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I QUARTERLY PROGRESS REPORTo Project 4S 

Aa. Chemistry of' the Rs~..,Earth and A~tinide Elements 

Go To Seaborg and Io Perlman 

~stal StruDtures of Rare Earth Q;r~hlorides 

Do Ho Templeton and Carol Ho Dauben 

Oxychlorides of the rare earth elements have been examined by x=ra.y 
diffraeti.ono From lanthanum to erbium9 the structure is like that of PbFCl9 
the lattice parameters of the tetragonal unit cell are given in the following 
tableo · 

I.aOOl 

CeOOl 
PrCX::l 

NdOCl 

SmCX::l 
EuOCl 
GdOOl 
TbOOl 
DyOCl 
HoOOl 
ErOOl 
YOCl 

4oll9 ± Oa002 
{4ol21 ± OoOOJ)a 
4oOSO ± Oo004 
4o051 ± Oo002 

(4o053 ± OoOOJ)b 
4o01S ± Oo002 

(4o04 ± OoOJ)b 
J.,9S2 ± OoOOl 
.Jc.965 ± Oo004 
Jo950 ± Oo002 
3o919 ± OoOOS 
3a911 ± OoOOJ 
JoS96 ± Oo004 

. 3c.S9 ± .Oo02 
Jo90.3 ± 0;,002 
(3~900± Oo002)b 

6aSS.3 ± Oo004 
(6oSS5 ± Oo009)a 
6oS31 ± Oo007 
.6'oS10 ± Oo006 b 
(6aS9S ± Oo009) 
. 6o 7~2 ± Oo004b 
{6o 77 ± Oo04). 
6o721 ± Oo002 
6o695 ±Oo007 
6o672 ± Oo004 
6o634 ± Oo015 

. 6o620 ± Oo006 
6o600 ± OoOlO 
6o60. ±·Oc.06 
6o597 ± OoOOJ.. b 

(6o6o4 ± Oo004) 

a So Fried~ Fo Hagema.nn9 and Wo Ho Za~hariasen9 
Jo Amo Chemo S6co :1,2, 9 . 771 (1950) corrected to 

· true 1l. · · · 

b Wo Ho Zachariasen9 Acta Crysto~9 JSS {1949) 
corrected to true R o · . 

The oxychloride of erbium is d.imorphi~ .9 and its second structure is; 
the same as those of TmOCl.? Yb001 9 , and LuOClo This strooture has not yet been 
determined a 
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Be Nuclear Properties and Transformations 

Go. S.~;a,borg and Io Perlman 

Tantalum Spa!lation and Fission 

Wo Eo Nervik 

UCRL=-1878 

Cross sections {in mb) of isotopes separated from 8 mil tantalum 
targets bombarded by 340 Mev protons are as followsg 

Ni65 

Ni66 

Cu64 

Cu67 

Ga72 

. 73 
Ga 

As76 

As77 

Sr91 

Rul05 

Oo038 

Oo017 

Oo057 

0 .. 048 

Oo062 

{0 .. 033) 

Oo033 

Oo022 

Oo016 

Oo0033 

0 .. 069 

Oo055 

Oo065 

0 .. 056 

Oo0.3.3 

Oo014 

Oo067 

Oo059 

In addition to these el~ments 9 the Hf-Zr fractions have been isolated 
from the main body of spallation and fission fragments and separated from each 
other using a Dowex 50 ion exchange column and lE H2SO~ as the eluting agento 
The technique seems to be a promising. one for the separation of a small amount 
of zirconium activity from a large amount of hafnium9 although neither set of 
decay curves has been followed long,enoug~ for accurate resolution to be madeo 

Inspection of cross sections ob~ined thus far with 340 Mev protons 
on tantalum indicate that in the fission region the cross sections·do not vary 
a great deal$ having values of approximately. 0.;050 mb in the region of symmet-= 
rical fission~ an~0decreasing to values of approximately 0 .. 004 mb for isotopes 
like Rul05 and .Pd 9o 

Although the purest tantalum foil~obt~inable is being used in the 
tantalum bombardments~ an attempt is being made to purify these foils still 
furthero The purification process involves placing the 4 x 8 inch x 2 mil 
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tantalum sheet in a large vacuum chamber9 evacuatin~ the chamber to appr~x~= 
mately 10=6 mm of Hg_y and heating the fqil to 26500 C to allow all impur~t~es 
to diffuse out., Since niobium is the most likely impurity)) it is advisable to 
maintain this temperature above the melting point of niobium in order that the 
diffusion time be kept to a minimum., The vacuum and power apparatus has been 
.completed and the first foils will be run in the near future., 

' I~ a previous report it was mentioned that cross sections for the 
reaction cub.3ll o5 (340 Mev p)cll were probably in error due to slight carbon 
impurities in the copper targets., Since that time a sheet of extremely hi.gh 
purity copper foil has been obtained and the cross section remeasured., A 
cross section of 0.,017 mb has been obtained f~r 340 Mev protons., while a 
bombardment at 50 Mev indicates that the carbon impurity in the copper is 
negligible (i.,eo~ less than 1 part per million)., 

SP!llation of Silver 

Per Kofstad 

Studies have been continued on the spallation of silver with 340 Mev 
protons., The following elements have been separatedg rhodimn9 ruthenium., 
molybdenum9 yttrium9 strontium9 selenium~ and zinc., Because of long lived 
isotopes, most of the decay curves have not been resolved and the data have 
not as yet been evaluated., 

Complex Alpha Spectra 

Frank Asaro 

The unreported ~uns made on the alpha particle spectrograph to date 
show the alpha complex structure and alpha particle energies given in Table I., 

Nuclide 
Alpha Particle 

Energy 

5o802 ± 0.,008 

5o 779 ± 0.,008 

·Table I 

Difference in Decay 
Energy Between The 
Given Alpha Group and 
the Most Energetic 
Alpha Group 

0 
41 ± 2 

0 
17o5 ± lo5 

205 ± 5 
250 ± 7 

Abundance 

80 percent 
20 ± 3 percent 

6 percent 
25 percent 
57 percent 
12 percent 



Nuclide 

u230 

Th226 

Alpha Particle 
Energy 

Table I 

Difference in Decay 
Energy Between The 
Given Alpha Group and 
the Most Energetic 
Al]2h:a Group 

0 
44 ± 2 
94 ± 3 

0 
58± J 

0 
70 ± 3 

0 
117 ± 4 

UCRL=l878 

Abundance 

83 ± 3 percent 
15 ± 3 percent 
2 ±. Oo 5 percent 

69 percent, 
31 ± 3 percent 

77 ± 2 percent 
23 ±2 percent 

78 ± 2 pereent 
22 ± 2 percent 

In our stUdy of even-even alpha emitters we have found no more than 
two alpha groups from one emittero The energy separation between these two 
groups is shown in an accompanying graph~ Figo 1.9 as a function of tb~6number of neutrons in the residual nucleuso The data on tf236, u238» and ~.. was 
t~ from alpha ele~~Son coincidence work of Dunlavey and Seaberg; and the 
Ra . » Ra2269 and Th · results are those of Rosenblum who used an alpha 
particle spectrographo One can observe from the graph that there is a general 
increase in separation for a given element as the number of neutrons is de= 
creasedo This is probably due to the presence of a closed shell at 126 
neutrons where one would expect the maximum separationo Actually from beta 
decay the first excited state of }'b208 (126 neutrons and 82 protons) is a.pprox= 
mately 2o5 Mev above the ground stateo 

Likewise as the atomic number is decreased the energy separation 
increases~ corresponding)) perhaps)) to a rise toward a maximum value at; t.h.(~ 
closed shell of 82 protonso Also)) as a general rule the abundances of the 
lower energy alpha groups are very close to what would be expected from alpha 
decay theory assuming the same forces operating~ with the proper energy depen= 
dence, as in the ground state transitiono 
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Soft Electro~netic Radiation f~om the Decay of Npf39 
~~. 

Ho Jaffe~ Co Io Browne» and Io Perlman . . ' 

A sample of uranium metal was irradiated in the Oak Ridge pile and 
Np239 was separated» mounted with Fe(OH)3 carrier~ and its low energy electro­
magnetic radiation was investigated with the crystal spectrometer., The pluto­
nium x-rays identified are listed in Table I., 

Table I 

Line Extrapolated 
(Pu x-raz~ Ener~ ~kev) EnerQ Intensity 

Ka.1 105 .. 6 ± 0 .. 5 103 .. 61 240 

Ka2 100 .. 0 ± Oo4 100 .. 02 110 

~ 18 .. 60 ± 0.,01 18 .. 52 7 

r.p1 18 .. 36 ± 0.,01 18.,27 100 

Lf'5 18.,02 ± 0.,03 17 .. 95 5 

Ly5 20.,75 ± 0.,03 20.,63 2 

Lyl 21 .. 50 ± 0.,02 21.33 37 

.Ly2. 21.,82 ± 0.,02 21 .. 70 5 

Ly3 22.,07 ;i: 0.,04 21 .. 97 5 

Ly6 22c.25 ± 0.,02 22 .. 13 10 

Ly4 22.,97 ± Oo04 22.,38 2 

tal 14.,33 ± OoOJ 14o23 36 

Ia2 14o~ ± Oo03 14 .. 08 6 

Lj32 17 .. 32 ± 0.,01 17 .. 25 24 

Lj34 17 .. 62 ± 0 .. 03 17 .. 56 6 
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The L x-ray energies listed in Column 3 were obtained b,y a Moseley 
extrapolation of the corresponding x~rays of thorium and uranium as reported b.1 
Seigbahna A similar extrapolation of the K x-rays gives 102a34 kev and 98a61 kev 
for the Pu Ka1 and Ka2, respectivelya However~ an extrapolation using the lead~ 
bismuth~ and thorium K lines gives the energies listed in the tableo This seems 
to indicate that the K x-rays of uranium as listed in Seigbahn are in erroro 
Observations of the U Ka1 and U Kaz from the decay of Pa233 substantiate this 
conclusiono 

The intensities in column four have been corrected for absorption in 
path~ reflectivity of the diffraction crystal 9 and self-absorption in the sourceo 

The observed quantum yield ratios areg 

Assuming the fluorescent yields as reported by Kinsey9 the ratio of 
the vacancies in the Lt and ~ shells isg 

Since the Ka2 x=rays give rise to ·re vacancies, the ratio of Ll and 
lQ vacancies due to conversion isg 

Lrgl:2=lglo 
Other electromagnetic radiations observed are listed in Table IIo 

Line 

Table II 

Energy (kev) 

6lo8.3 ± Oo.3 
57o60 ± Oo.3 
5.3o.36 ± Oo2 
52o0.3. ± Oo2 

Intensity 
(relative to L~1) 

27 

5 

Lines G.3 and G.l.. were of very low intensityo Either of these may be 
the second order reflect1on of the plutonium K x-rayso Conversion electrons 
corresponding to G1 and G2 have been observed in the decay of Np239 by 
Graham and Bellol 

lo Ro Lo Graham and Ro Eo Bell 9 Physo ReVo 8.3 9 222 (195l)o 
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Absorption Spectra of NdF3 

John ·a~ Conway·· 

Fourteen lines have been observed in the spectra of NdFJ at room 
temperature., The NdF3 was mounted in a cell consisting of two flat windows 
spaced by a 5 mil amalgamated lead washer.,* The cell is also filled with CS2 
whi.ch wets the f'l uoride and tends to. rna tch the index of refraction of the 
fluoride~ without cs2 it has been impossible to obtain spectra.. A cell of 
this type has been kept for over a month with no sign of evaporation of the 
CS;2o 

Beta Spectrum of Np238 

Thomas 0., Passell 

Both Np239 and Np238 have been run in the magnetic 9 double focusing 
beta ray spectrometer but only the data on the latter have been interpreted., 
Because of difficulties in calibrating the spectrometer, the data are subject 
to unusually large margins of uncertaintyo The results are indicated in Table 
Io . 

Radiation Energy. (Mev) . ± Error 

1 .. 23 ± 0 .. 02 
Oo24 ± Oo02 
OoOll ± Oo003 

·. Oo014 ± Oo002 
0.,019 ± Oo002 
0.,033 ± Oc,003 
Oo038 ± Oo004 
0.,074 ± 0.,005 
Oo077 ± 0.,004 
0.,082 ± Oo004 

·. Oo096 ± Oo004 
0.;854 ± 0 .. 003 

Table I 

Abundance (%) 

'34 
66 

Abundance with 
Respect to 

Soft Beta (%) 

go 50 
100 

10 .. -8 
5o6 

11.,8 

An attempt has been made to fit together a decay scheme for Np238 but 
with little success.. More accurate or at least more certain data will be re= 
quired befo~e this will be possibl~., 

' * This technique is ascribed to the Physical Division~ S~f.ord Research. Lab., 
American Cyanamide Company and has been described by l.ordp McDonald 9 'Miller, 
J., Optc. Soc., Am., 42.~> 149 {1952) .,· · 

·'' <' 
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Decay of the Long~Lived Bi210 Isomeric State to Po210 

Harris Bo Levy 

A sample of the long-lived isomeric state of Bi210 was purified of 
p0210 and then allowed to stand., After a sufficient length of time, the po210 
that had grown in was milked from the sample~ and the ratio of the rate of 
decay to po210 to the rate of alpha emission was determined., It was found 
that one nucleus decays to Po210 for every -350 that undergo alpha emission., 
Singe the half-life for alpha emission on the basis of indirect evidence is 
~10 years, this means a half=life for the decay to Po210 of =3o5 x 108 years., 

Since it is still uncertain as to whether this long-lived isomer of' 
Bi210 is an excited state of RaE or if the long-lived i.somer is itself the 
ground state, there exist two possible modes of decay to po210o In either 
case it should be energetically possible for direct beta decay to Po210 to 
take place., And, if the long-lived isomer is the excited state, there exists 
the additional possibility of it undergoing isomeric transition to RaE with 
subsequent beta decay of the RaE to Po210., 

The corresponding decay schemes would look something like the 
followingg 

and 
Long-lived state 

Bi210 
r-r---.......-...RaE 

IoTo{'?) 

Bi210 

isomer 

Let us suppose n~w that the Po210 found was the result p~incipally 
of direct beta decay., It is reasonably Gertain that the long-lived state lies 
close to RaE, so that the two beta decay energies will be almost the same., This 
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means a beta decay energy of =lo2 Mevo Combined with a half-life of ""3o5 x 108 

years, this would, mean a value of ""18 for the log fto for the beta decay of the 
long~lived stateo We might compare these figures with those for the beta decay 
of K40 which Nordheiml lists as having a beta energy of lo36 Mev, a half-life of 
4 x 108 years and a log fto value of l7o6o It is known that there is a spin 
change of 4 in the beta decay of K40o If we assume that the two decays are in 
the same class we might assign a spin change of 4 for the beta decay of the 
long=lived Bi2ioo Since a spin of 2 has been assigned to RaE, any transition 
between the long-lived state and RaE would involve a spin change of 2o Although 
the two states lie close togethes~ a transition with spin change of 2 should have 
a half-life IDUGh shorter than 10 yearso An isomeric transition from RaE to the 
long-lived Bi210 could be much shorter than 108 years and still have remained 
unobserved because of the rapid beta decay of RaE" whereas the same is not true 
for a transition from the long-lived Bi210 to RaEo Thus~ if we have here a case 
of direct beta deca.y1 it would seem that the long-lived Bi210 is actually the 
ground stateo 

However, if the Po210 that we see instead comes from the isomeric 
transition of the long=lived state to RaE followed by beta decay~ then the spin 
of tl?-e long-lived state would have to be much greater than 4 to account for the 
long half-life for i.someric transition and the then even longer half-life for 
direct beta decayo 

A combination of direct beta decay and isomeric transition to RaE of 
about the,same half'-lives seems lmlikely on the basis of similar considerations 
of spin changeso 

Pile Production Yieids of' Heavy Nuclides 

J~ Oo Rasmussen~ Jro 9 Jo Killeen~ Ro Jo Barrett9 and So Go Thompson 

A.program is being carried out using the University of California 
Radiatio~ Laborato~ differential analyzer to compute and plot directly the 
yields of n~lides in chains of successive neutron capture reactionso 

In Table I are the radiative capture and total absorption (capture 
plus fission) "pile neutron cross sections" used in the plotso 



Nuclide 

48 (pu238) 

49 (Pu2.39) 

40 (Pu240). 

41 (~41) 
.· ' ' .i-: \ 

42 (Pu242) 

4.3 (Pu243) 

51 (Am241) 

52 (AJJ(-42) 

52m (A~42m) 

(Anf24.3) 
.. 

53 

54 (An?-44) 

62 (Cm242) 

63 (c~243) 

64 (cnt244) 

-15·= 

Table I 

Pile Neutron·Cross Sections 

. Radiative Capt\:lr~. 
Cross Section 

(barns) 

420 

325 

410 

.307 

50 

150 (to 52) 
636 (to 52m) * 

2.!>000 

150 

23** 

0** 

10** 

.. .. 

Total Absorption 
Cross Section 

(barns) 

438 

50 

889 
889 

8.!>000 

150 

23** 

0** 

10** 

UCRL-1878 

Rad~oaetive 
Decay 

Half-Life 

92 yro a 

2o4 X lo4 yro a 

6.,6 x 10.3 yr., ·a 

5o0 X 10) yTo a 
14 yro ~ 

5 x 105 yr .. a 

5 hro ~ 

475 yTo a 

104 yro a 
80 yro ~ 

16 hro ~ 1 K 

lo4 yro a 

25 min .. ~ 

162 day a 

-40 yTo a 

-20 yro a 

* Since 52m decays by ratio o:( ~· g EG = 4 · g 1, effective cross section for 
prod'U.Ction o~ ?2 from 51 is 5$8 ba,rns and of 42 from 51» 148 barnso 

. . ' . 

** A~_smneci values, or· values bas.ed ,on assumptionso 

· A series ·of y;i.eld. curV-es ~~ve .been plotted against time for an assumed 
neutron flux of 5 x 101.4 cm=2 sec~-1;, Table II lists the series of curves that 
have beencompletedo The curves are calculated with the assumption that Pu243$) 
Am242m» and A'irl-44 are at saturation ·on account of their relatively short half-
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lives for radioactive decay and that Am242 is at saturation on account of its 
large total absorption cross sectio~o 

Initial 
Nuclide 

ru239 

Am241 

Pu238 

p}40 

Pu241 

Pu242 

crrf-42 

Table II 

Pile Yield Curves at Flux of 5 x 1014 cm-2 sec-1 

Chain Members for Which Yields are Plotted 

Pu238 II Pu240 II Pu241' Pt{-42' Arrf-41' Am242; Am243 II cnf-42' Cm244 

An(J.;;., Arril43, cnf-42, c-rrf44, p,_t238.9 pJ239 » Pu240, Ptf?41, Pu242 

Pu2.39, Ptf-40, pu241, p~42, Arrf-41, Alrf-43, crr?-42, crr?-44 

Pu238' P1?41' PTi42' Anf4l' Anf-43' cnf-42' cnf-44 

Pu.238, Pu242, Am241, Arrf?-43
11 

cm242
11 

crl-44 

Am243 » crrl-44 

Pu238' Pu239, PTf-40' ~41' Pu242 

These curves will be published soon in a University of California 
Radiation Laboratory reporto · 

Work is in progress on supplementary series of curves applicable for 
lower f}eutron fluxeso 

The Use of the Nucleomete..r Scaler and the Four Pi Chamber 
to Measure Electron Capture Radiations 

Dwight Conway and John Rasmussen 

We have undertaken a survey of the four pi type counter with reference 
to using it to investigate K capture., A picture of this counter may be found in 
the-pamphlet~ "Conference on Absolute Beta Counting~"l The high voltage wire was 
originally a 1 mil wire)) but after counting a sample of Am241, an alpha emitter.~> · 
in one chamber with 19 2, and 3 mil wires, it was decided to use a 2 mil wire so 
as. to include the whole alpha plateau in the range of the nucleometer (Fig~ l)o 
In this. and all following determinations of the counting, rate the counting gas is 
methane~ · 
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After changing wires it was desired to determine whether or not the 
counter was operating properly~ so a sample of sr90 in transient equilibrium 
w:ith y90 (Fig., 2) was vaporized onto a tygon film mounted on an aluminum ring., 
The sample· was counted in the four pi counter and the count corrected for co­
incidence and background~ and then the sample was counted in a Geiger-MUller 
counter with corrections for coincidence~ background~ air absorption, and 
geometry., A Bureau· of Standards sample of RaD plus. E corrected for. air absorp= 
tion.!i backscattering, ·self-absorption,!) coincidence, and background was used to 
calibrate the G-M geometry., It was thus determined that the four pi counter has 
100 ± 4 percent counting yield for beta decay., The major uncertainties were , 
introduced in (1) BUreau of Standards sample, ± 3 percent and (2) self-scattering, 
± 2 percent (Fig .. 3)., 

. To investigate the length and slope of the alpha plateau.~~ a sample of 
Am21;1 was prepared on a tygon film covered on both sides with a silver layer., 
The results are shown on Fig.. 4<> . It is seen that there is an increased counting 
rate on the sample side of the film ~aUsed probably by (1) backscattering of alpha 
particles or {2) absorption of alpha particles ·which enter the film at low angles., 
In either event the effect is not greater than 3 percent or there would have been 
a greater slope to the americium curve since recoil nuclei are counted at about 
3900 Vo . 

· To test the counting efficiency for electron capture the decay scheme 
of At211 was investigated (Fig., 5).. The half-life for the decay of At211 is 7.,2 
hours;2 the half=life for Po2ll decay is 0.,52 ± 0.,02 seconds;3 the branching 
ratio of electron capture to alpha decay is 59 .. 1 ± 0.,5 percent electron capture 
to 40 .. 9 ± 0.,5 percent alphaj4 and the electron ca~ture decay of Bi207 occurs 
with a half-life of about 60 years.,5 Thus the Bi 07 activity can be ignored~ 
and the Po21~ alpha particle will be in transient equilibrium with the At211 
electron capture& Since at 2800 v only alpha particles are counted and at 
3900 v ~pha particles and electron capture events are counted, a study of the 
astatine plateaus will enable one to calculate counting yield for electron capture 
from the apparent branching ratio., 
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Bismuth was bombarded with .30 Mev alpha particles to give the (a, ,2n) 
reactiono The astatine was separated by heating the target and collecting the 
astatine on a cold fingero After dissolving the astatine off the finger in 
water9 it was extracted into isopropyl ether for use in making the samp1~so 
Various mounting films were prepared and counted, the results of which are listed 
in Table Io 

It was observed in the April experiments that the counter broke down 
at counting rates above approximately 10~000 c/m when only one surface of tygon 
was covered by a conductor and ·that the counting rate vso high voltage curves 
were distorted (Figo 6)o The counting yield probably depends on soft Auger 
electrons which are not detected when the counter field is very distorted; there­
fore~ both sides of the tygon film were covered with a conductor in May to 
eliminate the distortiono 

It was observed that the astatine vaporized from Sample 11 conta.m= 
inating the counter; therefore~ Sample 12 was prepared from a solution of iso­
propyl ether over nitric acig in an attempt to oxidize the astatine to the , 
unvolatile form of astatineo The counting yield was low, but the astatine· 
apparently did not vaporize from the surface of the goldo 

Another possible cause of the lack of uniformity between the different 
samples may well have been 9aused by water or oxygen contaminating the methaneo 
Since oxygen and water have high electron attachment coe,ficient~, this would 
result in a decrease in electron capture counting y1eldo Therefore, the counter 
is to be made vacuum tight and' electron capture investigations continued with 
pure gaseso 



Sample 

Date Prepared 

Approximate 
Alpha Activity 

1 

4/17 

that date 45,500 
(c/m at 2800 v) 

Table I 

Counting Yield in Percent for Electron Capture for the Four Pi 

Counter Assuming 59.Percent Electron Capture in At211 Branching 

----·- .. -_.. ..... ~ 
--~ ... ,.-_ .. 

3 4 5 6 8 9 10 11 

4/17 4/18 4/18 4/18 4/20 5/21 5/21 5/21 

9,600 8,100 16,000 25,000 730 51,000 9,500 11,000 

Type Backing Au, one same same same same same Ag on both same 2o54olo-5 

Thickness of 
Conductor* 

4/17 

4/18 

4/19 

4/20 

5/21 

5/22 

5/23 

side tygon 
only 

medium 

68±9 

73±15 

heavy light light heavy 

88:!2 

68±5 ... o .. o 

42±15 71±9 

71±9 

medium 

56±10 

sides of 
tygon 

medium 

11:±2 

27±3 

em Au foil 

heavy 

68±2 

Approximate errors result from consideration of expected standard deviation of counting rat~s onlyo 

.-

12 

5/22 

17,400 

10ol6olQ~5 
em Au foil 

20±2 

* The relative thickness was estimated by the backing color and conductance of ~~e backing to lighto Therefore, 

" 

* 

the thickness of a silver backing can not be related to that of a gold backingo g 
::x.1 
1 
~ 
()() 
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SHOWS BREAKDOWN AND PROHIBITED ELECTRON CAPTURE 
PLATEAU CAUSED BY CHARGING OF TYGON FILM 
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Mass Spectrograph 

Fo L .. Reynolds 

A number of routine abundance runs on samples of Cm, Pu, and U have 
been aecomplished.. These results are of interest to local research groups only. 
All of these runs were made using a 13 stage electron multiplier coupled to a 
Do C., electrometer as the receivera This arrangement has increased the detector 
sensltiwity by a factor of 1000!> thus decreasing the need for samples larger 
than one microgram., 

Attempts have been made to assign by spectrograph means the isotope 
cu67 which still has a B assignment in the isotope tables., Collection was made 
on Ilford Q=2 plates~ and electron sensitive Ilford G~5 plates were used as the 
transfer plate., Due to the lack of thermal source efficiency for Cu, insuffi­
cient activity was obtained to make the mass assignment., This experiment will 
be repeated .. 

Electron Track G-5 Plates 

F.. L., Reynolds 

Experiments are continuing on methods and techniques of eradication 
of existing electron tracks in G=5 photographic plates., The purpose is to 
find a !D.Sthod of eradication which will not reduce the sensitivity of the 
emulsion for the detection of beta particles., Along these lines a liquid-gel 
emulsion of G=5 composition was obtained from Ilford., Plates were poured and 
checked for beta track backgroundo A freshly made plate was nearly free of 
electron tra.cks 9 but apparently the keeging qualities of this material is poor, 
for after the sample had been kept at 0 C for three weeks~ the random grain 
background of freshly made plates was too high~ making it very difficult to 
locate single electron track events., This liquid-gel material would probably 
be the answer to low background plates for transfer technique, but due to 
shipping difficulties in obtaining this material from England it may not be 
practical .. 

Low Energy Beta Spectrometer 

F., Lo Reynolds 

Work is continuing on this problem., The essential idea of experiment 
was described in the last quarterly reporto A new all-glass system is being 
~onstructed~ for it is considered that better.vacuum and the possibility of 
bake=out will reduce the spurious counts obtained with the present equipment. 
The wall of the present apparatus is made of ZT02 which has proved almost 
impossible to out=gas. 
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A. Failure in the Search for a Bismuth Compound 
That Will Undergo a Szilard~Chalmers Reaction 

Harris Be Levy: 

UCRL-1878 

In the last quarterly report, the preparation and preliminary testing 
of the compound tri-a-napthylbismuthine was described as the first step in the 
search for a compound of bismuth that would undergo a Szilard-Chalmers reaction. 

Nine and one-half grams of this compound was sent to Oak Ridge. There 
it was irradiated in the pile for seven days. After irradiation, it was found 
that its color had changed from pale yellow to brown. Apparently there had been 
some decomposition during irradiationo It was found impossible to get all the 
material into solution. The undecomposed material dissolved readily in benzene, 
but the brown decomposition product could not be brought into solution. 

However, an aliquot of the mixture of solution and slurry was taken 
and shaken with 0.1 N HN03 • It was found that 4 percent of the activity went 
into the aqueous phase, while 3 percent of the total bismuth was found in the 
aqueous phase. 

Next a mixture of one part benzene and two parts ethyl acetate was 
tried as a solvent with somewhat more success, although there was still con­
siderable material that defied solution. On shaking this mixture with 0.1 
N HN03, it was found that 28 percent of the activity went into the aqueous 
phase. · However, 20 percent of the total bismuth also went into the aqueous 
phase. 

lvithin the limits of the experiments, the ratio of the activity ex­
tracted to that of the total bismuth going into the aqueous phase was about one 
to one. Thus, no increase in specific activity was obtained. 

It is not known why decomposition took place. The tri-a-naphthylbis­
muthine should have been stable at the temperature at which the pile is run, 
although prolonged heating may have produced the effect found. 

Radiation Chemistry of 'Organic }1aterials 

A.. So Neitrton 

Radiolysis of n-Octyl and n-Decyl Alcohols 

In W. R. MCDonell's thesis, University of California Radiation 
Laboratory Unclassified Report UCR~l378, the data on the gas fractions of the 
radiolysis products containing the condensable hydrocarbons were not analyzed. 
This data has been recalculated and the folloitiing Table I represents the more 
complete data on the radiolysis products from these alcohols. The main points 
of interest are the high yield of ethylene relative to ethane while for the 
higher hydrocarbon products the saturated are two to three times the corres­
ponding unsaturated products. This suggests a special mode of formation of 
ethylene not involving a free radical intermediate or that ethyl radical are 
more prone to disproportionation than higher hydrocarbon radicals vlhich pre­
ferentially pick up hydrogen atoms. 



-27- UCRL-1878 

Table I 

Radiolysis Products of n-Octyl and n-Decyl Alcohols 

2.00 Sh, Chamber 13 n-
Product Octll Alcohol n-Decll Alcohol 

\millimoles) G CDP.llimoles) G 

H2 34.5 3.48 34.4 3.47 
co 0.51 0.052 0.44 0.044 
CH4 0.,22 0.,022 0.18 0.018 

C2H2 0.09 0 .. 09 0.12 0.012 
C2H4 0.,29 0.29 0.49 0.049 

C2H6 0.,21 0.21 0.35 0.035 

C3H6 0.09 0.09 0.11 o.o11 

C3Hg 0.,18 0.18 0.30 0.030 
Butene (1) 0.044 0 .. 004 0.07 0.007 
n-Butane 0.076 o.oos 0.14 0.014 
Pentane (1) 7.ola 7.001 70.o2a 70.002 
n-Pentan.e 70.o2a 7.002 70.o3a 70.003 

.• Total gas 36.4 3.68 36.0 3.63 
Acid 0.11 ± 0 .. 01 o.o11 o.o8 ± o.o1 o.oo8 
H20 4o3 ± 0.3 0.043 3 .. 1 ± 0.3 0.31 
Carbonyl 8.,6 ± 0.2 0 .. 87 7.5 ± 0.2 0.76 
Aldehyde (7)b 0.7 (lo)b 1.0 
Ketone 0 0 0 0 
Vic glycol 5.6 ± o.3c 0.57 5o0 ± 0.3c 0.51 
Reduction 70.6 
equivalents 

7 .. 13 70.8 7.15 

Oxidation 30.0 3.03 27.3 2.76 equivalents 

a ... n-pentane and pentane not completely collected in gas fractions .. 

b .. Semiquantitative estimate by Ag20 oxidation method. 

c .. Maximum vicinal glycols by periodic acid oxidation equivalEn~.t o,f gross 
liqUid portion. 

'• 
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Radiolysis of Di=Isopropyl Ether 

Some time ago it was pointed out that an approximate correlation 
existed between the mass spectrometer patterns of positive ions of alcohols and 
the free radicals formed in radiolysis of these same alcohols as inferred from 

· the final radiolysis produ.ctso While both experiments represent the inter­
action of the alcohol with an ionizing radiation~ the conditions under which 
the two experiments are gerrormed are drastically different, eogo, in the 
vapor state at about 10- mm pressure in the mass spectrometer bombarding 
with 70 eoVo electrons 9 and in the liquid state bombarding with alpha parti­
cles of energy 28 to zero Mev in the radiolysiso Two factors tend to normal­
ize these conditions9 one is that while only positive ions can be seen in the 
mass spectrometer the accompanying free. radicals can be inferred since the 
molecule breaks up by the mecha.nismg 

and while the radical may undergo further. fragmentation, this may be a small 
effect except for isolated caseso The other is that while we are bombarding 
with very high energy alpha particles in the radiolysis, any one molecule can 
only absorb a few volts of energy and most of the energy absorbed is given to 
the electron released, so that more than half the total ionization is produced 
by these secondary electrons with an average energy of about 100 voltso 

·• Except for the occurrence of a 3.3 peak in n=butyl and isobutyl al-
cohols, no rearrangement peaks occur to any great extent in the alcoholso The 
source of this 33 peak or its· ionic composition is not knowno Therefore the 
effect of rearrangements on this postulate cannot be ascertained from the al­
coholso 

Di-isoprop,yl ether howev~r presents a very good example where a re­
arrangement peak of in~erred compo"'itic:>n is formed in good ;p.eld, the peak at 
mass 45 due to CH3CHOH or GHJCH2o be~ the largest peak 1n the spectrumo 
This can occur by the following sequence of steps, a hydrogen migrating from 
the methyl group to the CH group9 or the oxygen in the last step:: · 

CH3 CH.3 CH3 CH3 + * 
\ I \ / 
CH - 0 = CH -----t CH - 0 = CH 
I '\ I \ 

CH3 CH.3 CH.3 1· CHj 

CH3 +i!:· CH3 
+ \ I· 

CH.3 - CH20 + CH2 ~ CH = 0 + CH 
/ '\ 

CH3 CH3 
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Regardless of mechanism~ if this ion is formed in radiolysis~ it should lead 
to acetaldehyde b,y elimination of a hydrogen or to a glycol or ethanol plus 
acetaldehyde if the ion is CHJCHOHo, · 

A preliminary survey of the radiolysis of di-isopropyl ether has 
been run and the data on the radiolysis is given in Table II and the data on 
the principal peaks in the principal ions mass spectrometer pattern given in 
Table IIIo These results show that while acetaldehyde is formed~ the forma­
tion is apparently much less tqan at first glance inferred from the mass 
spectrometer patterno The gaseous results shown in Table I are for those 
products found in gas phase which can be pumped off_ the di~isoprop,yl ether 
with a Toepler pump and through a dr.y ice trapo Acetaldehyde and acetone 
which were found in the gas phase have been added to the amounts found in the 
liquid phase b,y chemical analysiso Additional products in the liquid phase 
as found by total distillation of that phase have not been analyzed due to 
the inability to identify certain components, particularly one found in appar~ 
ently good yield with a parent peak at mass 86 which is possibly isopropyl­
vinyl ethero All of the hexanes have been ruled out by considerations of 
patterns on other peaks)) so the Gompound is certainly oxygenated)) hence the 
postulation of the vinyl ether as the next possibilityo Other fractions gave 
compounds of molecular weights 160 and 188 (final fractions) which are also 
not identifiedo Also a small yield (~50_mg) of molecularly distillable liquid 
was formed which analyzed 69ol3 pe~cent c)) 12o72 percent Hl.l and l8o85 percent 
0 (b,r difference), an empirical formula of C4oqH .0)) probably C5H1oOo In 
addition there was a nonvolatile residue from th~0~olecular dist1llation of 
weight 41 mg analyzing 66o52 percent C)) 10o42 percent H and hence 23.,06 per­
cent 0)) an empirical formula of CJ

0
8JH7 1sO (C4H70 ?)o The structure of 

neither of these materials is obviouso o . 

In Table IV a comparison,~as been made between the expected yields 
of various compounds from a very rough analysis of the mass spectral data and 
the yield found in the radiolysiso This comparison indicates that while the 
yield of acetaldehyde is somewhat lower than expected 9 the yield of acetone is 
considerably higher than expectedo The yield of acetylene and methyl acetylene 
are also lower than expected and this will hav~ to be looked into in other eases 
to see if such a deficiency in highly unsattirated compounds is the usual thing 
or noto For instance 9 it is not obvious what to do with the 39 peak which has 
been assumed to go to methyl acetylene or the 27 peak which is assumed to go 
to acetyleneo Also the complementary radicals to the lower peaks have not been 
~onsidered~ and no attempt has been made to correlate hydrogen yieldso No 
consideration has been given to mass spectrometer discrimination due to voltage 
scanning in making these first rough correlationso 

Taken as an approximation this correlation at least gives the correct 
order of magnitude of relative yiel9-s for the principal produ.ctso One niu.st of 
course learn how radicals act in solution~ eogo~ for the prop,yl radical 9 what 
is the ratio of propylene to propane)) butane" and hexane formed in such a 
mixtureo In general the results indicate about a 2 to 1 probability in favor 

• of hydrogen or radical pj,.ckup to form the saturated moleculeo Similarly with 
oxygenated radicals one must find the ratio of hydrogen loss to aldehydes or 
ketones to radical pickup to go to alcoholso f:he results would seem to indicate 

;>-. radical pickup to be considerably less than with hydrocarbon radicals o 
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Table II 

Radiolysis Products of Di~isoprop,yl Ether 

Bombardment 2.,00 pah9 Ea = 26., 7 Mev 

UCRL=l878 

Prodoot Total-Millimoles G(molecules/100 e.,v .. ) 

H2 

co 
CH4 
C2H2 

C2H4 

C2H6 

CH.3C : CH (?) 

C.3H6 

C.3H8 

Butylene (iso) 

I so butane 

· Metllyl Isopropyl Ethexl 

Water 

Total carbonyl 

Aldehyde (CH.3CHO ?)
2 

Ketone (acetone ?)3 

Total Hydroxyl 

Total Glycol 

Vic., Glycol 

Total Reduction Equivalent 
Total Oxidation ~quivalent 

0 .. 46 

0.,08 

lo64 

0 .. 26 

9o43 

4o38 

0 .. 064 

lo4J 

>OoOOJ 

1 .. 13 ± 0 .. 4 

30o9 ± 1.,0 

5 .. 9 ± 0 .. 4 

25o0 ± 1.,0 

J.,09 ± Oo5 

OoOO ± 0.,05 

o .. oo ± 0 .. 05 

2 .. 29 

0.,094 

0 .. 89 

Oo046 

0.,008 

0 .. 164 

0.,026 

Oo94 

Oo44 

. 0.,006 

0 .. 14 

>Oo000.3 

2 .. 50 

0 .. .31 

o .. oo 

lo Ether found in gas phase.. Liquid phases not analyzed for ethers .. 
2., Total aldehyde by Ag20 oxidation method., Method gave correc-t results 

on synthetic sample of CH3CHO in di=isoprop,yl ether .. 
3.. Difference of total carbonyl and aldehyde., 
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Mass 

.14 

15 

27 

28 

29 

31 

.39 

41 

42 

43 

45 

59 

87 

102 

Pattern 
Coefficient 

2ol6 

l5o04 

16 .. 24 

lo82 

4o91 

14o83 

lOOoOO (R) 

9 .. 50 
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Table III 

Mass Spectrometer Pattern of Di-isoprop,yl Ether 

Possible Ions 

CH2+ 

CH + .. 3 

CH
3
c+ 

co+ll c2H4+ 

CHO+ll COH+9 C2H5 + I 

(CH3)2c+, C2H2o+ 

(CH3)2CH+ 

parent molecule+ 

Complementary 
Radical 

(CH3)2CHO + H 

(CH3)2CHO+ 

Possible Products 

ethylene 

methane, ethane 

acetylene 

CO, C2H4 
CO, C2H4 

methyl acetylene, 
acetone 

met~l acetylena 9 

acetone 

propene~ acetone 

propene 9 propane 9 

acetone 

acetaldehyde» ethanol, 
propene.~> methane 

acetone 9 propene.~> 
propane 

methane» isoprop,yl 
vinyl ether, isopropyl 
ethyl ether 
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.. Table IV 

Expected Products from Mass Spectral Correlation 

Product Expected Relative Relative Yield 
Yield Found 

methane, ethane 81 76 

acetaldehyde 60 40 

· acetone 54 180 

propene a propane 100 100 

acetylene 10 4 

methyl acetylene 15 2 

co 4 4 

'• 
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Polymor@ism of KOg 

Giles F., Carter 

• 

X-ray diffraction patterns have confirmed the existence of two new 
crystalline forms of potassium superoxide; one transition is at approximatelY 
-750 C and the other is at about soo .Co The complexity of the powder pattern 
at low ~mperatures has prevented the indexing of the pattern, and hence the 
crystal structure is not known., In the case of the high temperature form the 
crystal structure apparently is similar to the· room temperature form of Na02 
in which the sodium and superoxide ions are in a face-centered cubic structureo 
Since all the superoxide groups are cr,ystallographically identical, they must ' 
have disorderly orientations., 

Experiments have shown that the high form (referred to as K~-I) may 
be quenched to the room temperature form, KC2-II. In fact, the transition is 
so sluggish that even upon annealing, some K0:2-I is present in samples cooled 
to room temperature., The intensities of the lines in the diffraction pattern 
of K~-I fall off extremely r~pidly, a fact which tends to confirm the dis= 
order in the K02-I• The lattice constants of xo2-II are a= 5o71 A and b = 
6., 76 A, whereas for K02-I, a = 6.08 A., K~-II has a distorted NaCl type 
structure, the superoxide groJps all being aligned parallel to the c axis., 
The unit cell volume is 220 A for K02-II compared to 225 A3 for K02-I., Thus 
the large distortion necessary in going from one crystalline form to the other 
may be the reason for the sluggish nature of the transition • 
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C., Bio-organic Chemistry Group 

Mo Calvin, Ao A., Benson9 and Bo Mo Tolbert 

Edited by B., M., Tolbert 

Introduction 

The work of the bio-organic chemistry group falls roughly into three 
major classifica tionsg organic chemistry, animal biochemistry 9 and plant bia= 
chemistry.~~ all studies primarily by means of the application of carbon-14 to­
gether with some application of deuterium~ tritium, and phosphorus-32., 

The research in organic chemistry consists both in the preparation 
of numerous compounds labeled with carbon-14 and in studies on reaction rates, 
mechanisms 9 and radiation chemistry., An active program of instrumentation for 
carbon-14 assay is also included in this work., The program of animal biochem= 
istry research is quite varied and includes such studies asg 1) the conversion 
rates (to cl4o2) of various. labeled compounds and the effect of drugs on these 
oxidations; 2) the role of cholesterol, cholic acid, and other steroids in 
heart disease and body metabolism; 3) the biochemistry and biosynthesis of 
purines and nucleic acids; and 4) the relationship of metabolism and excretion 
of analgesics (morphine, codeine, etc.,) to addictiono The projects are often 
done in close collaboration with other university groups, such as the Donner 
Laboratory of Medical Physics, the Division of Pharmacology and Experimental 
Therapeutics, Medical Center, and the Dj,vision of Animal Husbandry at Davis., 

Plant biochemistry covers the fundamental study of the mode of uti­
lization of light energy for the fixa,~ion'and reduction of atmospheric carbon 
dioxide by green plants., Of particular interest has been the chemical steps 
involved in this reduction., Current'work is now extending these studies to 
a number of different plant systems and more biological aspects, on one hand 9 
and to more physical aspects on the other., · 

In this report only projects that have shown major progress in the 
last three months will be described., 

I 

The members of the,.group includeg Po To Adams, M., E., Andersons 
E., M., Baker» J., A., Bassham, R·., G., ·Bartsch, A., Ao Benson, Do F., Bradley, J., Go 
Buchanan, M., Calvin, P., K., Christensen, Lo L., D~us, J., Lo Fairley, Jo B., 
Gilbert, M., Goodman, Po M., Hayes, M., R., Kirk.!! B., J., Krueckel 9 M., H., La.zarus 9 
Ro M., Lemmon, C., Ho Lovell, V., Ho ~ch.~~ Po Massini9 Ro M., Noller9 Lo To 
Norris.~~ Ro Ostwald, D., E., Pack, E., E., Schallenberg9 Bo M., Tolbert, A., T., 
Wilson.~~ and A., Go Zweiffler., 
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Search for Photos~thetic Intermediates 

Jo Ao Bassham 'and. Mo Calvin 

Several experiments have been performed in which the external vari­
ables affecting the pattern of photosynthesis were altered in such a manner 
as to favor the accumulation of carboxylation products. Thus, after a period 
of 5 or 10 seconds photosynthesis with radiocarbo~ dioxide, the light was 
turned off and the plant left in contact with the carbon dioxide in the dark 
for periods ranging from 10 to 60 seconds before killingo Therefore, the 
concentration of bicarbonate is maintained while the light-generated reducing 
agent diminisheso It was thought that under these conditions some four carbon 
carboxylation product other than malic acid (such ~s erythron~c acid) might 
accumulate in sufficiently large concentrations to be seen. The occurrence 
of such a compound would be preducted from the cyclic carbon reduction path 
proposed in previous reportso 

In the first series of experiments, soy beam leaves were exposed to 
cl4o2 for 5 seconds in the light followed b.1 lO·and 30 seconds in the darko 
After killing, extraction and analysis~ the radioautograph of the chromato­
gram was scrutinized for new spots and suspected areas were eluted from the 
chromatograms, treated with phosphatase enzyme and the resulting compounds 
co-chromatographed .with known carrierso No compounds other than previously 
identified glyceric acid and sugars were found. 

The conditions of killing and analysis were then modified in the 
hope that previously unseen heat-labile compounds would ·be .t;'oundo The algae 
were rqn into alcoJ;iol at room temperature rather than boiling alcohol and 
extracts were separated from. insoluble material b,y centrifugation rather than 
b.1 filtration th;r:ough Celiteo A ·standard 60 sec. PS with Chlorella killed· 
and analyzed in this way gave exceptionally good chro~tograms which showed 
no evidence of post-killing enzymatic activity. These chromatograms did show 
an increased amount of triose phosphates and ribulose diphosphates, indicating 
that the earlier methods ~ad decreased the observed concentration of these 
compoundso However, no previously unidentified compo~ds were foundo 

The modified method of killing and extraction was then used for a 
new series of experiments in which Scenedesmus were exposed to radiocarbon 
for lO.seconds in the light followed b,y 10~ 30, and 60 seconds in the dark 
before killingo The analyses were carried out and the activity in the various 
compounds counted 'with an external window countero The results are shown in 
Table Io 

The most striking effect is the great increase with dark time of 
free glyceric acido No new carboxylation products were found. Malic acid 
did become more labeled but not to an ex~nt which ,would permit it to be a 



Table I 

' 

Total Fixed GlYC~!riC Hexose ~d Heptose Ribulose 
Soluble Insoluble roA. Acid Monophosphates Diphosphate 

I 10 s. light 115 2 68 4 22 21 

II 10 s light 
10 S dark 175 7 116 6 14 7 

III 10 s light 
30 S dark 295 2 225 35 20 5 

IV 10 s light 
60 S dark 565 13 260 210 24 00 

------ - ---- :. _________ ---- -·-- ---- L-.-
L_ __________ --- L.___. 

Relative amount of radioactive carbon fixed per 150 mgo wet packed cells 
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photosynthetic intermediate in view of the known large concentration of malic 
acid in the·se cellso 

It appears that if four carbo~ compounds are involved as intermediates 
in carbon dioxide reduction~ _they must occur in such small concentrations that 
they are not seen b,y this sensitive tracer method, or else they decompose under 
the conditions of killing and analysiso 

The Identity of an Unknown Glucose Phosphate Spot 
on Pa~r Chromatograms of Photoszythetic Products 

J o Go Blmhanan~ Do Bradley and Mo Calvin 

Ori all chroma:t;Qgrams of extracts of plants which have been allowed 
to photosynthesize in cL402 for periods of longer than 30 seconds, there is a 
spot which appears below the hexose monophosphate area on our standard 2-
dimensional chromatogramso This had been shown to contain glucose which was 
easily liberated b,y acid hydrolysiso Mannose had also been shown to be present 
in some samples, and the presence of another sugar~ possibly galactose, was 
suspectedo 

These three sugars, glucose, galactose~ and mannose, have been shown 
by co-chromatography to be present in the phosphatase-treated spoto Uridine 
has been ide~tified in this mixture and it is almost certain that inosine is 
presento When the original compound is treated for 15 minutes with N HCl at 
1000» adenine is produced, identified by its ultraviolet spectrum and Rf values 
in the two solveritso Two other compounds which absorb ultraviolet light are 
formed and have chromatographic coordinates corresponding to uridine-5 '-
phosphate and adenosine-5g=phosphateo · 

When the original compound is extracted from a chromatogram and 
subjected to rechromatography~ several new compounds are producedo These are 
probably the followingg a) Original compound; b) 1 92-Cyclic phosphates of 
glucose and galact"oseo ·. On treatment with phosphatase it yields only glucose 
and galactoseo c) 2-Phosphates of glucose and galactoseo Phosphatase treat= 
ment gives glucose and galactoseo d) Glucose9 e) Galactose; f) Mannose; g) 
Adenosine-5'-phosphate; Phosphatase treatment gives inosineo The enzyme pre­
paration has been shown to be capable of deaminating adenosineo h) Uridine-
5'-phosphateo Of particular interest is the lack of mannose in any of the 
sugar phosphate spotso· 

In view of the work of Leloir and his associates on the. coenzyme 
for the glucose~l-phosphate/galactose-1-phosphate interconversion, a plausible 
explanation of these results is that the original spot contains a mixture of 
four compoundsg a) Uridine diphosphate glucose {UDPG); b) Uridine diphosphate 
galactose (UDIGal); c) A nucleotide containing mannose' and d) Adenosine 
triphosphateo There is evidence that the adenine-containing compound is not 
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associated with any hexoseso It can be separated from the hexose-containing 
compounds by chromatography in ethanol/ammonium acetate/water at pH 7o5o 
Under these conditions» the hexose compounds are associated with uridineo 

UDFG and UDPGal are known to decompose in alkali to give the 1.~>2 
cyclic phosphates of glucose and galactoseo The decomposition of such 
compounds on a paper chromatogram run in acddic solvents has not as yet been 
demonstratedo This 9 together with the effect of alkali on the radioactive 
compounds~ must be irivestigatedo 

If one assumes that UDPG and UDFGal are present9 the na~bre of the 
mannose-containing compound is most interestingo B,y making the fUrther assump= 
tiona that the compound is present in a nucleotide-type compound and further­
more that it is linked to the nucleotide through a l=a=p,yrophosphate bridge9 

the lack of free mannose phosphates in the chromatogram of the decomposition 
products can be explainedo Mannose differs from glooose and galactose in the 
configuration at C2 and could not9 therefore 9 form a cyclic 1 9 2 phosphate 
which requires a cis-relationship between the hydroxyls on C1 and C2o Leloir 
has reported the presence of a mannose-containing nucleotide in yeasto The 
base in this case appears to be guanineo 

Mannose and Mannose Phosphate 

Po Mo Hayes and Mo Calvin 

Until recently 9 the sugar monophosphate area of Scenedesmus was 
th~ught to contain only monophosphates of glucose 9 fructose and sedoheptuloseo 
The area after being phosphatased and rechromatographed gave apparently three 
spots common to the three sugars mentionedo .However~ when an a-ttempt was made 
to secure confirmation of sedoheptulose by treatment with dilute acid to con­
vert it to the ,anhydride9 the equilibrium constant of 1 to 49 sedoheptulose 
to sedoheptulosan9 was not observed9 but rather a ratio of 2 to 3o As this 
could have been an incomplete reaction9 .it was.repeated using the unreacted 
active sedoheptulose area as a source with sufficient sedoheptulose carrier 
added to be detected with a spray testo The results of this gave a ratio of 
13-1, sedoheptulose to sedoheptulosano Be~a~e most of the activity stayed 
in the region of the sedoheptulose9 it was assumed that the original reaction 
was complete and that a new sugar was pr~sento Most of the activity in this 
spot was cut out ap.d .saved and the paper was sprayed with Orcinol-TeA spray 
for sedoheptuloseo . The sprayed area showed sedoheptulose to be slightly under 
and slightly to the left of the aetive areao 

. Other work had shown that mannose h~s an Rr very_ mueh like that of 
sedoheptulose in the solvents used hereo To eheckp a paper was run with dead 
sedoheptulose and mannose and sprayedo It was difficult to determine where 
one ended and the other begano Because of this close relationship9 the 
active area taken from the sedoheptulose=sedoheptulosan paper was eluted and 
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co-chromatographed with carrier ma.nnose~ After exposure the film was devel= 
oped and the paper sprayed with Tollen ~ s reagento The spot on the paper 
coincided perfectly with the exposed (active) area on the filmo The small 
~unt of sedopheptulose activity did not expose much over background and 
did not hinder exact co-chromatographyo 

The source of the material used above was not known~ other than the 
fact that it was from 60 S PS Scenedesmuso Using this as a starting point~ a 
paper of 60 S PS Scenedesmus was selected with the sugar monophosphates sep= 
arated into two distinct areaso These areas have been designated fructose 
monop~osphate and glucose monophosphate, with the FMP area running slightly 
ahead of the GMP area in both solventso It had been shown that the GMP area 
contains primarily glucose with nearly pure sedoheptulose 9 while the FMP spot 
was thought to contain some glucose and sedoheptulo~eo 

In endeavoring to find the loaction of mannose phosphate~ these two 
areas were separately eluted., treated with Polidase and run in the normal sol­
ventso Again, the sedoheptulose spot was eluted~ combined \..rith carrier sedo­
heptulose, treated with 1 N HCl for fifteen minutes at 100°9 and rerun in 
normal solventso · 

. . 

The film from the GMP-sedoheptul.ose paper showed an approximate 1-
4 ratio of sedoheptulose-sedoheptul.osano Actual count of' the paper gave 230 
to 878o The theoretical yield of pure sedoheptulose should be 220 counts per 
minuteo The film of the. FMP-sedoheptulose showed almost the opposi teo Count 
of this paper gave approximately 1000 (the center of the spot was removed$) 
eluted and rerun before actual count) in the sedoheptulose area with only 180 
counts in the sedoheptulosan spoto The co-chromatography of the center of 
this spOt which was remove'd with mannose gave perfect coincidenceo 

The s·edoheptulose :pre~;ent ;in the FMP area is just a trace whereas 
the mannose present .equals the f:ruct()seo In the GMP area there is practically 
no mannose pre~el1t "as the sedohept'!4o.se is almost pUl"eo 

In sugar monophosphates 6b S PS of Scenedesmus9 mannose, sedoheptulose)) 
fruotose.and glucose are present .in the proportions llll&lg5 respectivelyo 

Effect of Carbon Dioxide Concentrations 
on P~·ttern of. Photosynthesis 

Ao To Wilson and Mo Calvin 

Steady state experi:inezits at two different carbon dioxide pressures 
have been carried out to measure the effect of this variable on photosyn= 
thesiso It was. found that between .(j~003 percent and Oo03 percent C02 (in air) 
the total carbon dioxide fixed during photosynthesis and the labeling of 

•,,. 
<". 
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intermediate compounds were proportional to the carbon dioxide pressureo 

A freshly harvested culture of green algae (Scenedesmus) was sus­
pended in water (Oo9 m1 wet packed cells/100 ml) and divided into two por­
tionso In each experiment, one P9.r"tian of the suspension was placed in a 
thin illumination vessel (light = 2000 fto candles from each side) and a 
stream of ~r passed through for thirty minuteso At the end of this time, 
the air stream was replaced by a stream of CQ2-free air which had been en­
ricned in the first experiment by OoOOJ percent carbon dioxide (c14/ 
[c14 + Cl2J = Oo24) and in the second by Oo03 percent carbon dioxide (cl4j 
Cc14 + cl2] = Ool2)o This labeled gas was passed through the suspension in 
each case at the rate of 160 cc/mino for 30 minutes after which the algae 
were killed in boiling 80 percent ethanolo After extraction by 80 percent 
and 20 percent ethanol in water,\) the soluble and insoluble compounds were 
counted and it was found that in the first experiment 57 percent of :the 
total fixed activity was soluble, while 46·percent was soluble in the second 
experimento The total radioactivity fixed in the later case was about 10 
times as much as in the formero Moreover, when the soluble compounds were 
analyzed by paper chromatography, it was found that the radioactivity in each 
compound was al~:!b about ten times as mucho 

These results indicate that the initial step in the fixation of 
carbon dioxide is the rate determining step at this light intensity and range 
of carbon dioxide pressureso 

Influence of Chemicals on Carbon Dioxide Fixation 

Vo Ho Izynch.!' Lo Norris and Mo Calvin 

Work has jus't started on the investigation of the effect of chemical 
compounds on the fixation of carbon dioxide by green plantso The influence 
of these substances on C02 fixation both in the light and dark is to be deter­
minedo Two compounds, an antifolic acid compound.~~ aminopterin and an anti­
biotic,!) aureo~cin.9 have been tested fairly extensivelyo 

The effect of aminopterin on the growth of Scenedesmus was deter­
minedo There was no observable growth effect at antifolic concentrations of • 
2 x 10~4 ~ Where the effect on C02 fixation in the dark was determined the 
amount or-coz fixed in the presence and absence of aminopterin was the same. 
The amount of c14 activity appearing in individual compounds was also iden­
tL~al for both the treated and untreated sampleso The rate of oxygen evolUF 
tion during photosynthesis also was not changed by the presence of 2 x lo-4 M 
aminopterino Similarly, the·amount of radioactive carbon dioxide fixed during 
a two minute· photosynthesis was unaffected by this same concentration of amino­
pterino Therefore, none of the carbon dioxide fixing reactions are effected 
b.r aminopterin when present at a concentration of 2 x lo-4 molaro 
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Aureomycin~s effect on CO;z fixat~on.has also bee~ investig:;~ed 
using the green alga Chlorellao Aureomvc~n 1n concentrat1ons of 10 ~ 
molar completely i:iili!oits theaark C~ fixation by Chlorellao At lower 
aureomycin concentrations the total amount of C~ fixed is decreased over 
the controlo This decrease in C02 fixation is reflected in a decreased 
amount of radioac·tive malic acid formed.. The amount of radioactivity ir1 
aspartic and glutamic acid appears to remain unchangedo Th~ rate of oxygen 
evolution during long term photosynthesis is not effected b,y 1Q=3 molar 
aureomycin., Howeverj) the amount of radioactive C02 fixed during two minutes 
of photosynthesis shows an acceleration of 5 to 7 fold over the control with 
no aureomycino Work is now in progress to determine how ~ureomycin acceler= 
ates C02 ·fixation in the lighto 

Bespiration and Photosyg~hesis 

Peter Ma.ssini and Mo Calvin 

Previous work has shown that the chain of reactions occurring in. 
photosynthesis is not the reversal of the one in dark respirationo There is~ 
indeed» mooh evidence that light9 while allowing t.he plants to photosynthesize, 
inhibits some reactions occurring in the chrko (A o A o Benson and Mo Cal vin3 

Jo Expto Boto~ 1 9 63 (1950))e In order to study this effect closer9 the 
following experiments have been performedg · 

One=day old algae (Chlorella pyrenoidosa) have been harvested and 
resuspended in distilled water with a concentration of 1 or 2 ml of wet 
packed cells per liter of suspensiono This low concentration was chosen in 
order to avoid the shading of cells behind each other so that all the cells 
are illuminated as continuously as possibleo 

An aliquot of the suspension \"las put, in an illumination cell and 
aerated with Oo08 percent C02 in air for at least 15 mino To start the 
experiment.~~ a suitable amount of carbon-14 labeled sodium bicarbonate was 
injected into the suspension and the algae allowed to photosynthesize for 
1 mino The suspension was then poured into a black flask and. after another 
minute pol~ed into boiling 80 percent alc:oholo Other aliquots of the start= 
ing suspension were allowed to photosynthesize 1 and 2 mino respectively in. 
the presence of carbon=l4 dioxideo The extrac:ts were filtered 9 c:onc:entrated~ 
and analyzed by means of paper chromatography and radioautography» u.sing as 
solvents phenol-water and butanol=propionic acid~watero The spots correspond= 
ing to different compounds were co~ted directly on the papers. and calculated 
for 1 ml of wet packed cellso The :i.dentification of the citric: acid spot 
which "Was previously in doubt9 was proved by c:O=c;hroma.tography of the eluted 
spot w.ith a. sample of citric acid in a, buta.nol=formic a.cid=water solvento 
(Jo Wo H., Lugg and Bo To Overell 9 Australian Jp of Scio Research» 1» 98 (1948))o 
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Table I shows the results» each figure representing the average of 
the counts of two or three papers of the same extracto 

Description 

6o PS*' 
Ool % suspen-, 
sion 

60 PS=60 S D 
Ool % suspen-
sion 

120 PS 
0.,1 % sus pen-
sion 

60 PS 
Oo2 % sus pen= 
sion 

75 PS-55 S D 
Oo2 % suspen-
sion 

120 PS 
Oo2% suspen= 
sion 

120 D 
Ool % suspen= 
sion 

* PS :::: Light 
D :::: Dark 

Total 
soluble Ulu-
c/min tamic Citric 
X 10~6 acid acid 

7o9 loO 3o5 

8o.3 37o0 43o0 

15o6 lOoO BoO 

3o2 Oo8 lol 

3o8 2lo0 ".36oO 

5o5 5o0 ioO 

Ool Oo5 0 

Table I 

countsJmin x 10-j 
A spar-

Ala- SU= Phos~ tic Malic: 
nine erose Serine phates acid acid 

146 83 26 1280 oo 00 

260 189 25 735 oo 00 

374 527 8.3 2370 00 00 

55 1.3 00 00 18 21 

180 19 00 00 23 17 

134 27 00 00 34 24 

0 0 0 00 4o5 2o0 

The experiments show t:hat-·-the rates of fonnation of glutamic: and 
c~tric acid.9 which are very sma.llduring illuminationS> increase by a factor of 
i;;:Qt3 __ 9rder of magnitude of 10 during the dark period;, Since the total amomt of 
C0;2 fixed in the dark time is very little~ the two acids must be formed from 
other compoundsll labeled in the light periodo The last line in the table shows 
the figures for algae kept in the dark for two minutes in the presence of c14o29 
indicating that the formation of the two acids is rrrtroh faster in dark following 
light than after a dark adaptation periodo 
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Microbiological Degradation of Ribulose 

Vo Ho ,Lynch 

Ribulose diphosphate is one of the early compounds formed during 
photosynthesis a Therefore~ it would be of great interest to know how this 
compound is built up from carbon dioxideo An aid in the determination of 
the mechanism of formation would be a knowledge of the distribution of carbon 
activity within the individual carbons of the ribulose moleculeo To answer 
this question~ extensive research on methods of degrading ribulose in order 
that each individual carbon may be obtained separately has been undertaken 
in this laboratoryo One of the methods tried will be described in detail 
belowo This me~hod involves the use of a pentose fermenting Lactobacilluso 

Some of the lactic acid bacteria will ferment pentoses with the 
production of only acetic acid and lactic acid 9 one mole of pentose dis­
appearing giving rise quantitatively to one mole of acetic acid and one mole 
of lactic acido Recent work using radioactive pentoses has indicated the 
method of splitting of the pentose into these two compound~ 9 Rappaport and 
Barker using Lactobacillus pentoaceticum and arabinose-l-CL4 have shown that 
all of the radioactivity 'is in the methyl carbon of the acetic acid after the 
fermentationo Lampen, Gest and Sowden using Lactobacillus pentosus and 
xylose-l-cl4.have also sl:lown that all of the radioactivity is in the methyl 
carbon of the acetic acid formed during the fermentationo Therefore, the 
following scheme for the fermentative breakdown of the pentoses by these 
Lactobacilli has been proposedg 

(1) C*HO (1) C*HJ 

(2) 
I I . 
IHOH (2) COOH 

'(J) CHOH acetic acid 
I + 

(4) CHOH (J) COOH 
I I 

(5) CH20H (4) CHOH 

dH
3 

(5) 
pentose 

lactic acid 

. Therefore, if these organisms would also ferment the ketopentose, 
ribulose~ accorging to this scheme the radioactivity of each carbon of the 
ribulose molec~e could be determinedo The fermentation products, acetic 
acid and.lactic acid, are easily separated and satisfactory methods for de­
grading these acid~ are availablea 
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. The obvious method of attacking this problem would be to determine 
whether growing cells and resting cell suspension of the microorganisms chosen 
would convert a mole of ribulose to a mole of acetic and lactic acidso How­
ever, macro amounts of ribulose were not availableo Only the trace amounts 
of radioactive ribulose obtained as the diphosphate during photosynthetic 
experiments were available for testingo 

The general methods of analysis were as followso Trace amounts of 
radioactive ribulose were obtained b.1 phosphatase (Polidase) treatment of 
ribulose diphosphate isolated from photosynthetic experiments by means of two 
dimensional paper chromatographyo · The amount of ribulose used in our experi­
ments was determined by the amount of radioactivity in the sampleo After 
fermentation the mixture was acidified to pH 2 and the mixture steam distilledo 
After neutralization the steam distillate was concentrated to a small volume 
and the total radioactivity determinedo This value was reported as acetic 
acido The residue' from the acid steam distillation was then ether-extracted 
for 32 hours and the radioactivity in the ether extract determined and reported 
as lactic acido The radioactivity in the residue after ether extraction was 
determined and considered to be unfermented ribuloseo Using these methods of 
analysis the values for acetic acid and lactic acid will be maximum values 
since other compounds could be present in each of the fractionso 

The first attempts at the·microbiological conversion of ribulose 
into acetic and lactic acids were performed using resting cells of Lo 
pentoaceticum that had been grown in arabinoseo No carrier pentoses were 
added in the experimento Only minute amounts of the ribulose activity were 
found in the acetic and lactic acid fractionso No greater success was ob­
tained when~ pentoaceticum was grown for three days in a medium containing 
arabinose and traces of radioactive ribuloseo 

The fermentation of ribulose by Lactobacillus pentosus was then 
investigatedo Before attempts at the fermentation of ribulose were made, 
various experiments were performed to learn about the fermentation properties 
of the organismo Since no ribulose was available to test whether the organism 
could use this compound as a carbon source for growth or whether cells grown 

• on another carbon compound could ferment ribulose, the ability of the organism 
to ferment closely related pentoses was investigatedo Growth for~· pentosus 
was good on ribose but only slight:growth was obtained on arabinose and xyloseo 
1o pentoaceticum grew on arabinose 9 but the cell yield was very lowo None of 
the pentoses tested were as good carbon growth substances as glucoseo 

The ability of resting celis of 1o pentosus to ferment various sugars 
was investigatedo The ability of cells grown on glucose to ferment pentoses 
was determinedo The fermentation of a compound was followed by determining 
the rate of acid production in a Warburg apparatus using standard methodso 
Glucose grown cells fermented ribose at a satisfacto~ rate although at a 
greatly decreased rate from that of glucoseo From the shape of the curve 
there are indications that an adaptation towards ribose is taking place 
during the fermentation periodo Arabinose and xylose were fermented at a 
negligible rateo See Figure lo 
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Lactobacillus pentosus cells grown on xylose were tested on xylose 
and riboseo · The rate of xylose fermentation was constant while ribose was 
fermented at a slower rate than xylose in the beginning and the rate gradually 
increased to a faster rateo Cells grown on ribose fermented ribose rapidly 
at a constant rate but showed no acid prod~tion from xyloseo See Figure 2o 

Therefore~ cells grown on one pentose are not always capable of 
fermenting another pentoseo Because ribulose was not available, the ability 
of pentose and glucose grown cells to ferment ribulose was not determinedo 

Ribose grown cells or glUGose grown cells fermented ribose at approx­
imately the same rateo Therefore~ because of the greater cell yield from 
glucose, glucose grown cells were used in the following experiments on the 
conversion of ribulose to acetic and lactic acidso The experiments were con­
ducted in the following mannero Lactobaoillusyentosus cells grown on glucose 
were added to a mixture of a known weight of ribose and a determined amount of 
radioactive ribulose containing only trace amounts of chemical ribuloseo The 
amount of acid prodooed was determined manometrioa.lly o The theoretical yield 
of two moles of acid from one mole of ribose was obtainedo The fermentation 
was terminated when no more acid yas produced» the mixture acidified and the 
fermentation products separatedo The rest!lts of three fermentations- are shown 
in Table Io When radioactive ribose» obtained by acid hydrolysis from the 

Product 
I 

Acetic acid 
Lactic acid 

TABLE I 

Fermentation of Radioaetive pentoses 

by I.actobaci!J.J!§ pentos.ll§ 

Percent of Recovered Ac.tivity 

Ribose from Ribulose from Ribulose from 
24 hro canna 5 Mino Sc:enedei~~ 1 mino Chlorella 

46% 16% 23% 

54% 84% 77% 

nucleic acid fraction of a carina. leaf which had been allowed to phosynthesize 
in the presence of radioac:ti ve C0:2 for 24 hours ll was fermented the theoretical 
distribution for an equally labeled pentose was obtainedo The acetic acid 
fraction contained 46 percent of the original ribose :radioactivity and the 
lactic: acid fraction 54 -peroento This is considered within the experimental 
accuracy of 40 percent acetate and 60 percent lactate for equally labeled 
pentoseso When radioactive ribulos® obtained from a five minute phosynthesis 
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by Scenedesmus was degraded 84 percent of the recovered activity was obtained 
in the lactate fraction and 16 percent in the acetate fractiono From previous 
results of the degrad~tion of glyceric acid and glucose it had been expected 
that in five minutes all early prodoots of photosynthesis would be uniformly 
labeledo This distribution is far removed from the theoretical 40-6o percent 
distribution of equal labelingo Ribulose obtained from Chlorella after a one 
minute of photosynthesis gave a distribution of 2.3 percent In the acetate frac­
tion and 77 percent in the lactate fractiono 

These results are inconclusive in that either the ribulose obtained 
from the one and five minute algal photosynthesis is not uniformly labeled or 
ribulose is not converted quantitatively to one mole of acetate and lactateo 
Further experiments await the availability of macro amounts of ribulose to 
check the quantitative yields of the fermentation products formed by Lacto­
bacillus pentosuso 

This bacterial fermentation would be useful even though the yields 
of lactate and acetate were not ql:umtitativeo Howeverll the mechanism of break­
down of the ribulose skeleton must be known to assure that all of the lactate 
or acetate always arises from the same carbon atoms,o 

., .. ·'' .. 

ChemicaJ. De~radation of Ribulose 

.o.Zweiffl.er~ Jo A.o Bassham and Mo Calvin 
' , '·~. ' ·, . ,. I 

. The co:C:version .of. :radio~ctiv~ rlbulose into the corresponding osazone 
(using arabinose carrier), and the periodate oxidation of this osazone was 
attempted as sugge:;~ted by the .degr~ations .of glucosazone by Chargaff and 
Magosanik (Jo Am~· Chemo S6c~,·.69:1i '145.9 · (1947)} and Aronoff and Vernon (Archo 
Biochemo,~,42T{l950));; ,,.,. ·.· .· · 

. Inactive 'arabinosa~n~ :was pr~pared as described by Haskinsll Hann9 
andHud~on (-!o A.mo:Ghem~ Soc~ll. 68~ 1766 (1946)) o Radioactive arabinosazone_ 
wa~- prepared_ on a. 10 mg scEl.le. applying Hudson us methodo Radioactive ribulose 9 
evaporated almo~t to dryness~ 10 'Iilg arabinose 9 1.3 )-. acetic acid and 40 ")... · 
methyl cellosolve were heated to s.oo in a small test tube on a steam bath and 
26 n phenylhydrazine addedo Solution of the sugars took place rapidly" and after 
an additional hour on the steam bath9 . 1 ml of ©old water was addedo The volU= 
minous y~Uow precipitate was washed two times with 25 ?I portions of 10 percent 
acetic acid, ~d·four times.with 50 n portions of watero It was then dissolved 

.in absolute alcohol and receyst~iized with pure)> ina©tive arabinosazoneo The 
conversion of ra.dioactivitywas·approximately 65=70 per©ento 

h.,, ' 

, .... The d~g~dation of·. the osazone was done as followsg One millimole 
of osazone in 110 ml of 66 percent alcohol 9 20 ml of absolute alcoholll and 
10 ml of 1 N NaRC~ were warmed tintil solution took pla©e and cooled b,y 
standing, to 30°o Three millimoles (6 ml) of 1 N periodic a©id were added 
and l,et stand for 15 m:i.n., A voluminous yellow orange percipi tate formed . . . 

··,· .. ··. 

'1 ,'i 
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.• almost instantly; 35 ml of H20 were added and the mixture eentrifugedo The 
percipitate was washed with 66 percent alcoholw filtered and dried in a vacuum 
desiccatoro It was recr,ystallized from 66 percent alcoholo The supernate and 
washings were distilled to dr,yness jD vacuo and formaldimedon precipiated from 
the distillateo 

The residue in the distillation fla~k now contained NaHC03~ HCOONa9 
NaiOJ 9 and perhaps some Nai04o This residue was taken up in 50 ml of watero 
An excess of iodic acid in 10 ml water was added and the resulting solution 
heated moderately under a stream of nitrogen to rid it of dissolved carbon 
dioxideo .. The solution was then distilled to dryness .in yacuo (under nitrogen) 
and the distillate titrated to a phenolthalein end point with approximately 
1 M Ba(OH)2o The neutralized solution was distilled under nitrogen to about 
5 ml and alcohol addedo The barium formate precipitated was recrystallized 3 
times from alcohol-watero 

This degradation was performed twice using ribulose from a 5 mino 
photosynthesis experiment Chlorella) o Due to the low specific activities of 
the products~ t~e counting 1s st1 in progresso 

Degradation of Sedoheptulosan and Sedoheptulose 

The distribution of activity in sedoheptulose produced during photo­
synthesis is Qe~ng investigated by degradation with sodium periodate of the 
sedoheptulose and its anhydrideo 

The radioactive $amples 9f sedoheptulosan were prepared by heating 
sedoheptulose in 1 N hydrochl9ric acid on the steam bath for one-half houro 
The. product ·was purified by paper chromatographyo Radioactive sedoheptulosan.~~ 
approximately Oo2· milliequivalents ·of carrier cr,ystalli.ne sedoheptulosan and 
approximate•ly lo2 m1 of 1 N Na.I04 were allowed· to stand at room temperatureo 
An aliquot.of .. the reaction mixture was titrated with sodium hydroxide to a 
methyl red end point to follow acid productiono . The remainder of the reaction 
w~s acidif'ied.with iodic acid·and ·distilled to ~ryne~s in vacuoo The.dis= 
t11late was t1trat$d to a phenolphthalein endpo1nt W1th--oarium hydroX1de and 
the barium formate was recystallized from aqueous alcohol and countedo The 
residue in the original reac~ion mixture was also countedo The results are 
given in Table Io 
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Table I 

Molas acid pro-
duced per mole % as Formate 

Ctso Time of anhydride calco on spe- % in 
Activity Sample degraded oxidized oxidized cific activity residue 

cl4 Formic acid 000 · 64 hrso 
! 

loO lOOoO 00 

Theoretical % 
if uniform 
labeling 14o2 85o8 

5 mino PS* soy 
bean Sedoheptu= 

9ol X 10.3 los an 24 hrso oo 13o5 57o0 

5 mino PS soy 
bean Sedoheptu-

6o9 X leY losan 48 hrso 1o0 15ol 60o0 

10 seco PS soy 
beam Sedoheptu= 

·lo8 X 10.3 1osan 24 hrso Oo6 27o9 62o0 

10 seco PS soy 
bean Sedoheptu= 

2o8 X !o.3 
\ 

1osan 64 hr~o loJ 25o2 45o0 

10 seco PS soy 
bean Sedoheptu- ' 
losan (activity 
recrystallized · 

lo5 X 103 with carrier) 48 hrso Oo75 30o5 ?JoO 

* PS = Photosynthesis 

~ioactive sedoheptulose was purified P,y ~onversion to the anhydride 
which was then treated with acid to regenerate sedoheptuloseo A solution of 
carrier sedoheptulose was standardized calorimetrically using its reaction with 
orcinol in hydrochloric acid in the presence of ferric iono An overnight oxida= 
tion with Nai04 of ~rier sedoheptulose plus labeled formic acid gave four moles 
of formic acid formed per mole of sugar>J calculated. on the specific activity of 
the formic acido 
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Five minute PS sedoheptulose was oxidized with ~arrier sedoheptuloseo 
The reaction was neutralized with sodium hydroxide and distilled to dryness~ 
vacuoo The distillate was added to a dimedon solution9 and the formyldimedon 
which precipitated on acidification was recrystallized and countedo The residue 
was then acidified and distilled to obtain the formic acid which was counted as 
barium formateo 

The residue, which should contain carbons 1 and 2 as glycolic acid, 
was then allowed to react with lead tetraaceta.te in acetic acid for 2 hours at 
70°o The resulting formaldehyde was distilled and precipitated as formyldimedon 
after neutralization of the acetic acida 

Results of two experiments on about 3 x lo3 ctso of 5 mino PS sedo­
heptulose, which was assumed to be equally labeled~ were somewhat unsatisfactoryo 
The specific activity of the formaldehyde from the periodate oxidation (presumably 
carbon 71 perhaps contaminated with some of carbon 1) indicated 9o7 percent and 
llo7 percent instead of the expected l4o2 percent of the activity in this fractiono 
The formic acid (presumably carbons 39 4~ 53 and 6) accounted for 43 percent and 
58 percent of the activity in the respective experimentso The formaldehyde from 
the lead.tetraacetate oxidation (carbon 1) gave lla6 percent of the activity in 
the second experimento · 

Synthesis of Ribonucleic .Acid by Green Algae 

· · J o Lo Fa.irley9 Bo J o K:ruekel and Lo La Daus 

· An investigation of the synthesis of the ribonucleic acid (RNA) of 
green algae durine; phQtosynthesis in the presence of c14o2 has for some time 
been underway~ ~eliminary experiments indicated that for periods of photO..: 
syntheSis up to ten minutes relatively sinall amounts of carbon-14 were incor­
porated into the RNA of Chlorella and Scenedesmuso In addition9 the RNA base 
fractionprodu~ed from the algae cells by a combination of the Schneider ex­
traction technique· (Jo Biolo Chemo~ ·~.!) 293 (1945)) and a modified Schmidt 
and Thannhauser f;ractionation (Ju Biolo.Chemo 161~ 8.3 1945)) method~ followed 
by the hydrolytic procedure of Marshak and Vogel 9 (Jo Biolo Chemo~ .Wa 597 
(1951)) was found to be highly contaminated with radioactive materials not of 
nucleic origino The conventional two-dimensional paper chromatographic tech­
niques.were fotind to be inadequate for the separation of the bases9 adenine,\) 
guanine, cytosmi and ~acil9 from these impuritieso The present report des= 
oribes the successful' isolation in pure form of the RNA bases of Chlorella by 
a method combining the tissue fractionation procedures mentioned above with 
paper chromatographic and ion-exchange techniqueso The determination of the 
specific activity o:f each of the RNA flurine and pyrimidine bases of Chlorella. 
after 10 mino photosynthesis with clA·9z is also reportedo 
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Photosynthesis Procedureso 

Day-old Chlorella cells in a 1 percent suspension in 250 m1 distilled 
water were allowed to photosynthasize for 10 mino in the presence of Oo5 milli­
cure of carbon-14 dioxideo The cells were then killed by immersion in boiling 
ethanol and recovered by centrifugationo 

Preparation of RNA Base Fractiono 

The alga was extracted with cold trichloroacetic acid 9 alcoholp and 
boiling alcohol-ether to remove acid-soluble and lipid constituentso The 
residue was incubated for twenty-four hours with N potassium hydroxide to 
hydrolyze the RNA to the nucleotide stageo The solution was acidified with 
perchloric acid, a modification of the original Schmidt-Thannhauser procedure 
of advantage here in that most of the potassium ion is removed as insoluble 
perchloric acid along with the precipitated protein and desoxyribonucleic acido 
The nucleotide solution resulting after removal of the solids by centrifugation 
was made basic with potassium hydroxide which removed much of the perchlorate 
ion as the salt, an4 partially purified by use of a Dowex-2-Gl ion exchange 
column to remove the ribonucleotides from the solutiono Non-anionic materials 
were washed out with water, and then the nucleotides were eluted with 2! HClo 
The solvent was evaporated under an air stream at room temperaturel> and the 
nucleotides were then hydrolyzed to the free bases with 72 percent perchloric 
acid at 100° for one houro . Carbon resulting from ribose decomposition was 
removed by filtration and the solution of bases diluted to about 1 ~ hydrogen 
ion concentrationo 

Isolation of tbe RNA Bases and Specjfic Activity Determinationso 

The solution of purine and pyrimidine bases (cao 1 mg each) was chroma­
tographed by the method of Cohn (Science, 109~ 377 (1949» on a Dowex-50 (hydrogen 
form) ion-exchange column9 using ~· hydrochloric acid to elute the non-cationic 
uracil and then the cytosine, and 4 N hydrochloric acid to elute the guanine and 
finally the adenineo Optical density measurements of the ultra-violet spectra 
were made to follow the elution of the various baseso Aliquots of eluate were 
taken at regular intervals, evaporated onto glass plates, and counted in a 
nucl~ometero Little correlation was found between the activity plot and the 
ultra violet absorption diagraml> indicating the presence of foreign radioactive 
materialo Accordingly, the tubes representing the main part of each base frac­
tion were separately pooled and evaporated to dryness with an air streamo In 
this process when the uracil fraction reached a volume near 1 mll> perchlori~ 
ion was removed by the addition of an equivalent amount of potassium hydroxide 
prior to further evaporationo Each of the bases were separately dissolved in 
a small volume of Ool N hydrochloric acid and aliquots were chromatographed on 
paper strips with isopropyl alcohol-hydrochloric acid-water solvento The spots 
for each base, located b,y ultra-violet absorption~ were out out and the bases 
eluted with Ool N hydrochloric acido The cytosine~ adenine and guanine samples 
were individually re=chromatographed on Dowex-50o Good correlation between 
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ultra-violet absorption and radioactivity was found in each caseo The uracil~ 
not forming a cation, could not be treated in similar fashiono This fraction 
was therefore chromatographed on paper in butanol-propi.onic acid-t-Tater and 
then again in isoprop,yl alcohol-hydrochloric acid-watero The resulting ultra­
violet absorbing area was coincident with the radioactive area as determined 
b,y counting narrow strips across the paper with a thin-window Scott· tubeo The 
uracil VfaS then eluted with Oolll hydrochloric acid, its concentration determined 
from optical density measurements, and its activity measuredo 

"./ 

Results and Discussiono 

The specific: activity of each of the purine and p,yrimidine bases is 
presented ~n Table Io These results must be regarded as preliminary in nature 

Table I 

Specific activity of purine and pyrimidine_bases of Chlorella RibQ: 
nucleic acid after ten minutes photosynthesis with cl40;2o 

Base Activity 

cts/min/~ mol c:ts/min/P mol carbor 

Adenine 

-2900 580 

·Guanine 2700. 540 
. . .· :·· 

Cytosine '·1000 . 250 

Uracil 5600. 1400 

pending corroboration b,y further experiments in progresso It would appear 
from the present data, however, that the incorporation of carbon-14 into the 
two purines, ade~ne and guanine, of the Chlorella ribon~leic acid was approx­
imately equalo This result differs from previous work with other organisms in 
which, for various specific precursors of the purine ring, it has been found 
that guanine becomes labeled somewhat more rapidly than adenineo The postulate 
of Ma.cLe·od-,,pd Lardy (Jo Biolo Chemo, 1799 733 (1949)) that the carbon in the 
six position of tl}e guanine ring might exchange more readily with 00;2 of the 
medium than the same carbon of the adenine ring does not appear to apply in 
this casee 

The most striking result~ however9 is the carbon=l4 content of the 
J'YTimid:i:ne, uracil, which is labeled to the extent of almost six times the 
cytosine isotope content and about 2o5 times the purine Gontent9 judged per 
mol of; earbono Discussion of the significance of these results must await 
further experimentso 
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Synthesis of Cholio-23~14· Acid 

Ro Mo Lemmon 

The synthesis of labeled cholie acid which was outlined in the last 
Quarterly Report is now well worked out with the exception of the final Arndt­
Eistert reactione This step~ which gives cholic acid from nor-cholic acid~ 
has been carried out on low specific activity nor~cholic acid, and labeled 
cholic acid has been obtained with the calculated specific activityl' correct 
melting point, and satisfactory carbon and hydrogen analysiso However» the 
yield was ver.y poor and this step must be tried under different conditions so 
that a better yield may be assured before any considerable amount of carbon-14 
is expended on the reactiono 

Further work on the preparation of cl4H2N2 from BaC140J has resulted 
in an increasing of the overall yield of this reaction from 26 percent to 39 
perc~nto This improvement has resulted principally from an increased yield 
on two of the stepsg (1) conversion of barium carbonate to potassium cyanide 
and (2) conversion of methyl amine to nitrosomethylureao In the second re= 
action we have found that a ~h better yield (69 percent) of nitrosomethylurea 
is obtained by reacting the methylamine with potassium cyanate instead of with 
urea a 

Preparation of Cyanide .from Barium Carbonate 

Ro Mo Lemmon 

The preparation of.labeled cyanide from barium carbonate-el4 is an 
impor~ant step in the synthesis of many labeled compoundse It is important 
that the yield in this step be as high as possi.bleo Until recently the sealed 
tube method of Loftfield (Nucleonics 9 1~ Noo 3.9 54 (194 7)) which gave yields 
of 80 = 90 percent (UCRL-1299)has been usedo Within the past 16 months two 
new methods for carrylng out this rea10tion have appeared in the literatureo 
The first is the method of McCarter (Jo Amo Chem6 So©o~ 73 9 483 (1951}) in 
which ammonia is passed successively over iron wire and potassium carbonate 
at 6500 and at atmospheric pressureo 

The second procedure is tha·t of Claus 9 et alo (Abstract of paper 
presented at Buffalo, New York, March 24 = 27$ 1952~ Division of Organic 
Chemistry of the American Chemical Society9 Po 51K)~ In this procedure barium 
carbonate is heated with sodium azideo Both of these methods have now been 
investigated., 

The azide method has the great advantage of allowing one to convert 
barium carbonate directly to cyanideo However~ it suffers from the disadvan­
tages of. using very high temperatures (up to 900o) and ·of risking an azide 
explosion., The explosion hazard can be essential.ly eliminated by careful 
handling of the materials» but this requires troublesome operations in a dry= 
box a Claus has reported yields of 92 ± .3 percent for this reaction with an · 
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experienced operatoro We have obtained a yield of 86 percent with this method 9 

but only after one reaction ended in an explosion~ and considerable effort and 
care was expended to insure the soocess of a subsequent reactiono 

MCCarterVs method seems the most convenient of all those so far sug­
gested--the apparatus is very simple~ atmospheric pressure is used 9 and there 
is no explosion hazardo The only apparent disadvantage of the method is that 
the barium carbonate must first be converted into potassium carbonateo McCarter 
reported yields "of the order of 9f!' percent of theoryo 11 However, failure to 
obtain such yields was reported in the Argonne National Laboratory Quarterly 
Report for May9 June, and July~ 1951 (ANL-4676, Po 82) and Wo Go Dauben (Uni­
versity of California, Berkeley, Chemistry Department) has reported to us that 
he obtained a yield of 83 percent using this methodo In a series of reductions 
in this laboratory9 McCarter~s method gave yields ranging from 67=86 percent 
(10 experiments; average yield 74 percent) o These experiments were done on a 
one to five millimole scale.!J whereas McCarter uses one millimole carbonateo 
The larger quantities of carbonate gave» in general» lower percentage yieldso 
The results were not constant9 even where only one millimole was usedo 

Further investigation showed that by making two changes in McCarter's 
procedure, consistent high yields could be obtained and that~ in addition» the 
scale of the reaction could be increased to five millimoles without a decrease 
yield., 

The first change was to carry out the reaction for 10-12 hours instead 
of the 4 hours recommended by McCartero The second was to place a tube of N 
sodium hydroxide (instead of water) at the far end of the furnaceo Up to 10 
percent of the cyanide product was present in this tube at the end of the re= 
action.. After· the reaction was eoi;nplete 51 the contents of the tube was added 
to that. of the porcelain boat and the total cyanide generated as NCHo 

Using a Coor?s size 6A. porcelain boat and 5 millimoles of I\2COJ and 
employing changes indicated above.9<yields of 92 per~ent, 89 percent.9 92 percent» 
9.3 percent, and 85 percent (including one yield of' 92 percent) on .29ol m curies 
of K2Cl4~ have been obtained .. · Therefore 9 it appears that the above changes 
not only ~ncrease the reliability of the MCCarter method but also make it 
possible to run the reaction on a larger scale with no decrease in the yield .. 
This modified method seems to be the best now available for converting labeled 
barium carbonate to cyanideo 

Preparation of labeled Organic Compounds 

Ro Noller_, Do Pack~ Po Adams arid Bo Tolbert 

During the past quarter, the following h~gh=specific activity prepa= 
rations have been c:ompletedg sodium biearbonate=C14 10 oo .. in ·quantitative 
yields,; sodium formate-cl4~ l4 Im)Jo in 96 percent yield from c14~1 sodium 
isobutyrate--1-0149 60 me .. in 98 percent yield from C1402s isoButyl=l-C14 bromide 9 
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25 moo in 54 pereent yield from sodium isoButyrate=l=C14$ methyl--C14 iodide9 

55 100., in 75':"86 per\Gent yield from c14~$ sodium a@etate=2..cl4~ 89 percent 
yield from CJ.4HJio 

Choline=N-Nethyl=Cl4 Chlorideg ··A sample of high specific activity 
choline=N-methyl=C14 ~hloride prepared in this laboratory in 1951 was found 
to prod~e unexpe\Gted and anomalous results when used in biological experi= 
mentso Dilution of the radioactive compound with authentic inactive choline 
chloride and preparation of the chloroplatinate and reineckate gave derivatives 
which could not be recrystallized to constant specific activityo Preliminar,y 

. investigation into the identity of the radioactive compound gave evidence that 
this material was in reality an analog of cholineg ~(methyldietbylamino) 
et..hanol=N=methyl...C14 chlorideo As a means of unequivocal. identification9 a 
sample of the pure diethyl compound was prepared in the following wayg Methyl 
iodide (loO ml9 16 millimoles) was distilled into an evacuated Carius tube 
containing a frozen solution of 2o9 go j3=(diethylamino)ethanol (24 millimoles) 
in 10 ml absolute ethanolo The tube was closed and heated at 6Qo C for 24 hrso 
The·solvent was distilled off' and the solid dissolved in watero Excess silver 
oxide was added with stirring to the iodide solution9 the mixture filtered 9 
and the filtrate titrated to pH 7o4 w:Uh laO N hydrochloric a©id<> . The solution 
was evaporated to dryness on the steam bath and the solid chloride recrystal= 
lized from alcohol=ethero · · 

Samples of this diethyl compound were mixed with the radioactive 
unknown and subjected to two-dimensional paper chromatography with phenol= 
water and butanol=propionic a©id=water as the solventso After preparation of 
radioautographs from the chromatogra.mslJ the papers were sprayed with an ethanol 
solution of bromthymol blue in OoOOl ! H2S.04o . The synthetic choline analog 
was found as a well-defined blue spot coinciding exactly in position and . 
dimensions with the radioactive unknoWno Thus the radioactive ~o~ound was 
positively identified as ~(methyldiethylamino)ethanol=N-methyl=Cl41 chlorideo 

In order to replace samples of this material which have been distri= 
buted through the Isotopes Divii1on9 AEG~ a r~gh-specific activity preparation 
of authentiG, choline=N=methyl...C. 1 chloride has been eompletedo 

Methylco{]14 iodide was prepared .from .35o4 meo barium carbonate=C14 
via the lif..hium aluminum hydride synthesis discussed in the last Quarterly 
Reporto The yield was 30o5 mco or 86 percento This methyl iodide (16o75 
millimoles) was distilled into an evacuated tube containing a .frozen solut:lon 
of 2o04 go (23 millimoles) ~(dimethylamino)ethanol in 10 ml absolute ethanolo 
The tube was closed and heated at 6oo C for 3 hourso The solution was eva= 
porated to dryness .in :xacuo and the white ©rystalline choline iodid transferred 
into a beaker with 30 ml watero This solution was treated with excess silver 
oxide, filteredp and the filtrate titrated to pH 7o4 with hydrochloric acido 
The choline chloride was evaporated to dryness on the steam bath and recrys= 
ta~zed from alcohol=~thero The yield was 23o6 mco or 67 percent from 
BaG 030 
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Two-dimensional paper chromatography of this sample mixed with au­
thentic ina~tive choline chloride'showed a single spot sensitive to bro~ 
thymol blue and corresponding precisely with a single radioautograph spo~o 
Control experiments indicated that an impurity of as little as one percent 
of the total activity would have been visible as an additional spot on the 
radioautographo 

Acethyl Choline=N-Methyl=Cl4 Ohlorideg A portion of the active 
choline chloride (9o44 mco) was transformed into acetyl choline chloride by 
heating in a sealed tube with 2 ml acet:i.c anhydride at 100° for 1-1/2 hourso 
After thorough drying in vacuo9 9o24 mco (97 percent. yield) crystalline acetyl 
choline chloride was obtainedo Two dimensional paper chromatography of a 
mixture of this compound with authentic» inactive acetyl choline chloride 
showed the radioactive compound to be identical with acetyl choline and to 
contain a single radioactive f!purityo It was demonstrated that this im-' 
purity was choline-N-methyl=C 1 and Clontained less than 1 percent of the 
activity of the sampleo 

~7-Cholestenol Cont~nt of Serum Cholesterol 

Ro Mo Lemmon and Margaret Anderson 

In this groupns Quarterly Report for September9 October, and 
November9 19519 the results were reported for some ana!Yses carried out by 
ProfessorFiesergs group at Harvard to determine the .6,7-cholestenol ("lathe= 
sterol" ) content of some samples of serum cholesterol which were sent from 
this Iaboratoryo One of these analyses showed that the cholesterol from 
serum which had a high content of ·Sr 10 ~ 20 lipoproteins (the appearance of 
excessive lipoproteins in this molecular weight class indicates the presence 
of~ or early development 9f, atherosclerosis) contained an abnormally low 
(Ool ~rcent) amount of ~ =cholestenolo This analyses has led to speculation 
that .6,7=cholestenol may play some important role in the pathogenesis of 
atherosclerosiso Therefore, a program has begun which is designed to show 
the connection~ if any~ which ~7~cholestenol may have with this diseaseo 
This program includes the following itemsg · 

lo Redetermination of the ~7=cholestenol content of serum 
which has. a high content of Sf 10-20 lipoproteinso 

2o Determination of the ~7-cholestenol in the lipoproteins 
themselves of variou.s molecula:r weight classes in blood 
serUIIlo 

3o Synthesis of~7-cholestenolo 

4o Feeding of ~ 7 ~cholestenol to rabbi t.s which are on a high 
cholesterol dieto These animals 'W'ill develop athero­
sclerosis because of the ~holesterol diet and the effect 
that the 87=cholestenol has on advancing or retarding 
the rate of appearance of atherosclerosis will be 
determinedo 
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5o Feeding of ~7-eholestenol to atherosclerotic rabbits 
to determine if this compound will have any effect 
on the rate of disappearance of the d.iseaseo 
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The work on Sections (1) and (2) is now in progresso Srunples of crystalline 
cholesterol are being isolated from various blood serum samples for this 
pln'poseo A small-scale synthesis of ~7=cholestenol has been carried out from 
a sample of ?-dehydrocholesterol furnished by the DuPont Companyo Five grams 
of recystallized ?=dehydrocholesterol in 50 ml of pure dioxane·was hydrogenated 
for 16 hours with 1 go of Ramey nickel at a pressure of JO PoSoio The comple­
tion of the reaction was indicated b.1 the near absence of absorption in the 
ultra-violet spectra of the solution at 282 muo At this wave length ?-dehydro­
cholesterol has an absorption maximum whereas ~7~cholestenol shows very little 
absorptiono Equal aliquot portions of the starting material and of the hydre= 
genated product showed optical densities of Oo355 and Oo050 respectivelyo 
After the catalyst was removed, the solution was diluted with water~ and the 
crystals collectedo They were recrystallized first from chlorofo~methanol 
and then from acetone to give 3o5 go (70 percent yield) of crystals melting 
at 122-12JOo The reported melting point of ~7-cholestenol (Lo Fo Fieser, 
private communication) is 125o5=1260o A microchemical analysis for the 
carbon and hydrogen content of our product is being :madeo 

The work outlined in the last two it~ms of the outline above awaits 
the completion of a large-scale synthesis of ~ =cholestenolo Work on the 
synthesis of this compound from cholesterol is now underwayo 

Determination of Breath Carbon-14 Dioxide Eliminated 
gr Rats Injected with Labeled Compounds 

Mo Kirk11 Mo Calvin,11 and Bo Mo Tolbert 

An apparatus has been developed for the continoous measuring of 
activity in breath of rats injected with carbon-14 labeled compoundso The 
data (total activity per unit of time) are plotted directly on a potentiometer 
recorder and may be easily integrated with a polar planimeter to give total 
carbon-14 exhaled for ap.y interval of ti:meo 

Description of the equipmentg Figure 1 shows a diagram of the 
equipment9 which consists of·a flow system for the air which the animal 
breathes.~~ a minimal~sized chamber for the rat and an ionization chamber9 

which is connected to a vibrating reed electrometer (Applied Physics Cor= 
poration9 Pasadena9 California) and a Brown continuous potentiometer recorder 
(chart rate 6 inches per hour}o The last two items are not shown in the 
figureo 

In operation» air.~~ at a very constant flow rate 9 is passed through 
the rat cage and through the ionization chambero The electrons from the ~ 
ray ionization of the carbon~l4 are collected on the center electrode using 
90 volts collection voltageo. ~is electrog~ is bypassed to ground with 
resistors varying in value from 1oll to lOlj ohms and the equilibrium vol­
tage amplified by the electrometer and recordedo 
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The ionization chamber currently in use is an aluminum cylinder of 
124 c~ volume and fitted with inlet and outlet needle valves» a glass collec= 
tion voltage insulator» and a sapphire Clenter electrode insulatoro It is 
patterned after the chambers currently in use on the low-level carbon=l4 
assay progr~ Several stainless steel chambers are also being constructed 
in 120 and 250 cc sizeso 

The b,ypass resistors used with chamber-electrometer are of 5 x 1011
» 

1ol2 and 1013 ohmso The time constant for the last resistor (several minutes) 
is so long that it is not usually usedo The sensitivity range of the electro­
meter (100 fold--only the 1»000 and 100 scales are used) is extended by use of 
different resistors to cover a wide range of cl4~ concentrations in the breath 
of the ani:rnalo 

Since the accuracy of the measurements in this system is d~rectly 
proportional to the flow rate» it is necessar,y to control this within ver,y 
small limitso The system shown in the figure is the product of a number experi­
mental set upso Constant flow rate over long periods of time is hampered by 
1) minute dust particles in needle valves 9 2) movement of the animal» 3) varia­
tion in atmospheric pressure~ and 4) changes in air source pressureo Almost 
all of the factors are eliminated by the system showno Air from the low 
pressure house line is passed first through a Drierite tube (to remove water)~ 
then through a flow meter (Rotameter) and then through a flow buffer con­
sisting of about 25 em of one mmo I;.Do CJapilla.ry tubingo The air then passes 
through the rat cage~ ionization chamberg another flow buffer~ and thence to 
the exit of the mineral oil bubbler9 which is connected to the inlet linea 
The exit gasses pass through a soda lime tube to remove radioactivity9 since 
the equipment is used in the open rooBlo 

The pressure circulating·. the air in the system is independent of 
outside pressure)) sinGe a closed circuit is ma.deo The pressure is directly 
proportional to the height of the oil columna The adjustment of the inlet 
needle valve is not critical, since excess flow of air from the house system 
is bled off b.1 the bubblero The capillar.y buffers on both sides of the rat 
chamber tend to eliminate short term flow variations due to movement and 
breath~ng of the animalo 

The rat cage itself9 made from a 60/50 I glass joint» is about five 
em in diameter and 20 em longo It is held in a slanted position so urine and 
feces will collect in the screened off lower endo A bypass provides an alter= 
nate flow route so that the animal may not stop the air flow in the systemo 
Indentations in the cage at the head prevent the animal from stopping the 
flow rate with its snouto The rat is given neither food nor water during an 
experimento When provided~ it was ignoredo 

Calibration of the Equipmento · 

The volume of the ionization Ghamber was measured gasometrically and 

• 
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©alGulatedo The Rotameter was calibrated by measuring the displacement of 
water over definite periods of timeo 

Since the calibration of the ionization chamber-vibrating reed elec­
trometer is dependent on the gas in the chamber~ a small amount of cl40:2 ( a 
few mm pressure) was put in the chamber and the valve opened momentarily to 
fill the chamber with airo After collecting-electrode equilibrium~ voltages 
were measured with the several resistorsw the gas in the chamber was swept 
through~ sodium hydroxide~ the c1J~02 diluted with inactive carbonate, and 
precipitated as barium carbonateo An aliquot of this material was assayed 
and the radioactivity in the ©hamber calculated from the total weight of 
barium carbonatee 

The ionization chamber constant was found to be 2o22 x 10=12 amp/~c 
c14o From this valve» the flow rate~ the ion chamber volume~ and the b,ypass 
resistor value~ one can calculate breath activities in terms of~c/min for 
any given potentiometer readingo 

Experimental Procedureo 

In a typical experiment a rat is injected intraperitoneally with 
12~20 ~c of sodium acetate=2-Cl4 (2 mg)o With the 1012 ohm resistor in the 
electrometer~. the air flow previously adjusted and recorder started~ the rat 
is immediately placed in the cageo The measurements are continued for seven 
hourso The tracing of electrometer voltages follows the typical rapid rise 
and slow fall for the activity of the carbon dioxideo 

If the time constant for response of the system is short (1=3 
.. minutes) a number of irregularities in the curve will be observed 9 and these 

may be easily correlated visually with sporadi~ animal activityo The varia= 
tions are not observed with slow chemical ~thods of collecting the carbon=l4 
dioxide a 

The curve may be analyzed for total carbon-14 evolved by several 
methodso If a smooth line is drawn through the curve 9 the data can be 
transferred to regular graph paper and the resulting curve integrated by 
weighing the paper under the curveo A much faster method though is to use 
a polar planimetero With this the original chart~ or any section of it~ may 
be measured by following either the smooth curve or the original grapho Table 
I compares the results obtained by these three methodso 

Table I 

Calculated % Injected Activity- Eliminated 
Time By weighing By planimeter 
after injection paper Averaged cuxve Original trac~~ 

0 = 90 mino 5loOJ 49o99 50o25 
90 = 120 mino 5o00 4o96 5o00 

120 = 200 mino 6oOl 6o05 6ol7 
200 = 300 mino Jo35 3o39 3o52 
300 = 420 mino · 2o4J · 2o39 2o69 

TOTAL 67o82 66o78 67o6J 
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In order to further check the accuracy of this method~ a vacuum air 
flow system was used in three experiments and a sodium hydroxide bubbler sub­
stituted for the soda lime tubeo The activity absorbed was precipitated and 
counted as barium carbonateo · The activity so determined and the activity cal= 
culated from tracings by the recorder were well within the experimental erroro 

If data from the chart.are plotted on semi-log paper~ the curve may 
be analyzed as a series of first order reactions composed of a negative cornP 
ponent~ a fast component~ and a slow componento Typical results for eight 
normal rats 9 each of which received sodium acetate=2=Cl49 are shown iri Table 
IIo 

Table II 

Negative Component Component I Component II 
Rat Noo 1/2 Time % 1/2 Time % 1/2 ·Time % 

7 7o5 mino 26o5 23 mino 8lo4 128 mino 29o6 
8 8 mino 22o9 23 mino 65o9 116 mino 32o2 

9 5o5 mino 16o9 · 27 mino 8JoJ 156 mino 22o05 
10 6 mino 17oJl 25 mino 72o3 168 mino 25o7 

11 5o5 mino 14o60 28 mino 74o2 154 mino 25oll 

12 6 mino 16o80 26 mino 72o65 141 mino 29o32 

13 6o5 mino 17o38 28 mino 75o00 136 mino 29o01 

14 6 mino 15o95 24 mino 63o8 133 mino 22o52 
Average 6o4 mino 18o54 25o5 mino 73o57 14lo5 mino 26o94 

These data compare closely with previously reported experiments in 
. which the carbon-14 dioxide was trapped in sodium hydroxide~ precipitated and 

counted as barium carbonateo 
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FIG. I 

FLOW SYSTEM FOR AIR CARBON -14 ASSAY. 

LEGEND: A, ROTAMETER; B,CAPILLARY TUBING 

FLOW BUFFER; C, IONIZATION CHAMBER j 

D, MINERAL OIL BUBBLER i E, SODA LIME C02 

ABSORBER ;F, DRIERITE TUBE;G, NEEDLE VALVE 
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II QUARTERLY PROGRESS REPORTo PROJECT 48B 

Ao Metals and High TemQeratu:re Thermodpamics 

Leo Brewer$ LeRoy Bromley9 G~ Elliott~ Albert Rothman" Richard Porter, 
John Margrave 9 Baakon Haraldsen~ Karl Wieland~ Oscar Krikorian~ James Kane 

Carbon Fluorideso 

CF and CF2 have been observed in absorption and emission in the King 
Furnaceo Measurements are being made as a function of temperature to obtain 
the heats of formation of these compoundso 

Borides and Silicideso 

The study of the reaction of borides of Ce» Ti 51 Zr9 Nb, and Ta with 
N2 and C has continuedo Work has started on similar studies of the silicides 
of these elementso 

The volatility of Li20 and Na20 were determined under neutral condi­
tionso The results indicate that these oxides vaporize by decomposition to 
the elementso The study of the volatility of Li20 under oxidizing conditions 
has been started to determine if the Li20 gaseous molecule~ can be of importance 
under oxidizing conditionso 

Vapor Pressure of Tino 

Work has started on the determination of the vapor pressure of tino 
This quantity will be used to fix the D0 value of SnOo 

Study of Gaseous Hydroxideso 

A summary of the study of gaseous hydroxides has been written and 
issued as report UCRL=l83lo 

Thermal Conductivity of Gases at High Temperatureso 

The design of the conductivity cell has been essentially completed 
and construction has been startedo Because of the expense of an all silver 
cell» preliminary tests were run in gold plated copper and silver plated 
copper cells$ however» the tests indicated that the latter materials are. quite 
unsatisfactq!,Y and accordingly the all silver cell will be usedo 

Report UCRL-1852 en"!iitledl' "Thermal Cond~tivity of Gases at Moderate 
Pressures'\, which is a summary of" a large amount of data on the thermal condoo­
tivity9 viscosity andheat capacdty of g,ases will be completed shortlyo An 

• improved equation relating the thermal conductivity. of a gas to the other pro­
perties will·be presentedo 
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B~ Basic Chemist;y~ Including Metal Chelates 

Ro Eo Connick, Zo Zo Hugus, William Jolly9 Albin Zielen, 
Frank Owings~ Howard Mel, Lorin Hepler, John Kury 

Thermodynamics ·of Rhenium. 

Studies on a high-purity sample of rhenium trioxide a~e underw~y. 
The resistivity has been measured at various temperatures and results approx­
imating those of Lehrer have been obtainedo The temperature coefficient of 
resistivity is positive, which is indicative that Re03 is not a semi-conductor. 
Measurements of the thermoelectromotive force (Seebeck EMF) of a platin~ 
rhenium trioxide thermocouple has been made over a rather small temperature 
interval near room temperatureo The magnitude of the thermal e.m.f •. is quite 
small and suggests that Re0.3 has definite metallic charactero A study of the 
reflection spectrum is projected .and possibly measurements of the Hall effect 
should a suitable specimen be preparedo 

Thermodynamics of Indiumo 

· Experiments have been carried·out yielding da~3which enable one to 
calculate the equilibrium constant for the reactiong In + HF = Inr++ + ~o 
The experimental work involves the study of the potential of the ferrous­
ferric half cell as a function of hydrofluoric acid, Indium perchlorate, and 
hydrogen ion concentrations at ionic strength of 0 10 5 and at 25oo 

On the basis of. the work already completed the value for the 
equilibrium constant for the above reaction is taken at 7~9o It is planned 
to carry;out similar experiments at 150 and 350 in order that the heat and 
entrop,y of the above reaction mar be calculatedo 

Work is also continuing on experiments designed to determine the 
extent of. complexing of In++ b.1 the other halid~onso Attempts to measure 
the equilibria between In(m)~ In+l> In+2~ and In by the methods previously 
reported ·are proceedingo 

Heats of Compiexingo 

.The heats of the six successive reactions of F- with Al+++ to form 
A1F6~..,have. been measuredo . These values with the equilibrium constants per­
mit a calculation of the entropy change in each stepo These values are 
Mf = 32, ~~- = 26~ L1S~ = 18, 63% = 13.\l Mg = 5 and ·636 = -3o 

Studies in Non=Aqueous Solvents~. 

Prelimipary measurements of the absorption spectrum of sodium in 
liquid ammonia at =.330 indicate a maximum in the absorption curve at 12,000 
R.o A method of analysis for sodium in. "very dilute ammonia solutions is 

·• being developedo It is hoped that the absolute extinction coefficient for 
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Na in liquid ammonia may be measuredo An absorption cell is being built for 
· spectrophotometric measurements of liquid ammonia solutions at room tempera­

tureo With this cell, the absorption spectrum of magnesium will be studied • 

. Thermodynamics of S20J=o 

Continued studies from both directions on the equilibr~~ 
S20.3=(aqo) + 2Ag(s) = so;=(aqo) +Ag2S(s) have shown that the value of equi..; 
librium constant, K, at 123° C lies between 6o4 and l9o0o Using argon to 
exclude oxygen from the system9 air oxidation of sulfite has been eliminated, 
giving a good material balance9 subject to (b) below. In an attempt to speed 
up the reaction9 glass wool was introduced into certain of the equilibrium 
tubes to disperse the reacting solidso The effects are: (a) the reaction 
proceeds faster with glass wool and (b) the material balance is about 7 pe:r­
cent off from that in the tubes without glass wool, perhaps due to some as 
yet ·undetiermined9: surface-induced side reactiono 

A procedure has been developed for determining S2~= and SOJ= in 
the presence of each other~ using formaldehyde to complex s~=, with iodine­
starch analysiso The details given by Kurtenacker (Analyto Chemo der 
SauerstoffsKuren des Schwefels) have been found unsatisfactory for high 
sulfite concentrations» and the analytical procedure has been modified 
accotdinglyo To get better values for K in a reasonable time, future 
starting solutions will be made up with concentrations determined by the 
limits now known for K rather than from the pure solutions as has been done 
herewf'o~~ 

The Hydrolytic Polymerization of Zirconiumo 

Work is continuing on the polymerization of Zr(IV) in perchloric 
acid solutions.. The 1.11 HOl04 plus 1 M LiCl04 series of experiments, 
covering a Zr concentration range of lo7 x lo-5 to Ool.3 M, has been 
completedo A few experiments have also been carried out-in 1 M HCl04 plus 
1 M NaCl04o The data so obtained have agreed within 4-5 percent of the 
results from the corresponding LiCl04 runs, thus indicating no significant 
change in activity·coefficients when Li+ ion is replaced by Na+ ion at an 
ionic strength of twoo Quantitative interpretation or the data is not yet 
completeo 

Rare Earth Fluorideso 

·· Data on cells containing Fe(Cl04)29 Fe(Cl04) 3 , CeF3, and HCl04 have 
been obtained9 but a clear interpretation of the results has not as yet been 
madeo By further work» varying experimental conditions" it is hoped to 
determine the solubility of CeF3 as well as to investigate the existence and 
nature of species of the general formula CenF~n-m. 

Spectrophotometric work on solutions of lan~hanum in mixtures of 
perehloric and hydrochloric acid has also been undertakeno 
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Potential of the Ru04- = R~4 Couple~ 

The equilibrium constant for the reaction 2Ruo4- + ClQr + H20 = 
2Ruo4 + Cl- + 2QH- has been measured directly at three different ionic 
strengths in alkaline sol~tion at 25° C., The equilibri~ constant was 
corrected to zero ionic strength by taking yRu04- = -yCl04o 

~ ~u x 104 (ClOi)~(Cl-) aOH~ X 103 Kc x 106 K X 106 -E0 

lo2 
0 .. 39 
0 .. 07 

m/1 m/1 m/1 

2 .. 75 
4o70 
4o91 

0.,081 
0 .. 023 
0.,0098 

1 .. 10 
lo41 
lo62 

Oel71 
Ool69 
0.168 

The .forward reaction is slow, the half=time being about 110 minutes at the 
lowest ClQi concentration shown above, where the reaction was followed for 70 
hours to insure that equilibrium was reachedo 

. In obtaining the potential of the Ru04- - Ru04 couple, the basic 
potential of the Cl--GlCi couple was recalculated, as 4o47 x 10~4 (as calculated 
from Jakowkin's~ data by Connie~ and the dissociation constant for HClO as 
3o6 x lo-8o The latter was determined experimentally by spectrophotometric 
and pH measurements, and compares with 3o44 x lo-4 as calculated by Connic1(2 
from Ingham and Horrison's3 datao These values give Eg = -0.,885 for the 
Cl- - ClOI couple .. 

The Ru04- ~ Ru04 potential is therefore E~ = -lo053 volts, which is 
0~05 volts more negative than Silverman and Levy's4 value~ The discrepancy 
is larger than can be accounted for by any reasonable uncertainty in the 
hypochlorite potential .. 

1~ A .. Ao Jakowkin, z. physik., Cham .. 29, 613 (1899)" 
2o Ro Eo Connick, Jo Ao C., So Q2, 1509 (1947)o 
3o Jo Wo Ingham and J .. Morrison, Jo Cherne Soc., 1200 (193J)., 
4o Mo D .. Silverman and H., A. Levy, Oak Ridge National Laboratory 

Report--ORNL-746, Series A, November 13, 1950 .. 
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