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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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I QUARTERLY PROGRESS REPORT. PROJECT 48

A, Chemistry of the Rare Barths and Actinide Elements

I. Perlman, B. B. Cﬁnningham and Co-workers

..The Heat of Solution of AmQ, and the Estimation of the Formal Potentiél for the

Am Am+4

+ e~ Couple

IeRoy Eyring and B. B. Cunningham

. Progress regorts on the general problem of estimating the aqueous oxldatlon
potentials of the AmtO-pm+4 and pr* 5 Pr* couples have appeared in UCRLPB27 and UCRL-311.

Measurements have since been made of the heats of solution of AmO and PrO
1n 6.0 M HNO, = O.1 M HBF, at 25° C. The measurements were made in the samé calorlmeter
as described previouslyo The technique employed differed slightly in that the glass
sample bulb was replaced by one made of polymono-chloro-trifluoro ethylene (fluorethene)
which was resistant to the acid solution contalnlng fluoride ion,

The type of bulb employed 1s.shcwn in diagrammatic form in Figure 1.

Tungsten shaft

apiezon W

Semple

Fluoretheﬁe o .
' Paraffin

Figure 1. .Plastic Calorimeter Bulb

The results obtained on AmO2 are listed in Table I.
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Heat of Solution of AmO, in- 6.0 M HN(/ 0.1 M HBF4

Run No. Wto of Sample Calories Heat of SQiution

mg) , per mole (kcals)
1 0,834 0009052 -29.7 .
2 | ooézz 0007466 ' ~30.3
3 1,177 0,1326 =30.8
4 1,449 0.1636 =30.8

50,4 % 0.4

From the results of these experiments plus thermodynamic data available for
the other actinide oxides, it is possible to estimate the free energy change and hence
the oxidation potential for the reaction- T

. Am*3 & g* — an* 4 1/ Hy.

. The estimation yields -2.6 * 0.2 v for the potential. It is to be noted that -
the reaction written assumes that there is no appreciable hydrolysis of the ions in the
acid concentration used in the calorimetric runs. The assumption appears to be reasonable

in view of the known hydrolytic behavior of Pu*4. - o

The stebility constant of the fluoride complex of Am +3 is not known but it is
belleved that at the very low fluoride ion concentration existing in the acid flucborate
. .solution only a negligible fraction of the Am*3 would exist as a fluoride complex ion,
~ This assumption may not be valid, however. The heat of mixing of Am*3 in 6.0 M HNO
0.1 M HBF, will be measured, to check this possible correction to the data obtzﬁnedo_’
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Comp051t10n and Thermal Deoomposition of "Americlum Dioxide"

Lo Bo AsPrey and B. B. Cunningham

. The composition of ®americium dioxide® at a knoWn temperature and pressure
of oxygen was determined by adding a known amount of O, to a sample of Am,0, end
measuring the oxygen uptake., Americium sesquioxide was prepared by hydrogeh reduction
of the higher oxide at 700°.C. The quantity of oxygen absorbed by the sesquioxide at
300° ¢ and 50 mm 02 pressure corresponded to a flnal composition of Ale 98 * 0. 020

This work is reported fully in UCRL-329,

The thermal decomposition of AmOs°was 1nvestigated by the same type of apparatus
as that used. for Prg0y, (see UCRL=264) ‘

Because of the greater stability of Am02 the decomposition could be carried
out only to Amol 85° . ’

An average [ H value for the decomposition
’ 13.3 Am0_ —> 13,3 AmO + *
27 -3 A10) o5 * %2

was computed from the log p vs 1 curﬁes obtained., The value obtained was 21 * 3 keals,
This is substantially different from the average O H value of 49 kcals estimated from
Eyrlng's heqt of solution data-for the reaction

The results suggest:that ag in the case'or the decomposition
Prglyy—>3 Pryl0s + 0p

the principal contribution to the heat for the overall reaction oocurs after the
decomposition has proceeded to a considerable extent. = (see UCRL - 329). ‘



»

‘good agreement with the value 1.0 % 0.2 reported previo&ggyg

UCRL-382
I, .

. Lanthanum Trichloride - Lanthanum QOxychloride Equilibrium

A. Broido and B. B. Cunningham

The equilibrium constant for the: reaction
LaCl, + Hzo — LaOCl + 2 HCl

has been redetermined, using the apparatus and techniques described previously.
(Quarterly report UCRL-311). The remeasured value of K, is 0,95 - 1.3. This is in
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St ,*"“*‘“ “*ﬁ“n:"_*Heét“of“Solution“ongxgﬁjand“Estimetion'of*thefFormal—PotentiaIf e

for thePr*3=prtt + e~ Couplse .
* - LeRoy Eyring and B. B. Cunningham’
v ‘ . Heats of solution of samples: of PrO {prepared by heating Pr6°11 in 100 atms.
: of 0g to. 500°C) were measured, using apparatus and technlques similar = to that
deseribed for AmO (see sectlon on ameri01um this report). The solvent used was 6.0
M;HNO - O 1N Fyo :
The results of the measurements are tabulated in Table I,

Table T

Heat of ‘Solution of Pro, in. e oy HNOS,, 0.1M Na.BF4 at 25° c

Run No, Welght Heat evolved - A H
R {mg) calories - kcal/mol

1 0.827 0,2002 41.9
2 1.430 0.3471 42,0
3 1.229 0,3031 42,7
4 1.177 0.2818 _ 41,4

' © 42,0 ¥ 0.4
* ‘ From these results and other thermodynamic data estlmates of the free energiles

of formation of Pr*4 and Pr*S have been made.
The free energy of the ‘Teagtion
prt3 + BY — pr*t 4 1/2H

has been estimated to eorrespond to an aqueous oxidation potential of -3,1 ¥ O 2 v,
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D ;_m,The‘Thermal»ﬂaeomposition_of,Pr;QIi_h__ o
i A%

L. B. Asprey and B. B. Cunningham

. Curves répresenhng the iogp versus L relationship for the thermal decomposition
of Preoll to Prg():5 have been obtained as T gescrived previously (UCRL-311).

.o e :

A A H value was computed for the overall reaction on the assumption that the
pressures measured represented equilibrium values. A value of 47 ! 5 kecals was obtained
(Decomposition temperature range 400°7= 1200°CY., The A H value is to be compared with
that of 48 kcals obtained by caleulation from the heats of solution of Prg0., and Pro 0
listed in Bichowski and Ross:mi o It would appear that over much of the decomp031tion
range equ:.llbriu.m pressures wers actually measured,
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__ Preparation of Pure Praseodymium Metal . . _ . ... ... ..
Wi'nifred' Heppler, LeRoy Eyring e.nd.Bo B. Cunningham
As mentioned in’ UCRL-=511 attempts to prepare pure Pr metal on the milligram
scale were only moderately successful in that small amounts of the reductant and
crucible material were found to be present in the metal. Crucibles moulded from 200
mesh BeO were used for these earlier Tuns; and barium metal was used as: reductant
_ Subsequent experiments using fused BeO, Mg0 crystals, powdered and moulded
'ThO and TaC as refractory materials have been madeo Lithium was used as reductant in

mOSt cases.

Results are summarized in Table I. The spectrographic analysis by J ohn G.
Conway are reported in pg of impurity per 50 e of Pr metal.

Table I

rAnalys'is' of samples of Pr metal prepared in varivus ways.

Impurities Pre sent-

Run Reductant Crucible Ba Be Li g Ta Th
: Material ' s -
U Li - fused Be0 .V .01 0 0.1

6 . ~Ba o " 1.0 0.8

10 Ii M0 0L Nd<.5 1.0 1.0
12 Li Mgl .06 Nd < .5 6.0
11 Ii = ThO 03 Na<.5 .01

14 Ii ThO 04 NA<{.5 0.2 2.0
15 . fused BeO . .04 , 0.2 .1
16 o . " hd o8 : .04

17 L .8 .04

18 ‘ Tac ' B 05 ‘ . o Nd < 0D

19 - TaC : 06 Na £.5

Nd = not detected

The presence of Be,) ‘Mg and Th in some samples prepared in the apparent absence
of these elements is difficult to explain. Analysis of the crucible mater:.al reductant
and rare earth fluorlde failed to reveal their presence in any.-of the startlng materials,

Lithlum impurities in the early runs were eliminated by prolonged heatlng to
insure their complete volatlllzationo
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Magnetic Susceptibility of Apparent Reduction Products of NAF,, SmF, end Euf,
James C. Wallmen and B. B. Cunningham
Magnetic' susceptibility measuremsnts on the products resulting from treatment

of various rare earth trifluor:des with Na vapor at 1125° C have been continued. (see
UCRL=-311) . ,

Some results are summarized in Table I.
'Table I

Magnetic susceptlblllties of rare: earth trifluorides and reductlon products.

(1)

Material - X _(observed
NaF (taken as .26
standard) '
NdFs redn. product 18
SH 3 . S
Smfy redn. product 14
o : - 19
EuF, redn, product 141
GdFy | 126

(1) in unitsvof 106 ergs.

Except for SmF, (which has a very low susceptibility) the observed sus-
ceptibility jof the trlfluorldes are in fair agreement Wlth results reported prev1ously
in the llterature.

Measurements on the reduction products are consistent with partial or complete
reduction to a lower oxidation state.

Experiments are now in progress to obtain accurate chemical analyses of the
refuction products,



UCRL-382

-12-

Anlon Exchange Separation of erconium and Hafnium ‘

Eo H, Huffman and R. C. Lilly

A separation -of z1rconium and hafnium by the anion exchange resin Amberlite
IR—400 has been dem.onstrated° A quantity of 2,5 mg. each of zirconium and hafnium
containing the tracers Zr“Y and HEf™ 1l were converted to fluo-ions by the addition
of somewhat over six times the molar gquantity of hydrofluoric acid. The adsorption
of these negative ions on a little over twenty times as much resin, by weight, as of
combined zirconium and hafnium was 98 percent° This portion of resin was then slurried
onto the top of a column of 60-80 mesh resin contained in a tygon ‘tube with lucite
fittings. The bed of resin was 18.5 cm. long and 1.0 em. in diameter.

Elution of the zirconium and hafnium was carried out with a solutlon of 0.2
M hydrochloric acid and 0.0l M hydrofluoric acid. BEarlier work had already shown the
possibility of colloid formation and sticking to the resin if fluoride was not present
when dilute acid solutions alone were used° The flow rate was about 4.5 ml. per hour.

The results shown in the curve, Figure 1, are based on the tracer count of
the eluate w1th supplementary spectrographlc and gravimetric data.

~ Spectrographic analysis showed no detectable hafnlum up to point A and no
detectable zirconium beyond point B and also corroborated the form of the rest of the
curve. About 80 percent of the zirconium is contained in the eluate to point A and
a similar proportion of hafnium beyond point B.

. - It is interestlngvtovnote that the order of elution of the elements is the
. reverse of that reported by a cation-exchange separation.

/

(1) Street, K., Jr., and Seaborg, G. T., J. Am. Chem. Soc. zg,'4236 (1948).
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' Solubility and BExtraction of Zirconium Thenoyltrifluorocacetonate

E. H. Huffman and G. M. Iddings

This work has been done in accordance-with a decision made at the Oak Ridge
conference in Dec., 1948, on the separation of zirconium and hafnium by chelation-:
“extraction. The solubilities have been determined for ZrT, in benzene at three different
temperatures and in benzene solutions of TTA at 20° C, both anhydrous and saturated
with water.

Solubility of ZrT, in Anhydrous Benzene

TGME o mg ZI'OZ

’ per 5 ml
20° ¢ 10.7 0.2
300 , 15.8 + 0.4
40° 23,5 * 0.2

Solubility of ZrT, in Anhydrous Bénzene~TTA at 20° ¢,

TTA mg Zr0,
Conec., per 5 ml
0.0 10.7 ¥ 0.2
0,01 M 10.7 £ 0.3
0,02 10.7 ¥ 0.3
0.04 - 10.6 * 0.3
. 0,08 . 10,9 * 0.1

TTA mg Zr0,

Conc, per 5 ml
. 0.0 11.2 ¥ 0.1
- 0.06 M 10.9 £ 0.3

The solubility of the chelate is seen to increase about 50 percent for each
10° ¢. rise in'temperature. The amount of zirconium dissolved as ZrT, is independent
of the concentration of the TTA in benzene. This is in contrast to the distribution
ratio dependence on the TTA concentration when zirconium is extracted from 2 M perchloric
acid,(l Some preliminary extractions from a 0.086 M zirconium solution in 5 'M perchloric
"~ acid show distribution ratios as high as 161, This means that the zirconium concentration
in the benzene phase is essentially 0,086 M at this ratio, a value approximately five
times as high as those shown above, where it is about 0.018 M. The zirconium species
in the benzene is evidently not the simple'Zr‘I’4 when it is extracted from perchloric acid.

‘The hydrate of TTA itself is soluble in benzene and is not readily formed again
after it has been dehydratedo(z) If a hydrated species accounts for the greater solubility
of ZrT, on extraction than on dissolving the anhydrous chelate it also must not be readily
formed from the simple ZrT4. This is shown above by the faect that the same solubility
is obtained when water is present as when anhydrous benzene is used. '

le Huffman, E.H., and Beaufalt L.J., AECD-2387 (UCRL-194) Oct. 7, 1948,
(2), Calvin, M., Private comm.unlcatlon°

v - - . e T8 T



UCRL-382
L S ¥ P

Crystal Structure of Mo.Si

D. H. Templeton and C. H. Dauben

i

Mixtures of various ratios of molybdenum and silicon have been heated by
A. Searcy and L. Brewer to prepare binary ¢ompounds of these two elements. The new
compound MozSi has been identified from its x-ray diffraction pattern and its crystal
structure has been determined. ' . )

\

The lattice is cubic, with aj =7"4,888 % 0,002 and 4.901 + 0,002 for two
different semples., In both cases other phases were present, and it is not known what
dimension corresponds to the ideal composition. The structure is like that of B-tungsten,
with two siligon atoms and six molybdenum atoms to each unit cell, arranged as follows:

Space group Oh5 - Pm3n
2 8i.in {(a) : 000; 1/2 1/2 1/2,
6 Mo in (e) : £ 0 1/2.1/4; 1/2 1/4 0; 1/4 0 1/2.

The isomorphous compounds Grssi and VéSi are already known,
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B. Nuclear Properties and Transformations

Further Work on Paz.s5 and Some Excitation Funetions

W. W. Meinke and G. T. Seaborg

Deuteron bombardment of uranium foil in the Berkeley 60-inch cyclotron with
18 mev deuterons gave a 23. 7 % 0.5 minute and a 27 day Geiger activity in a highly
purifled Pa fraction.,l A small amount of two intermediate periods were present but
these most probably can be attributed to a small amount of Zr and Cb flssion products

coming through the chemistry.

: The chemistry involved four manganese dioxide cycles, two solvent extractions
with di-isopropyl-ketone and two extractions with TTA in benzene. The manganese dioxide
cycles consisted of precipitating the MnOg from the solution of uranium in nitric acid,
centrifuging, dissolving in hydroxylamine, diluting and reprecipitating. The dissolved
precipitate from the last cycle was acidified and the protactinium extracted with di-
isopropyl ketone, several washings with salted solutions being made to insure good
- separation from fission products. The protactinium, washed back into a pH 1 solution
from the organic solvent, was acidified, extracted into TTA, and washed once with acid.
.The TTA was then evaporated on a platlnum plate and flamed, leaving a weightless deposit

of protactinium,

-The cross section for formation of- the 23,7 minute perlod is about 2 X 10
barns, a reasonable value for the (d,a)” or(d an) reactions on US38 giving Pa®36 or
Pazss, The 27 day period is formed with a cross seetion of about 4 x 10=3 barns
{corrected for abundance), reasonable for a (d,a) reaction on the yR35 present naturally

in the uranium foil,’ glving Pacd3,

The 23,7 minute activity was checked in a 9 Mev proton bombardment .of U258
{Q metal) foil and found to be present in a yield corresponding to a cross section of
about 3 x 10=5 barns. This cross section has already been corrected for yield due to
deuteron contamination (about 1 percent) in -the proton beam., This small but definite
yield with protons appears to rule out the possibility of the isotope ‘being PaR36 and
is consistent with the yield one would expect for a (p,a) reaction at such low proton

energies.

An aluminum absorption curve of this 23 7 minute period shows a B-particle
whose Feather range is about 610 mg/cm corresponding to an energy of about 1.4 Mev,

It is interesting to note that by closing energy cycles in the heavy reglon
one can calculate a decay energy of 1.24 Mev for Pa235, while an energy of 2.09 is

calculated for pPa®36,

Hence it would seem that the most likely assignment for this new protactinium
isotope of 23.7 minute half-life is to Pal35,

Excitation functions have been obtained for various reactions us1ng the particles
vallable at the 184-inch cyclotron. One reason for this interest is of course the
practical one of knowing the optimum energy for obtaining a certain reaction although there
is also the added aspect of determining by what mechanism a certain reaction is produced.
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Preliminary experiments have been made bombarding stacked 1 inch squares of
thorium and copper (the latter to cut down the beam energy) with particles in the
electrostatically deflected alpha and deuteron beam of the 184-inch cyclotron. The
results were not very satisfactory since 'a background as high as 1/10 maximum activity
was found in the foils of "zero calculated energy™ due to full energy particles hitting

the side of the stack of foils,

Consequently a new apparatus has been designed in which ‘the energy is degraded
by 2 1/2 in. x 3 in, copper sheets of various thicknesses with sides milled parallel to
within 0.2 mil and the mg/cm determined by weighing. The target material (5 mil thorium
- foil in this case) is in the form of 3/4 in. discs and is held in a mask of 5 mil copper,
about 3/4 in, from the beam side edge and midway between top and bottom of the copper
absorbers. This 3/4 in. of copper on the beam side of the target material lowers the
‘background due to particles coming in from the side to about 100th maximum,

‘Bven though the electrostatically deflected beam is used in these experiments
a considerable amount of act1v1ty is obtained in a bombardment of these 5 mil, 3/4 in,
discs of thorium., For a proton bombardment to produce an isotope of 38 mlnute half-1life
we obtained the order of 1.5 x 106 alpha disintegrations/minute for a cross section of

“about 10=3 barns,

Protactinium is an excellent product to study in this excitation function
work since the 38 minute Pa®27 is the main alpha aetivity in evidence in the Pa fraction
for a-matter of 4-5 hours after shutdown and since an extraction with a solution of TTA
in benzene removes the majority of Pa from the solution of target material. Of course
when Pa is allowed to stand for any length of time it tends to go into the colloidal
state. However, it was hoped that if the foils were worked up simultaneously with
identical. amounts of reagents, stirring time, etc. that the chemical yields could be
assumed to be equivalent, at least to within 5 or 10 percent. This assumption appears
to be fairly accurate since in the thorium bombardments to date smooth curves have been
obtained with check points differing only a small amount from the mean,

; In the chemical procedure the thorium discs are dissolved in 10 ce¢. of con-
centrated nitric acid and one drop of 0.2 M ammonium fluosilicate (heating gently on

a hot plate until the reaction starts), Ten cubic:centimeters of water is then added
and the solution poured into separatory funnels (40 ml centrifuge cones with stopcocks
sealed onto the bottom.) Ten cubic centimeters of 0.4 M TTA in benzene solution is then
added and the mixture stirred for 5 minutes. The aqueous and organic layers are collected
in separate tubes and about half of the organic layer (containing the Pa) is plated

onto platinum plates, flamed, and counted for gross alpha counts. Two counts are made
of the plates within an interval of about 40 to 80 minutes to see that the alpha counts
do go down with the 38 minute half-life of Pa227, Pulse analyses are made if needed to
check any further question about impurity. Further pulse analyses about two weeks after
shutdown give an idea of the amount of Pa®30 (growing U230 and daughters) present in

the samples, _

So far it has been possible to work up 16 of these thorium foils simulfaneously
doing Pa chemistry and to start counting the plates about 1 '1/2 hours after shutdown.

The only results reportable at this time are those for the Thzsz(p,sn)Pa227
reaction., Observed yield values are plotted in the figures, no attempt being made to
correct for the energy distribution in the proton beam. The energy values for the
points were determined from theoretical range-energy values for copper and lead calculated
by the Theoretical Physics Group at Berkeley2o Since the range of the full energy proton
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: beam of the 184w1nch cyclotron is about 4.5 inches of copper 1t can be Seen that these
energy values are quite uncertain at low energies, However these curves do give a good
:Ldea 6f the general shape of the excitation functions and if one assumes a calculated
threshoLd for a certain reaction and normalizes the ¢urve to that value one can obtain

A falrly true picture of yield peaks, ete. The relative yield scale of each graph is

"1ndependent of the others and no attempt has been made to normalize them to one scale

‘or set of conditions.

o Figure 1 represents our first experiments with our new apparatus, giving no
apparent peak im the curve for the few folls worked up. Figure 2 represents a second
experiment in which we worked up 12 foils and here found some evidence for a peak in
the {p,6n) reaction yields,

.To insure against this peak being caﬁsed by erratic chemical yiélds we performed

& third experiment in whieh 16- foils were used, most of them being placed around the

_"peak” position of Figure 2. The results are shown in_Figﬁre 3. Figure 4 is a magnifica-

tion of the peak in Fig. 3,

: It can be seen that the (p,6n) reaction does definitely peak, its maximum
activity being about 10 times higher than the activity at full beam energy. Thus since

most targets are effectively "thin targets™ to the high energy proton beam, it is

very important in doing bombardments for (p,xn) reactions to bombard at or near this

- yield peak. :

_ The (p,6n) excitation functlon seems to indicate that the reaction does go
prlmarily through the formation of a compound nuecleus, although there is an effect
due to nuclear transparency© that gives a small but definite yield of the reaction at

- full proton energy.

References
l, W. W, M’einke"jA° Ghiorso- and G. T. Seaborg, UCRL-311. -

2., W. A. Aron, B, G. Hbffman and Fo C. Wllllams, UCRL~-121 (revised), and personal
- communlcatlono

3. R. Serber, Phys. Rev, 72, 1114 (1947).
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Isotopes of !Americium

K. Street and G. T. Seaborg

The milking of neptunium from the americium fraction of e sample of Amo4l

irradiated with thermal neutrons for 15 months was repeated. The results obtained
were the same as in the previousrmilkiné.' The aluminum:gbsorption of the neptunium
‘fraction agaig ghows‘thé presence of Np 39 as well as Np238 and thus the presence of a
. long-lived Am 4 decaying at least partially by alpha-emission. ' An americium fraction .

- containing 4.8 x 10° disintegrations per minute of AmP4l yields at equilibrium 7.7 x 10
dis./g&g, of Np228 and 9,0 x 10% diso/miE. of §p=39, Using the value 29 B~ dis./min,

" of Am per lO5 alpha dis./min. of am*4 obtained from the growth of Cm242 in the same

americium fraction one gets alpha-branching of AmR42 %o the extent of about 0.5 percent.

- Assuming 400 barns for the slow neutron capture cross sections of Am24; and
'Am242 gives a half-life for beta disintegration of AmP42 of 1400 years and an alpha
. half-l1ife of 2.6 x 10° yvears. The same assumption gives 104 years for the alpha half-
~1ife of Am43, Actually these neutron capture cross sections are not known.



UCRL-382

=19~

Half’llfe and :Alpha Energ_y: of Pu254,

. A. Orth and G. T. Seaborg

In an attempt to determine the radiation characteristies of Pu2§45 12%5 was
bombarded with 100 Mev He'' ions on the 184-inch cyclotron and a plutonium fraction .

isolated.

The half-life and energy were accurately determined by pulse analysis as 9
-hrs, and 6.15 Mev, respectively. The K/a branching ratio is being determined by following
“the L'xfrays by pulse apalysis on a proportional counter,

c 4
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.Spallation Products of Copper with 350 Mev Protons

R. E. Batzel and G. T. Seaborg

The yields of some of the isotopes formed in the spallation of copper with
350 Mbv ‘protons have been obtained. These yields are calculated relative to the
number of atoms of 290u61>fonmed during-bombardment. The pesults_are as follows:

Isotope - Yield - Isbtoge ggglgl
520" 0.15 | ™ 0.2
soZa®? oIl | g™ 0.30
290u64 1.36. zsmnsi " 0.04 )
2QCu51 © 1.00 o Orn . 0.08
w0 Le® ow
5nCoSL 0.36 . 200345 | 0.004
970058 0.15 afe  0.0006
aeFe®®  o0az gt 0.00008
2gFe0? 0,02 | P 0.008

- The cross section for the formation of 'Cu64 from the bbmbardment of elemental
copper with 350 Mev protons has been. determined and found to be 0.02 barns. The value
is probably correct to within * 20 percent. A
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Yield Distribution in the Fission of Uranium“with 550AM5v Protons
R. L. Folgsr, H. Go Hicks and G. T. Sesborg

Some 5 mil strips of uranium foil have been bombarded with 350 Mev protons in
the 184-inch cyclotron and chemical separation of the fission products made. Preliminary
yield data (Table I) seem to indicate a possible shift of the peak in the yield vs, mass
curve to a mass less than 110, (The peak in the yield - mass curve from 350 Mbv‘helium
‘ion bombardment of uranium is in the neighborhood of mass 115) Experiments are underway
to better define the curve in the region A =100 to A = 200, It is also proposed to :
measure independent yields along several of the fission chains in order to determine the\
primary fiss1on products.

Table I

Yields Relative to.Bal4° = 1,00

Fe®  0.00043 = RoB6 7.4 calls 5.4
ni%@ 0.028 sr89 3.5 Bal40 assumed 1.0
c®”  o0.095 sr9l 7.5 - aul%9  0.0005

Za72 0.054 zn97 12, . Ra®%¢ " spallation 0.24
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v PropertieS'of‘Uzzl

W, W. T. Crane and I. Perlman

- y23l was prepared by bombarding'Thgsg'with 150 Mev alphas. The 4.2 day UZ°L
was chemically purified by ether extractions and scavenging the solution with 2r0(IO.),.
The radiation properties of U 231 were investigated. A 9.5 Kev gamma-ray was found iif 2
addition to L and K x-rays. No gamma-radiation harder than the K x-rays was found. In
terms of counts the 9.5 Kev gamma was 20 percent of the L x-rays° The ratio of K x-ray
‘counts to L .x<ray counts was 0,076 : '

Based on the assumptions that the counting yield of the L x-rays (in Xenon
counter) is 0,005 on Step 2 of the counter and that one L x-ray should appear per
-disintegration, a value for the conversion.of L x-rays was determined. The. number of |
orbital electron capture disintegrations was obtained by milking Pa?3l from U231, fThe
.yield of Pazsl indicated +that 50 percent of the I x-rays undergo Auger conversion.'

A source of pogsible error in this measurement is the uncertainty of equilibrlum between
‘the tracer (Pa253) and Pa251

' From milkings of Th‘?‘27 an alpha half-life of 200 years for U231l was obtained.

: Work is being continued on this isotope in an attempt to measure the number
.of conversion electrons from K as well as L x-rays. .
)



UCRL~382

- o o o LO{J M&SS . iSO'bOI:)é;Of A;taf ine.

George W. Barton, Jr. and I. Perlman

Attempts are being made to identify the lower mass isotopes of astatine.

Several experiments were performed in which an attempt was made to milk the polonium
daughters of the known astatine activities. In one of these, Bi209+ 100 Mev alpha-
particles, the decay products weré measuréd in the pulse analyzer after the astatine
-activity had died in astatine fractions purified at various times. The Po*“® alpha
peak showed that the At208 decayed with a 6.6 hour haelf-life. No alpha has been observe
which corresponds with this. “Resolution of the Po209 peak was much more difficult.
Two points indicated something of the order:of 3 1/2:hours. A bombardment at 55 Mev
produced a heretofore unseen alpha peeak. at. 5.73 Mev, which decayed with a 5.2 hour
‘half-life. This isotope is presumed to ¢orrespond to At209, Experiments are being
continued to identify these activities by milking of daughter activities, by direct
observations of the’ radiations.and by measurements of yield as a function of energy.

o The x-ray spectrometer as originally assembled has been found to require

5x 106 counts per minute of x~-ray activity on the standard argon counters, corrected
to 100 percent geometry. This was determinéd from measurements of ¢d107 (6.7 hr
K-capture), An attempt is being made to increase this sensitivity by the use of

high pressure proportional counters., Preliminary experiments with a discriminator
circuit wheel which reduces the background, while at the same time increasing the
sensitivity were. extremely encouraging. Work is going forward on the rebuilding

of the eleetronic circuits of the spectrometer and results are expected in a few weeks.

d
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Bismuth. Isotopes of Masses 198-203

H. §. Neumann and I. Perlmen

Further milking experiments have been performed in an attempt to prove the
mass assignment of various.light Bi isotopes. The procedure used was generally the
following. Bi was separated as BiOCl from the lead target. Pb was milked from the
Bi parent by adding Pb cdrrier, separating Bi as BiOCl, and precipitating the lead
. .as PbCro The resulting Pb fraction was repurlfied by adding inective Bi and re-
peating %he precipitation.of BiOCl and PbCr0,. This Pb fraction was allowed to stand
for a specified length of time and T1 then m %lked from it by extraction of T1Cl
into ether from 6 N HCl. Decay of the Tl fractions was followed, and initial aétivitias
of various Tl isotopes plotted to determine lives of the Bi grandparentso

In a bombardment of Pb with 60 Mev protons for 1 hour, the Bi was purified
2 hrs, after bombardment, Pb milked from Bi at 1 hr. intervals, and each Pb fraction
allowed to stand for 24 hrso before removal of Tl. Results showed an 87 + 13 min,
Bi grandparent of 72 hr, 71201 (improved value for half-life, previously reported as
75 hr.) and a 40 ¥ 17 min, Bi grandparent of 27 hr. T1200, The deviations listed
are considered to be maximum error possible in this particular experiment,

In a bombardment of Pb with 180 Mev deuterons for 15 min. the Bi was
purified 2 hrs. after bombardment, Pb milked from Bi at 20 min. intervals, and each .
Pb fraction allowed to stand for 4 hrs. before removal of Tl. Results showed a 25 ¥ 4
min, Bi grandparent of 7 hr., T1199, fThe twenty-seven and the 72 hr. thalliums were
present in lower yield, and gave half- llves of w40 min, and ~80 min. for their

respective grandparents,

In a bombardment of Pb with 150 Mev protons for 10 min. the Bi was purified
30 min, after bombardment, Pb milked from Bi at 10 min. intervals, and each Pb fraction
allowed to stand for 110 min., befors removal of Tl. The great bulk of T1 activ1ty
decayed with a 7 hr. half-life and only the first two milkings yleldlng 1. 8 hr. T1 93
‘These two points gave a 10 min. life for the Bi grandparent.

. These results confirm the a531gnment of the 25 min, Bi a-emitter to mass

number 199, and the 9 min. a-emitter to Bil98, The a-emitter previously reported
as_62 min., would from these results seem to be a mixture of 40 min. Bi 200 and 87 min.
BiZOl., The resolution of this a-activity from mixtures with 9 and 25 min, activities
produced with 180 Mev deuterons has yielded values from 55 to 80 min. The 62 min,
value was obtained from bombardment with 60 Mev deuterons where the 9 and 25 min,.
activities are not produced. If the 62 min. activity is actually a mixture, the a
energies must be nearly the same since the two activities are not resolved by the
alpha pulse analyzer. '

Measurement of K/a branching ratio for the 9 min. and 25 min.activities,
based on the yield of Tl grandaughters and observed Bi a-decay, gives values of 7 x
103 and 6 x 10% regpectively. Since these values depend on the counting efficiencies
of the Tl isotopes and the lives of the intermediate Pb isotopes, the branching ratios
maey be in considerable error.

The absorption characteristics of the 7 hr., and 27 hr. T1 activities obtained
by these milking experiments have been checked with the activities produced by alpha-
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particle bombardment of gold, éﬁ&w ound to égreeHWith'thema Characteristics
" previously unreported: . » : :

- 7 hr. Tl: 160 Kev e;hibender)
27 h£o T1: | . 340 Kev e~ (bender)
 ;173-Mev Y (Pb gbsbrption) _
. +~0,3 Mev v (Pb absorptioﬁ)
72 hr, Tl: 0.3 Mev &~ (Al.absérﬁtion)‘
K,L x-rays (Al absérption)
NoY of >1 Me§

In a bonbardment with 60 Mev protons for 30 min. the Bi was purified 4 hrs.
after bombardment and Pb milked from the Bi at 25 hr. intervals. Results showed &
‘13 £ 2 hr. Bi parent of 52 hr. Pb203, ‘ :

These results are summarized in isotope chart-form::

198 <~ . 199 200 201 202 . 203
Bi| 9 min. | 25 min, | 40-min. | 87 min. | 2 hr. 13 hr.

3 o, K a’oK_ CL(?),, K a(?), K K
Pb! ? min, | ~80 min] 18 hr. 8 hr, 52 hr.

K - K K 1 K . long K

Tl leIhrsg. 7 hr; 27 hr, 72 hr, 12 day- '///////7/
1K K K K X /111111117

The chains at mass 199, 200, 201, and 203 have been proven., Further work is necessary
to Prote the chain at mass 198, and to determine the half life of Pb1%8, No evidence
of Bi%0 has been obtained in these experiments. See Karraker and -Templeton in the
following section of this report. ’ : o :

‘Bl Activities from Neutron Irradiated RBi

- Approximately 3 1/2 grams of Bi that had been irradiated for 131 days (June 26,
1946 - November 4, 1948) in the Hapford pile is being examined for the Bi activities
produced. The five day Bi210 has already decayed out and the sample has been thoroughly
purified from Po.and probably from -other contaminants., A small fraction of the resulting
Bi was electrOplated on Pt, and pulse analyzed. An a-emitter of 5.02 Mev was observed,
confirming the results- obtalned previously by Howlend -in a similar experiment. The
total a-activity amounted to about 2500 disintegrations/minute. Tl was milked from

_the Bi by precipitation of TloPtCl, from a 2 N HCl solution. The. daughter T1 decayed
‘with a 4.2 minute half-life (T1206 , indicating the a<emitter to be an excited state

“of Bizlo° The yield of Tl daughter corresponded to 2,550 alpha disintegrations/minute
in total Bi solution. The Geiger activity of the Bi fraction was « 8,000 ¢/m.
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. Half of the Bi solution has been set aside to allow Po to grow in, and _at a
later date Po will be removed to determine presence or absence of Po 08 ang po?10,
The other half of the solution is undergoing intensive purification, after which the

sample will be examined for evidence of Bi®U8 and for other modes of decay of Bi?10m.
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Light Isotopes of Poionlum

D. G. Karraker and Do Ho Templeton

Po”09

A new polonium activity, ass1gned to mags 205, has been produced by 40 Mev
alpha bormbardment of enriched (about 27 percent) lead 204 The branching ratio, as
estimated from L x-rays observed in a rough aluminum absorption; and a 10 percent decay
in the alpha counts in the sample, is K/a ~~104. The presence of an equal amount of
P0207 in these samples prevents any better estimate at this time. The energy of the
alpha-particle was determined from the decay of a series of pulse analyses as 5.2 £ 0.1

Mev.
Pozoz’ Bi202

It has been previously reportéd(l) that a 2 hr. Bi activity has been milked
from a 40 minute Po activity produced by bombardment of Bi. A better value of the
half-life of Poz0 has been obtained by periodic milkings of the Bi daughter. The
. yield of 2 hr, Bi202 decreases with a 40 * 5 minute half-life, over 5 half-lives.
The mass assignment is not absolute but is supported by the discovery of Po

POZOS v

The discovery by He. Neumann and I. Perlman(z) of a 13 hr, Bi at mass 203
complicates the work on Po 203, so tiwo methods were used. In the first a mixture of
Po activities was prepared by proton bombardment of Bi, and the Po milked at regular
. intervals for.Bi. A plot of the yield vs. time for the 12 hr. Bi activity obtainéd
* this way gave a two-component decay curve, with an initial parent activity of about
45 minutes tailing into the previously reported 4 hr. Po 04

In the second, instead of counting the. Bi, the B1205 was allowed to decay into
the 52 hr. Pb203, which was separated at’ appropriate times and its yield compared with
the time of mllkingo A half-life of 30 minutes was obtalned by this method but neither
value is very accurate, . _

Several attempts were made in an effort to milk the Tl end products of the alpha-
decay for oth,Pozoz and Pg 3, Nonme have been fruitful, as the two Tl activities produced,
2 hr, Tllg, and 7 hr. 71199 are mutually irresolvable in their decay curve. Different
experimsnts will be‘necessary to characterize these activities.

The 68 minute Pb204 was shown to grow from the 12 hr., Bi activity having a 4 hr,
Po parent, by milking 12 hr. Bi from the Po fractions which had been purified after 12
hours, and then milking the 68 min. Pb204 from the 12 hr. Bi obtained.

B1205

A plot of the yield of 6.4 day 312069 milked from a sample. of Po, shows a two
component decay.curve. Instead of the 9 day curve predicted, the curve shows also a 1.5
‘hr. decay. This corresponds to the half-life for Po205, so .it is suspected the Bi205. is
also of the order of 6 days in half-life. Further experiments are in progress.

(1) See UCRL-311

~(2) See UCRL-382
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Work on Neutron Deficiepnt Rare Barth Isotopes

Betsy,ionesg LeRoy Eyring and B. B. Cunningham

' Two bombardments of Pr O3 with 40 Mev protons have been made on the 184~inch
cyclotron., A new 5.2 hr, detivity was ‘found, and tentatlvely assigned to Nal39, "Known
1sotopes of this region are shown below,. _ S

138 139 140 141

Nd ' _ 3.3d. K 2.5 hr,
Pr . . ~3.5 min.g*  stable (100%)
Ce : Stable 140 d. K Stable 28 d.

. The 5.2 hr. activity and the 3.3 d. NA140 were seen, but the 2.5 hr. Ndl41 was
not, as is to be expected from the energy- of the bombarding particles.

Some radiation characteristics of the 502 hr, activity are as foliows: 2.1
Mev positrons by aluminum absorption, 1.2 Mev gammas by lead absorption, K and L x-rays,
and conversion electrons of about 0,3 Mev. -

A cation exchange resin column run to determine chemical identity of the 5.2
hr. activity has been carried out. Separation of cerium from the bombarded material at
5.2 hr, intervals was done to establish the genetic relationship to Cel39, Because of
‘the long half-life of C3139 positive identification of this isotope in the mi]kings has
not yet been made,

I's
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Mass Spectrograph

F. L. Reynolds, R. W. Fink, R. A, Naumann and D. H. Templeton

Mass identification of one radioactive isotope of lanthanum (19.5 hr. Lalss)
has been completed. This isotope was made by bombarding a cesium salt with alpha ,
particles. Transfer plates were made from the original mass spectrograph plate to
ascertain the mass position of the radiocactivity relative to stable Lal39, and the
half-life was determined directly by counter-glit technique from the activity on the
original plate. No evidence was found for Lal36 in these experiments,

: Spectra of plutonium, americium, neptunium, and uranium on Ilford plates have

. been obtained using a thermal source as an ionization means., O0f the four, plutonium
is the most efficient emitter. Both metal and metal oxide ions appear, the ratio
metal to metal oxide increases at more elevated filament temperatures.

A systematic study on new Eastman emulsions sensitive to 8000 volt positive
ions has been made. Two emulsions known as J2327 and J2609 required less than 1: X 106
positive ions to produce a v1s1ble llne 0,2 mm,x 10.0 mm,

: Loss factors on cesium and neodymium proved to be interesting. Three
different salts of cesium gave values : CsNOg, 1.4 x 106 CsCl, 8.3 x 10%; and Cs.SO,,
180 as loss factors. Thus, with Cs,S0,, the Cs is almost 100 percent converted to 4
positive ions on the thermal source, 'the other salts are low in efficiency because

of gréater volatility in vacuum. The loss factor on neodymium is 5.3 x'10 This
checks quite well with the University of chicago workers who found it to be 5 x lO
on their instrument. o , T

: A previous reportl of work on two new neutron-deficient isotopes of cesium
outlined experiments giving substantial evidence for the existence of 08127 (p* 5.5
hours), and csl29 (K-capture, 32 hours), and the genetic relationship cs 27’ E ! Xel2
where Xel?? has a 34-day half-life,

These mass assignments have recently been confirmed by means of the mass
spectrograph transfer-plate technique, in which lines of radiosgtivitysat mass numbers
127 and 129 were obtained which transferred from the original plate to another. A
second transfer plate exposed after the 5.5 hour ¢s127 haa decayed;ushowed only one

_ longer-lived activity at mass 129,

. . R N g i T Meagr Yoaton
(e S Cooinal, WA wmrnann and D, e WSmrliston

1, UCRL~311 (Qnarterly for December 1948-February, 1949, )
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A Fast Quenching Circuit

H. H.vHopkins, Ir;

An attempt was made to make a fast quenching cirecuit using a multivibrator

t0 -reverse the potential on the central wire after each pulse. Square pulses of 10

sec. width were obtained. Further work is necessary to reduce the dead time sufficiently
below that of the conventional circuit to be useful.

A windowless proportional counter for betas is being worked on. The counting
‘gas, a mixture of methane and argon, will flow through the counting tube at atmospheric
. pressure. Proportlonal pulses are fed into a high gain amplifier.
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Ionization Chamber for 5pontaneous'Eission Energy Measurements

R. L. Shuey

An experiment has been started to study the energy distribution of
spontanecus fission fragments. Initial experiments have indicated that with an ioniza-
tion chamber rise times of at least 0.3 ps are obtainable. It is intended to use a
_@Gouble ionization chamber, extend the pulse length to 5 seconds and plot the pulse
height with a graphic plotter. At the same time provision is being made to photograph

the -initial pulse shape.
At present the initial versions of the ioniZatidnichamber, puléé extender and
somaﬁgg;zye associated equipment have been completed. |
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A Scintillation Counter for Spontaneous Fissions

W. C. Orr:

A scintillation counter has been constructed for the purpose of observiﬁg.
spontaneous fissions. The sample is mounted on a very thin film placed between two
phosphor screens so that coincident flashes are produced which may be detected by
A high .

two separate photomultiplier tubes. Only coincident pulses are counted,
background of alpha radiation can be tolerated because spurious counts arise only
when a number of alpha-particles appear in coincidence and give pile-ups on both

sides of the thin sample.
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Befa—Ray;§pectrometer

F. L. Reynolds

!

Sample testing on the recently constructed double focusing beta-ray
spectrometer is to begin in the next few days. Delay in operation has been due to
' power ‘supply stability troubles which have taken considerable time to correct.
Plans are to first check beem characteristics using conversion lines from ThB and
- recording the spectra photographically, Initial field measurements have been made and
a straight line function of gap field strength against current has been established

up to a particle energy maximum equal to 3 Mev,
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-C._Chemistry of Astatine and the Préparation of Certain Compounds

R. F. Leininger and E. Segr®

 Astatine

Work on chemistry of astatine was stopped temporarily due to alterations

. and repairs on the 60-inch cyclotron.

Half-1life of Be”

The ‘experiment to determlne the effect of atomic electrons on the: half life
_ of Be7 has been concluded with the following result.

- +
Apeo - ?\Ber = (+1.375.% 0.0055) x 10

. This work has been reported in detail in UCRIL-370.
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D, Bio-Organic Chemistry Group

B. M. Tolbert

Synthetic and Experimental Chemistry

M. Celvin, B. Tolbert, P. Adams, R. T. Arnold, R. Bartsch, A. Fry, H. Hauptmann,
D. Hughes, E. Jorgensen, J, Krone, B. Neivelt, R. Ostwald, R. Selff,
Y. Stone and W. Tarpey o

Lactic Acid=Cl4

An important intermediate in both plant and animal metabolism. As the pro-
cedure for the bromination of propionic acid had been worked out in connection with
the preparation of labeled alanine and the synthesis of the three labeled propionic
acids had already been completed, the preparation of all three of the labeled lactic
acids was undertaken by the hydrolysis of the bromo acids in zinc oxide slurry as
follows: .

 CHzCH,COgNa. + HCL (anhyd.) —— CHzCH,COoH + NaCl

0.04'g: P,; 0.02 g I
0.2 ¢c¢, propionylehloride

100°, 2-1/2 hours

Zn0

CCHBrCO + H0 et > DL (H,CCHOHCO,),Zn.3 H,0
KA 2" 2 100°, 24 hours S Vg0 2"

In this manner lactic_abid—l—cl4'has been prepared using 0.601 g. of sodium
propionate-l—cl4 and 0.2 ml. propionyl chloride. A first crop yield of 55 percent
based on propionate was obtaified and an additional 20 percent can probably be obtained
 in a second crop. The identity of the compound was determined by carbon and hydirogen

‘analyses, and a paper chromatographic analysis of the product indicated the material
to be free of tracer impurities. The preparation of the two- and three-labeled compounds
is in progress. N

;Cl4 alpha=labeled Leucine, Isoleucine and Valine,

The preparation of these three amino acids labeled in the alpha-position with
614 has beeéngundertaken for use in biological studies. Calculations of the overall ‘
yiélds from CO, based on. the yields indicatedin the literature showed that probably
the best method for making thossacids should be through the Strecker synthesis as
follows: . ’ : o .
*. RMgBr * * . Pt
COy ———> R=C0gi —> R~-COCl —_—
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7.0
* - Strecker
B-G=0 ———> BR-0=C =N —————————é
synthesis Nﬁz ' B uCOéH

2

where R = Hzcdg - gwb Héc%g -g;g and -H3C-§;§HZ-
' ) ;Hﬁ e N L

The. first step, reaction of'éO” with the Grignard compound, was done with isobutylmagne-
sium bromide and the yield of Sodium isovalerste was 94.2 percent,  The second step, .
 transformation of the sodium isovalerate into isovaleryl chloride, presented some
-difficulty since the separation of this reagent and reaction products was difficult
‘when thionyl chloride was used. With this reagent it was impodsible to avoid fractional
distillation of the isovaleryl chloride whieh could not be done on the small scale
desired for this preparation. The preparation of the acid chloride could not be
executed as had previously-been worked out for - benzoic acid, Even with fractiona-
tion of the reaction product & not quite pure acid chloride was obtained as is shown

in the case of n-butyryl chloride. After fractionating and refractionating, the
‘bolling réange of the product was 79-930 and this in 39 percent yield. .

It seems now that this difficulty can be overcome by carrying out the prs-
paration of the aliphatic acid chloride using a higher boiling aromatic acid chloride.
Benzoyl chloride and phthalyl chloride have been tried, The former gave the better
- results but no definitive conclusions can be drawn at3this moment, Three experiments

are listed to illustrate the advantege of the method:

a, Sodium n-butyrate was heated with benzoyl chloride in a hydrogen
chloride stream. After fractionation 46.5 percent of n-butyryl chloride
was obtained, b.p. 100~105° (vop. indicated, 101-1020) .

b, Sodium nmvaleratezheated in the same manner, 50,9 percent of n-valeryl
chloride was obtzined, b.p. 126-129° (b.p. indicated9 127-1289),

¢, n=Valeric ecid and benzoyl chloride heated and fractionatedo After
- fractionation 65:2 percent h=valeryl chloride, b.p. 126-129 o

Malic, Succinic, Fumaric and Tartaric Acids-cl4

Because of their importance in plant and animal metebolism the earlier work
on the synthesis of these compounds has been expanded, and high specific activity
preparations of these materlals will be undertaken as seon as good synthetic procedures

can be worked out,

As a key intermediate, the primery objective was the preparation of malic acid
from sodium acetate according to the following scheme: . . AT
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Etzso4 : (coom—,)2 . o
CH5aCOON —> CHSCOOEt —_— Et00C-C0-CH,-CO0Et
. NaQEt : R ’
Ethyl Oxalacetete
Pt

5

| . | Pt, H, . |
EY00C-CHy~CHy-COCEE & E£00C-CHOHCE, ~COCEté— ,
| - E‘bhy Male:be
| or, B ‘ | o Hf
HOQG~CH, -8, ~COOK HObc-c;IGH-("f}Iz-COOH
* Sucoinic Acid " Malic Aoid

The conversion of sodium acetate to ethyl acetate was achieved in 97 percent
yield on the basis of radioactive residues left on distillation from the reaction mixture,
but the condensation betwsen ethyl acetate and ethyl oxalate in ether using sodium
methoxide as a catalyst went only in yields of gbout 60 percent on the basis of subsequent
hydrogen p:.ckup, More recent work with absolute ethanol and sodium éthoxide gave a yield
of 68 percent, also on the basis of hydrogena’c:.on data, After neutralization of the
condensation mixture, the hydrogenation is carried out at pressures sllghtly a’bove

‘ s.tmosphemc in the presence of platinum and a trace of ferrous salt to inhibit the
hydrogenation of the malic acid. The mixed esters are saponified by shaking at room
temperature with a slight excess of dilute base., After acidification, the excess oxalic
acid is removed as its calcium salt end the mixed acids ether extracted from the rea.ctlon
mixture. The separation of the compoments of the crude residue, left on removal of '
the ether, is being studied end it is hoped that by partition between ether and Wa'ber
and recrys’calllzat:.on of ‘the enr:.ched fractions from ethyl acetate-hexane solutions
falrly pure malic acid can be obtained in good yield.

Demorol-I-Nethyl-c1%

Attemp'bs to prepare laboled Demerol (lwme'bhyl-4-pheny1-4-ea.rbethoxypn.per:.d:.ne)
by the action of cl4-1abeled mothyl iodide on 4-phenyl-4-carbethoxypiperidine resulted .
in low yields (7-12 percent) A low activity preparation showed that the desired tertiary
emine reacts repidly with methyl iodide to give the quaternary salte

In an attempt to find a better way to carry out this reaction, the reductive
methylation of 4-phenyl-4~carbethoxypiperidine with formaldehyde and formic acid was
tried and found %o give a 70 percent yield of Demerol on a 2mmole scaleo

Four hundred and sixty-six milli rems (2 mmoles) of 4-phenyl-4-carbethoxypiper-
dine was heated under reflux with 258 mg, f25«0 mmoles) of 90 percent formaldehyde and
175 mgo (203 mmoles) of 40 percent formic acid solution for five hours. The resulting
pale yellow solution was acidified with 1 ml. of 2 N hydrochloric acid and heated on:a
steam bath to remove excess formaldehyde and formic. ‘acide The reaction mixture was
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evaporated to dryness in vacuo at room temperabure, mixed with 1 ml. water and

again eveporated to dryness., The dry residue was then heated under reflux for twenty-
two hours, with 3 ml, of 11 percent alcoholic hydrochloric acid, The solvent was
removed from the product (HCL salt of l-methyl-4-phenyl-4-carbethoxypiperidine) which
was crystallized from dry acetons o give 20 percent yield white salt, me.p. 189-190°,
An additional 50 percent of product, mo.p. 186-188°, was recovered from the filtrate
by crystallization with ethenol-ether.

Synthesis of I13l-labsled Monoiodobyrosine, Diiodotyrosine and Thyroxins on a Microgram
Scale, .

The technlgue of peaper chromatography has been used in the isolation and
identification of I13l-labeled monoiodo-L-tyrosine, dllodo-Letyr031ne and Lpthyroxlne
which have been synth631zed on a microgram scale. In this manner it has been possible
to obbain very high speci flc ectivity products for animal work,

The hypolodlte me thod descrlbad previously for the preparatlon of diiedotyrosine
on a hundred microgrem scale gave three radioactive spots on the paper chromatogrem
which had been developed im both directions with butanol-scetic acid-water solvent. A
‘large part of the activity was in the form of inorganic iodide near the origin of the
- pepors, About 15 percent of the starting activity was found in two well-defined spots
in the far corner of the chromabogram., The upper spot was identified as diiodotyrosine
by rechromatographing the @luted product. with a known sample of diiodotyrosine which
had been synthesized on a 100 mg, scals, The lower spot was identified as monoiodotyro-
sins by rechromatographing with a knovm semple obtained from Prof. C. R. Haringbon.

The specific activities of the products were 520 and 1040 uc/@moleo A semi-
quantitative estimation of the yield of diiodotyrosine was mades by spsctrophotometry.

1181 15beled thyrox1ne wes prepared by means of the exchange resactions with
inorganic iodide described by Frieden, Lipsett and Winzler, Science, 107 353 (1948).
In a typloal experiment, 140 * 5 pgs of recrystallized thyroxine and T,7 mco of 1131
as sodium iodide were dissolved in 2 ml. of 9:1 butenol-water mixture and the solution
adgusted to pH of 5-6 with hydrochloric acid. The solution was heated under reflux
for twelve hours, evaporated to about “~0,5 ml,. and transferred to the cormer of the
chromatographic paper. The paper was developed in ome direction with butanoldwater
solution, The radloautograph of the chrometogram showed three spots: inorganic iodide
near the origin, a rather diffuse spot of thyroxine and a spot of free iodine along
‘the solvent front.

. The thyroxine spot was elubed with approximately 3 ml. of 50 peroent alcohols
Specﬁrophotometry of the eluate showéd 120 {ig. (83-89° percen%) of the thyroxlna was
recovered. This contained 11 percent of the I3l used and had a specific activily of
9.75 fic/iiz. The product was identified by rechromatographing with a known seample of
thyroxine,

Code inec~5n-Me'bhoxywcl_4 _ )

In connection with the Pharmacology and Chemistry Departments of the Unlver31ty
of California we have prepared labeled codeine from morphine by methylation with labeled
methyl iodide., The methylatlon of morphine with this material in the presence of alkali
was studied in the late nineteenth century, but all worksrs reported an extromely small
yield of codeins base which was due to the fact that in the morphine molecule there are
three reactive groups capable of undergoing methylation, nemely the phenolic group,
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the tertiary amino group and the allylic alcohol group., An active methylation agent
such as methyl iodide when allowed to react with morphine in the presence of alkali
will methylate all three groups in such a manner that the final product consists of
a mixture of codeine, thebaine and the methiosdides of these alkaloids,

: Since the reactive g;r’oup in the morphine molscule that interferes most with
this reaction is the terbtiary smino group rather then the allylic secondary alcohol
group, it was hoped that by protecting this group with oxygen, that is, by using
morphins N-oxide for the methylation, the entering group could go under proper control
ss to time, temperature and reagent proportions almost exclusively to tThe phenclic
group, The methylation of morphine N-oxide with dimethyl sulfate had been previously
studied and patented, but the use of methyl iodide in this reaction does not seem to
have been investigatede |

. The direct oxidation of morphine with hydrogen peroxide to the N-oxide did
not give a product of sufficient purity for use in the preparation of codeine, so a
‘protective oxidation method was used to obtain high purity morphine N-oxide. Morphine
was first converted to the morphine-Na derivative and then allowed to react with
chloromethyl ether., The methoxy-methyl ethsr of morphine thus obtained was oxidized
with 30 percent hydrogen peroxide and the product, methoxy-methyl ether of morphine
Ne-oxide, was isolated in the form of a crystalline acetone derivative from which the.
morphine Ne-oxide was obtained af'ter hydrolysis with dllute sulfuric acid and subsequent
alkalination with ammonie,

Six grams (20 mmoles) of the pure morphine Neoxide was dissolved in a chilled
solution of 20 mmoles of sodium metho*t:.de in 20 ml, methanols The flask was then
connected to the vacuum menifold snd 263 g (16,2 mmoles) of methyl iodide=Cl% distilled
in, The flask containing the frozen mixture of sodium morphine N-oxids and methyl
iodide was romoved to the hood and the mixture re-~fluxed on the steam bath for four
hourss After cooling, 5 ml., of wabter was added and sulfur diexide passed through
the solution for one hour to reduce the codeins N~oxide, Thirty milliliters of water
was added to the flask and the methenol was vacuum distilled offes  Then 10 ml,:of
8 N sodium hydroxide was added to dissolve excess morphine and the codeine extracted
repeatedly with chloroform, which chloroformportions after washing with water and drying,
were eveporated to dryness. The codeine was recrystallized from a mixture of benzens
and petroleun ether, after which the fres base was dissolved in & minimum emount of
gbsolute ethanol and dry hydrogen chloride gas was passed into the solution %o form.
the salt, After evaporation of this solution to dryness the codeine hydrochloride was
recrystallized from 95 percent ethanol,

. . The yisld of codeine was 33 go or 55.4 percent based on methyl iodides The
carbon, hydrogen end methoxy analyses checked accurabely for codeins, and a paper
chromatographic analysis of the maberial indicated only one radioactive spot, thus
confirming the radiosctive purity of the mabterial.

Glucme«»%ﬁm end Mennosew=log14

. The s ynthesis of these compounds by the condensation of labeled m.‘crometha.na
with D-arsbinose has been described in a previous progress report. In the sarly work
the two compounds formed were. separated by fractional crystallization, but due to :
difficulty in obbaining e pure compound on the-small scale desired this method Has been -
abandoned.

Howévef,, it has been found that as much as 30=-40 mgQ of inixed mannose and
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gluoose mey be separated by par"h:.tlon cbromatography on filter paper shee‘cs us:.ng
butenol-propionic acid-water solution as a solvent although the arsbinose and mannose
are not separsble under these conditions, The radioactive sugars may be located by .
radiocautographic technique and then eluted from the paper with water, concentrated and

crystellizeds:

: Pa,z"tltlon chromatography of the sugars on a packed filter paper pulp column

was tried with butanolswater as an elubing agénts A partial separation of the sugars

was obtained, but it was found impossible to pack the column with the peper pulp available
so that the density of the column bed was constant end comparable with that of the paper
sheetse Since the density of the paper effects the amount of material which may be
separated by chromatogrephy end because the column work did not give a very satisfactory
separation, further work with this method has been temporarily abandoned and the straight
filter paper sheets are being used instead. ,

An importent advantage of the pa.per chromatographm method of purification
is that the preparation scheme may be simplifieds, Thus, the crude nitro-sugar mixture
may be hydrelyzed directly with either hydrochloric. or sulfuric acid, deionized on
resin exchangs columns, concentrabed at room btemperature and chromatographede Using
some material frem a previous run, pure glucose with a specific ac'b:.wty of 1+8 x 106
diso/min./mg,. and mannose with spproximately the ssme specific activity but conteminated
with unlabeled arebinose may be obtained. .

A% presems,, a low specific actlv‘ity (28 p.c/16 moles) preparation is in progreSSo s
The' efficiency of the two acids in the hydrolysis of the nitrosugars is being checked and
it is hoped that high specific activity preparations will be made in the mnear fubureé.

Beeause the. scals of oneratlon cen be reduced below that prevu.ously used labeled
sugars with a specific. act1v1ty of several mierocuries per milligrem may be prepared by
‘ch:.s methods It is also possible that at least a partial separatlon of the sugars may
‘be effected by distribution between two immiscible solven’cs using a modified Craig
extraction apparatus.

Cyelohexanonaadmcm o

_ An at‘cempt is being made to use the. action of nitrous acid on l-aminomethyls
cyclopenta.nol in a synthesis of labeled cyclohexenons (the Tiffenecau ring expansion)
according to the following plans

& H

302‘-—-) HEy ——

I II- HNO III

® . HO: § CHpeN=N

N, + H,0 * #* . N

A careful examination of various experimental conditions for obtaining maximum
yields of I and II is now underway. Compound I has been synthesized (a) by bringing '
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together liquid HCN and cyclopentanone in the presence of a catalytic trace of KCN;
(v) by treating the NaHSO, addition compound of cyclopentenons with KCN solution; and
(e¢) by generating HCN from agqueous KCN and HC1l (at =5%) and allowing the HCN formed
to equilibrate with cyclopentanone in ether, ;

Cabalytic reduction of cempound I in scebtic acid gives considersble hydro-
genolysis %o yleld III., This is perhaps due in part to intermediate formatien of the
acotabe ester of I, Consequently, ethanol is now being examined as a useful solvent.
It has now been ostablished that compound II is a powerful catalyst poison . (due to
strong adsorption of the amino group). As a result it is necessary to have one full
equivelent of H* present during the reduction,

Thai:; the course of the reaction actually goes as pastulatea will be determined,
end, in addition, if yields are satisfactory it iIs planned to use the products as possible
intermediates in ths synthesis of ring-lsbeled aromabtic compoundss

2

Docomposition of Acetvl Perox

In the study of . the presumed free¢ radical deeompos:f.tlon of acetyl peroxide in..
me‘bhyl-la“beled acetic acid it has been shown that of the four identifiable products formed
(carbon dioxide, methane, succinic acid and methyl acetate) the succinic acid has sbout
the same specific activity as the acetic acid, the carbon dioxide contains no activity
end the methane hes a small fraction of the specific ao‘bivity of the acetic acid,

In the last Quarberly Progress Report it was stated that the me'bhyl acetate
obtained from the decomposition of acetyl peroxide. in ¢l nmethyl-labeled acetic acid
contained soms of the activity., It was also showm that methyl acetate and acetic acid
did not undergo an exchangs reaction in twelve hours at room temperature. In order to
be sure that the source of activity in the methyl acetate from the decomposition of
acetyl peromﬂe was not an exchange regction under the conditions of the decomposition,
1eSos ~100° for five hours, these conditions were simulated with a synthetic mixture
of unlabeled methyl acetate and labeled acetic acide The acetic acid and methyl acetate
wore ‘then separated as previously described, and the methyl acetats was found to contain
as en upper limit 0.8 percent of the activity calculated for the complete exchange. The
probable value is somewhat less than this, '

The distribution of activity betwsen the acetic acid and the methyl alcohol
obtained from the decomposition of asetyl peroxide was then studied by hydrolyzing the
methyl acetate in sodiuwm hydroxide solution and separately burning the sodium acetabe
and methyl alcohol so obtained,: The CH, group of the sodium acetabe was found to have
‘& specific activity of 3¢24 x 103 diso m:.no/mgec while that of the methyl alcohol was
318 dzso/mlno/mgoco The specifiec ackivity of the CHy obtained from this run was found
to be 249 dis./min./mg.C while that of the original acetic acid used was 9,96 x 103

dis e/mlno/mgoc °

. In a.no’cher experiment, the ratio of acetyl peroxide to acetic acid was increased
in order to obtain a greater yield of methyl acetate, The methyl acetabte so obtained
was washed with sodium bicarbonate solution to remove agetic acid and hydrolyzed and
burned as befors, The specific activities of the CH; groups in the various positions
wore as follows: Original acetic.acid, 9.96 x 10° d¥so/min./mg.Cs acetic acid from
methyl acctate, 668 dis./min./mgeCs methyl alcohol, 270 dis./min./mg.C; methans,

36 dis o/mlno mgaco

From these results it is immsd:fatiely'obvious that the source of the methyl
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acetate cannot be 'bhe reaction

2 cas{i—é O, + GHS{-CH

as has been proposed by Kharasch and Gladstone. If this were the exclusive route of
formation of methyl acetabte the specific activities of the two methyl groups would
necesserily be the sames Likewise, it is obvious that the original acetic acid is not
the exclusive source of the acetate in the methyl acetate, s;nce if this were. the case
the activity of the methyl group would necessarily.be 9,96 x 10 diss/mine/mgsC as in
the or:.gn.ne.l acide

'Ma.ny attempts have been made to formulate a mechanism for this reaction, but
up to the present tims it has been impossible to propose a single path source for the
moethyl acetate which is consistent with the above facts. Further work is underway in
an attempt to clarify the points of inconsistencye

-Properation of Aliphatic Halides Lebeled with C14,

 Work on_ high yield prepa.ra‘blon methods tha’c will give pure propyl. bromide-1-
¢14 or propyl bromide-24C1% is continuing ss part of a study of general methods of .
preparation of the aliphatic halides labeled with cl4, We have temporarily disconbtinued
the use of lithium aluminum hydride as a reductant in ‘the case of simple aliphatic
compounds due to trace contaminants encountered by the splitting of ethers with this
reagent, :

Among the o‘bher compou.nds whose prepare.tlon is belng studied are: 1sabu‘by1
bromide-1=C14, 2-bromépropans=1-C14,. potassium cyanide-Cl4, alanine-3-Cl4, leucine-P-cl4
vahne-methylncl‘l end czyc1::hept:a.nonfa-2--(!14

Activiby Deteminati ons 3

Ge:.yer-mueller Counters. Experiments using a commercial flow-gas counter ("Q" gas
counter, -Nuclear Instrument end Chemical Corp,) and a countihg gas mixture composed

of helium (commercial grads) saturated with ethanol at 0° ¢ and dried with Drierite
have been performed, The results thus fer look very satisfactory. The coincidence
correction is normal, ebout one percent per thousand counts, and the counting rebe is
quite reproducible., The efficiency of the counter is approximately 2.5 d.:.so/count for
cl4, The results are betbter using this ga.s than the argon-butane mixture supplied
with this commercial counters: .

Ionizetion Chembers, The development of 1om.za.t10n cliembers for use es & routme
instrument in the measurement of very low activity Cl4 semples from biologicel experiments
has progressed to where a fairly standerd set up has been developed and calibratede The
unit consists of an ionization chember of our own design and manufacture, & vibrabing
reed electrometer made by the Applied Physics Corporation and & Brown "Electronik"
potentiometer recorder for continuous recording of the output voltage of the electrometer,

A considereble amount of difficulty was first experienced in the use of ionize-
tion chambers due to the piezo elsctric effect in the insulators assoclated with the
induced strains of evacuation and filling the chambers., After trying e number of
different materisls inecluding kovar, polystyrene and teflon, it was finally found
that teflon gave very satisfactory results with practically no hysteresis effect.
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- With the present units which hold the carbon dioxide generated from one grem
of barium carbonate it is possible to detect radiocactivity in the sample to the extent
of about 0407 dis./mine/mg, of barium carbonate which is only sbout three times the
natural concentraticn of Cl4 in living organic materials due to the cosmic bombardment
of nitrogen in the atmosphere by neutrons, Activities of sbout 0.2 diss/mine./mge vp
can be meesured with satisfactory precision for biological worke ‘ i

:

&
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Biolégical Chemistry

M, Calvin, L. Daus, Je Goveerts, M. Kirk, J. Krone, B. Krueckel,
Mo hlﬁln}"e and Yg S'bone

The Fate of Radiocarbon taken into the Luhgs or Blood Streem as BaC‘J-‘JEO3

Very little information can be found in the literature on the danger encountered
by those who work with Ba01403. Since this compound is one of the most suitable chemical
forms in which radiocarbon is measured and ha.ndled, the dangers poss1bly encountered in
its use due to 1nhalat10n of barium carbonate were investigateds

It wes decided to study this problem by two methodse If barium carbonate
injected in the blood stream of a mouse would exchange carbon with that of the cerbon
.dioxide in the blood stream and would be exhaled as carbon dioxide, then barium
carbonate inhaled into the lungs would also exchange since the pH of the lungs and the
blood stream is the semee Secondly, an actual attempt at insulfation of barium carbonate
into the lungs would be tried, but the results would be more uncertsin in the latter
case as the smount of cerbon teken in and the eamount eaten would not be known for sure.

The BaCl40. wes administered either as a dust into the nose or as a very fine
suspension in isotonic glucose solutions During experiments the mice were maintained
continuously in a metsbolic cage end the expired carbon dioxide was collected and
enalyzede The animals were sacrificed one to two days after the injection, and the N
rediosctivity of the lungs, spleen, liver, kidmeys end excreta determined ’cogether
with the emount of activity in the carbon dloxa.de expired.

. Our experiments show.that the 014 appears very rapldly in the expired carbon
dioxide and that the cumulative excretion of C1% by ‘the mouse is approximately the seme
either if it is introduced in the nose in the form of BeCl40. or when injected in the
blood stresm in a suspension. About 45 percent of the. 1n3ec%ed dose is expired during
the first hour after administration, Later on the excretion is slowed down progressively,
and after twelve hours 85 percent of the dose has been expired as 01409, No significant
activity is found in the spleen, liver, kidneys or .lungs one to two deys ai’tez_" injectione
The seme applies for the excreta collected during the some period of time. "In one
series of experiments the lungs were tested three to sixty minutes after injection and
it was found that Ba01403 is rapidly filtered out by the lungs and that no significant
activity is to be found in the soft tissues,

When the percentages of the injected carbon fixed by the mouse are plotted
on semi=-logarithmic graph peaper it is found that the excretion shows an expomsntial
lewrs This curve may be broken down into two straight line segments corresponding to
biological half-lives of one and nine hours, reszec'blve’ly. From the data we can conclude
th‘\’c most of the Cl4 absorbed by enimals as BaCl O is explred by the lungs as cl4 02.

Metabolism of Propionic Acid-cl4

A series of Warburg menometric experments designed %o study the metabolism
of normal end neoplastic tissues with Cl4-labeled compounds hes been underteken, As
- a preliminary step in this work the metaebolic rate of carbon dioxide evolution from _
tissue slices end homogenates from carboxyl-labeled sodium propionete has been determined.
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In this experiment livers from year-old strain "A" male mice were sliced by the
Werburg technique and suspended in Ringer phosphate solution at pH 7 in a two-armed
Warburg flaske The flasks were equilibrated et 37° C, and a water solution containing
the lebeled propionate tipped in and sheking continued for the desired incubation time.
The acid was then added from the second side-arm to terminate the reaction and the
evolved carbon dioxide was absorbed in a sodlum hydroxide center well so that the
activity could later be determined as Bacl40 The incubation periods lasted two, three,
four, five and six hours, and, in general, tge percent of activity in the carbon dioxide -
increased with time, but variations in the shape of the curve from experiment to experi=-
ment were encountered. Attempts are being made to minimize these differences. In
general, however, 10 percent of the added activity was present in the carbon dioxide
.after two hours and about 30 percent after five hourse

: As a continuation of this work the chemical forms in which the propionic
acid activity was found efter the metabolic period were investigateds In this process
the flask contents were homogenized and the urmetebolized sodium propionate together
with added inactive sodium propionate removed by steam distillation or by vecuum
distillation. The pv—bromphenyl ester was precipitated from this distillate and.
recrystallized to constant specific activity., The possibility of co-precipitation
of small amounts of other acids such as acetic acid was shown to be considerable in a
separate experiment in which the raftio of acetate to propionate decreased. only from
1:10 to 1:100 after three recrystallizationss The presence of other fatty acids would,
‘therefore, pass unnoticed in this ester process,

The dry residue from the distillation was separabted into fractions by water
solubility, ether solubility and ebsorption on :ion exchange resins. The distribution
- of activity after five-hour incubation was as follows: 32 percent in carbon dioxide,
48 percent as urmetebolized sodium propionate, 1 percent as a water-insoluble residue
end 12 percent as water-soluble residues. Ether extraction and ion exchange column
work shbwadnthat»approximately 50 percent of the activity of the water-soluble residue
- was acidic in natures It is hoped that a paper chrometogrephic analysis may be made-

to identify its componentse. '

At present hOWGﬁer, most of ‘the energy of this work. is being directed toward
the development of sufficiently refined techniques that reproducible results can be
obtained as needed.

Wbrk on the netabollsm of C14—1abeled stllbamlndlne in mice is contlnulng and
will be reported in'more detail in enother section of the Radiation Leboratory. Quarterly
Progress Reports as will also the reports on the rate studies of the conversion of -
metebolic intermediates and emino acids to cl40, in mice.
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Photosynthetic Chemistry

e Calfin, A, Benson, V. Haas, Je. Bassham, T. Goodale,
A. Hall, W, Routson and J. Weigl

Investigations of the path of carbon in photosynthesis from carbon dioxide
to new cell material has been continued along the lines reported in previous Querterly
~ Progress Reports. Enough basic information and techniques have been accumulated to
allow considersble branching out into seperate lines of endeavor. Such projects now
-include kinetics of photosynthesis end respiration in plants, as determined simultaneously
in ¢140 s isotope effects involved in such reactions, analytical ‘techniques in separation
~end identificetion of photosynthetic intermediates, orgenic end biosynthesis of these
.intermediates (lebeled end unlabeled) for comparison with the unknown substance, chemical
degradation of photosynthetic intermedietes necessary for determination of the path of
carbon, exemination of the high molecular insoluble products of short photosynthesis
which include fats, proteins and cerbohydrates and studies on plants photosynthesizing .
under ebnormel conditions. These abnormal conditions included such projects as studying-
the effects of malonate end fluoride inhibition. The different intermedietes formed
under these conditions yisld clues to the mechenism of carbon reduction in the normal
cell, Since ‘the process of respiration is closely associated with photosynthesis, it
is necessary to investigate both simulteneously. Fixation of carbon dioxide by reversel
of respiration end fermentation decarboxylation reactions in the dark has been investi-~
gated and corroborates the results obtained when plants are allowed to form normal
photosynthetic products for a short time in the light and then are allowed to respire
these products in the dark under various conditions. The compounds most readily
respired and their path of respiration can be readily ascertained.

Lethod for Investigation of Radioactive Intermedistes,

. Paper chromabography has been found almost universally applicable for separating
the early intermediates in synthesis of cell material, The value of this tool has
increased with our ability to identify more compounds, which appear as black spots in
characteristic areas on radioaubographs of the chromatogram. At present, four classes
of compounds are being separated and identified chromatographically, These are sugers,
amino acids, carboxylic acids and phosphete esters. Enough compounds have been studied
to enable us to formulate several general principless The most importent of these is
the caleulation of Rn values (chrom“tographlc coordinates) from solvent distribution
coefficients which mey be readily measured on known samples, Identity of the calculated
coordinates with the position of an unknown spot on a chrometogram (or radiogram) suggest
identity of the known end authentic specimen. Further chemical and physical comparisons
are necessary for unequivocel identification. ‘ .

Carboxylic Acids
According to Consden, Gordon and Hartin the R, of a solute is given by
Ay o+ aAS

where A, is the fraction of cross~sectibnalwarea.pcéupied by the mobile phase, Ag is

- . RF=
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the fractlon of cross-sectional area occupied by the stationary phese, and a, the distri-
bution coefficient of the solute, is the concentration of solute in the stefionery phase
divided by the concentration of solute in the mobile phase. This expression cen be
written as 1

RF =

1 4 aA/A

The term A A% is o constant for a2 given paper and set of solvents while a is a
‘chars cterlgt of the solute and determines its position on the paper,

The gross distribution of a carboxylic acid between the stationary aqueous phase
and the mobile organic phase depends on the distribution coefficient of the undissociated
acid end on the degree of dissociation of the acide. The degree of dissociation depends
on the pH of the aqueous phase and on the dissociation constant of the acid. Consequently,
the gross distribution of a given acid, end hence its R value, is in general a function
of two physical properties of the acid, its distributioh coefficient and its dissociation
constent(s) and one experlmental condition, the pH of the aqueous phase of the chromato-
D'ram.

If neutral, non-buffered solvents are employed the pH of the aqueous phase at
a given point depends only on the concentration of carboxylic acid at that point, and as
the mobile phase carries the acid past this point there is & decreasing concentretion
end increasing degree of ionization of the acid with a resultant changing distribution
of the acid between phases. The rate of movement of the acid, therefore, decreases when
its concentration decreases and stresking is produced,

This effect can be avoided by maintaining the pH of the aqueous phase at a
constant value. This is accomplished either by employing an acidic solvent or a buffered
solvent. Lugg and Overell have used an acidic solvent to effect the separation of
carboxylic acidse By using formic acid as & "swemping"™ acid, they suppressed the ioniza-
tion of the test acids so that the RF values depend principaelly on the distribution
coefficients of the free aclds.

It is possible to adjust the pH of the aqueous phase by employing buffers.
This can be accomplished either by applying the buffer to the origin or by dissolving
the buffer in the solvent beforehand. The Rp value then depends on both the distribution
coefficient and the dissociation constant of the carboxylic acid,

It is desirable in two-dimensional paper chromatography to employ a low pH
.solvent in one direction and a higher pH solvent in the other direction so that a .
different order and degree of separation is obtained in the two directions., While it -

is possible to obtain good separations of a number of carboxylic acids with two-
dimensional chromatograms which employ acidic solvents in both directions, the resultant
positions of the acids tend to overlap those of amino acids, sugars and other plent
constituents. The use of solvents of differing pH moves the acids to a region of the
peper apart from the rest of the plant constitutents. Such "area" separation is desireble
in enalysis of plant extracts in that it circumvents preliminary fractionations.

The usual method of buffering in the phenol direction has been to apply the
buffer to the origin along with the mixture of acids or cell extract. Since the buffer
capacity thus obtained is limited, it is necessary to use very small emounts of acidse
From one to five micrograms of acid gives satisfactery results. The colorimetric methods
described by Lugg and Overell give best results for twenty micrograms or more so the
tracer method. of detection is prefersable for this purpose. :
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Several ca.rboxyllc aclds labeled W:.th C14 have been synthes:u.zed and chromatograph—
ed to determine their positions with the solvents employeds In addition to malic,
suceinic,. fumaric and tartaric ecids, which were studied by Lugg and Oversell, isocitric,
glycolic’ and glyceric acids have been separa’ced. )

The relatien of R, values in an acidic solvent to the distribution coefficients
is shown in Table 1, The E values and the distribution. coefficients of the acids,

of alanine and glucose were measured. Using the constents of alanine as a standard,
the term % wes calculated end found to be 0,55, The RF values of other solutes
can then be calculated according to the expression

R = L

1 + 0.55a
Comparison of the calculated values with measured Ry values shows fairly good agree-
ment and affords additional svidence that paper chrom 11;ograms of this typs are partition

chromatograns e
Teble 1

Comparison of Measiured and Calculated Rp Values in
Butanol-Propionic Acid-Water Solvent

Solute ‘ a ' Ry, (calculated) Ry (moasured)
Alanine 3665 Rtatadl 0333
Funaric 0,50 f ' 0,78 _ «72 .
Succinic 1,02 o564 «65
GlchIic . 2 006 047 : - ) 051

Malic . 2 .40 - 045 : 045 .

. Isocitric 2475 ‘ 40 ’ o o4l
Glyceric . 2,95 , 38 38
Tartaric 3020 _ 36 032
Glucose 5475 24 620

- solation and Identification of the "First" Product of Photosynthesis.
] : yo

The radiogram of the products of 5 seconds of photosynthesis showed one major
compound had been synthesized. It was assumed that this compound was direcktly in the
path of carbon from carbon dioxide to hexose since its amount increased to a maximum
with longer photosynthesis, and in experiments where the supply of labeled carbon dioxide .
was removed from the plants this compound was the first to disappears It had been known
from our earlier work that phosphoglyceric acid appeared in this area in the radiogramse
Other laboratoriés working in this field had not been able to identify phosphoglyceric
acid as an intermediate in photosynthesis. It was considered appropriate %o isolate end
identify this compound by the class:.cal mﬁthﬁdoo : -

Six grams of Scenedesmus D=3 cells, ‘which had been allowed to photos Jn’cheglze
for 5 seconds in C140, before rapid killing in acetic acid-hydrochloric acid, was diluted
with 18 g. of normal cells. The aqueous cell extract was concentrated and subjected to
the usual isolation procedure. for phosphoglyceric acid with several modifications, When
the acid solution was neutralized to pH 7, the activity came down with a precipitate.
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This phenomenon of adsorption is partlcularly sronounced with phosphoglyceric acide

When the solution was adjusted to pH 9, the activity was apprently displaced and readily
washed off the solid., Addition of burlum'to the re-acidified solution gave a precipitate
which was active, not at all characteristic of pure phosphoglyceric acid. The activity
could be removed from this precipitate by repeated washing with 0,05 N hydrochloric

acid but when this solution was neutralized no insoluble barlum phosphoglycerate separated.
This wos due to the moderate solubility of the salt which was precipitated by addition

of a volume of ethanol, Repeated dissolution in 0,05 W hydrochloric acid and precipitation
on addition of alcohol gave a crystalline salt which had the properties of barium phospho-
glycerabeo

The phosphorus enalysis and specific rotation, characteristically enhenced by
‘molybdate. ion, and solubilities were identical to those of the authentic materiale The
chromatographic coordinates of the material were those of authentic compound, When
absorbed on the strong base anion exchange resin, Dowex A-~l, and eluted with dilute sodium
chloride, the elution curve of the radiocactivity coincided exactly with the elution curve
for phosphate analyses. This precluded the mixzbture of a trace amount of adsorbed high
specific activity substance. Further evidence was obtained by hydrolyzing radioactive
phosphoglyceric acid end demonstrating that the glyceric acid so obtained was homogeneous
(by paper chromatography)end possessed correct distribution coefficient between water
and ether,

This aggregate of evidence for the identity of the first stable product of carbon
dioxide uptake by green plants during photosynthesis constitutes unequivocal proof of its
identity as phosphoglyceric acid and has been accepted by the laboratories working in
this field.

Malonate Inhibition.Experiments

A study of the effect of inhibitors on the path of carbon dioxide reduction during
photosynthesis has been started. Malonic acid has been employed and found to block the
conversion of oxaloacetate to malate.

A twenbty-four hour growth of Scenedesmus from a continuous culture was centri-
fuged and the resulting 13 cc. of wet, packed cells divided into two equal portionse
One portion was suspended in sodium malonate buffer, pH 4.3, containing 5 mg. malonic
acid per mls, the other portion was suspended in 50 ml, water. Both suspensions were
kept in the dark for three and one-half hours after which they were again centrifuged
and thon resuspended in 100 ml, waber with a small amount of fumarate buffer (pH 5)°
The suspensions were placed in thin wabter-jacketed vessels illuminated from both sides.
After a forty-five minube period with unlabeled carbon dioxide and air, radioactive
bicarbonate was added and the cells permitted to photosynthesize 90 seconds. The cells
were killed, concentrated and analyzed by paper chromatography according to procedures
previously described. The treatment for the inhibited and the non-~inhibited cells was
essentially the semee

The most pronounced effect of the inhibition was the disappearance of over 90
percent of the radioactive malic acid. It would appear that if malic acid were an
intermediate in the regemerstive reductive cycle, the operation of this cycle would be
greatly reduced by malonate inhibition, To test this possibility the alanine from both
cell extracts was degraded. It was found that the activity in the alphe~ and beta-carbon
atoms of the alanine was about the same in both cases, namely 35-40 percent, Consequently,
it is believed that the cycle operation is not diminished by malonate inhibition and
that malic acid is not, therefore, an intermediate in photosynthesis. It is further
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indicated that malonate blocks the conversion of oxaloacetate to malate which may
indicate e similarity to the enzyme system in enimal tissues studied by Das (Biochems
Je, 31, 1124 (1937)) where malonate was found to inhibit malic dehydrogenese.. The
amounts of succinic. and fumaric acids were too small in both cases to permit any
measurement of malonate inhibition of the formation of these acids,

Eighiﬁolecular Weight Early Products (insoluble in 80 percent alcohol or water) of
Photosynthesise .

Preliminary experiments have been done to determine the rate of incorporation
of newly formed amino acids into proteins during photosynthesis. In day-old Scenecdesmus,
which are actively dividing and producing proteins, several radioactive amino acids
are found in the probtein hydrolysate after 5 minutes of photosynthesis. Serine and
alenine are in largest esmounts with lesser amounts of aspartic acid, glycine, tyrosine,
phenylalanine and leycime. Others are believed to be methionine or valine and threonines.
In barley seedlings,  which are producing a cellulose structure, only serine and alanine
ere radiocactive after 5 minutes of photosynthesis,

Hydrolysis of the insoluble radioactive products formed by barley in 5 minutes
photosynthesis gave one major spot on the radiogram. This has been tentatively identified
as levulinic acid derived from dehydration and decomposition of polyhexose structures.

Separation of Phosphate Estersifby Ion Exchange Resinse

The sodium chloride elution curves of "Bios" brand phosnhorylated compounds,
glucose-l-phosphate, phosphoglyconic acid, glucopse- -6=phosphate, fructose-1l, 6= dlphosnhate
acid, 3-phosphog1ycerlc acid, from Dowex A-l resin in the chloride form are being
determined. It is intended that these elution curves can be used as a means. of 1dent1-
fication of the phosphorylated intermediates of photosynthesise

" The electrophoretic behavior of a mixture of radioactive inorganic phosphate

and radioactive hexose monophosphates was investigated. A technique. described by
Gerrison, Heymond and Maxwell of Crocker Laboratory of the University of California

was useds . The liquid sample was placed on a small filter paper aud dried, This paper
was then put in the center of a stack of filter paper (chromatopile) wetted with an
electrolytes The stack of papers was then placed between platinum electrodes and a ten
volt potential placed across the stack of papers. After air drying, the radioactivity

of each paper was determined, With sodiun acetate as the electrolyte all of the
radioactivity was found on the papers adjacent to the anode, No movement in the electri-
cal field was observed when ferrous sulfate or ferric sulfate was used as the electrolytes
Nickelous acetate, cupric acetate and cobaltous acetate gave bwo regions of activity,

one at the origin and the other at half the distance to the anodes Slight movement
~to the cathode resulted with use of aluminum chloride. These results indicate that
complex formation of the phosphate ion occurs with some metallic ions, and the degree

of complexing veries with the type of phosphate compound and elsctrolyte under investige-
u]_. OlNe .

~

Kinotics of COp Absorption in Plents

The co. -analyzer which is used in this laboratory utlllzeo infra-red sbsorption
by CO vaso Thé isotope effect in photosynthesis was first observed with this instrument
and i% suggested p0351ble dlfferences in infra-red spectra of 01402 end 012020

v The infrarred spectrum of 01402 has been measured and compared to that of 01202.
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The observed isotope shifts of the infra-red-active.fundamentals are in a.ccord with
those &aﬂmlatacl by means of the 'I'eller-'%edl:.ch product rule-

o (obs ) 667.5 234943
c14o (obse) 832 * 2 2220 ¢ 5
(calcs) 6316 2223,7

This work was carried out in colleboration with RK, ‘Sheline of the Chemié'bry Department,

Pho’qasynthesis in Higher PlantSo.

It was thought that there was a poss1b111ty phm.osyn‘cheols in hlgher pla.nts
would ‘differ considersbly from that in the greeh algae, It had been shown in our earlier
work that Chlorella and Scenedesmus utilized the same set of intermediates in photosyn=-
thesis except for minor variations in the sizes of the reservoirs of certain intermediates.
We find that size of reservoirs of many intermediates such as glycine, glycolic acid and
malic acid change considerably with the treatment given the plants., It was shown that
phosphoglyceric acid was the first radiocactive compound to be formed in appreciable
emount &nd the maximum time for it to account for over 60 percent of the activity fixed
was gbout 5 seconds of normal steady-state photosynthesis. Two higher plantsy geranium,
a dicotyledon, and barley, a monocotyledon, have been studied and shown to produce almost
the seme intermediates as found in the algae. The first products, the phesphoglyceric
acids, are the same in all four plants. Radiograms of 2-5 seconds photosyntheses with
" these plants show only one major spot on the radiogrem, phosphoglyceric acide The most
eppearent difference betwsen the higher plants and the algae is the participation of
glycolic acid and glycine in photosynthesis by barley and geranium. If the plants are
rapidly killed without any dark period after photosynthesis, glycolic acid and glycine
appesar in the radiogrems. With a derk period subsequent to the photosynthesis no glycolic
acid and glycine appear, This phenomenon.is true to a very limited extent in Scenedesmus
and to a marked extent in malonate-inhibited Scenodesmuse The role of glycolic acid
in the cycle for regeneration of the two-carbon carbon dioxide accepting molecule is
being investigatede

Relatianships between Respiration and Photosynthesis.

A series of experiments have been peformed with barley seedlings and the algae
Chlorella and Scenedesmus in which phobosynthesis intermediabes have been respired in
the dark or light immediately following their synbthesis. The analysis of the radiograms
so obtained is not yet complete but the following general phenomena have been observede

The intermediates from carbon dioxide to sucrose apparent after 30 seconds of
photosynthesm have been identified as the phosphate compounds involwed in the breakdown
of hexoses in animal tissue by respiration., A fraction of this in termediate, drained
off at the three-carbon stage, adds another active carbon dioxide to form four-carbon
compounds which are split to regenerate new two-carbon carbon dioxide acceptors. During
photosynthesis we have found that the Lrebs cycle for oxidation of two-carbon compound
frections proceeds only very slowlys In the dark, the Krebs cycle begins to operabe
immedisately and the characteristic respiration intermediates, succinic, fumaric, isocitriec
and glutemic acids, eppear. These appear at the expense of the phosphate esters imvolved
'in sucrose synthesise It now. sppears that the barL.Ley leaves are not capable of oxidizing
sucrose whereas they rapidly respire the phosphate esters intermediate in its synthesise
Apparently, the free sucrose prepared in the leaf is protected from oxidation and reserved
for use as an energy source in the growing, non-photosynthesizing parts of the plants

KL )

-
7
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such &8s new leaves and rootse

If carbon d:.ox:Lde is w1thheld from the plants in ‘the. 11gh’c after short photo-
synthesis -in 01402,rssp1ratlon of -active intermediates:occurs at a rate considerebly
less than that in the dark. It is felt that light imhibits plant respiration. This
is borne out by independent measurements of resplrat:.on rates durlng photosynthes:.s
prevmousl ¥ reported from this laboratory.

. The effect of prelllumme.tlon of barley leaves :Ln “the. absence of carbon dn.ox:.de
followed by dark fixation of €140, demonstrated that higher plants as well as alges can .
synthesize sucrose end fats in the dark provided the energy is-supplied by preilluminatione
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II QUAR ERLY PROGRESS REPORT PROJECT 48B

W; He Latimer, Direétor

A, Metals and ngh Temperature Thermodynamlcs

L. Brewer, L. A. Bromley, Ao Searcy, L° Templeton Ro Edwards, Ro MbKlsson,
G, Elliott, leonard Phillips and Donald Mastch

Thermal Conductivity of Gases

. Construction of the apparatus. for the determination of thermal éonducfivities
of ghsés at high temperature has been completed and experiments are in progresso-

Thermodynamics of CN gas

~'The values obtained for the heats of formation of Cn and Cs are béing checked
to determine thelr accuracy. ‘

Vapor Pressures of lMetals

Wbrk is progresglng on the determlnatlon of the vapor pressure, of alumlnumo
BeO is a satisfactory container at 1400 - 1500° C. TaC is satisfactory even at 2000000
The vapor pressure of Fe is being checked using Be0 and TaC contalnerso

_ Prelxmlnary work on the determlnatlon of the vapor pressures of very refractory
netals such as Re, Os, etc. by spectroscopic methods has been carried oute.

Liquid Metal Svstems

. The construction of & new high temperature calorimeter for determination of
heats of formation of metal alloys at high temperature is under way. The study of the
U-Bi-Na system is continuing. A new technique of using a4 high temperature x=-ray camera
to speed up study of ternary phaoe diagrams is belno tried. A}new-high temperature x~-ray
camera has been obtained, »

Thermodvnamics of Gaseous 0Oxides. and Hydroxides

The study of the vapor pressure of Al,0, by the effusion method is continuing,
mo has been found to be a satisfactory containsr“up to 2200°C,  TaC is oxidized by
,0, unless Al metal is present. AlO does not appear to be important, but it has not
ye% cen ostablished whether Al, 0, vaporizes undecomposed. The stability of FeO gas is
being studied as a prelude to a séarch for FeOH., Work is starting on the study of the
gaseous Mo oxides and hydroxides.
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B, Basic Chemistry; including Metal Chéiéﬁes -

Z. %o Hugus end Ks Lo Mattern

Lonthanun Chemistry : .

Repeated attempts to specify hydrogen ion concentrations have been met with a
greater degree of irreproducibility than can be accounted for. The glass electrode has
proven unsatisfactory for use in the presence of appreciable concentrations of tripositive
ions and in the ionic strengths being used.. With more reproducible buffering (measured
values) the complexing constant for the(LeX**+) formetion cen be essigned and used in
the study of complexing by other ionse

The Ekchanwe oi"I131 Between iddihe and Iodate Ioﬂ

Runs in 1,0 1 HC10, and in 0.2 I HC104, 0.8 1 LﬁLClo4 show that the exchange
rate veries as the 0.8 power of the iodafe ion conceﬁE}atlon,

It has beon p0531ble to asglgn a tentative value for the dlmerlzatlon constant
of" 10dlc acid on the basis of measurements of the equilibrium, 6I0% + 6Hﬁ + 5AgI04 ( ) +
31o + SHZOQ The value is such that dlmerlzatlon is wvery sllwht in any of the runs on
the exchanre roaction.

asuremcnts of the ultra-v1olet absorptlon opectra of hIOs and FaIOS solutions
have been ais conulnued temporarily,
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_ C; QOre Reduction

E, Fo Orlémann, 1, LusBy;'LeWis Myers and Stérling Sorenson

. - Investigation of macro scale pobtentiometric determinations of i by direct
titration with chromous ion (Cr**) has been dropped because of difficulty in establishing
the same indicating electrode potentials during any single run. No progress was noted
by further investigation into this problem, '

A Model 512 Photovolt photometer used in conjunction with a Model R fluorimeter
is being employed in the study of chelate formation between UOE* and TTA. The results
of this study will be used in investigations of uranyl and uranous phosphate complexes
which have just gotten under way. The precision fluorimeter mentioned elsewhere in this
soction will be employed in this investigation,
0T with Chromous Ion.

The difficulty with microtitration of vl using polarographic methods is
probebly inefficient stirring., Apperatus involving a Pt electrode furctioning as a
stirrer rotating at constant speed is under construction., The problem has been
temporarily postponede ‘

Anperometric microtitration of

UIV - VI Studies with the Dropping Mercury Electrode

Diffusion currents of UO%'+ have been lmvestigated in HC1, H,S0, and H,PO;.
Reproducible values are obtained in the first two media, end an exemination of possible
interferring ions is plannede

Results are erratic 'in H,P0, over a range of hydrogen ion and phosphate lon
concentrations, An attempt has been made to complex POp=. by adding AlCl,, but this
was inéffective, Fe*** was found present in the reagent grade H PO, ~and ilClg used,
The study of the Uogf diffusion current in H:PO, is postponed until more is known
from solublility studies of uranyl phosphates. ﬁeagents of higher purity will then be
usede

The half wave potential of UtV in 1,0 and:Ool I HzPQ, has been roughly
locateds . ' ' : :

: “To measure the ratip_of UtV ang VT concentrations, a pilot sysbtem that will
come to equilibrium with a U'T - UM mixture is being looked into. The potentisl of
such & mixture will be a measure of the ratio of concentrations of reduced and oxidized
‘formse It is planned to use the dropping mercury electrode as the investigating tool.
Possible systems are: Fe(CN)g= - Fe(CN)Z v - vo**, end I, - 17, Considersble
difficulty is being experienced in storing UVi.solutions. \ ;

A precision fluorimeter, designed to measure UV in quantities. down to 1 x
10~9 grems has been designed and is under construction. -Principle involves simultaneous
measurement of fluorescence from a standard and en unknown solid solution of UYL in WeF
- Ki,C0; flux, comparison being made through a bridge circuit, 'Low order of fluorescence
is.picked up by the use of photomultiplier units, . '
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' D. Engineering Development of Plutonium Separation

Tovvermeuleny To Eicks, Barney Rubin and Milton Davis

Pilot Scale Synthesis of TTA

TTA is now available in semi-commercial quentities from the Dow ChemicalfCompany
end accordingly, large batch preparations in this laboratory have been discontinued.

Kinetic 1nveat1gat10n of the synthesis reactions has.led to results that are
usable for reasctor design and a report on this subject is in preparation, The rate has
been shown to be first-order in respect to addition compound (which is in equilibrium
with methoxide and trifluoro ester), first-order in acetothienone and inverse first-order
with respect to total alcohol concentration.

Solvent Extraction Utilizing the Chelate Process

A calculation method has been developed utilizing batch rate data to predict
recoveries and pyrifications of the various elements, This method has been verified )
experimentally using tracer concentrations, Calculations indicate that two seven-stage
mixer~-settler units can recover 99,95 percent of the plutonium produced at Hanford
with a decontaminetion factor of 10-6, .

Plans ers in progress for the building of shielded equipment in order to sﬁudy
the recovery and decontemination of plutonium and uranium et high 1evel act1v1ty so ‘that

shove calculations may be checked experimentally.
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