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ABSTRACT OF QUARTERLY REPORT
CHEMISTRY DIVISION

During the past Quarter steps were initiated to strengthen cer
tain phases of the research program of the Division. Likewise, research
groups which wers weakened by personnel losses during the past year are
being, or will be, bolstered by a number of additions to the staff.. Re
search in the field of radiation chemistry was resumed by a group re
constituted under Dr. E. E„ Taylor. Plans for strengthening fundamental
and applied research in separations processes were formulated and adopted.

The results of principal interest during the period, December,
1948 through Februaryt 19-49* are summarized below.

Nuclear and Chemical Pronerties of the Heavy Elements - The
measurement of equilibrium constants for the formation cf thorium com
plexes in aqueous solutions was continued with studies of iodate ani
fluoride complexes in nitrate media., Evidence was found against the exis=
tence of complexes containing both Iodate and nitrate, but for complexes
containing fluoride and nitrate.

Additional data have been obtained on the solution chemistry
of U(V), The se:ond order rate constant for the disproportionate of
U02* was found to be strongly dependent on acidity and on ionic strength
cf the solution.. The disproportionate is catalytleally accelerated,
and the mechanism for the reaction is altered, by the presence of poly
meric particles of U(IV)„ Oxidation-reduction potentials of the lf(v
U(Vl) couple in chloride solutions have been measured and found to be
practically invariant with chloride concentration. In connection with
this research, a precision method for measuring pH with glass electrodes
utilizing a vibrating reed electrometer was developed.

An anion exchange procedure for separating protactinium from
other metal ions in chloride systems appears very promising. Separations
from thoriumy zirconium and cclumbium have been thus achieved.

Phase studies of the system, uranyl sulfate-water, hav© been
completed from the trihydrate-ice entectic to 374° C with the exception
of the essential determinations of vapor compositions and vapor pressures,

Nuclear and '"hemical Properties of Elements in the Fission Prod
uct Region " The preparation of Xe1^ on a "large" scale for neutron
transmission measurements was continued throughout this quarter. With the
possible exception of a few more preparations to improve t.h« accuracy of
measurements which may appear in question as the result of current compu
tations» the chemical phase of the work has been essentially completed.
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In the course of developing an assay method for X«I35^ evidence
has been found for an 11 d isomer of Xa1^! formed in about 0.8$ of
decay of 8 d ll31.

A long-lived palladium activity has been isolated from fission..
The maximum half-life of this activity, which is believed to be Pdl°7, is
estimated to be about 7x10^ yr.

The results of research using calutron enriched isotopes of
zirconium, molybdenum and tin for clarification of the radiation charac
teristics and identities of the radio nuclides of these elements and of
technetium are included but are too extensive to summarize effectively,,

Studies to identify the P -activities of uranium fission of
sufficient energy to eject photo-neutrons from deuterium have continued
with examination of the iodine fraction from pile-bombarded uranium. Evi-
d??Ae "aS fonnd for a llard gamma associated with the decay of 54 min.
I1-**, Yield measurements for the gamma ray and absorption studies of the
beta radiations of this isotope have been made.

General Nuclear Chemistry •> As mentioned in the preceding
Quarterly Report, gram quantities of very pure rare earths are now avail
able with the exception of Eu and 61. Initial steps have been taken In
the separation of Eu by ion-exchange from a concentrate of Sm-Eu,

Nuclear chemical studies of the rare earths have continued with
further investigation of 129 d Tml7°, 7 <j Tb161, 22'. d Gd153 and a prob
able new nuclide of Dy.

Radio-Organic Chemistry - Preparations of organic intermediates
containing C,M included: (l) acetylene in 15% yield from barium carbonate
and magnesium at 700° C, (2) 91 mc. of high specific activity methanol by
the lithium aluminum hydride reduction of C02,, (3) 7.9 mc. of formaldehyde
by the pyrolysis of methyltrlphenylmethyl ether, (4) ethyl formate in %%
yield from formic acid, (5) 18 mc. of acetic acid by carbonation of methyl
magnesium bromide, (6) malonic ester by the vapor phase decarbonylation
of diethyl oxalacetate, and (?) styrene by the dehydration of methylphenyl-
carbinol produced from acetic acid. The styrene has been polymerized in
rod form for transference to Dr. W, G. Brown at Chicago where it will be
used for C.I4 counting standards. A preliminary synthesis of wring-labeled*
benzoic acid with Inactive materials was successful.

Applied Nuclear Chemistry - The separation of hafnium from zir
conium is being investigated making use of the differential extraction
cf zirconium and hafnium from aqueous solutions into an organic phase
such as benzene, containing thenoyl trifluoroacetone (TTA)., The distri
bution ratio (organic over aqueous) has been studied for nitric acid systems
and found to have a third power dependence on the hydrogen ion concentration
and nearly a fourth power dependence on the TTA concentration.,
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A procedure has been developed for the complete electrodeposition
of ruthenium, as the metal, from solutions of radio-ruthenium. Concen
trated sources of Ru^°6, in the form of needles or plates* are desired for
medical therapy. The separation of traces of manganese from large amounts
of iron appears possible by preferential electrodeposition of the manganese
as MnOo^ from solutions containing sodium nitrilotriacetate.,

Laboratory scale investigation of an adsorption process for
Isolating fission zirconium and columbium from Redox process wastes has
continued with emphasis on procurement of the data necessary for design
of equipment for operation on a full activity scale in the hot-laboratory.
The substitution of nitric acid or ammonium hydroxide solution for the
water wash following the adsorption of Zr-Cb on the silica gel adsorbent
materially reduced losses. The radiochemical purity of the Zr-Cb after
their removal from the adsorbent has been found to be high, based on labora
tory experiments.

Physical Chemistry and Chemical Physics -'The examination of
the spectra of rare earths in solution at the boiling point of nitrogen
was extended to europium bromide hexahydrate and thulium bromide hexa-
hydrate,

Molecular beam techniques are being perfected for the study of
the kinetics of chemical reactions, starting with the reaction of potassium
with bromine as a test of this procedure„ By this method direct measure
ment of the cross-sections of the molecules for scattering and for reaction
should be possible,

Design and construction of a calorimeter capable of measuring
a heat input of lO"? cal/sec to within 1% are underway, with the ultimate
objective of extending the measurements of total energies of beta and
gamma disintegrations to less energetic systems and to, possibly, the
measurement of the,energy of the gamma emitted during the neutron capture
process,

Physical Measurements and Instrumentation - A method for deter

mining absolute disintegration rates of X-ray emitters has been developed
based upon the measurement of the counting rates of a given sample in the
chamber of a beta proportional counter at two pressures of the argon-
butane mixture which differ by a factor of two.

The crystal structure of potassium perruthenate has been deter
mined on the basis of copper radiation Debye«-Scherrer patterns and rota
tion and Reissenherg photographs with molybdenum radiations*

Analytical Chemistry - A polarographic method has been developed
for analysis of lead in highly radioactive solutions from the radio-barium
production process. Adoption of this method will eliminate many of the
hazards attendant the current use of the dithizone extraction, A thiourea



colorlmetric method for determining palladium was devised in connection
with the xenon cross-section experiment.

The decay scheme of Be1**0 has been investigated, with evidence
for a new gamma ray. Standards for routine beta and gamma counting were
prepared for Laboratory use and, in connection with the radioisotone
production program, gamma efficiencies of standard G-M counters were
measured using gamma emitters of known decay scheme.
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I. Nuclear and Chemical Properties of Heavy Elements

Thorium Complexes in Aqueous Solution
(R.A. Day and B. w". Stoughton)

Using the TTA-benzene solvent extraction method, identical curves of
distribution ratios vs. iodate concentration in the aqueoue phase were
obtained with nitrate and perchlorate media at an ionic strength and a
hydrogen ion molarity of 0,5, after correction was made for the known
thorium-nitrate complex.. The total iodate concentration In this work varied
from 2.^9 x 10"* to 2.36 x 10"2 M. The identity of these curves is evidence
against the existence of any complexes containing both iodate and nitrate,
which would of course change the distribution ratio In favor of the aqueoue
phase compared to that observed with perchlorate medium.

In a similar study of the thorium-fluoride complexes, the distribution
ratios (aqueous/organic) were higher with nitrate medium than with perchlorate
medium, after correcting for the nitrate complex, ThWO-j ~. Interpreting the
difference as due to complexes containing both fluoride and nitrate and assum
ing only one nitrate on each thorium-fluoride-nitrate complex, the values of
the following constants were deduced for a hydrogen ion molarity and an Ionic
strersgth of 0.5:

Reaction

Th** «? HF = ThF"*3 « g*

Th** * 2BF 5ThF2*2 " 2H*

Th^ «H03* ♦ HP =ThHO-jF*2 *H*
Thv* •» H03" «2BF *ThNO^g* *2H't

k.3 x 10*

3.1 x 107

2.0 x 10*

O08 x 107

The first two constants were obtained from the results in perchlorate
medium, and they agree very well with Dodgen's values of k„5 x Mr and
2.9 x 107 respectively, obtained by another method. The last two constants
were obtained from the results in nitrate medium using the values of the
first two constants already obtained.

This and previous work on thorium complexes will be issued soon as a
progress report.



Chemistry of Uranium_{V)
F. Kelson and K. A. Kraus
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During the last quarter investigation of the chemistry of uranium (?)
•*as continued, attention being focused on the potential of the uranium couples
and on the kinetics of the U(I?)-{V)-(VI) systams.

Most of this work has not yet bean completed and only e few fragmentary
results will be reported at this time.

a) Potential of U(V)/{VI) Couple

Seme of the oxidation-reduction potentials of the U(Y)/{VI) couple which
have been observed In chloride solutions are summarized in Table 1. Although
the results are to be considered of a preliminary nature only, the practical
inrariance of this potential with chloride concentration is considered note
worthy. The average of the potentials previously determined for 0.1 M Cl~
solutions has been Included for comparison,

Table 1

Potential of U(V)/(VI) Couple© In Chloride
Solutions.

[uj x io3 p^cfjx io3 Method of
A 'cbs. log (p(V-U1 *56

Preparation BKTfl
W 0.1 -0,062

2.19 1,07 electrolysis 0,5 0,191* 0.053 -O.057
2.12 1.3*

rt n
0.1903 0.088 -O.056

1.04 1.08 fi »

0.1997 -0*088 -0,057
1.50 13.3 aol'n Of UCle it 0,1552 0.715 -0.05*
2„ 50 12.8 n -' w

0,1555 0.680 -0.055
0.7*3 2.7

« n
0.2100 -0.257 -0.055

2.2? 1.88 electrolysis 1.0 0.1602 0.331 -0.054
1.13 1.13

n M
0,1895 -0.158 -0,05*

(a) From 0BWL-188 and OEHL-189

b) Plsproportlonation of UP

The second order rate constant for the dlsproportlonation of C02'' (K^)
was found to be strongly dependent on acidity and on ionic strength as shown
by the data summarized In Table 2 and Fig, 1.
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Table 2

Disproportionation of U02"ft in Chloride Solutions at 25 + 1°C

CKCi-SCl)
M HC1

(final) KP *L Kj £
*h

0.14 o^pjgo^ _ P.775 *,09 135

0.50 0.00560 0,763 1.173 275
n

0.0225 n

*»75 276
n 0.0236 it

5.10 283
t» 0.0288 it 6.32 288
t» 0,0298 n 6.16 271
« 0.0*95 tt

10.3 27*
«

0.0820 it 16.3 260

1.00 0.0201 0.853 8.05 *69
0.0332 tt

11.15 39*

2.00 0.0200 1.056 17.8 843
0.0202

it 16,9 791
0.0257

n

21,7 801

(a) Calculated using #% for HC1 In HC1-KC1 mixtures given by Earned
and Hamer, J. Am. Chan. Soc 5J>.» 219* (1933) and /♦Kcl given by
Latimer, "Oxidation Potentials", assuming V^ = /CT"«

The rate constants (Kj) at ionic strength /<r 0.5 were determined ac
a function of acidity and \t was found that Ki/an « K^where an is the
oxonium ion activity and % the acid-independent rate constant. The same
relationship was found for perchlorate solutions by Kern and Orlemann
CMDDC-I703). Thus in chloride as well as in perchlorate solutions the
rate determining step appears to be the reaction

U0C
A 4

UOgH [uo^ooga] *3
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c) Catalytic Disproportionation of U0?*

When TJ(IV) in U(IV)-CV)-(VI) mixtures begins to polymerize the dis
proportionation of U02* Is catalytlcally accellerated. The mechanism of
disproportionation must be different from that described In section (b)
and might be either

W2* « P _ _^ p.TJ02*

followed by P.DOg* ^ p.u(IV) *tK>2+*

where P represents a polymeric particle of U(lv"), or it might be due to
discharge of DO;/ on the polymer surface followed by a collis%«m of a
second BOg* ion"with the surface when the excess positive charge is picked
up to form U02**.

The catalysis Is demonstrated in Fig* 2 where the molarity of 00«*
is plotted as a function of time. The (small) concomitant change in acidity
is also shown in this figure. In may be noticed that acid is liberated dtiring the
reaction, primarily due to the polymerization of V{Vf), whose formula before
polymerization Is approximately U0H*3 under the conditions of the experiment.
The average formula of the U(rV) polymer in the solutions at the end of the
experiment (t - 80 min.) was calculated from the pH measurements to be
U(OH)3 A in close agreement with the polymer formulas previously found
for Pu(lV).

Precision Glass Ilectrode-pH Measurement with a Vibrating Bead llectrometer
R=> W, Holmberg and K. A. Kraus " " """* *""""*

The vibrating reed electrometer, which can operate with extremely high
input resistanoe, is ideally suited as null-point detector in precision pH
measurements with glass electrodes, and following a suggestion by C J. BorUoweki
has been put to this use for the last three years in this laboratory.

For pH measurements the instrument is being used in conjunction with a
precision potentiometer and Brown Ilektronik strip chart recorder. The full-
scale sensitivity of the recorder was 10 mg,, yielding a reading accuracy of
• 0.01 mv. A block diagram of the circuit is shown in Fig. 1„<•

In the past, when the instrument was used in a thermostated x*oom,
without further special control of the temperature of the solutions and electrodes
the voltage measurements appeared to be reliable to a few tenths of a millivolt,
This error appeared to be considerably larger than the expected inherent
accuracy of the instrument. Considerably more precise results were obtained,
if only potential differences were measured of acid solutions before and after
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edditlon of known amounts of acid and if the potential changes were
extrapolated back to the time of mixing.

A set of 12 recent experiments performed in an 6 hour period is
shown In Table 1. It can be seen that the voltages (S^)of the cell (glass
electrode/0.01013 M HCl//sat'd KCl/lgCl/Eg) fluctuated for different all-
quots of the same acid with a standard deviation C5" &0.1 iw^.xflX £.'(*.-•.* )J^ )
After addition of 0.*992 ml. of 0.1000 M SCI, without removing the electrodes,
the potentials Sr were observed to also~have 0~ « 0.10 mv„ The precisian.
of the OBasurements of the potential changes, however, was considerably
better, ( <S - 0.030 mv.)

Since tempaafcure fluctuations were considered responsible for the
changes in eell potentials for different allquots as well as for the con
siderably larger day-by-day fluctuations, tests of the instrument under
better controlled conditions were carried out. The calomel (reference)
electrode containing a sat'Jd EDI bridge was placed in a Dewar flask, and
placed in a 25°C thermostat when not in use. The insulation was sufficient
to keep the temperature of the reference electrode at 25 *, 0.05°C for an
afternoon if it was used in a thermostated room. The cell containing the
solution to be measured and the glass-electrode were placed in a thermostat
(25 ^ 0,03°C). With this arrangement the cell potentials for various
allquots were considerably more reproducible, and the standard deviation

(5 z 0.025) of the measurements was only slightly larger than the reading
accuracy of the instrument, as shown in Table 2. These data were obtained
by alternating measurements of 0.0100* M EC1 with 0.005025 M HC1 solutions,
(both of jx, = 0,5).

If the glass-electrode behaves like a hydrogen electrode, and if activity
coefficients and liquid Junction potentials do not change, a voltage change
of 59.15 nor, should be observed for a ten-fold change in acidity. Since
the experiments, summarized in Table 2,were carried out at constant ionic
strength (Ms 0.500) and at HC1 concentrations small compared with 0.5 M
this slope was expected. Instead a slops of 57.62 4 0.10 mv» was found with
this particular glass-electrode. Other electrodes were tested (Table 3) vith
the same HC1 buffer solutions and their potential - pH slopos were found to
vary considerably, although the response of each electrode appeared satis
factory from all other points of view.

Since glass-electrodes are generally considered unreliable at high
acidities,experiments are now being carried out to determine the upper limit
of the useful acid range. It has been found that immersion of the glass-
electrode In 1 M BCIO^ causes a very serious hysteresis effect. Ho such
affect was found in 0.1 M HCIO^. To avoid errors due to liquid Junction change
the measurements were carried out in a cell without liquid Junction, ualng^ as
reference a glass-electrode which had been permitted to age in 0.01 M H^O .
The other glass-electrode was immersed in 1 M ECIO^ over night, rinsed, and
than placed into the 0.01 M H3O* solutions. The change in cell potential
with time, due to the hysteresis of the treated ©lectrcde Is shown in Fig, 2
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Table 1

Voltage of Glass-Calomel (sat*d KC1) Assembly
(millivolts) (T s 25 i 1°C )

I. - voltage in 0.01013 M HCl

If - voltage after add'n of 0.*992 ml 0.1000 M HCl
to 15 ml 0.01013 M BC1

*i f A«

(1) 332.52 338.97 6.45

(2) 332.36 338.8* 6.48

(3) 332.28 338.7* 6M

(*) 332.30 338.72 6.42

$5) 332.35 338.79 6.44

(6) 332.38 338.79 6.41

(7) 332.39 338.86 6.47

(8) 332.30 338.78 6.48

(9) 332.46 338.96 6.50

(10) 332.** 338.90 6.46

(11) 332.51 339-00 6.49

(12) 332.61 339.02 6.41

av. 332.*! 338.86 6.456

Cf 0.10 0.10 0,030
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Table 2

Voltage of Glass-Calooel (sat'd HCl) Assembly
, (millivolts) (T = 2*.67 1 0,03 C, 0.500 M CI")

0,01004 ji H30« O.OO5O25 MH3O* AI

(1) 330.7* (2) 313.*5 17.29

(3) 330,76 (*) 313**3 17.33

(5) 330.75 (6) 313.*3 17.32

(7) 330.75 (8) 313.*6 17.29

(9) 330,80 (10) 313.*o 17.35

(11) 330,75 (12) 313.*o 17,35

(13) (330.29) (1*) 313.38 -

(15) 330,73 (16) 313.*5 17.28

(17) 330,72 (18) 313.*3 17.29

(19) 330o76 (20) 313.*o 17.36

(21) 330.75 (22) 313-*2 17-33

Av. 330.751*** 313.*27 17.319

<5 0.021*B) 0.025 0,030

(a) Average calculated excluding #13.
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Table 3

Voltage - pH Slopes for Various Glass-Electrodes

B mv.

Eleotroat 0.01004 M BC1 0.005025 M HCl A E(mv.J Slope Jgj/jsH

1 . 330.77 313.** 17.33 57.6

2 349.23 331-30 17.98 59.6

3 331.05 313.52 17.53 58.3

Chemistry of Anerlcium
G. tf. Smith and K. A. Kraue

During the last quarter an additional 5 rag of Am haa been purified and
studies of the chemistry of Am in aqueous solutions hate been started. The
studies are centered around the spectrophotometry of Am and its oxidation •
reduction behavior. Since the results which have been obtained are still

of a preliminary nature, their discussion will be deferred.

Counting of Liquid Samples of oc - Emitters.
X. A. Kraue, H. H. Miller

A study on precision counting of .liquid samples of (X •ssaitters is
undter way using variations of the technique previously described (CBX-37,
February 19*3). The work is almost completed and will soon be issued as a
progress report.
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Separation of Protactinium *ron Metal Ions by Anion Exchange Resins in
Chloride Solutions., (g. A. Kraus and 0. E, Moore)

a) Mstrlbutlon Coefficients of Pa

The behavior of protactinium and of a number of other metal ions
in strong BC1 solutions is being investigated with Dcwex A-l anion ex
change resins whose functional groups are quaternary amines. Since this
resin can adsorb negative ions,it is of interest to see If separation of
metallic ions could b© carried out under conditions where they form
negatively charged complexes.

(1)Sine© protactinium can apparently form a neutral chloride complex

(1)K. A, Kraue, Q. Vtsa Winkle, 013IL-239
K. A. Kraus, A. flaren OB8L-65, 0RHL-176

in ca. 3 M BDl,it appeared possible that it can form a negatively charged
chloride complex at somewhat higher BC1 concentration. The existence of such
negatively charged complexes, though not necessarily their eoneentratica,
should be readily detectable by distribution coefficient measurements with
an anion exchanger.

Experiments were carried out using the f> -emitter Pa233 (Tw2 =27,* days
whiah had been purified by dl-Ieopropyl earbinol extraction from HCl solutions.
It was found that the distribution coefficient (Kg) of protactinium on
Dowex A-l (amount of Pa par gram of resin divided by amount of Pa per ml
of solution) increases rapidly with increasing HCl concentration between
2 and 8 molar HCl thus clearly indicating the existence of negatively charged
complexes. The charge of the Ion (or ions) aa well as the sencentration
Is in doubt. In view of the fact that chloride ions tend to adsorb reasonably
strongly in this rcsin^2' and are present at extremely high concentration

(2) G. E. Boyd, Private CcaBunieatlen

the charge on the Pa-chlerlde cemplex (or complexes) appears to be > 2. (o.g.
Pa Cl| ,Pa Cl| or oxychloridee).

The reproducibility of the experiments was low as shown in Table 1 but
the abrupt change of the distribution coefficients with HCl concentrations
as well as their large numerical values appeals to be sufficiently w<&
established to make the use of this resin in aany e&paration processes very
promising.
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The distribution coefficients were determined by agitating for 16-20
hours at room temperature ea. 20 mg of air-dried resin (ea. 10 mg on over-
dried basis) with 100 ), of Kl solutions containing approximately
12000 d/m of Pa233. The resin was separated from the solution by centri-
fugation, an aliquot of the solution assayed for Pa -*3, the resin deposited
on filter paper, dried by blotting, washed on the filter paper with a drop
of the HCl solution, transferred to a weighsd platinum plate and its weight
determined after drying at 110°C. For beta assay, the resin was first
heated with concentrated nitric acid and then completely decomposed by
careful flaming of the plates.

Table 1

Distribution of Pa between Dowex A-l and BC1 Solutions

(T • ca. 25^, Solution volume 0,100 ml)

(a)
M HCl mg Resin Equilibration c/m Pa c/m Pa %

(oven-dried) hours par ml per gram
solution resin

0.9 ,10.5 15.75 37,300 70,000 1.9
0.9 7.3 15.75 37,900 128,000 3.*
2.7 9.3 15.75 28,600 1*5,000 5.1
2.7 9.1 15.75 28,200 110,000 3*9
6 8.0 20.5 l*,o6o 338,000 24
6 10.6 20.5 13,300 250,000 19
6 9.4 15.75 15,000 253,000 16,9
8,4 7.0 16,75 9,900 426,000 *3
8,* 10.5 16.75 9,900 295,000 30
8.4 11.5 15.75 10,720 213,000 20

(a) K<j e amount of Pa/g resin divided by amount of Pa/ml solution.

b) Separation of Protactinium from Thorium

The separation of thorium from Pa was tested with ca. 15 cm, long
adsorption column of Dowex A-l resin which was constructed of a pyrex
tubing (2 mm, i.d.) using 200-230 mesh resin. Before use the resin was
washed with a large excess of 8 M HCl.

Pa233 (4x10" c/m) and thorium (ea. 33 mg ThCl^.SHgO containing ca.
2.4 x lO^d/m of ionium) in 8 M HCl were added to the columfc. On washing of
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the column with 8H H3I (flow rate ca. 0.2 ml/cm2 column area) the ionium
activity appeared in the detector in c very sharp bend and so soon as to
suggest that It was not appreciably adsorbed. On the other hand, protactinium
was found by probing of the column with a beta-probe to be still in a
narrow band at the top of the column, even after washing with ca. 15 column
volumes of 8M HCl (column volume was estimated to be ca. 0.3 ml, assuming
a void space of 30$). The Pa was finally removed from the column by
elutlcn with 1 M HCl and it was found to come off the column in a sharp
band. The separation is illustrated in Fig. 1. From this experiment It
appears that thorium does not tend to form a negative charged chloride
complex and furthermore that the separation of protactinium from thorium
by this method could be achieved with a very short column and with v&ry
high efficiency,

c) Separation of Zirconium and Columbium from Protactinium

An 8M BCIfieolutien containing ca. 4x107 d/m of Zr95 and columbium^
and ea. 8 x 10b d/m Pa233 was added to the column described in (b) after it
was equilibrated with 8 M HCl.

Both zirconium and columbium could be rapidly eluted with 8 M HCl
(flcwrate*0.2 ml/cm2) and they same off the columns ia a sharp band„ The
band showed a slight asymmetry suggesting that a partial Zr-cb separation
occurred. This point is now being checked under more carefully controlled
conditions.

To remove the protactinium from the column, elution with 4 M HCl was
carried out. A ehajrp elution band wae obtained. The separation is illustrated
in Fig. 2.

It appears that Pa(V) apparently forms considerably stronger chloride
complexes than Cb(V) which might be due to the fact that protactinium, which
almost certainly is considerably larger than columbium, can also be more
readily polarized and thus form more stable chloride complexes In analogy
to similar trends among the transition elements.
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The System Uranyl Sulfate - Water; (C. H. Secoy)

The phase study of this system has been completed from the tri-
hydrate - ice eutectic to 374° C. with the exception of the determination
of the vapor composition in the two-liquid phase region and the measurement
of the vapor pressure of the solid-saturated solutions. Previously reported
data for the composition of the saturated liquid phases were based on the
overall composition of the system and should be corrected for the loss of
H20 to the vapor phase. In order to make this correction the vapor pressure
and vapor phase volume must be determined as functions of temperature.

Considerable time has been spent in devising a reasonably accurate
method of measuring the vapor pressure. A number of experimental diffi
culties have been encountered. However, it is believed at this time that
a good method has been devised and that the data will be completed soon.
Details of the experimental method will be given when the work is completed,

The volume coefficient of expansion of a 34.9£ uranyl sulfate
solution in a closed system under its own equilibrium vapor pressure has
been measured. The method consisted of following the position of the meniscus
in a sealed silica capillary. The capillary was not of uniform bore, and,
therefore, it was necessary to determine its diameter at a series of points
along its length and interpolate graphically for intermediate points. Major
sources of error were due to the non-uniformity of the capillary as well as
estimates of the tube ends. Suitable corrections for the expansion of quartz
were made. A concentration in the neighborhood of 30% was selected since
this is approximately the critical composition for the two-liquid phase region.
The fraction of the total volume occupied by the liquid phase at 22° was 0.3Ao
This Is approximately the same as was used in the solubility measurement
(0.33 to 0,35).

The data are tabulated In Table I. Mean expansion coefficients,
/$ , in cubic centimeters per degree per cubic centimeter were calculated
for each temperature interval except for one containing 294° C., the critical
solution temperature, at which a discontinuity is to be expected. In Fig
ure I, the calculated values of ft are plotted against temperature. Below
29A° C.,(the one liquid phase region) / varies only slightly and probably
nearly linearly with temperature. On the assumption that the variation is
linear in this region, the empirical equation, /* = 5.097 x 10"7 T *
A.00A x 10~4, was obtained by least squares. Above 29£<> C., (the two-liquid
phase region) / increases rapidly with temperature. By use of this data,
along with the results of the vapor pressure study, values for the true
compositions of the liquid phases can be calculated.
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Table I

Volume Exnanslon of Uranyl Sulfate Solution

34.955 U02S04

Total Volume of Tube - 0.4130 cc

£*9ff

V, CCe
B =- AV

Vm* AT
V °c

0.1413

0ol435 .

5o83 x 10-4 35.5

0.1452

5*56 n
59,4

0.1466

5o33 Tt
79o0

0*1485

6.19 «
94o4

0.1505
6,56 rt 119.0

0*1528
6o48 n 140o 9

0.1549

5.91
q

164.1

0.1558

5.13 n 181.3

oaeo4
6.51 n

209,3

0.1624

7.00 tt 240 o5

0.1652

0*1695

6o95 n
261,7

0*1730
9„29 i» 314,8

0.1771
11,71 H

335.8

0.1803

17,05 N 351*5

0.1640

19c91 0
361,4

!
0.1869 '

31o27 «
369,0
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ll . Nuclear and Chemical Properties of Elements
ln.the Fission Product Region

Xenon Cross-Sections as a Function of aaergy (A. R. Brosi, S„ Freed, G. H.
Hebert* G. ff. Parker, G. K. Creek, Ho Zeldes of the Chemistry Division,,
S. Bernstein, J. Dial, T. utephenson and C. ?. Stanford of the Fnysics
Division, and Dan Jones of the Engineering Division)

The greater part of the work on this problem is now considered finished,
and it is planned to give a comprehensive report on methods and results in
several months.

A memorandum to A. Mo Weinberg duted January 1* 1949 gives preliminary
analyses of the data for runs 3*. 6 and 6, Since then, runs 7, 8, 9 and 10
have been carried out,,

Absolute assays of the amount of xenon have been made on runs 3 and 7*
and the relative values are in good agreement with those obtained from
spectrometer measurements., In general it may be said that the average
total cross-section is about equal to the capture cross-section previously
determined In the pile. The maximum cross-section is 305 x 106 barns,

A greut deal of computational work has been ;erf^rraed for us by the
Mathematical Panel. The following table gives the values of the parameters
in the Breit-Wigner relationship for different sets of runs, B in electron
volts is the neak energy of the resonance curve, /"in electron volts is the
half width of the resonance, and c~b is the maximum total cross-seotion
relative to that at 0„03 electron volts.

Runs Eo r 0*6

7, 8, 9 0.0851 0.1137 1,148

7* 8, 9, 10 ,0849 .1137 1.164

3, 5, 7, 8, 9. 10 o0865 d067 1.24

3, 5, 6, 7, 8, 9* 10 .0890 .1206 1.183

The chemical processing has become fairly well standardiied. One added
step is now being carried out and was used in runs 7, 8, 9» and 10. Its
purpose is to remove hydrogenous materials such as alcohol or ether used in
washing the Pdlg precipitate free of water. A small amount of hydrogenous
material, because of its appreciable scattering power for neutrons*, has con
stituted muoh of the dead, material in the neutron beam* At present as the
last wash,perfluoro triethylamine is passed through the precipitate under
vaouum8 and it seems satisfactory in every way0

Six X-10 slugs irradiated in the Hanford pile were shipped here by
planeo The liaison and cooperation with Hanford was carried out by the
Division of Research of the Oak Ridge Operations Offioe of the Atomio Energy
Commission* in particular by John Ruch» The elaborate operation, called
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"Operation Very Green" was so smooth that the Blugs were being processed
here in less than two half-lives* twice 6.7 hours, after they were taken
from the Hanford pile,

The activity through the shielding of the cell was less than from
slugs radiated here,, but the active gases and particles blown up the roof
stack of 706-0 and swept back into the onerating spt.ce of the 706-C build
ing were far above previous experience a

Steps have been falcon with the cooperation of the Radiation Hazards
Committee to reduce this aotivity materially.

The content of 1155 j_n the slugs was roughly three times our previous
maximumo All the chemical onerations gave good yields^ HoweverP for Borne
reason at present still unknown;, the greater portion of the iodide preoi-
pitate adhered to the funnel, an experience not met with In any of the
previous runs0
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Final Scale Operation of the (I-Xe135) Process:
G. t?« Hebcrt, P. »'. Lantz)

\0. W. Parker, Cf. B. Creek,

Introduction and Summary.

Since the appearance of the last Quarterly Report 0RNL-229
(pp. 21-29) summarising the results of the intermediate level I*35
separotiens, full soale operation has been engaged and continued at a
rate of about one run per week or approximately as often as possible with
iiritations existing in the 3-5 day transmission counting period et the
spectrometer and in the clean-up and recovery time necessary in the
chemical equipment-

The preparations and mountings generally have been satisfactory
although improvements have occurred gradually in terms of maximum yield
end in transmission quality, cnly variations in operation technique as
an effort to circumvent speculative radiation effects have been introduced,
with the exception of the much more emphasized necessity for complete
dehydration of the Pdla. Tt has not been possible to evaluate any radiation
effects in terms of yield of iodine.

It is believed that with a few additional samples the usefulness
°f13Se operation wU1 have bean exhausted at the Clinton level of total
Xe <5». It la hoped that at least one higher level sample will be available
from Hanford.

Yield and Character of the First rjlne Active Samples of Pdlo Prepared for
Transmission Study. ' " -

Note that Runs No, 1 and 2were not full scale: (six slugs);
and that No. 1 is described as Intermediate Run No. 3 in the previous
Quarterly Report dRNL-229.

TABLE I

Strength in Curies Range of Trans-
as Determined with mission Peported
Ion Chamber by Broal ty the Physicist/

HgO Content' an

Relative Strength
in Xenon as Reported
by the Physicists

1 (slug,l hr.)
2 (4 slugs,3hrs.) 1.8
8 [6 slu,«:s»20-22 hra.) 4.2
4 (6 slugs, 20-22 hrs,) Not Used'1}
5 (6 slugs, 20-22 hrs.) 3-2
6 (6 slugs, 20-22 hrs.) 8.0<2)
7 (6 slugs,, 20-22 hrs.) 8,3
8 (6 slugs, 20-22 hrs.) 4,7(2)
9 (6 slugs. 20-22 hrs.) 8,5

0.25

1.8

4.5

9.8

(to be measured)

OK

OK

Incompletely Dr
OK

Poor (16-33#)
OK (41-8B*jft
OK (62-96%)
OK (44-86+5J)

♦The larger 'limit of the transmission range is a measure of the
background attributed to scattering caused by presence of materials such as
hydrogen in water or solvents»
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Rutl No' 4» wes not satisfactory for transmission study because
ot incomplete solvent removal, made particularly difficult by a floeculent
precipitate and additional carrier iodine. However, the yield was fairly
high,-, prooabiy equal to No, 6. Considerable gas formation in the capillary
by radiation-induced solvent decomposition further complicated drying efforts*

(2)'Run Wo, 6, due to a mechanical failure of the vacuum drying
system was assumed to be incompletely dried and .reed of solvents. The very
poor transmission data eventually confirmed this idea.

'Run No. 8, wats also affected by mechanioal difficulties, ia thia
case, by the abrupt failure of two of the four quartz heating elements which
in turn resulted in an incomplete iodine distillation.

Attempts to Purther Improve the Yield of Jodine.

The limiting factors discussed in the Quarterly Report ORNL-22&
and assumed to determine the yield of I135 i,ave .Rppar<sntly been ve-ified by
the consistent preparation of about 8-10 curies. An unusual yield of rbout
13 curies may eventually result from a combination of circumstances such aa
slight advantages from a maximum bombardment time, slightly improved flux,
*§ to 1-hour reduction in processing time, and a nearly perfect mechanic!
transfer. The use of small amounts of reducing agents to combat the
formation and deleterious effects of HfcO« and the exclusion of air by flooding
with inert gas has been practiced, but there has been no opportunity to
compare yields without this provisiiono

Consideration is being given the possibility of seeking a yield of
perhaps 50# increase by delaying the precipitation of one 6-slug run long
enough to obtain the product from a second 6-bIur distillntion. ' Obviously,
a considerable loss must be overridden from the de-say of the first batchj
however, it is conceivable that this lag period will be not more than 4 hours
which would still leave about 50?i of the 6 hour iodine for addition to the
yield of the second batch. If this doubling is attempted.it will extend the
total operating time to about 12 hours.
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Decay of 8Day Iodine131 to aMetastable State of Xenon131 (A, R0 Brosi
T. W, De'.Vitt and H. Zeldes) '

In the calibration of an ionization chamber with respect to the
disintegration rate of 1^5 the absolute disintegration rate of daughter
Xe*35, determined by coincidence counting methods, has been used as a

C primary standard^ #hen the 1-35 i3 prftpared by rapid separation cf
fiasioiTjM-uuucT, iodine from uranium which has received a short n-utron
bombardment, about 98$ of the iodine disintegrations are those of 1^35
at the optimum time. After a 12 hr, growth period the Xe activity is
mostly 92 hr. Xe1-*-'. In precise work., however, it is necessary to
follow the decay and correct for the presence of 5,3 d. Xe133o

In an attempt to assay the I135 in an iodine sample obtained
from a long uranium bombardment by this method it was found that the
residual activity after 9-2 hr.. Xe135 nad decayed, was not pure 53 d. Xe133/,
but contained another component -.vith a longer half-life and different
radiationsc The work done to characterize this component is reported
below,

Gaseous activity was removed from a sample of 8 d, I immediately
after it was isolated from fission products by the Operations Division,
This gas had about the expected amount of 5,3 d„ Xe activity and in
addition had another component with a longer ha If-life and different
radiation characteristics,,

Several succeeding samples of gas were taken from this 1 sample
after 17 hr. growth periods, //hen the 22 hr. 1*33 had decayed,the gas
obtained had a half-life of about 11 days. The yields of this 11 day
gaseous activity in succeeding samples decreased with a half-life of*8
days. A similar experiment was done using 8 d„ I isolated from pile
bombarded Te by the Operations Division, Tlie character of the radiations
and the yields were the same as those obtained from fission product iodine.
The yields of gaseous activity as a function of the age of the iodine
sample are shown in Figure 1„

The fact that the activity does not react with calcium vapor
indicates that it is associated with a noble gas. A sample of gas which
gave 87.*200 cts/min.. before calcium treatment gave 85,200 cts/nin„ after
ward. In another case,reaction with calcium vapor reduced the counting
rate from 57^300 cts/min. to 53,200 cts/min. In both cases, a 0,35 HeV
gamma ray component was removed by this treatment whereas a soft conponent
was unaffectedc

The lead absorption curve cf the radiations from this 11 day rare
gas activity had two components. One with a half thickness of 23 rigs/crtr
indicates an X-ray energy of about 30 KeV and another with a half thickness
of 325 mgs/cur could be either 85 or 170 KeV gamma rays„ Since lead
absorption curves do net give a unique value in this energy region, the
half-thickness in tantalum was measured and found to be 400 mgs/onr This
gives a gamma ray energy of 165 KeV.
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I Xe or ri"^-f"rT rlth an 8nerCT of about 30 KeV could b- those of
element 5 I v"1 ab8°rptiwi «"M»lWBki were made to Identify the
ahTl^thilkness of'sLuf 5 ^"/V* Critica11* ^orbedl.v Kof Xe are 5 ii k J5 Wcar^ In antimony only the K&X-ravs
u ?. , critically absorbed, whereas the hipher tnteositv K t ™

the°UH r;arehSf"fc^r °f about *5 «^' ^MtflEEtfthat tijS ^ atctlvlt-y ar* *»** in Pi?ure 2. These curves show
l^gdT^^^\arXftt Sirtheactivit"vis««^tedSthdicates U«? th ^ / f: -f8 ar* th0se of **non,this evidence in-
Xe ?hi8!s furflr ° ^^ reEUlts fr°n an isoneric transition intaYen with f ITn^Z SUpport*d bv th« «•<* thPt a lead absorption curve
coincident withI? t™' ^^ 8ha"ed '-ra-'s but not ^^na ravs to be
problbSethTt th! i[?T°* Sln?e thG paP8nt is an 8 d< r* i* i« MphlYprobable that the 11 d. isomer is a nstastable state of Xel31o R *

has been intern^ abs^ion CUrV* is shcwn in ««"« 3' This curvebeL^counted POn th,0" ^"J^**0" tb** nonoenergetic electrons werebeing counted On this basis the curve can be broken down into two com-

thV*£nWrf K1VeS CnergiftS °f 13° and 16° KeV which dlf^ from
The TnZ?*^™/?? "** by the Kand Lbindi'̂ energies of XeThe above interpretation was further verified by coincidence aZintiL
Uthx!r^:d "^ "" ^ *V -•""•'* *~* * ^Z^Zl SftS
U d isomer'of^131^ "" £*?l0" °f ^ atM!S *** d«™? to thei°t X i "" °?'te fr0n th* c°incidence data. In order to do
absorber *?nrTh\v 4C01n$ldftnce p*tes •»• extrapolated to zero total
~: olnCe bofch ihe ^notional form and the distance of the ex-
result nn ffe V^ un;crtai^no great accuracy is claimed for the
IrZlll a * ^f^ion U>at the gamma radiation was all internally
converted it was found that the number of conversion electrons was 0 8t
of the nuaber expected had all of the 8 d, I decaved to 11 d. Xe. A '
rough calibration of the gamma counter for counting efficient of 165 KeV
ganma rays gave an internal conversion coefficient, Ne/N , of' anproxLtllv
20 This would give 0,85* for the percent of 8 d. I* dvJvi™ tT <
Correct %£?"*" ""* ** "^ * **»* *^ *tVo^
CamacU) fbt^o'by^1^
or^h^Sf (^r^h^r^ day X* activity found in 0.03?-fission ytJldby Chackett^ Neither Canac nor Chackett made a mass assignment or
clZSTlV T ^°Ut the/adiatioi». Camac gave an aluminum absorption
curve similar to the one given hereu

In a beta ray spectrometer study of 8 day iodine131, Owens, Moe
>kw found conversion electrons with an energy of 128 KeV which wereand Coo

(1) M, Camac, CC-2409 (1944). ~~~ ""
(2) W„ J„ Arrol, K. FQ Chackett and b. Epstein, CRC-297 (1947).
O) Go E, Owen, Du Hoe and C, Se Cook, Ptiys. Rev, 74, 1879 (1948)
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not found by Metzger and Deutch • *' . It is believed that these electrons '
were froja the 11 day xenon daughter trapped in their source, The results
reported here lend support to the suggestion of Owen, Moe and Cook that
a small fraction of the 8 day iodine-1-3! atoms which decay with a 600 KeV
beta ray emit a 286 KeV gamma ray f cllowed by a 16'i KeV gamma ray

TJl FTTletzger and Mo Deutch; Phys„ Rev, 74, 1640 (1948),
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Search for Short-lived Activities Formed by the Neutron Irradiation of
Zirconium in Connection with the Zr93 problem (Q, Vs Larson; Gu Ec Boyd)

An examination of the neutron induced activities in Zr has been
conducted by way of a continuation of the search for the radiationsof Zr$3
reported upon earlier., /"See: 0RNL-229, p. 31_7» Since previous work
had indicated that possibly a 2„0 m period could be formed in rood yield,
a series of short pile irradiations of the calutron separated zirconium
isotopes was made, Allquots weighing between 2„2 and 2,7 mg of each ZrOo
preparation were bombarded for exactly two minutes and then counted withit
one minute afterwards. Small quantities of several short lived activities,
including the 29 s 01', were observed but none of the unidentified periods
was present in sufficient abundance to be attributed to Zr,. In the case

of Zr9202> using the pile oscillator value of H. Pomerance of ff~ s0.2b„
an activity of ^lO? c/m at 27,.8% counting geometry should have been ob
served if the radionuclide Zr°3 possessed a 2 m half-life, Actually, a
total counting rate of only 7180 c/m was observed for the entire sample
after 1,5 in decay. Since the absorption cross-sections of the other stable
zirconium isotopes vary between 0,15 and lc5b, it is concluded that probably
no radionuclides of this element exist in the mass range 90-98 with half-
lives between 10 s and 17 h« .The irradiation of the Zr9°C>2 preparation
gave the 17 h ^r9° activity in very good yields the decay curve also showing
the growth of the 70 ra Cb^V daughter quite nicely.

Tc and Mo Activities Produced by Pile Irradiation of the Calutron Separated
Stable Molybdenum Isotopes (Go E, Boyd, :^» V„ Larson)

In our previous cyclotron work with E5 E, Motta /~See 0RNL-176,
p. 39_7 a2.7 h ppsitron emitting technetium activity formed in the deuteron
irradiation of Mo' was assigned to Tc^3j92 on tna basis of yield con
siderations„ If the 2,7 h Tc activity belongs at mass 93 it might be
expected to decay to form the 6*7 h Mo"3„ Accordingly, a "milking" for
the presumed molybdenum daughter was attempted and met with negative re
sults in three successive deuteron irradiations of Mo92, Either, there
fore, the 2c7 h activity must belong to Tc92 0r else the reported 6,7 h
Mo93 is incorrect, A four hour pile irradiation of a 5„0 rag aliquot of
calutron produced Wo^O^ was conducted to test the latter alternative^
The entire sample was mounted in the "nositron" position on a snail permanent
magnet of ca* 1000 gauss field strength, and the decay was followed con
tinuously for several days. Resolution of the decay curve showed small
amounts of the well-known 67 h ?,fa99 an(j iM m$£»1°1 activities, (mainly from
the electromagnetic radiations of these radionuclides), but no 6,7 h period
could be seen- A simple computation based on the presumed 6 rab absorption
cross-section indicates that a large counting rate should have been found
Either the value of fjac is far lower than now believed, or perhaos Uo93
possesses quite different characteristics from thoss attributed to the. 6,7 h
period. Further work is planned.
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it is of interest to note that Seren, Friedlander and Turkel
/~Phys, Rev„, 72* 888 (1947)_7 likewise did not observe the seven hour
Mo activity upon irradiation with 3low neutrons and consequently give

(Jac as inOlb* .
Earlier cyclotron deuteron bombardments had indicated an 80 s

period in Tc formed either by a (d»2n) or a (d,n) reaction with calutron
prepared Mo100, rIn order to determine if the latter possibility were
correct, the Mo1^ was subjected to a neutron irradiation to form the
previously known 14„6 m Ho*^1, Conceivably the decay of this activity

t qicould lead to an 80 s Tci<JJ- period existing as an independent isomer in
addition to the known 15 m Tc101, However, a series of "milkings" of tho
14.6 m Mo "• by means of a rapid distillation procedure failed to reveal
any activity otnrr than the 15 m Tc1^1, Probably, therefore, the 80 r>
period belongs at Tc1^, The failure to produce the 80 s Tc activity by
means of fast neutrons or Rh according to Rh1^3(n^0<-)Tc:1-^ at the cyclo
tron remains unexplained,however, unless this short period belongs to some
other volatile radionuclide than Tcc

The Occurrence of Tc Activities in U235 Fission (Q. V„ Larson, G„ E„ Boyd)

A aeries of preliminary pile irradiations of UNII and rapid
chemical separations of the Tc fraction has indicated the formation of a
new 10 m and a 22 ra period in addition to the known 6C0 h Tc99 an<j 15 m
Tc^1,

The Radionuclides of Tin: (C. ll. Nelson, fh Ec Boyd)

A further clarification of the status of the radioactive isotones

of tin beyond that reported previously (ORNl-229, p. 33) has been attempted
using the calutron enriched stable 3n isotopes, A series of pile irradiations
for periods varying from ten minutes up to one week has given rise to a
variety of activities„ Certain information about these may be reported
at this time, although it is to be recognized that only a preliminary
characterization is presented:

1) StrL<-y -"A 9~5 I 0,1 m negative beta emitting period was
proouceri in maximum yield in the pile irradiation of the SnJ-24 preparation.
Absorption isochrones in Be, Al and Pb indicate £>~ with ca, 0*6 and 2.-06
MeV and ^-radiation of 0=38 and 1„86 tfe?. The beta energies were estimated
by Feather comparisons with 2.7 y Tl20* (0.80 MeV 25«") and 14-3 d P32
(1,712 MeV B~), respectively< A previous characterization of these
radiations by Sullivan and Hyatt (Hon N-243, January 1947) gave ^3 " ~*2,2
MeV by absorption in Al and jf^JO^h iSeV by absorption in Pb„ The Bohr-
Wheeler disintegration energy for this nuclide is 2,5 MeV suggesting that
beta branching may occur as follows: (0*6 Kew /3~ * 1„86 MeV jT ) and
(2,06 MeV B ~ + 0c33 MeV f )»

A 3 h and a 2 d period also were observed to be formed in the
pile irradiation of the Sn--2/* preparation.
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2) Sn1*--' - A 41 m negative beta emitting period was foi.^^j
in good abundance in the pile bombardment of the Sn122 preparation.
Absorption isochrones taken with Al and Pb gave energies of 1.1 and
0.76 Me*1, respectively, for the B~ and /"radiations. In addition a
hard component in the aluminum absorption curve, possibly due to Sb K^
X-rays, was noted and will be studied further. The apparent r^l5 m 5b
daughter of the 41 mSn123 mentioned in ORNL-229 has not been confirmed,
Evidently the growth of activity observed must be attributed to a highly
non-linear response in the particular GJI. tube used in that experiment.
In addition to the short period, an 18 h activity distinguished by its
intense hard Eradiations was observed to be formed in good yield. The
occurrence of the previously known 130 d activity in mass 123 is strongly
suggested by the high relative yield of very long half-life produced by
a one-week pile irradiation of the Sn122, However, the course of the
decay is such after 40 days tliat it may be said that probably tiiere is no
9-10 d period in Sn123r it is quite possible that our 41 mSn123 my pe
the same as the 39 m activity observed recently by A, S, Newton /""'JCRL 267,
p, 6, December 1948_7„

3) Sn121 - The 27=5 h period previously assigned to Sn121 by
Lindner and Perlman /~Phyr, Rev., 73, 1124 (1948)J7 «as observed to be'
formed in maximum yield in the pile irradiation of the Sn120 preparation.
In addition to the ^y0,4 MeV &~ radiations a 0,7 KeV Tin low abundance
together with a softer quantum radiation of 90-100 mg Pb/cm2 half-thickness
were observed. The shape of tlse decj>y curve after 40 days indicates that
the 130 d period does not belong to Sn121,

A 36 m period assigned to Sn by Newton, loc- cit., was
not observed in the pile irradiation of the Sn120 preparation,, although
an as yet uncharacterized 80 m period may belong at mass 121,

4) Sn1 ° - Pile neutron irradiation of the Sn119 preparation
did not give rise to any new periods. The 41 n, 18 h and 2 d activities
were formed in much lower yield than in the Sn122 and Sn12^ preparations,
respectively, possibly there are no isomeric 3tfites of relatively long
half-life in stable Sn1*-0,

1195) Sn ^ - An 30 m and a ^17 d period were observed to be
produced in the Snlj-° preparation, It is not clear as yet, however, that
either activity belongs to mass 119,

1186) Sn - Good quantities of ^j 17 d period decaying vdth e~
of about 3 rag nl/cm2 half-thickness and o -radiations werepreducad by the
irradiation of the Sn11? preparation. The half-life and radiation
characteristics are such as to suggest that this period may be the same
as the 14 d Sn11^11 reported by Lindner and Perlman /~Rev, Jlodern Phys, 20,
614 (1948)_7.

7) Sn ^ - The above mentioned ^,17 d activity was produced in
the Sn11^ in roughly the same yields as with the Sn " preparation.
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In addition t-°ftthe foregoi
in the Sn117>liH preparatic

;oing, 33 m and 3 h activities were
produced in the Sn^' *xx" preparationsin yields such as to suggest that
these periods belong to Snxl3 and Sn115, respectively.
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Chorac*•.T-'.zaticn of Long-Lived Palladium Activity U Fission; Parker,
G, V, "Creek,"G." !•'.• Hebert, P. r% laiitrjT-

previous Work-

Speculation upon and search for a long-lived palladium activity
ft\t w^o 107 artery, the fission products have gene'ally concluded that it was
on-.y necessary to await a furthei i3?rpftse in total activity level until

.d identification was assured. Probably the nest recently established
lcwfcir limits of the half life of this activity were due to the work of
Lincoln and Sullivan fH-CN 3449) in October, 1945 »nd of Glendenin (PRR
Vol'o 9B 7.22.2 (1946)- Both assumed it had detscteble radiations and
established a lower limit on this basis of about 108 years. Actually* how
ever, these investigations were seriously limited to the detection of beta
particles or electrons of r.ot much below 0.1 mev.

It has been largely possible in the present instance to deteot
a new activity (Fig. 1) because of the very significant advantages of the
ProportSnal Beta Counter developed by C. J, ^orkrwski for counting very
soft particles.

New Source in nigh-Level Fission Product Concentrate.

The fission product sulfide concentrates available here as a
-prodw.t of the large-scale separation of 4399 (CML 1) have been recog

nized as u possible fruitful source of this and 'vther low-yield or long-
lived aorlvitiee still incompletely characterized. The highest nvt metal
available "row Hanford, having a two-year cooling period, has been obtained.
Prom fchla sulfides in platinum carrier have been precipitated in 2~3N
hydroehlorfe acid, Palladium as well &3 element 43 are carried veil under
these renditions alone with the highly active ruthenium and some zirconium
and colu-abium. The 43 is dirtilled with sulfuric acid from the dissolved
sulfides. This is followed by a distillation of the ruthenium activity with
permangaiate in sulfuric acid. After a second atistillation of ruthenium
with car-ier, the sulfide residues become much less radioactive and can be
handled utside of the cell.

For the most rapid reduction in background radiation and separation
from bulk f.viOg, tie still residues were treated with an excess of NH4OH and
filtered .nee in the shielded cell. The filtrate was then reiroved to a
hood and seated as in Table I

T'-BLE I

Chemical Purification of Palladium from Fission

1, NH4OH Filtrate from still residue: Boil off NH3. Add excess aqua regia
to decompose NE4+ salts.- Fvaporate
excess HtfOg. Adjust acidity to 3N
HCl. Precipitate sulfides. Filter.
Discard filtrate.

2, Residues Pt, Pd„ V.o, etc., sulfides. Dissolve in NH4OH and HgOg* Boil
off NH3. Dissolve in 0.3N HCl. Ad<d excess of dimethylglyoxime
in ethyl alcohol. Filter- Discard filtrate.
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3, Residue i Pd-dimethylglyoxime. Dissolve in aqua regia.. Boil off HNO3 .
Take up in 0.3T7 HCl and repeat dimethylglyoxlme cycle until
filtrate is inactive.. Count aliquot of filtrote for later
comparison.

4. Residue: Pd-dimethylglyoxime.. Add carrier, Wo, !Mu, Pe (for 43), Ag.
Cd, As, Sn, Sb„ I and Fe > ?«ake alkaline with excess NJLOH
and centrifuge. Disoard precipitate.

5. Centrifugate: Pd 0*115)4*+, Boil off NH3* Take up in O.SN HCl. Add
excess dimethyl glyoxime., Filter,

6> Residue: Pd-dimethylglyoxime. Dissolve in aqua regia and filter,

7. Filtrate •. Pd. Boil off HN03„ Take up in 0.3N HCl- Repeat dimethylgly
oxlme precipitation. Dissolve in aqua regia. Boil off HNO5.,
Take up in 0.3N HCl, Electro-deposit aliquot for counting
and weighing,

Estimation of the Beta Energy.

Since it was thought likely that only very soft radiations might be
observed from this isotope, almost all of the counting h*s been done on the
Proportional Beta Counter. The presence of a very soft' component (/^35 kev)
was immediately seen as was also a harder component (0.5 Tfev; whish has since
been observed to be diminished by further purifloatioa, A soft gamma (0.1 Wev)
was also present in the crude material and was thought possibly related to
the 30 seo.'isomer of Ag107. The existence of this gamma associated with •
palladium is new very improbable since it can no longer be detected in he
purer produot. The actual identity of the soft partiole has not been determines
however, it ia probably a beta.

From the apparent half~thioknass in plastic films* (Fig, 1), and an
approximation factor of 8-10 to determine its range in aluminum, we estimate
a maximum f 30-35 Kev according to standard reference curves of range and
energy for monoenergetic electrons and nuclear beta particles (Nucleonics,
January, 1948, p. 26),

Determination of Specifio Activity and the Apparent Half Life.

In Table II, the results of a comparison of weight vs> count of
three different quantities of the electro deposited palladium on platin-:. iiska
are given in terms of the values of the extrapolated absorption curves. It
can be seen that the total count is not quite linear with the mass deposited.
This non-linearity is principally accountable as self absorption and is
partly taken into consideration in calculating the corrected oount> The
plating was done in slightly ammaniaoal, dilute NaCl solution at about 3 volts
and 3-5 ma according to a technique used by A. R. Brosi. The plated deposits
have not been a'ocurately analyzed for percent palladium} however,, a previous
analysis (coloromr.trie by R, P. Thomasorx) agrees well with the amount observed.

The expected isotopic percentage aooording to the theoretioal mass*
yield curve is somewhat less than the 20# which i8 used as a maximum.
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expect direct measurements from T.% G. Inghram will be somewhat lower perhaps
because of the presence of palladium in the chemical platinum carrier used
in the original precipitation. The following Table (IT) describes the
treatment of the counting data for determining the specific activity,, The
theoretical isotopic percentage (/^/20?») is used here in lieu of experimental
data which will be available later. The calculate half-life on this basis

would probably represent a maximum value.-.

TABLE II

Specific Activity of Fission Palladium

No,

Observed Wt.

in Micrograms
Total 107 (20%)

145 29
575 115
905 161

Total Counts

Per Second:

50$ Geometry

86

255

287

Self Absorption
Correction for

50% of Mass
Area

Corr

(27b
td,Counta/Sec.

-frlOjS = 93.6
-s-3C$ = 33i
-r50# = 431

TABLE III

Subtracted Back

Scatter Correction

for Platinum Mount-

ing;( 50%) Corr'fed.
Counts/Sec.

62

220

287

Estimation of the Half-Life of Palladium 107

Sample No*
Specific Activity

d/s/ug T-g, Year*

1

2

3

4.2

3-,8

o » 2

•6,6 x

7.3 x 10?
8.5 x 10°

Discussion of Results,

Corre^

Count s/
Sec,/
Mirrogran
Pd 107

2,1

1.9

3.6

Since time has not permitted enough direct observations, it has been
necessary to assume that sufficient proof has been obtained in the purification
scheme toallow a reasonable conclusion that this is a long-lived palladium
activity. The limited number of disintegrations and the probable radio
chemical contamination make it impossible to say that there is only a single
radiation; however* this appears likely. Self absorption and other counting
difficulties, together with the probable stable isotopic contamination,
suggest that most weight be given the lowest of the half-life estimates.
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Hard Gamna Emitters in Fission;- 54-Mlnuta Iodine^ '' 'i (H. A. levy,
""M, H. Feldman)

General! In a continuation of studies^ 'to identify the Y-activitles
in uranium fission of sufficient energy (> 2.17 Mev) to eject photo-neutrons
from deuterium^ an iodine fraction from oile-bombarded uranium was examined.
A low-yield activity of half-life about 1 hour was found, surgesting that a
hard y-ray is associated with the decay of 54-minute'2) jClo*)^ ^n ap ruXi-
raate yield measurement of the hard ga-ma, and an absorption study of tho S~
radiutions of 54-minute iodine have been carried out.

Hard gamma measurement; For the isolation of short-lived fission iodine,
the versatile remote control chemical apparatus oreviously described was used,
A 5 to 10 gram sample of UO^NQjJgoSKgO or of UO3 was irradiated for 1 hcur
in the ineumatic tube, allowed to cool 1/2 to 1 hcur, introduced into the
anparatus, and dissolved in IN IINO5 (10 ml per 5 g DNH). Following a well-
established procedure for the separation of iodine'3/, the solution was neut
ralised with 2# NagCOg (10 ml or more), KI + KIO3 ca rier was added, followed
by 4 ml of 2,5^ NaC104 and slow acidification with HNO3. The iodine was then
reduced to Ig with 1 Mhydroxylamine hydrochloride (3 to 6 ml), and extracted
into 20 ml of CCI4. This solution was delivered outside the remote control
apparatus and extracted into HgO with dilute NaHSO^ after which the iodine
was put through a second similar cycle for purification.

For hard gamma measurement, sua aqueous iodine fraction from 10 g of UNH
was placed at the center of a tank of D20 equipped with a fission-type neutron
counter previously described'1) and counted for a succession of 5-minute
intervals, starting 40 minutes after the end of irradiation. The circles in
Fig. 1 show the averages of 5 successive counts* while the triangles show the
same data corrected for instrument background. While the statistics are poor,
owing to the low counting rate, the data are satisfactorily represented by a
55-minute half-life.

A 0OI7S aliquot of a similar sample giving 34 hard gtynma counts per 5 man
interval was mounted as Agl and counted under an end-window G-U tube. Reso
lution of the 54-nsinute component was difficult,, owing to the multiplicity of
I activities; however, the 54-minute activity was estimated at 5.6 x 10° d/m
corrected to the start of the hard Y-counting, Taking the efficiency of r-
counting as^/10"7, the fraction of IV134) disintegrations giving hard Y-counts
is estimated to be 10"^ to within en order of magnitude.

Study of ft-Radiatione' For a study of the B-radiation of r , an
iodine^fraction isolated directly from fission contains too many neriods
(54 m, 2.4 h, 6.7 h, 22 h, and 8 d). However, the 6.7 h activity can be •
eliminated if a Te fraction is first isolated, and the 2.4 h period can be
minimized to negligible levels if irradiation times are kept shorto The
aonlicable chain relations are as follows:
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43 m Te——* 54 mI^134)

77 h Te ->2.4 h l<132)

<2m Te—>6.7 h I^135' >9.2 h Xe,13F^
60 mTe ^ 22 h I<133) ^5 d Xe^133)

30 h—^25 mTe——^8d lU3l)

One to 2 g samples of UNH were irradiated for 2 minutes, cooled ^^20 minutes
to insure complete Te*3^ decay, and processed to isolate Te., according to the
standard analytical procedure™', by precipitation of Te metal with SOg ,.i cm
a hot 3 N HCl solution containing iodine hole-back carrier as iodide and
iodate. About '15 minutes later, the Te was dissolved in HHOj, and iodine was
separated and deposited as Nal on a polystyrene film by evaporation of a
NagCOg solution at pH 10. 'This material has been shown not to retain Xe
daughter. The timing of a typical experiment was as followss

Exp. Ip 131 CL 1207 - February 15, 1949

Irradiation in pile
Te precipitated and centrifuged
Second Te precipitation

Final Ig separation
Evaporation
Counting begun

The decay of the iodine was observed through a succession of Al
absorbers with an end-window G-M counter.

Figure 2 shows the decay without added absorber and is typical of all
the curves taken. The resolution into a 54 m and a 22 h component without
intermediate period is quite clean0 The 22 h decay was actually followed for
about 2 1/2 days. Extrapolation of the various decay curves to an arbitrary
zero time gave absorption curves shown in Figure 3a„ Data from two samples are
shown; points B from a sample 20-fold larger, were normalized by means of the
two points recorded as dotted circles (representing absorber thicknesses used
with bbth samples) bo that all data are represented in Curve A. Subtraction of
the Y~c°mponent gave the function defined by the triangles.

It is seen that the p-absorption curve suggests a complex spectrum. The
analysis into components is necessarily uncertain; however* curves C and D
represent limiting estimations of a harder B-component, for which Feather
analysis gives a runge between 1560 and 1900 mg/cm, corresponding to an
energy of 3.2 to 4.1 Mev. Two estimates of the softer components, obtained
by subtracting curves C and L>, are shown in Figure 3b0 For these. Feather
analysis gives a range between 750 and 950 mg/cm2, corresponding to an energy
of lo6 to 2.0 Mevo The ratio of soft to hard component is roughly 5 to le
with no correction for window or air absorption. The 0 to y ratio is roughly
50 to 1.

8*55 - 8:57 AM

9:20 - 9*22

9»30

9:55

10s 00 - 10:30

10:30

le CRNL-65, p. 101; HOH-432, p. 100
2o P. He Abelson, Phys. Rev. 56, 1 (1939)
3. CN-2815, p. 45
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IIIC General Nuclear Chemistry

Nuclear Che.-dcal Studies on the Uare Earths (0, E, Boyd)

The Radiations of 129 dTm17Q (B, H. Ketelle)

We have previously reported this isotope to emit beta radiation
with a maximum energy of 098 4- 0-02 ItoVU), guana rays of 83 KeV^2) and
KX-rays of 50 KeV following internal conversion. Coincidence counting
of beta rays and conversion electrons indicated that the gamma ray was not
delayed by as much as one micro second,

h study of bets-guana coincidence and of beta X-ray coincidences
using proportional beta counters in collaboration with A. L. Drosi has
been made. Coincidence counts were taken with sufficient beryllium between
the source and the gamma counter to absorb all beta rays and lead absorption
curve of the X-rays and #"rayswas obtained. The lead"absorption curve of
coincidence counts as well as 'of gamma counts was resolved into two com
ponents of half thickness 83 «ag Pb/cm2 and 336 rag Pb/cm2, The photon
energies corresponding to these half thicknesses are 51 KeV and 85 KeV
respectively and are in excellent agreement with the spectrometer data.
Coincidence counts using aluminum absorbers in front of the beta counter
indicate that only a very small fraction of the beta disintegrations go
to the excited level of the daughter nucleus. Because of the low energy
difference between the two beta components this fraction cannot be accurately
determined from these data., Furthermore, it makes difficult the resolution
of the spectrometer data into two components with any precision. A crude
estimate would be that 90& or more of the beta disintegrations go ts
the ground state of the product nucleus.

Further Characterization of 7 d Tb161 (B. R„ Ketelle)

The assignment of activities to isotopes of Gd and Tb was dis
cussed in 0RNL-229, p« 34> and a preliminary discussion was given of an ex
periment using several milligrams of irradiated pure Gd, The Gd and Tb
were completely separated on an ion-exchange column and the decay of each
element was followed, It has been observed that only about 10? of the total
beta activity in.jpbe terbium sample at the end of the bombardment was due
to the 72 5dTb w activity.- After subtraction of this component, the
remainder of the activity decayed with a half-life of 7 daye. After
correction for the longer lived activity in the rial Tb, the maximum
beta energy remains at 0.5 HsV as was previously reported, The aluminum
absorption curve also indicated that the 7 d activity has a photon of about
30 KeV.. The lead absorption curve gave a valu* of about 45 KeV for the
photon energy* Even though tiiere was a rather small amount of longer lived
activity the resolution cf the two components introduced considerable un
certainty into the energy of the short lived activity.

(1) ORNL-65, p, 96
(2) OIINL-229, p. 36
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The Radiations of 225 d -3d153 (B. H. Ketelle)

The activity of the 225 d Od (see: ORNL 65, P= 95) separated
in the above described experiment was studied on the thin lens spectrometer.
Conversion lines of energy 50 KeV and 88 KeV were obtainedc In order to
establish for certain that these were K and I conversion lines, absorption
curvzs of the activity were obtained using absorbers of Ta and Cu„ The
Cu curve gave two components; 43 KeV and 103 KeV. The Ta curve gave
energies of 40 KeV and 110 KeV, Therefore, it is felt that the spectrometer
lines were K and L lines of a gamma ray of 100 KeV (K value) and 96 KeV
(L value),, The absorption curves gave the correct K-X-ray energy for Eu,
The coincidence study of this isotope will be accomplished upon the com
pletion of a new coincidence counter now being constructed,

A Possible 85 h Period in Dysprosium (IU H. Ketelle)

Four different pile bombardments and exchange column separations
of rare earth mixtures in the Gd region have given a period of 85 * 10 h
in the dysprosium fraction in addition to the well-established 145 m Dy •>.
The 85 h period decays with electrons of about 2 MeV energy and in addition
there is an indication of e~ and about 0,5% of quantum radiation. A further
3tudy of this apparent Dy activity is planned;.
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Electrodeposition of Manganeses (J. C. Griesa and J,. A„ Swartout)

I, Introduction

The purpose of the present investigation is to study the
electrolytic deposition of manganese both as the metal and as the dioxide
with special emphasis on a possible electrolytic separation of micro
amounts of manganese from macro amounts of iron,.

Very little has been published concerning the complete elec
trodeposition of manganese from aqueous solutions. In most analytical
textbooks it is usually stated that manganese is deposited along with all
metals below aluminum in the electromotive series during the process of
a mercury-cathode electrolysis. However, the deposition is never comp
lete and a trace of manganese remains in solution.. As far as could be
foundj, no investigations have been made of the complete electrolytic re
moval of manganese from solutions as the dioxide. Manganese dioxide does
deposit on the anode under certain conditions but no complete study con
cerning these conditions has been reported.

Since manganese will be the trace constituent in the systems
involved in our studies, it is desirable to deposit the manganese and
leave the iron in solution* However, in non«complexing media iron de
posits at a lower potential than manganese. In order to reverse the order
of deposition it is necessary to use a complexing agent which complexes
iron to a greater extent than manganese. Therefore, to predict whether
a separation is-possible, the decomposition potentials of the two elements
in the given solution must be known. As pointed out by Lingane% the
polarograph is a useful instrument for the determination of this inform
ation. By a correct interpretation of a given polarographic wave, It is
possible to predict the potential necessary to obtain complete deposition
of that metal from the given solution.

Polarographically It has been shown that a number of anions
complex ferrous iron but there is little information concerning the re»
duction of manganese under the same conditions. The experimental work re
ported here has been concerned with the determination of half-wave po
tentials of iron and manganese In several different complexing media. In
cases where no reduction wave was obtained before a hydrogen or sodium wave.,
the decomposition potential was obtained by a controlled cathode potential
electrolysis,

II. Experimental

The procedure used In the polarographic work was the same as that
described in 0RNL»91. The polarizable electrode was a dropping mercury
electrode and the anode a saturated calomel electrode connected to the

Ungane, J.J., Ind, and.Eng, Chem., Anal. Ed., 16, 247 (19M)
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cell by means of an agar bridge saturated with notassium chloride„ The
dissolved oxygen was removed from solution before the poiarogram was pre
pared by passing oxygen^free nitrogen through the solution for ten minutes.
An automatic recording Sargent Model XX polarograph was used

Some data obtained for the half-wave potentials of manganese in
some common complexing agents are given in Table I, The half-wave po*
tentials of the Fe° ^
purposes.

£ F©*"2 r 2e" reaction are given for comparative

Half=Wave Potentials of Iron and Manganese
in Four Common Complexing Agents

Supporting Molar

eoi,

pH 1,i vfl &'.&~Jt.
Electrolyte ^Mn5^-. k. Mn*^*2e- r»\,M „Fe^*2e

Sodium Oxalate 0.2 None None*

Sodium Citrate 0,5 None None1

Sodium Tartrate 0,5 6.8 -1.54 -1.681

Sodium Fluoride 0,5 5,0 -1.552 None2

Although most of the data presented In the above table Is of a
negative nature, it is interesting to note that manganese was deposited be
fore iron when the complexing agent was either fluoride or tartrate. In the
case of the tartrate complex the iron wave followed the manganese wave too
closely to allow a separation. When a tartrate solution containing equimolar
amounts of iron and manganese was polarographed, only one wave was obtained
and the height of the wave was approximately twice that of the manganese
wave alone The fluoride complex had the disadvantage that both ferric and
ferrous fluoride were rather insoluble in 0,5M sodium fluoride. Fven when

the iron concentration was millimolar, a precipitate formed, The formation
of thi3 nrecipltate would undoubtedly carry most of the trace of manganese
and hence would be of little value In the proposed separation.

Since neither manganese nor iren gave a reduction wave in a cit
rate solution, it was necessary to carry out a controlled cathode potential
electrolysis to determine the minimum potential required to obtain essentially
complete deposition of the manganese. By using a mercury cathode it has been
shown that very nearly all of the manganese (99%) can be plated from a citrate

* Values reported by Lingane, J.AnuCham.Soc. 68, 2443 (1946).
2 Values reported by West, Dean and Breda, Collection Czech.Chem.Commun..- \3>,
1 (1948).
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or oxalate solution at a cathode potential of -1.75V vs, S.C.E. when the
initial manganese concentration is as low as 10*5M. At present the be
havior of iron solutions under the same conditions has not been investi

gated

Both sodium ethylenediaminetetraacetate and sodium nitril<
. a e are known to complex iron. Since there were limited data in tl
..•^rature concerning these two reagents and none involving their us
urography, tne half n potentials and diffusion currents of irf

36 waves v?er© investigated at different pH values. Thus far
.acetate complexes have been investigated , The (concentrate

.otrlacetate fas arbitrarily selected at OJK and the desired
i obtaiJtied by the addition of dilute hydrochloric acid. In the

ie only rec wave obtained was due to the reduction of ferr:>.
ferrous; there was n< evidence for reduction to the metal. The resi

-an In Table II

Table II

The Half-»Wa?e Potentials of Manganese and Iron
in 0..1M Sodium Nitrllotriaoetate'at Different Acidities

pH
Reduci'

no.

•ganess

*.

U; ^

1x10 05

2x10 9.8 taken Not ia.Jcan

IxlC 50 Not taken

. "M ne ne -0 •3»6

0.8 18

Nojv taken

From the standpoint of the present research the most in
feature of the above table is the fact that manganese was reduced at

ential than iron.. At the acidities employed, iron was not reducec
i . before the reduction of sodium ions.. That the one wave ol

iutions was due to the reduction of ferri-2 to ferrous was shown

he fact that a plot of log ^ .vs potential gave a straight
63 mv. This agreed d~

shange,
well w^th the theoretical value
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The ferric-ferrous wave shifted to a more negative position
when the pH was increased. This indicated that the stability of the
ferric complex increased with decreased acidity

The diffusion currents of the iron waves were independent of pH
and were linear with concentration„ Since no specie! precautions were
taken in measuring the diffusion currents, the degree of reproducibility
and linearity was remarkable. There is a good possibility that a satis
factory polarographic method could be worked out for the determination of
iron using sodium nitrilotriacetate as a complexing agent.

The diffusion currents obtained for the manganese reduction were
not linear with concentration nor were they independent of pH, Since the
diffusion current became smaller with decreasing acidity, it appeared that
manganese began to precipitate at pH levels higher than 4„ The fact that
the manganese half-wave Dotential was approximately -ihe same in sodium
nitrllotriaoetate as in potassium chloride (E4 Indicated little
or no complexing. It should be mentioned that the measurement of both the
half-wave ootential and diffusion current of the manganese wave was ec
licated by the presence of the hydrogen wave which was only a few milli
volts more positive than the manganese wave. As a result the half-wave
potential and especially the diffusion current were difficult to measure
accurately,

From the data it appears that a separation of manganese from iron
may be possible in a sodium nitrilotriacetate solution

The Complete Flectrodeposition of F.uthenlum from Dilute Solutions t (J.C Griess
and J, A, Swartout;

The purpose of this investigation was to find a method for the
complete electrodeposition of ruthenium when the initial ruthenium concen
tration was low.

ru106 i3 one Qf the isotopes produced In the process of uranium
fission and is offered for sale by the Isotopes Division of the Atomic 1nrrgy
Commission, Before Ru^-^6 js separated from other fission products,, a sirail
amount of natural ruthenium is added. As a result the present supply of
radio-ruthenium is not carrier-free but exists as a hydrochloric acid
tion containing approximately 40 ppm. ruthenium, It is this ruthenium
which a method of deposition was sought.

The experimental studies have been nearly completed and a report
will be issued in the near future. An abstract of the method is given below:

The solution containing the ruthenium to be deposited is eyap*
orated to dryness to remove the excess hydrochloric or nitric acid. After
dissolving the residue in a minimum amount of water, I ml, of red fuming
nitric acid (sp, gr. ' 2,6) is added. The solution ia evaporated to dryness
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under an infrared bulb and the residue dissolved in either 0.3N sulfur!
or hydrochloric acid. The resulting solution is electrolyzed at a cathode
potential of -0,4 to -0,6V vs. S„C„F, (current density £ 1 to 3 amps/dm^)
In order to prevent loss of ruthenium at the anode, the anode is placed
in an outside container and connected to the electrolysis cell by a bridge
containing 6M sulfuric or hydrochloric acid. From the above solution it
is possible to obtain essentially complete deposition ( > 99%)* The de
posit is dark but has a polished appearance and is very adherent.
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IV. Radio-Organic Chemistry

Experimental Use of C1^ (Cc J. Collins, J G, Burr^ H, Heller, D, N„ Ffeas,
A. R, Jones, R. G. Mansfield/0. K, Neville G, A. Kopp, '.V J, Skraba

Summary

Attempts to prepare amorphous carbon by the high tenperature -
interaction of magnesium and carbon dioxide showed little promise,

Acetylene ha3 been prepared in 15?! yield from the product of
the reaction of barium carbonate arid magnesium at 700

By means of the lithium aluminum hydride reduction of carbon
dioxide-C1*-, 91,4 millicuries of methanol-C1* of high specific activity
has been prepared.

The production of forwildehyde-C^ by the pyrolysis of methyl
triphenylmethyl ether has given erratic results, yields cf 22,6? and 42
being obtained on pyrolysis of methyltriphenylmethyl ether-C^
this method, 7„9 millicuries of formaldehyde-C1^ of high specific activity
has been prepared.

Formic acid prepared by the reduction of carbon dioxide with
lithium borohydride wati converted to pure ethyl formate in %% yiel

The isolation of acetic acid produced by the carbonation of
methyl roagnesium bromide has been satisfactorily accomplished, and 1C
millicuries of acetic acid-1-0*4 with a specific activity of 1.2 milli
curies per gram has been prepared. In addition appro?inately 100 milli
curies of sodium acetate-l-C-^ of high specific activity (radioactive
assay not complete) has been prepared.

The preparation of n&Ionic ester by the vapor phase decarbonylation
of diethyl oxalacetate has been successful, but attempts to convert the
latter to diethyl acetylenedicarboxylate have failed.

The carbonation of pentamethylene bis-raagnesium bromide failed
to give a good yield of cyclohexanone,

Metliylphenylcarbinol-C1^ (12 millicuries, 24*1 g}has been p
duced in 67$ yield from acetic acid-l-C1^ Anproxinately 005 nillicurie
of methylphenylcarbinol=C1^ was dehydrated to styrene-C-^, which was
diluted to a total weight of eight grans with non-radioactive styrene,
This material was thenaally polymerized„
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A synthesis for "ring-labeled" benzoic acid has been completed
with inactive materials,, Intermediates in this synthesis will include
2-methy.l-l^naphthoquinone-G-C11* (synthetic vitamin K) and phthalic
acid^3-Ci^c

The Synthesis of Low Molecular './eight Intermediates
Containing C^-4

Amorphous Carbon (H. Heller)

Discussion

Magnesium and carbon dioxide reacted slowly ,: »es,
more rapidly at 1,100-1,300 degrees Centigrade, to fern tide,
magnesium carbide, carbon and possibly a small amount of carbon monoxide,
Unreacted magnesium and carbon dioxide were also present, The quartz
tubes used for the reactions were badly attacked, preventing the de
termination of the carbon by weight difference following acid treatment
of the product,;

Experimental • •

In a quartz tube attached to a vacuum line was placed 0„958 g;
(39 4 mg„ atoms) magnesium turnings. The vessel was evacuated to a pressure
of 10"5 mm. and temporarily isolated from the system.,

Tank carbon dioxide was collected in a calibrated vessel of 181

ml. capacity attached to another portion of the line. The gas was frozer
in a trap cooled with liquid nitrogen and a small amount of non-condemlbie
material was pumped off. On warming and expanding into the calibrated
vessel,, the pas exhibited a pressure of ??5 m, of mercury at 26°C
(2.20 ramols)*

An electrically-heated furnace was placed around the tube con
taining the magnesium turnings,. At a furnace temperature of 900°C,, the
metal began to sublime. At this point the ras was allowed to contr.ct the
heated metal,, On expansion to fill both the calibrated vessel and the
reaction tube, the gas showed a pressure of 88 mm. ^h^n the furnace tempera*
ture reached 1000°C.., the pressure began to decrease until a final pressure
of 3 ina, was obtained. Since a part of this pressure was due to non-
condensible gas, presumably carbon monoxide, it was not possible to cc1 Lert
it in the calibrated vessels However, an estimate was made of the pressure
that this amount of gas would exhibit in the calibrated vessel by assuming
the validity of the proportion P/3 * 225/38, where P was the final press
the gas would exhibit if compressed to the calibrated vessel, 3 was the ob
served final pressure of the gas in both calibrated vessel and reaction
tube, 225 was the initial C02 pressure in the calibrated vessel alone, and
88 was the initial CO2 pressure in the calibrated vessel plus the reaction
tube,- The value thus estimated was 12 mm. The final pressure of con
densible gas was found to be 2 ran. at 25° or about 1% of the original gas
pressure, The estimated value for the non-condensible gas was therefo:
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10 mm, or 5% of the original pressure, Assuming that the only gases
present were carbon dioxide and carbon monoxide, and that the'partial
pressures of these were proportional to the numbers of mols of each
present, the material balance on CO2 wa3

1% unreacted
5% converted to CO

94# converted to non volatile products (C and Mf?C)
100*

The experiment was repeated several times with similar results.

Acetylene (G, A. Ropp)

Discussion

The reaction of barium carbonate with magnesium at 700°C. to give
barium carbide has been carried out. The dark solid products obtained*
when heated with waters gave a maximum yield of acetylene of 15# based on
barium carbonate\

Attempts to cause reaction of barium with excess carbon dioxide
at 700°C„ have been unsuccessful, although manonetric measurements showed
some decrease of the carbon dioxide pressure. Addition of water to the
reaction product caused the evolution of a gas which gave only a faint
test for acetylene.

Good results were obtained in the determination of acetylene by
precipitation from neutral silver nitrate solution and back-titration of
excess silver ion in the filtrate with standardized potassium thiocyanate
solution.

Experimental

Powdered magnesium, 1,00 g., and barium carbonate, 1,00 g<, (0,0051
mol), were mixed thoroughly in a 10 ml* alundum cup which wa3 placed In a
large quartz test tube attached to a vacuum line. After evacuation, dry
helium was allowed to flow into the system until s pressure of oni atmos
phere whs reached. The tube was maintained at ?00°C. for ten minutes with
a tubular furnace. After six minutes a slight flash threw some powder out
of the cup. The tube was disconnected from the vacuum line, 20 ml. of
water w;,s run in slowly, and the contents of the tube were heated to
boiling- Issuing gases were bubbled through three wash bottles in seriesj
each containing 100 ml, 0,1 N silver nitrate solution. The precipitated
silver acetylioe was filtered and washed with water, Silver ion in the
filtrate was determined by titration with standard potassium thiocyanate
solution. The amount of silver precipitated *as equivalent to 0,00038 mol
of acetylene or 15% yield based on barium carbonate.

Preparation of Formaldehyde-C1^ (W. J. Skraba with A, K, Van Dyken)

Formaldehyde-C*^ containing 7.9 millicuries C*4 was prepared by
the pyrolysis of methyl-C*^ triphenylmethyl ether.
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The scheme for the preparation was as follows;

1. (C6H5)3CC1 TCUH30H ^ (C5H5)3C0C^H3 +HCl
2,,. Chromatographic purification of (C^HcKCOC^Ho

% (C6H5)3COC1^H3 & •> C^HjO t C^rUOH f C^O
qOO C „ •'

The purified methyl-C^-triphenylmethyl ether was divided Into
two portions and these were pyrolyzed individually,, During the pyrolysio
considerable polymerization of formaIdehyde-C-*-'* occurred in the cooler
portions of the apparatus„ In order to minimize this loss infra-red lamps
were placed along the glass train. The yields were lower than were ob
tained in the tracer, run.

Experimental

Preparation and Purification of Methyl-C^-Triohenylnethyl Ether -
In a 50 ml. round-bottom flask containing 25 nl. of anhydrous benzene and
equippeo with a magnetic stirrer bar v;as placed 4=04 g= (14.-6 mmols) of
(C£,H^)^CC1 and 2 ml, of pyridine. The flask was attached to a vacuum line,
frozen"in a linuid nitrogen, and evacuated, Methanol-C-"* (13,It mmols)
containing 31.3 millicuries C^ was vacuum distilled into the flask, which
was then isolated from the system.

The contents were warmed to room temperature., and the reaction
mixture was stirred for twenty-four hours.

The volatile constituents, consisting of benzene, pyridine, and
unreacted methanol-0^4, were removed by vacuum distillation, ftater, 10 ml.,
followed by 15 ml. of benzene were added and the mixture was stirred.. The
benzene layer, containing the ether,, was separated in a Brown extractor
and passed through a column of activated alumina. The product, was eluted
with 50 ml,, cf benzene. Vacuum distillation of the filtrate gave 2-86;
(C6H5)3COC^H3 (79o5$) =

Pyrolysis — The material obtained above was pyrolyzed in two
separate portions,, The first portion containing 1.479 g« (5.40 mmols,
12,87 millicuries C1^) was placed in a long-neck 50 ml.-round-bottom fla
This was attached to a glass train consisting of a water .absorber, copper
oxide combustion-apparatus and two Ba(UHji2 bubblers., The temperature of the
copper oxide furnace was adjusted to 800°C. and the flask containing the
(C^HeJoCOC^Hq was immersed in a salt-mixture bath maintained at 400°C
A stream of nitrogen gas was slowly passed through a side arm of the flask
and the evolved decomposition gases consisting of C-^HgO, C1^H30H and
C1^ were swept through the train. The water bubbler absorbed the
formaldehyde and methanol, Carbon monoxide,, after oxidation in the furnace,
was removed as BaC03 in the Ba(0H)2 bubblers. Radiochemical analysis of
the methone-formaldebyde derivative, quantitatively prepared from the water
solution.,, showed 2.3 millicuries (a yield of 22.6£ C-^^O).
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The pyrolysis was repeated with the second portion of (C^Hr)o
COC1^ containing 1,340 , -0 mmols, 11,68 millicuries. C1^) : "The
absorber solution from the first pyrolysis '«as re-used. Radiochemical
analysis of the methone-formaldehyde derivative quantitatively prepared
from this solution showed ? 9 millicuries (42.7£ yield from the second
pyrolysis). The final product solution consisted of 3.32 mols-C^I^O
containing 7,9 millicuries C1^ and 2 mmols C^foOH containing 4.9 milli
curies C*-'* in 21.60 g, of water solution.

All radiochemical determinations were made by ion current measure
ments of the 0^02 from the combustion of the methane derivative of C^H^O,

Formic Acid (J, G- Burr., Jr.,)

Discussion

work on' the preparation of formic acid by the lithium borohydridc
reduction of carbon dioxide Ln ethyl ether solu is progressed along
two lines: 1) purification of formic acid and its derivatives; and
2) identification of by-products of the reactioi

aric acid, whifch is formed in the work-up of the reaction
products, was removed by high-vacuum distillation of the aqueous formic
acid, The distillate was neutralized with sodium hydroxide, and again
distilled to dryness under high vacuum. The residue of sodium formate
containing traces of alkali f>nd phenolphthalein was converted to ethyl
formate in 96$ yield by reaction with diethyl sulfate.,

Diborane has been identified in the exit gases from the reaction
by conversion to trimethylamineborine, Data from tracer runs performed with
the aim of detecting other by-products of the reaction are incomplete

Experimental

Isolation of Aqueous Formic Acid — A uolution prenarrd t
G:260 g„'(5.0 mmols) of lithium formate, 5 ml. of water and 1 ml of 85%
phosphoric acid was distilled at 10"? mm. The distillate contain
mmols of acid by titration with base. It gave a faint phosrihomolybdata
test for phosphate ion. The distillates from similar solutions containing
boric acid were free from boric acid as determined by the turmeric test.

Conversion of Sodium Formate to T.thyl Formate — A mixture of
1,00 g, sodium formate (c7P~~anhydrous) and 5,0 nl. of diethyl sulfate,

-,.. 90-95° (12 mm.)„ was heated at 160-180° for ten minutes, Trie ester
was distilled under high vacuum at room temper?:.ture. The distillate was
redistilled at 10 mm. pressure. The liquid product weighed 1.05 g. {%%)
The refractive index at 25° and the vapor ^essure at 0° were resaective
1,3562 and 78 mm., as compared with 1,3567 and 73 mm, for distilled
commercial ethyl formate„ b,p: .54,,5-55°.-
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Discussion
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, „ Asa furtner step in the development of a method for the routine
production of acetic acid-l-C^, asynthesis at tracer level has been
carried out m order to determine the maximum over-all yield.

The carbonation of the methyl Grignard solution and the recovery
of aqueous sodium acetate were carried out as previously describedf1) '
The water was removed from the sodium acetate under high vacuum, and a
known amount of non-radioactive acetic acid *as allowed to exchange with
the radioactive sodium acetate. Equilibration was allowed to take olace
overnight. The acetic acid was pumped off and assayed for C1^ by dry
combustion and ion chamber determination of the radioactive C02„" Titration
of the acetic acid prior to exchange indicated a 93?- vield. The over
all radiochemical yield was 75%,

* thif3 B»thQd ls millicuries of acetic acid (specific activity:
Ud millicuries per gram) has been prepared for conversion to polystyrene.
In addition, two 50 miliicurie preparations of sodium acetate of high
specific activity have been completed,

Further work on the recovery of anhydrous acetic acid from
sodium acetate has resulted in the development of a method of considerable
promise, A mixture of dry sodium acetate and 7C# phosphoric acid saturate*
with phosphorus pentoxide were distilled at 100°C, under high vacuum. An
excellent recovery of acetic acid with a very slight ohosphate contamination
was obtained. Further investigation of the method is in progressc

Experimental

Acetic Acid (Tracer Level) — 3v the method previously reported^\
15 mmols of 0.3 It methyl Grignard e"ther solution was carbonated with 10.13
mmols C-"o2 (specific activity: A 28/ic/mmol) during one hour). The
solution was hydrolyzed with arrueoua phosphoric acid. The bromide ion wa3
precipitated with AggCO^ and the ether was removed by distillation, <'.fter
thirty-one hours of -equilibrium distillation"W into a 80iution containing
10,00 nrAols of sodium hydroxide, back-titration of the solution with
standard acid indicated 7„81 mmols of sodium acetate (93,2?? of the
theoretical yield based on unrecovered BaC03), The aoueous solution, con
taining a slight excess of base was evaporated, and then taken to dryness
on a vacuum line by heating at 65°C. for 3ix hours at 10"5 nm, pressure.
The flask was removed from the line and 2 ml, glacial acetic acid was added.
The stoppered flask was heated to 65°C, for fifteen minut.es and then allowed
to stand overnight to allow exchange to take place. The acetic acid ws ,
distilled under high vacuum, and a sample was burned to carbon dioxide.
Radiochemical analysis showed a yield of 75-OJ&, based on 8-39 mmols C1^
The recovered BaC03 amounted to 1,74 mmols (17„2#).

(1) 0RNL-229, Progress Report, Sept., Oct,, Nov,, 1948, p, 47-8,
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Conversion of Sodium Acetate to Dry Acetic ..oid — A mixture
of 5 ml, of 70$ H3P0^ saturated with P20c and 0,7759 g. anhydrous sodium
acetate was heated at 100°C. and 10"5 mm, pressure. The distillate was
collected in a trap cooled in liquid nitrogen and weighed 0,6086 g. The
yield,calculated on the basis of these figures is greater than 100$, This
discrepancy has not been explained, although the presence of water in the
"anhydrous" sodium acetate has not been ruled out, The refractive Index
of the distillate was nD22.Qo = 1.3752 as compared to nD22 Qo ; 1.3718
for commercial glacial acetic acid, a qualitative nhosphomolybdate test
gave a lemon yellow color indicating some phosphate contamination.

Diethylmalonate and Diethyl acetylenedicarhoxylate (G„ A, kopp)

Discussion

Experiments with diethyloxalacetate have indicated that this
ester cannot be dec.rbonylated in good yield by heating with powdered soft
glass Vapor phase decarbonylation of the ester at 3O0-32O°C, has given
approximately 50$ yields; however, optimum conditions have not yet been
determined,

Diethyloxalacetate has been catalytically reduced in 72* yield
to diethylmalate, Attecipts to cause reaction of diethylmalate with an
hydrous hydrogen bromide have failed.

Attempts to prepare C^, CK -dichlorodiethylsuccinate, a possible
intermediate in the synthesis of acetylenedicarboxylic ester, by reaction
of diethyloxalacetate and phosphorus pentechloride, have failed.

Cyclohexanone (A, R. Jones)

Discussion

An apparatus for the small scale carbonation of pentanethylene
bis-magnesium bromide has been founrl useful for the carbonation with radio
active carbon dioxide of other Grignard reagents. The following notes ap^l.V
to Figure 1. ' • .

Barium carbonate in flask 1 was acidified with dilute acid, The

carbon dioxide was swept with dry nitrogen through the Drierite trans
and into the reaction vessel 2, The condenser 3 filled with oowdered
Dry-Ice and acetone prevented all but trac«3 of ether from escaping.
These tracer, were trapped in 4, also cooled with Dry-Ice ami acetone.
The sweep gas was bubbled through half-3?turated barium hydroxide solution
in the bubblers 5.

Whenever the products of the Grignard reaction were insoluble
in ether, pure dry mercury v<as added to the reagent solution just before
carbonation,, This prevented the magnetic stirrer bar from sticking,
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After hydrolysis of the reaction mixture, the nitrogen sweep
was discontinued; the condenser was equipped for water cooling, the large
stopcock was opened and the pure dry ether in flask 6 was heated to
boiling The ether extraction was carried out in this way without con
tamination of the atmosphere.

The Synthesis of High Molecular weight Intermediates
Containing Cl4

Styrene (0. K. Neville)

Twelve millicuries (24.1 g,) of methyl phenylcarbinol-C1^ has
been prepared in sixty-seven,percent yield by a three-step process from
carbdxyl-labeled acetic acid, The procedure involved the conversion of
acetic acid to acetyl chloride with phthalyl chloride; the Friedel-Crafts
condensation of the acid chloride with benzene in the presence of aluminum
chloride; and the reduction of the resulting acetophenone to nethylphenyl-
carbinol with lithium aluminum hydride, The conversion of acetic acid to
the acid chloride was necessitated by the failure of the direct condensation
of acetic acid with benzene (which hail riven good results on a smaller scale)
to provide satisfactory yields with larger quantities of materials.

A portion of the methylphenyl-carbinol containing 0,05 mc, of
carbon-14 was dehydrated to styrene-C^ by treatment with sulfanilic acid
at 2O0°C, The distilled styrene, diluted 500 times with inactive material;,
was thermally polymerized at 125°C, in a 1.5 mm, (i,d<) sealed tube. The
total weight of polystyrene was 8 grams.

Experimental

Acetyl Chloride-C14 — To 13,5 g- (18 mc.) acetic acid-l-C14 in
a 200 ml. flask was added 100 g„ of phthalyl chloride. The acetyl chloride
was distilled through a short column and collected in a Dry-Ice cooled
receiver which also served as an addition funnel for the next step, Due
to the extreme volatility of the product, the yield was not determined,
However^ in a previous non-radioactive run the yield was over 95l/.

Methylphenyl-Carbinoi-C1^

To a 500 ml. flask equipped v.ith a condenser, connection for the
addition funnelj a magnetic stirrer bar, and a horizontal outlet (capped)
for later ether extraction, was added 40 g, of anhydrous aluminum chloride
and 125 g, cf anhydrous thiophene-free benzene, The contents were cooled
with a Dry-Ice bath until about one-half of the benzene was solidified.
The acetyl cnloride-C1^ was acded to the stirred suspension in one portion
and washed in with 25 ml. of dry benzene. The reaction, which proceeded
very slowly at this temperature, was allowed to take place over a period
of about one hour, during wnich time the slow melting of the benzene
maintained n low reaction temperature. After the mixture was stirred for
an additional hour, the light yellow solution was hydrolyzed with 30$
hydrochloric acid,, The acetophenone and benzene were transferred by con-
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tinuous ether extraction through the horizontal outlet tube to a receiver
flask equipped with a nipple closed with a stopcock. The ether and part
of the benzene were distilled through a short column in order to remove
water carried over during ether extraction. The benzene solution of the
crude acetophenone was added drcpwise to a magnetically stirred solution
of 4.5 g, of lithium aluminum hydride in 200 ml, of dry ether in a 500 ml,
flask equipped, with a condenser, an inlet for the addition tube, and a
horizontal outlet for later ether extraction,. After completion of the
addition, the solution was hydrolyzed with water followed by sufficient
cone, hydrochloric acid to dissolve the inorganic precipitate. The re
sulting methylpheny1-carbincl-C^ wa3 extracted with ether. The ether
and benzene were removed through an 18 inch tantalum-spiral column and
the product, b„p, 55-56°(2 mm.) was distilled through the same column.
After nearly all of the product had been distilled, a 5,00 g0 portion of
inactive carbinol wa3 added as carrier for radioactive product held up
in the column and flask. The distillation was then continued to completion,
In this way was obtained 19,08 g, (corrected for the added 5»00 g.)(69$
yield based on acetic acid).

Carbon^ assay of a diluted aliquot of the material by dry com
bustion and ion current determination shewed the presence of 11.8 milli
curies of radioactivity in the product (radiochemical yield: 67'' of
theoretical),

Ring»l.abeled Benzoic Acid and Intermediates (C, J, Collins)

The following reaction scheme to be used in the preparation of
ring-labeled benzoic acid has been carried out with non-radioactive materials,
Yields are shown below the arrows, but do not, necessarily represent
optimum conditions:

CH=CHC00H CH2CH2C00H CH2CH2CH20H

H2
Pd(C)>
100$

CR2CH2CH2Br

U) Mg
(2) C*C2
(3) Hydrolysis

85,5$

IAA1H,

CH2CH2CH2500H

SnCl.

*»82,5

HBr ,

79.5V

CH3 f

VI



0
I!

CH3|T IH2;HC104v
W npdlcT^

57$

VI VII

-^%> ft'00" W*1* * (JICOOH "325°^
100$
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VIII IX

XI

The lithium aluminum hydride reduction of p-methvlcinn&nic acid
(I), produced an unsaturated alcohol, probably p-methylcinnanyl alcohol.
This behavior of p-methylcinnamic acid is surprising in view of the
observation*2' that hydrocinnamyl alcohol is obtained when cinnamic acid
is similarly treated, p-Tolylpropionic acid (II) was prepared by the
catalytic hydrbgenation of I before conversion to the alcohol (III) with
lithium aluminum hydride. Preparation of the bromide (IV) and the car
bonation of the Grignard to yield 4~(p-tolyl)-butyric acid (V) proceeded
smoothly. Ring closure of the acid (V) and hydrogenation of the methyl
tetralone (VI) in the presence of 5^ palladium-on-carbon catalyst and a
trace of perchloric acidU) yielded 7-methyl-l,2, 3,4-tetrahvdronaniithr.3 sn?
(VII) Dehyorogenetion in the presence of 30$ palladiua-on-carbon catalyst
gave 2-methylnaphthalene (VIII) which, was oxidized vith Cr03 tc 2-methyl-
1,4-naphtnoquinone (IX), Phthaiic acid was obtained in 15$ yield by the
permanganate oxidation of IX, Further work is in progress on this
oxidation, Decorbo^ylotion of phtnalic acid in aqueous solution at >25°C.,
according to the procedure of Sultanov'*' yielded pure benzoic acid
quantitatively.

experimental

3-(p-Tolyl)-propionic acid (II) •— In a typical. run, 200,0 mg,
p-methylcinnamic acid, 125 ng„ of 5$ palladium-on-carbon catalyst, arxl
10 ml of glacial acetic acid were stirred in a hydrogen atmosphere until
31.6 nl, of hydrogen w^s absorbed (30:.5 ml, was the theoretical, volume at
21,5°C, and 744=6 ram, pressure). The mixture was filtered through talc,
concentrated and desiccated yielding 203 mg. (100$) cf crude product, m p

(2) Nystrom and Brown, J, Am. Chem. See. 6g, 2548 (1947),
(3) Kindler and Dschi-yin Kwok^ Ann,, J554, 9 (1943).
(4) Sultanov, J, Gen; Chen- (USSR) 16, 1835-44 (1946); Chem, Abstracts 41,

6223 (1947)
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110-115°^ Recrystallization yielded crystals melting at 117-118°^
Larger runs gave similar results,

3-(p-Tolyl)-propyl Alcohol (III) — The procedure of Hystrom
and BrownW for ether-insoluble acids was employed. Thus 10.5 g, acid
(II) yielded 9,13 g. of carbinol (96,2$), after distillation in vacuo

3-(p-ToIyl)-propyl Bromide (IV) — The procedure employed was
analogous to that described for n-dodecyl bromidev6); 3 70 gB alcohol
yielding 9,90 g, of 3-(p-tolyl)-propyl bromide (IV) (79,5$) after dis
tillation under high vacuum,

' 4-(p-Tolyl)-butyric Acid (V) — Trie carbonation apparatus shown
in Figure 2 was used for this reaction. In flask 5 was placed 0„90 g. of
magnesium turnings, 25 ml. of dry ether, snd 5,0 ml, (6„37 g.) of 3-'
(p~tolyl)~propylbroiuide (IV), ACHC13~CC14 mixture tos added to powdered
Dry-Ice in the reflux condenser 7, Dry-Ice baths surrounded traps 3 and
8, Trap 4 contained Drierite, A half-concentrated barium hydroxide solution
was contained in the chamber attached by a ball-joint to the medium-frit
sintered-glass funnel 9. Into flask. 1, 6,00 g, of barium carbonate and
5 ml. of distilled water had previously been measured. The length of the
capillary inlet tube was so adjusted that it did not at this tine extend
below the surface of the aqueous suspension. The entire apparatus w;.s
swept with dry helium gas, which v.-f.s introduced through the top of funnel
2, and a positive pressure of helium was maintained throughout the experi
ment, A hot-water bath was then raised about flask 5, and the Grignard
reaction started immediately. It war, vigorously aritated with refluxing
for 1 hour, at which time the hot water bath was replaced with a Dry-Ice-
chloroform bath adjusted to a temperature of -40 to -45°C. (Below this
temperature the Grignard reagent precipitated.) The barium carbonate in
flask 1 was slowly decomposed (one-half hour) with 5 5* perchloric a
and the mixture was agitated with a magnetic stirring bar. The carbon-
dioxide -addition product began to precipitate almost immediately. (During
one experiment, the temperature of the bath surrounding flask 5 was allowed
to rise momentarily to -20°C„, at which temperature the precipitate com
pletely dissolved; in this run the yield was less than 50$,) Carbon dioxide
not absorbed by the Grignard solution was trapped in the barium hydroxide
bubbler. After the barium carbonate was completely decomposed, the sweep
was continued an additional five minutes, with the mechanical stirrer still
in operation, and 50 ml. of an aqueous solution containing 7 ml. con
centrated phosphoric acid was slowly added th rou;?h the funnel 6. The Drv~
Ice bath surrounding flask 5 was removed to prevent freezing of the water.
The mixture was allowed to warm to room temperature, and the helium sweep
was continued 1 hour, during which time a considerable amount of carbon
dioxide was recovered from the hydrolysis mixture. The nercury seal stirrer
was removed, and replaced with a male joint ring-seeled to a tube which
extended to the bottom of flask 5, and the two layers were forced under

(5) Miller and Rhode, Ber, 23, 1897 (I896) gave a m.p. of U6C,
(6) Reid, Kuhoff and Burnett, Organic Syntheses, Coll, Vol, II, pc 246

(John i.riley and Sons, 1943).
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helium pressure into a continuous extractor, and ether-extracted for
eight hours. The ether solution was concentrated to a colorless oil
which solidified on standing. To this solid was added 75 nl.' of saturated
sodium bicarbonate solution, end the mixture was stirred with a magnetic
stirring bar for 1 hour. The aqueous solution was washed with 3-5 ral<=
portions of ether using the extractor described previously^), The bi
carbonate layer was acidified with 20 ml. concentratea hydrochloric acid,
and the white precipitate was removed by continuous ether extraction
Concentration and desiccation yielded 3o63 g. of crude 4-(p-tolyl)-
butyric acid, m.p„ 54-55° (softening 51°), (85.5# based on unrecovered
barium carbonate ),

Recrystallization of 2,09 g.-. acid from petroleum ether gave
1.31 go acid, m. p, 57.5 - 59°.

7-Mcthyl-l,2,3,4-Tetrahydronaphthenone (VI) — To 504 tag of a
cold solution of 4-(p-tolyl)-butyric acid, m.p, 57.5-59.0° in 6,0 ml, dry
benzene was added 620 rag, phosphorous pentachloride. The mixture was
allowed to stand one and one-half hours at room temperature, and then
cooled once again, and treated with 1,2 ml. of a solution prepared from
5 ml, SnCl4 and 10 ml, dry benzene. Almost immediately a cream-colored
precipitate appeared. The suspension was allowed to stand fifteen minutes
and then treated with 6 H hydrochloric acid. The benzene layer was washed
several times -vith dilute hydrochloric acid, concentrated, and the re
sulting oil was distilled several times into successive traps on a high
vacuum line. Trie product crystallized on standing, and had a neltlng point
of about 30°C„ In this imy 373 mg. of 7-methyltetralone (VI) was obtained
(82„5# yield),, The semicarbazone melted at 223-225° W.

7-itethyl~l,2,3,4-Tetrahydronaphthalene (VII) — Using high vacuum
technique, 271 mg, of VI was distilled into a flask to which was added
150 mg. palladium-on-carbon {5%) catalyst, 5,0 ml. glacial acetic acid, and
0,10 ml of 705? perchloric acid., The mixture absorbed 90%* of the theoretical
amount of hydrogen. It wpe filtered through a talc pad on a sintered glass
disc, and washed through with 10 ml, glacial acetic acid. The solution
and washings were combined, neutralized rath anuecus sodium bicarbonate
solution, and continuously extracted for eight hours with 50 ml, of ether.
The ether fraction was concentrated and distilled under high vacuum
yielding 141 mg. (57**) of 7-nethyl-l,2,3?4-tetrahydronaphthalene (VII),

2-Methylnaphthalene (VIII) — Dehydrogenation of 2-nethyl->l,2,3»4-
tetrahydronaphthslene (VII)~was effected by placing 141 mg. of VII, and 30
mg, of 30$ palladium-on-carbon catalyst^) in the bottom of a test tube
fitted with a "cold finger" condenser* The mixture was maintained at
215-225°C, for 22 hours *-lu' by immersion in a Woods metal bath,, The con
tents of the flask were washed with four 3 al. portions of ether, and the

(7) Collins, T« Am. Chem. Soc, 70» 2419 (1948).
(8) Krollpfeiffer and Schafer, Ber,, 5±, 620 (1923), give 224-225°.
(9) Zelinski and Turowa-Pollak, Ber. jj8, 1295 (1935).
(10) Unstead and Thomas, J. Chem. Soc, 1127 (1940),
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ether solution was filtered and concentrated yielding 78,3 mg, (57£) of
crude 2-raethylnaphthRlene, solid up to 30°C, The picrate melted at
115-117 5°« Passage of the alcoholic picrate solution through a column
of alumina yielded white crystals of 2-methylnaphthalene (VIII), m.p,
i'-"33 C 0

2-Methyl-l„4-naphthoquinune (IX > — To 5,00 g, of 2-methyl-
naphthalone (VIII) in 50ml, of glHcinl acetic acid was added 7,80 g. of
C1O3 dissolved in 5 ml. of water and 25 ml. of glacial acetic acid, Tne
temperature was maintained at 20-25° during the ten minutes required for
the addition Of the chromic acid solution , The mixture was allowed tc
stand overnight, then poured into an exc^s 0f water and continuously
extracted with ether for twenty=four hours. The yellow ether-acetic acid
solution was treateddropwise with saturated sodium bicarbonate solution
until no more carbon dioxide was evolved,, The mixture was continuous I
extracted with ether for eight hours, Th«? ether solution was filtered
after treatment with Norit, and concentrated, yielding Lcj3 g. of 1,4-
naphthoquinone (7556),

Phthalic Acid (X) — 2-Hethyl-l;,?»-naphthorwinon' ^IX), 1,31 g,
wrs suspended in 20 ml. of water containiKg 1 g, f?f Sodium hydroxide. A'
solution of 8.5 g, of potassium permanganate in 75 ml. of water was then
gradually added, while the mixture in the reaction flask was boiled and
vigorously stirred All. of the psimanganate Had keftn added in twenty
minutes. The mixture was then heated an additional forty-five minutes,,
and 5 ml, of alcohol was added to decompose th<9 excess per late, The
mixture was passed through a talc pad on a glass funnel,, 'i'he precipitate-
was suspended in dilute sodium hydroxide solution,,, stlrrod well, and once
again filtered, The two filtrates were combined, acidified with con
centrated hydrochloric acid, and subjected to continuous extraction with
ether for three hours. On concentration, a red liquid vas obtained
possessing the odor of acetic acid. This was concentrate! and desiccatec,
yielding 1,28 g of white solid. This solid was c'issolvcd in bicarbonate..
the solution was wasiied with ether, acidified, and extracted with ether
The ether was evaporated and the white solid so obtained was triturated
with ether, leaving 138 mg. of phthalic acid, melting with decomposition
at 185-210°C. The p-nitrobenzyl ester was prcoared an.d uurified. It
melted at 157,5-159° (Lit. 155-5°),

Benzoic kcid (XI) — A pvrex tube containing 200 mg. of phthalic
acid and 4:0 ml. of distilled water was sealed xmder high vacuum, the
tube contents being frozen in liquid nitrogen. The tube wis heated at
325° for 12 hours(**', The tube was then cut open and the colorless solution
was drained into a continuous extractor. The tube wos washed with two 5 nl,
portions of water and the washings and solution combined ?.nd extracted with
ether. The ether was evaporated end the residue desiccated. Benzoic acid„
m.p. 119=120°, without crystallization was obtained in quantitt^ive yiel^
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V, Applied Nuclear Chemistry

Zirconium-Hafnium Separation
M •••! • —• •» M" ••-- T TTT' -T " I ~MT~ ~* * I" — —»1

(J. P. McBrlde)

The extraction of Hf tracer from HRO^ solution into benzene
containing thenoyl trifluoreacetone (TTA) has been studied over the rang©
of 0„5 to 3.5 molar Bf° and 0.005 to 0.1 molar TTA. A report, OBHL-303,
has been completed and is being readied for publication.

The distribution ratio, organic over aqueous, was found to
have a 3rd power dependence on hydrogen Ion activity and a nearly ^th
power dependence on TTA activity. The deviation from fcth power TTA de
pendence was explained by assuming the formation of an aqueous soluble
Hf-TTA complex. The important reactions involved in the extraction have
been postulated to be:

Hf(0H)A*3 '• feHTB'fr- . -: HfTijg * 3-*A* « HgO

and

A
HfTA J i) HgO

where HT stands for TTA and the subscripts Indicate the phases in vhich the
various species appear (i.e., A-aqueous; B»beaE@ne)„

The following equation expresses the distribution ratic,
organic/aqueous, in terms of HT and 3V concentrations

D.K. (b/jO £ fc.O Cl «15*5 [iff] b) '"^B* xlo7
fJJJJ "*' "

where (^HtJ is the TTA activity in the benzene phase and IjFj ie calculated
using a semi-empirical value for the hydrogen ion activity coefficient read
from a figure included in the report (CRKL-303).
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Recovery of Zirconium and ' \\m from .Separations Process '.'asl'
(W. H. Baldwin, J. V. Ruth, A. 7/. Smith, and H. R. "acker)

Summary and Conelugiona.

Continued tfsting of various adsorbents has revealed, nothing that
will replace silica gel for the removal of Zr-Cb from Redox Process weetea.
The reducing agents tested to prevent adsorption of dichromete did not
greatly reduce the adsorption of gross gemma activity on silica gel. Vai
ations in samples of silica r^l and tho tenpercture of ads^rntion did not
change the equilibrium adsorption but did affect the rate (more finely
divided samples and higher temperatures gave hirher Ttes). The use ;f
different samples of tracer chr.ngod the equilibrium values, this nay be due
to the relative amounts of Zr-Cb in the tracers.

For column operation, the washing ~f the s?iica gel may be
accomplished with nitric acid or ammonium hydroxide with a lower loss of
Zr-Cb than occurs in a water Wash. Eluting agents tested in addition to
oxalic acid included T^PO^, HP and H2S03j these may be tested further.

Column runs indicated e relatively high radiochemical purity for
the Zr-Cb product. The yield can be increased by minimizing losses during
the washing step. A volume redaction greater than 14 was obtained. The
silica gel retained a snail portion (less than 3fS) of the gross ramma
activity.

Program.

Plans are beinr made to attempt colurin runs with fiedox pilot plant
waste lAW in a hot cell. Preparation will require several weeks lonr^r.

It is still planned to investigate the separation of Zr-Cb from
HMH solutions.

Introduction.

Earlier tests were reported nn the recovery of 7r-Cb from ^edox
waste solutio©s in OFML-229. Silica pel vtis selected as an adsorbing
material to be tested furthf-r.

Fquilibration Tests.

Scouting tests have been continued in the search for other adsorbers
The tests recorded in Table 1 indicate two new samples of charcoal to be
good adsorbents for pross .-ramrna activity. Tt iB to be noted too, that resent
J*i02 removed 51^ of the gross gamma activity from solution. It is planned
to determine specific fission products adsorbed by this process to determine
if any separation has been made.
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TABLE 1

Equilibrium Studies

Scouting for new adsorbers: 0.5g apent (except where noted)
and 10 ml synthetic waste spiked with lAYf from redox pilot
plant were equilibrated in end over end agitator at 25° C.
fer 2 hours.

Adsorber

Pyrex glass wool
Daroo (charcoal)
EZ-152-A (charooal)
KLeselguhr
Talc.

Silica gel (0.2g 60-200 mesh)
Do. plus O.lg Na2 SiOj
O.lg Na2 SI03
Ryflo superoel (Filter aid)
Celite 521 (Filter aid)
MaOg (Feagent)
Fe203 (Reagent)

Gross Gamma. Activity
Remaining in Solution •£

87

28

47

86

91

38

38

97

93,93
94,94

49,49
71,71

i During the adsorptic«**c-rr 2rr-cb"_oh_"silIca^^l,"aTchrornate "which "Is
•present in the Redox raffinate is also adsorbed. Attempted elution of Zr-Cb

by oxalic acid before removal of the dichromate led to the expected formation
of bubbles with consequent interference with flow during column operations.
A reducing agent for dichromate might be used in the feed solution or might
be used to wash dichromate from the column after adsorption and before elution.

(Consequently, adsorption tests were made with various reducing agents added
|to tho feed. Rydroxylamine sulfate seemed to prevent the adsorption of gross
gawna activity on silica gel, but a similar effect was noted with potassium
sulfate. Hydrazine sulfate, sodium nitrite and sodium bisulfite had little
effect upon adsorption (see Table 2).

TABLE 2

Equilibrium Studies with Silica Gel (54)

0o5g Silica gel (60-200 mesh).
10 mi synthetic feed spiked with 1A7T from run 4RJ(lg.
reagent added.

Added Reagent

None

Potassium sulfate

Hydrazine sulfate
Hydroxylamine sulfate
Sodium nitrite

Sodium bisulfite

Gross Gamma Activity
(%) Left in Solution

32

44

32

46

30

31
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Variables affecting the adsorption of gamma activity on silica
gel have been studied and are summarized in Table 3. The equilibrium
distribution was relatively little affected by the sample of silica gel
used (compare tests 1 and 2, 4 and 7), The data indicate more Zr adsorbed
by the finer gel. Rate of approach to equilibrium does differ; howeverf
the 60-200 mesh sample was essentially at equilibrium after 1-3 hours at
26° C« while the 6-16 mesh required over 3 hours.

At higher temperatures the equilibrium distribution is the same
as at lowers but the rate of approach has been increased (tests 2 and 3j
4t 5 and 6^ 7 and 8). Fere too there is an indication that more Zr migh^
be adsorbed at higher temperatures but more tests would be needed to
establish this fact.

The feed used in the equilibration studies caused relatively
large differences in the amoimt of gross gamma activity adsorbed (tests
2, 7 and 9, Table 3). Relatively little difference v/as noted^ howeverf in
the amount of Zr and Cb adsorbed.

TABIf 3

Equilibrium Studies

Adsorption of Zr-Cb on silica gel approximately 0„55g
silica gel. 10 ml synthetic feed agitated by tumbling
end over end for 24 hours-.

Gel

Test Size Temp. Gamma Activity Left in Solution

No. (mesh) (°C.) Feed Gross Zr Cb

1 6-16* 26 A 23,23 20,18 8,9
2 60-200* 26 A 22,22 7,7 10,9
3 60-200 70 A 24 7 10

4 6-16 26 B 45,45 37,35 9„li
5 6-16 50 B 50 9 4

6 6-16 70 B 46 14 6

7 60-200 26 B 38,38 18,1 134
8 60-200 70 B 43 7 8

9 60-200 26 C 50,50,
50,50

7,5,6,
4

8,8,
8,9

* Referred to as coarse silica gel in ORNL-229, p- 60 ff.
**Referred to as fine silica gel in GRNL-229, p. 60 ff.

Feed Aj 0.8M HNO*, 0,74M Al(N03)3, 0.05M Na2Cr207 spiked with
1AW, run 4R.

Feed B: 0.74M Al(N03)3, 0.05M Na2Cr20? spiked with 1A.W, run 8R
pH 2.6,

Feed C: 0.8M HN03, 0.74M Al(N03)3, 0.051T Na2Cr207 spiked with
1AW, run 8R.
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Water washing has been used to assist the removal of dichromate
from the silioa gel. This washing with water has been shorn to remove
varying amounts of the gross gamma activity^ Zr and Cb from the silica gel
(Table 4)-- This observation has not yet been accounted for.

The eluting agents that have been tested (Table 4) include,
ammonium silicofluoride and HCl that appear to remove Zr selectively;
phosphoric acid, hydrofluoric acid, and sulfuric acid; and nitric acid and
aranonium hydroxide that removed less than 1% of the gross gamma activity.
It is believed that ammonium hydroxide or nitric acid will be useful in
washing the silica gel to remove dichromate before elution with oxalic acid.

TABLE 4

Equilibrium Studies

Washing and Elution from Silica Gel

Adsorption: Apr>. 0.55g silica gel 60-200 mesh was equilibrated
*t 26° C. with 10 ml synthetic lAW; centrifuged.

Wishing: Silica gel was washed with 10 ml distilled water.
Centrifuged.

Elution: Silica gel was equilibrated with 10 ml eluting agent
at~26° C. for 10 hours, althou^i equilibrium was
nearly attained in 3 hours.

Gamma Loss {%)" in Water Wash
Eluting Agent

Gamma Activity (%)* ElutecJ
Gross Zr | cb "Grose zr CD

„

5.5M HCl 16,12 67,90

82,93
1,11
7.12

""50725;'
61,73,
68,71

0.06MfNH4)2 SIFfi 26 e12

16,17t 5,5,
5,4

13,17 2,8 0.4M oxalic acid' 31,31,37,
37,i0,':0

71,73,
69,64,
76,67

5,6 0.1,0.1 0.1,0.1 1.4M NH40H 0.3,0.3
6."6,0.5'6.5 3.,5 0.1.0.1 0.8M HN03

"IfpRT" 2S713IM H2.S04
0.5M HF

18,18
31,31

I
0.5M H3P04 35,35 •

♦Percent of total gamma activity in the 10 ml of synthetic 1AW,

Additional column studies hove been made during this period (Table
5 and 6). In column run 41 /'Table 5) the samples were analyzed for Pu, Zr
and Cb in addition to gross gamma. While the material balances are not
'good, it v/as felt that losses in waste solutions were not excessive. The Zr
in the water wash was undesirably high, but it is felt that washing with
WT4OR or HNO3 (Table 4) would remove dichromate without removing so much Zr.
•The product obtained from this run contained very little of the radioactive
impurities for which tests were made (less than 0.4# of the total beta
activity was determined as Ru, Ce and 3a; Pu was not detected).
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TABLE 5

Column Run 41

Flow rate 1 ml per sq* cm. per min.

Feed Solution: 0.8M HNOg
0.74M A1(N03)3
0.05M Na2Cr20?
spiked with 1AW from run 8R.

Column: 3.5 onu, i.d.s packed to 25 cm. with 6-16 mesh
silica gel.

Volume PU Gamma Act ivity($)in Solution

Sample ml. Alpha $ Gross i
1, N

Zr % Cb %

Effluent 600 28 5 0.3
tt 600 11 8 0,7 4.6
n 800 6 10 2.6 7.4
n 170 5 • 2 0*3 0.7

Water wash 2000 4 6 20 0o6

0.4M oxalic

acid 650 N.D.* 96 44 131

Materiiil Balance 54 127 67.9 145 c 5

In the 0.4M oxalic acid solution

Zr gamma was 13„I$ and
Cb gamma was 84.85J of the gross gamma

Ru beta was 0.04$
Cr beta was 0.3$
Ba beta was 0.02$ of the gross beta

*N. D„ not detectable*

Run 42 (Table 6) was made using the same column and the same silica
gel that had been used in run 41. Here 9 liters of effluent from the column
contained 35$ of the gross gamma activity and 615 ml of 5% oxalic acid elute .
contained 81$ of the gross gamma activity. A volume reduction over 14 was
thua demonstrated, and although the loas of gross gamma was increasing toward
the end of the run, the major portion of the activity that was detectable with
a probe was located on the top third of the column. The silica gelj, after
washing and drying, was measured and found to contain 2.6$ of the gross gamma
activity. It is to be noted that this silica gel had been used for at least
two previous column runs.
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TABJJ5 6

Colunn Run 42

Feed sqljrtion_and._ccJ.umn_ were__t__e__8nJWjas_used in Run 41, Table 5.

Percent of Total Gamma

Sample
Volume

ml > Total

Activity Employee*
Tot*]

Rffluent 430 0.8
ti 660 1.4
tt

530 1.2
tt 1000 3,„0
tt

500 1.7
n 1100 2.9
tt 1000 3.6
tt 1000 5.6
it

600 3.6
tt 130 6.1
« 2000 8,950 6.3 35.1

Water wash 2000 0,8

Pore~run 90 2,090 0.05 0.9

0:,4M oxalic 1 ' '

aoid 95

100
110

50

21

6.9

310 615 3.4 81.3

Water wash 310 0.6
**"""

Water and

alcohol wash 1500 0.2

Silica gel m __ 2.6

Volume reduction 14



Separation of Fission Rare Earths; (f. F. Figgins,, V. P. Baldwin)

Introduction and Summary.

Work has been continued on the development of a process for the
separation of the fission rare earths (Y» Eu, and Sm) by ion exchenge.
(CRNL-229). Distribution data have been obtained for Eu and Y between
resin and buffer at 26° C. and 50° C. which indicate that the higher
temperature should aid separation sinoe the distribution curves are more
divergent- at 50° C.

Distribution Data.

Distribution coefficients for Y between unscreened Dowex 50 resin
and 0*238 y citrate were obtained at a temperature of 26° C, and were
compered With those obtained and previously reported for Eu at the same
temperature; These values for Y are shown in Table I and are plotted in
Figure i together with tho corresponding data for Eu. Practically no
difference between the two curves can be noted except toward the higher pH's.

Similarly, tests wore made at a temperature of 50° C. The values
for Eu and Y are shown in Tables II and TJI respectively and are plotted
in Figure 2 * It can be seen from the graphs that increasing the temperature
has separated the curves. At 26° C. the ffy for both Eu and Ywas not

. significantly different from 20 at pH 3.02„ but at 50° C. when KD for Y was
20 at pH 3.1 the corresponding Kn for Eu was 34.

Further distribution tests are planned to be run at a temperature
of 75° C.
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TABLE I

Y.Distribution Coefficient*?* at zq± 0o5 «

Solution -• 15 ml. 0.236 Mcitrate, -x/ lo"8 MY** t>tt . . + v i
" Y ' PH " t6bulated' "*4<* used to adjust ptf.

Resin - Dowex 50, ammonium form, 10-76 microns, oven dried.

pH

Veight Resin (Grams)

Original Buffer pH

pH After 1st Equilibration

PR After 2nd Equilibration

KD - lat Equilibration

KD - 2nd Equilibration

Kp - Resin Strip

Average

%?%terial Balance

Average Y K,
•D

* Distribution Coefficient KD z «*• in resin/masa of resin
ct« lu. aolu-cion/volume of solution0

«** ««, u**., ,«____, =6,,000 „^ a^ ^^^__^.
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TABLE II

Eu Distribution Coefficients* at 50±1° c.

Solution - 15 ml. 0.238 Wcitrate 2 x 10"7 WFu** «w . * v i „~raw, c x iO MhJ , pH as tabulated, NH4OH used to adjust pH<
Resin - Dowax SO, ammonium form, 10-75 micm„8, oven drie_o

——-— — _

pH

Weight Resin (Grama)

i

$.04 i -.19 3,34 3 =38
0.2515 0,2113 0.7576 0.7510 2.5500 2.9377 4.6406 4.4355

Original Buffer pH 3.04 3.04 3.17 3.17 3,35 3,36 3..50 3.,50

pH After 1st Equilibration 3,02 3.04 3.19 3.20 3,34 3.32 3.37 3.37

pH After 2nd Equilibration 3.04 3.06 3.18 3.19 3.36 3.33 3.38 3.38

KD - 1st Equilibration 50.9 61.6 15.0 14,6 3.09 3.48 1.00 1,14

KD - 2nd equilibration 66.7 58.7 14.1 16.1 3.0? 3.11 1.09 1.22
% - Resin Strip. 65.8 ' 63,2 15.9 18.0 4.06 3.80 2.04 2,06

Average 61.1 61.2 15,0 16.2 3.41 3.46 1.38 1.47

%Material Balance

Average Eu Kn

99 104 105 111 121 116

61 .2 15 .6 3 .44 1.42

* Distribution Coefficient " <5t« in r-
xnr-r-r-r-r-

sin/ma8s of
rmr; Ai i _

resin

•♦Beta Activity in Buffer (Original) *,18,200 c/m/ml at 10$ and no ab.orber.
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TABLE III

Y Distribution Coefficients* at 50±1 C.

Solution - 15 ml, 0,238 Wcitrate, ~ 10"8 if Y**, pH as tabulated NH40H used to adjust pH.

Resin - Dowex 50, amnonium form, 10-75 micron*, oven dried,

pH

height Resin (Grama)

Original Buffer pH

pH After 1st Equilibration

pH Aftar 2nd Equilibration

Kg - 1st Equilibration

Kp - 2nd Equilibration

Resin Strip

Average

% Material Balance

Average Y KD

3.05

O^OTS"

3,03

3.05

3.04

34.8

40,6

38.6

38.0

99

3.03

3.06

3.04

35.1

35.4

38.7

36,4

103

37.2

3.18

OTTTJBq

3.18

3.17

3,18

7.46

8.67

9.73

8.58

104

3.28

3.19

3.17

" 8.94

9.27

9.97

9,06

102

8.82

3^28

2T60B5I

3.33

3.27

3.28

2,13

2.21

3,28

2.54

114

3.33

3.28

3.2?

2.60

2.48

3.52

2.8?

113

2.70

* Distribution Coefficient : eta in resin/masia of resin ,
cts in aolution/voliurie of solution

♦♦Beta Activity in Buffer (Original) =r42,000"*c/m/ml at; 10^ geometry 'an'tfno absorber.:

3.23

—srrzm

3.48

3.24

3.23

2.52

2.36

3.09

2.66

115

—STBTTT

3.48

3.23

3.23

2.72

2.63

3.62

2.96

119

2.81
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Ion-exchange Separations: Production of Spcctrcche.iic-illy Pure Rare Earths
for Research i'urposes: (D . II. Karri3, 0,. E. Boyd)

The inventory of spectrochrnlcally pure rare earth preparations
has been both added to bccau.se of new separations of Nd, Sm, Cd and Tb,
and depleted by the meeting of various requests. The amounts presently
on hand are;

Sc203 0.150 g

T0O3 7 050 '

La203

Ce02

Pr6°]_L
Nd203 1,614

Sm2o3 146

2,338

Gd 15-OX- g

Tb40? 0.801

Dy203 1,399

H02O3 0.686

Er2o3 6,262

Tm?03 0,649.

Yb203 0,100

Lu20o 0,131

Eu

t.allizeds contains <_0„l£ Eu
;-iy exchange column

Currently an ion-exchtuire column separation of a nixture con
taining 2 0-2,5 g. each-of 5m, No, Pr, Ce and La is beinr conducted using
a 15 enr x 100 cm bed and an arm ionium citrate buffer at pH ~ 3/10o

Recently several experiments have indicated the feasibility of
attempting to effect a quantitative separation of europium from the Sm~Eu
concentrate mentioned in QRNL-229 by means cf an ion-exchange column.
Accordingly, after one additional cheriical concentration operation the
Sm-Su mixture will be put onto a large bed and separated.

Altogether during this past quarter 25 separate shipments have
been made to seven A.E.G., research groups<
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Production of C-14; (A* J. V'einberger, ff. H. Baldwin)

Tost of this period has been devoted to the preparation of a
report on the development of a process for obtaining C-14 from bombarded
beryllium nitride. Some time hes been spent preparing for the continuation
of this program. The isotone production proup is testing further the pro
posed process on 100 grain batches of beryllium nitride and assisWiee will
be given to then when needed. Tt is expected that a certain arour.t of
routine testing of the pressure build-up in bombarded beryllium nitride will
be done to help predict the conditions to be encountered on long bumbnrdment
at high-flux. Targets in aldition to beryllium nitride ^surh as aluminum
nitride, calcium nitrate, potassium nitrate, magnesium nitride nnd -aleium
nitride) will be tested for C-14 production where necessary, including
pressure development during bombardment. Methods will be sought for the
reversal of chemical changes that may occur during bombardment.
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VI. Physical Chemistry and Cheeical Physics

Spectra of the Heavy Elements and Rare Earths in Crystals and Solutions!
S. Freed, C. J. Ilochanad'el""

It was our aim to obtain solutions of salts and chelate compounds of
the transuranic elements and of the rare earths having rather low viscosity
at the temperature of liquid nitrogen in the hope that enough transforma-
bility would be left among the various species so that one or only a few
would survive and be measured* Trivalent europium ion, Eu"*"*"1", seems to be
the only one# whose spectra from its salts in solution are so sharp at room
temperature that the usual bands in the spectrum of the solution are resolvable
into lines which may be counted* Since it is the number of lines within a
group which is determined by the quantum character of the transition and the
symmetry of the fields about the ions, a more general study of ions and trans
itions required a search for solutions exhibiting discrete spectra. It was
natural to turn to solutions at low temperatures.

In the past, efforts to obtain solvents fluid at low temperatures were
usually directed toward mixing substances liquid at room temperature but of
low freezing points which together had a "freezing point" lower than any of
the single or pairs, etc., of the component liquids. Solvent properties had,
of course, to be kept in mind. For example,, G. N. Lewis and his associates**
employed a mixture of ether, isopentane, and ethanol to keep substances such
as dyes and leuco-bases in solution near the temperuture of liquid air. The
solutions beoame rigid, however, at the temperature of liquid air.

To synthesize our solutions, the first step was to dissolve the salt
under more or less normal conditions rather than at low temperatures so that
the rate of solution would not be excessively slow; further dilution with
solvents of low melting points could take place quickly at much lower tempera
tures than that of the initial solution of the salt. In our experiments thus

far, normal propyl and normal butyl aloohol of high purity served as the
solvent for the first step,.and for the second, pairs of the following hydro
carbons in various proportions were employed - methane, propane, propone*
butene-1, and isopentane.

The apparatus consisted of a dewar flask containing a mixing vessel of
Pyrex glass which was connected with'a capillary optical tube provided at its
ends with windows of corex D' glass. The salt was placed in the mixing vessel,
and the dried alcohol was condensed on it from a vacuum system integral vdth
the vessel. It turned out to be convenient to have the solution of the salt

take place at about -20° C, The temperature was then further reduced, to about
that of solid carbon dioxide, and the hydrocarbons were bubbled through the
alcoholic solution and condensed there. The final solution was then siphoned
into the optical tube,.

♦For a short review of previous work - Simon Freed, Rev. Mod. ihys0 14,
105 (1942).

i

**G. N. Lewis, T. T. Magel, arid D. Upkin, «** Am. Chem. Soc. 62, 2973 (1940)
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We shall illustrate with an exampleo 20 mg. neodymium bromide hexahy-
drate (NdBrs^efl^O) were covered with about 0.8 ml. normal oropyl alcohol which
had been introduced by condensation. The temperature was reduced to about
1900 ks and 4 ml. propane and 4 ml. propane were then bubbled through the
liquid and condensed, The resulting solution, about 0.005 M* was siphoned
into the optical tube at the temperature of liquid nitrogen. At times, helium
gas was used to transfer the liquid from one tube to another. However„ its
solubility in the liquid at these temperatures led to complications in some
measurement s.

Evidence that some transformations occur rather quickly at these tempera
tures came from an attempt to dissolve about 38 mg. rather than 20 mg. terbium
bromide hexahydrate in the s, me volume of the solvent. (The relatively low
absorption coefficient of terbium ion would require more ions in the light-path.)
Between the time the solution was siphoned and that required for aligning the
dewar flask in the optical path, less than an hour elapsed, and in that time*
terbium suit precipitated out of solution. On the other hands the less concen
trated solutions of the neodymium salt remained transparent and unchanged for
more than a week at the low temperature. It was found that the solvent remained
fluid at the freezing point of nitrogen.

In the beginning, the absorption spectra were taken with a Bausch and Lomb
quartz spectrograph, but the spectra from the solutions at low temperatures
seemed so sharp that all subsequent spectra were ta'cen on a twenty-ono feet
Jarrel-Ash grating spectrograph in riladsworth. mounting having a dispersion of
5 A/mm. in the first order

The spectra of solutions of neodymium nitrate hexahydrate and of neodymium
bromide hexahydrate at 77° K consisted of groups of lines, in some instances as
sharp as 1 A* but for the most part, they varied from 2A to 6A„ At 193° K, the
lines were broader, and some regions were diffuse and faint. These were gathered
up into lines at the lower temperature, and thus the general change which the
lower temperature brought about was an increase in the number of lines.

Neodymium bromide hexahydrate in, solution had groups in the same wave-length
regions as the nitrate, but the structures of the groups were strikingly different
Even when tho numbers of component lines within a group were the same, the inten
sity distribution and the spacings were widely different. The following table is
an illustration of differences in the spectra of solutions of neodymium nitrate
hexahydrate and of neodymium bromide hexahydrate.

Spectral Region

5200 A

5000 A

Temperature Solution Number of Lines Spread in A

193° K

77° K

77° K

Nitrate

Nitrate

Bromide

4 diffuse

10 sharp lines
10 sharp lines

60

100

90

193° K
77° K
77<> K

Nitrate

Nitrate

Bromide

structureless blur

4 or 5 sharp lines
7 sharp lines

40

100
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Europium bromide hexahydrate possessed absorption lines of axtreme sharpness
at 77° K as was to be anticipated. The group at 4600 A consisted of four lines
two of which were separated by about one-half angstrom. This group has been iden
tified as a transition from J - 0 to J - 3 with a maximum of seven lines (in fields
of highest dissymmetry). The appearance of only four lines indicates that there
is only one species of europium ion, Eu+++1! present in solution rather than a
mixture of configurations.

The spectrum of thulium bromide hexahydrate la the same solvent consisted of
considerably more diffuse liaes„ 10 A to 15 A wide except for two (of some sharp
ness) in the ultra-violet.

The electrical conductance of the solutions was measured at 193° K and 77° K,
They were very sensitive to temperature, viscosity and seemed to vary for a while
after a given temperature was thought to have been reached. The values wore very
low and sporadic.

We are much indebted to Dr. Fred J. Leitz, Jr. for his collaboration'in the
design of apparatus and in the early exploratory workc

Experiments with Molecular Beams -(?. J. P. Chastagner, Jr., E. H. Taylor)

The experimental work of the quarter has been preliminary, but some
decisions have been made as to the specific experiments to be attempted
first. It is planned to study the reaction pf potassium with bromine using
neutron activation to measure the bromine and the surface ionization gage

for the potassium.

This reaction is typical of those studied by Polanyl and his associates*
and appears favorable for a trial of the presently proposed technique, The
molecular beam method will enable direct measurement of the cross-sections

of the molecules for scattering and for reaction* thus testing the indirect
measurements which seem to show the reaction cross-section to be the larger.

All of the apparatus for the scattering - reaction experiment has been
designed and is in the process of conBtruction, with some parts being pre
sently tested. A glass - metal apparatus for testing of beam sources (ovens)
has been built, and will be used also for development-of the technique of the
neutron activation measurement of bromine deposited on a collector from the
bean*

Experiments have shown that the bromine can probably not be measured by
direct counting of en irradiated collector foil, since polystyrene, considered
to be the test possibility,, shows too high a counting rate after irradiation.
Chemical separation of the activated bromine will apparently be necessary*
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Calorimetrio Study of Nuclear Processes - G. II. Jenks and P. II. Sweeton

Now that liquid helium is available at the Laboratory, we have con
sidered in detail the feasibility of using this substance in carrying out
calorimetrio measurements of the type in which we are interested, i.e.. the
measurement of the total energies of B and y disintegrations.

It is quite probable that a calorimeter which will absorb 98/S of the
most penetrating r radiations can be constructed and o;erated so that a
heat input of 10"? cal/seo can easily be measured to within 1#0 ''his rate
of heat input is equivalent to that from 0.1 millicuries cf 1.0 Mev radi
ation and represents a 10* gain in sensitivity over that of the present
Y calorimeter. In order to obtain this sensitivity^ however. it will be
necessary to use a heavy metal such as gold or platinum as the y absorbing
material so that the overall dimensions as wall as the heat capacity of
the calorimeter can be :<ept reasonably small,

A calorimeter of this sensitivity can be uaed to measure the decay
energy of a large number of radioactive isotopes. Such measurements are,
of course, useful in studying the decay mechanisms of the isotopes. There
is also the possibility that a calorimeter of this sensitivity con be used
to measure the total y energy emitted upon neutron capture by a given
nucleus. Neutron currents as high as 10Vcm2/sec can be obtained in beams
from the oile. If 5 x 106 neutrons are absorbed by the nuclei under in
vestigation, and the omitted y*s absorbed in the calorimeter,, the heat
incut would be of the order of 10"6 cal/seo and measurable.

Before starting construction of a calorimeter containing a large
mass for absorbing y rays to the extent mentioned above,, we have planned
first to undertake the simpler problem of developing a calorimeter con
taining only enough mass to absorb B and low-energy y rays. From axperi=
ence with this calorimeter, we should be able to orediot the characteristics
of a calorimeter containing a larger mass.

The construction of the B-absorbing calorimeter is well under way.
The various parts for the calorimeter proper, which Is to be of metal,
have been obtained, and the calorimeter is now being assembled. Construction
of the various gas handling systems associated with the calorimeter has also
been partially completed.
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The Crystal Structure of Potassium Ferruthenates (M. D. Silverman and H. A
Levy)

Although potassium perruthenate was first prepared in 1876, its
crystal structure has never been determined,. The original preparation^
was first reported to be isomorphous with potassium permanganate: however,
in later reports, Debray and co-workers^*3 described the perruthenate as
black, tetragonal octahedra, stable in air, and not isomorphous with
potassium permanganate.

Essentially pure KRuO, was first prepared by the method of Debray
and Joly„ The starting ruthenium salt was a mixture of RuCl, and RuCl,
which was fumed several times with HgSO^ to eliminate chlorides. Ruthenium
tetroxide was then distilled from the sulfuric acid solution Into all" K01I
solution after addition of potassium permanganate as oxidizing agent. The
solution of the distillate was orange-colored due to ruthenate ion (which
was first formed) and gradually changed to the dark green color of the per
ruthenate. Small black crystals were deposited on the walls of the re
ceiver} this crystalline material was washed with the mother liquor several
times, then with ice-cold freshly distilled water, and was finally dried
in vacuo over anhydrous calcium sulfate.

Copper radiation Debye-Scherrar patterns of KRuO,, which were
successfully indexed on the basis of a tetragonal lattice, showed the struc
ture to be isomorphous with scheelite (CaWO,). Other crystals which have
this structure are the periodates of sodium? potassium, ammonium and rubidium;
the perrhenates of silver, sodium, ammonium and rubidium; the molybdates of
lead, strontium, calcium and barium, and tetragonal bismuth arsenate. The
lattice constants were obtained with greatest precision from reflections in
the back-reflecting region on a pattern in which HaCl was mixed with the
KRuO, in order to provide calibrating lines, The lattice spacings consid
ered most precise are as follows;

0hk£ a,, A .. , A
o

440 5,6089
620 5,6089
640 5,6083

0'0°16 12.991

(Values adopted; a s 5..609 + .002 A, Gn s 12,991 i .002 a\ based cn
art for NaCl s 5.638

(1) Sainte-Claire, Deville and Debray, Compt. rend, 8J, 926 (1876),
(2) Debray and Joly, Compt. rend. 106, 1494 (1888), "
(3) Dufet, Bull. soc. franc, mineral jj, 216 (1888).
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The pattern shows the following systeratic absences: hk^ wher
h 4 k f I is odd, corresponding to a body-centered lattice; hkO when h or
k is odd; 00/ when A is not a multiple of 4. These absences and no
others are required by the space group Cy. - ^i/a, which is the space group
to which scheelite and its isomorphs belong. The symmetry of this space
group requires that 4 milecules of KRuO- be present in the unit cell, with
Ru and K occupying the 4-fold special positions (a) and (b)^„ The 16 oxygon
atoms could be in two sets of 8-fold positions (c), (d), or (e), or in
general positions (f)„ The former are not consistent with the observed
intensity data, nor do they lead to a chemically plausible structure. The
calculated density is 3.20 g. cnr3„

Single crystals of the salt, required for the assignment of para
meters to the oxygen atoms, were obtained by distilling RuO; into an alka
line solution of potassium ruthenate, placing the mixture in a refrigerator
for several days, and washing the crop of small black crystals as described
above. Several crystals, whose shapes were approximately that of an elon
gated tetragonal octahedron, about 0,03 x 0..02 cm. were mounted on glass
fibers, and rotation and Weissenberg (moving camera) photographs, using
Cu unfiltered radiation, were taken. The shape of the reflections on the
photographs indicated that absorption of radiation by the crystal wad con
siderable and that structure factors from the intensities were not to be

trusted. Calculations verified this belief; accordingly, new equatorial
Weissenberg photographs about the a and c axes were taken, using Vo unfil
tered radiation.

Intensities of hkO and h0>£ reflections were estimated visually,
using a multiple film technique, and observed structure factors JFJ were
computed. Absorption corrections were ignored after graphical estimates
indicated that relative JF| values would not be disturbed more than ± 5%
for hkO or i 8% for hO1,

The x and y parameters were determined systematically from the
hkO reflections. Greatest weight was given to reflections occurring at the
same value of the Bragg angle (e.g., hkO and khO, hf k). Final values were
selected by a least squares procedure.

The z parameter was determined from the hO.1 reflections. Opti
mum agreement with the data required the use of separate temperature factors
for Ru, K and 0. The final values of the atomic positions are Ru at (000),
K at (00 l/2), 0 at (xya) and crystallographically equivalent positions, with

x = 0.756, y £ 0.117, z = 0.928,

accurate to about 0.002.

The ruthenium coordination is a tetrahedron slightly flattened
along the c-axis, with a Ru to 0 distance of 1.80 A.

(4) "International Tables for the Determination of Crystal Structures",
Gebruder Borntraeger, Berlin (1935).,
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VII. Radiation Chemistry

Radiation Cheraistrys (J. W. Boyle, J. A. Ghormley. D. M. Richardson, reported
by K, fl. Taylor/

General: There has been little experimental activity in this field during,
the present quarter, roost of the effort teing directed toward the future. Plan
ning and following the construction of the building for the Van de Graaff genera
tor has occupied one nan. Toward the end of the quarter, oonsi deration began to
be given to the reoonstitution of the program in radiation chemistry, and to the
recruitment of replacements for the staff.

Uranium Oxides as Catalyst for Reoombinaticn of H2 and O2 (J. W- Boyle)

An experimental test has been made of the suggestion (by A. 7, Allen) that
a TJ3O0 - UO3 mixture might catalyze the recombination of B_> and 0_; formed under
radiation in an aqueous solution-. Such a catalyst would be attractive, since
such oxides might be the fuel in a heavy v/ater slurry Pile. Experiments showed,,
however, that the recombination v/as not thus catalyzed, even at teuperatures up
to 326<> Ca



.Physical Measurements ajvd Instrumental:

Electron and Optical Microscopy, Electron Diffraction
XL." T. Newman, T. E. WillmarthT

(1) Beryllium

A sample of machined beryllium rod vhich corroded
at r^om temperature, as submitted by James Reed of the Tech
nical DivlSittuj «*s examined to determine the type of surface
defects, nature of the corrosion product formed in surface
"blisters", and microstructure. The sample, very fibrous and
of poorly defined grain structure, vhen examined microscopi
cally at h:\gh pover shewed the presence in great abundance of
crystalline material' of hexagonal structure in the faces and
at the interfaces of ?.he beryllium grains. Thla material
subsequently identif^d by Dr. H. Bredlg of the X-ray section-
as beryllium oxide. Quantitative analysis by W. Wolkovitz of
the Analytical. Section ga/e a figure of 5.6^ BeO present.

Two other samples of beryllium, not from the same
billet, were exan*lnet_. for comparison purposes. X-ray exam
ination shoved one o,f these to contain approximately as high a
percentage of BeO a^ the original sample, the other, a small
amount of BeO. Thee.e samples vere also cross-sectioned and
the microstructure examined at high pover. The sample con
taining the high pevcentage of BeO presented much the same
appearance under the microscope as the original sample, vhereas,
in the second, although a little BeO was observed, It was more
videly dispersed. -However, local concentrations vere found,
especially in the region vhere fibrous fractures *.iad taken
place. Material identified as beryllium carbide vas also found
in this sample in touch greater abundance than those previously
examined. A complete report covering this vork will be issued
in the near future.-.

(2) Particle ]__^pJLem

Some tlime has been spent on various phases of the
particle problem,, mainly in connection vith questions connected
vith particle si^e.

(a) In co-operation vith J. Gost and J. S. Cheka micro
graphs of cascade impactor samples collected by R. H. Wilson,
University of Rochester, vere made and radioautographs of these
samples made by Health Physics vere compared vith those of the
cyclone and flitter samples collected by the Chemistry Division
(R. Livingston, et al). The folloving comments appear to be
warranted:

1. 'The cascade Impactor did not collect the large
particles (thOjSe above approximately 20 microns) vhich appeared
to carry a la2rge fraction of the activity in the cyclone samples.

2. For particles betveen 1 or 2 and 10 microns the
deposition from the different jets shoved a good correlation
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between the size expected from the different jets a,id the size
calculated from the intensity of the radioautographs, ^ssurcing
1 disintegration per minute per cubic micron.

The impactor samples indicated a somewhat larger
number of particles in the 5 to 10 micron range than the cy
clone samples, which may have been due to the pile conditions
occurring at the time or to the fact that the larger particles
in the cyclone samples obscured the Inages of the smaller
particles in the ,>adioautographs.

3. The amount of uranium shown by analysis on the
deposits from the finer jets and filter in the case of the
impactor samples, and on the filter in series with the eye)one,
was much larger than could be accounted for by the density end .
number of particulate images shown In the radioautographs,
assuming the specific activity used above. It had been assumed
that the uniform, diffuse activity shown by the radioautographs
was all due to the presence of decay products of fission gases, v
whose presence was proved by the three filter experiment. How
ever, the high uranium analysis made it necessary to consider •
the presence of large numbers of uranium oxide particles, so
small that they cannot be distinguished as single particles in
the radioautographs. Another factor of importance in the inter
pretation is that the number of particles of the order of 1
to 5 microns escaping the cyclone and being caught on the filter
was extremely small. These facts suggest v.hat the dispersion
may consist of 2 distributions, one being rather coarse and
due to mechanical action, and the other consisting cf very fine
particles (less than 1 micron) possibly produced by the fission
process.

(b) In co-operation with J. Gost radicaut©graphs were
made of FG-50 filters which had been in service in the filter
building for some time. As expected most o'' the active par
ticles were on or near the front surface of the first filter,
but a few fair sized particles vere found on the back surface
of this filter and on tho surfaces of the second filter. Since
particles of such a size (several microns, calculated from den
sity of radioautographs assuming 1 disintegration per minute
per cubic micron) would not be expected to penetrate such a
filter on the basis of CWS tests of penetration, Goat care
fully separated the pads into sections parallel to the surface.
and radioautographs were made of these inside surfaces. These
sections showed no large particles, so it seams probable..that
the particles formed on the outer surfaces ware deposited
there during filter removal, or less probably by leaks around
the filters. A very few particles of estimated size of approx
imately 1 micron or less were found inside the filter pad and
this appears to be consistent with CWS measurements on. the
effect of size on penetration through somewhat similar filters.

A noticeable deposit of active dust occurred close
to the wires holding the glass wool in place; this is an
interesting demonstration of the action of electrostatic pre
cipitating forces.
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(c) At the request of C. J. Borkowski experimental Air
way filter bags were examined microscopically and found to be
made of coarse wood pulp fibres. There was no evidence of any
very fine fibres, which greatly increase the effectiveness of
filters, especially for small particles. The pore size of these
filters was measur- d by D. Trauger, K-25, and found to be from
10 to 25 microns. This compares with 6.5 microns for CWS #6
paper, also measured by Trauger. On the basis of these meas
urements and the lack of fine fibres in the Air-way filters
It is obvious that they would not compare with CWS filters,
especially with small particles, and this was found to be the
case when their, efficiency is tested with these small par
ticles. From previous experience with similar filters, how
ever, it seems extremely probable that they would be reasonably
efficient for particles of 1 to 2 microns diameter and that the
efficiency would Increase to approximately 100# for particles
only a little larger than this size. It would be expected,
therefore, that they would catch with reasonable efficiency
any active particle whose presence could be demonstrated by a
radioautograph of 1 day exposure, assuming the specific activ
ity mentioned above.

(d) In co-operation with S. Beall, photographs of the
oxidation effected in a punctured slug suspended in an air-
stream at 250° C. for several weeks were made. It was very-
interesting that the oxidation resulted in uniform, concentric
layers of oxide around the whole slug although the original
puncture consisted of only one very small hole at one end.
These layers easily broke up into thin, rather brittle flakes;
in general the particle size of these flakes was large enough
to be seen with the naked eye and in some cases they were £
across. This supports the prediction of a rather coarse par
ticle size distribution for slow oxidation of the uranium slugs.

(e) Small segments of concrete taken from the filter
house were examined microscopically to note the nature of par
ticles imbedded in the material as previous examination by
J. Gost and radioautographs had shown them to be radioactive.
Numerous black particles or agglomerates similar to those ob
served in cyclone samples were found. Most of these appeared
to be of the order of 100 microns and over.

(3) K-25 Work

Work for K-25, in connection with their research
for the new plant, K-29, took up a large percentage of the
time. This work consisted in the main of the examination of
numerous powder samples with the optical and electron micro
scope to determine the shape and particle size. A large num
ber of barrier samples were also examined microscopically.
All of this work involves techniques in sample preparation
which are time consuming. Work is being continued as samples
are presented.

(k) Ion Exchange Resins

Photomicrographs of Dowex 50 resins, oven dried
and uir dried, were made to determine comparative size after

Li
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(5) Chlororuthenium

Photographs were made to show the appearance of
solutions at various stages in the preparation of chloro
ruthenium.

(6) Fission Tracks

Photomicrographs at 750X were taken of fission
tracks for M. Shapiro of the Physics Division in connection
with the meeting of the American Physical Society.

(?) Corrosion of Beryllium

A great number of photographs were taken of samples
submitted by the Technical Division to show results of various
corrosion tests.

Considerable time was also spent with a represent
ative of the Technical Division suggesting types of photo
graphic equipment for their set-up for photographing corrosion
specimens and instructing him in the lighting, cam.ra oper
ations, placement of material to be photographed, and the
processing of negatives and prints.

{8} Zirconium

Samples of zirconium were obtained and work started
to develop suitable technique for mounting and polishing this
metal to retain inclusions for metallographic observation,
inasmuch as future project work is contemplated with this metal

(9) Metal Evaporation

A number of jobs were done during this period evapo
rating aluminum, gold, silica, etc., to deposit a film on
various materials for members of the Chemistry and Physics
Divisions. Considerable time was also taken improving tech
niques in making replicas of metallic surfaces and shadow-
casting for the electron microscope.

(10) Photographic Work

Lantern slides were made for various members of the
laboratory for presentation at technical meetings, which
occurred during this period. The usual volume of prints was
also made.
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X-Bay Diffraction

{M. A. Bredig)

a) Crystal Structures of Beryllium Oxide, Nitride and Carbide.

In order to avoid considerable difficulties encountered vith

the maintenance of a controlled atmosphere in the electric carbon re
sistor furnace at Norris, a ecmswhat improvised high-temperature heating
device was used in the latest experiments. It consisted simply of a small
tungsten wire coil, surrounded by a cylindrical nickel radiation shield,
and suspended in the center of a spherical 2 Liter glass flask. Using up
to 1000 watts, pellets of beryllium oxide mixtures vith nitride or carbide
vere heated inside the wire coil in an argon, helium or nitrogen gas at
mosphere to temperatures exceeding 2000°C.

While all experiments to data on the subject of the new crystal
phases of beryllium oxide and nitride are being written up in greater de
tail in a separate report, the main results of these latest tests may be
summarized here as follows:

1) Beryllium nitride is now definitely established as the com
pound responsible for producing, in amounts corresponding tc a minimum mole
fraction H: (11*0) s 0*15» er to a composition Be^Hg'lk B<9®* approximately,
the new, optically biaxial, crystal phase in beryllium oxide above 2000^.
At a mole fraction of 0.21 or a composition BeJfp^ 8BeO, the limit of solid
solubility of nitride in the new phase had notHbeen reached.

Klucidation of the phase relations at the higher nitride concen
trations would require further study. The variability in composition, ac
companied by considerable changes in the lattice spaclngs, suggest the as
sumption of a solid solution, not of beryllium nitride in the hexagonal
phase of the oxide, but of the oxide and the nitride in a possible binary
compound, an oxynltride, of as yet unspecified composition, ^(x^x^y^yPy

2) Beryllium carbide, in the absence of nitrogen, does not produce
this phase, but does so in the presence of nitroc^*» through conversion into
nitride.

3) More highly concentrated preparations of a new crystal phase
observed in a high-fired beryllium nitride (see previous report) do not bear
out the original assumption of a simple hexagonal structure similar to that
of lanthanum sesquloxide. Reservations made at that time in regard to the
structure proposed turned out to be Justified, Weak lines are present in
the x-ray pattern which rule out the hexagonal structure and suggest a
lover symmetry. It remains to be seen vhether at the high temperature at
vhieh the phase was produced true hexagonal symmetry similar to the one
suggested actually may exist.
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b) Radiation Sffecta in Copper-Beryllium Alloys
(with B. E. Eernohan)

X-ray back reflection photographs were taken of a series of
specimens which had previously been examined in the spectrometer. Diffi
culties in attempts to meacure accurately lattice epacinga were encountered
due to the high degree of orientation and distortion in these precipitation-
hardened alloys. With these limitations it may be said that no measurable
change in lattice dimensions under the influence of the rather small dosage
of radiation, of three weeks in the X-10 pile, was observed.

c) High-Temperature Beating Chamber for X-Bay Spectrometer
Twfth V. ". Sherrili)

After an extended interruption duo to manpower shortage, work
was resumed. A new bottom part was made and beryllium metal was procured
for use in windows. A heating element consisting of tantalum wire wound
on an aluminum crucible has been designed and is nearlng completion.

d) Miscellaneous

Work included the identification, in an airborne particle
collected by Health Physics, of U^OgAc'cBibination with Si02 (probably
a sand grain from the sand-blasting of the pile channels), the detection
of unsuspected beryllium oxide in several beryllium metal samples,the
examination of various substances to be used in neutron diffraction studies

(CO. Shuli) and of irradiated, ordered and disordered, copper-gold alloys
(S.Siegel).
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Beta Proportional Counters
C. J. Borkowski, B. A. Dandl, B. Stone

A method for determining absolute disintegration rates of x-ray emitters
has been developed. A proportional counter having 50$ geometry ie used. The
chamber in vhich the source is mounted ie first filled to a pressure of 80 cm,
Hg with Argon-Butane mixture and the counting rat« is observed. The pressure
is then reduced to kO cm. and the counting rate again obtained. From the ratio
of the counting rates the absoluta number of x-rays (all of the same energy)
can be calculated as follows:

1 - e"2*
- -___— -' Batio of counting rates
x - e

This expression can be simplified to?

I - Bx

X"fe

where I0 s disintegration rate

Rjj s counting rate at lower pressure

B2x = counting rate at higher pressure (2xBx)

All that ie necessary is to obtain the counting rate at pressures which
vary by a factor of two.

The following data illustrates the method, 7.0 KJ7 x-rays from Hi59 w«re
used.

Counting rate/mln. at 80 cm. pressure _R^ = 296,300

Counting rato/min. at kO cm. pressure = Bj. = 185,000

I0 from this data equals 986*000 dls/min.

Another set of pressures were used:

Counting rate/ttin. at U0 cm. pressure sB^ = 185,000

Counting rate/min. at 20 cm. pressure : Bj _. 103,700

I© from this data equals 990,000 dis/min in close agreement with the
previous pressures used.
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A beta amplifier was sought capable of handling a wide dynamic range
of input pulses without introducing multiple pulses or losing small pulses
which closely follow large ones. This indicates an amplifier in which we
control overshoot and grid current.

The first step would seem to be to get a stage which will compress tho
range of pulses fed into it, limiting the large pulses and amplifying the
small ones. Simple tube saturation will not do, since the grid current dr/wn
in such a situation will introduce undue dead time following a large pulse,

Various schemes were tried, including reduction of filament voltage in
an attempt to saturate before grid current was drawn, and a multiple tube
stage wherein low pulses went through a high gain tube and high pulses through
a low gain. The latter worked satisfactorily when properly adjusted, but
was complicated, and required overall adjustment whenever a tube was changed.

The next circuit tried was a stage whose gain varied inversely with
input voltage, so as to saturate without drawing grid eurrent, and cut over
shoot to a minimum. This was achieved by feeding the signal into the screen
and giving the control grid an adjustable potential with respect to ground.
The minimum potential of the cathode above ground is also adjustable. In
crease in plate current Increases the negative bias on the control grid, and
since this grid is much more effective than the screen so far as tube control
goes, the signal range is compressed.

This circuit was simple, and worked well when properly adjusted. An
amplifier was designed around it using this circuit as the second stage.
The complete layout is as below.

+lZ.Ov.

All Tubes 6AX5°s
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With a pulse input and a scope on the output,, the two pots should be
adjusted until overshoot is Just eliminated. This setting will vary for
different tubes, and since gain may be secured at the expense of overshoot
reduction, the setting may also be a matter of application.

It was found that the circuit did not eliminate multiple pulsing under
all circumstances, and that for proper operation it should work into a trigger
pair designed to take ite output. The Schmidt type circuit given in Chapter
h of the LA electronics reports was found to work well when modified to take
negative pulses, as shown below.

+-JO0 v.

The main disadvantage of this trigger is that it requires a 300 v. supply,
and also that the 6aC7"b are somewhat bulky. A 6j6 trigger pair, working on
120 v., could probably be designed along the sane lines, and would no doubt
be more satisfactory.

However, since B. A. Dandl has in the meantime developed a _;» tub*
2-stage feedback amplifier which acts in much the sane way as this circuit,
and over a much wider dynamic range, it was decided to leave this circuit
in its present state. The latter circuit will be described in the next
quarterly report.

Special Instruments

£, Fairstein

An ionization chamber for alpha energy measurements was designed and built
It is expected that this chamber will improve the resolution of the alpha
range analyzer by a factor of at least five.

An electronic multiple-pulse geiTerator is being built at the present time
to investigate some of the factors affecting the resolution of the analyzer.
The generator will also be very useful in determining dead-times and recovery-
times of scalers and other counting equipment.
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Some time was also spent on developing a method for recording electrical
data on a logarithmic scale. A maximum practical range of four cycles will
be available with a stability associated with mechanical systems rather than
electronic systems.
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Analytical Chemistry

Ionic Analyses - Research and Development*—»——»^' • • ______________________ ,—. ._ n . KJjy ,

The Polarographic Determination of Lead In Micro Volumes (v, B. Davenport)

The lead used as a carrier in the radioactive barium production
process is removed by an electrolysis step. The solution after the electrolysis
contains barium, lead, iron, chromium and nickel in trace amounts. Analysis
of this solution for lead by the dithizone extraction method is hazardous from
the radiation standpoint and the usual lead concentration, 0-10 r/ml,, repre
sents the lower limit of sensitivity for the method.

A polarographic method for lead has been developed which may
prove to be a satisfactory substitute for the dithizone method.

Lead is determined polarographically in a 1 N sodium hydroxide
medium using a cell designed to handle from 100Ato 2 ml. of solution.
Iron, if present, will precipitate, and must be complexed with sodium
tartrate.

The polarographic wave obtained for lead in a strongly alkaline
medium (Figure 1) corresponds to ths reduction of the biplumblte ion.
The half-wave potential is a function of the hydroxyl ion concentration.
In 1 N sodium hydroxide E 1/2 • 0.755 versus the saturated calomel
electrode (l). In order to work with 6mall volumes, a micro polarographic
cell is used. This cell, (Figure 2) similar to the one developed at
Argonne (2), has a mercury pool anode and a side arm for mercury overflow
which maintains a constant level for the pool. The half-wave potential
for the lead wave versus the merevu-y pool anode was found to be about -0.6 7.

Any oxygen present will of course result in an interfering wave
but its removal by degassing with nitrogen is impractical when working
with micro volumes. Therefore, sodium sulfite is used to reduce the
oxygen. The concentration of sodium sulfite is not critical provided
an excess of that required to remove oxygen is present.

It was found that the interference, due to precipitation of
iron in basic solution, could be removed satisfactorily by complexing
the iron with sodium tartrate- The tartrate shifts the iron wave to
a more negative value than the lead wave and the two are sufficiently
far apart to permit accurate measurement of the diffusion current of the
wave due to lead. This diffusion current of lead is depressed slightly
by sodium tartrate. The decrease in wave height seems to be a linear
function of the concentre.t3.on of tartrate ion. Therefore, the supporting
electrolyte should contain only enough tartrate to complex completely
the expected iron present and calibration curves should be prepared
using the same tartrate concentration.

TT) I. M. Kolthoff and J, J. Lingane, "Poiarography* 11941)^ p. 165. ~~
(2) J. I, Watters, "Micropolarograph Cells", p. 15, AECD-1988, May 18, 1948,.
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Chromium and nickel give no interfering waves when present
in concentrations equal to that of lead- Larger amounts were not
investigated. Barium when present in the ratio 25 parts of barium to
1 part lead does not interfere.

A standard calibration curve was prepared for lead in the
concentration range (k y - 60 7) Pb/ml.

Polarography of Cobalt (P. F. Thomason)

Several samples of electroplated cobalt metal that is used to
monitor thermal neutrons were submitted by Mr. 0. Sisman of the Technical
Division for the determination of nickel. As the nickel impurity was
expected to be less than 0.1$, the polarographic standard addition method
of Lingane and Xerlinger (l) was used for the analysis.

Baker's analyzed reagent grade cobaltous chloride was used as
a synthetic sample to test the method. Polarograms were obtained of a
0.2$ solution of the cobaltous chloride in a 0.1 molar pyridininm chloride,
0.1 molar pyridine supporting electrolyte. The nickel reduction wave, at
a 1/2 wave potential of approximately -0.75 ts. the saturated calomel
electrode, was measured. Then sufficient nickelous chloride was added
to the solution to increase the nickel concentration by .0001 molar and
the polarogram recorded. The increase of the nickel wave was measured on
the polarogram and the concentration of nickel was calculated by the
following equation:

_ t v C std

°1 * Ai(V+v)+ v

where

C^ =< original concentration of the nickel

I * the original diffusion current

A1. m the increase of the diffusion current

V • the original volume of the unknown solution
with cell

v * the volume of standard solution added

^std * *k* concentration of the standard solution.

The original concentration of nickel was calci-lated to be Ik x 10
molar. This corresponds to 0.039$ nickel in the reagent grade cobaltous
chloride.

The cobalt metal samples were dissolved in concentrated hydro
chloric acid and diluted to 100 ml. Polarograms were obtained for 5 ml.
allquots diluted to 10 ml. containing 0.1 molar pyridine and 0.1 molar

TX5 Lingane, J. J., and Xerlinger, H., Indr"iing. Chem, Anal. Ed., 13, 77»
(19*1).
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pyridinium chloride. Then 1.0 ml. of a 0.001 molar nickel chloride
solution was added and the polarogram recorded. A polarogram of a
blank containing the reagents indicated a small correction for the
nickel impurity,. The results of the analyses are shown in Table I.

Table I

Nickel in Cobalt Metal

Sample
No.

Wt. of the Original Dif-
Sample in fusion in Micro-
100 ml. ' amperes

Increase of

Diffusion Cur

rent in micro-

Amperes

Concentration

of Nickel

$ Nl

1 0.3704 g. -164 .615 3.0x10"'' molar .046

2 0.8182 g. .287 •595 6.8x10"^ molar .0*8

3 0.4739 g. -195 ,404
_K

4.0x10 y molar =C49

Precision Dow Recordomatic Titrator (F. J. Miller, P. F. Thomason)

A Dow Precision Recordomatic Titrator has been received by the
analytical group to facilitate routine volumetric analyses. The chief
advantages offered by the titrator are the speed of a titration, accuracy,
by elimination of human errors, and a permanent record is obtained of the
titration. It also lends itself to being adapted to the automatic titration
of highly radioactive solutions without exposure of the operator to the
radiation.

The titrator consists of four essential parts:

(1) A Dual Automatic Reagent - Feeding Unit
(2) An Electronic Control System
(3) A Brown Electronik Type K Recording

Potentiometer

(4) A Vacuum Tube Bridge - Type Voltmeter

The dual automatic reagent-feeding unit comprises two
separate units, each consisting of a 50 ml. Pyrex glass feed pump, which
holds and delivers the reagent to the titration beakers. One unit may
be filled and adjusted while the other pump is performing a titration.
The feed pump is synchronized with the strip chart, and both are driven
simultaneously by a relay-operated motor.

In the electronic control system, the small current Is picked
up from the Brown balancing system and amplified bsfore it is fed to a
sensitive relay which operates the reagent-feeding system. The
simultaneous action of the Brown recorder with the input impulses
automatically operates the reagent-feeding unit.

A modified Brown Electronik type K recording potentiometer Is
used to record the titration. The modification consists of the addition



°»11

of five bridge Bystems for the five voltage ranges in the instrument.
The input to the potentiometer consists of a line-operated vacuum tube
voltmeter of the balanced tube type. Titrant is allowed to be added
only when the potentiometer is automatically balanced - thereby allowing
the recorder to plot equilibrium values.

A vacuum tube bridge-type voltmeter is used for compensation
of electrical characteristics for different types of electrode systems.

The Recordomatic Titrator was received in a damaged condition
from the Precision Scientific Company. The chart drive was out of
alignment and a mercury solenoid switch was broken, evidently in
shipment. The damage was repaired by the instrument group and preliminary
acid, base titrations were performed. The performance of the instrument
was rather disappointing as it was prone to over titrate the sample. Thie
was due to an insensitive feed control which was apt to feed a large slug
of the titrant and the titration curve would show an equivalence point
without further addition of the titrant. Dr. M. T. Kelley revised the
electronic relay feed control so that only a 1 - 2 millivolt impulse
is required to stop the feed. This sensitive control permits a small
increment addition of the titrant during the entire titration.

One of the 50 ml. syringes has been replaced with a. 10 ml<
syringe in order to titrate with smaller volumes of titrant without loss
of accuracy. The pyrex feed syringes have been fitted with smaller
capillary tubing to the buret, and the biuret tip has been drawn to a finer
tip. This was found necessary to prevent streaming of the titrant from
the buret after the feed was automatically stopped by the electronic
control. It was found necessary to change the gears of the chart drive
in order to increase the speed of the chart in relation, to the feed rate.

The instrument seems to be satisfactoiy after these changes
and is being tested for precision and accuracy. The results obtained'to
date are shown in Table II.

Table II

Acid - Base Titrations with Recordomatic Titrator

2 ml. of .052 N HgSO^ Titrated with 1.04 ml. of 0.1 N NaOH

Chart Travel in Cm. Max. Dev. Average Dev.

0.7* 0.39$
1.9 0.89
1.3 0.67
1.9 0.86
1.9 0-79
1.8 0,75
1.9 0.92
0.8 0.35
1.4 0„51

'Note: Each value shown for the chart travel represents the average of ten
titrations.

1. 7.79
2. 7.85
3- 7-75
4. 7.75
5- 7.72
6. 7.69
7- 7.80
8. 7.69
9- 7.71
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Thece data show the instrument is capable of titrating
in this range with a maximum deviation of less than 2$ and an average
deviation of less than 1$.

Colorimetric Determination of Palladium (E. K. Hanig, P. F. Thom&aon)

A palladium iodide precipitation is used in the xenon process (4),
Several samples of Pdl2 have been analyzed for Mr. A. R. Broai and
Mr, G. W. Parker. As the total amount of palladium was expected to be
approximately one milligram, a colorimetric method was to be desired.

It has been reported "by Yoe and Overholser (1) that thiourea
gives a yellow color with Pd++ both in an acid and on ammoniacal soluti
Therefore, the possibility of utilizing this color for a spectrophotomet:
method was investigated.

A solution of palladium chloride was made by dissolving approxl
mately 900 mg. in % hydrochloric acid and diluting to 100 ml. This
solution was standardized gravimetrically by the conventional dimethyl-
glyoxime method (2). A dilution of the standard solution was made to give
a solution containing 5-39 micrograms of Pd per ml. Allquots of this
solution wore pipetted into 25 ml. volumetric flasks and 5 drops of con
centrated HCl were added followed by 1 ml. of 10$ thiourea. The solutions
were diluted to volume with distilled water and the tranBmittancy determin
ed with a Beckman spectrophotometer at a wavelength of 380 mu vs, a
reference containing all of the reagents but palladium.

It was found that the color complex formed immediately and was
stablo for at least an hour. It obeyed 3eer's law from 25 to 500 micro
grams of palladium in the 25 ml. final volume. The acidity of the solution
was not critical as twice the amount of HCl did not affect the tranemittancy.

An excess of thiourea did no harm. Interference from other cations was not
checked since the samples were expected to be pure palladium iodide. Known
synthetic samples of palladous iodide were recovered with an accuracy of *3#.

Equipment for the Redox Analytical Group (H. L. Hemphill)

The automatic fusion device used for the fluorimetric analysis

of uranium has bean improved by limiting the motion of the spider which
holds the platinum fusion dishes to a simple rotation. This is ac
complished by using an electric motor in place of the hydraulic lift
on the previous models. It had been found -that the hydraulic lift was
subject to wear which caused erratic rotation of the spider. The smooth
operation of the revised device produces a more uniform fused plate whicii
ehould iaprove the precision of the method.

A new sampler has been made utilizing a Greiner micro burette .
mounted on a small mechanical elevator. The positive control of the
mercury column by the calibrated plunger permits the delivery of accurately
measured samples. It should be especially useful for the delivery of small

Xil Yoe, J. H., and Overholser, L. G* Tnd. and Eng. Chem. Anal, Ed. 14,
435-7 (1942).

(2) Hillebrand, V. F., and Lundell, G.E.F., Applied Inorganic Chemistry,
John Wiley and Sons, Inc., N.Y., Page 28l, (1929).

(3) Gilmont, Roger, Anal. Chem- 20, 1109, (1948)
(4) Mon-432, p. 75.
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volumes of liquid for the falling drop specific gravity determlnationa (1),

The ionic analyses of the contents of the O.R.N.L. uranium
waste storage tanks have been completed and the results are available In
a memo of W. K. Ei6ter to F- L. Steahly (2).

Polarograph for Routine Control Laboratory (M. T. Kelley)

It was mentioned in quarterly report 0SNL-229 that a recording
polarograph was being constructed by the instrument group. This instrument
has been completed and is being used by the control group for the analysis
of redox process solutions.

The instrument is somewhat similar to the Sargent Model XX
polarograph that has been studied by Sweeton (3). The bridge slide wire
consists of a Beckman Model A helipot that is engaged by a clutch
mechanism (4) to a synchronous motor drive. The position of the slide-
wire it shown by a vernier dial which is mounted on the helipot shaft.
A Brown electronic potentiometer is used to record the current-voltage
curve. As the chart drive is also driven by a synchronous motor the
motions of the bridge and chart are essentially locked together during
a run.

This instrument differs from the Sargent instrument in
the following respects:

1. A Brown recorder with high Impedance input is used
so that the dead space of recorder does not increase with
increasing sensitivity as with the Sargent instrument.

2. The use of the high impedance input enables one to use
a high resistance damping circuit (using oil-filled rather
than electrolytic condensers) which eliminates errors
due to leakage through the condensers.

3. The high resistance damping circuit (300,000 ohms)
eliminates the change of damping characteristics with
change of sensitivity on all but the most sensitive
scales.

4. A special compensator has been added to eliminate the
rapid rise of current of high sensitivities which is due
chiefly to "condenser" current. Since the condenser
current changes linearly with applied voltage, it is
compensated out by applying a potential in the current
measuring circuit proportional to the applied voltage, but
opposing that due to the cell current. Further work will
be done to try to compensate the "condenser" current more
effectively by changing the rate of application of compen
sating voltage at the electrocapillary zero potential, since
the "condenser" current curves change slope at this point.

TH Quarterly Report, CNL-37* April 16, 1948, p. 140.
(2) Central Files No. 49-2-142, Feb. 8, 1949*
(3) Results of a Study of Sargent Model XX Polarograph

Memo from F. H. Sweeton to L. B. Rogers, Aug. 21, 1947-
(4) Drawing No. D-496?.
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With this type of compensator it is hoped to improve
the precision of measurement of small concentrations
of ions (10-6 to 10*5 molar).

Several known synthetic uranium samples were submitted to
the control laboratory to check the accuracy and precision of the
polarograph. The results are shown in Table III.

Table III

Sample No. Uranium Present Uranium Found $ Error

1 53 7/*l° 54 y/ml. +2.0

2 106 " 109 " +3.0 '

3 212 " 214 " +2.0

4 265 tt 272 " +2.6

5 265 " 259 " -2-3

6 212 " 205 " -3.3

A 106 " 110 " +3.8

These data show this polarograph is capable of accuracy in
the order of *3# which is the degree of accuracy expected by the polaro
graphic method.

The polarograph is proving particularly useful in analyzing
uranium samples containing phosphate and for checking results obtained
by other analytical methods for uranium.
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Radiochemical Analyses - Research and Itevelpjgment

Summary

The decay scheme of Ba1^0 Has been investigated, with evidence
for a new gamma ray. Work is in progress on determination of gamma ex*icienciefe
of the conventional G-M counter. Development and testing of activation-
analysis methods are going forward. Seven radioisotope target materials are
being studied to determine product yields and nature and yield of impurities.
Development of TTA-extraction methods for radiozirconium is partially complet
ed.

Decay Scheme of Ba1 ° (W. S. Lyon)

In attempting to use Ba11*0 in determination of gamma efficiencies
(See 2 below), a soft radiation was noted in absorption curves. This appear-
ed to be a beta of energy 0-3 - 0.4 Mev. Although Engelkemeier, Hovey and
Shover (1) noted the soft radiation in absorption curves, other investigators
(2,3,4,5) found only a 1.05 - 1.2 Mev p. In the single previous spectrometer
investigation (6) only a 1.05 Mev p and 0.5 Mev conversion electrons were
found, From coincidence counting and absorption studies, Engelkemeier {!)
concluded that the decay scheme involved a 1 Mev p (79W, and a 0.4 Mev p
followed by a 0.5 Mev gamma (25#)»

Asample of Ba1**0 was obtained from 706-D Operations personnel.
After addition of carrier it was purified by sulfate precipitation, ferric
hydroxide scavenging, chromate precipitation, and repeated HCl-ether pre
cipitation. Decay studies have been begun. In addition, the material was
then diluted, and a suitable aliquot (containing about 100 microcuries)
was evaporated and examined on the spectrometer. Measurements had to be •
completed in two hours because of La1*0 growth. Two different batches were
used, and several series of measurements were made from each. To betas were
found, of 0.99 and 0.46 Mev, Conversion electrons from gammas of 0.15 and
0.53 Mev were found. Gamma energies will be determined by use of the spectro
meter, and coincidence counting will be employed to clarify the decay scheme,.

Gamma Efficiencies (W. S. Lyon)

Since a knowledge of gamma efficiencies for the conventional gamma-
counting technique would be valuable for assaying certain radioisotopes,
such efficiencies are being determined by use of nuclides whose decay schemes
are known. Allquots of a given material are counted for gamma in the con
ventional way (sample on second shelf, lead-aluminum sandwich on first). The
disintegration rate is ^ende^^^
beta counting (9)« Data for Zrf^, co^, aa * «" « >
It is believed that data for Sc4b will complete the work.

Instruments (W. S. Lyon, S. A. Reynolds)

An automatic decay counter is being designed by the Instrument
Department. It will count up to twelve samples at Intervals of one to sis
hours, recording the sample position and the number of counts for a preset
time. Two simple automatic counters are now In use. These will count at
intervals of one to four hours, recording the "register counts (scale of
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64 to 1024) as pen-strokes on a five-pen Esterline-Angus recorder. A new
coincidence counter will soon be in use. The tubes will be argon-butane
filled, and will be operated In the proportional region of voltage, allow
ing high counting rates.

Standards for Routine G-M Counting (W. A. Brooksbank)

Beta and gamma standards for normalization of routine counting
have been made, standardized, and delivered to all analytical groups
requiring them. The beta standards contain U5O3, and the gamma standards
are made of radium. Standardization was achieved by counting each standard
on 14 - 16 counters, then averaging consistent results. See previous
quarterly report (10) for further details. '

Activation Analysis (W. A. Brooksbank)

Four zirconium samples are to be analyzed for hafnium by the
activation method previously employed^10). Two must be purified before
bombardment. Samples enriched In Zr^o nave been received for determination
of activation cross sections. The yields of Zr^5 and Zr9' activities will
be determined by beta counting and gamma chamber measurements. In various
radioisotope target materials (see next topic) the amounts of impurities
will be calculated from the observed activities resulting from (n, 7)
reactions on these impurities.

Radioisotope Target Materials (W, A. Brooksbank, G. W, Lsddlcotte,
So A. Reynolds)

Several samples of radioisotope target materials have been
submitted by J. A. Cox for bombardment and determination of product yields,
as well as nature and yields of impurities. Below is tabulated information
available at present.

(a) Na2C03

Activities: Na2**, (~99.9# of total), s35, c&^f sr89,
Cs1^, Ti51, sn, Sb (latter three tentative).

(b) AgN03

No activity other than Ag110 detected (no search for
activity of half-life less than hours).

(c) Fe203

Activities: Fe55 and Fe59 (~99#h P32, probably S35,
one unidentified radioelement with reasonably long life
and much gamma.

(d) CaC03

Activities: #3B -Ca^, Sr^tJp.O^ maximum)
#4. #5 - Ca45, Sr^9 (0.55. maximum)

Possibly another.
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(e) A&2O0

Only Ae^6 activity detected. Others possible.

(f) T-IO2

Activities: Ti^1, p32, one short-lived.

(g) Cd(N03)2

Various activities, as yet unassigxied.

Radiozirconlum Procedure

A. TTA-Separation with Colorimetric Determination of Carrier Yield -
(R„ H. Powell)

Much effort was expended in-the past (10, 11) to secure an
understanding of the mechanism of the colorimetric procedure for analysis
of zirconium. It is now felt that continuation of such investigation is
unreasonable, because of the time required. Effort is now being concen
trated on obtaining a reproducible colorimetric method which can be vund
to measure carrier yield after a TTA extraction with stripping of the
organic phase with dilute fluoride solution. The most significant findings
in the past quarter have been that a "spiked" blank (containing 10 7 Zr)
gives better results on low-Zr samples than a blank containing no Zr, that
NaF can be substituted for HF, with better results, and a smooth transmittance-
concentration curve is obtained after addition of fluoride followed by boric
acid, and that this curve follows Beer's law better than that for solutions
containing no fluoride.

B. Simple TTA Separation Without Carrier (F. L. Moore)

Since Zr is quantitatively extractible by TTA and may be
subsequently stripped quantitatively from the organic phase, it seens logical
to avoid use of carrier altogether. The effect of various substances in
the aqueous phase on the extraction has been investigated. Bie optimum
TTA concentration in xylene solutions has been established,

Nitric acid concentrations of 0.5 - 8 M and 1 - 12 M HCl allow
essentially quantitative extraction (98 - 100$).

In eight minutes, equilibrium is attained in extraction from 2 M
HNOo. Ten minutes has been selected as the standard mixing time.
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Effect of TTA Concentration

Conditions: 2 MHN03, 10 Min., Equal Vol Aqueous and Xylene Solw

TTA Cone. $ Zr Extracted TTA Cone. $ Zr

0.01 M 1.9 0.2 78.7

0.03 15.1 0.3 95 0

0.05 33 1 0.4 96.9

0.1 65.7 0.5 98,1

0.5 M TTA has been used in all work.

No extraction was noted from Vf> oxalic acid solutions containing
no added mineral acid. If acid is added, the extraction increases, but is only
50$ from 10 M HCl, and 87$ from 13 M3N03. Addition of aluminum (which complexes
oxalate) raises the extraction insufficiently, It was decided to use EMnOj^ to
destroy the oxalic acid, with destruction of excess KMnO^ by hydroxylamine,
This procedure works quite well, giving 95-100$ recovery of Zr.

Phosphate interferes strongly in the extraction of Zr. No method
of removing this interference has yet been found.

Plutonium Analysis (F. L» Moore)

It has been found that in analysis of hexone solutions for plutonium
quantitative results are obtained by destruction of the organic matter with
HNO^ - HCIO^. 0.5 M HF can be used to "strip" Pu from hexone. Plutonium can
be quantitatively extracted from HF solution if a large excess of boric acid
is added. Attempts were made to break down the Pu(TV) polymer by use of HFy
followed by addition of H3B03 and TTA extraction. Up to 4MHF^negative
results were found (in a reasonable time).

"Service Analyses" (D» J. Coombe)

"Service analyses" and "trouble shooting" are frequently done by
members of this group* .Such work included non-routine or troubleson.e plutonium
analyses, assay of Fe55,and Fe59, and other radioisotopes.

(1
(2
(3
(4
(5
(6
(7
(8
(9
(10
(11
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Spectre-chemical Analyses - Research and Devel-jpicf.

(Cyrus Feldman, M. Murray* J. Gillespie, A. Estepp)

I. Study of stigmatic spectra obtained with a polarized inter
mittent arc showed that when a porous cup electrode (ORNL-131) Is used
as a source,

(a) The general intensity level of trace element lines Is
heavier when the PCE Is the anode than when it is the

cathode.

(b) The intensity of a given line near the (dry) opposing
electrode Increases as the exposure progresses, probably
because of the building up of a residue. At the and of
three minute exposure, the density of the line is usually
at least as great near the opposing electrode as near the
PCE.

II. With a view toward expediting the epectrochemical determination
of Hf/Zr ratios (ORNL-183) a study was made to eee whether there was anything
to be gained by using the ratio of the sum of the intensities of two Hf lines
to the sum of the intensities of two Zr lines as an experimental quantity,
rather than the ratio of one Hf intensity to one Zr intensity.

It was found that the same eccuracy and precision could ba obtain
ed by measuring (Hf 2641. + Hf 2820.)/(Zr 2761.9 + Zr 2589.1) In duplicate
exposures as could be obtained by measuring any single line ratio in quad
ruplicate exposures. This permits halving the number of exposures, provided
that the Hf/Zr ratio lies batween 0.05 and 0.9»

III- A study has been begun on the effect of extraneous elements on
trace line Intensities and Intensity ratios in PCE exposures, Ths severity
of the effect depends on the identity and. amount of extraneous element used and
the identity of the trace line. Traces of Be, Mo, V, La, Cr, Ga, Ma, and
have been studied In the presence of Na, K, Mg, Al, Zn, P, and Be. Ate
ratios of extraneous element to trace element up to 20,000:1 have showed trace
intensities in most cases to be depressed more and more as the atomic ratio
rises. As much as 50-60$ of the original trace line intensity may be los
Large amounts of alkali metals, however, enhance the intensities of soma of the
lines studied by as much as 100$.

The effect observed so far are of a lower order of magnitude than
those observed in the D.C- arc work. The study is being continued with a view
toward making it possible tc estimate trace concentrations in solutions with
out the use of standards.

IV. It was found that decontamination of the spectrograph^ spark
chamber could be expedited greatly by coating parts to be exposed to contami
nation with Amercoat "cocoon" beforehand. This coating is peeled off after
tho exposure. The stripping alone has given decontamination factors of 20 -
200; this seems to be the most convenient e*nd effective method, tried so far
for protection against chemically intractable elements such as Pu, tf, Cbj ce+

It is planned to expjodite further handling of radioactive samples
by stamping liners of the proper form from sheets of "cocoon^ and cementing
these to the exposed spark-chamber surfaces immediately before an exposure.



420=

Analytical Service

The service work of the analytical groups has increased by
about 10$ in the past quarter largely due to Increased numbers of radio-
chemical analyses. The phencsaea&lly increased dessnd t
analyses has been due to increased work from the Technical Division (
Chemistry Division and also to a considerable load from people work!
on the particle problem. It has'been found possible to handle tfc
Increased load by reorganizing the groups involved without acquix
any additional personnel.

The "hot" pilot plant has submitted fewer samples to the
control group this quarter because of the higher activity level of present
operations, Since the hotter samples require more time for safe handlings
the same personnel complement is being retained In this group.

An accelerated interest in general ionic analyses was noted
during this quarter and two people are being added to do this work.
The aluminum-uranium alloy work previously handled by this group has
become completely routine and has been transferred to the laboratory
control group, and as a consequence the increased demand is not yet
reflected in an increased number of analyses in this group.

In all other respects the demands on the groups remained
essentially constant, and the present personnel (including recent
acquisitions and offers outstanding to replace recent terminations) Is
adequate to handle present service requirements.
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Summary of Service Analytical Work for Quarter
November 15, 1948 to February 15, 1949

Number of Analyses Reported

Radiocheia. Ionic Spectro

Dev. Dev. chem.

Group

General General Water Lab. and Pilot Plant Production
Radlochem. Ionic Analyses Semi-Works Control Control
Group Group Control

Tot

Personnel

Tech.

Hon. Tech.

5
2

5
. 2

4
0

10

32

2

2

1

3

2

8

6

19

5
17

40-

Biology 1 1

Physics a
_>

35 4 39

Chemistry f 3 120 1020 32 3 9 II87

Technical %$ 154 12 7494 96 1024 7054 9624 188 26:

Metallurgy
o

-P -H

g c
112 27 38

Operating Div. s
© i-l

I|
CO

ca

3

22 65 1905 3 76 20 5752

Health-Phy&lcs

K-25

MI sc.

1 2452

162

12

1

•

24:

162

1

i 0 179 1245 13033 177 l 1103 7074 !9624 5949 38s
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