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I. QUARTERLY PROGRESS REPORT. Project 48

A. Nuclear Chemistry

G. T. Seaborg and I. Perlman

10 211

Radioactive Decav. of At.2 . AtT, and Pozu

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

The nuclides Atz10 and Atzu have been produced in bombardments
of bismuth with helium ions in the 60-inch cyclotron. A pure sample of At2ll
(¢10-4 At210) may be volatilized from a bismuth target bombarded with 28 Mev
helium ions. Existing data indicate At2ll decays by both alpha and electron
capture decay in the following manner: '

» a 40.9 % |
Bi%07 Al

7.5 hours
59.1 7°

"

N

EC o . EC

Pb207& Po2ll

a :
’ TI/Z = 0.5 sec.

-~ We have searched for y rays present in the &ecay of At_z»11 using a Na I scintil-

lation spectrometer and have observed no y rays in appreciable abundance
(>1%) besides the K and L. X-rays of Po. Therefore, it is reasonable to think
that the electron capture decay of At2ll is directly to the ground state of Po?ll,
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 Pb207 re.-
sulting from the alpha decay of Po2ll, After the At2ll activity had decayed to
virtually nothing, gamma rays of 540 kev and 880 kev energy were seen from
the decay of 50-year Bi207, ~Although there are numerous gamma rays in the
Bi207 decay, these were the ornly two observed due to the small amount of
activity present. Previously, the 880 kev level of Pb%07 has not been detected

~ through conversion electrons of Bi207; however, the level was first seen in the

alpha decay of Po?2ll,

: " A bismuth bombardment using 36 Mev helium ions produces a mix-
ture of At2ll and At210. In the decay At2l0 __EC 3 Po?l0, we have observed

gamma rays of 0.250, 1.15, and 1. 40 Mev energy. These make the following
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energy level diagram for Po210 look attractive:
g 0.250 Mev
1.40 Mev
1. 15 Mev

This decay scheme is consistent with the absence of gamma rays in the beta
decay of Bi210 which has only 1.17 Mev decay energy. Coincidence measure-
ments are being planned to test the correctness of the above decay scheme
and also the observation of conversion electrons using a beta-ray spectro-
meter which will yield, together with scintillation spectrometer data, the
amount of decay to each of the excited levels. :

A sample containing approximately 5 x 107 d/m of At?! has been
used to observe the alpha particle energies of Po2ll in the alpha ray spectro-
graph., Three low abundance alpha groups of Po?ll were first reported by

'Neumann and Perlman, Phys. Rev. 81, 958 (1951). The first two of these
groups have been measured with energies 6.881 + 0.0l Mev and 6. 556 + 0. 01
Mev and abundances 0. 50 percent and 0. 53 percent with respect to the highest
group. Work is in progress to find the lowest energy alpha of Po?2ll 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 and 6.40 Mev which is more
than 0.02 percent abundant. Further scanning should decide the actual ex-
istence of this third low-intensity group.

The energy of the alpha particles from the decay of Atzn has been’
determined with the spectrograph using Am24l a5 an energy standard. The
result for At2ll is 5,862 0.008 Mev.

A large sample of At2ll containing approximately 4 x 108 alpha
dis. /min. and approximately an equal amount of At210 electron capture
activity has yielded interesting results in the alpha ray spectrograph, Three
new alpha groups have been seen in the energy region just above Po210 with
energies 5. 355, 5.437, 5.519 = 0.005 Mev and of approximately equal abun-
dance. A probable fourth group has been seen with energy 5. 464 x 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 At210 although it is
possible that these groups may be of complex structure in the alpha decay
of At2ll, This question will be resolved from a sample of pure At2ll which -
has been run on the spectrograph. Assignment of one or more of these alpha
energies to At2l0 is consistent with alpha decay systematics in that the
nuclide with 125 neutrons has a lower alpha energy than either of its neigh- . -
boring isctopes.. Similar results have been found for the 125 neutron isotopes
. of Po and Em, Assuming these alphas originate from the decay-of At210,
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one can calculate the abundance of each group. From a consideration of
alpha decagﬁheory, it is possible to calculate a hindrance factor for the

decay. At%!l is shown in Table.l for comparison:
TABLE 1
. Alpha’ .
Alpha Disinte - Alpha - Alpha

P.a_r.ticle gration = Observed Branching Ti/2 Hindrance
Isotope Energy Energy Tj/p (br.) Ratio {(fj (yrs.) Factor

AtZl0 5519 56260 8.3 0.054  1.75 800
At210 5.437  5.543 8.3 0.051 1.85 300
At210 5. 355 5. 459 8.3 0.062 1.53 100
At2l 5. 862 5.975 1.5 40.9 .19.00 60

Nuclear Properties of Berkelium and Californium Isotopes

E. K. Hulet, A. Ghiorso and' S. G. Thompson

In the continuation of the work on the transplutonium isotopes one
new isotope of californium has been found and new information concerning
berkelium 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 Cm242, ~40 micrograms
Cm243, ~40 micrograms Cm244,~0. 3 micrograms Cm?245, <2 mg. Am24l,
and~200 micrograms Am243, The berkelium and californium fractions
were individually spearated from all other radioactive elements by the use
of ion-exchange methods. '
Half.Life for Spontaneous Fission of szfw

_ When the logarithm of the known spontaneous fission half-lives
of even-even nuclides are plotted as a function of ZZ/_A,Y a straight line is
obtained,l: 2 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, Nature 169, 494 (1952).
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2,000 years for the spontaneous fission half-life of Cf£246, By counting fis-
sion events from a known amount of essentially pure Cf246 produced in this
bombardment, in a parallel plate ionization chamber, the value found for the
spontaneous fission half-life of Cf£246 was 2100 + 300 years. This is in excel-
lent agreement with the predicted value. The fission rate decreased with the
same 35 hour half-life as that observed for the alpha decay of Cf£246, thus .. .
proving that the observed fission originated from this isotope. :

A New Isotope of Californium

After the nearly complete radioactive decay of Cf246 alpha pulse
analysis showed some alpha radioactivity, with the energy of 6.24 % 0. 02
Mev, remaining in the californium fraction. It is very likely that these
alpha particles originate from Cf248 by reasons of yield and alpha system-
atics considerations. It is very unlikely that C£249 could have been pro-
duced in an observahble amount, and Cf247 would be expected to decay
chiefly by an orbital dectron capture with a half-life of a few hours. No
half-life has been determined for the reasons that the amount of alpha ac-
tivity is very small, and the period of decay has been short compared with
the expected half-life.

Nuclear Properties of Cm245

Previous work at this laboratory yielded an isotope of berkelium
believed to have the mass number 245. 3 Radiations from the daughter,
Cm?245, resulting from the nearly pure electron capture of Bk245 have not
been previously observed, although its identification in mixtures of curium
isotopes by the use of the spectrograph has been made. In this bombard-
ment it was observed that several alpha counts per minute with a particle
energy of 5.52 *# 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 Bk245 to decay for a
period of time, and they were also found on a sample plate after nearly
complete decay of Bk245 originally on the plate. The ratio of the abundance
of the new alpha radioactivity to the amount of Bk245 that had decayed re-
mained the same in both instances.

The energies of the gamma rays originating from Bk245 were
measured by a sodium iodide scintillation counter connected to a pulse
analyzer. 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
calibrated at the same geometry with the K X-rays from the K electron
.capture of At2ll for which the K electron capture disintegration rate has
been experimentally related to the alpha particle counting rate. 4 From the
data obtained it has been possible to calculate a minimum half-life for Cm?245
of 1,500 years. Any L orbital electron capture by Bk245 would increase the
half-life of Cm245 and a likely upper limit would be 2, 800 years.

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

D. C. Feay and B. B. Cunningham

Because of the 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 tetrafluoride was prepared by the action of 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 tetrafluoride to the dioxide was determined. A
weighed sample (about 600 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-ray 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 2. Neglecting this factor the average com-
position of the tetrafluoride is CeF3. 98- ‘

Attempts were made to determine the thermal stability of CeFy
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 CeF3, 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 1500 C
and is decomposed quantitatively to the trifluoride at 230° C.

A spectrographic analysis of the material used for these measure-
ments showed the presence of less than 0.1 percent impurities in the tetra-
fluoride.

1. Cunningham, B. 'B.:., D. C. Feay, and M. A. Rollier, UCRL-1632,
PP 5-8 (January 28, 1952).
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TABLE 2

Composition of CeF4

. Molecular
Final . Percentage Weight Loss Weight of Composition
Sample Product Experimental Theoretical Sample of Sample
84  Dioxide 19.90 20. 36 214.90  CeF3 g4
86 " 20.11 20. 36 215. 46 CeF3 g4
87 W - 20.65 20. 36 - 216.93 CeFy4 04
Average 20. 22 20. 36 215. 76 CeF; og

Chemistry of Terbium

‘ The TbF4 was prepared bY the action of elemental fluorine on the
trifluoride as repor’ted previously.* The comp051t1on 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 exper1menta1 error as well as any errors inherent in the
published curve.

-Also, it was noted that if the sample was heated at about 300° C,
TbF 3 is formed. Continued heat1ng at 400° C produces TbOF. A terbium
oxide is produced when the heating is done at about 600° C. The lattice
constants of TbOF as determined by X-raypowder diffraction methods for
the rhombohedral umt cell are as follows: :

=6.689 £ 0.007A,
a = 33.40 + 0.10°,
: Since there is no reason to expect the conversion of the tetra—
_ fluoride to stop exactly at the tri- or oxyfluoride, the composition of the
tetrafluoride was calculated only from the data on the oxides (Table 3).

This gives an average composition of TbF 5 92

Spectrographlc analysis of the sample used in these determina-
tions showed less than 0.1 percent of impurities.

2. Gruen, D. M., W C. Koehler andJ J. Katz, J. Am. Chem Soc
13, 1475-9 (1951)
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TABLE 3

.Composition of TbFy4 -

E Sample Temperature Product Weight Loss (Percentage). Composition
Experimental Theoretical ' '

88 400° C  TbOF 16. 94 17. 43 -

88 600 TbO; ¢75 20.75 . 20.91 TbF; g7

89 320 TbF, 8. 89 8.08 -

89 430 TbOF 16. 04 17. 43 B

90 215 TbFy T 37 . 8.08 -

90 430  THOF . 17. 26 17. 43 --

90 600 TbOy 445 ~ 20.31 2113 TbF3 gg
Average | q ' - - | - TbF 3 92

Chemistry of Samarium

: The preparation of SmF,4 was attempted by the action of. elemental
fluorine on SmF3 at about 350° C for one hour. No tetraﬂuorlde was obtained.

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

Is,oiepé Shift in the Spectrum of Plutonium
John G. Conway |

Isotope shifts have been measured in the. spectrum of plutonium.
Two isotopically 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 Paschen
mountlng at the Argonne National Laboratory. Dr. Mark Fred of Argonne is
the co-author of a more detailed paper which will appear shortly. A total of
27 lines showed an isotope shift. The four lines exh1b1t1ng the greatest shifts
are listed in Table 4.
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TABLE 4
Alin A) T AN
242-238 240-239
3958. 79 +0.204 . +0. 072
3972. 06 +0. 142 +0. 045
3985.37 | +0.160 | +0.053
l4021.41 | 310 225 +0.073

Nuclear Emulsion Studles of Alpha Conversmn
Electron Co1nc1dences 1n Cf246 and Pu?‘34

Dean C. Dunlavey

Complex structure in the alpha decag of a sample of Cf246 pro-
v1ded by S. Thompson and K. Hulet and of Pu?34 in a sample provided by
R. Hoff has been observed, using the method of counting alpha-conversion
electron co1nc1dences in nuclear emulsions.

Observation of 5100 Cf246 alpha events showed 12 percent £ 3
percent to have L. or M conversion electrons of 20-25 kev or 35-40 kev
energies, indicating an excited level of approximately 43 + 5 kev in Cm?242;
For Pu234, only 400 alpha events were counted and 15 percent + 5 percent
of the events were found to have L. or M .conversion electrons of 25-30 kev
or 40-45 kev energies, indicating an excited level of apprommately 47 kev

in U230, The results are shown in Table 5. ;

i
Percentages of decay 1ead1ng to the excited level are less than
}Z)ected for each isotope. Explanation, if any is needed, ¢an be that: for
, a few percent of the L. conversion electrons mlght have been missed
because of a shorter -than-average track length complicating difficulties of
detection already present from the iow energy involved; for Pu234, as a
result of the small number of events counted, the larger limit of error is
enough to include the expected value of nearer 20 percent.

TABLE 5 |
' - Ground
Exp  Alpha Excited level ‘state hin-
alpha decay Alpha Preston rg 3 /: hindrance . drance re. .
Ti/2 EMmev Ti/2 radii r]A T1/ 2exp/ T1/ 2 cal. ~CM&42
Cf246 35 7h 6.90 49.5h 9.35 1.500 1.08
6.86 298.0h 8.97 |  4.76
Pu234 9.38d 6.34  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 _HEne rgy of Ra,21 3

Floyd Momyer

Attempts were made to find activities belon ing to neutro.na;-‘de»-
ficient isotopes of radium by bombarding lead with C!% jons 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 HNOj and the solution cooled in ice and
saturated with HCl gas. Barium carrier was then added to precipitate
BaCl; and carry radium, the lead remaining in solution as a chloride
complex. The BaCl, precipitate was washed with cold saturated HCI,
dissolved in water and evaporated down on platinum plates for alphapulse
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. 3 minutes and 6.90 = 0.04 Mev, respectively. After decay of this
activity several counts per minute of Em209 were observed on the plate,
free of significant amounts of any other activities. Em209 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 ®signed to Ra2l3. As the
half-width of the Ra2l3 peak was almost 300 kev in the best run (due to
‘thickness of the sample), the presence of Fr2l3 from the electron cap-
ture decay of Ra2l3 is not at present ruled out. The alpha-particle

energies of Ra2l3 and Fr2l3 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 mc source of Ac227 the 21 minute isotope

AcK (Fr223) 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, At2l9, has 2 0.9
minute half-life for the emission of 6. 27 Mev alpha particles to produce
the previously unreported activity Bi2l5. Bi2l5 is an 8 minute beta
emitter. Since Ac%27 occurs in nature as part of the U235 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. Fr%3

:Tho:rnas, 0. Passell

Preliminary runs have been made with the double focussing
Siegbahn type beta spectrometer to determiné the beta spectrum of Fr223
- This isotope is a member of the actinium (4n # 3) natural radioactive decay
chain. The 21 minute Fr223 was milked from a 20 mc source of Ac227
and in a matter of 40-55 minutes from the initial separation the francium
was inserted in the 'spec’tromeft‘er' ’

.From the Kurie Analys1s of the spectrum, there appear to be
two corrponents above 450 kev withmaximum energies of ~1.0 Mev and
“l, 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 acqmred on the energies of conversion ele_c-a,'
tron lines superlmposed 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 Dlstnbunons from

H1gh Energy (d p)- Exc:.tatlon F unctmns

J. O. Rasmussen, Jr.

. 1t 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 ,neces,s,ar'y’ assumptions are the fo_llo_wi_ng:

1. Observed (d p) reaction yields in the high energy
region (Eq > 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 negllglble
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 essentially the same for all high bom-
‘bardment energies, 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 fission) processes with the radiation process.

There are two theoretical treatments from which we shall make
quantitative estimates of the bombardment energy dependence of the (d, p)
total cross section. A differential (d,p) cross section expression may be
obtained from the theoretical work of Chew and Goldberger! on the inverse
process, the deuteron pick-up process, if we use the principle of detailed
balance, 2 Secondly, Daitch and French3 give a Born approximation deriva-
tion of the differential {d, p) cross section and demonstrate the equivalence
of their Born approximation formulation with that of Butler.

From the Chew--,Goldberger1 treatment we get the relative dif-
ferential cross section in their notation as follows, where only factors
dependent on incident deuteron and outgoing proton momentum vectors
are retained: - ' '

d9%p NE X

K
de- R Tp2+iR-§)2 12

(1

1. Chew and Goidbe_zrgér, Physical Review 77, 470 (1950).

2. Cf. E. Fermi, N,u-clear‘ Physics, University of Chicago Press, p. 146,
“Eq. VIILI.18, 1950. ~ _ B ' ,

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

4, Butler, S. T., Proc. Roy. Soc. (London) 208, 559 {1951).
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where

— - ‘ '
K and'k are the wave number vectors of the incoming
deuteron and outgoing proton, respectively,

K and k are their absolute values,

B is a constant numerlcally equal to the wave number
of a 50 Mev nucleen

N(g k) is the momentum probability distribution of
the captured neutron in the final nucleus having mo-
mentum corresponding to the vector difference K-K,

dS is the element of solid angle.

To obtam the total (d, p) cross sectmn we need to integrate over
all angles between K and K and sum over all final states, weighted according
to their relative contributions to the observed (d p) reaction yield. In this
approximate treatment 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 the Qutgding proton, for simplicity 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 = Ff‘d.* then k = 'ﬁ:’ and if @ is the angle between’fand 2,

® 1% =K% (3/2- {Zcos 0)

. and | : , | . (2)
,

®-E)2 K (3572 (Teos o).

First, the integxation will be carried out using a gaussian momen-
tun distribution for N(K k), since it is analytmally convenient and has been
successfully applied by Clad1s5 in correlating quasi- -elasti¢ proton scattering
data. The factor

1

—) ?2]

[p ¥ (®

will be approximated by the gaussian

@ ®,2
- ]

5. Clachs, J. B., Ph D Thesxs (Physzcs) Umvermty of Gahforma (1952),
1ssued as U, C. Radiation Laboratory Report No. 1621 (unpubhshed)
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and the choice of 8 corresponding to a. nucleon energy af 36 Mev gwes a
good f1t over the momentum range of importance.

ap L & 2" 0/ [p% + (- K/2)] 2

. ' 2 2,2
~ 2mk [T (K - K7  (k-K/2)
o --K-— of exp [— 62 = 8‘ - gin 0.4 @
~and with ¢

k/K is independent of E g» and we can write

O,‘dp.ocf#u‘éxp[ K (2. rcas()) ('""Z' +——-2-)} sin9d o

o
Let
LR Y L S
then '
: Zv 3 KZ - KZ —ﬂ g o

N

Now 52 was chosen to carrespond to a nucléon energy of 36 Mev,
and for the numerical calculation here e 2 will be taken ag correspondlng to
16 Mev from the expenmental results of Cladls 5 ‘Then by Eq. 4 n? corres-
ponds to 13.1 Mev. That is, E)\: 13 1 Mev, where EY\ is defined by the equas
tion

2 2
E h
n = -"m'
where M is the mass of a ,nu’cl'eo'n.

: The correspondmg relation betWeen the energy and wave number
of the deuteron is as follows

g, _ B K

d~ /3™
hence 5 '

kK _ 2Eg
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and (4) becomes
O'dpcc 7%;— exp ,[- 3Ed/Ey\] s1nh. 2\[2 -Eg. ‘(Sa‘._)
‘;For ‘Ed > EYI the following approximation is valm_l_‘id:

sinh 2VZ Ed o 1 exp (2 YZVE4/E,)
E, 2 Sordm

and
Oap T%‘ exp [ (3-2Y2) Eg/Bq]- ﬁ_ exp[- 0.172 Eg/E,].  (5b)

Numerical calculatlens u81ng Eq 5b with E'l =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 xtuclear momentum distribution originally
chosen by Chew and Goldberger,” namely,

NER-H = [+ ® -H)?2 ] -2,

w1th y correspondmg to a nucleon energy of 18 Mev. The formula resultmg
from the integration after separatlon of the integrand into partial fractions is
" quite lengthy and hence will not be given here. Numerical results using this
formular are given in Table 6 and plotted on Fig. 1. (B2 chosen to correspond
to 50. Mev.)

Thirdly, from the Da1tch and French3 treatment we have the dif-
ferent1a1 cross section expression for formation of a single final state

i;dpec k? [t2_+ ®-»%) Im&(r) i ('l._K)-—lglr), 2ar |? (6)
[+ (?_?/2)2]2 [‘32 e —13/2)2 ] 2

where t2 corresponds to the energy by which the captured neutron is bound in
the final nucleus and 4% 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 nucl RL(r) is the
radial part of the captured neutron wave function, and JK ( K Alr) is the
spherical Bessel function of Lth order.

The integral in Eq. 6 is just the Fourier transform6 (not normalized)
of the wave function

Y= RZ (r) i (cos .9).»

Since the square of the Fourier transform is just the momentum probability
d1str1but10n we choose to replace the square of the integral in Eq. 6 by
NX - 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.”U,n-ity 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 wnomentum dis -
Deuteron Energy tribution distribution .. tribution
Ed (Mev) A
50 1.0 Lo 1.0
75 0.47 0.416 : L -
100 0. 256 0.212 - 0.279
125 0. 147 - A -
150 0.088 - 0.068 - 0. 100
175 0.056 - o A -
- 0.035 0.0326 0.041

200
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Also, since we have chosen to evaluate the 1ntegra1 w1th E

= Eq,
then t2 = a2, We have the 1ntegra1 T

P

Gapec 2 jﬂh . x. (—2 =Y2 g1, Q)] o N[Kz(‘z -l/zcos g] — sin0d0O (7)
‘ P [ 2 +__,I.§Z_(3 rCOS Q)] v‘ [ﬁz .[._ZK_?_‘ (% _')/'Z_ CQS‘.Q)]Z ' S

The integral is 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

[:&2 +'z?‘]2 ‘, ~ ‘ 2

[-;—é‘:—%-—g_—]—z.v 4[1-0.6exp(-;;-)]

Again making the same gaussian approximation for the factor involving [5
and carrying out the angular integration the final expression is obtained as
follows:

2 a— K2 2 5 g2 2
dd’pOCfélZ—*eXP (—2_'{2—) sinh )/2_—-){7— - 0.6 i\{—(%—exp(-_—z ?Z' :-31nhr—S (8)
where

1 1,1
_g

z Ttz
: E,S is defined, analogous to E,rL , as

742 n
2,2
e = L

Then making the substltutlons for K \Q , and S as in Eq. 5a and
the approximation of the hyperbolic sine as in Eq 5b, one obtains

E : :
‘ RAYRY _ 0.6 E ! ‘_
.o-d’pocmg— .e,xp.[ 0.172 Ed/E ] Z_fd__b_ exp [ 0.172 Ed/ES] (8a)
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Taking E, , as before equal to 13.1 Mev and taking Eg = 2.23 Mev,
the binding energy of the deuteron, one obtains. the value

Evs 7.12 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. 1 the experi-
mental values for the absolute gd . P) reactmn cross sections at high energies
for target nuclides, Bi2 32, and U238, The Bi cross sections are
from the work of Fung, 7 and the Th and U from work of Slater. 8

In Fig. 1 it is seen that there is little difference between the three
theoretical formulations. The agreement of the theoretical slopes with the
Bi209 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 a plies to 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
quantitative sense.

The significant point set forth by this comparlson is that the slope
of the high energy (d, p) cross section probably gives a semi- quantltatlve
measure of the momentum distribution of the captured neutron in the excited
nuclear state following capture. In this langu Z%e 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 1nd1cat1ng a more rap1d fall-
off of high momentum components in the neutron captured by Bi than in neutrons
captured by Th and U. 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 or 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 i Ph D. The51s (Cherrustry) Un1ver81ty of Cahfornla (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 Radiochemical Separation of

Bismuth from Lead, Polonium and Radium

B. A. Raby and E. K. Hyde.

During the course Qf.a;stadyi of the alpha branching of the francium
isotope, AcK, a need arose for a rapid chemical method for the isolation of
Bi2l5 from a solution containing amounts of francium, lead, and radium radio-
activity many-fold greater. Since Bi2l5 has the short half-life of eight minutes
and the alpha branch1ng of AcK which gives rise to Bi2l5 {via the intermediate
activity, At219) is very slight (10-4 to 10-5), the chemical separation of Bi2l5
from its contaminants must be rapid and thorough. The bothersome contami-
nants which occur in this particular decay scheme are Fr223, Ra223, Bi2ll,
and Pb2ll, The following report summarizes the work done dunng the last
quarter 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 originality of these
methods is made, but published information is scanty, particularly on anion
exchange, and our results may be useful to others.

Anion Exchange

The first of the three methods discussed herein is the use of Dowex-
A-1 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 2 mm. in diameter was packed with coarse
grains of Dowex A-1. With the aid of suction, solutions were flowed through
this column at the rate of about 1 ml. per minute. Using Bi2l0 as a tracer,
various conditions of adsorption and desorptmn were tried. In order to observe
their behavior, Ra226, Po210, and Pb2l tracer solutions were also run through
the column under comparable condltlons '

In the extraction of Fr;ZS from Ac227, silicotungstic acid is used. 1
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.

' Behaviar of Bismuth., The behavior of bismuth on the resin is
summarized in Table 7. In all cases, 5]1,?1 of tracer containing RaD, E, F, was
added to 1, 0 ml. of hydrochloric acid solution before adsorption on the resin.
The beta act1v1ty was counted on shelf two of a standard Geiger -Miller counter

1. E. K. Hyde and A, Ghiorso, UGRL-2019’

.4
“j.f .
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with an 11, 6 mg. aluminum absorber on shelf one to cut out the RaF alpha
particles and the soft beta particles of RaD. The observed count in 5l of
tracer was 1, 54 x 105 ¢/m. The alpha counting rate was 8.0 x 104 ¢/m.

Desorption was made by elution with 2 ml. of the reagent.

TABLE 7

Anion Exchange Behavior of Bismuth

Composition of Initial Percent Percent Bismuth
Tracer Solution Passed Bismuth = Desorbtion Desorbed by
Through A-1 Column Adsorbed Reagents 2 ml, of reagent
0.1M - HCL 99 ~ H,0

3M - HCL 96 - 99 0.1 N - HCL

6 M - HCL 95 - 99 4N . HCLO,

8 M - HCL 33 conc. HCL 63

10 M - HCL 19 sat. HCL* 72 - 93

» conc. HN‘(_)3 94 - 99

* Made by passing dry hydrogén 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 HNO3 are
good desorption agents. ) '

Behavior of Lead. A private communication from H, E. Hicks
and P. C. Stevenson revealed to us that Pb(II) 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 cancentration
is lower or higher than this range. This behavior was studied for Dowex
A-l in the experiments below. ~ ' :

» Thirty-six minute szu was used as a tracer and was prepared
in the following manner: First 11,2 day Ra223 was isolated from a sample
of Ac227, Ammonia gas was passed into a dilute HCL solution of the Ac227
to which 2 mg. Fe(]1]) had been added. The Fe(OH); precipitate carrying
Ral23 was dissolved and reprecipitated with NH3. It was then dissolved
in a small amount of HNO3, a few milligrams of Ba(ll) carrier was added,
and Ba(NO3), was precipitated by the addition of 10 ml. of cold fuming
nitric acid. This precipitation was repeated. The final Ba{(NO3), (with
which the Ra223 had co-precipitated was dissolved in water. One mg. of
Bi(IIl) chloride was added and precipitated as Bi(OH) 3 by the addition of
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NHj3;. This precipitate carried tracer Pb2il and separated it from the Ra223,
The supernatant solution containing Ra223 was acidified (to prevent adsorption
of COj) and set aside for later reuse as a source of Pb 211 ‘The Bi(OH)3 was
dissolved, reprecipitated with NH3 and finally dissolved in HCL.

~ An aliquot of the Pb 21l tracer solution was diluted to form 0.5 ml,
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 mim. 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 determmed by alpha counting (of
‘Bi2ll which came to equ111br1um with the Pb2ll 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 Pb2ll desorbed
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

7/

Anion Exchange Behavior of Pb Tracer

Percent 'P.b, not Percent Pb Percent Pb

Concentration of Adsorbed from Desorbed by - Desorbed by 2nd
HCL solutions Initial Solution  first (Il 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
5.5 0.6 0.03 i ~0
6.0 0.8 0.5 ~0
6.5 0.9 0.6 ~0
7.0 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 held
strongly by Dowex A -1 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. Compm'lson with Table 7 indicates that a
clean separation of lead and bismuth tracers is readily made by passage of a
1-2 M HCL solutlon through a short column of Dowex A -1,

Behav1or of Polonium. Tompkins? has published an ion- exchange
study of polonium in which negative chloro- complexes are discussed. Orth3
has made preliminary studies of adsorption of polonium on Dowex A-1. In
the present work, a series of experiments were carried out in HCL and HNOj3
systems using RaF tracer and Dowex A-1 resin,

2. E. R. Tompk'in's, UCRL-1294,
3. D. Orth, private communication.
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In one experiment RaDEF tracer in 2 M HCL was passed through
a7 x 2 mm. column., The column was rinsed inturn with 3 ml. concentrated’
HCL, and three 1 ml. portions of concentrated nitric acid. Assay of the solu-
tions for RaF alpha act1v1ty and RaE beta activity gave the result shown in
Table 9.

TABLE 9

Percent TracerinSolution Passed Through 7 x 2 mm.. Column

3 ml, First 1 ml. Second 1 ml. Third 1 ml.

- Initial 1 ml. conc. HCL conc. conc. conc. Total
2M HCL . Rinse - HNO3 HNOj3. HNO3 Recovery
Po 50 13 32.0 41,0 1.4 81 % 5

Bi 0.5 92.6 3.3 0u1 0.1 97 + 5

The polonium material balance in the above experiment is o
80 = 5 percent and the m1ssmg 20 percent is ascribed to hydrolyzed and/or
polymerized species 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 ml, 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 polomum tracer, the experi-

ment, whose results were glven in Table 9, was repeated using a clean resin
column. The results are given in Table 10.

 TABLE 10

Percent Po Tracer in Solutions
Passed Through 7 x 2 mm. Dowex A-1 Column

First Second Third
1 ml, 2 ml. 1 ml, -1 ml. 1 ml,
initial conc. conc. - conc. conc. Total
2 M HCL HCL HNO; HNOj3 HNO3 Recovery

.8 2.8  18.6 ~ 66.6 4.6 100 % 5
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' Recommended Lead-Bismuth-Polonium Separation Method. :I‘he
results of the ‘e>xperimve'hts &es’c‘rlbed'abovef; 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
inl-2M HCL,

" 3ml. 1-2 M HCL : R4 ‘
: ’ o 20 mm. x 3 mm. ¢olumn

Rinse ' 7 -~ Dowex A-l1 Resin
l T Rek:
n e sin
})8_ 1306Mf Hgg.a 92-98%Po’ 4 ml. conc.
- ° 98-100hBi (ummmmmsceme HCL,'
0.5-2% Bi \ 1-2 4 Pb
2-8%: Po - | .
Conc. HCL . Resin &4 ml. conc.
0-1% Pb HNO,
95 7o Bi 1 ,‘
1-39% Po - Conc, HNO, Resin
' 1 90-97% Po
13 % Bi
0% . Pb

-The advantage of this method over ‘those published previously (as
for example, for the purpose of preparing RaE and RaF sources) is its sim-
plicity and the fact that all three elemiénts 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 rate '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 Bi2l5 from a solution containing Ack,
Ral23, Pb2ll, and inert silicotungstic acid. The following test runs were
run, using RaDER tracer: KMnOy4 was added to a 1 ml. solution of RaDEF
tracer to which Ra226 tracer, two drops of 0.4 M silicotungstic acid, and 2
mg. Mn(II) salt had been added. After the precipitation of MnO} had occurred,
the supernate was drawn off and assayed. Carrying of Bi was 90 -99 percent,
of Ra, 2-6 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-prec1p1tat1on of lead as a function of
H* concentration were run, using Pb2ll tracer. One to two mg. of Mn*t in
1 ml. of nitric acid solutions of Pb2ll was precipitated as MnO; by the ad-
dition of KMnOy4, and the activity precipitate was determined. Results are
shown in Table 11.

TABLE 11

Co-precipitation of Lead with MnO)

HNO, : ' ‘ Percent
Concentration ' Co -precipitated
~0 M HNO3 o 47

1 M HNO, ’ 10

4 M HNO, 7

Adsorption of Radiocolloidal Bismuth on Filter Paper

Gile, Garrison and I-Iarm'ili:onr:n4 have reported an excellent method
for the separation of Bi204-2/06 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 radiocolloidal and is quantitatively
adsorbed by passage of the solution through filter paper. The bismuth is
then eluted with dilute acid.

An attempt was made fo adapt this method to our Bi2l5 igolation
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 PbO,= ion. These
results were erratic and unsatisfactory. :

A satisfactory method was developed when AlD27 ion was added -
to the solutions. Five pl RaDEF tracer was added to 300 ul 1 M AI(NO3)3,
and 1 ml 10 percent NaOH was added to form radiocollcidal bismuth in the
presence of Al1O,7 ion. The solution was sucked through a one millimeter -
thick bed of- Whatman No. 50 filter paper pulp supported on'a 10 mm. coarse
sintéred disc. The adsorbed Bi2l0 tracer was washed with 2 ml, 10 percent
sodium hydroxide and with 2 mi. distilled water (to remove NaOH). The
 bismuth was then desorbed with 300 ul 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 1 percent of the radium was found
in the final bismuth fraction. Similar check runs with Pb2ll 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 these three methods, i.e., MnO) pre-
cipitation, Dowex A-1 anion exchange method, and the radiocolloidal ad-
sorption on filter paper, were used in attempts to isolate 8 minute Bi2l5
from AcK (Fr223), which in turn was separated from a 20 mc. source of
Ac227, 1In every case the results were .mnegative, but nevertheless the
were useful in setting an upper limit of 10 -4 to the a branching of Frzzg

. Extraction Behavior of Trivalent La_hthanides and Actinides

- Elements into Tributyl Phosphate from Hydrochloric and .Nitric_Acids

P. R. Gr.ay and S. G. Thompson

Recently, D. F. Peppard, P. R. Gray, and G. W. Mason! at the

- Argonne National Liaboratory 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 distribution ratio (the ratio of the con-
.centration of the element in the tributyl phosphate phase to the concentration
in the acid phase) against the @omic 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 F1gs 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 HNO3,,
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 Tb (65) would be the analogue to Bk (97). Er (69}, Tm (70},
and Yb (71) tracers were obtaimed.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 corhing 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 stralght line results from the HNO3 data while
a marked deviation occurs again in HCI, occurrlng not at Tb (65) but at Er
(68). It is to be noted that the actinide -data in HCl has been shifted from its
usual position with Ac and Laas analogues in orderto show the similarity of
their behavior in HCI.

At the present time, the nature of this deviation in behavior in
HCl is being investigated.
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. Separation and Purification of Neptunium, I

- S. C. Cérnigli‘a and B. B. Cunningham

Introduction

This report covers the first phase of work on the isolation of -
neptunium, as chloride, from one-third of a shipment received from
Hanford. The femaining two-thirds have been processed by the Calif,
Research and Development Nuclear Chemistry group under Dr. W. T.
Crane. :

The assay which accompanied the shipment indicated a total -
volume of about 42 liters, containing roughly 40 grams Pu, 3 grams Np,
‘2.8 kilograms La, and significant amounts of some other cations as noted

below.

Spectrographic analysns performed by J. Conway of this labora-
tory 1nd1cated the following impurities:
La - verylarge
Bi - 30 gfams
Ca - 10 grams

K - 5grams (upper hm;t)
Fe - 2-3 grams
Cr - 1gram

~Ni - lgram

Mg - 0.05 gram
< Al - trace

Principal anionic constituent was ni'tfat_e.
Flow Sheet
The sequence of operations in the prehmmary separation sub-

stantially follows Crane's recommendations. It is represented schemati-
cally on the following page:- '
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(1) Saturate with

Batchwise: HCI gas 1 hour, ,
~, 5 liters thén heat to ' 3] Most NO3 destroyed
| of Hanford 8001 hour. -3 TEROveS :
Bolution., =f
‘ ; » ‘ Solutlon
Waste solution, N (2) Cool, saturate with
"R HC]._ gas 1 _hour
Sto,\re. : " Filter, wash,
4) Put thru Ta, . . — =
(4) Dago e 15;1;;1%121 e - Crystals of
resin column. = o . LaClj .and Kcl,
ell original Washes: occluding
ions. 12 M HCl|| Pu, Np, etc.
, ‘ — ' . (3) | Dissolve in
Column: N ' minimum
NP: Pu, Fe, Bi| . volume H,O.
(5) Elutes with : - . ,
" alternating 0.5 M Thruput liquid, "C':| | Salt solution, "A':
and 12 M HCl. — Plutonium fraction. La, K, Np, Pu, etc,
R 'l __Store. Store.
' Elutrient: .’ (6) Make 0.3 M s ] ' ‘
Np, Pu, Fe, Bi in HI, sat. . ( )-fsluitrf Elutriant, "D":
HCI1, put Column: (5) Np fraction
thru Dowex N ), Fe, Bl ' plus Fe, Bi.
A-l. o ' ' Store.

Briefly, the use of the anion exchanger Dowex A-l is based upon
the following facts: (a) the (IV) and (VI) states of neptunium 'and plutonium
form complex anions with chloride which are extremely stable and firmly
affixed to the resin at chloride concentrations over about 6 M ; (b) the
(III) oxidation state of Pu does not so adhere; (c) most of the c contaminant
ions do not adhere to the column at high chloride concentrations, the notable

exceptions being Fe(III) and Bi(IlI); (d) all the chloride complexes noted are
dissociated, and hence eluted, in 0 5.2 M HCL. A

The Pu goes on prmc1pa11y as Pu(IV). The HI employed in step
(6) reduces it to the (III) state. The Np goes on initially as Np(VI), as
"Np(IV) in step (6), '

v Use of alternating HCl concentrations in elution follows the ob-
servation of what appears to be colloidal behavior at 0.5 M HC1, which
‘impedes the flow of Pu down the column. Small volumes of 12 M HC1 are
employed to restore the initial conditions. -
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: Progress to Date

The operatmns as shown have been completed; a total of seven
batches having been cycled. No analytical data are as yet available on the
. resulting neptunium and plutonium fractions, although it is. suspected that
the separation factor will prove to have been rather poor, due probably to
use of too squat a resin column (5 cm d1ameter x 35 cm height) and/or too
~rapid flow rates. :

The waste solution; '""B'', has been analyzed by alpha countmg
About 20 mg of plutonium were found in 15 11ters total volume.

The salt solution, "A', was combmed with the same ,fractio‘n
held in storage from Crane's operations and completely recycled through
essentially the same flow sheet. Alpha counting indicated the following
result: o

Pu b_r,iginall y present

- 1.54 grams
Pu discarded in wastes - 0.72
Pu fraction obtained - 0.73
Pu in Np fraction - 0.09

No radiometric assays for the Np237 have as yet been convement on ac-
count of large accompanying plutomum activity. ' '

Conclusmns .

Obv1ously no report of overall yleld or efficiency can be made
at this time

Poor yield in the recycling of solution "A" is attributed to: (a)
incomplete transfer of solutions on two occasions, emergency equipment
having been used to return Crane's large volume of solution into the system,
and a crude decantatmn having replaced the filtration step in (2); (b) border-
line HCl concentration in the first column pass, occasioned by breakdown of
the emergency saturating system improvised for the recyclmg operatmn,
and (c) reuse of the same resin after it had been exposed in the main run to
I- and I; and long standing. That this should have been avoided was confirmed
in later discussion with several members of S. G. Thompson's group.

Future Operations

The plutonium fractions will be combined, evaporated to small

.~ volume, and metathesized to nitrate for return to Hanford. The neptunium,
after being similarly concentrated, will be run through another ion-exchange
cycle, then purified by appropriate wet chemical methods and finally by
"sublimation.
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Saturation Backscattering Correction for

Windowless Propoftibna_l Counter with 2w Geometry

Dwight Conway and John Rasmussen

" In order to use the Mark 12 Nucleometer chamberl (windowless
proportional counter) for absolute beta countmg, the saturation backscat-
tering correction is needed. ‘This was studied using methane at atmos-
pheric pressure as the countmg gas. The backing materials used were
lead, brass, aluminum, beryllium, and polystyrene A hard and a soft
beta emitter (with no gamma radlatmn) were used: (1) a mixture of Sr90-
Y90 in equilibrium (Epax = 0. 61 and 2.2 Mev, respectively) and (2) Pml47
(Emax = 0.223 Mev). The samples were mounted on thin tygon films made
conducting with thin films of silver and counted in 4w proportional counter
of the type developed by BorkowskiZ to determine the absolute disintegra-
tion rate and then in the 2w counter to obtain the backscattering correction.

The method of calculatmg the backscattering coefficient is as
follows: let y equal the counting rate in the 2w counter, x equal that in the
4m counter, and z equal that on the sample side of the film (i.e., counts
recorded in only one-half of 47 counter chamber) in the 4w counter for a
particular sample. The calculation of the backscattering 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 absorptmn by the tygon and silver films for sample mounting are negli-
gible. That is,

B =(y-0.5x/0.5x

The assumptmn of negligible scattering and absorptlon by the
mounting was verified in the case of the hard beta sample {Sr90.Y90) 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 n aliquots from a
solution whose specific activity was determined in the 4w counter. The
thickness of each of these samples was about 0. 25 mg/cm2 whereas that
of the corresponding film sample was about 0.5 mg/cmz 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!47 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 Laberatoiies 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 for the effect of the
mounting film in order to calculate 4 backscattering factor to compare with
Sr90_.Y90 results. That is, for the Pm147 results it was assumed that

= (y-2)/(x-2).

The Pm147resu1ts should be checked as were the others by mounting the
sample directly on the backing. ,

The backscattering factors determined in this 1nvest1gat1on are
plotted against the #omic number of the backscattering material in Fig. 4.
Also plotted-for com}ganson are the data of Zumwalt3 for the saturation -
backscattering of Co©0 (Emax = 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 2r geometry back-
scattering factor is noticeably lower than for a 3 percent of 4w geometry,
thus 1nd1cat1ng the anisotropy of backscattered radiation with preferentlal
scattering in a direction perpendicular to the backmg plate. This aniso-
tropy has been pointed out previously by Yaffe.4 It is to be expected that
the self-scattering, self-absorption correction will also be different for
27 than for lower geometrles

3. L, R. Zumwalt from "Report of Conference on Absolute Beta Countmg "
Nat1ona1 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 217. ’
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B. Bio-Organic Chemistry

: M Calvin and A, A, Benson

‘Synthesis of High Specific Activity D, L-Leucine-3-Cl4

R. Ostwald

‘ The synthesis of high specific activity D, L -leucine-3-Cl4 has been
carried out using a procedure described in some detail for 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-Cl4 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, 12.1 and 5.0 mc. of isobutyl iodide -1.Cl4,
The crude amino acid mixturestcontained 6.7, 6.6 and 2.1 mc. respectively,
representing 60 percent, 54 percent and 42 percent of the starting activity,

' The separation on ion exchange columns, as described below, showed that

the amino acid mixture consisted of leucine, glycine, a-aminobutyric acid,
alanine (approximately 0.2 percent of the crude amino acid activity), and a
radioactive ninhydrin-negative compound appearing near leucine (Rg values
slightly greater than those for leucine) in a two-dimensional descending paper
chromatogram developedi#with phenol-water and butanol -propionic acid-water.
This compound contained about 8 percent of 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
2.5 cm. in diameter and 120 cm. long. The capacity of the column was 1770
‘meq., the amino acid load was 56 meq. (17.6 mc.) representing 3. 2 percent
of the resin capacity. After the sample had been applied the column was
washed with 6. of water; this effluent contained 2. 2c. The amino acids
were then eluted with 1. 03 N HCl at a flow-rate of 15 cc. /hour or 0.05 cm./
min. Every fifth fraction (approximately 15 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.

(2) From 0-1600 cc. acid (0.93 times column capacity e}ipressed
in meq, acid) came 0.65 pc. consisting of only trace amounts of glycine and
other amino acids. ‘
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(b) From 1600-2930 cc. acid (0.93-1. 70 times column capacity)
came 4 pc. consisting of inactive glycine and radioactive alanine and leucine,
containing 75 percent and 17 percent respectively of the radioactivity in this’

fraction.
/

(c) From 2930-3355 cc. acid {1.70-1.95 column capacity) came
0.6 pc. consisting of radioactive a-aminobutyric acid, leucine, and an un-

known, :ninkydrin-negative compound conta1n1ng 70 percent, 25 percent and

5 percent respectively of the radioactivity in this fraction.

(d) From 3355-4865 cc. acid {1.95-2. 85 times column c’apacit'y’)

‘came 1. 3 mc. consisting of radioactive leucine and an unknown containing

92 percent and 9 percent respectively of the rad10act1v1ty in this fraction,
together with traces of radioactive valine.

(e) From 4865-8575 cc. acid (2; 85-5.03 times column capacity)
came 15.2 mc. consisting of radioactive leucine and an unknown containing
97 percent and 3 percent respectively of the radioactivity in this fraction.

Purification of the leucine by recrystallization from water, after boiling with
charcoal, removed the unknown compound. :

The total yield of D, L-leucine hydrochlorlde was 2.958 g. (66 per- -

cent of theoretical) with a spec1f1c activity of 5.6 jc./mg. (theoretical = 6.7
pc./mg). The yield on a radioactivity basis is 16. 5 mc. (59 percent of
, th'eoretlcal)v The recovery of radioactivity from the ion exchange column was

quantitative, -

Synthesis of C'?ly;:i,ne-ZfC'J14 and Aspartic Acid-3-cl4

R. Noller

Glycine-2- cl4

Glycine-—?.--—(:'14 hydrochloride (6. 62 pc./mg), containing no radio-

active impurities, has been prepared from sodium acetate-2-Cl4 by reacting

ammonia with chloroacetic acid. The yield was 67 percent based on the

starting sodium acetate.

A small quantity of impurity was isolated from the crude glycine

~having a specific activity corresponding to the compound, imino-diacetic-2-
Ch%-acid- HCL.

,Hoocf% /C*HZ-COOH
__ Z )

H- HC1
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Aspartic 'Acid- 3-Ccl4

Aspartm 3-Cl4 acid- HCl (5.7 pc. /mg.) has been prepared from
sodium acetate-2-Cl4 via the condensation of ethylchloroacetate-2- cl4 with
diethylacetamidémalonate * (see Quarterly Report for April, May, June 1951).

It has been found that most amino ac1ds prepared by condensing
orgamc halides with diethylacetamidomalonate followed by hydrolysis of the
product are contaminated with other radioactive compounds. The best way
to obtain a pure product is to fractionate the mixture by means of an ion ex-
change'c’olumn. In seeking to avoid the difficulties involved in the use of an
ion exchange column, it was found that the aspartic acid product could also
be purlfled through the preparation of its copper salt.

. To this end, the crude hydrolysate was dissolved in a small
quantity of water and transferred to a beaker. Copper chloride (7.67 g.
CuClz 2H20, 4/3 molar excess over theoretical total amino acid yield) was
then added to the hydrolysate solution and the total volume brought to 150 ml.
This solution was then titrated (with stirring) to pH 5, using about 97 ml. of
'1 N sodium hydroxide. The solution was then placed in the refrigerator for
at least two days. '

Approximately 4 ml. of "Celite Analytical Filter Aid* (Johns
Manville) was then added to the cold solution. The solution was filtered
through a 0. 25 cm. bed of '"Celite’ and the precipitate washed with ice
water urtil the filtrate was chloride free. The precipitate was then re-
dispersed in about 150 ml. water, about 0.5 ml. concentrated hydrochloric
acid added, and hydrogen sulfide gas bubbled through the solution with stir-
ring for 2-1/2 hours. The solution was heated 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 (1l ml. concentrated hydrochloric acid in 200 ml. water)
until most of the activity was removed.

Concentrated hydrochloric acid (25 ml.) was added to the filtrate
which was then evaporated to dryness on a steam bath. The aspartic acid
hydrochloride was dissolved in a mixture of 25 ml. concentrated hydrochloric
acid and 25 ml. water and again dried. It was then redissolved in a small
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 acids other than aspartic acid, and that there was less than 1 per-
cent of a radioactive impurity which may have been a chromatographic anomaly.

The yield of aspartic-3-Cl4 acid HC1 was 2190 g., 5.7 pc./mg., -
66 perc;nt based on starting activity. The theoretical specific activity was
5.6 pc./mg. '

‘Aspartic-4-Cl4 acid HCI has been prepared in similar ylelds by
starting with carboxyl labeled sodium acetate.
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Studies in Morphine Metabolism
H. Rapoport .and C. H. Lovell

Two paths are being 1nvest1gated for the preparation of codéine -
‘and morphine-7-Cl4, The first method, outlined in our previous report, has
progressed through the periodate oxidation:

| cHO

o SO
\\ou

II CHg

Only one mole of periodate was consumed per mole of triol to give a product
stable toward further oxidation. For this reason, lead tetraacetate oxidation
of the triol is now under examination.

The second.path, which has the _ad_vanta__ge of introducing the radio- .
activity at a very late stage in the synthesis, is outlined below:

! : OoH .
,. A -
Q —_ N — OH
' ' °¢H-5 OCHg

° oM | o 0 v O °. vp %M
Codelne III VI R

—cno |
oe——zg: g
COoOoN ¢ —CHO

] IX © 6 VIII 11 \\

-~ lchg Li

.W'01_'k on this reaction has progressed successfully through the ketal V.
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Effect of Hepar1n on the Rate of Metabolism of Fatty Ac1ds
and Other Compounds '

M. Kirk and A. Hughes

Rate of Appearance of (3_1402 in the Breath

The investigation of the effect of heparin on fatty acid metabolism
in rats has continued, with the emphasis being placed on acetate metabolism.
Also, the effect of heparin on some other types of compounds has been studied.
In the last Quarterly Report, it was stated that the heparin apparently facilitated
the metabolism of fatty acids to carbon dioxide. Repet1t1on of the e xperiments
with acetate, however, indicates that the "heparln effect" is quite variable or
non-existent. It will be noted, however, that the greatest variation is with the
"control' animals, rather than with those receiving heparin.

Experimental. The same general procedure has been used which
was previously outlined. Modifications included: 1) changes in total weight of
acetate injected, but without change in the amount of radioactivity used, 2) use
of animals which have been starved for 24 hours, and 3) use of crystalline ,
heparin (Connaught Laboratories) dissolved in distilled water instead of heparin
solution (Upjohn). Compounds tested included: Sodium acetate-2-Cl4, alanine-
1-Cl4, alanine-2-Cl4, alanine-3-Cl4, sodium lactate-3-Cl4 and choline-n-
methyl -C14,

Results. There has been found no significant difference between
the metabolism of fatty acids with or without heparin. The choline results
represent only one experiment. Table 12 gives the values for the compounds
tested.

Conclusions. The potentiation of fatty acid metabolism by heparin
is questlonable More detailed investigation into the dietary condition of the
animals is necessary to ascertain whether there has been any significant change
in the diet which might be causing the disappearance of the "hepar1n effect".

The effect of heparin on the metabolism of c_hohne should be further
studied. Not only is the total recovery enormously different from that of the
other compounds studied, but the slope of the rate curve is significantly different
also.

Appearance of Radioactivity in Various Blood Components

To expand the investigation of a method by which heparin may be
able to affect fatty acid metabolism, experiments are being conducted to
determine the amount of labeling of various components of blood from rats
injected w1th sodium acetate-2- Cl4 with and without heparin.
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Experimental and Results. Long-Evans female rats weighing
between 180 and 200 g. were injected intraperitoneally with'10 mg. (100 uc.)
Cl4H3COONa Either one or two hours later the rats were sacrificed by
ether anaesthesia and blood obtained by heart puncture, using a syringe and
needle previously rinsed with 1 percent sodium citrate solution. In general,
about 5 cc. of blood were obtained from each rat. The blood was allowed to
clot at room temperature for about two hours and then the serum and red
cells were separated by centrifugation. The activity of each fraction was
determined by direct plating, the red cells having first been suspended in
saline. A windowless flow Geiger counter and platinum plates were used
for all activity determinations. The plates were counted, acidified with
acetic acid, dried and recounted. Activityloss was assumed to be due to
volatile acetate metabolites in the blood. Serum samples lost an average
of 15 percent of their activity as volatile acids. ILoss from red blood cells
was negligible. Non-volatile activity per ml. of the serum amounted to
©0.12-0.15 percent of the injected dose:. Red blood cells contained an aver-
age of 0.05 percent of the injected activity per ml. of cells. This was true
whether animals were sacrificed one or two hours after injection.

Aliquot portions of serum samples were separated into protein,
phospholipid, fatty acid, non-saponifiable and glycerol fractions. The
activity of each fraction was determined by direct plating. Separation of
various fractions was effected by the following scheme (Table 13) which is
essentially the same method as that reported by Kritchevsky and Kirk.

(D. Kritchevsky and M. Kirk, "Radioactive Eggs. II. Distribution of
Radioactivity in the Yolks?, Proc. Soc. Exptl. Biol. Med., 1951, 78, 200-
202.) The results obtained on the activity in the varlous serum fractions
is shown in Table 14.

Conclusions. The level of activity in the blood after injection
of sodium acetate-2-CIl% remains fairly constant at least for the first two
hours, in spite of the fact that approxlmately 65-70 percent of the act1v1ty
has been exhaled as C14OZ

Although no explanation of the differences between blood from
heparinized and non-heparinized animals is immediately apparent, these
differences are great enough to warrant further 1nvest1gat10n
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TABLE 13

Scheme for Separating Blood Serum into Various Fractions

SerumDigest with

ethanol -ether:3:1

Ppt. . : EtOH-Et0
- Protein | ' | Evap. almost to
Dissolve in H20 d P- o
. e ryness, extract
(slightly acid), .
Count with pet, e;t_he'r ,
: | ppt. phospholipid
" with acetone and
'MgCIZ '
Acetone Ppt. o
"| Evap. to dryness. Phospholipid
Saponify with alcoholic . |Dissolve in EtOH,
KOH, acidify, extract - count.
| with ether.

Et20 Acid agueous '
Fatty acid and . - ’ | (probably glycerol)
non-saponifiable. : ' : Count '

Pass over Amberlite
IRA 400. ‘
Elute fatty acids
with Et20-EtOH-HCl

l

Fatty acids, Non-saponifiable

Count- or |
Neutral fraction,
Count
TABLE 14

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

Fraction : ~ Acetate only Acetate and heparin

Protein " . | 93, 0% 93.9%
Phospholipid 1. 10 - 0.73
Fatty Acid 1. 15 ' 2.07
Non-saponifiable o 1.41 3.92
(sterols) '
Acid aqueous 2.23 0.59
' tzprobably glycerol)
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A7-=,Cholestenol Content of Serum 'Cholesterol

R. M. Lemmon and Margaret Anderson

More than 100 g. of A7.cholestenol (""lathosterol’) have been
synthesized from cholesterol by means of the synthetic procedure outlined in
our previous report. The product has been identified by its melting point,
ultra-violet spectrum, infra-red spectrum, and carbon and hydrogen analysis.
These same data have also been obtained for the acetate and benzoate esters
of lathosterol and they are all in good agreement with the values reported in
the literature. Initially we had considerable difficulty in obtaining satisfactory
carbon analyses for the product and for its acetate ester (the benzoate ester
always gave good carbon analyses). However, after several recrystallizations,
both from methanol and from acetone, we were able to obtain products which
gave very satisfactory carbon and hydrogen analyses,

We are now ready to begin an animal feeding program with the
lathosterol. This work will be carried on in collaboration with the Medical
Physics Group. The principal aims of the feeding program will be to deter-
mine if the presence of the lathosterol in the diet will have any effect in re-
tarding the appearance of atherosclerosis or in promoting its disappearance.
Particular attention will be made to any effect of lathosterol on the serum
lipoproteins in the Sg 10-30 molecular weight group.

A Possible Primary Quantum Conversion Act of Photosynthesis

M. Calvin and J. A. ‘Barltrop

To account for the observationl: 2, 3 that illumination prevents
the appearance of newly assimilated carbon in the compounds of the tricar-
boxylic acid cycle, it was suggested3 that the light shifts the steady-state
condition of the thioctic acid-containing coenzyme4; 5 (protogen, lipoic acid,
thioctic acid, P, O, F.) toward the reduced (dithiol) form, 'in which condition
it is incapable of oxidatively decarboxy]lating }l)gruvic acid, 6. 7 newly formed
from CO,, to give rise to the acetyl-CoA8, 9,10 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 formed by dis-
sociation of the disulfide bond in a strained five-membered disulfide containing:
ring (as in 6, 8-thioctic acid and trimethylenedisulfide) is the species in which
the quantum absorbed by the plant pigments and stored as electronic excitation
in chlorophyllll appears first as chemical bond potential energy; i.e., that a
possible primary quantum conversion act of photosynthesis is represented by
the equation - : ' ’

Chl* + S .S ——>Chl +S S (1)

(ground)



. probability of emission as fluorescence4V:
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Subsequent abstraction of H atoms!2:13 from a suitable donor by the thiyl free
radicals would lead to the dithiol which would be reoxidized ultimately by CO,.
The residual oxidation product of the H donor would lead in the end to molecular
oxygen. It is obvious that on both the reductant and oxidant sides the chemical
products of the conversion of several quanta will be required to accomplish the
reduction of each CO, molecule and the generation of each O molecule.

These subsequent reactions, being strictly chemical, may lead to
diverse energy rearrangements., For example, the chemical potential of re-
duced carbon might be converted by oxidative phosphorylation reactions into
the energy of phosphoric anhydrides, which in turn, could raise the potential
energy of intermediates in the reaction sequences leading to the evolution of
molecular oxygen and the reduction of CO;.14,15

: A value of the dissociation energy for this particular disulfide link
lying in the region of 30-40 Kcals. would constitute not only permissive evi-
dence for reaction (I) but positive evidence in its support, since_hithertc it has
been difficult to suggest any likely primary chemical step capable of usefully
absorbing the greater part of the 30-40 Kcal. quantum of electronic excitation
available for photosynthesis. Estimates of D(RS-SR) from single open chain
'compounds range. from 5016 to 7017 Kcals. However, the fact that 5, 8-thioctic
acid is colorless, while 6, 8-thioctic acid is yellow,18 suggested that the in-
corporation of the S-S bond into a 5-membered ring might indeed introduce
sufficient strain into it so as to reduce the S-S dissociation energy by as much
as 25-30 Kcals. , thus brirging it down into the required range. A number of
experiments have been performed using the product of the reaction of Na}S;
with (CH;)3Br; (trimethylenedisulfide}) as a model substance. Its adsorption
spectrum, together with that of the two thioctic acids and n-propyl disulfide

is shown in Fig. 5. Estimates of the dissociation energy of the S-S bond in
the trimethylenedisulfide were obtained from measurements. of the rate of
fading (at ca. 800C.) of the colored radical diphenylpicrylhydrazyl in petroleum
ether in the presence of (CH2)3S,, and of the rate of pyrolysis of the disulfide
in octane at elevated temperatures. Both processes appeared to obey uni-
molecular kinetics and the derived free energies of activation were found to be
respectively ca. 27 Kcals. and 35 Kcals. Furthermore, it was found that a
photochemical polymerization of the disulfide by light of wave length greater
than 4, 000 & was sensitized by zinc tetraphenylporphyrin. Also, a light-
induced fading of diphenylpicrylhydrazyl at foom temperature and dependent
on the presence of the disulfide has been demonstrated. These results may
be taken to indicate that the dissociation energy of the disulfide bond is in

fact in the range 25-35 Kcals. and that this dissociation may be brought about
by energy transfer from some other molecule in a suitably excited state.

That such energy transfers may take place, and especially effi-
ciently in condensed systems, has been amply demonstrated. 20, 21, 22, 23, 24
Since the grana have the optical properties of a condensed chlorophyll
phase, 25,26, 27,28 5 quantum absorbed anywhere within that phase is very
rapidly transferred among the identical molecules of that phase at the singlet
. or the triplet levels. Concomitant withthisé there occurs a decrease in the

22,29 and hence an increase in -

the availability of the quantum for chemical transformation (disulfide fission).
In such a system, the high efficiency of energy conversion may be retained
even though the ratio of chlorophyll to disulfide molecules be large (102-103),
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Short-Time Photosynthesis Experiments: Sugar Degradations

L. Daus and A, Harris

Short Time So.y Bean Leaf Photosynthesis Series and Sedoheptulose Degradations

A series of photosynthetic experiments was performed on soy
bean leaves with samples taken at 0. 75, 1.5, 3,5 and 5 seconds. Another
experiment was done with semi-automatic 1ntroduct10n of CO, and subse-
quent 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 1nvest1gated 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 4+5+6. 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. In e:valuating 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 enzyme systems by the boiling - .
alcohol become increasingly important.

The most notewbrthy information obtained from the g'emeral 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 longer times it was muchless 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 5 minutes there is almost twice as much label
in sedoheptulose as in fructose.

Degr‘adation 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; 5.and/or 6; and 1 and/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 5 increases at shorter times. The fructose from the
0.75 second experiment was degraded with the following results: 14243 =
47. 8 percent; 445 = 50. 5 percent; 6 = too low to count.



‘ssoxd ur ‘sorsdydorg pue >.Smﬁ.co£ooum jo m®>Eu.ﬁ< ‘}joucay ‘g pue uasnoey ‘M m wo.ay mudQ skeskeosk

@ SPUOD3s g INOge [HUR J0U 1891 JY} . ‘§puU0d9S 9 Je PIITIY JeoOT JO 1died  x -
Q owr} duo je pswioyrad sjuswurradxy *
B 0% o°s s z 0z )
Q A - . .
2 0°'¢y -- €S %9 0°09 9+G+¥
0°€y 0°%¥ ¥ 9¢ 0°'€¥ €+Z+T
PL ¥ 0°12 ¥Z 82 0°'%? %4 62 92 ¥z 0 °8T ¥
*qII}STP=JT = ..oZFnonamD omoﬁsu@mq
ncﬁmwbo nﬂ.mso uoqIen
- . vﬁ ur UoTNqIIISI
. 0T €T T 60 o1 z z 0 0 0 esoonyn
) o o
:.e 6°1 €€ 9z 81 €2 s°L L1 osonjdeyopeg
0T 01 0°1 L1 91 €1 8T  0°L %1 esojonig
0% 95  S9 . 8§ 0S8 0°S6 p1o® 21190410
- wﬂwkﬁmuvwa
©I93Je pauIwId}op
= .m;wmo mﬁ?oﬂom
JOo. ‘sjwe: o>.5m.mom
0'Z1 0°19 0°1§ €5 1% 1€ 1F 0%l 1°€ dNH UT 12303 Jo g
12 0°61 0°27 LE 16 €9 8§ 0°68 0°¢é _ p1oe
L oﬁnwuﬁw CER
40& ut Te303 woﬂv
.&2 098 sk ‘09g *09G ‘D98 %% °098 ..omm % °09g % 'D9§ x°d9g ‘0dag ﬂeﬂ.: H.Smﬂ
g 02 S1 01 9 ' 8-9 S G¢ S'T SL'0 %0 Texsuspn
S1 ATV



-54.- UCRL-2069

In hopes of obta1n1ng values for the activity in carbon 1, the reaction
of lead tetraacetate on ketoses is being investigated. This reaction should give
the two terminal atoms as formaldehyde and the center carbons as CO2. Con-
ditions have been found using carrier glucose and uniformly labeled fructose to
give in two experiments, 30 percent and 32 percent for formaldehyde and 75. 5
percent and 70. 5 percent for COZ (theoretical would be 33 percent and 67 per-
cent respectively).. The reaction will now be tested on uniformly labeled sedo-
heptulose and then, if it proves practical, used on sedoheptulose from the series
of soy bean experiments.

The sedoheptulosan from 5 seconds photosynthes1s Scenedesmus
(see below for ribulose degradations) was degraded to give 17. 5 percent of the
act1v1ty in carbon 4.

Degradation of Ribulose

The\degradatmn of ribulose by per1odate oxidatibn of the osazone
(using a rabinose carrier) has been continued. A degradation of ribulose from
a 5 second photosynthetlc Scenedesmus expenment gave the results shown in
Table 16.

TABLE 16
Carbon Atoms Compound Isolated - #Activity
1,2,3 1, 2 bisphenyl -hydrazone 95.0 £ 9
' ‘ Barium formate 2.5+ 3
5 ' Formaldimedon ‘ 1.8+ 3

Direct periodate oxidation of r1bulose as previously reported (Quarterly Report
~ for July, August, September, 195]) gives a fairly good indication of the distri-
_bution of activity in carbons 3 and 4 together, providing the ribulose sample is
not contaminated with ribose. The latter degradation . was performed on ribu-

- lose from the prev1ously menticed 5second Scenedesmus éxperiment, 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 osazone
degradatmns, carbon 3 can be calculated by subtracting the value for carbon

5 (=.carbon 4) from that of the total of 3 + 4. Table 17 summarizes the results,

TABLE 17

Time of Photosynthe sis

Carbon Atom » 5 sec. 30 sec. 60 sec. 2.5 min.
3+4 , 71 52 44 ‘ © 37
5 ' 2 6 -11 18

3(if 4 =5) 68 46 . 33 19
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Further attempts to degrade the 1,2 bisphenyl-hydrazone of
mesoxaldehyde have been continued. An attempted preparation of the osa-
triazole from the aldehyde by refluxing with CuS04- 5H0 resulted in the
~ formation of 4-benzalozo-l -phenylpyrazole.

A cyclic thioacetal of the aldehyde (m, p 195- 60) has been pre-
pared from 1; 2-ethanedithiol. It is hoped that this compound will prove to
be a useful 1ntermed1ate in proposed degradatlons 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

Experlments on the path of carbon in photosynthe51s have led us
to postulate a sequence of reactions by which carbon dioxide is transformed
into 1ntermedlary metabolites with complex carbon skeletons. The chain of

. reasoning from- exper1menta1 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 lagical consistency.

it is possible that some of the available experimental details may contradict
either qualitatively or gquantitatively pred1ct1ons 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 and the validity of the scheme is evaluated on the basis of agreement

or lack of 1t : :

We assume that there exist within the plant metabolic pools or reser-
voirs, meaning merely that any newly formed member of a partlcular molecular
species mixes completely with a definite amount of the spec1es before reacting
further. This "definite amount" is called the reservoir size, R, of that spe-
cies. In practice, though no in pr1nc1p1e we must also as sume. that isotope
effects on the reactions are trivial. With these assumpt1ons we may set up a
differential equation for the appearance of radioactivity in any intermediate, A.
Consider the model set of reactions, Flg 6, (under "steady state” condltlons),

2F c .21;"‘> 'Ij F

7

co, 5 4 5>

t

Fig. 6
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where A, B, C, D are intermediates in COZ fixation, F is the fixation rate '
of CO, of specific activity one. The rate of change of activity, a, in A is

dap . rate of incorporation of radioactivity - rate of
dt loss through reaction to B
= F -F . XA_

where X, is the specific ‘activity of A. Substitutingap =R, - Xp

-t T_(l-'A)

this differential equation may be solved for X, handily if

which corresponds to steady state ¢éxperimental conditions (M. Calvin and P,
Massini, Experientia, in press). In a similar fashion an equation may be
set up for any intermediate, for example, B,

dxg _ F. .
——2 | T e {(Xp + X, - 2X )
3t R’B D TRA T B

In practice one equation must be set up for each carbon atom of each compound
in the sequence into which radioactivity is 1ncorporated Using the single ex-
perimental parameter (F/R) for each atom as determined from very long ex-

. periments (Calvin and Massini), 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 expenmental total activity appearance curves for com-
pounds and intra- compound ‘distribution of radioactivity from degradation
studies. .

The chief practical limitation on this techmque is in the 1ntegrat1on
of the differential equations. A typical cycle of interest is shown in Fig. 7, in
which a two-carbon compound is carboxylated to form PGA (phosphoglyceric.

~acid) which is reduced to phosphodlhydroxyacetone, which forms both hexose
and, by a subsequent carboxylation and condensation, a sedoheptulose phosphate
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which splits to a two-carbon acceptor compound and a ribulose phosphate which
splits to another two-carbon acceptor compound plus triose. In the cycle, only
‘carbon skeleton changes are considered, and lines between atoms represent the
fate of an atom during a reaction. F, 2F, etc. (over the 11nes) 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 analyzer. In Fig. 8 are calculated degradation curves for
phosphoglyceric acid in this cycle (white circles). The time scale is inversely
proportlonal to the fixation rate which was taken from the paper by Calvin and
Ma3assini. The black points represent the degradation data of Fager, Rosenberg
and Gaffron (Federation Proc., 9, 535 (1950)) who used the same organism,
Scenedesmus, and using the addifional relationship that'a-carbon activity = B-
carbon activity (this equality is indicated by degradation data obtained in this
laboratory). As these authors 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 20.6/60." Theagree -
ment is satisfactory but unfortunately several other proposed schemes also
exhibit the same 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 ribulose 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 obwously 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 "_I‘hermod.ynamics

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

Refr,:actory‘ 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 MoCl4 to be an
important molecule at high temperatures. However the data 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-chloride molecule,.

Alkaline Earth Oxide Gases _

The spe.ctrurn of MgO.ha,s been observed in emissioh using MgO
in the King furnace. 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 observed in the K1ng furnace.

Carbon Fluorides

A new molecule believed to be C2F, was reported previously.
Further studies show that this molecule cannot be prepared below 16000 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 Liiquid Ammonia as a Solvent

A Beckman glass electrode and a Beckman calomel electrode were
modified for use in liquid 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 lowermg
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-
f1cu1/t and results 5o far have been erratic and only good to % 0 01 percent
in P/po.

‘In a previous tabulation of heats, free energ1es and entropies in
liquid ammonia (cf. UCRL -1402), many free energies based on 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 complexing of indium by fluoride has been com-
pleted at 159, 259, and 35°. Thermodynamic constants for the following equi-
libria have been determined at all three temperatures..

In*3 + HF = InFtt 3 Ht
InFtt 4 HF = InF, + Ht

The results of this work will be published shortly.,

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

_ Experiments designed to investigate the equilibria between In

Int, In+2, and Int3 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 Ions

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

. Experiments were carrled out at an ionic strength of 0.5. The
.equ111br1a in question are: '

Fettt + HF = FeF*2 4 H+ K;
FeF+Z 4+ HF = FeF,*t + HY - K,
FeF,* + HF = FeF, + Ht | K,

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

K, =184
K, =10.3
Ky =1.0

The Hydrolytic Polymerization of Zirconium

Work is prgceeding on the determination of the molar extinction
coefficient at the 3660 A peak of the first Zr - TTA (thenoyltnﬂuoracetone)
complex in 2M HC10, 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 HClO4

Thermodynamics of Sﬁlﬁde -Ion-

Proper evaluation of thermal data for ST requires a knowledge oii
the second acid d1ssoc1at10n constant of H3S. Recent investigations by Kubli
and Konopik and Leberl? indicate that this consta_nt is now known with reason-
able accuracy. '

Hence a series of calorimeter experiments on the heat of neutrali-
zation of H)S 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 equ111br1um
constant will be used to calculate heats of formation and partial molal entropies
of ST and HS .

Potential of the Rﬁ04' - RuO, Couple

Experiments on the reaction of ClO, - with RuO4~ and Ru04 in
alkaline solution, have shown that a steady state in ruthenium is established,
which can be explained in terms of the following mechanisms:

I. (1) €10, + H,0 ~ = HCIO, + OH~

(2) RuO4' + HCIO, ?k—d> RuO, + CIO” + OH”
1

(3) ClO” +H,0 = HCIO + OH~

(4) RuO,~ + HC1O —r2pidy Ruo, + G~ + OH™
4 > RuOy

(5) 2 [RuO + RuO, _r_ap_li,z RuO4 ]

(6) 4Ru04 + clo2 + ZHZO——-) 4RuO4 +C1* + 40H"
~4(RuO, ‘)/dt = 4 ky(RuO 4")(HC102) = 4kIKhI(RuO 4 )(ClOZ )/

(OHT)

1. H. Kubli, Helv. Chem. Acta., 29, 1962 (1946).
2. N. Konopik and O. Leberl, Mh. Chem., 80, 781 (1949).
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II. (1) 2RuO,4” =——=— RuQ, + RuO4~

’ . A- r.d. = i 1A F
(2) RuOy4 + ClO, TRy RuO, = + ClO,™

(3) ClO,* + OH" _rapid HCIO,

(4) HClO; + OH~ _Tapid  C103- + H,0

. (5) 2RuO4” + ClO,~ + 20H™—2Ru0,= + G103~ + H,0

. | ) v- o . (RuO N2 i
+A(RuO, %)/ dt = 2Ky (RuO4)(CIO, ) = 2y K {pagdsd- (€10,7)

The constant kiKhi was obtained from rate data, and Ky calculated from steady
state data and a value for K based on an approximate potential of -0.97 volts for
the RuOy- - RuO4 couple,i:. ‘

These results 'havef been used to explain a similar steady state in
ruthenium occurring in the oxidation of perruthenate by hypochlorite, by means
of the following mechanisms:

. (1) 2 RuOy” == RuO, + RuO,"

(2) ClO- + Hy0 —=hIl_ HCIO + OH"

(3) RuO,~ + HClIO —X-95 RuO, + Cl~ + OH"
4 ky 4 :

111

(4) 2RuO,” + ClO~ + H,0 —— 2RuOy + C1- + 20H"
+ d(RuO,)/dt = 2 kyyy ‘(Ruo_;) (HC10) =

(Ru0,, )2 (GIO")
TRuO,) (OH-)

2k KK
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IV. (1) RuOy + ClO- +OH ——L)RuO‘I' + HCIO,

kyv
(2) HCIO, + OH- _T2Pid, 10, + H,0
(3) RuO, + ClO,~ _X2pPid Ruo,= 4 C10,*
1) Cl10-+ + OH" d e
(4) ClO;" +OH™ _rapid, HCIO4

(5) HCIO3 + OH" _rapid  c10," + H,0

(6) z[Ruo;; + Ru04 _Lplcg 2Ru0," ]

{7 4Ruo4 + ClO~ + 40H" —-—)4Ru04 + 0103 + 2H7_o

-d(RuO4)/dt = 4k1v (RuO4) (CLO-)(OH")

A value for ki was calculated from the equilibrium constant for
reaction IV (1) (based on ‘6 97 volts for the RuO4 - Ru04 potential) and the
specific rate constant for the reverse reactlon (kj of reaction I (2)). kIII is
known from direct rate measurements ’

_ The calculated values of the steady state ratio (RuOy~ )/(Ru04)
agree with experlment within the limits of error of the measurements.

It is noteworthy that perruthenate appears to be relatively un-
reactive, oxidation or reductlon occurring through the agency of the tetroxide
or ruthenate respectlvely' S

‘The (OH") dependence in some of the above reactions is not well
established, and exper1ments to determine this dependence more reliably are
in progress.

Study of Hydrates

Work continues on vacuum line preparatmn of CaCl, hydrates
. (September Quarterly); the heat of solution of a second sample of CaCl,- 2HO
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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Thermodynamics of Thiosulfate

The value of the equilibrium constant for the reaction:

5,057 (aq.) + 2Ag(S) = SO, (aq.) + Ag,S(S)
has been determined as KC(123°C) =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 aspecially 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 6AKS5,
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
BrO'?’z (aq.). 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 sclution of KBrO3. An effort to
obtain the heat of reduction of BrO3~ to Br, by Br~ has proved calorimetri- -
cally unsuccessful. The reaction is too slow except at excessively high ionic
strengths. The reduction of BrO3~ is now being investigated using I~ on Fe ™ ".

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 small amount of
iodine. Iodine reacts with the crude titanium forming a volatile iodide which
subsequently decomposes on the hot filament depositing pure metal. '

A possible improvement in the method would be 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, pressurés,
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
(# 2.00/1b ). The procedure outlined by J. D. Fast (Rec. Trav. Chim. 58, 174
(1939) in which iodine is distilled and passed over the crude metal was fried
but found to be not too effective. v , v

Accordingly, excess Ti sponge and I; 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 I from escaping. The
exothermic reaction was at a moderate rate. The resulting product had the -
physical properties of Til4 and analyzed 96 percent Tily.

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

The apparatus to be used is that used for the forced convection f11m
boiling studies reported in UCRL -1894 except for a few mod1f1cat10ns

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 b0111ng point of the liquid
used. A new manometer has also been installed on the orifice below the storage
tank. The apparatds 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 Ché\rles Wilke and Edward Liynch

Work has been completed on the first phase of this study and w1M
be submltted 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 w111 cover mass transfer in packed
beds without liquid flowing." »

ThermalﬁDiffusion in the Liquid Phase.. Charle's Wi_lke and John Powers

This investigation had been under way since Febr‘ﬁary, 1951, and
was transferred to Radiation Liaboratory in Sep’tember, 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. o

Design and construction of experimental equipment have been es-
sentially completed. It is planned to study first the &thyl alcohol-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 Measurenﬁentso Donégld Hanson and
Arturo Maimoni ' '

. The object of this investigation is the determination of liquid-vapor
equilibria over a wide range of temperatures and pressures, 0-193 to 2500 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 :C_onvtacting Columns. Donald Hanson
and Charles Hunt v R C

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 reséarch vs‘/illl 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 of 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,
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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, stirring 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 was found that for each system investigated

A = (const.) 6 ¢ e-z‘/—d-)_'NL3/2

where A = interfacial area, cmz/cm3, ¢ = 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 identi¢al 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 Ion Exchange. E. Huffman and Theodore Vermeilen

‘ 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., TR e

Slow rates of exchange were gent 11y observed, and particle dif-
fusion was found to be the controlling mechanigm. The acid strength of the
solvents, coupled with the low basicity of the: arines, 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 reddily dissociable
ions. The rates that were measured corresponded to 'thin bed' operation, and
required a new extension of the calculation n ods . It follows that, for non-
aqueous hydrogen-cycle operations, the resi ould be maintained in hydrated
form wherever the organic solvent and process conditions will permit. These
results were given fully in Report UCRL-1989. o
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RADJATION LABGRATCRY, UNIVERSITY OF CALIFCRKIA
BERKELRY, CALIF,

Brief Deszeription of Paper Given on Ootober 24, 1952, at the American
Boe:lety of Meohanical Engineers! Symposium « .

HOLLOW: BIECTRIBAL CONDUCTORS. mz HIGH CURRENT DERSITY
APPLICATIONS - .
_ Lewrence B. Brown

-

Information was presented pertd.mt %o magnet design using square

hollow copper conductor uith a ¢oolant pmage running through the conductm*...

- Advantages of this typs of construction were cited snd experience with thias

design medium given, »Idmu‘tions and cost of this type of eogatg'mtion wery
dla.maad. | L | |

Samples of the sonductor shape were displayed, mechanical dstails

of oonssmtion were presented, and test procedures wers mlinzd. A caleulation

procedures guide was distributed, v

There is oasanthlly no Umitation on current density which this
condusior may bo n?ds bo carrys oz'm design u:ing-cvm' 70,000 amps psr square
inoh was diaauaaod Delign of a now set of cous forct!n 18L~4n, cyclotron
Wi discussed, Thaoo oona will conmma over one mgawatt of power,



