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I QUARTERLY PROGRESS REPORT Project 4ft
A. Nuclear Chemistry
G. T. Seaborg andl. Perlman
Radioactive Decay of At* At' b pe*

R W. Hoff, F. Asaro. P, W. Maguire and $ G. Thompson

The nuclide* At*** and At“** have been produced in bombardment*
of bismuth with helium ion* in the 60-inch cyclotron. A pure sample of At***
«10*4 At#10) may be volatilised from a bismuth target bombarded with 28 Mev
helium ion*. Existing data indicate At*"~.decays by both alpha and electron
capture decay in the following manner:

an. ‘ «-9* ai

~50 yrs. Tv/i » 7.5 hours
EC EC »59.1 %

Pb"® "« ——g- PO*“

Tj/* *0.5 aec.

We have searched for y rays present in the decay of At hsing a Na | scintil-
lation spectrometer and have observed no y rays in appreciable abundance
{>\%) besides the K and L X-rays of Po. Therefore, it is reasonable to think
that the electron capture decay of AtMI is directly to the ground state of Po”I.
There was an indication of very low abundance gamma's in the 540-580 kev
region which probably originate from the decay of excited levels of Pb"7 re-
sulting from the alpha decay of Po”l. After the At"M activity had decayed to
virtually nothing, gamma rays of 540 kev and 880 kev energy were seen from
the decay of 50-year Bi®*O?. Although there are numerous gamma rays in the
Bi207 decay, these were the only two observed due to the small amount of
activity present. Previously, the 880 kev level of Pb”7 has not been detected

through conversion electrons of Bi*07; however, the level was first seen in the
alpha decay of Po ™.

A bismuth bombardment using 36 Mev helium ions produces a mix-
ture of At*I and AtMO. In the cecay £C » Po"®, we have observed

gamma rays of 0. 250, 1.15, and 1.4p Mev energy. These make the following
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rwrfif level 4t»|r*m for look «Hiitltvt;

T K /1,40 tfrv

(0 ) ST
Thit decay achemr i« consistent with the absence of [«mim rays in the beta
decay of which Hat only | 17 Mev decay energy. Coincidence tntuurt*

menta are being planned to teat the correctness of the above decay acheme
and aiao the observation of conversion electrons using a beta-ray spectro-

meter which will yield, together with ectnttlUtion spectrometer data, the
amount of decay to each of the excited levels.

A sample containing approximately 5 * 10" d/m of A1l haa been
used to obaerve the alpha particle energies of Po”~N in the alpha ray spectra-
graph. Three low abundance alpha groups of Poill were first reported by
Neumann and Perlman, Phya. Rev. JH, 95% (1951). The firat two of these
groups have been measured with energies 6. 681 a 0. 01 Mev and 6. 55b a 0. 01
Mcv and abundancea 0. 50 percent and 0. 5) percent with reaped to the highest
group. Work ia in progress to find the lowest energy alpha of Po"* reported
to be 0.1 percent abundant and to have 6. 34 Mev energy. Partial scanning
of the plate indicates no alpha group between 6. 32 ana b. 40 Mev which is more
than 0.02 percent abundant. Further scanning should decide the actual ex*
'stence of this third low-intensity group.

The energy of the alpha particles from the decay of At*" haa been

determined with the spectrograph using aa an energy standard. The
result for At** ia 5 862 a 0. 008 Mev.

A large eamplc of At"* containing approximately 4 x 10Halpha
dis./min. and approximately an equal amount of At"** electron capture
activity has yielded interesting results in the alpha ray spectrograph. Three
new alpha groups have been aeen in the energy region just above Po”® with
energies 5. 355, 5.437, 5 519 * 0. 005 Mev and of approximately equal abun-
dance. A probable fourth group haa been seen with energy 5.464 a 0.01 Mev
and in much lower abundance. The origin of these alphas is probably from
a very small amount of alpha-branching in the decay of At*"®, although it ia
possible that these groups may be of complex structure in the alpha decay
of At*I. This question will be resolved from a sample of pure At~ which
has been run on the spectrograph. Assignment of one or more of these alpha
energies to AtMO is consistent with alpha decay systemalice in that the
nuclide with 125 neutrons haa a lower alpha energy than cither of ita neigh-
borng isotopes. Similar results have been found for the 125 neutron isotopes
of Po and Cm. Assuming these alohas originate from the decay of At"®,
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one can calculate (Inp «INiit4ii)(« of emstil group from * coniidirilioti of
alpha deraf theory, it is possible to calculate * hindrance factor lor thr
decay At*” i» shown ta Table | for campontoo:

TABLE |
Alpha

Alpha Dkainte - Alpha Atphs

Particle gratlon Observed Branching Tt/i Hindrance
Isotope  Energy Energy T(hr.) r.<i« ixn . » Factor
A.il0 % $19 S. 626 81 0.054 1.7 800
A ©° 5. 417 $. $41 8. 1 0.0$ 1 1.8% 300
Al"e 5. m $.459 81 0.062 t.$1 100
Acil > 5. 862 $.97% 7. % 40 9 19.00 60

Nuclear Properties of Berkelium and Californium Isotopes

E, K. Mulct. A. Ghtorso and S. G. Thompson

In the continuation of the work on the transplutomum isotopes one
new isotope of californium has been found and new information concerning
brrkelium and californium isotopes has been gained. The results have been

obtained from a single bombardment with 35 Mev helium ions upon curium
and americium.

The target contained-800 micrograms N0 micrograms
Cm~*J, ~40 mictogramv Cm~V O. 3 microgrsms mg. A » ™,
and**200 micrograms The berkelium and californium fractions

were individually spearated from all other radioactive elements by the use
of ion-exchange methods.

Half-Life far Spontaneous Fisaion of Cf'

When the logarithm of the known spontaneous fission half-lives
of even-even nuclides are plotted as a function of Z~/A, a straight line is
obtained,and an extrapolation of this line would predict approximately

1 G. T. Seaborg, Phys. Rev. 85, 157 (1952). \
2. W. J. Whitehouse and W. GalBraith, Mature 169, 494 (1952)".
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I, 000 Y««r« for tKr spontaneous fiiitun hall-life of By <owifin| fit*
eion rvrnt* from a known Amount of essentially purr produced in thit
bomb*rdmrni. int parallel pint# ionisation (hambrr, ihr vilu« found for the
spontaneous fittion half-life of €(**** »»e 2100t 100 fttri. Thbit la in excel-
lent tftrrrmrnt with the prrdu trd v«)u«. Thr fission rttr decreased with thr
limr 15 hour half-life at that obtrrvrd lor thr alpha decay of Cf*~, thut
proving that thr obtrrvrd (lotion originated from thia isotope

A New Itolopr of Californium

After thr nearly complete radioactive decay of Cf**® alpha pulse
analytit showed tome alpha radioactivity, with the energy of 6. 24 £ 0.0*
M*v, remaining in the californium fraction. It it very likely that theae
alpha particles originate from Cf~48 by reasons of yield and slpha system*
atlcs considerations. It is very unlikely that Cf&* could have been pro-
duced in an observable amount, and Cf**7 would be expected to decay
chiefly by an orbitd electron capture with a half-1 fe of a few hours. No
half-life has been determined for the reasons thst the amount of slpha ac-

tivity is very small, and the period of decay has been short compared with
the expected half-life.

Nuclear Properties of

,Previous work at thia laboratory yielded an isotope of berkelium
believed to have the mass number 245. * Radiations from the daughter,
Cm~"45f resulting from the nearly pure electron capture of Bk”45 have not
been previously observed, although its Identification in mixtures of curium
-sotopes by the use of the spectrograph has been made. In thia bombard-
ment it was observed thst several alpha counts per minute with s particle
energy of 5. .52 ft 0. 05 Mev grew from the berkelium parent. Alpha par-
ticles with the above energy were found in a curium fraction chemically
separated from pure berkelium after allowing the Bk~45 to decay for a
period of time, and they were also found on a sample plate after nearly
complete decay of Bk™45 originally on the plate. The ratio of the abundance
of the new alpha radioactivity to the amount of Bk"45 that had decayed re-
mained the same in both instances.

The energies of the gamma rays originating from Bk”45 were
measured by a sodium iodide scintillation counter connected to a pulse
analyser. In order of abundances these energies are: 115 kev, 75 kev.
and 240 kev. The 115 kev gamma-ray corresponds to the K X-rays of
curium which occur after the K orbital electron capture by berkelium.

The abundance of the K X-ray was measured, and the same crystal was
cslibrsted at the same geometry with the K X-raya from the K electron
capture of At*H, for which the K electron capture disintegration rate has
been experimentally related to the alpha particle counting rate. * From the
data obtained it has been possible to calculate a minimum half-life for Cm~45
of 1, 500 years. Any L orbital electron capture by Bk2*5 would increase the
half-life of and a likely upper limit would be 2,800 years.

5. Hulet, Thompson, Ghiorso and Street, Phys. Rev. 84, 366 (1951).
4. R. W. Hoff, private communicstion (October 1952).
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Chemistry of the Lanthanide Clements

D C. Fray and B. B. Cunningham

Bffiuif of thr similarities between the actinide and lanthanide
elements, there has been a continued interest in the lanthanide elements,
especially in their nontripositive states, at this laboratory.

Chemistry of Cerium

Cerium tetrafluortde was prepared by the action ol elemental
fluorine on cerium trifluoride as previously reported.*

In order to determine the composition of this compound more ac>
curately than is possible by X-ray diffraction techniques, the loss of weight
during the conversion of the tetrafluonde to the dioxide was determined. A
weighed sample (about bOO micrograms) of CeF” was heated in a tarred plati-
num crucible at 600° C in air (in a muffle furnace) until the sample attained
constant weight. The product was identified by X-rsy analysis. Then the
actual and theoretical percentage weight losses were compared, and from
this the composition of the starting material was calculated. It was assumed
that CeO” was the only final product. However, Mrs. Carol Dauben of the
X-ray group reported that the lattice constants of the CeO” were slightly
larger than the literature values. This could indicate the presence of oxy-
fluorides and would also indicate that the original material is purer than

calculated from the data in Table |. Neglecting this factor the average com-
position of the tetrafluoride is CeF" qft.

Attempts were made to determine the thermal stability of CeF”
by heating it in a nickel effusion vessel for 10 minutes at various tempera-
tures in high vacuum. However, despite pretreatment of the vessel with
fluorine from the decomposition of C«F3, some of the fluorine released
from the tetrafluoride reacted with the vessel. Since the amount of fluorine
lost by the sample was to be determined by weighing the sample before and
after heating, this made our results unreliable for quantitative measurement.
This error was detected when the composition of the final product as deter-
mined by X-ray analysis and the weight loss method did not agree within any
reasonable limit of error. The X-ray analysis indicated that more CeF4 had
been converted to the trifluoride than by the weight loss method. However,
our results do show that cerium tetrafluoride is stable in vacuum at 150° C
and is decomposed quantitatively to the trifluoride at 230° C.

A spcctrographic analysis of the material used for these measure-

ments showed the presence of less than 0.1 percent impurities m the tetra-
fluoride.

1. Cunningham, B. B., D. C. Feay, and 14. A. Roilier, UCRJL-1632,
pp 5-8 (January 28, 1952).
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TABLE 2

Composition of O F4

Molecular
Final Percentage Weight Loss  Weight of Composition
Sample Product Experimental Theoretical Sample of Sample
84 Dioxide 19. 90 10. 36 214.90
86 1 20. 11 20. 36 215.46 CeF3.96
87 » 10. 65 20. 36 216.93 CeF4.CM
Average 1 20. 22 20. 3b 215.76 CeF3. 98

Chemistry of Terbium

The ThF4 was prepared by the action of elemental fluorine on the
trifluoride as reported previously.” The composition of.the tetrafluoride
was determined in the same manner as was cerium tetrafluoride. The
oxide products were identified by comparing the lattice constants of the
oxide produced with the curve of the variation of lattice constant with oxy-
gen content of the terbium oxides. The composition selected for the oxide

is subject to our experimental error as well as any errors inherent in the
published curve.L

Also, it was noted that if the sample was heated at about 300° C,
TbF” is formed. Continued heating at 400°»C produces ThOF. A terbium
oxide is produced when the heating is done at about 600° C. The lattice

constants of TbOF as determined by X-ray powder diffraction methods for
the rhombohedral unit cell are as follows:

a =6.689 + 0.007A,
a 533.40 = 0.10°,

Since there is no reason to expect the conversion of the tetra-
fluoride to stop exactly at the tri- or oxyfluonde, the composition of the
tetrafluoride was calculated only from the data on the oxides (Table 3).
This gives an average composition of ThF”

Spertrographic analysis of the sample used in these determina-
tions showed lef" than 0.1 percent of impurities.

2. Gruen. D. M., W. C. Koehler, ana J. J. Katz, J. Am. Chem. Soc.
73.1475-9(1951).
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TABLE 3

Composition of ThF4

Sample Temperature Product Weight Loti (Percentage) Composition
Experimental Theoretical

88 400° C  ThOF 16.94 17.43

88 600 Tb*l b75 20. 75 20.91 TLE3 97

a9 320 ThF3 8. 89 8.08 .

89 430 ThOF 16. 04 17.43

90 215 TbF j 7. 37 8.08 -

90 430 ThOF 17.26 17.43 -

90 600 Th°1 645 20. 31 21. 13 ThE3 g7
Average THF1.9i

Chemistry of Samarium

The preparation of SmF+ was attempted by the action of elemental
fluorine on SmF* at about 350° C for one hour. No tetrafluonde was obtained.

The X-ray work on the fluorides was done by Mrs. Carol Dauben
and Mrs. Helena Ruben of Dr. D. H. Templeton's X-ray Diffraction Group.

Isotope Shift in the Spectrum of Plutonium

John G. Conway

isotope shifts have been measured in the spectrum of plutonium.
Two isotoptcally enriched samples were used, one a mixture of 238-242.
the other of 239-240. The samples were loaned for the experiment by
Dr. S. G Thompson. The spectra were photographed on the 35 foot Paachen
mounting at the Argonne National Laboratory. Dr. MarV Fred of Argonne is
the co-author of a more detailed paper which will appear shortly. A total of

27 hnea showed sn isotope shift. The four lines exhibiting t .e greatest shifts
are listed in Table 4,
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TABLE 4
Min A) aV

242-238 240-23%
3958, 79 ¢0.204 ¢0.072
3972.06 ¢0. 142 #0. 045
3985. 37 +0. 160 +0 053
4021. 41 HUHi,  49,92)

Nuclear Emulnon Studies of Alpha Convrrreion

Dean C. Dunlavey

Complex structure in the alpha decay of a sample of C*** pro-
vided by S. Thompson and K. Hulet and of in a sample provided by

R. Hoff hat been observed, using the method of counting alpha-conversion
electron coincidences in nuclear emulsions. ¢

Observation of 5100 alpha events showed 12 percent * 3
percent to have L or M conversion electrons of 20-25 kev or 35-40 kev. j%
t-nergiea, indicating an excited level of approximately 43 a 5kev in Cm"
For PufE34, only 400 alpha events were counted and 15 percent a f percent
of the events were found to have L or ,Mconversion electrons of 25-30 kev

or 40-45 kev energies, indicating an excited level of approximately 47 kev
in U2*0. The results are shown in Table 5.

Percentages of decay leading to the excited'level sre less than
expected for each isotope. Explanation, if any is needed, can be that: for
a few percent of the L conversion electrons might have b-rn missed
because of a shorter-than-average track length complicating difficulties of
detection already present from the low energy involved; for Pu*”, as s
result of the'amall number of events counted, the larger limit of eiror is.
enough to include the expected value of nearer 20 percent.

TABLE 5
Ground
Exp Alpha Excited level state hin-
alpha decay Alpha Preston IL}\b hindrance drance re
*1/2  Efctev *1/2  radii *1/2e*I»/*1/2 C14*42
Cfidfc 35 2n  6.90 49.5h 9. 35 1. 500 1.08
6.8 298.0h 8.97 4.76
Pu234 4 38d 6. %4 11.0d 9. 34 1.516 0.60

6. 29 62. 5d . 9 05 3. 34
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The Half-Life and Alpha-Particle Energy of

Floyd Momyer

Attempts were made to find activities belopj»ing to neutron-de-
ficient isotopes of radium by bombarding lead with C*4ions and isolating
radium samples from the target for alpha pulse analysis.

The lead to be bombarded was affixed to stainless steel plates
by cleaning the surface of the plates with a special flux-and then melting
the lead onto the stainless steel. Such targets were mounted on a probe
designed so that the back of the stainless steel plate could be cooled by
a continuous flow of water to prevent melting of the lead.

After a 5-10 minute bombardment, the lead was dissolved in
a minimum amount of hot 2-3N HNO3 and the solution cooled in ice and
saturated with HC1 gas. Barium carrier was then added to precipitate
BaCly and carry radium, the lead remaining in solution as a chloride
complex. The BaCI” precipitate was washed with cold saturated HC1,

dissolved in water and evaporated down on platinum plates for alpha pulse
analysis.

In several runs small amounts of a short-lived alpha activity
with a 6.9 Mev alpha particle were observed. In one run several hun-
dred counts per minute of this activity were observed on the pulse ana-
lyzer and the half-life and alpha-particle energy determined as 2.7 %
0. 3minutes and 6.90 + 0. 04 Mev, respectively. After decay of this
activity several counts per minute of Em”~9 were observed on the plate,
free of significant amounts of any other activities. Em”09 was identi-

fied by its measured half-life of about 30 minutes and alpha-particle
energy of 6.02 Mev.

From the chemical properties of the new activity and the ob-
servance of Em209 in samples of it, it is assigned to Ra”lJ. As the
half-width of the Ra”I3 peak was almost 300 kev in the best run (due to
thickness of the sample), the presence of Fr*I3 from the electron cap-
ture decay of Ra*-13 j8 not at present ruled out. The alpha-particle
energies of Ra”3 and Fr~3 are probably separated by less than 100 kev.

The Alpha-Branching of AcK and the Presence of Astatine in Nature

E. K. Hyde and A. Ghiorso

Starting with a 20 me source of Ac&” the 21 minute isotope
AcK (Fr~23) has been isolated and subjected to study to identify its alpha
branch products. It has been found that the alpha branching ratio is ap-
proximately 4 x 10*5 and that the product isotope, At2-19, has a 0.9
minute half-life for the emission of 6. 27 Mev alpha particles to produce
the previously unreported activity Bi215. Bi”IS i8 an 8 minute beta
emitter. Since Ac”27 occurs in nature as part of the Un35 decay chain
this establishes the presence of an astatine isotope in a natural source.
A complete report of this work is given in UCRL-2019.
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Beta Spectrum of Fr223

Thomas O. Passell

Preliminary runs have been made with the double focussing
Siegbahn type beta spectrometer to determine the beta spectrum of FrA/,
This isotope is a member of the actinium (4n ¢ 3) natural radioactive decay
chain. The 21 minute Fr223 was milked from a 20 me source of

and in a matter of 40-55 minutes from the initial separation the francium
was inserted in the spectrometer.

From the Kurie Analysis of the spectrum, there appear tsvbe
two conponents above 450 kev withmaximum energies of -~1.0 Mev and
'4. 5 Mev, the lower energy component being by far the most abundant. The
literature value of 1. 2 Mev represents a cloud chamber determination.

Some data have been acquired on the energies of conversion elec-
tron lines superimposed upon the beta spectrum and lines resulting from
conversion of the three previously reported gamma rays (48.6, 90.0, and

330 kev) have been at least qualitatively confirmed. This study will be
continued.

Nucleon Momentum Distributions from
High Energy (d,p) Excitation Functions

J. O. Rasmussen, Jr.

It is the purpose of this note to suggest that with certain reason-
able assumptions, semi-quantitative information concerning nucleon mo-
mentum distributions in nuclei may be gained from the rate of decrease of
the (d,p) reaction yield with increasing deuteron energy.

The necessary assumptions are the following:

1. Observed (d,p) reaction yields in the’high energy
region 50 Mev) are due mainly to the
Oppenheimer-Phillips mechanism with the con-
tribution from compound nucleus formation fol-
lowed by evaporation of a single proton negligible.
That is, the observed yield comes from inter-
actions with only the neutron of the deuteron.
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2. Coulomb repulsion effects, which largely determine
the (d,p) excitation function for low energies, have
negligible effect on the high energy slopes of the
{d, p) yield curves.

3. The distribution of excitation energies of the resid-
ual nucleus (following capture of the neutron from
the deuteron) which contribute to the observed (d,p)
yield remains tss< ntially the same for all high bom-
bardment energii s, and this distribution is quite
narrow, peaking near the neutron binding energy.
The contribution to the (d, p) yield by states of much
lower excitation is expected to be much smaller -since
the nuclear level density falls off rapidly with de-
creasing excitation. The contribution by states of
much higher excitation energy than the neutron-binding
energy is expected to be small on account of the effec-
tive competition of neutron evaporation (and in some
cases fiscion) processes with the radiation process.

There are two theoretical treatments from which we shall make
guantitative estimates of the bombardment energy dependence of the (d, p)
total cross section. A differential (d. p) cross section expression mdy be
obtained from the theoretical work of Chew and Go.dberger” or the inverse
process, the deuteron pick-up process, if we use the principle of detailed
balance. ~ Secondly, Daitch and French” give a Born approximation deriva-
t:on of the differentiad (d,p) cross section and demonstrate the equivalence
of their Born approximation formulation with that of Butler.

. From the Chew Goldberger* treatment we get the relative dif-
ferential cross section in their notation as follows, where only factors

dependent on inc.dent deuteron and outgoing proton momentum vectors
are retained:

djdp r k N(? - k) )
- [l M
A K [ies .y
1 Chew and Goldbcrger, Physical Review'72, 470 (1950).

2. Cf. E. Fermi, Nuclear Physics, University of Chicago Press, p. 146,
Eq. VIII.18, 195TT

3. Daitch and French, Physical Review 87, 900 (1952).

4. BulLer, S. T., Proc. Roy. Soc. (London) 208, 559 (1951).
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where
K and 1, are the wave number vectors of the incoming
deuteron and outgoing proton, respectively,

K and k are their absolute values,

p is a constant numerically equal to the wave number
of a 00 Mev nucleon,

N(Kf-Ic) is the momentum probability distribution of
the captured neutron in the final nucleus having mo-
mentum corresponding to the vector difference

dft is the element of solid angle.

To obtain the total (d,p) cross section we need to integrate over
all angles between K and k and eum over all final states, weighted according
to their relative contributions to the observed (d. p) reaction yield. In this
approximate treatnrxent we shall not explicitly perform the summation but
will interpret N(K-k) as a momentum distribution averaged over the various
contributing final nuclear states. We shall carry out the angular integration
for a single average energy of theoutgoiig proton, for sim plicity choosing the

proton energy equal to the deuteron energy, the process being capture of the
neutron in a nuclear state bound by 2. 23 Mev.

If Ep = Ejj, then k = and if 0 is the angle between Ic and K?,

(K?-$2=K2(3/2 - /Tco. 0)
and (2)
(?- jE)2=i£ (3/2 - [Tco.O).
<
First, the integration will be carried out using a gaussian momen-

tum distribution for N(K < k), since it is analytically convenient and has been

successfully applied by Cladis”™ in correlating quasi-elastic proton scattering
data. The factor

[p2 +<i?. JN)2] 2

will be approximated by the gaussian

5 Cladis, 3. B., Pb.D. Thesis (Physics), University of California (1952),
issued as U.C. Radiation Laboratory Report No. 1621 (unpublished).
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and the choice of 82 corresponding to a nucleon energy of 36 Mev gives a
good fit over the momentum range of importance.

sin 0d Q
Mdp<X 20 6 [p2 *(?2.172)]2

y o e (I—I sin 0d 0

)

~ >
< -JJ-
and with

EP =Ed’

k/Kis independent of E®, and we can write

"dp * £ erp ° K2 £ cos 0) (—(ij— f , sin0do

Let

then

Now S was chosen to correspond to a nucleon energy- of 36 Kiev,
and for the numerical calculation here e 2 will be taken as corresponding to
16 Mev from the experimental results of Cladis. 5 Then by Eq. 4 corres-

ponds to 13.1 Mev. Thatis, E”= 13.1 Mev, where E” is defined by the equa-
tion

%2 2
En -

where M is the mass of a nucleon.
The corresponding relation between the energy and wave number
of the deuteron is as follows:
h2 K2
d *

hence 2
K™ s 2Ed
E f\
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and (4) becomes

“dP< T ~ - e»P [' 3V®*] 8,nh zfl (5%

For EM > E” the following approximation is valid:

»>nh 2 {i -EsL 5: ~ exp (2 -ffSEd/E,)

En

and
°dp<s TV exP [-(3-2/2) Ed/En]= exp [- 0.172 Ej/E ™. (5b)

Numerical calculations using Eq. 5b with E. =13.1 Mev are given
in Table 6 and plotted on Fig. 1.

Secondly, the angular integration of Eq. 3 has been carried out
without approximation using the nuclear momentum distribution originally
chosen by Chew and Goldberger,1namely,

N - R = +<€-1n2 ] ™2

with corresponding to a nucleon energy of 18 Mev. The formula resulting
from the integration after separation of the integrand into partial fractions is
quite lengthy and hence will not be given here. Numerical results using this

foirmular are given in Table b and plotted on Fig. 1. chosen to correspond
to 50 Mev.)

Thirdly, from the Daitch and French'* treatment we have the dif-
ferential cross section expression for formation of a single final state

o x [t2 +02-7)2] 2[ X*°R. (0 j, (Ik*.T?|r) r2dr Y ft,

[a2 ¢ (K*-172)2]2 [p2 + (K*- 1 2)27

where t corresponds to the energy by which the captured neutron is bound in
the final nucleus and o” corresponds to the binding energy of the deuteron,

2. 23 Mev. " is the orbital angular momentum quantum number of the captured
neutron, r is the radial distance from the center of the nucleus. R”(r) is the
radial part of the captured neutron wave function, and j*» (fn - x|r) is the
spherical Bessel function of JUh order.

The integral in Eq. 6 is just the Fourier transform” (not normalised)
of the wave function

Y =R* (r) KK (cos 0).

Since the square of the Fourier transform is just the momentum probability
distribution, we choose to replace the square of the integral in Eq. 6 by
N(R -K), the average momentum distribution over many final states.

6. Schiff, L. I., Quantum Mechanics, McGraw-Hill Company, p. 105,
Eq. 19.9. 1949:
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TABLE 6

Theoretical Relative (d, p; Cross Sections
(Normalized to Unity at 50 Mev)

Chew-Goldberger Chew-Goldberger Daitch-French

matrix element matrix element matrix element
with gaussian with inverse with gaussian
momentum dis- square momentum momentum dis-
Deuteron Energy tribution distribution tribution
Ed (Mev)

0 1.0 1.0 1.0

75 0.47 0.416

100 0. 256 0. 212 0.279

125 0. 147 -

150 0.088 0.068 0. 100

175 0. 056 V - -

200 0.035 0.0326 0.041

tifcjfe

liP™’

Lo I'w
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Alto, since we have chosen to evaluate the integral with E =Ej,
then t2 ac2. We have the integral

qp« 2.* -V?c0.0)]2 . w[»fiL.,"c«_»]_

sin0d 0 (7)
P *4 [a2 tKL(i -/Tco.0)] 1 [p*+1£ (J.ftca. 0

The integral it the same as that in Eq. 3 with the addition of the
new factor in numerator and denominator of the integrand. The new factors
nearly compensate one another, their quotient being unity for K =0 and ap-

proaching 4 for large K. For E” >50 Mev the new factors can be well ap-
proximated by

Again making the same gaussian approximation for the factor involving p

and carrying out the angular integration the final expression is obtained as
follows:

a-.p*O/deXf( tove y sinh v -0.6 exp (- » A w

where

1

2 7a2

E” is defined, analogous to E” , as

, 2.2
\VARE

Then making the substitutions for K#, and ~ as in Eq. 5a and
the approximation of the hyperbolic sine as in Eq. 5b, one obtains

°d,p<TE7 «P[-0172 e*P[-°-172V ® sl- B>
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Taking E~ , as before, equal to 13.1 Mev and taking Eft =2.23 Mey,
the binding energy of the deuteron, one obtains the value

E> =-f\2 Mev.

The numerical results from this third formulation are given in
Table 6 and Fig. 1.

For comparison with the theory are plotted in Fig. 1the experi-
mental values for the absolute id.p) reaction cross sections at high energies
for target nuclides, BiN**, and ij238 The Bi cross sections are
from the work of Fung, ? and the Th and U from work of Slater. ®

In Fig. 1it is seen that there is little difference between the three
theoretical formulations. The agreement of the theoretical slopes with the
Bi”09 results is fortuitously good, but the U and Th curves are much flatter
than theoretical. The general agreement is encouraging, but the approximate
nature of the formulations must be borne in mind. In the first place the
nuclear momentum distributions used are from work on very light elements
and from pick-up process and quasi-elastic scattering experiments, where
the momentum distribution applies ts ground states of nuclei. The interpre-
tation of the distribution N(K-k) used here must be as the average momentum
distribution for the captured neutron, an excited nuclear state. The former

and the latter distributions should not be expected to be comparable in a
guantitative sense.

The significant point set forth by this comparison is that the slope
of the high energy (d,p) cross section probably gives a semi-quantitative
measure of the momentum distribution of the captured neutron in the excited
nuclear state following capture. In this language one would interpret the
striking difference between the slope of the Bi*” curVe, on the one hand,.and
of the Th232 and U238 curves, on the other, as indicating a more rapid fall-
off of high momentum components in the neutron captured by Bi than in neutrons
captured by Th and 0. One might speculate that the different Bi behavior is '
related to the fact that the neutron is the 127th, just following a closed shell.
Whether this behavior is a simple consequence of the decreased neutron binding

energy of of a more subtle dependence on the form of the nuclear wave function
will require data on other nuclides in order to be resolved.

7. Fung, S. C., Ph.D. Thesis (Chemistry), University of California (1951),
issued as U.C. Radiation Laboratory Report No. 1465 (unpublished), p. 22.

8. Slater, L. M., Unpublished Results.
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A Report on the Radiocaemical Septrtnon of
Bismuth from Lead, Polonium agd Radium

B A. Rabv and £ K Hyde

During the cour» «/(\)’\<xu&fI of the aIp?Ja branching of the francium

isotope, AcK, a need arose for a rapid chemical method ior the isolation of

from a solution containing amounts of francium, lead, and rayitum radjfeh*
actrnty many-fold greater. Since has the short haif-ixfe of eight minutes
and the alpha branching of AcK which give* rise to Bs** \via the intermediate
activity, At*} is very slight (1o*" to the chemic-tl separation of Bif£l5
from its contaminants must be rapid ar.d thorough. TV bothersome contami-
nants which occur in this particular decay scheme are Ra”3# Bi2il(
and Pb2il, The following report summarizes the work done during the last
guarter on rapid radiochemical procedures for purification of bismuth in the
carrier-free state. The methods studied should prove to be of general appli-
cability and are described in some detail. No claim to original.ty of these
methods is made, but published information is scanty, particularly on anion
exchange, and our results may be useful to others.

fIUIW I I fh —1*

The first of the three methods'discussed herein is the use of Dowex-
A-l anion exchange resin; this technique depends on the formation of poly-chloro
ions of the elements in question in hydrochloric acid solution.

A column 7 mm. long by Z mm. in diameter was packed with coarse
grains of Dowex A-l. With the aid of suction, solutions were flowed through
this column at the rate of about 1 ml. per minute. Using Bi&O as a tracer,
various conditions of adsorption and desorption were tried. In order *o observe
their behavior, Ra”2h, Po”O, and P b ™ tracer solutions were also run through
the column under comparable conditions. (

In the extraction of Fr2“* from A c””, silicotungstic acid is used. *
It was found that unless the silicotungstic acid is removed before the bismuth-
containing solution is passed through the column, a 70 to 75 percent loss of
bismuth occurs at the adsorption stage. This indicates some complexing of
bismuth by the silicotungstate ion. Hence the anion exchange method was in-

applicable to the problem without a preliminary step, such as those discussed
later.

Behavior of Bismuth. The. behavior of bismuth on the resin is
summarized in Table 7. tn all cases, 5pl of tracer containing RaD, E, F, was
added to 1.0 ml. of hydrochloric acid solution before adsorption on the resin.
The I*eta activity was counted jt» shelf two of a standard Geiger-Muller counter

1. E. K. Hyde and A. Ghiorso, UCRL-2019.
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with an 11.6 mg. aluminum absorber on sh.cHf one ! ut out the RaF alpha
particles and the soft beta particles of RaD. The observed count in 5 pi of
tracer was |. 54 x 10" ¢/m. ' The alpha counting rate was 8. 0 x 104 ¢c/m.

Desorption was made by elution with < ml. of the reagent.

TABLE 7

Anion Exchange Behavior of Bismuth

Composition of Initial Percent Percent Bismuth
Tracer Solution Passed Bismuth Dcsorbtion Desorbed by
Through A-I Column Adsorbed Reagents 2 ml. of reagent
0.1M - HCL 99 Hz°® 0
3M - HCL 96-99 0.1 N - HCL
6 M - HCL 95 - 99 4&-HCLO4
8M - HCL 33 cone. HCL 63'
10 M - HCL 19 sat. HCL* 72-93
cone. HNO” 94 - 99

* Made by passing dry hydrogen chloride gas through concen-
trated hydrochloric acid at 0° C.

Table 7 indicates that adsorption of bismuth is complete from
0.1 M HCL to 6 M_HCL and that saturated HCL or concentrated HNO” are
goodTBesorption agents.

Behavior of Lead. A private con>munication from H. E. Hicks
and P. C. Stevenson revealed to us that Pb(ll) in hydrochloric acid solu-
tions adsorbs strongly on anion exchange resins from HCL solutions of a
certain concentration range but desorbs readily if the HCL concentration

is lower or higher than this range. This behavior was studied for Dowcx
A-l in the experiments below.

Thirty-six minute P b~ was used as a tracer and was prepared
in the following manner: First 11. 2 day Ra”~T*wa8 isolated from a sample
of Ac”27# Ammonia gas was p?3sed into a dilute HCL solution of the Ac"27
to which 2 mg. Fe(m) had been added. The Fc(OH)3 precipitate carrying e
R&223 was dissolved and reprecipitated with NH3. It was then dissolved
in a small amount of HNO3, a few miK*gramr of Ba(ll) carrier was added,
and Ba(NO3)E. was precipitated by the addition of 10 ml. of cold fuming
nitric acid. This precipitation was repeated. The final Ba(N03)2 (with
which the Ra”23 had co-precipitated was dissolved in water. One mg. of
Bi(lll) chloride was added and precipitated as Bi(OH)3 by the addition of
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NH3. This precipitate carried tracer Pb” and separated it from the Ra””.
The supernatant solution containing Ra”” was acidified (to prevent adsorption
of CO2) and set aside for later reuse aB a source of PbAL The Bi(OH)3 was
dissolved, reprecipitated with NH3 and finally dissolved in HCL.

An aliquot of the P b~ tracer solution was diluted to form 0. 5 mi.
of solution of the composition shown in the first column of Table 8 below.
This solution was passed through a 7 mm. long x 2 mm. in diameter column
of Dowex A-l resin at a flow rate of about 1 ml. per minute. The percentage
of the lead passing through the column was determined by alpha counting (of
BiZll which came to equilibrium with the P b~ within a few minutes). This
percentage is shown in column two. The column was then rinsed with one
ml. of hydrochloric acid of the same composition, amount of Pb"H deBorbed
is shown in column three. Then two more ml. of solution were passed through
the column; column four shows the amount of Pb desorbed.

TABLE 8

Anion Exchange Behavior of Pb Tracer

Percent Pb not Percent Pb Percent Pb

Concentration of Adsoibed from Desorbed by Desorbed by 2nd
HCL solutions Initial Solution first I ml.) wash (2 ml.) wash

3.0 3.0 89.0 11

4.0 0.4 0.6 -0

4.5 0.4 0.6 -0

5.0 0.5 0.9 ~0

55 0.6 0. 03 -0

6.0 0.8 0.5 ~0

6.5 0.9 0.6 ~0

7.6 0.6 0. 3 -0

7.5 0.6 0.02 ~0

8.5 65. 0 23.0 -0

An inspection of Table 8 shows that Pb tracer is adsorbed and he d
strongly by Dowex A-l resin from hydrochloric acid solutions in the concentra-
tion range 4 M to 7.5 M. Below and above this concentration range it can be
washed completely from the resin. Comparison with Table 7 indicates that a
clean separation of lead and bismuth tracers is readily made by passage of a
1-2 HCL solution through a short column of Dowex A-I.

Behavior of Polonium. TompkinsShas published an ion-exchange
study of polonium in which negative chloro-complexes are discussed. Orth”
has made preliminary studies of adsorption of polonium on Dowex A-l. In

the present work, a series of experiments were carried out in HLC- and H¥J03
systems using RaF tracer and Dowex A-l ream.

2. E. R. Tompkins. UCRL-1294.
3. D. Orth, private communication.
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In one experiment RaDEF tracer in 2 M HCL was passed through
a’7x2mm. column. The column was rinsed in turn with 3 ml. concentrated
HCL, and three 1ml. portions of concentrated nitric acid. Assay of the solu-

tions for RaF alpha activity and RaE beta activity gave the result shown in
Table 9.

TABLE 9

Percent Tracer inSolution Passed Through 7x2 mm. Column

3 ml. First 1ml. Second 1ml. Third 1ml.
Initial 1 ml. . cone. HCL cone. cone. cone. Total
2 M. HCL Rinse HNO3s HNOs3 HNOs Recovery
Po 5.0 13 32.0 41.0 1.4 81+ 5
Bi 0.5 '92.6 3.3 0.1 0.1 97 + 5

The polonium material balance in the above experiment is only
80 + 5 percent and the missing 20 percent is ascribed to hydrolyzed and/or
polymerized Bpecies present in the RaDEF solution which were adsorbed on
the resin and not readily desorbed. This difficulty was taken care of in suc-
ceeding experiments by utilizing the results of Table 9 to prepare polonium
tracer, i.e., the original RaDEF mixture adjusted to 2 M HCL was passed
through the resin column, the resin was rinsed with 2 mTT concentrated HCL,
and the unhydrolyzed polonium was then desorbed with nitric acid. This

polonium solution was evaporated to dryness and taken up in concentrated
hydrochloric acid.

Using some of the freshly prepared polonium tracer, the experi-
ment, whose results were given in Table 9, was repeated using a clean resin
column. The lesults are given in Table 10,

TABLE 10

Percent Po Tracer in Solutions
Passed Through 7x2 mm. Dowex A-I Column

First Second Third
1 ml. 2 ml. 1 ml. 1 ml. 1 ml.
initial cone. cone. cone. cone. Total
Z KLHCL HCL HNO3 HNOs3s HNOs3 Recovery

7.8 2.8 18.6 66.6 4.6 I00+ 5
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Recommended Lead-Bismuth-Polonium Separation Method. The
results of the experiments described above, as well as others not mentioned,
can be used to formulate an excellent radiochemical separation method for
these elements. In outline, a suitable procedure might be:

Tracer Pb-Bi-Po
in 1-2 HCL

3ml. 1-2JdHCL 20 mm® x 3 mm. column

RinBe — Do-wex A -1 Resin
i - 3mrhcl Resin
98-100 % Pb 92-98%Po 4 ml. cone.
i 98 -IOOVBi - HCL
0.5-2* BI 1.2 > Ph
2-8%* Po |
| i
Cone. HCL Resin 4 mi. cone.
0- 1f* Pb HNOj
95 * Bi
- 3% PO cone. HNO, Resin
90-97 Po3
Bi
0* Pb

The advantage of this method over those published previously (as
for example, for the purpose of preparing RaE and PaF sources) is its sim-
plicity and the fact that all three elements are obtained in a carrier-free state.
The separation factors shown in the scheme are conservative and a closer

study of conditions, particularly of flow cate and column length, should make
it possible to raise them to considerably higher values.

Co-Precipitation of Bi and Pb on MnO*

It was decided that the co-precipitation of tracer bismuth on MnO*
might be a useful method of separating Bi*I5 from a solution containing Ack,
Ra«-23, Pb”Il, and inert silicotungstic acid. The following test Tuns were
run, using RaDEF tracer: KMn04 was added to a 1 ml. solution of RaDEF
tracer to which Ra226 tracer, tv/o drops of 0.4 M. silicotungstic acid, and 2
mg. Mn(ll) salt had been added. After the precipitation of MnOz had occurred,
the supernate was drawn off and assayed. Carrying of Bi was 90-99 percent,
of R*, 2-f> percent. It was concluded that the MnO” method would be a good
means to separate bismuth from a silicotungstic acid solution.
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Some experiments on the co-precipitation of lead as a function of
H+ concentration were run, using Pb”Il tracer. One to two mg. of Mn++ in
1 ml. of nitric acid solutions of Pb211 was precipitated as MnQj> by the ad-

dition of KMn0 4, and the activity precipitate was determined. Results are
shown in Table 1L

TABLE 11

Co-precipitation of Lead with MnQO;>

hno3 Percent
Concentration Co-precipitated
M8 M_HNO3 47

1 M HNO3 10

4 M_HNO3 7

Adsorption of Radiocoiloidal Bismuth on Filter Paper

Gile, Garrison and Hamilton”™ have reported an excellent method
for the separation of Bi~04-206 In a carrier-free state from bombarded lead
targets. The lead target is dissolved in nitric acid, evaporated to dryness
and taken up in 10 percent sodium hydroxide. The lead is converted to
soluble PbO~, and the bismuth becomes radiocoiloidal and is quantitatively

adsorbed by passage of the solution through filter paper. The bismuth is
then eluted with dilute acid.

An attempt was made to adapt this method to our B i” isolation
problem with particular emphasis on shortening the time. Various pre-
liminary experiments were run to determine the adsorption behavior of
bismuth tracer from alkaline solutions on filter paper, glass wool, and
other materials in the absence of macroquantities of Pb02=ion. These
results were erratic and unsatisfactory.

A satisfactory method was developed when AIO”1 ion was added
to the solutions. Five pi RaDEF tracer was added to 300 pi 1 M A1(NQ3)3,
and 1 ml 10 percent NaOH was added to form radiocoiloidal bismuth in the
presence of ALO£r ion. The solution was sucked through a one millimeter -
thick bed of Whatman No. 50 filter paper pulp supported on a 10 mm. coarse
sintered disc. The adsorbed Bi210 tracer was washed with 2 ml. 10 percent
sodium hydroxide and with 2 ml. distilled water (to remove NaOH). The
bismuth was then desorbed with 300 concentrated hydrochloric acid to
form a carrier-free solution. This procedure took only 8-10 minutes and
recovery was about 90 percent. RaF contamination was about 5 percent.

In check runs with Ra226 tracer, about 1percent of the radium was found
in the final bismuth fraction. Similar check runs with Pb”"| tracer showed
1 percent contamination of the bismuth fraction with lead.

4, Gile, Garrison and Hamilton, UCRL-1017.
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Application of above Methods to a Branching of AcK

Several combinations of the”e three methods, i.e. , MnO2 pre-
cipitation, Dowex A-I anion exchange method, and tho radiocolloidal ad-
sorption on filter paper, were used in attempts to isolate 8 minute Bi”*IS
from AcK (Fr223), which in turn was separated from a 20 me. source of
Ac227, In every case the results were negative, hut nevertheless they
were useful in setting an upper limit of 10 to the a branching of Fr223,

Extraction Behavior of Trivalent Lanthanides and Actinides

Elements into Tributyl Phosphate from Hydrochloric and Nitric Acids

P. R. Gray and S. G. Thompson

Recently, D. F. Peppard P. R. Gray, and G. W. Mason' at the
Argonne National Laboratory studied the extraction characteristics of La,
Ce, Pm, Eu, Ac, Pu, Am, and Cm into tributyl phosphate from concentrated
hydrochloric and nitric acids, 12.0 N and 15.6 N respectively. Their data,
when plotted as the logarithm of the’Histribution ratio (the ratio of the con-
centration of the element in the tributyl phosphate phase to the concentration

m the acid phase) agaipst the ctomic number of the element, gives a straight
line in all instances.

As a contribution to the chemistry of berkelium and californium,
it seemed of interest to study their extraction behavior under the conditions
used by Peppard et al. , to determine if the straight line functions still
existed. Bk and Cf tracers were obtained from K. Hulet of this laboratory.

The results are illustrated by the lower curves of Figs. 2 and 3;
the data for Ac, Pu, Am, and Cm being that of Peppard et al. , with the
exception that Ac in the HNO3 was redetermined, the distribution ratio
agreeing quite favorably with the previous result. It is seen that in KNO3,
Bk and Cf show no marked deviation from the continuation of the straight
line previously found. However, inHCI, both Bk and Cf have ratios which

are factors of at least five greater than would be predicted from the previ-
ous data.

It seemed expedient to study further the lanthanide elements for
a similar effect, since Peppard's data is only for La (57), Ce (58), Pm (61),
and Eu (63), while Th (65) would be the analogue to Bk (97). Er (69> Tm (70),
and Yb (71) tracers were obtaneed.from the Argonne National Laboratory
through the courtesy of L. Glendennin and E. Steinberg. Tb (65) tracer
and inactive Ho (66) were available in this laboratory.

1. Work to be published in a coming issue of the J. Phys. Chem.
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The results for these elements are illustrated by the upper curves
of Figs. 2 and 3 as a continuation of Peppard's data.

It can be seen that a straight line results from the HNO3 data while
a marked deviation occurs again in HC1, occurring not at Th (65) but at Er
(68). It is to be noted that the actinide data in HC1 has been shifted from its

usual position with Ac and Laas analogues inorderto show the similarity of
their behavior in HCL.

At the present time, the nature of this deviation in behavior in
HC1 is being investigated.

*tiy&atesA
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Saturation Backscattermg Correction for

Windowleas Proportional Counter with 2ir Geometry

Dwight Conway and John Rasmussen

In order to use the Mark 12 Nucleometer chamber® (windowless
proportional counter) for absolute beta counting, the saturation backscat-
tenng correction is needed. This was studied using methane at atmos-
pheric pressure as the counting gas. The backing materials used were
lead, brass, aluminum, berylliun% and polystyrene. A hard and a soft
beta emitter (with no gamma radiation) were used: (1) a mixture of Sr90.
Y~O in equilibrium (Emax =0. 61 and 2. 2 Mev, respectively) and (2)
(Emax =0. 223 Mev). The samples were mounted on thin tygon films made
conducting with thin films of silver and counted in 4* proportional counter
of the type developed by Borkowski™ to determine the absolute disintegra-
tion rate and then in the 2w counter to obtain the backBcattering correction.

The method of calculating the backscattermg coefficient is as
follows: let y equal the counting rate in the Iv counter, x equal that in the
4ir counter, and z equal that on the sample side of the film (i. e., counts
recorded in only one-half of 4x counter chamber) in the 4tr counter for a
particular sample. The calculation of the backscattermg coefficient, B,
the fraction of beta particles starting into the backing material which are
scattered out into the counting volume, is straightforward, if scattering

end absorption by the tygon and silver films for sample mounting are negli-
gible. That is,

B =(y -0.5x)/0.5 x

The assumption of negligible scattering and absorption by the
mounting was verified in the case of the hard.beta sample (Sr*O-Y"O) by a
second method, namely, the backscattering correction was determined for
Sr90.y90 also by depositing directly on polystyrene, covered with a con-
ducting layer of carbon, and on lead and aluminum 50 ftaliquots from a
solution whose specific activity was determined in the 4n counter. The
thickness of each of these samples was about 0. 25 mg/cm”, whereas that
of the corresponding film sample was about 0. 5mg/cm”. The corrections
as determined by the methods using tygon film and by depositing directly
on the backing are essentially the same (Cf Fig. 4).

In the case of the soft Pm 147 radiation, the scattering and
absorption by the mounting film is not negligible, as evidenced by the
fact that the counting rate of the sample film with activity up was higher
than when the film was activity side down.

1. Radiation Counter Laboratories, Skokie, Illinois.

2. "Report of Conference on Absolute Beta Counting, " National
Research Council (February 28, 1949).
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An attempt was made to correct the data lor the effect of the
mounting film in order to calculate a backscattering factor to compare with
Sr90_y90 results. That is, for the Pm”~47 results it was assumed that

B =(y-z)/

The Pm*~results should be checked as were the others by mounting the
sample directly on the backing.

The backscattering factors determined in thi« investigation are
plotted against the domic number of the backscattering material in Fig. 4.
Also plotted for comparison arc the data of Zumwalt* for the saturation
backscattering of Co°0 (Emax s 0~31 Mev) at 2w geometry. There is a
considerable discrepancy between his and our results for the lighter ele-
ments. These differences might be due to such causes as differences in
the threshold electron energy necessary to produce a count.

Noteworthy is the fact that for large Z, the 2u geometry back-
scattering factor is noticeably lower than for a 3 percent of 4ir geometry,
thus indicating the anisotropy of backscattered radiation with preferential
scattering in a direction perpendicular to the backing plate. This aniso-
tropy has been pointed out previously by Yaffe.* It is to be expected that

the seif-scattering, self-absorption correction will also be different for
lv than for lower geometries.

3. L. R. Zumwalt from "Report of Conference on Absolute Beta Counting,
National Research Council (February 28, 1949), page 23.

4. L. Yaffe from "Report of Conference on Absolute Beta Counting,"
National Research Council (February 28, 1949), page 27.
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B. Bio-Organic Chemistry

M. Calvin and A. A Benson

Synthesis of High Specific Activity D, L-Leucine-3

R. Ostwald

The synthesis ot high specific activity D. L-*.eucine - 3-C*" has been
carried out using a procedure described in some detail lor other .compounds in
our Quarterly Report for September, October and November, 1951. The pro-
cedure consists of the following steps: (1) The potassium salt of acetamidoma-
lonate is condensed with isobutyl iodide-1-C” by refluxing for six hours in an
evacuated bomb tube in the presence of tertiary butanol and potassium tertiary
butoxide, followed by removal of the solid potassium iodide and evaporation of
the solution to dryness. (2) The condensation product is hydrolyzed by re-
fluxing with concentrated hydrochloric acid for 76 hours, (3) The amino acid
mixture is separated and purified on a Dowex 50 ion exchange column.

By means of this procedure, three separate amino acid prepara-
tions were carried out using 11.2, 12.’ and 5. 0 me. of isobutyl iodide-1-CI*
The crude amino acid mixtures contained 6.7, 6.6 and 2.1 m| respectively,
representing 60 percent, 54 percent and 42 percent of the starting activity.
The separation on ion exchange columns, as described below, nhowed that
the amino acid mixture consisted of leucine, glycine, a-aimnobutync acid,
alanine (approximately 0. 2 percent of the crude, amino acid activity), and a
radioactive mnhydrin'iegative compound appearing near leucine (Rp values
slightly greater than vhose for leucine) in a two-dimensional descending paper
chromatogram developed *with phenol-water and butanol-propionic acid-water.

This compound contained about 8 percent ol the radioactivity of the crude amino
acid product.

The purification of the crude amino acid mixture was performed
on 590 cc. Dowex 50 cation exchange resin (250-500 mesh) in a glass column
2. 5cm. in diameter and 120 cih. long. The capacity of the column was 1770
meq., the amino acid load wajn 56 meq. (17.6 me.) representing 3. 2 percent
of the resin capacity. After fie sample had been applied the column was
washed with of water; thin effluent contained 2. 2pc. The amino acids
were then eluted with 1.03 N HC1 at a flow-rate of 15 cc./hour or 0.05cm./
min. Every fifth fraction (approximately i5 cc. per fraction) was analyzed
by applying an aliquot portion to paper, counting the spot and then chroma-
tographing with butanol-propionic acid-water solvent.

(@ From 0-1600 cc. acid (0. 93 times column capacity expressed

in meq. acid) came 0.65 pc. consisting of only trace amounts of glycine and
other amino acids.
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(bl from 1*00-4410 tc, and (0 "Hi, ?20%mr* uimon t»p*< ttyi
tMM 4 pc. (oniuting of inactive glycine and radioa* tlv# alanine and leuCfca-e

containing ?5 percent and 17 percent rMpn liv#ly at the radioactivity I* this
fraction.

(“L from (t tnd It TO-1 9Atolumn irapacity)tam*
0, fepc. consisting of radioactive a -atmnobutyr U Acid, leucine, and an un-
known, niodhydrio -negative rompoand tootaimng ”0 pcfrest!. 45 percent and
S percent respectively of the rifiMcttvtly »n this traction

(dI from H55-4ftb5ic acid (I *14-4. ft5 tim o <oUmn t spac ity)
come 1. i me, conmtmg of radioactive leucine and an unknown containing

4f percent and 4 percent reaper lively of the radioactivity m thi» traction,
together with "race* of radioactive valine.

(*) From 4ftbS-ft5?5 cC. acid (4, ft5»5 0) time* column tapacity}
came 15 4 me. conatating of radioactive leucine and an unknown containing
47 percent and 1 percent respectively at the radioactivity in thia traction.

Purification of the leucine by recrystalhxation from water, alter boiling with
charcoal, removed the unknown compound.

The total yield of D, L-leucine hydrochloride was 4.95ft g. (bb per -
cent of theoretical) with a specific activity of V 6 pc. . mg. (theoretical ®b. 7
pc./mg). The yield on a radioactivity baaia it 16. b me. (59 percent of

theoretical). The recovery ot radioactivity from the ion evchunge <olumn was
quantitative.

Synlhctii of Glycinc-2-G** and Aapartic Acid-)-C"

R Noller
Glycine-4-C»

Glycine-2-C” hydrochloride (b. 62 pc./mg), containing no radio-
active impurities, haa been prepared from sodium acetate -2-0** by reacting

ammonia with chloroacetic acid. The yield was 67 percent baaed on the
starting sodium acetate.

A small quantity of impurity was isolated from the crude glycine
having a specific activity corresponding to the compound, inuno-dtacel.c-2-
C"-aod-HCI.

HOOC -Q*H, C*H>-COOH
v W
H HC1
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Aspartu 4 Cl4idl HO (5.7 *c./ mg., has b*«n prepared from
eodium icrult- 2'C~» the 5dMtn»iU*jp. d fthiUM *roM tl«t« utk

f«tt Quirltfl® KfpoH t©» Ap*il Mif, June 144t>.

it tits been to«nd that most «ml*o *«id* px* par#«t Oy <undenting
organu' halide* with diethvUcrUmietomaUmstr follow©* by hydrolysis of the
product <*r« routam mated with ofttr radioactivt compounds. The beat way
to obtain s pure product it to fractional* the mixture by means at *n ion ex-
change column. In treking to -»v*nd th« difficulties jnv*)%»4 to tbs use of *n
ion exchange column, it was found that the sspsrtu S*’d product could alto
bo purified through the preparation of its rapper suit.

To this ©fid, tb© crude hydrol!yaate was dissolved in s small
quantity of water and transferred to s beaker, Copper chiondr (7rfe7 g.
CuCl > iH”O, i/l moisr excess over theoretics! tots! artv.no acid yield) *«i
then added to the hydrolysste solution and the total volume brought to ISO mi.

This solution was then titrated (with stirring) to pH 5, using about 97 ml.
1 N sodium hydroxide.

at~7east two days.

of
The solution was then placed in the refrigerator for

Approximately 4 mi. of "Celite Analytical Filter Aid** (Johns
Manville) was then added to the cold solution. The solution was filtered
through a 0. £5 cm. bed of *CelittMand the precipitate washed with ice
water until the filtrate was chloride fret. The precipitate was then re -
diapersad In about 150 ml. watar, about 0. 5ml. concentrated hydrochloric
acid added, and hydrogen sulfide gas bubbled through the solution with stir-
ring for £-1/2 hours. The solution waa healed on a steam bath for 15 minutes
and then allowed to cool to room temperature with continuous stirring. It
was filtered through a 0. 5 cm. bed of "Celite” which was then rinsed with

slightly acid water (I ml. concentrated hydrochloric acid in £00 ml. water)
until most of the activity waa removed.

Concentrated hydrochloric acid (£5 ml.) was added to the filtrate
which waa then evaporated to dryness on a steam bath. The aspartic acid
hydrochloride waa dissolved in a mixture of £5 ml. concentrated hydrochloric
acid and 25 rnl. water and again dried. It was then redissolved m a smsll
quantity of water, treated with activated charcoal, and filtered into a tared
sample container, and the solution evaporated to dryness.

Two dimensional paper chromatography showed that there were
no amino acida other than aspartic acid, and that there was leas than 1per-

cent of a radioactive impurity which may have been a chromatographic anomaly.

The yield of aapartic-J-C” acid HC1 was £190 g., 5.7pc./mg.,

6b percent baaed on starting activity. The theoretical specific activity was
5.6 pc. /mg.

Aspartic-4-C** acid HC1 has been prepared in similar yields by
starting with carboxyl labeled sodium acetate.
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t<w [>*<M » fr feeing iiv» «lt|»i»4 i#» *o» jm #|fcaf*He* «l <*4*tr« >

*«4 WMifyiim »t«C-*  Th# <if#l method, in out ftirtmm i fapfett* bat
f»r«|rm » 4 through lit# aaidation

Only on* mole ol periodate wee tomumH per mol* «i triad to give * product

etable to«*r4 further oaidatsom lor thu rftiow, 1**4 tetraacetate ottdatton
o< the tnol to now under ewamination

The iccend path, which he* the advantage of introducing th« radio*
activity at * very late atage in the ayntheeta. to outf'md brio*

$1 .

Codeine 1M Vv vt

Work on thi> reaction haa progreaaed aucceaalully through the ketal V.
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glP ? y R®JI *n* Long~ Evan# ItBMIf fit* weighing
AN ttfgfe tgjsMcind tMr*p#ri<awi>»»|ly writh I® mg. 000 pc )

C* M jCOOH™*, Either wi# ir twi (mr* iittr the rats iff* lirn”~H by
ether anaesthesia m i blood obtained by beart puncture, u*mg a ayrtnge and
w#4t« jifvviiviiiy with | p#rfi»t lodutm atnt* solution. In general,
about Sce, of blood were obtained from each rat* The blood *m allowed to
clot it room temperature for about too boon »n4 then the *erum »nd rod
cell* wrr* i*for«t*4 by centrifugation Tb# activity of each fraction w¥*i
determined by 4u»r« plating,,the rod dill having Oral bc*n ittiprtidrd to
saline, A windowtea* ftaw Gnger counter and platinum plate* were used
for *U activity determination* The plate* wore counted, acidified with
acetic and, dried and recounted Activitytoaa era* assumed to be due to
volatile acetate metabohtea in the blood, Serum temples loat an average
of I'! percent of their activity *« volatile acid* Loat from red blood cells
area negligible. Hon-volatile activity per ml. of tbe trrum amounted to
& it -Q IS perrent of the injected dote. Red blood cell* contained an aver*
age of 0 OH percent of the injected activity per ml. of cell*. Tbhit wee true
whether animals were sacrificed one or two boura after injection

Aliquot portion* of terum sample a were separated into protein,
phoaphohpid, fatty acid, non'Saponifiable and glycerol fractiona. The
activity of each fraction wee determined by direct plating. Separation of
various fractions was eiCected by the following scheme (Table IS) which is
essentially tbe same method as that reported by Krttchevshy and Kirk.

(D. Kntchevsky and bf, Kirk, “Radioactive Eggs. |Il. Ihstrlbutton of
Radioactivity m tbe Tolkaw, Proc, Soc. ExpU. Biol. Med., 19HI, 7®, £00*
20£. \ Thbe results obtained on tbe activity in tbe various serum fractions
*¢ shown in Table 14.

Conclusions. The level of activity in the blood after injection
of sodium iCfU ii-IK?¥ remains fairly constant at least for tbe first two

hours, in spite of the fact that approximately bH-TO percent of the activity
has been exhaled aa Cl40”.

Although no explanation of the differences between blood from
heparmixed and non-heparimaed animals is immediately apparent, these
differences are great enough to warrant further investigation.
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TABLE PRo

Sfhfmf lor Sr-parating Blood Seram into Various Fricbwn

Pf>L

protein
Ditaolv* in H>0
(elightly acid),
Count

Et"O
Fatty acid and
non -saponifiable.
Pas§ over Amberlite
IRA 400.
Elute fatty acida
with EtjO-EtOH-HCI

Fatty acida.
Count

STrUmM pig=at with

ethanol -ether 1:1

E«OH-EI»0
Evap. ilmoi! to
I dryneaa, extract
with pet. ether,
ppt. phoapholipid
with acetone and
; Mgci?2
Acetone ppt.
Evap. to dryneaa. Phoapholipid
Saponify with alcoholic Dta«olve in EtOH,
KOH, acidify, extract Count.

with ether.

Acid agueout
{(probably glycerol)
ICount

Non-saponifiable
or

Neutral fraction,
Count

TABLE 14

Average*of the Activity of the Starting Serum Found in Each Fraction

Fraction
Protein
Phoapholipid
Fatty Acid

Non -saponifiable
(sterols)

Acid aaueoua

Acetate onlv

93.0* 93.9%
1. 10 0. 73
1. 15 2.07
1.41 3.92
£.23 0. 59

(probably glycerol) .
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A QgeMfcfri spt Serurr. Choxcesterol

R M Lemww&e *Mi Margaret Afuftersoe

MOfF than 100 g. of A **« friathosterat Xl hay* i»e*i
»vnthet? ted from cholesterol by mrin* of the ayrthetu procedure outlined sR
our pn*viaui report. The product n** been b% *le mrtnn( pot*f

ultra-violet spectrum, infra-red spectrum. and carbon and hydrogen analys**,
Tk»ie *amr data have aiio been ob**.ut*4 for the Atrutf and ber,»o«f* eatari

of Uthostrrol they Ary All in good agreement vitb thy value* imported in
the literature Initially w* had considerable difficulty us obtaining »*ti»f*c tor >
carbon AftatjriM for th* product and tor tti ester fthr bentaatr r ster

always |ivr good carbon analytes) However alter tfvtrtl recrystall*rations,
both from methanol and from acetone, are were able to obtain product# which
gave very satisfactory carbon and hydrogen analyte*

Wt* are now ready to begin an animal feeding program with the
lathotteroi. Thit work will he carried on in collaboration with the Medical
Physics Group. The principal aim* ol the feeding program will he to deter-
mine if the pretence of the lathotterol irt the diet will have any effect in re -
larding the appearance of atherosclerosis or in promoting its disappearance.
Particular attention will be made to any effect of lathoaterol on the terum
lipoproteins in the Sy 10-10 molecular weight group

A Possible Primary Quantum Conversion Act of Phototynthesta

M* Calvin and J. A, Barltrop

Jo account for the observation** * that illumination prevents
the appearance of newly assimilated carbon in the compounds of the tricar-
boxylic acid cycle, it was suggested” that the light shifts the steady-state
condition of the thioctic acid-containing coentyme** 5 (protogen. lipoic acid,
thioctic acid, P.O. F.) toward the reduced (dithiol) form, in which condition
it is Incapable of oxidatively decarboxylating pvruvic acid,*» * newly formed
from CO02, to give rise to the acetyl-CoA®*"**0 required to bring this carbon
into the compounds of the Krebs cycle. We are here reporting some observa-
tions leading to the further suggestion that this shift toward the dithiol form
is the direct result of the light action and that a bi-radical iormed by dis-
sociation of the disulfide bond in a strained five-membered disulfide containing
ring (as m b.S-thioctic acid and tnmethylencdiiulfide) is the species in which
the quantum absorbed by the plant pigments and stored as electronic excitation
in chlorophyll™ appears first as chemical bond potential energy, i.e. . that a

possible primary quantum conversion art of photosynthesis u represented by
the equation

Chi* -AChi ¢ S
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molecular liitM ki »n4 the 4#nv#4 lre# *>p#rtve* a* ti*»>m##mm* HMT »« V*
rt«pecl;\«ly «*. *7 Kcnit: »n4d H Kta.U JFUH»*r*r«M*, it o o

photochervucal polymeri«#Uon oi «n# 4*#uiM.<i# lif MM «4 in#%* U-***i* |t«= *0%e#
ih*n 4.000 X »*e ««M mic4 by *tiu t#tr*plicnilp*r)dym Ai*«. * *ifHI-
;ndu<e<4 fading of diphenyipU’iythydratyi al room *»ii aep-—

on the preaence of the «n«ulfidt> h«* t>ran iltmom tt*t*« 1%#e»# «e*uM*

be taken to indicate that the «i»4unlaiioe- tn*#gy =Beth# dmiilfi## W*nd i» th
fact in the rani# <27*5" jKcaia and that tht« iu *0* sation may It# h*«j[iM *W-a*
by energy tranaier trom #ome other r»toiei »# in a auttaWy ritU M httt

That «u< h energy transfer » may ui# place: and #*j»**.iaity affi
cumtiy in <ondenaed ayatema. ha* bean amply demon*!***#9 ,&Jit. o4
State the ~rana”“have the optical prop# rtiea of * KONhde.eaed «44**f «*pa*U
phaae, a quantumabaorbed aayatiere *i*fcu#, that phaa* »e very
rapidly transferred among the identical molaruUa ot that |*h«a* at th*
or th* triplet level*. Comomitam *dkthi” ih*re. t<lata a datf»*a* *n the
probability of emiifioo *a flvaoeetcena*"1*22, and battle an ttwreaa™ la
the availability of the- quantum for «henvu *1 u anitorntatxon td»* ftaatoaf
In auch a ayatem, the high efficiency of energy laatvafboMM* may be retailed
even'though the ratio ol thiorophyil todi*uMtd« mbit-cad** ** barge Itd~-*10")
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Fig. 5
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Short-Time Photosynthesis Experiments: Sugar Degradation!

L. Daus and A. Harris

Short Time Soy Bean Leaf Photosynthesis Series and Sedoheptulose Degradations

A series of photoaynthetic experiments was performed on soy
bean leaves with samples taken at 0. 75, 1. 5, 3. 5and 5 seconds. Another
experiment was done with semi-automatic introduction of CO” and subse-
guent alcohol killing which was timed at 0.4 seconds. The general distribu-
tion of radioactivity among resulting compounds was determined by counting
the chromatographed extract directly on the paper. The distribution of radio-
activity in sedoheptulose was investigated with periodate degradations of sedo-
heptulosan and of sedoheptulosazone, giving, respectively, percentages of the
total activity in carbon 4, and in carbons 7, 14243, and 44546. The data ob-
tained corresponded quite well with that from previous experiments with soy
bean leaves and all of these available data are tabulated in Table 15. Degrada-
tions on the 0.4 second experiment are still in progress. Inevaluating the
data, it must be remembered that at such short times the error in timing is

large, and that any delays in inactivation of the ensyme systems by the boiling
alcohol become increasingly important.

The most noteworthy information obtained from the general distri-
bution of radioactivity in these short time experiments seems to be in the in-
creasing predominance of phosphoglyceric acid as time approaches zero, and
the decreasing of the "hexose monophosphate area”™ (mostly fructose and sedo-
heptulose phosphates) from 61 percent of fixed activity in 20 seconds to only
3 percent in 0.4 seconds. In addition, in times up to 5 seconds, the activity
not in the glyceric acid or hexose monophosphate area appeared mainly in the
pentose phosphate, triose phosphate and phosphopyruvate areas; in the 0.4
second experiment, this activity about equaled the activity in the hexose mono-
phosphate area and at longmr times it was much less than the hexose mono-
phosphate activity. Of further interest is the fact that in the shortest experi-
ments (0.4 seconds, 0.75 seconds) the amounts of free fructose and sedohep-

tulose were almost equal; in 5minutes there is almost twice as much label
in sedoheptulose as in fructose.

Degradation data indicate that the percentage of activity in carbon
4 of sedoheptulose rises from a low value at zero time to a maximum of about
30 percent and then drops to 14 percent (the value for uniform labeling). Degra-
dation of sedoheptulosan from the 0.4 second experiment will be a check on this
apparent trend. The information from degradation of 0. 75 second sedoheptulosa-
zone indicates that even at this short a time there are at least three highly
labeled atoms: 4; 5and/or 6; and 1and/or 2 and/or 3. Carbon 7 has very little
activity in this short time. There is a good probability that carbon 6 is also
low, which would mean 5increases at shorter times. The fructose from the
0. 75 second experiment was degraded with the following results: 14243 »
47. 8 percent; 445 - 50. 5percent; 6 =too low to count.
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In hopes of obtaining values for the activity in carbon i, the reaction
of lead tetraacetate on ketoeee ie being investigated. Thie reaction should give
the two terminal atome at formaldehyde and the center carbons ae COj. Con
ditions have been found using carrier glucose and uniformly labeled fructose to
give in two experiments, SOpercent and 12 percent for foimaldehyde and 75, 5
percent and 70. 5 percent for CO” (theoretical would be IS percent and 67 per-
cent respectively). The reaction will now be tested on uniformly labeled sedo-

hcptulose and then, if it proves practical, used on sedoheptulote from the series
of soy bean experiments.

The sedoheptulosan from 5 seconds photosynthesis Sccnedeamue

(see below for nbulose degradations) was degraded to give 17. percent of the
activity in carbon 4

Degradation of Ribulosc

The degradation of ribuiose by periodate oxidation of the osasone
(using a rabinose carrier) has been continued. A degradation of ribuiose from

a 5 second photosynthetic Scenedesmus experiment gave the results shown in
Table 16.

TABLE 16
Carbon Atoms Compound lIsolated IActivity
1.2. > 1,2 bisphcnyl-hydratone 95.0 + 9
Barium formate 2.5a3
5 Formaldimedon 1.8 a3

Direct periodate oxidation of ribuiose as previously reported (Quarterly Report
for July, August, September, 1951) gives a fairly good indication of the distri-
bution of activity in carbons 3 and 4 together, providing the ribuiose sample is
not contaminated with nbose. The latter degradation was performed on ribu-
iose from the previously mstitjqaedSsecond Scenedesmus experiment, in this
degradation, 71 percent of the activity was found in carbons 3 and 4. Since
carbons 4 and 5 appear to be equally labeled, as evidenced by several osaxone
degradations, carbon 3 can be calculated by subtracting the valu* for carbon

5 (* carbon 4) from that of the total of 3 ¢ 4. Table 17 summarises the results.

TABLE 17
Distribution of Radioactivity in Ribuiose

Time of Photosynthesis

Carbon Atom 5 sec. 30 sec. 60 sec. 2. 5 min.
344 71 52 44 37
5 2 6 11 18

3 (if 4 =5) 68 46 33 .19

eJut*
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Further attempts to degrade the 1,2 biaphenyl-hydratone of
mesoxaidehyde have been continued. An attempted preparation of the osa-
triasoU from the aldehyde by refluxing with CuSOj* SHjO resulted in the
formation of 4-bensaloxo-l-phenylpyraaole.

A cyclic thioacetal of the aldehyde (m.p. 195-fe°®) has been pre-
pared from 1,2-ethanedithiol. It is hoped that this compound will prove to
be a useful intermediate in proposed degradations of the aldehyde, for
example: (1) oxidation to a disulfone by monoperphthalic acid and subsequent

hydrolysis, or (2) hydrolysis of the hydrazone groups and periodate oxidation
of the resulting dicarbonyl compound.

Mathematical Models of Biological Systems

D. Bradley

Experiments on the path of carbon in photosynthesis have led us
to postulate a sequence of reactions by which carbon dioxide is transformed
into intermediary metabolites with complex carbon skeletons. The chain of
reasoning from experimental observations to postulated sequence, however,
has been neither logically consistent nor quantitative because of the complexity
of the system under observation. Because of this lack of logical consistency
it is possible that some of the available experimental details may contradict
either qualitatively or quantitatively predictions based on the proposed scheme.
However, the complexity of the scheme has in the past precluded the deduction
of such quantitative predictions. Recently we have set up a mathematical model
of a biological system which when coupled with a proposed scheme permits cal-
culation of observable parameters. These are compared with experimental

results ard the validity of the scheme is evaluated on the basis of agreement
or lack of it.

We assume that there exist within the plant metabolic pools or reser-
voirs, meaning merely that any newly formed member uf a particular molecular
species mixes completely with a definite amount of the species before reacting
further. This "definite amount"” is called the reservoir size, R, of that spe-
cies. In practice, though no in principle, we must also assume that isotope
effects on the reactions are trivial. With these assumptions we may set up a
differential equation for the appearance of radioactivity in any intermediate, A.
Consider the model set of reactions, Fig. 6, (under "steady state" conditions),

Fig. 6
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where A, B, C, D are intermediate* in COi fixation, F is the fixation rate
of C02 of specific activity one. The rate of change of activity, a, in A i*

d-A = rate of incorporation of radioactivity - rate of
loss through reaction to B

F - F « XA

where X~ is the specific activity of A. Substituting a” =R" «

dXA

“ 3«

(L - xA)

this differential equation may be solved for handily if

which corresponds to steady state experimental conditions (M. Calvin and P.

Massmi, Experientia, in press). In a similar fashion an equation may be
set up for any intermediate, for example, B,

(XD + XA - 2XB)

In practice one equation must be set up for each carbon atom of each compound
in the sequence into which radioactivity is incorporated. Using the single ex-
perimental parameter (F/R) for each atom as determined from very long ex-
periments (Calvin and Massmi), in conjunction with our proposed "photosynthetic
cycle" we may set up the differential equations for the rate of appearance of
radioactivity in every atom of every compound in the cycle. We can compare
these predictions with experimental toted activity appearance curves for com-

pounds and intra-compound distribution of radioactivity from degradation
studies.

The chief practical limitation on this technique is in the integration
of the differential equations. A typical cycle of interest is shewn in Fig. 7, in
which a two-carbon compound is carboxylated to form PGA (phosphoglyceric
acid) which is reduced to phosphodihydroxyacetone, which forms both hexose
and, by a subsequent carboxylation and condensation, a sedoheptulose phosphate
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which split# to a two-carbon acceptor compound and a rtbulote phosphate which
splits to another two-carbon acceptor compound plus tnose. In the cycle, only
carbon skeleton change# are considered, and lines between atoms represent the
fate of an atom during a reaction. F, 2F, etc. (over the lines) represent the
relative reaction rates. There are eighteen differential equations for this simple
cycle, many of them simultaneous. The difficult integration was performed by
the UCRL differential analyser. In Fig. 8 are calculated degradation curves for
phosphoglyceric acid in this cycle (white circles). The time scale is inversely
proportional to the fixation rate which was taken from the paper by Calvin and
Massini. The black points represent the degradation data of Fager, Rosenberg
and Gaffron (Federation Proc. , 9, 535 (1950)) who ased the same organism,
Scenedesmus, and using the additional relationship that a-carbon activity =13
earbon activity (this equality is indicated by degradation data obtained m this
laboratory). As these author* published no total fixation rate data on the series,
we adjusted the time scale by making their 60-second point fit the curve at

20.6 seconds and multiplying all their other four times by 20.&/40'. The#gree-
ment is satisfactory but unfortunately several other proposed schemes also
exhibit the sime degree of agreement and at present we are unable to pick a
unique scheme from the data available. We are now awaiting degradation data

in this laboratory on sedoheptulose and nbulose as functions of time to compare
with the various proposed schemes.

The integrations are tedious, requiring almost a full day*s use of
the differential analyzer for a single cycle with one set of (F/R) parameters.
This obviously seriously limits our ability to determine the effects of small
changes in schemes on the predicted results. Work is in progress to deter-
mine the feasibility of constructing an RC integrating circuit which could com-
plete an integration in a matter of a few minutes. Such an instrument would
greatly facilitate the extension of this work, not only in the path of carbon in

photosynthesis but phosphate, sulfate and other assimilation processes in
biology.
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II. QUARTERLY PROGRESS REPORT. Project 48B

W. M. Latimer, Director
A. Metals and High Temperature Thermodynamica

Leo Brewer, LeRoy Bromley, Albert Rothman,
Richard Porter, Oscar Krikorian and James Kane

Refractory Silicides

The study of the reaction of refractory silicides with carbon and
nitrogen has been completed. The results have allowed the fixing of the rela-

tive stabilities of the silicides. Limits have been set to the heats of formation
of the silicide phases.

Molybdenum Chlorides

An apparatus has been constructed to restudy the molybdenum
chloride gaseous molecules. Previous studies had indicated MOCI4 to be an
important molecule at high temperatures. However the dcita gave an entropy
value that was quite unreasonable. Preliminary work with the new apparatus
indicates that the previous work was in error due to the presence of small
amounts of water which form a very stable oxy-chlonde molecule.

Alkaline Earth Oxide Gases

The spectrum of MgO has been observed in emission using MgO
in the King .'urnace. It is planned to observe this emission as a function of
temperature to determine the heat of formation of the MgO gaseous molecule.
YO, VO, MgH, and TiO have also been obseived in the King furnace.

Carbon Fluorides

A new molecule believed to be C2F2 was reported previously.
Further studies show that this molecule cannot be prepared below 1600° C,
but the action of graphite upon CF4 at higher temperatures does form this
new molecule which can then be cooled to lower temperatures where its
rate of decomposition is low.

Review of Thermodynamic Data for Oxide Systems

A comprehensive review of the phase relations of oxide systems,
the thermodynamic data of the various phases, and the stabilities of the
gaseous molecules has been completed and is scheduled to be published in the
February issue of Chemical Reviews.
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Thermal Conductivity of Gases at High Temperatures

Several constructional difficulties have delayed the completion of
the thermal conductivity cell. The furnace was completed, but a short circuit
during a trial warm-up necessitated rebuilding the furnace core and winding.
Both of these items should be repaired shortly. Report UCRL-1852 has been

issued. The regulators and power supply have been constructed and await
testing.

The chief work remaining now consists of setting up the gas-
filling'and vacuum supply, setting up the measuring equipment, calibrating
the thermocouples, and providing constant heating sources.

B. Basic Chemistry, Including Metal Chelates

R. E. Connick, William Jolly, Albin Zielen, Frank Owings,
. Howard Mel, Lorin Hepler and John Kury

Studies Involving Liquid Ammonia as a Solvent

A Beckman glass electrode and a Beckman calomel electrode were
modified for use in liqguid ammonia at -33° C. The aqueous cell solutions were
replaced with ethanolic solutions. However, the potential across these two elec-
trodes in liquid ammonia did not appear to be affected by tremendous changes
in the hydrogen ion concentration in the ammonia, even though the electrodes
functioned nicely in aqueous solutions. The hope of using a glass electrode in
ammonia has been temporarily abandoned.

An attempt is being made to measure the vapor pressure lowering
of dilute salt solutions in liquid ammonia at 25° C. A differential method is
being employed, using liquid ammonia as the manometric fluid. By this means
it would be possible (with adequate temperature control) to measure easily
vapor pressure lowerings of the order of several parts in a million. But
adequate thermostating. of the simple glass apparatus is apparently very dif-

ficult, and results so far have been erratic and only good to + 0.01 percent
in P/po.

In a previous tabulation of heats, free energies and entropies in
liguid ammonia (cf. UCRL-1402), many free energies based cn solubilities
are undoubtedly in error because of the assumption that the solid phases in
contact with the saturated solutions are unsolvated.

Even though analytical data on solid phases in liquid ammonia
solubility studies are lacking, it is possible, by searching the literature for
vapor pressure data on solid ammonates, to ascertain the nature of the solid
phases. The recalculation of the free energies is in progress.
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Thermodynamics of Indium

The work on the complc xing of indium by fluoride has been com-
pleted at 15°, 25°, and 35°. Thermodynamic constants for the following equi-
libria have been determined at all three temperatures.

In*3 + HF = InF44 + H4
INF44 + HF = InF2 & H4

The results of this work will be published shortly.

In connection with this work on indium-fluoride complex ionB the
ferric-fluoride couples ions were also investigated.

Experiments designed to investigate the equilibria between In/ j,
In4, Indi, and In4”~ by the method previously reported are in progress. Defi-
nite indication of the existence of at least one of the lower oxidation state
species has been observed. It is hoped that the equilibria between the various

oxidation states can be measured. Experiments to this end are being carried
out.

Ferric Fluoride Complex lons

The extent of complexing of ferric ion by fluoride ion was meas-
ured. The method used has been described previously.

Experiments were carried out at an ionic strength of 0. 5. The
equilibria in question are:

Fe+++ + HF = F*F+2 + H+ Kj
FCF+2 + HF =FeF2+ + H+ K2
FeF2+ +HF =FeFj +H+ KJ

The values obtained at 25° C for the equilibrium quotients are:

Kj =184
K2 =10.3
k3 s 1.0

The Hydrolyt olymefixation of Zirconium

Work is proceeding on the determination of the molar extinction
coefficient at the 3660 A peak of the first Zr - TTA (thenoyltrifluoracetone)
complex in 2M HCIO” solutions. The concentration of the Zr complex species
is obtained by means of the known molar extinction coefficients of TTA plus
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the decrease in the solution's®optical density, due to added zirconium at the
TTA peaks of 2920 and 2665 A.

Simultaneously data are obtained that will allow a second calcula-
tion of the molar extinction coefficient by the method employed by McVey
(HW-21487) in his work in 4 M HC104.

Thermodynamics of Sulfide lon

Proper evaluation of thermal data for S=requires a knowledge of
the second acid dissociation constant of H2S. Recent investigations by Kubli*

and Konopik and Leberl2 indicate that this constant is now known with reason-
able accuracy.

Hence a series of calorimeter experiments on the heat of neutrali-
zation of H2S solutions by NaOH at 25° C is now being carried out. The rela-
tive concentrations of HS* and S=are controlled by the amount of NaOH added.

This thermal data in conjunction with the forementioned equilibrium

constant will be used to calculate heats of formation and partial molal entropies
of S= and HS".

Potential of the Rup4~ - RuQ” Couple

Experiments on the reaction of C1P2 9 with RuO”i' and RuP4~ in
alkaline solution, have Bhown that a steady state in ruthenium is established,
which can be explained in terms of the following mechanisms:

Khl

I. (1) C102~4H20 * HC102 + OH"

(2) Ru04=4 HC102 r.’d| > RuO. 4 CIO* 4 OH*
*1 4

(3) CIO’ *H20 * HCIO 4 OH*
(4) Ruo4=eHCIO-m U,ruo44Cr 4on*

(5) 2 [Ru04 + Ruo 4™~ rapid® Rw4¥]

(6) 4Ru04=4 C102* + 2HzO ------ 44Ru0 4* 4 CI* 4 40H*

-d(Ru04=)/dt = 4 kj(Ru0 4*)(HCIO?2) = 4kIKhI(Ru04=)(C102-)/
(OH¥)

1 H. Kubli, Helv. Chem. Acta., 29, 1962 (1946).
2. N, Konopik and O. Leberl, Mh. Chem., 80, 781 (1949).
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1. (1) 2 RuO4- RuO” | Ruo™

(2) Ru0s +CIO/ - ->RuO/ +ClO/

(3) CIO/ ¢« OH" -raEjd» HCIO]j

(4) HCIOj +OH" r»Pld, CIOj" +HzO

UCRL-2069

(5) 2Ru04" + C102" + 20H " -—---- >2Ru04= + ClOj" +HzO

¢ d(RuO4=)/dt =2ku (RuO4)(C102") =

(C10/)

The constant kjKhl vat obtained from rate data, and Kjj calculated from steady
state data and a value ior Kbated on an approximate potential of -0. 97 volta for

the Rw 4 ~+ RUO4 couple.

These results have been used to explain a similar steady state in
ruthenium occurring in the oxidation of perruthenate by hypochlorite, by means

of the following mechanisms: «

HI. (1) 2 Ru04" -——-4r-_ Ru04 + RuO/

(2) CIO" +HzO  KhHI HCIO +OH'

(3) RuO/ +HCIO RuO. +CI" + OH'
4

kra 4

4) 2RuQ4" ¢ CIO" + H20 - »2Ru04 + CI* ¢ 20H
(4)

+d(Ru04)/dt =2 km (RuO/) (HOO) =

(RuO /)2 (ClIO")
2kIUKNIIK (R0 4) (OH-)
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IV. (1) RuO, +CIO"' 40H"'-—-- RuO/ +HCIO
kxv 4

(2) HC102 + OH- r>Pid) C102' 4 HzO
(3) Ru0 4 + C102' r»P>d) Ru04=4 C102+
(4) C102+ +0H*  r»pid) HCIO]

(5 HC103 4 OH' r»P>d) CIO,* 4 H"O

(6) 2[ru04=4 RuQ4 m™)»d) 2Ru0 4]

(7) 4Ru0 4 4 CIO* 4 40H ------—-- MRu04' 4 CIOj" 4 2HzO

-d(Ru04)/dt = 4KIV (Ru0 4) *C10-)(0H")

A value for k*y was calculated from the equilibrium constant for
reaction IV (1) (based on -0.97 volts for the RUO4" - RuO* potential) and the
specific rate constant for the reverse reaction (kf of reaction 1 (2)). is
known from direct rate measurements.

The calculated values of the steady state ratio (RuO~/fRuO?)
agree with experiment within the limits of error of the measurements.

It is noteworthy that perruthenate appears to be relatively un-
reactive, oxidation or reduction occurring through the agency of the tetroxide
or ruthenate respectively.

The (OH”) dependence in some of the above reactions is not well
established, and experiments to determine this dependence more reliably are
in progress.

Study of Hydrates

Work continues on vacuum line preparation of CaCIE hydrates
(September Quarterly); the heat of solution of a second sample of CaCl*’ ZH20
has been measured as 10.69 kcal/mole (c.f. 10. 83 Kcal/mole on first deter-
mination). More consistent results are now being sought.
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Thermodynamic8 of Thiosulfate

The value of the equilibrium constant for the reaction:

SZ0 3T (ag. ) 4 2Ag(S) =so ~ (aq.) ¢ Ag”S)

has been determined as Kc(123°0) .a 16. 50 + 0. 42, using solutions of 0. 2M

concentration. The present work is on solutions at different concentrations
at 123°C to determine K(123°C) at infinite dilution.

A new proportional temperature controller for the oil bath has
been constructed and installed. The control element is a specially made 55
ohm platinum resistance thermometer operating in conjunction with an A. C.
bridge, providing a potential temperature range of about 0-300° C. Any un-
balance between the thermometer and bridge is fed into the grid of a 6 AKS5,
subsequently amplified and combined with a phase change, thus operating a
2D21 thyratron for a longer or shorter priod of time. The 2D21 feeds into

the primary of a 500 watt saturable reactor, the secondary of which operates
a 250 watt control Calrod heater in the bath.

Bromate Thermodynamics

A start has been made on determining the heat of formation of
BrOj (ag.). At present, the calorimetric heat is inconsistent with the free
energy and entropy data. Good agreement with the N.B.S. value has been
obtained on two runs measuring the heat of solution of KBrOj. An effort to
obtain the heat of reduction of BrO}" to B~ by Br* has proved calorimetri-
cally unsuccessful. The reaction is too slow except at excessively high ionic
strengths. The reduction of Br03~is now being investigated using I~ on Fef+.

C. Chemical Engineering (Process Chemistry) Section
D. N. Hanson, Director

Preparation of Titanium Metal. LeRoy Bromley and Alfred Petersen

The highest purity titanium metal is at present prepared by the
Van Arkel-de Boer process in which a hot titanium filament is placed in an
evacuated chamber containing crude titanium metal and a email amount of
iodine lodine reacts with the crude titanium forming a volatile iodide which
subsequently decomposes on the hot filament depositing pure ir etal.

A possible improvement in the method would b* to immerse the
hot filament in the liquid iodide. The filament temperature would be such
that film boiling would result. By suitable choice of temperatures, pressures,

reacting species, etc., it should be possible to improve thermal efficiency and
also total cost.
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Til4 was found to be available commerically at a prohibitive cost
(f200/1b.). The procedure outlined by J. D. Fast (Rec. Trav. Chun. 58, 174
(1939) in which iodine is distilled and passed over the crude metal was tried
but found to be not too effective.

Accordingly, excess Ti sponge and 12 were mixed in a bulb flushed
with argon and heated to melt the iodine. The bulb was equipped with a long
open tube to allow pressure equilization and yet prevent 1* from escaping. The
exothermic reaction was at a moderate rate. The resulting product had the
physical properties of Til4 and analyzed 96 percent TU4.

Film Boiling from Sub-Cooled Liquid. LeRoy Bromley and Eugene Motte

The apparatus to be used is that used for the forced convection film
boiling studies reported in UCRL-1894 except for a few modifications.

A means of passing water and steam through the coils of the storage
tank has been installed so that the liquid in the tank can be maintained at tem -
peratures ranging from approximately 25° C to the boiling point of the liquid
used. A new manometer has also been installed on the orifice below the storage

tank. The apparatus has been cleaned and repaired as was deemed necessary
for future operation.

It is proposed to measure the heat transfer to four liquids: ethyl
alcohol, carbon tetrachloride, benzene, and hexane, and to correlate this data
by the properties of the liquids, the velocity of the fluid, and the amount by
which the liquids are sub-cooled below the boiling point.

Gas-Phase Mass Transfer Rates. Charles Wilke and Edward Lynch

Work has been completed on the first phase of this study and will
be submitted in a final report in the near future.

Rates of mass transfer for the vaporization of water into air, helium,
and Freon-12 were measured in a tower packed with one-inch Raschig rings.
The “height of a transfer unit" was found to be a function of the inertia of the gas
stream and the Schmidt number to the 0.47 power. Measurement of simultaneous
heat and mass transfer with the wet-bulb thermometer supported the conclusion
drawn above on the effect of Schmidt number.

The next phase of the problem will cover mass transfer in packed
beds without liquid flowing.

Thermal Diffusion in the Liquid Phase. Charles Wilke and John Powers

This investigation had been under way since February, 1951, and
was transferred to Radiation Laboratory in September, 1952, as a result of
favorable progress.
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The project has the purpose of investigating the operational vari-

ables involved in separation of liquids by thermal diffusion. Emphasis is being
placed on continuous flow methods.

Design and construction of experimental equipment have been es-
sentially completed It is planned to study firBt the ethyl adcohol-water mix-
tures, because fundamental thermodynamic data for the entire range of com-
positions are available in the literature. A preliminary run has been made

and moderate revisions in the apparatus are being made to overcome the experi-
mental difficulties that were encountered.

Multicomponent Phase-Equilibrium Measurements. Donald Hanson and
Arturo Salmon!

The object of this investigation is the determination of liquid-vapor

equilibria over a wide range of temperatures and pressures, 0-193 to 250° C
and 0 to 2000 psig.

The following equipment is being assembled: a heavy stainless steel
bomb containing the liquid phase is located inside of a thermostat. The vapor
phase bubbles through the liquid and is recirculated until equilibrium is obtained.
At this point liquid and vapor samples are obtained for subsequent analysis.

The present emphasis of the work is in development of a suitable
sound interferometer to be used for composition analysis.

Capacity of Perforated Plate Liquid-Vapor Contacting Columns. Donald Hanson
ami Charles Hunt

The general program of this investigation covers the questions of
vapor phase pressure drop, liquid entrainment, and plate instability with res-
pect to dumping of liquid through perforations, but does not include any study
of mass transfer rates or liquid flow problems. To date, work on pressure
drop has included study of the following system variables: liquid height on
plate, plate perforation diameter, perforation spacing, total area of perfora-
tions, gas density, gas viscosity, gas velocity.

The next phase of research will be concerned with the effect of

liquid surface tension, liquid viscosity, and liquid density upon the pressure
drop.

Mass-Transfer in Agitated Liquid Systems. Theodore Vermeulen and Homer Rea

Mass-transfer studies in agitated two-phase liquid systems related
to solvent extraction and heterogeneous chemical reaction, have been retarded
by an inability to specify the interfacial area available for mass transfer between
the phases. This investigation was undertaken to study the effect o* the physical
properties of such a system on the formation of interfacial area, and on the

resultant mass-transfer rates. A fully baffled tank was used under turbulent
flow conditions.



Interfacial areas have been determined by light transmission meas-
urements through the unstable emulsion formed during agitation.

The effects of physical properties of the. fluids, 9tirring speed,
impeller geometry, and relative proportions of the two phases on interfacial
area have been studied. No generalized correlation for all of these variables
has yet been obtained. However it wa3 found that for each system investigated

A =(const. )6 $e“2”™ NL32

where A =interfacial area, cm”~/cm”, <$=volume fraction of disperse phase,
N =stirring speed, L.= impeller diameter, with a different value of the con-
stant for each system. The power requirements for the agitation of two-phase
systems were also investigated and were found to be identical with those for a
homogeneous liquid of equal mean density. The study is being extended to
measurement of mass-transfer rates in typical agitated systems.

Non-Aqueous lon Exchange. E. Huffman and Theodore Vermeulen

The existing theories of column performance were used to interpret
the breakthrough histories on solutions of amines in organic solvents, exchanging
with Dowex 50 in the hydrogen form.

Slow rates of exchange were generally observed, and particle dif-
fusion was found to be the controlling mechanism. The acid strength of the
solvents, coupled with the low basicity of the amines, is proposed as the deter-
mining factor. |If this interpretation is correct, the rates measured will apply
only to the hydrogen cycle, and not to exchanges between readily dissociable
ions. The rates that were measured corresponded to "thin bed" operation, and
required a new extension of the calculation methods. It follows that, for non-
aqueous hydrogen-cycle operations, the resin should be maintained in hydrated
form wherever the organic solvent and process conditions will permit. These
results were given fully in Report UCRL-1989.



