ether solution _ 
extracted with sodium carbonate solution. Acidification of the basic solution 
gave the desired acid 9 562 mg. Of this material about 390 mg was reduced to 
the carbinol by dropping an ether solution of the acid into a solution of o.a g 
(0.021 mole) of lithium aluminum hydride in ether. The complex was decomposed 
with water and dilute acid and the carbinol extracted with ether. Bromination 
of the carbinol was accomplished by passing HEr into the ether solution of the 
carbinol. Two layers beg~ to separate as soon as- the HBr gas was added. The 
upper layer was separated 9 dried over anhydrous potassium c~rbonate~ and ~he 
bulk of the ether distilled. 

To the ether solution 10 ml of ethanol was added and the rest of the 
ether evaporated 9 then an additional 5 ml of 8lcohol 9 5 ml of water and 425 
mg (0.006 mole) of potassium cyanide were added~ a crystal of potassium iodide 
was dropped into the solution and the material refluxed-overnight. The solu­
tion was extracted with ether9 the ether evaporated 9 and the residual material 
refluxed overnight with 1 g of potassium hydroxide in 10 ml of water. The 
reaction mixture turned brown

9 
and tarry material was deposited on the sides 

of the flask (probably due to decarboxylation or the 1-naphthaleneacetic acid 
under these conditions). . 

Extraction with ether 'and re-extraction of the_ naphthaleneacetic acid 
from the ether-with aqueous sodium carbonate gave the desired l=naphthalene­
acetic-a-cl4 acid~ The material was crystallized from hot water. Three 
fractions were obtained~ (1) 24.6 mg 09 m.P. -130=131 °; (2t s.o mgq m.P. 
129 0 5=131°; {3) 91. "rmg. 9 moP. 128;;,;129° 9 mother liquorsi 13o 9 mg. The first 
two fract:l.ons were obtained as light needles and the third as small 9 shiny 
platelets. The literature gives 1310 and 129° as the melting point for this 
acid. Assay for specific activity of both the naphthoic=l=Cl4 acid and of the 
l-naphthaleneacetic=a=cl4 acid is in progress. It is expected that t~e final 
specific activity will be in the range 4=5 i.J.C/mg. 

Low Activity c14 Samples •. In the last quarterly report the problem-of the 
analysis of low a©tivity cl4 samples was introduced. It was pointed -out that 
when 100 p.c of a labeled compo~d 9 forinstance glycine 9 isgiven to a human 
being a large part of the samples obtainable have a specific activity of 2 
dis/min/mg of Bacl4o3 or less. At preseiit

9 
these are being analyzed onan 

ionization chamber set up that was developed some years ago. This unit is 
now being improved and expanded. A modified and simplified series of -vacuum 
lines for filling the chambers- has been installed. · Several modified styles of 
ionization chambers have been constructed and are as yet being tested. 

We have found that glass chambers coated with gold on the inside are 
unsatisfactory for our work because of the high alpha background, presumably 
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from the glass. Brass chambersv which are in current use, are much better, 
although they still produce about 1=3 alphas per minute in a 100 cc chamber. 
Silver plating of these chambers does not materially reduce~ the alpha 
frequency~ The most satisfactory chamber in this respect that we have thus 
far produced is an iron chamber which has one alpha for about every 5-10 
minutes. 

Even more serious than the alpha background in measuring low activity 
samples are the electrical characteristics of the insulator. Polystyrene 
and metal-to-glass seals are not satisfactory as the settling time for such 
chambers may be from a period of several hours to indefinitely. We have been 
using teflon insulators and have recently tried using a sapphire insulator 
chamber (courtesy of Applied Physics Corp. 

9 
Pasadena) • Our present data 

indicate· that these two insulator materials are comparable as far as settling 
time is concernedv but more work is being done on this project. 

To measure low activity breath samples a system has been set up which 
is capable of separating from the breath the co2 produced by the body and in 
purifying and filling an ionization chamber to a·given pressure with this 
C02. At present v this series of. steps is being carried out very laboriously 
by first collecting the breath in rubber balloons» absorbing the co2 in 
alkali 9 precipitating it as BaC039 drying, weighing9 and then aliquoting the 
sample of this BaC03 9 converting it back to C02 and thence to fill an ion-
ization chamber. 

In the modified set up which has been built the breath is first passed 
through a water~cooled condenser which removes part of the water9 and then the 
breath is passed through a spiral-sintered disk trap cooled-with liquid nitro­
gen. This separates all the C02 and water· in the breath from the remaining, 
non=condensible gases. The water=C02 mixture is then passed through a spiral­
sintered disk trap cooled in a Dry Ice~acetone bath. This removes the water 
from the co2 and the ·purified C02 is collected in a trap system from which 
it may be expanded. to fill an ionization chamber~ The ionization chambers 
being used for this work have a capacity of about 540 cc and this requires 
some 5=10 minutes of breathing. 

Isotope Effect in the Decomposition ofOxalic Acid. The ionization chamber 
measurement-of the bariUJ!l carbonate activity produced.fromthe co2 .and CO 
from the decomposition of oxalic acid in sulfuric acid has not previously 
given satisfactory precision to enable significant conclusions to be drawn 
concerning the effect of c4anging the temperature of decomposition on the iso­
tope effect. The ionization chamber measurements have been modified and 
standardized so as to obtain satisfactory precision in measurements made at a 
single temperature {loooc) and it is hoped that these same methods will make 
a satisfatetory determination of the effect of temperature variation on iso­
tope effect. 

Isotope Effect in the Decarboxylation of Substituted Malonic Acids. The 
initial rapid co2 evolution. upon acidification of sodium a~naphthyL'Ilalonate. 
previously noted has been studied in more detail and found to be due to 
the presence of sodium carbonate produced in the hydrolysis of diethyl 
a=naphthylmaionateo This has led to a study of the hydrolysis of the ester 
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in an attempt to find conditions such that the basic carbonate split does 
not occur. In aqueous alcoholic. sodium hydroxide the hydrolysis to the half' 
ester proceeds rapidly followed by a slower hydrolysis of' the second ester 
group. The hydrolysis of' the second ester group fits the rate law 
d (half' ester)/dt = =-k (half ·aster) (oH-) very satisfactorily. For hydrolysis 
at "'23°0 in 82.5 percent- alcoho)., k = 2~35/moles hr. and ~dr 44·cpe~.ce.rit_:.:alcohol 
k = 1.0?/moles hr~ In all cases of' basic hydrolysis carbonate is formed, in · 
amounts increasing with the concentration of' base used and ranging up to 50 
percent of' theoretical-~ The hydrolysis becoines too slow to be practical at 
low enough base concentrations to decrease the carbonate '!3:i?lit to a satis­
factory value. 

The "hydrolysis" of' diethyl ii~naphthylmalonate in absolute ethanol has 
also been studied in the hope that the ester would undergo the carbonate split 
exclusively, but to date only about 80 percent of' the theoretical carbonate 
has been obtained. In this case, .the reaction follows the rate law _ 
d(ester)/dt = =k {ester) with k = 0.0'10 hr=l.· -Acid hydrolysis at low tempera­
ture (0°0) has proven to be too slow to be practical. Acid hydrolysis at higher 
temperatures is being studied

9 
but the upper temperature is limited by the 

temperature at which dec:arboxylat ion of the free acid becomes important, and 
there is reason to believe that ~his is not far from room temperature. 

'· 
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Biological Chemistry 

M. Calvin9 E. Bennett 9 J. Campbell 9 L~ Daus, s. Ikeda, M. Kirk, 
D. Kritchevsky9 B. Krueckel, M. Lazarus and B. Tolbert 

Metabolism of Labeled Puriri.es.- -During the period covered by this report, 
studies have been made of the metabolism of guanine-4-cl4 and 8-azaguanine-
4~cl4 in normal c.-.:57 strain male mice. - Experiments have als-o been made to 
determine possible effects 8-azaguanine may have on the metabolism of 
guanine-4-cl4. 

8=Azaguanine-4-cl4 • · s:..Azaguanirie was·- inj acted intra peri tone ally in 
a o. 9 percent sodium bicarbonate solution and the mice were sacrificed 2 and 
24 hours later. The liverlr k1dneys 9 spleen, stomach, and intestines, and the 
remainder of the carcass excluding hide and hair were removed, frozen 
ii!ll!lBdiately in liquid nitrogen and subsequently extracted with cold 10 percent 
TCA (TCA = trichloracetic acid) 9 then not 10 percent TCA, and-finally dissolved 
in sodium hydroxide.-- After ether extraction of the TCA extracts,- direct . 
plates were made of the aqueous solutions to determine the radioactivity in 
the fractions obtained. 

The carbon dioxide ootained from the breath after administration of 
8-azaguanine-4-cl4 did not contain sufficient activity to be determined with 
the Nucleometer, i.e·.~- less -than 2 dis/min/mg BaC03~ It therefore can be 
concluded that an insignificant portion of-the C-4 of azaguanine is metabolized 
to carbon dioxide ·or to compounds which in turn are readily converted to car­
bon dioxide. Essentially all of the activity injected was found in the urine 
(either that which had been excreted orthat in the bladder at the time' of 
sacrifice) even after as short a time as two hours. 

After two hours 9 approximately 3 percent of the injected activity was 
found in the cold TCA extract of the stomach and intestines, 1 to 1-1/2 per­
cent in the liver

9 
and lesser-amqUn.ts: inthe other- organs .(carcass value not 

obtained}. The hot TCA extracts contained less than- 10 percent of the activity 
of the cold TCA extracts. The sodium hydroxide extracts did not contain 
appreciable amounts of radioactivity. -

Attar· 24 hours 9 cold TCA extracts-of the liver9 stomach and intestines 
and carcass all coiitainea 0.1 to o.3 percent of the injected radioactivity. 
The hot TeA extracts contained comparable amounts of activity. 

Guanine-4-cl4. Guanine-4=cl4 has been injected as a suspension in 
saline and gum arabic. Some of this material remains unabsorbed after two 
hours. The·refore, in later experiments in which this compound has been used 
all organs were rinsed in 0.9 percent sodium chloride after removal from the 
animal in order to remove any particles 6f gtianine on the surface of the 
organs. However, due to the. nature of the-guanine suspensions, more variability 
is to be expected in the experiments with. guanine, particUlarly those of short­
er duration. The percentages-of the radioactivity from the inject~d guanine 
which was found in various organs from several· experiments ·are shown in the 
Table I. No significant amount of radioactivity was found in the carbon dioxide 
of the breath. 
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TABLE I 

Percentage of Injected-- Guanine ·Found in Various Fractions 
2? 6 and 24 hours .after Intraperitoneal Injection of 1.5 t·o 
2.0 .mg of Guanine Hydrochloride Hydrate- (6 to 7 lJ.C) as a 

Suspension in Gum Arabic-Saline. 

Time Sacrificed 
.JU'-ter Injection 

(Hours) 2 6 24 

Number of EXperiments 4 3 4 

Fraction 

Urine 50-70% 45;..70% 75-90% 
Blood 1~3 o·:3-0.5 0.02-0.04 

Cold TCA extracts of: 

Kidney 0.3-0.7 0.15-0.2 0.04-0.07 
- Liver 1-2 1-2 0.;1-0.3 

Stomach and Intestines 7-10 10-15 1.2-5 
Carcass 10-20 10...:20 2-10 

Hot TCA extracts of: 
J 

Ki~ey o.o1-o.o3 0.01-0~02 o.ol-O.o3 
Liver 0.2-0.3 0.3-0.4 0.2-0.5 
Stomach and Intestines 1-2 0.3-0.4 0.5-0.6 
Carcass 0.2-0.3 0.2-0.4 0.2-0.5 
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The urine contained the radioactivity alril.ost entirely as allantoin 
(Rf = 0030 in butanol-propionic acid-water; Rr guanine= 0 0 42) detected on 
paper via a mercuric sulfide test. Constant specific activity was also ob­
tained with carrier recrystallization. A small. amount of a second radioactive 

.·component with a Rf of 0023 is also present. Nona of the guanine is elim­
inated unchangedo 

Influence of 8=azaguanine on guanlne=4-cl4· nietabol;i.smo Experiments 
have bean carried out to determine if 8-azaguanine has any effect on the meta­
bolism of guanine-4=Cl4o G'uanine.;,4:,.,cl4 (1

0
5 to 2

0
0 ing) and inactive aza­

guanine (1 0 5 to 200 ·.mg)were injeeted as-a suspension in gum arabic. It is 
not believed that significant differences in the amount of radioac'tivity found 
in the various fractions ·could be demonstrated two or six hours after injection 
due to rather wide variabilit-y in the results. However~ after 24 hours the 
results of two experiments which have been carried out ·indicate that 8-aza­
guanine may produce a significant-difference iri the amount of guanine-4-cl4 
incorporated into the hot TCA fraction (nucleic acid) of the liver, stomach 
and intestines and carcass of the C-57 mice used iri these experiments. In 
the case of the liverv only-15-25 percent-of the activity found present in 
.the hot TCA extract of the controls was found in the similar fraction of the 
mice injected with both compounds. For the carcass and for the stomach and 
intestines the corresponding percentages were 40-60 percent. This apparent 
inhibition of incorporation of guanine in normal C-5? mice is being checked 
by further modified experiments. 

The same excretion products are frund in the urine of animals injected 
·with guanine-4=Cl4 arid inactive azaguanirie as are found when only the former 

compound is injected; however, the amount of the minor component of Rf 0 0 23 
may be slightly larger. Apparently no major inhibition exists in the elimina­
tion cycle leading to allantoin from guanine. 

. . 

In Vivo Metabolism of Stilbamidine.· In continuation of the studies which 
have been carried out with the Medical PhYsics Group on the metabolism of 
stilbamidine-amid1ne=c24 in normal and.ttimorous "A" strain micev several 
experiments have been carried out using the centrifugal fractionation technique 
of Schneider and Hogebooml to determine some properties of the stilbamidine 
(or radioactive compounds from it} which are found in the liver several days 
after injection. 

Four days after administration of stilbamidinev the mice were sacrificed. 
The livers contained from 10=25 percent of the injected aetivityo The livers 
were homogenized in 0.88 M or 0

9
25 M sucrose·· and centrifuged at approximately 

2000 RPM in an ordinary centrifuge to separate the "nuclear" fraction. After 
repeated homogenization and centriguation~ .the supernatants ·were centrifuged 
at 10~000 RPM for 15-45 minutes in a Noo '40 r.otor of a .Spinco centrifuge to 
separate the "mitochondrial" fraction. The separation in 0 0 25 M sucrose was 
more 'satisfactory and will probably be used in the future. Approximately 75=85 
percent of the radioactivity was found i.ti the "mitochondrial" fractionp and 
most of the remainder of the activity was found in the "nuclear" fraction. 
Only a very small amount of the radioactivity was found in the supernatant from 
the "mitochondrial" fraction. · 
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In one series of e:X:J)erime!lts ·(two mice). succinic oxidase determin~ 
ations were· made of the fractions obtained by·the above procedure •.. This 
enzyme system is believed. to be associated with .mitochondria. It is .·felt 
that such determinations will give a measure of the proportion of the 
mitochondria in the "nuclear" fraction and thus enable one to determine if 
the major portion of the radioactivity remaining in this fraction is 
associated with the mitochondria or with another cellular component. Since 
the ratio of radioactivity/enzyme activity in each fraction was.approximately 
the same 9 it is believed that the major portion of the radioactivity present 
in the livers is either associated with the mitochondria or present as a 
particle of similar physical characteristics~ Further experiments are in 
progress to determine the nature of the radioactive compounds of the liver 
of stilbamidine-injected mice as well as studies of the radioactive compounds 
in the urine of such mice. 

In V.itro Metabolism of Labeled SodiUm Propionate. The study of the metabolism 
of labeled sodium propionate-incubated with liver slices has been continued. 
As a final step an attempt is- being made, to identify the one remaining major 
unknown radioactive compound appearing on chromatograms of metabolic products. 

A degradation of the uilknown activity with chromic acid gave labeled 
C02 and an equi-valent amount of labeled propionic acid and possibly some other · 
labeled material. The propionic acid was i.dentified as such by a comparison 
of titration curves and activity curves of a s.ilicic acid elution chromatogram 
in which carrier valerie a~id 9 butyric acid 9 propionic acid and acetic acid 
were present in carrier amounts. Wheri the propionic acid had been identified9 

it was degraded by the Schmidt reaction to co2 and ethylamine which were 
·counted for activity. ·Table II give.s result;s of the degradations. 

TABLE II 

Compound Injected Cr04 Oxidation Schmidt Degradation 
% of Activity in % of Activity in 
Unknown Propionic Acid 

co2 Propionate =COOH CI + f3 

Sodium propionate=l=cl4 20% 65% 92% 2 ± 5% 

Sodium propionate-2=cl4 6 ?7 0 ± 5 75 

The above results suggested CI=hydroxybutyric acid as a possible identity 
for the unknown. When. the uilknown activity was mixed with a carrier'· amount _ 
of this acid and chromatographed on sq.icic acid 9 the peak of the activity 
curve did not coincide with the peak of the titration curve and the ratio of 
activity to milliequalents was not nearly constant. 

To test for adjacent hydroxy groups the unknown was treated with 
periodic acid. In preliminary experiments 9 labeled lac·tic acid was used in 
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trace amounts with appropriate carriers present to give co2 ~ formic acid and 
an aldehydeo Rough ·rate determinations showed the trace of lactic acid was 
oxidized much slower than tartaric acid in macro amount 9 which9 in turn9 was 
oxidized slower than an a=glycol configuration woUld be. The unknown activity 
appeared to be oxidized even slower than trace amounts of lactic acid 9 thus 
eliminating the a=glycol structure as a possibilityo 

The degraded lactic acld in test runs gave quantitative activity 
balance with the carboxyl carbon going to C02 9 the a and j3 fragment going 
30 percent to acetaldehyde and 66 percent to acetic acid. The aldehyde was 
characterized by chromatography as the p=nitrophenylhydrazone derivative on a 
silicic acid=celite columnp the e.ctivity moving in a discreet band both with 
and without added carriero 

The unknown activity when degraded with periodic acid had at least 
8 percent of the activity left in the reaction vessel after two days at room 
temperature 9 9 percent was precipitated as BaC03~ and 9 percent was present 
in a fraction containing P=nitrophenylhydrazine and carrier propionaldehyde 
derivative of p-nitrophenylhydrazone. Fifty-five percent of the activity was 
present as a steam distillable acid which chromatographed on silicic acid as 
propionic acido The activity in the hydrazone fraction 9 when chromatographed 
on silicic acid-celite was the derivative of neither acetaldehyde nor pro­
pionaldehyde9 being more strongly adsorbed than either of theseo 

Work is continuing on the identification of this unknown compound or 
compoundso A further short investigation of the rate of oxidation of lactic 
acid in trace and macro amounts is also projectedo 

- -

Chicken Feeding Experimentso The method for isolating the various labeled 
components from eggs of a hen fed sodium acetate~l-cl4 has been worked out 
in some detail;- separation·-or unsaturated and saturated acids is still being 
studiedo Extraction of the dried yolk with alcohol=ether 3;1 leaves behind 
the extracted-yolk proteino The solvent is distilled and the residue taken 
up in petroleum ether; addition of acetone-plus a few drops of alcoholic 
magnesium chloride solution precipitates the phospholipidso The supernatant 
is concentrated~ dissolved in alcohol and saponified by five hour reflux with 
15 percent aqueo~s potassirim hydroxideo The solution is then acidified and 
the acids and cholesterol taken up in ether. 

-- -

.Efforts to separate the cholesterol from acids by chromatographic 
methods (using alumina or IRA=400 resin) showed that some esters were still 
presento This was shown by a carbonyl absorption band which was present in 
the infra~red spectrum of some of. th.e eluateo Inasmuch as more drastic methods 
are inadvisable at this stage of the separation9 the idea of more vigorous 
saponification at the initial stage was abandoned. The cholesterol can be 
precipitated from the original solution with digitonin~ and the acids remaining c 

will again be passed over a column of IRA=400 resina The neutral material 
will then be saponified more completely. 

From the aqueous portion of the saponification mixture the glycerol 
can be obtained by distilling the solution to drynessp extracting the salts 
with pyridine and treating the ~yridine solution with benzoyl chlorideo This 
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should give glycerol tr.ibenzoate. 

For separation of' the acids, chromatographic methods will be investigated. 

To date, all yolks have been extracted, and protein phospholipid and 
cholesterol (in varying amounts) have been obtained from each. None of' these 
fractions has been assayed for radioactivity. 

Paper Chromatography of Steroids.- The quest ion has arisen whether the Q.uil·on 
solution currently being used {2 percent Q.uilon and 2 percent neutralizing 
solution) is the most efficacious for paper chromatography experiments. To 
test this, a sheet of' paper was _prepared where a 4 percent solution of bo~h 
Q.uilon and neutralizer was used, and another using 2 percent Q.uilon with no 
neutralizer. Tritiated cholesterol was chromatographed on these papers as well 
as on paper prepared in the usual fashion. The ·solvent was methanol. The Rf 
found in the case of the 2 percent and the 4 percent papers was 0. 56 {as reported 
before); with the paper which had been prepared without neutralizer the Rf was 
0.61. In addition, a green zone was· observed about three-quarters of the way 
down the paper, as if' the Q.uilon had been washed down. It thus appears that 
the neutralizer is necessary. 

A number of steroids have been obtained from various sources and experi­
ments on the chromatography of some of these have begun. In all cases the com­
pounds were de.tected with a spray ·consisting of a saturated solution of iodine 
in petroleum ether. Rr values for the materials in various solution on 2 per­
cent Q.uilon treated paper are listed in the following Table III • 

. TABLE III 

Paper Chromatography of Steroids 

Compound EtOH/H20 8:2 EtOH/Ii20 '7:3 Dioxane EtOH CH30H 
'' 

1 0.96 1 0.99 0.9'7 0.'72;0.76;0.76 

2 0.93 0.95 0.'98 1 0.'72;0.'76 

3. 1 0.87 1 1 0.'74;0.80 

4 0.9'7 o.9o o. 96 1' 0.82;0.78 

Compounds: {1) Dehydroepiandrosterone; (2) drhydroepiandro­
sterone acetate; (3) testosterone; (4) testosterone acetate. 

Incorporation of Radioactivity from Sodium Isobutyrate-3-cl4. in the Rat. In 
order to obtain some unequivocal data concerning the incorporation of the 
radioac_tivity into steroids from rats fed soQ.ium isobutyrate-3-cl4 the homogenized 
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bodies of the three rats fed this material were- extract.ed)With alcohol-ether 
. 3:1. The separate f.ract ioD.s were s§l.ponified with potassiUm hydroxide and the 
cholesterol separated as the digitonide. -The digitonide was dissolved in 
pyridine and plated. The results are tabulated below in.Table IV: 

TABLE IV 

Rat Digitonide (gm) Mg plated Dis/min/mg Digitonide 

1 0.0482 009 160 

2 1.1086 1.,02 185 

3 0.1548 0.4'7 360 

The cholesterol will be separated from each of these and charac~erized before 
ariy effort is made to dilute it for subsequent work. 

Other Projects. In connection with various other groups of the University and 
the Radiation Laboratory a number of biological problems are being studied on 
a cooperative basis. These are listed below: 

2. 

3. 

4. 

6. 

8. 

The half-life of the red blood cell in man and in rats 
(with Donner Laboratory of Medical Physics). 

- --

The rate of body turnover of carbon when administered as glycine-2-cl4 
(with Donner Laboratory of Medical Phy~ics) ._ 

The incorporation of radioactivity from labeled lactic acid in virus 
(Department of Biochemistry and Virus Laboratory). 

The incorporation of labeled fatty acids-into milk by cows 
(with Division of Animal H'llsbandry; Da"(is; California). 

The tumover of carbon in cows 
(with ~iv~sio~ of Animal Husbandry?.-_ Davis; _California). 

The incorporation of simple radioactive compounds in sugar and the 
metab-olic pathway of sugar foxmation in diabetic and normal dogs 
(with Division of Physiology). 

The localization of stilbamidine in normal and neoplastic mice 
(with Donner Laboratory of ·Medical Physics). 

The chemical role of cholesterol in heart disease and body metabolism 
(with Donner Laboratory of Medical Physics). 

1schneider and Hogeboom, J. Biol. Chem., 172, 619 (1948). 
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Introductions The chemical proc~sses involved in the reduction of carbon 
dioxide to the numerous con-stituents of a green plant are amenable to investi­
gation with rad-foactive carbon dioxide. In view of the extremely high sensi­
tivity" of the methods for'detection of c14 compared to those involving gas 
pressure measurements the use of radiocarbon has greatly-accelerated our 
understanding of the reactions involved in photosynthesis. 

The prime reQuisite for such an investigation is a method for separa­
tion, identification and determination of the heretofore unidentified compounds 
involved in this seQuenc·e of reactions. The use of filter paper chromatography 
combined with radio chromatography has fulfilled these reQuirements to date. 

The study of the plant metabolism carried out in this laboratory may be 
divided into two categories. The most important is the study of the reactions 
involved during steady statephotosynthesis. In such experiments a normal 
photosynthesizing plant is given cl4o2 so that the conditions are not changed 
during the transit ion from normal isotope to radioisotope. The- second type 
of experiment involves abnormal conditions of photosynthesis such as that 
occurring with partially poisoned plants or under nonsteady state photosyn­
thesis. Typical examples of the last -type of experiments are those where 
large changes in carbon dioxide partial pressure occur or where illumination 
is changed or ceased during-or prior to the administration of-cl4o2• Correla­
tions of these experiments on abnormal systems has greatly increased our 
understanding of the normal processes. 

Chromatography of Phosphorylated Compounds. The intermediates of carbon re­
duction as involved in the conversion of carbon dioxide to free sucrose have 
been shown to be phosphorylated compounds. Whether any of the intermediates 
are unphosphorylated is open to QUestion. 

The two methods applied in this laboratory for the separation of phosphate 
esters are paper chromatography and strong base anion-exchange resin chromato­
graphy. The two methods are complimentary in that separation on filter paper 
is applicable for the separation of complex mixtures of compounds only in very 
small amounts. The uni=dimensional exchange resin separation may be applied 
to almost unlimited amounts of compounds. It has been possible to separate 
known mixtures of phosphate esters QUantitatively on exchange resins while in 
filter paper chromatography t'he adsorption on the paper gave- rise t 0 serious 
losses of radioactivity products. This irreversible adsorption has now been 
partially corrected by improved technl.Ques.' 

Experimental Procedure. The advantages of acidic solvents in the 
chromatography of acidic compounds such as phosphate esters have been previously 
demonstrated in th~s laboratory as well as in others. However, in solvents 
containing an alcohol and stronglyacidic carboxylic acids the rapid esterifica­
tion becomes serious. To effect the rapid movement of phosphate compounds, it 
has been found that filter paper washed with acidic solutions such as 0.1 percent 
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oxalic acid or Oo 1 percent ·oxan::c acid plus m2Po4 , followed by thorough 
water washing gives a paper with improved properties. The prewashing apparently 
saturates the impurities in the paper· and renders it somewhat acidic. 
Alkaline areas inthe paper are neutralized so that the acids being chromate­
graphed are not ionized arid hence disassociated. The Rr values of' acidic 
compounds are pH dependent since paper chromatographic properties of' a sub­
stance parallel its distribution constants. Hence

9 
the acidic compounds, 

notably phosphoglyceric acid and phosphoglycolic acid are found to move relatively 
farther on acidic paper than on neutral paper. 

By using such prewashed paper it has been possible to separate phos= 
phate.esters much better than previously done-and without the generally ob­
served streaking caused by adsorptiono -This technique has been applied to the 
separation of' p32=labeled co.inpoti.n.ds of' the alga, Scenedesmus. In this case 
many compounds not involved in sucrose synthesis are observed. 

Exchange Resin Chromatography.-·· Separation of' phosphoglyceric acid
9 

inorganic 
phosphate 9 fructose diphosphate and hexose monophosphates has been reported 
from this laboratory. Phosphcglycolic acid (CH20P03H2 ~ C02H) and phospho­
glyeric acid (CH20P03H2 - CHOH = C02fl) 9 because of' their similar chemical and 
physical properties

9 
are more difficult to separate by conventional methods. 

Elution of' this pair of' compounds has-been studied from Dowex A=2 resins and 
although the results are not yet certain it is felt that a separation will be 
possible. Natural phosphoglyc:olic: acid isolated· by paper chromatography from 
plant extracts after photosynthesis with cl4o2 and radiophosphate is being used 
for correlation with the properties of' the authentic materials. 

Hydrolysis of Phosphate Compounds. Although inorganic phosphate determinations 
have been widely used to determine the rate of' hydrolysis of' phosphate esters, 
the results are n~descriptive of' the identity or yields of' the organic pro­
ducts. The organic products of' acid and enzymatic hydrolysis of' the early 
phosphorylated intermediates of' photosynthesis are being studied in this labroa­
tory 9 primarily for the purpose of' the identification of' unknowns and the 
determination of' the sequence of' their synthesis. 

The phosphate esters separated or partially separated by chromatography 
on paper are eluted and heated in acid or incubated with a phosphatase prepara­
tion prepared from sprouted barley seedlings. Since· the phosphatase prepara­
tion contains all the constituents of' barley sprouts

9 
sufficient amounts of' 

glucose 9 fructose and the commonly occurring amino acids are readily detectable 
on resultant c:hromatogr~~ and aid _in identification of' the hydrolysis products. 
No enzymatic activity other than hydrolysis has been apparent. 

When the phosphate~eontaining compounds from chromatograms of' extracts 
of' cl4o2=fed algae 

9 
barley 

9 
sugar beet 

9 
soy :beE\.ll or Rhodospirillum rub rum 

(photosynthetic bacterium) were subjected to_such hydrolysis five major pro­
ducts are observed. The phosphates-from 60 second photosynthesis by soy bean 
leaves showed over i'ii''l;y different compounds in small amountso While some of' 
these may b~ breakdown products

9 
it is likely that most of' them represent the 

organic moieties of' phosphate esters. The major products of' such hydroly~is 
are the same in all ·plants studied. · 
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Identification and Seq_uenceof Compounds Formed in Steady State Photosynthesis. 
Earlier work of this laborato'ry reported that phosphoglyceric acid was followed 
by triose and hexose monophosphates which were identified by co=chromatography 
with authentic materials. These compounds have now been systematically identi­
fied by phosphatase hydrolysis. Five phosphorylated compounds have now been 
sufficiently separated by paper chromatography to give single hydrolysis pro­
ducts. These are phosphoglyceric acid~ pb.osphoglycolic acid 9 two different 
glucose monophosphates and an unknown diphosphate of a :·:sugar of lower molecular 
weight than hexose. Fructose monophosphate has been separated from all the 
other radioactive plant phosphates except one which appently is not that of a 
common hexose. Identification of these unknown compou.iids is in progress. 
It has been shown that the phosphorylated compounds of very short photosynthetic 
experiments (2 second and 4 second photosynthesis by barley leaves) include 
little or no radi.oactive glucose phosphates. As the time of photosynthesis 
increases~ the fraction of activity in glucose phosphates increases and finally 
exceeds that in other monophosphates by several fold. 

cl4=P32 Experiments, Scenedesmus suspensions have been allowed to grow 20 
hours in radiophosphate and c12o2. They were thenHwashed and given cl4o2 for 
one

9 
three and five minutes. The high specific activities obtainable in this 

way makes it possible to prepare radiograms rapidly and supply phosphates of 
known chromatographic properties for hydrolysis~ resin separations and co­
chromatography with authentic materials. 

. .. 

Coincidence of radioactive areas on p32 radiograms and cl4 radiograms 
(obtained after p32 decay) has been observed for those compounds with chromato­
graphic coordinates characteristic of phosphate esters. Enzymatic hydrolysis 
has given free sugars or acids and a corresponding amount of inorganic radio­
phosphate. 

A primary purpose for such doubly=labeled experiments 9 particularly 
those where the intermediates are saturated with both cl4 and p32 is the identi­
fication of unknown phosphates. Since the P/C ratio in such compounds is a 
simple number9 l.t is expected that such measurements will give added informa­
tion regarding the nature of phosphates of unknown compounds as well as that 
of unknown phosphates of known compounds. Preliminary experiments have been 
inconclusive since phosphorylated compounds 9 other than photosynthetic inter­
mediates" were not sufficiently well separated from the compounds under investi­
gation. · 

Periodate Degradation of Fructose. Radioactive fructose 9 obtained by paper 
chromatography from a soy bean leaf which ·had been allowed to photosynthesize 
for 60 seconds with cl4o2 gas according to previously described procedures, 
was degraded with periodic acid. Less than 0.5 mg fructose containing 17 9 000 
cts/min was eluted from paper chromatograms and added to 50 mg (0.4 millimoles) 
unlabeled calcium glycerate and the mixture dissolved in 0 0 5 ml H20o A solu-
tion of 1.0 N periodic acid (0.8 mJ.) was. added and the flask stoppered. After 
thirty minute's the contents of the flask were neutralized and the volatile 
contents distilled into a solution. of dimethyldihydroresorcinol at pH 7 from which 
upon acidification

9 
a precipitate of formaldimedon was obtained which was re­

crystallized and counted to give the radioactivity in formaldehyde fragments 
(carbon atoms one and six of fructose and the beta carbon from glyceric acid) o 
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. The residue from the distillation was treated with excess .(4 ml) periodic acid 
in a closed system and 9 after several hours, the volatile contents of the 
reaction flask were distilled int6 a solution of a carbonate-free NaOH. Barium 
carbonate was precipitated from this solution and the supernate acidified and 
steam-distilled, neutralized, ari.d concentrated to give-barium formate. The 
radioactivity in the barium carbonate is a measure of the labeling of carbon 
number two while the-barium formate radioactivity is derived from c3, c4 and c5. 
The results are listed in Table V. 

TABLE V 

Theoretical Specific Total % of 
Yield Activity Activity Total 

cl + c6 formaldimedon 117 mg 37.1 4,350 23.0 

c2 barium carbonate . 83. ~ -- 36.1 3,010 15.5 
(actual yield) 

c3, c4, c5 barium formate 45.4 26.1 11,800 61.5 

19,160 

starting activity 19,500 cts/min 

It can be assumed from work in this laboratory and others that the 
two halves of the hexose molecule are labelea·symmetrically. The cl4 i 
distribution is then: C1 == C6 == 11.5 percent; C2 == C5 == 15.5 percent; and 
c3 ::: c4 ::: 23 percent. 

Identification of Phosphoglycolic Acid.· This hitherto unreported compound has 
been obseried in radiograill.s of c14o2 photosynthesis by Scenedesmus, sugar 
beet leaves, barley leaves and soy bean leaves. Its chromatographic properties 
are almost identical to those of its homologue phosphoglyceric acid. Its Rf 
in phenol is the same as that of the latter while its Rf in butanol-acetic or 
propionic acid solvents is only s!ightly greater. · 

This compound lias .been hydrolyzed to give cl4_labeled glycolic aci~ which 
was identified by co~c'tiromatography with authentic glycolic acid. Since t·he 
amounts of natural phosphoglycolic acid isolated are small (ca. l0-5 M in plant 
tissue), it has been found advisable to add carrier glycolic acid to prevent 
!~volatilization during chromatography. Identification using ion exchange 
resin elution with synthetic phosphoglycolic acid is in progress. 

Radio Materials Feeding Experiments. Ethanol-2-cl4 Feeding Experiments. One 
possible explanation for the large accumulation of labeled glycolic acid when . 
photosynthesis is performed in 5 percent ethanol solutions as described.below,~ 
is preferential metabolism of- ethanol as a c2 substrate. This was tested by 
allowing Scenedesmus to photosynthesize in solutions containing 5 percent 

·. 
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ethanol-2-c14 • In two experiments witli ethanol- containing 0.1 tJ.c/mg the amount 
of cl4 fixed in insoluble or non-volatile products was negligible compared to 
the rate of photosynthe,s•is. --The radiograms were observed to show fixation in 
several compounds including malic acid. 

Glycol-1,2-cl4 Feeding Experiments. Since a symmetrical c 2 intermediate 
has been postulated as a precursor to the 02 carbon- dioxide acceptor, glycol-
1,2-cl4 ·was tested~ Radioacti'lfe glycol wasnotappreciably-assimilated when 
Scenedesmus suspensions were-illuminated for periods as long as 30 minutes 
in the. presence or _absence of~ carbon dioxide. 

Influence of Ethanol. Temperature and pH on 1?hotosYn.thesis. Effect of Ethanol. 
Two minutes of photosynthesis at 10

9
000 foot candles, Scenedesmus. 

Ethanol, already diluted, was added to the algae and allowed one minute 
to penetrate into the cells before injection of NaHcl4o3. 

The fixation 9 total arid soluble, and the fixation in glycolic and 
glyceric acid are given in Table VI.- -~he ·acti_vity 'in the' ·other,_­
compounds showed no striking ei'f'ects. The relatively enormous, increase in 
glycolic and glyceric may result from the blocking of an enzyme or from 
p~rticipation of the ethanol in the metabolism, or both. 

TABLE VI 

Effect of Ethanol on Photosynthesis:-- Scenedesmus. 2 min., at 
10,000 foot _candle light 

--- -····· 

Counts/min/gram cells 
% Ethanol 0 ~ • 10 20 

cl4o2 assimilated 

Total 1,200,000 SOQ,OOO 1'75,000 75,000 

Solubles 700,000 430,000 90,000 -
Glycolic acid 3,300 22,000 10,000 -
Glyceric acid 5,000 8,000 1,400 -

Effect of Temperature. _ sc'enedesmus,: Two minute Photosynthesis at 
1200 foot candles. 

In order to avoid adaptation phenomena, the algae, preilluminated at 
25°0, were brought up to the temperature of the experiment in about one 
minute and at once given NaHcl4o3 fora two-minute photosynthesis period. 
The temperature was kept constant with:i.n--±--0-~500 during photosynthesis. The 
main results are shown in Table VII and in Fig. 1 •. 
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TABLE VII 

Effect on Temperature on Photosynthesis: 
Scenedesmus; 2 min. at 1200 foot'candles 

25 32 37 40 42 44 

Total 1870 2550 2200 1050 570 250 

Solubles 1500 2060 1580 860 550 250 

The maximum for total assimilation is at 32°C; the chromatograms ~ould 
place it nearer 37°C. · At any rate;-·the C02 atmosphere was not controlled and 
that throws doubt upon the significance of the exact position of that maximum. 

Fig. 1 shows the absolute activities in the various compounds over that 
temperature range~ Before the assimilation· dies out at about 45oc, there 
is an enormous increase-in the sucrose and some in the aspartic. It is felt 
that these effects may be due to a piling up of these intermediates behind 
heat denatured enzymes connected with the synthesis of polysaccharides and 
proteins. Surprisingly9 if one plots the logarithms of the activities against 
the inverse absolute temperatures 9 one obtains straight lines. It may be pos­
sible to interpret some of the processes by a study of their temperature 
coefficients. The slopes correspond to the following activation energies: 

Suqrose (25 -· 3?00). 
Sucrose "(40 - 44oc) 
Phosphates {25 ~ 37°0) 
Phosphates (40 - 440C) 
Aspartic/malic (32 - 4400) 

E = + 55 k cal/mole 
E = - 150 k cal/mole 
E = - 6 k cal/mole 
E = - 100 k cal/mole 
E = + 28 k cal/mole 

The ones a~ove 100 ~ cal may be associated with the energies of activa­
tion of the heat denaturation of enzymet;~p which would account for the nega­
tive signs. The + 55 and + 28 could be either activation energies or heats 

, of reactions corresponding to shifts of equilibria in the more or less steady 
state. 

pH Effects. Furtlier study of the pH effects· indicates that they are 
strongly influenced by the I'ig!lt intensity. Uil.f'ortunately

9 
a third, sti~l. 

uncontrolled factor is the C02 concentration during p~otosynthesis. Some 
idea of the interconnection between pH and light intensity can be had from 
examination of Fig. 2, 

The maximum seems to shift from low to high pH as the intensity increases. 
The one genera1 trend that shows up clearly under all' conditions is that the 
fixation into free sucrose is always favored .by acid media and fixation into 
malic acid by alkaline media. The data indicates that malic has a secondary. 
optimum at pH 4. That would agree with Ochoa's latest resultsl that the 
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enzyme catalyzing pyruvate + co2 + TPN fe~ . 'Malate-+ TPN
0 

• works above 
pH 7, whereas that which catalyzes the ass1m1lat1on through oxa!acetate works 
best at pH 4.5. 

Localization of the Radioactive Products in the Cell. Conditions: Spinach, 
2 min. Photosynth~sis 15 9 000 f.c. 

The spinach was-froze.ii-and ground in liqUid nitrogen. lt was felt that 
separation of the fractions through-centrifugation allowed too much time for a 
possible redistribution of the products accol:'ding to their solubilities. 
Insteadp they were separated in about 30 seconds by simultaneous filtration 
with water in series through 8 layers of cheese cloth and a paper filter. The 
cheese cloth contained the empty broken cells and some unbroken ones, the 
paper filter mostly the chloroplasts 9 ana the filtrate was a reasonably color­
less sap. Another half of that powder was kept whole- and extracted as usual to 
serve as a control. 

Most of the water=soluble compounds 'were found in all three fractions, 
although in different percentages. The.fats were found exclusively in the 
chloropla~ts and the phosphates exclusively in the cell fragments retained by 
the cheese clothp from where the water had failed to extract them,' possibly 
because they were retained by the cell walls. This suggests that the failure 
of mixtures of chloroplasts and sap to fix cl4o2 may be due to the fact that 
in such experiments, the cell wall_s are usually discarded as mere empty bags, 
Table VIII gives an estimate·of the compositions of the three fractions. 

TABLE VIII 

Spinach, 2 Min. Photosynthesis 

Labeled 
Comp·ound Chloroplasts Sap Walls 

Phosphates o% O% 12% 

Fats 38 0 0 

Sucrose 43 40 60 

Others 19 60 28 

1ochoa~ Nature~ 1659 675 (1950). 
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II QUARTERLY PROGRESS REPORT. Project 48B 

We Me Latimer, Director 

A. Metals and High Temperature Thermodynamics 

Le-A. Bromley, G. Elliott, R~ Edwards 
Norman Leroy, James Robbers, Donald Hanson 

Heat Transfer -in Forced. Convection· Film- :Boiling. The equipment has been 
modified by the exchange of the carbon tube for a graphite tube, which is used 
as a resistance heater. The graphite tube provides a more uniform temperature 
distribution around the tube than the carbon tube. ·The data has been retaken 
for the heat transfer coefficients :f'or the filJri boiling of ethyl alcohol with 
liquid velocities up to 10 ft./sec. A theory has been proposed to explain 
th~ heat transfer coefficients in this type of boiling. It irtcludes_a develop­
.m.ent for det·ermining the correct temperature at which each of the physical 

·_properties of the film should be evaluated, 

Liquid Metal Systems. - The high~ temperature x-ray investigation of the 
Na-U-Bi ternary' system has shown that" solid phase in equilibrium with the 
liquid at the composition Na 246 u. 041Bi.?l3 and at 38lOC was the same as 
the unidentified phase reported in the previous Quarterly Report UC_RL-923. 
This phase has been identified· as the intermetallic coumpound UBi2e The 
essentially pure phase has been prepared by reacting the required proportions 
of 200 mesh UBi and Bi in a' sealed degassed quartz. capillary. The reaction 
time was about 4 days at about 500°C iri order to reach completion. Good x­
ray filmS for the UBi2-have been obtained and should enable the structure of 
UBi2 to be further elucidated. 

Report UCR1•68? has been issued. This-report described an apparatus 
for maintEl.ining inert gas "dry=box" workirig chambers free ·from oxygen' and 
water vapors. ·The dry-box gas is circulated over streams of liquid sodium, 
which are supplied by a pump, and whi_ch pass over a contacting tray. Included 
are calculations to show that with this apparatus an atmosphere may be obtained 
and maintained whose reactivity is less than the best vacuums obtainable in 
which similar manipulations may be accomplished. 

Gaseous Hydroxides Species of Mo and We No conclusive results have been ob­
tained. This work has continued at a reduced rate due to the need for repairs 
on laboratory equipmente 
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B. Basic Chemistry, including Metal Chelates 
I 

) 

R. E. Connick, z. z. Hugus, William Jolly, Frank Owings, Albin Zielen 

Germanium Chemistry. The free energy, heat and entropy of sublimation of 
Gei4 as functions of temperature have been determined. 

22 9 700 = 10 T 
22 9 700 + 10 T ln T = 103 T 
93 = 23 log T 

Work is now in progress on measurements of the equilibrium: 

2 Gei2(s) = Ge(s) + Gei4(g). 

Also 9 the heat of solution of Gei4 in water is being measured. 

When completep the above data are to be used, aiong with other data, 
in evaluating the aqueous oxidation potentials of germanium. 

The Polymerization of Aqueous ·zirconium. This is a new inve·stigation that 
will continue the work initiated by Connick and Reas (AECD~2491) on the poly­
mer formation of Zr(IV) "polymers--in ·HCI04 solutions. However this study 
will use as its principal tool the aqueous equilibrium between Zr(IV) and 
its first TTA complex: 

zr+4 + HK = ZrK+3 + H+ 

The previous work employed a benzeneo..water system and a study of the ext.rac­
tion coefficient of.Zr(IV) ari.d its TTAchelate. It is hoped that the method 
to be employed in the present investigation will yield more accurate results. 

Experimental work to date has been limited to purification and prepara­
tion of reagents. Crude .. Zr0Cl2 was purified and obtai.Iled.as ZrOCl2·8H20 
by a series of crystallizations from HCl solutions. This was converted into 
a Zr(Cl04) 4 solution by ftiming with concentrat~d HClo4• Crude TTA has been 
purified by crystallizations from n-hexane· solutions, but the product so ob­
tained is still not of the desired purity as indicated by unsatisfactory 
melting points. 

Thermodynamics of Rhenium. The cell Hg/HgO/Ba(OH)2·8H20(satvd)/BaMn04/MnO~Pt 
has been measured using various preparations of Mn02(pyrolusite) and BaMn.04. 
The potentials were measured over a period of several weeks and ·in general 
achieved constancy for a· given· cell after the first week. The results of _ 
different cells are erratic, however, and lead to a valu~ of the w~o2 - Mn04-
potential, E~ of =0.66 v., this is surely too negative and indicates that Mn04 = 
would be extremely unsta.ble with respect to disproportionation into Mno2 and 
Mno4= in basic solution. This is, of course, in contrast to the observed be-
havior. · 
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It is felt that the explanation for the erroneous potential probably 
is that the Mn02 is undergoing a transition to a form more stable than our 
reference form, pyrolusite. A report of this work is being prepared. 

Measurements o:r: "t;lJ.e:'e:ellsg Hg/HgO/KOH(\m) / KRe04(m)/Re02/Ptcare··near:l..rig 
e.ompletton ·and a ·:report• of- this. work w:ill be 'made shortly. · 

Pure Re03 has been prepared by the reaction of CO and Re20? and by the 
reaction of C02and Re02. The preparations are of a purity suitable for use 
in determining the heat of the R,e03 = Re04 = couple. 

Electron Exchange Rate Between Fe2+ and Fe3+. The ion-exchange resin method 
of effecting ·a change in the ratio» (Fe3+)/(Fe2+) =·R

9 
has been applied at two 

lower iron concentrations 9 but_ maintaining (HCl04) constant at 0.4 Mas before. 

For approximately equal ferric and ·ferrous concentrations of 5 x 1o-4M, 
and 10 seconds exposure to the resin, R changed from 1.1 to 0.26. This result 
together with the measured change in spe.cific radioactivity of the solution, 
~as used to calculate a, th~ fraction of co~plete e:icchan~e- occurring in the 
1nterval of time t between 1ntroduction of the active Fe + and exposure to 
the resin. For t_ = 35 ± 10 secs 9 a = o.s. Assuming the half .... time for com­
plete exchange is about 45 seconds, as repo;rted by Dodson, this correspon,ds 
to about 20 percent induced exchange ,in tli.e_ resin·method. 

In order to decrease the relative uncertainty in the time, the experiment 
was repeated with a two-fold dilution in the iron concentration. The change 
in R was very small,.only from 1.3 to 0.?6, and fort= 45 ± 10 sees~ a= 1.24. 
This error in this result-· is greater than that predicted by statistical error 
theory. A possible explanation is that partial oxidation of Fe2+ is o~curring 
in the filtering procedure. An experimental check showed that, indeed, upwards 
of 10 percent of the Fe2+ was oxidized in this step. 

A n~w filtering apparatus has been designed and built to eliminate this 
difficulty9 by isolating the solution from contact with stopcock grease, and 
allowing the process to be carried out under an atmosphere of nitrogen. In 
addition, the sintered glass filter itself is being extensively--treated to 
remove any possible oxidizing agents which might be causing the difficulty •. 

I..MB/1--=1o::51 
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