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ABSTRACT OF QUARTERLY REPORT

CHEMISTRY DIVISION

The program.of the Division as described In previous Quarterly
reports has gone ahead without major changes in emphasis. A considerable
interruption of the normal work was caused by a concerted attack upon the
radioactive particle problem which, at various times, involved most of
the senior r»embers of the Division.*

It would be impossible to abstract completely the work of the
quarter in a reasonable space so that only the results of principal Interest
are mentioned below.

Nuclear and Chemical Properties of the Heavy Elements « Con»

ditions have been discovered for the existence of U(V) as an equilibrium
(or at least quasi»equilibrium) species in aqueous solution. The region of
optimum stability is between pH • 2 and A* and the* formula of the ion there
is UC^'H^O)*, Potentials have been measured for the oxidation to U(V.l) and
the reduction to U(IV), UCl^ can be dissolved at pH s 2 to give an apparent
ly stable solution of U(V), the process leading first to U(IV) and U(VI)
which then react more slowly to give U(V)<,

About 5 mg. of americlum of high purity have been prepared by ion-
exchange techniques.

The equilibrium constants for the formation of a number of complex
ions of thorium in aqueous solution have been measured by extraction into
benzene containing TTA (thenoyltrifluoroacetone). The complexes studied were
ThX+3 flhere X was N03, CIO3, CI, mono-, di= and trichloracetate, and 103, as
well as ThX2^ where X was di- and trichloracetate, and IO3, and finally
Th(I03)|.

Nuclear and Chemical Properties of Fission Products - One of
the principal results of this quarter has been the success of the process
for preparing Xel35„ it is now being produced in quantities sufficient for
the desired neutron transmission measurements, the best sample having de
creased the neutron beam by about 30%. The assay method which has been the
subject of considerable effort for the past year has proved to be satisfactory.

A hard gamma emitter (greater than 2.2 Mev) has been found assoc
iated with iodine and appears to have a half-life of about 55 minutes,

General Nuclear Chemistry • The program for the preparation
of pram quantities of very pure rare earths has reached a point where quantities
ranging from 0.1 to 8 grams are available of each rare earth except Eu and 61.
An example of the purity is given by Dy in which Inghram et al of the Argonne
Laboratory found less than 1 part in 70,000 of any other rare earth,

A great deal of work over the last few years on the nuclear chsmistry
of the rare earths is summarized in the present report. Half-lives and energies
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Abstract of Quarterly Report (Continued)

of radiation are given for many of the pile-produced radioactivities. The
ion-exchange separations developed here have made this work possible both
in the preparation of pure starting materials as are described above and
in the subsequent separation of the induced activities.

Radio^organic Chemistry - Carbon dioxide has been reduced
to formic acid in yields of 71 to 88* by the use of lithium borohydride in
ether solution, and some progress has been made toward elucidating the
mechanism of the reaction-

>

The preparation of acetic acid by the carbonation of methyl mag*
nesium bromide has proved to be satisfactory so far as the carbonation step
is concerned (about 90-95$ reaction of CO2) but the isolation of anhydrous
acetic acid has proved troublesome.

Applied Nuclear Chemistry - In the development of a process
for separating fission-produced rare earths by ion-exchange, distribution
data for europium between Dowex 50 resin and % citrate solution have been
obtained, and the technique has been improved to the point where such dis
tribution coefficients can be reproduced within 10%.

Physical Chemistry and Chemical Physics - A number of solvents
has been found which are fluid at the boiling point of nitrogen and which
will dissolve rare earth compounds. Solutions of Nd^03)3^20 and NdBr3*6R20
at this temperature showed considerable sharpening of their absorption lines
over room temperature, many lines being from 2 to 5 A wide.

Radiation Chemistry - The work of the last two years on the
decomposition of water and aqueous solutions seems to have reached a state
where the results can be given quantitative interpretation in terms of a
suggested mechanism. A final report on this work has been prepared.

Physical Measurements and Instrumentation - Further improve
ments have been made in the alpha range analyzer* specifically in the pulse-
height discriminator. The instrument can now conveniently be used in the
range of 10 to 105 counts per minute.

Analytical Chemistry - A separation of thorium from aluminum
by extraction with TTA in CC1. has been worked out, so that aluminum can be
determined colorimetrically without interference from thorium.

A polarographic method for uranium in process solutions has been
developed giving a routine method for the concentration range from 10 to
200 micrograms per milliliter. This helps to bridge the gap between the
colorimetric (200 -1000 yug/ml.) and the fluorimetric (0„01 -lo0/ig/ml)
methods,

The Particle Problem - The following studies have been made by
members of the Chemistry Division. A cyclone dust sampler later supplemented



Abstract of Quarterly Report (Continued)

by filters was installed in the exit air from the pile. The presence and
approximate sizes of radioactive particles, and their dependence on pile
operating conditions were demonstrated. The presence of fis3ion product
gases and their decay products was shown by collection on a charged wire;
a continuous monitor for these contaminants based on this method was built
and is in operation.

Dust samples were collected at several points around the labora
tory using a vacuum cleaner, and the bag was subjected to autoradiography
to establish the presence of radioactive particles. Serious contamination
of the air of the pile building was demonstrated in this way.

X-ray diffraction and electron and optical microscopy were used
extensively in the identification of particles and in determining their
sizes.



I, Nuclear and Chemical Properties of Heavy Elements

Thorium Complexes in Aqueous Solutions? (R. A. Day and R. W. Stoughton)

toploylng an aqueous phase of 0.5 M fl° and an ionic strength of 0.2
and a benzene phase 0.25 M in TTA, the equilibrium constants for the follow
ing reactions were obtained using the TTA solvent extraction method. The
iunlc strength was maintained with HCIO^.

Equation _k_

TV4 .N03- z TbJK)3*3 ^.73

Th*4 ♦ CIO3" sThC103*3 l.c*

Th*k .Cl" z ThCl*3 1.76

ThtW ♦ CICHaCOOB «Th(CiCH2CCO)*3 ♦ H* 1.33

Th*4 ♦ CI2CHCOOH aTh(Cl2CaC0O)*3 ♦ ff» 5-7^

Th*4 . 2CI2CHCOOR •Th<Cl2CHC00)2*2 « 2B* 12.7

Th** .CI3CCOOH =Th(Cl3CC00)*3 ♦ H* 8.23

Th** ♦ 2CI3CCOQB *Th(Cl3CC00)2*2 *2H* 26.7

Tb*4 •IO3" =ThI03*3 7.6 x102
Th** t2IO3- .ThilOtfz*2 6.2 x10*
Th*4 *3IO3- rTh(I03)3# 1^0 *107

The acid constants of di- and tri-chloracetic acids used were 0.05 and 0.2
respectively. 80 evidence for higher nitrate complexes was found at up to
0.5 H IO3*.

The lodate constants vers obt&inad (in a manner similar to the others/
from a curve of the diatrlbutlon ratio of Th(IV) between aqueous and benzene
phases as a function of lodate concentration in the aqueous phase. The curvw
was indistinguishable from a curve obtained previously by A. J. Fry, employing
an aqueous nitric acid medium, after the latter was corrected for the nitrate
complex. This correcting for the nitrate complex was accomplished by plotting
(R/B„-l> obtained witb perchlorate medium and (R/Rq-IXI ♦ k^BO^)) obtained
with nitrate medium against lodate concentration. Here R is the distribution
r«tio, H0 **•• ratio at zero iodate concentration and ku is the nitrate complex
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constant aa written in the table above. As can easily be verified,both of
the functions plotted are equal to

kjdOp *k2(I03)2 *k3(I03)3,
where the k's are the three lodate ccnstante given above, providing no
additional complexes exist containing both nitrate and iodate^ ^iace, *jf.
two curves

and up to 2._
contain both nitrate and lodate.

complexes exist containing ooxn mwaT» ana a«k««. "««•<' »>»»
were indistinguishable,, it is concluded that at up to 0.5 M HO-"
?.3o x 10~2 M total lodate in 0.9 MH*no complexes exist which

The fluoride complex constants for the reactions

1h*k i HP r ThP*3 * h*

Th** * 2RF sThfg2 « 2H*

were determined in nitrate media at an ionic strength (equal to HJO3 con
centration) of 0.5. After correcting for the nitrate complex, the values
obtained for the two constants were 5.3 x 10* and 3.5.x 10r respectively,
Dcdgea*s values using a different method were t.5 x 10H and 2.9 x 10'.
While the agreement is considered satisfactory, the values will be re-determined
in perchlorate solutions where the reproducibility is appreciably better than
with nitrate medium.

Bo corrections have been made in determining any of the above constants
for complexing of Th(I7) by TTA in the aqueous phase.

Acetic and formic acids were also tried as complexing agents. In these
caaea another effect came into play making the results difficult to interpret.
With 0.25 M TTA in the benzene and an equal volume of aqueous phase containing
0.5 M BC10£ and the following amounta of organic acid, the resulta were

Acid. M R sTh(rT)aoVTh{T7)org

Acetic

Formic

n

0 0.63
0.5 0M

1.0 0.37
0.01 0.6?
0.03 0.6*

0.05 0.82

0.1 0.83

0.5 0.79
1.0 0.79

The difficulty in interpretation arises from the fact that the usual trend,
ie., asteady increase in the ratio R -Th(rV)aq/Th(IV)org with increasing
complexing agent, is not observed here. Instead, the addition cf acetic acid
causes R to decrease, while formic acid causes a email increase at first
followed by no further change or a very small decrease on further addition.
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Hvdrolytlc Behavior of Cerium (IV). Preparation and
fit. W. Holmberg and X. A, Kraue)

artlea of Polymeric Ce(IF).
I • HI—IT ill • ' Til um IS~ •" •"rm^Mf^--wxm^^m^^^

A) Polymerization of Ce(IV) .

As has previously* been reported the properties of Ce(JT) solutions

♦ Monthly report of the Chemistry Division for March, April and May 19*8, QR6X-65

of low acidity change slowly with time. This slow hydrolysis, which Is sJmoat
certainly due to polymerization of Ce(IVk has been inveetigated in some detail
using both spectrophotometric and pB measurements. Por the pB measurements the
glass electrode-vibrating reed electrometer equipment previously described was used.

As has previously been shown the rate of change of theae properties, i.e., the
rate of polymerization, ia strongly dependent on the acidity of the solutions, in
creasing rapidly with decreasing acidity. At low acidities these properties change
rapidly from the moment of preparation of the solutions (dissolution of ammonium
hexanitrato cerate (HHC)) with no induction period noticeable. The family of
curves shown in Fig. 1 is representative of this behavior. In this figure the
average hydroxyl number "n" (for the formula Ce(OH)n^") nas been plotted as a
function of time for a series of typical 2x 10*3 m HHC solutions whose initial
perchloric acid concentrations were between 8 x 10"* and %x XCT* M. It may be
noticed that polymerization is very slow (practically not detectahls in one to
two hours) in ca 4 x 10"2 M HCIO^ at this Ce{I\T) concentration.

At higher Ce(IV) concentration however, polymerization ie still very
pronounced at acidities where only negligible polymerization occure at lower
Ce(lV) concentration as shown in Table 1, clearly demonstrating that the rate
of polymerization increases with Ce(IY) concentration.

Table 1

Polymerization of Ce(IT)

M H-»0* X lO3 M Ce(I7)
x!03

Hydroxyl number n

Initial -*-rr 0 &) t • 80 t • 0 t = 5 t = 80

O.83
4.98
13.5
19.9
41.4

5.53
9.68

17.9
24.2

45.3

7.77
11.58
19.2

24.5
45.32

2

2

2

2

2

(2.35)
2.35
2.20

2.13
J-95

3.06
2.58.
2.27
2.1k
1.95

3.47
3.30
2.86
2.30
1.96

'4.98
fc,98 26.0

22.1 "
3808

5
10

2.46
2.44

2.50
2.46

3 42
3*38

t represents tte<* In minutes
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It should be pointed out that the acidity of the solutions during
polymerization is determined both by the initial acidity of the solutions
(before dissolution of HHC) and the acid liberated through hydrolysis of
the HHC. A considerable part of this hydrolyals occurs practically in
stantaneously on dissolution and the values of M H3O* at t - o given in
Table i are the acidities calculated from the pH measurements of the BBC
solutions after extrapolation back to the time of dissolution. These acidities
of course are strongly dependent on the concentration of Ce(2Y) and the extent
to which rapid bydrolysie of Ce(IV) occurs determines the lower limit of the
acidity of the solutions.

The polymerization reaction of the more concentrated, and thus fairly
acidic solutions is clearly autocatalytic as can be seen from Pig. 2 and
Table 1, indicating that the initial rate of polymerisation is controlled by
a hydrolytic intermediate which is present only in low concentrations at the
higher acidities and furthermore indicating that polymerization can also occur
directly through reaction of the polymeric particles with low molecular weight
hydrolysis products.

These results on the polymerization of Ce(lY) based on determination of
the hydroxyl number are closely paralleled by the spectrophotometric properties
of the solutions as shown in Pig. 2 for an autocatalytic and a non-autocatalytic
reaction. Tom relationship between the two t^pesof observations actually
is even closer than could be anticipated since there is apparently a linear
relationship between the hydroxyl number and the extinction coefficients near
400-warns illustrated in Pig. 3 for 0.01 M Ce(IV} solutions. Preliminary checks
indicated that the same straight line relationship also applies for the poly
merization of the more dilute Ce<IV) solutions investigated, ioS., that it
applies for auto-catalytic and non-auto-catalytic polymerizations equally
well. However, since the results on the more dilute set of solutions are
coaelderably less reproducible a more detailed check of thle relationship
will have to await simultaneous pH and spectral measurements which are planned.

*) Seduction of Co(17} Polymer with Iodide,

It is well known that Ce(IV) normally Is rapidly reduced by iodide ions.
Since through this reduction the highly acidic Ce(TV) is replaced by Ce(III)
wtish does not hydrolyze except at very much higher pH, the reduction is
accompanied by a decrease in acidity according to the equation

0e(0B)£*"B *11H3O* •I" — —~ Ce*3 *0* HoO *l/2 I2

aversely the rate of reduction of hydrolyzed Ce(TV) can be folloved by
suitable pH s&eaaurecients.
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Solutions of Ce(TV) were permitted to polymerize for varying periods
of time and then treated with five-fold excess of (solid) Hal. The acidity
of the solutions was determined and from these measurements the hydroxyl
number calculated. The results are shown in Fig .. 4. As was to be expected
the rate of reduction of Ce(IV) by I" decreases as the time permittee? for
polymerization increases. Of particular interest, however, is the fact that
with all the solutions studied the reduction of a certain percent of Ce(TV)
is practically instantaneous although the bulk of the reduction is slow.
Furthermore the percent of "instantaneous" reduction decreases with tins of
polymerization though it ia still considerable after 2 hours of polymerization.
It appears that polymerization does not involve siaple growth of the particles,
but rather that even in advanced stages of polymerization considerable con
centrations of a low molecular weight component Ce.g., triaer) co-exist with
the high molecular weight component for components).

C) P^iylyjBerlzation by Nitric Acid.

Sao** experiments are in progress on the rate of depolymerlzation of
Ce(IY) by strong acid. At the present time only experiments on depolymerlzation
In 1.3M KUO, have been carried out for 0,01 M Ce(IV) solutions. Using a
spectrophotometric method of analysis it was found that depolymerlzation in
3M HH0-, ia quite alow (ca k% depolymerization in 24 hours) If polymerization
had been permitted to proceed for 140 min. at an average acidity of 3.5 x 10"*
M H30".

IjMolation_of (^gigi^J^rom Pjgtrolum Waste Solutions
G. W. Smith, K. A. Kraua

Work on the Isolation and purification of americium has continued.
Using resin adsorption techniques preliminary purification of ea 10 mg
of americium has been completed and ca. 5 mg of americium of high purity
have been prepared.

Chemistry of Aqueous Solutions of Uranium (V)
P. H*laan„ X. A. Kraus

Several phases of this work have now been completed and written up
(OKBL-I88 and 189). However, aince it may be some time before these reports
are generally available, the main results of this work are summarized below.

1) The optimum stability range of U(V) Is between ca pH 2 and 4.
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2) Further ccnfiroation of the formula U02(H20)n for U(7) in these
solutions has been obtained.

3) The diffusion coefficients of U0g* and of UOg** are practically the
same.

4) Solutions of UO * (also containing U(IV) and U(YI)) can be prepared
by dissolution of UClc. The primary solution products (formed practically
instantaneously) are U(T7) and U(VI) which near pH 2 react reasonably
rapidly with each other to yield U(V).

5) Bquilibrlum mixtures of U(I7), U(V) and UCYI) have been prepared near
pB 2.

6) Prom potential measurements of such equilibrium mixtures the formal
potentials Bu=, Bu6 and E^ of the U(I7)/(V), U(I7)/(7I) and U(7)/{VT)
couples have been determined near pH 2 for 0.1 M CI" solutions. These
potentials are Hj^ =-0.072 7, E^ =-0.067 7, end E^ =-0.062 V at
an acid concentration of [h^O"*] «7.29 x10"3 m.

7) Combining the potential data near pB 2 with the known hydrolytic
properties of the vsrious oxidation states of U the formal potentials
E^5 •-O.58 7, Eij5 r. -0.32 7, and Zy& * -0.0627 have been estimated for
IM BCIO^ solutions.

8) Although U(7) solutions, stable for hours, can be prepared near pH 2.5
evidence for "autocatalytic" aocellferation of tha disproportlonatioa of
U(7) Into U(I7) and U(7I), probably due to polymerization of U(I7), has
been obtained.

9) DIsproportionatlon of U(V) in 0.1 H CI" follows a second order rate
law at any one acidity. The rate constant is roughly proportional to the
first power of acidity.

Work is continuing at present on a more precise determination of
the kinetics of the disproportionaticn reaction and of the reaction of
U(I7) with U(7I), on the potentiometry of the equilibrium systems, and to
determine if these "equilibria" are true or metastable equilibria.

Isolation Procedures for Pag31
G. E. Moore, K. A. Kraus

7ari«eus Isolation procedures for Pa23l are under investigation. The results
will be reported in the subsequent quarterly report.
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3) 0.002 M Ce(IV) - Hydroxyl number
*> 0.002 M Ce(lV) - Extinction coefficients at *10»

-15-

Drawlng # 6603

I



UNCLASSIFIED Drawing # 6602

-16-

i

'

V
1 ' i

8o

45l\

(

d.
•

a

~6u

1
©

•

S

s

*

.

^«

a
i

20

o L 1
2.2 2.6 3.0

Hydroxyl number

3.4

Figure 3

I

Relationship between hydroxyl number and Extinction coefficient
at UlO mf* during Polymerization of Ce(lV).

0.01M HNC

4.98 x 10"3m HClOjj

3.8



UNCLASSIFIED -17-

Tim* (Nlaotoa)

Reduction of C.(IV) Poljner by Sodlia Iodide

2 x 10"3 M mc
».Ofl x 10*3 M ado.

1 x 10*2 M sal

1 Reduction attar 10 aln. of polymerisation
2 Reduction after 20 Bin. of polymerization
3 Reduction after 60 aln. of poljaarliatian
* Reduction after 125 "in. of poljsarlxation

Draeing § 6405

100



-18-

Phase Rule Studies - C. H. Secoy

Solutions of Electrolytes at Temperatures above Critlcals Many electrolytes,,
particularly the uni-univalent type, have been found to display a high decree
of solubility in the gas phase above the oritlaal temperature with water as
the solvento Those polyvalent electrolytes on which observations have been
made do not behave in this fashion giving instead the formation of a new
solid or liquid phase below the critical temperature of the solvento Since
the vapor and liquid phases approach Identity as the temperature approaches the
critical value, there is no reason to expect a discontinuity of any sort in the
solubility curve at the critical temperature.

Early in this quarter experiments were planned to study the absorption
spectra of a salt which would remain in solution through the critical change.
Spectra were to be observed of both the liquid and vapor phases just below the
critical point and of the gas phase above the critical temperature. It was
desirable to select a solvent with a low oritioal temperature and a solute
which would give a reasonably sharp spectrum. A solution of neodymium chloride
in methyl alcohol was selected as a likely possibility.

Anhydrous NdCL, was prepared by heating the hydrate in an atmosphere of
dry BC1, at first gradually and finally to complete fusion. This dehydration
was oarried out with the salt in the solubility tube which was attaohed to a
vacuum system. Comnercially available absolute methyl alcohol was treated
with magnesium turnings and fractionated twice in a 12-plate column under
anhydrous conditions. The required amount of alcohol was then distilled under
vaouum into the solubility tube. Neither the dry salt nor the alcohol vnr-
expoaed to the atmosphere at any time.

Solutions containing about 2 to Z% HdClg gave nice spectra at room tempera
ture,; However, upon being heated in the heating blook and rocker mechanism de
scribed elsewhere (ORNL-98) a solid phase appeared at about 110°. The amount
of solid phase increased as the temperature increased, and finally the liquid
went through the oritioal change at 240°„ the critical temperature of methyl
alcohol* Apparently very little, if any, of the salt remained in solution at
the oritioal temperature. Furthermorea the separation of the solid phase was
not reversible upon cooling. An X-ray diffraction study of this solid, oarried
out by Dr. M. A. Bredig, indicated that it was not HdCl3, HdOCl, nor SiOgo It
is highly probable that it is a methoxy salt of neodymiunu but nothing more has
been done to determine its identity.

Since this system failed to meet the requirements demanded for such a
study, it seems rather improbable that one will be found. Other possibilities
might include liquid ammonia as a solvent. If one could find a highly soluble
1-1 electrolyte with a sharp absorption spectra* this work would justify con
tinuation.
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Vg^por Density in the System Uranyl Sulfate - jatert In an earlier report
(.CRNL-98) measurements of the solubility of uranyl sulfate in water at
temperatures up to the critical temperature were described. In this work
the only composition determination that was made experimentally was the
over-all composition of the system. Cfc. the basis of Beveral admittedly
questionable assumptions, the true composition of the liquid phase was
estimatedo Hewer results indicate that the assumptions were not only
questionable but, at least in one respect, erroneouSo Therefore, it be-
oomes necessary, in order to complete the previous work, to obtain the
necessary experimental data to fix the composition of each phase.

The composition of the solid phases has been determined and reported
previously. Therefore, only the liquid-vapor equilibrium is involved. It
does seem safe to assume that the vapor contains no appreciable uranyl sulfate.
Therefore, all that remains to bo done is to determine the vapor pressures and
volumes of the liquid and vapor phases respectively. Measurement: of the latter
has been partially completed and apparatus has been constructed for the vapor
pressure measurements. However:. it seems best to withhold the data until the
experiments are completed© At that time a report will be issued giving the
newly obtained data and corrected values for the composition of the liquid
phases.
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II. Nuclear and Chemical Properties
of Elements in the Fission Product Region

Xenon Cross Sections as a Function of Energy

(A. 0. Bogard, A. R. Brosi, S. Freed, G. M. Hebert, G. ». Parker. H. Seldes;
and from the Physics Division, S. Bernstein, J. Dial, M. f.*. Shapiro, C. P.
Stanford and T. B. Stevenson)

The mechanical and chemical operations in the cell are now under
a considerable measure of control. The chemical processes have sufficiently
paralleled those on the laboratory scale that it has proved possible to
provide I135 in capillary tubes in quantities adequate for neutron measure
ments .

Three series of neutron transmission experiments have been made
at the pile but there has not yet been time to evaluate the results with
precision. So far, transmission has been measured with neutrons having
oixergieg at 0.03, 0.06, 0.10, and 0.15 and also at 0.20 electron volts.
The Xe**5 content in the best samnle has decreased the neutron beam by
about 3Q£.

The method of assay of Xel'5 has measured up to expectations.
Thw results of the assays and their precision will be discussed in a later
report.

Chemical experiments are under way to increase the final yield
0£ xe!3t> and thus improve the precision and range of the neutron measurement.
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Completion of the Test Program on the (I-Xe)135 Cell Fouioment: (G.W. Parker,
G.M. Rebert, G,F. Creek with A.R. Bros! and S. Freed)

I. Introductiont

In the last Quarterly Report, ORNL-176, a general description of
the procoss equipment for the rapid separation of l"' waS presented to
gether with a group of skstches illustrating the chemical operations and
most of the mechanical manipulating devices, some of which were still in
tentative status. At the present time, an optimistic status has been
reached on the complete process which has been proved by the successful
completion of two intermediate level runs. Refinements are still being
sought. Howsver, full scale operation is now possible.

Since about September 15, almost all of the cell equipment has
been either under test or under revision following an indication of un
satisfactory performance. The major steps in the performance testing prog
ram are discussed under four headingst

II. Outline of Test Program

1. Correction of Inadequate Off Cas 7acuum
2. Test of the Oxidation-Distillation Step and Control of Fnd

Point, Distillate 7olume and Chemical field
3. Trial Pdl2 Transfer and Remote Operation of the Centrifuge
A. Test of Centrifuge Stripping, Safer Handling, Sealing and

Shielding

1. Correction of Inadequate Off Gas Vacuum

The vessel off-gases such as dissolver hydrogen, hydrogen chloride,
xenon and krypton, and the xenon, krypton and iodine lost from the distillation
process are expected to be dangerously radioactive. They will be confined as
completely as is possible within the limits set by the available off-gas pipes
to the chemical fume stack by means of a slight negative pressure maintained
in the vessels through an ejector jet. All the acidic gases will be scrubbed
through an alkaline column.

In the early test dissolvings #3 and #4, Table I, the volume of
gas and water vapor exceeded the total available ejector capacity, resulting
in the flow of vapors onto unprotected equipment and into the unahielded cell
ventilation duct. In order to overcome this deficiency of gas flow it was
necessary to replace ths smaller shielded line to the roof with a new system
of maximum pipe slae. Meanwhile, it has also been decided advisable to in
stall moderate shielding on the large ventilation duct for the protection of
personnel normally working nearby.

Subsequent dissolvings have been adequately controlled through the
larger gas system and by periodically draining and cooling the scrubber
columns.
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Table I (Cold Dissolvings)

Dissolvsr Performance

,vmw "w< *" Hrsillin.

1 2 1*15 9A OK

2 2 HOC 90 OK

3 4 1»00 85 Failed

A 6 1815

New Off-Gas System

88

Installed

Failed

5 6 U00 8805 OK

6 6 l?O0 87 OK

7 6 U00 88 OK

Note: Since the rate of decay of the 6.7 hr. iodine is approxi
mately 1056 per hour, it was decided to increase the dissolving time by about
l/A hour, expecting thereby to obtain about 93% total dissolution of metal
as in runs 8 and 9.

8 6 l;15 92 OK
9 6 1»15 9A-5 OK

2. Test of the Oxidation-Distillation Step and Control of Fnd Point.
Distillate Volume and Chemical Yield

The oxidation of the UClt is controlled by means of a buffer oxi
dant of a ferrous-ferric mixture which aids in preventing over-oxidation
of the iodine by the dichromate which must provide most of the oxidizing
power. The observation of an end-point of the UCl^ titration in the presence
of an adequate reserve of ferrous iron is possible through the use of a
potentiometer connected to platinum and tungsten electrodes.

The above titration has been carried out on all of the afore-men-
tioned dissolvings and the potentiometric curve has also been compared with
that observed with the more dependable but less adaptable platinum-calomel
electrodes. This was done with the advice and assistance of A. R. Brosi, who
has reported on a careful study of this method of oxidation.

While repeating some of the oxidations, elemental sulfur of prohi=
bitive quantities appeared in the distillate of the later ones and was assumed
to arise from impure ferric sulfate. Fortunately this condition was found
to be easily corrected by simply boiling the slightly acidified solution of
ferric salt before use„

In Table II is a summary of the early experience obtained in dis=
tilling the tracer iodine from the oxidized mixture.
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TABU- II

Chemical Yields of Iodine

Run No. Time for Oxidation Time for Distillation
(Limited by the violence
of ths reaction)

Vol.of Distill. % Yield

AA (3 slugs)
AB (3 slugs)
5 (6 slugs)

1 hr. 1 hr.
1 hr. 1 hr. AO min.
1 hr. 1 hr.

1 hr.

250 ml. 50%
600 ml. 78%
180 ml. 50%

}068 ml. {no reflux) 16%
1248 ml. 66%2 hrs.

6 (6 slugs) 55 min<, 1 hr.. AO min.
20 min.

1 hrT,
3 hrs.

2A5 ml. 78,,%
280 ml. (no reflux) 11.6%
167 ml, _54f
592 ml. 95o3%

7 (6 slugs) 1 hr. 10 min. 1 hr.
Ihr,
2 hrs.

650 ml. 78.6%
725 ml. 12. j

1375 ml. 90.b£

A. Improved Fractionation of Iodine and Aqueous Distillate

From these data it was obvious that a better fractionation of
iodine and water was required (since the maximum permissible distillate volume
is about 100 ml) and also that the time for distillation was too long. Hence
a higher rate of heat input was also desirable provided a very high reflux
ratio could be maintained to prevent accumulation of distillate.

It was therefore decided to increase both the condenser capacity
and the total wattage of heat. By taking advantage of the total cell height
available, using increased counter current water flow, and adding a feature
which proved to be very important, a central cold finger, it was possible to
eliminste all aqusous distillate from the iodine vapors. After a suitable
period of reflux in which the iodine Is fairly completely removed from the
bulk solution, a p/escribed amount of distillate (about 75 ml) is collected
by reducing the cooling water.

B. Increase in Electrical Heat to the Distillation Vessel

Data on the removal of iodine activity from the distillation
vessel by vigorous boiling have consistently indicated that the rate of
distillation of iodine is influenced only by the hGst input with other con
ditions constant, including amount of iodine carrier, volume of uranyl
solution and ratio of oxidizing and reducing reagents*
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In order to provide at least as high a vaporization rate as was
consistent with the improved condensing capacity, It was necessary to re
place the 600 watt quartz covered electrical immersion heaters with specially
built 1000 watt units. Co^bired with the 1000 watt infrared lamps, a total
of about 7400 watts is now available of which the condenser has been able
to match about 90%.

In the following table is a summary of some of the later runs in
which the distillate volume and heat input have been satisfactorily improved.

TABLE III

Iodine Recovery with Improved Condenser

Cold Run No. Time for Qxid. Time for Distill.

10

11

1 hr.

Same soln. as

No. 10

1:05 (all carrier
added at start)

0:45 (iodine carrier
added to maintain

equilibrium con=
centration)

1-00

300 (without cold
finger)

0 (complete free*
tionation)

LULslS

85

80

12 Same soln. as

No. 10

1:30 (carrier added
throughout dis=
tillation)

90 (distillate al
lowed to collect)

50 (distillate al
lowed to collect)

*Noto» Distillation for 1 hour and 30 minutes has been decided as
optimum based on the 10% decay per hour and the observed increase in yield.

3. Trial Pdl2 Transfer and Remote Operation of the Centrifuge

A number of trial centrifugations have been made after the prepa
ration of Pdl2 following a distillation of low level tracer Iodine from the
uranium solution. Since the complete csntrifuging operation was not possible,
comparisons were made of percent of total activity in the decanted supernatant
from the small precipitation vessel and in the dissolvsd Pdl2 and the washings«
In this way it was possible to establish an average yield figure based on a
comparison of the total activity in each fraction.

Similarly, yield figures have been obtained on the first low level
l!35 runs which were assayed by A. R. Brosi with the high pressure ion chamber
for the hard gamma ray associated with ll35.

90%



Intermediate

Run No.

1

2
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TABLF IY

Overall Chemical Yields

I135 Radio-
activity Source

10 g Metal, 11 hr.
Bombardment

1 X slug, 1 hr.
Bombardment

1 X slug, 1 hr.
Bombardment

Total Chemical

Pdlo Yield

55%

Yield not Determined
due to Leakage*

34% (about 250 mc 1*35)

*In the intermediate run No. 2, a minor mechanical failure on the
capillary decanting pipettes made it necessary to attempt to seal the sample
without complete removal of solvents. Later this resulted in leakage from
the capillary and the sample could not be assayed. __

B. Experience in Time Requirements for the Chemical Separation of
6.7'hr. I.

In l'on-432, p. 75, an early estimate of the most probable time
lapse before the zero time of trapping xenon in the Pdl2 crystals was out=
lined in fair detail, This estimate ranged from % to 5 hours. Since that
time it has been found that in all cases the longer period allowed for each
step has been necessary and that all the major chemical operations have been
extended for from l/4 hrs. to 3/4 hrs. Therefore, zero time has actually
been found to be approximately 7* hours from discharge time. After this time
the decay loss is approximately 60%.

C. The Kajor Factors Affecting the Final Yield of l!35 in the
Wafer

In a memorandum of March 15, 1947 diseussing the subject,
"Amount of Xe Required for the Xel35 Cross Section Experiment", R. Shapiro,
in a detailed account of how the number of 1*35 atoms per X-slug is calculated,
arrived at the figure*

(1) 1.37x10^ atoms l!35/slug after 24 hours' bombardment at the center
of the pile or at max. flux.

Related to specific activity of radium of 1 curie/gram and using
a half life of 1590 years, this number of J.135 atoms represents in curiest

(2) No. of atoms x X/d/s/curie £ No. of curies/slug

1.37 x 1Q16 x 0*622- a 10.7
3.7 x 10id 6.7 x 3600
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The following variations, however, have been observed which diminish this
ideal yield,

(a) the pile loading and power is actually nearer

3700 KW - .094 W/slug or 94% of max.
40,500 slugs

4

(b) Practical exposure time has been cut to +* SO hours which is equal
to 87.% of sat. or 95% of that from a 24 hr. bombardment.

(c) The flux region available for these slugs averages about 90% of
max. for the center slug of 8. The outer slugs probably receive only 85%
of maximum. The average slug then, must receive only about 90% of the max
imum for that row.

(d) Correction for Bombardment

The overall correction then for these variations from the
ideal maximum giveai

.94 x .95 x .90 x 90 = .72 or 72% of 10.7 s 7.7 c/slug

at discharge time.

(e) Correction for Decay during 7* hours of processing through

1.12 half lives s 45% yield, or 45% of 7.7 c = 3.5 c/slug

(f) Correction for chemical yield

Dissolution, maximum * 90%
Distillation, maximum * 88%
Precipitation, maximum * 90%
Centrifugation, Fstimate * 75%

Maximum total chemical yields 55%

59? of 3.5 c/. =1.8 c/slug or 10.8 c/six slugs
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L ing of the Centrifuge Stripping, TTcfer Handling, dealing *nd
: Yielding Operations

a.. The Centrifuge Stripping Operation

While this has been one of the last techniques to be si
red, it Is normally the first in the sequence of t te
lions. The order of operations illustrated in the Isometric
first the removal of the tars centrifuge cup in or *

\'ot the elevated -Ipettes, which must be lowered to v
*&fer tor^g carria.-e over the contrifura housing.

seam r *.ion illustrates the difficult removal of the
nel, *hich is separated after loosening by rotati <ta by

Iced down cup and wafer. The neceasit* for lock-
v a o and wafer in a way that is adaptable a re-

dure3 required extensive revisions after several unsuccessful de~
.

B. The TVafor Handling Operations

The third remote operation is that of removing the wafer from
. position in the cup, and separating it from the filter

ped« • fits into the lower taner bushing and supports the tiny in-
B filter In the capillary tube,

>gt reliable technique found for holding down the wafer during
the «r from the funnel ia by means of a heavy soft metal spring, which
Is apen by the lifting force of the wafer tong. The filter nedestal

by being* pullad off, since it will not pass through the owning
g plates, which are also locked In with a set screw.

nafer is first nlaced on a vacuum-holding turntable, requiring
vej osHioning of the wafer tong by indicating micro switches.
Aft the wafer 'is lifted off of the turntable and released in the
cut of the shield drawer.

Test of the Wafer Sealing Operation

Prior to the assembly of the centrifuging unit, the capillary
ia ear< I wked for tightness between the thin korossal gar the

glass tube ends, and for seslability of tho tapers with the
After a successful test, the selected plugs aro kept for

'inal sealing. Each end of the wafer is tested to hold at east
a on the gj >t and on the plugs. Aluminum, of moderate

♦irately tapered and burnished, is used for the plugs. 11
• type silicone grease is used to Insure gas tightness.

fact rj seeling las been general with the single exception of
the 'odiate level r*» Indicated in Table IV, which was known to be

etely freed of solvents.
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D. leading the 'rawer Into the ^afer Shield

In order to remove the drawer without exposure, *
shield la elevated i*nd Placed against a small opening in the 3" »-<r

ioor. By means of an attached rod the Jrawer Is slowly drawn into tha
after which the rod is detached. In an effort to prov* trs

, a gas bight blister cap has been made to fit over the o> ;a round
ends of the drawer. Through attached valves In the sides of the b;.iater,

to Crculote a gas for the collection and measurement of sus
pected xenon leakage frnr. the wafer.



6qippin6 Wafer. Witu Iona 5 For
SEPARATION FROM FILTER. bASE.

Vacuum 1-1older For Plugging After
Rotation From Vertical Id I-Iorizontal
Posi TION.

Placing Wafer. In Drawer OfJa/ield.

Sequence Of Zemotel y
Controlled Operations
For Stripping Centrifuge
Assembly And PdI2 Wafer

lF-5152
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t

mE]^ZJSiBSiS^J^^aLJ^^ Fi8Sion.Product Region: (C. E. Boyd) .
Cross-sections j^ttic^^^ H°tt8)

The chief effort during the quarter now elapsed has bee, directed
toward the emulation of the cross-sections for ^^^^h^raX-isotope- by energetic deuterons on the calutron enriched£**J>

JaWL^SK^Set^Si.^^a group of three linear simultaneous ^^J."i*** D0Cn 3et nr ft* each
for Mch ™^*^*Z£ thfmelo°rf'XeE^E. U dlf-target isotope and then aolved by ^ ^Lnoo (j ^g UTX>R -gy

Boll. Am. Phys. *oc,, g«W J9-^i}~„'*fLrtions for these react. I incepossible to construct crude excRation funrtxons^for tn ^^
the nuclear charge we. hexd cwA^{* '%&£?£ in neutron binding
from 92 to 100, these curves may 8h<*/^.^erenCeS in
energies in this region of the periodic table.

Neutron IfredisAAfflLjLIftgg8 <*• F- !'°Ua)
Several irradiations of aone ^ J^ity of Tc« gfertrf

from Pile irradiated molybdenum were J^^J^Soa^clffl Sd (b) toalignment of the cyclotron ^oduced 80 second^eriod to ; ^ perlod,
det<rr.ine the activation ^fT3^1?" ?£ Vl^ considered the more reliableof 120 and 90 s. were observed, the J^ter be^ consioereo
lines the samr Is was intensively ^lfi* ^^\^8°0£ Z and Ke wars

*-151gfg5 wSJSSWSssS"
,h.l I, .s .ell M1" O" J-8?*11' J" be™ „,, „ound state decay •"»!•lW X-raye by abaorrtion 10 wylli*. » t*'% '̂™ *f c8n3ider..f.,i I, *»
electron capture. •• right be ««"'*^ fT "™Us Thus far, n« oring a

Tc?7 by K-capture is.greater than 10* 7*
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Search for ?r°^* (Q. V. Larson and G. F. Boyd)

Nuclear stability estimates and the high spin of stable Cb93 ap
pear to indicate that the radionuclide Zr93 might possess a very long half-
life. Accordingly, a search is being made in a number of old exchange
column oxalic acid solutions sach of which initially contained several
hundred millicuries of 65 d, Zr°5. These elutrisnts were treated first to
remove appreciable amounts of long-lived Ru and Ce, then the Zr was ex
tracted into benzene by means of TTA (using Ce hold-back) and finally a
small quantity of BaZrl^ was precipitated and mounted for the counting study-
Despite the fact that the 65 d. Zr95 had decayed through as many as twenty
half-lives. It appeared a3 ths nredominant Zr activity. Aluminum and lead
absorption curves *ere highly characteristic of the 65 d. activity so that
not more than 10% of a second Zr activity could have been present. The de
cay of these samplea will be followed. However, on the basis of the rela
tive fission yield of Zr°3 and Zr95 and the decay time and the amount of 65 d„
activity still observed, it has been concluded that if Zr9-* is lorg-lived*
(a) its half-period must be of the order of 10° y., or greater; or (b) its
beta radiations must be less than 0.1 HeV in energy.

The foregoing considerations may be in error, of course, and Zr"3
may possess a short half-life. Sometime ago (2/4/46), E.E. Motto carried
out several pile neutron irradiations of some spectrocheroically analysed
Zr02 "^ observed (using a 6 minute bombardment) a strong 2.0 minute period
which could be follo.ted over six half-lives before merging into a second
approximately 30 m. comnonent. This observation appears to agree with the
previous finding of a 2.5 m. period produced in Cb presumably by an (n.p)
reaction at the Chicago cyclotron (Nedzel, et al., CC-2299, October, 1944),
Currently short neutron irradiations of the calutron separated Zr isotopes
are being conducted.

The Padlonuclides of Columblum: (G. t. Boyd)

It has been possible to isolate and identify the radioisotopes of
columbiumcf mas3 number 90 through 98 formed by (d, <* ) and (d,«x n) rejections
on the calutron separated Mo isotopes incidental to the program during the
past 15 months for the production, characterization and mass assignment of
the element 43 radio-nuclides which was conducted by means of s series of
deuteron bombardments from the 6C inch cyclotrons at the Departm«nt of
Terrestrial ragnetisn-, Carnepia Institution, flsshington, D. C. (DTK) nnd at
the University of California Radiation Laboratory (UCRL). Certain in
formation gained from these studies may be communicated at this time, al
though a final analysis of the decay curves, absorption curves, etc. has not
yet been completed:
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1) Cb90 - A15 h period in columbium decaying with the emission
of positrons as shown by magnetic deflection was found to be produced in
maxloS yield upon the irradiation of the >°* l"*^"h ct* A^ionUeV deuterons (DIM). The reaction then is Mo92 (d,«) 15 h. Cb^, Absorption
measurements in Al and Pb indicted: (a) a maximum B+energy of ca. 1.7

f lire ai« rays of 0.04, 0,25 and 1.66 UeV, respectively, An5\ PciitroHiSSng activity in Cb had been assigned tentatively to mass
90 by Jacobson and Overstrset (CC 2345, December 1944)

2) Cb9'1 - a 64 d. period decaying with the emission of e" and Cb
X->ays ws. produced in *U*£ yield with the Mo% sample (UCRL) presumably
bTa^fd^Jn) reaction. The 0.94 KeV ^-ray reported by Moquin and »ol,
7pnvs S 65 60 (1944) 7 was not found. Samples containing appreciable
taunts of tie 35 d^ cWihow this f until over 300 d. total dec,y, however.
^".ently it is proposed that the 64 d Ob** decays by isomeric transition to
a «ry long-lived ground state. It is of interest that the nucleus of Cb*
possesses 50 neutrons.,

3) Cb92 . ^ previously well-characterisedI 10 4.. ptripj %^\^v^

was observer; in these bombardments.

L) Cb93 - Deutsron irradiation of Mo*5 did not lead to any activities
in Cb which could be assigned to mass 93. The 42 d. period reported by
iieaenbeck ^Phys, Rev,, 68, 1 (1945)7 «e not observed

<;*. Cb9** - No period which could be assigned to Cb% was observed in
irradiation of ilo*, Since the chemical separations and purifications
•red to-loO minutes, the disestablished 6 ,, isomer was not seen.

6) Cb95 - The definitely established 90 h. and 35 d. periods in
Cb w^re produced in maximum yield in the deuteron irradiation of Wo*'. Good

Ilrnt lith the reported radiations and energies was realized, althoughre'rortld Sb 511-rar characteristic of the 90 h isomer was not observed
Tn; Sve yielfof the 90 h. isomer was much greater than has been found

ow neutron fission of IP2-".

?-, Cb96 - A2,6 d, period emitting negative beta particles but no
one was observed in maximum yield in the deuteron irradiation of
: tion. The maximum energy of the beta rays determined by ab-

8orDtI was ca. 1.1 MeV. Previously, a 3 day period in Cb had bpeo
tentatively to mass 98 by Jacobson and Overstreot (vide supra).
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8) Cb98 -Deuteron irradiation of the Mo100 preparation gave
rise to a strong 30 m. period in Cb which was shown by magnetic deflection
to decay with the emission of negative particles,, A smaller amount of a
65 m. period (probably the known Cb9?) wa3 formed also. A characterization
of the energies of the radiations was not made, Further work seems de
sirable since our observation of a 30 nu activity at mass 98 contradicts
the report of Katcoff (LAMS-765, August 1948) that, "any new Cb fission
products with an appreciable yield must have shorter half-lives than four
minutes",

Radio-nuclides of. Tin (C If. Nelson)

Aa a preliminary to a study of the fission product activities
f< trued in the Cd, In, Sn region of the periodic table some effort was de-

~A during the past quarter to the pile neutron irradiation of the calu
tron separated tin isotopes. First, a ten minute bombardment of a purified

ole of the naturally occurring mixture of tin isotopes, followed by rapid
counting,showed 10 nu, 3?m„ and 27.6 tu periods in high relative yields.
Irradiation of Sn12/* gave a predominant 11 m, period together with smller
amounts of a 3 h, and a 42 h, activity. Irradiation of Sn122 gave a pre
dominant 35 «u activity which grew in a ca„ 15 m, Sb daughterj smaller
amounts of a three hour activity and a longer activity were formed also.
Irradiation of Sn120 gave a predominant 2? h, activity together with ±
small amount of 10 m. Sn„ Irradiation of Snll9 appeared to give a relatively
long period in low yield* On the basis of the foregoing observations the
following provisional assignments are proposed; 11 nu Sn12*; 35 m. Sn i ___£
-A5 m. Jb123 «.. 27 h, SO*21-.
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III. General Nuclear Chemistry

Nuclear Chemical Studies on the Rare Earths* (G. F. Boyd)

•.-.eral Nummary. (3. H. Ketelle)

During the nast two yeara a continuing study of the activities in
duced in the rare earths by nlle neutrons has been conducted., rare earths

Lch were irradiated vere, in many cases, previously highly purified by
chromatographic separation on ion-exchange columns^'. Following irradiation
the earths were separated again on ion-exchange columns as describee1 else
where'' preliminary study of the radiation characteristics of the ac
tive isotopes has been carried out and it is possible at this time to compile
a considerable part of the observations on the half-lives in the following
Table: (see Table). Because seversl earths have been present I) each study
it has beer possible to begin with the heaviest rare earth, lutecium, which
is eluted from the column first and identify each earth successively. In
one series of studies all of the earths from lutecium through cerium have been
studied. Since the relative spacing of the peaks should be related to the
ion size one feels confident that the assignment of the activities to the
several events is correct. It is recognized that the half-lives here re
ported ogre*- clo3ely with certain half-lives reported by othe? rs who
assumed that the activities observed were those of the principal Jlement
Irradiated. Hovrever, one has only to look through the literature on the
nuclear chemistry of the rare earths to find an abundance of ex *here
the erperirentor has been misled by the presence of s small amount oi another
rare earth impurity which has a high activation cross section. Furthtrmore,
the element assignments made from the order of elution from the column are in
ag. .with the isotopes whose masses have been established by rass spse-
trographie separation. The maximum energies of the beta groups have been de

fined by absorption curves. These values are in agreement with values re
ported elsewher%. Jince many of these isotopes have complex decay schemes,
it is felt that these values may be subject to considerable error and only the
values determined on the thin lens spectrometer are reported.

Study of the Active .Isotopes of Gd and Tb? (B. H. Ketelle)

The assignment of the activities found uoon Irradiating Dd and Tb
has been difficult because the starting materials may be cross- nated
and because the Gd isotope of mass 161 decays to an active Tb Isotope of tho
sa-.e mass. In the present study the decay curve of slow neutron irradiated
Gd I ut separation ia represented by four half-lives, 3.6 min., 17.9 hr., 6 d.,
and 225 d. activities corresponding to these half-lives havt reported
by Krisberg, Pool and.F.ibdon(3), and by other workers. (See ORNL-65. P. 94,.
Upon irradiating the Tb obtained from the J.S. Bureau of Standards, half-lives
3 min. and 72.5 d. we*-e obtained. This Tb yielded Dy lines u ^ctro-

graphic analysis so the short-lived activity is undoubtedly Dy10-', ix
day activity was founl in this material.

(1) Bar-win Karris has generously furnished these materials (vide supra),
(2) B. H. Ketelle, C. fc. Boyd, J. Am. Chem. Soc. 62, 280C (1947),

s. Fev. 74,, 44 (lc48).
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When Gd was Irradiated nnr" a "^molete serwration of Tb was made
from the Gd, the Tb samnle decayed through 3 half-1 ives with a half-life of
7.5 d. This value will be decreased when the sample has been followed suf
ficiently long to subtract the 72„5 d„ Tb activity due to cross contamination.
This activity has a /? energy of about 0.5 #ev and ^ray of an undetermined
energy. (This value will be known when the activity of the long-lived Tb can
be subtracted). The separated Cd sample decayed with a half-life of 17.7 hrs,
and this activity has leveled off to an activity of long half-life. In pre
vious studies where short bombardments of Gd were made pri'U? to separation,,
this long-lived component has been found to have a half-life of 225 d., as
shown in the following table. This separated Cd sample did not show the 6 day
half-life found in the non-separated Gd. From this, one must conclude that
the ~6 d„ Tb mu3t be the daughter of a short lived Gd which hud decayed be
fore the Tb separation was made or of a very long-lived Gd which has not prod
uced a measurable amount of 6 d. activity in the separated Gd sarnie, A study
of the activity obtained on irradiating column separated Gd for 3 min, showed
the presence of a 3.6 min. component with a beta energy of 1,5 t*ev and a
?" energy of .37 f.'.ev and possibly a softer / . Further studies are in prog*
ress to establish the absence of this activity in possible contaminants

Since the 225 d, activity is probably the same activity separated
by Inghram, Hayden and Hess^J, wt have the 3.6 min, and 17„9 hr, activities
of Gd, and the 6 d. Tb to assign mass numbers. The calculated energy in
stabilities of Gdl59 and Gdl^l ars 0.91 and 1.78 Kev respectively. If the
3.6 min. activity above-mentioned decays by simple beta decay followed by
the > its energy change Is about 1.9 Mew. This agreement with 1.78 and
the probability that the parent of the 6 d. Tb which.must be Tblfcl is short
lived leads us to assign the 3.6 min. activity to Gd1"!, The 17,9 hr. activity
is probably Gdl59 since with a beta energy of 0,9 Mev and a ^ of 0„35, its
energy is in fair agreement with the calculated value. Since Pool was unable
to obtain this activity by n,p reaction on Tbl59, further work i? in progress
to clear up this uncertainty.

Further Studies of the Iiadlatlons of 129 d. Tn.170; (b. h\ Ketelle)

Aluminum absorption curves of the thulium activity produced by
radiative neutron capture on ion-exchange column purified stable thulium in
dicate a maximum beta energy of 1.0 I'ev and a very small amount of a harder
component. The maximum beta energy reported in CML-37 was found to be 0.98 ^ 0.1
P.ev by measurement on the thin lens beta ray spectrometer. There was evidence
also of a conversion line at low energy. Therefore, the source was further
purified on a Dowex 50 column under conditions which would have removed ad~
jacent rare earths, if they were present. Ho impurities were detected. The
purified source was then used to make further studies. The «/* ray energy
deduced from the L conversion line would correspond to 83 Kev. A stronger
source was obtained and the photoelectron peaks were studied with several
radiators. The results are tabulated below.

(4; Phys Rev. 7%, 60 (1947)
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84

85
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84 kev

80

83

80
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In order to establish that the conversion electrons were originating from a
heavy rare earth the photoelectrons produced by the KX-ray on copper ««•
studied,, Their X-ray energy, 50 kev, is in reasonable agreement wi-h the known
energy of the ytterbium X-rays considering that the peaks Detained were very
near the window cut off. As further confirmation of the belief that the
83 kev originates from the same nucleus as does the 0„98 Mev beta ray, the
activity has been studied on the coincidence apparatus in collaboration with
Jrancis McOowan. The results show ahigh coincidence rate between conversion
electrons and betas and indicate that if the &ray is delayed that its half-
life is less than 0„1 microsecond.
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p^^tions of Hf181 (B. H. Ketelle)
a „mniP of HfOo of purity in excess of 99$ was irradiated in the

version lines Jf111"8 8* J t_ Kurie nlot However, the maximum betalong extrapolation neoesssry on the Kurie plot^ ^ ^ ^ ^
en/rS? t^cTthe conversion1 lines^ere shifted somewhat. Klines correspondingmg/W thick, the conversio . 602 KeV were observed. The last peak
^a/very STSt'.^'u'^ Slfn.^^t™. peaKs rith several
was vca/ j.w** k*«w *-rr—-~

radiators were obtained as follows?

Radiation

a 343
478

Ta 128 131
344
480

Au 140* 132
344 346
480 481

*Very close to window cut off

These values are in good agreement with the values given by
Cork, Shreffler and fowler(5) as follows- .1325* o3442 and ,4787 but are
lower than the values reported by Jensen^ at Iowa State College.

It is noteworthy that absorption curves lead one to believe there
is a 2Tof about 0,6 MeV and 3ome evidence is found above for conversion
electrons corresponding to this energy* A careful search failed to rive
evidence to any photoeleetron from uranium or pold

(5) Cork, J. Ma, Ro C, Shreffler and C. U. fowler, Phys. Kev, 72, 888 (1947)
(6) See Ac K Voight and B.. J, Thames AECD 2083
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JS „ Radio=Organic Chemistry

Fxperimeatal Pse of cU. (C.J. Collins, J.G. Burr, H. Heller, D.N, Hess,
A.R. Jones, O.K. Nevills, G.A. Ropp, W.J. Skraba)

Summary

Carbon dioxide has been reduced to formic acid in yields of 71-
88% by the action of lithium borohydride in ether solution^ Study of the
reaction under varioua conditions has given 3ome insight into the mechanism
of the reaction, Studies on the isolation of the acid are under way.

Difficulties encountered in the preparation of methanol by lithium
aluminum hydride reduction of carbon dioxide have been partially overcome
by careful purification of solvents used in the process. Tracer-level ex
periments in the routine preparation of formaldehyde give preliminary in
dications of a satisfactory yield in the present process. Acetic acid has
been prepared in yields of 95%, Isolation methods tried so far !^ave not
been completely successful.

Considerable progress has been made in the preparation of ring-
labeled benzoic acid-. The carbonation of JC-phenylbutyrlc acid has been
carried out in 90-95% yields0 The conversion of this to«/. -tetralone has
been accomplished in yields of 85-90%. The oxidation of/?' -methylnaphthalene
to phthallc acid has given difficulty^. The lithium aluminum hydride re
duction of p-methyl-cinnamic acid has yielded an unsaturated alcohol rather
than the expected p-methyl hydrocinnamyl alcohol.

The attempted preparation of styrene through a series of reactions
involving phenylacetic acid was abandoned, as a consequence of the poor yields
of this acid obtained by the carbonation of benzyl magnesium chloride. A
second reaction scheme involving benzoic acid gives considerable promise of
success.

The Synthesis of Low Molecular Weight Intermediates
Containing C+A

Formic Acid (J, G. Burr)

Discussion of Results

Carbon dioxide has been reduced to formic acid in yields of 71-88%
by the action of lithium borohydride in ether solution., Over a series of
five runs, the yield of formic acid has averaged 79%, based on the carbon
dioxide absorbed by the hydride solution. The absorption of carbon dioxide
has averaged 81% of the carbon dioxide charged. The unreacted carbon dioxide
was recovered in each run by absorption in saturated barium hydroxide solution9
and may be reused,,

The procedure employed consisted of measuring a known quantity of
standardized lithium borohydride solution into a reaction vessel which was
connected to a system containing a source of dry carbon dio.ide (obtained
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by acidification of barium carbonate). The carbon dioxide was swept with
dry nitrogen into the solution which was maintained at 0°. The unrcacted
carbon dioxide was absorbed in t.o traps filled with saturated barium
hydroxide0

At the completion of a run, the reaction proouct was hydrolyzed
with dilute sulfuric acid, and the formic r.cid was determined by one of two
methods:

(1) The dilute acia solution was submitted to continuous ether
extraction, and the ether extract was titrated with st-.ndard sodium hydroxide.
It wa3 found that a very considerable amount of boric acid was also ex
tracted by the other, giving a poorly defined titration end point,

(2) The alternative, and superior method was by means of alkaline
permanganate oxidation^1) This may be carried out upon the solution resulting
from the alkalimetric titration* which is boiled down to less than cne-half
the original volume to remove ether and methanol which would also be oxi
dized by the alkaline permanganate,, It was found simpler, however, to make
alkaline the original water solution of the reaction product and bcil this
down to about one-quarter of the original volume, dilute to a known volume,
and oxidize an aliquot. After the oxidation, a known amount of oxalic acid
was added. This was back titrated with permanganate.

The formic acid has been identified in one aliquot by preparation
of the S-benzyl-thiuronium salt. Of the other products which would be ex
pected to result, formaldehyde and/or methanol, formaldehyde has been found
in one case to the extent of 3% of reacted carbon dioxide, and in other cases
to be completely absent. Presumably, then, methanol is the other reaction
product formed.

It was first assumed that the mechanism of formate production was
analogous to the reduction of carbon dioxide to methanol2*; i.«* according
to the equation:

W.02 * 3L1BH4 = LiB(0UCH)4 + 2IAB02

However, it was discovered that during the reaction a certain amount of boron
is converted to a volatile compound which appears in the barium hydroxide
absorption traps as boric acid. Presumably this volatile boron compound is
a boron hydride, B2"6

Several mechanism alternatives to the one above cm be written
which might account for the simultaneous production of formic acid and
methanol by this reduction of carbon dioxide:

(1) Bottger, W., "New Methods of Volumetric Analysis", Van Nostrand Co.,
New fork," 1938 (2nd Edit.), p, 58

(2) Nystrora, R, P., J, Am, Chen,. Soc., 22* 441 (1948)



1. The two products may be produced by simultaneous and com-
petitive reactions.

LiBH4 * C02 > HOOCH *• ^B2R6

4C02 * 3L1BU4 >LiB(m;H3)4 * 2UBO2

This mechanism demands that volatile boron compounds be formed containing
one mol of boron for each raol of formic acid. This equality has been
approached within experimental error in several of the runs, but the data
harenot been found to be reproducible. (See Table 1 ) The mechanism also
demands that the formic acid be formed as lithium formate, During these
reactions a precipitate does appear. This precipitate was isolated in a
nitrogen atmosphere, washed with ether several times and dried i», a stream
of dry nitrogen- upon decomposition by dilute acid, 1.0 mol of gas ib
evolved per mol of formic acid in the precipitate The precipitate contains
0 78 mnls of boron (determined by alkalimetric titration in the presence
glycerine) per mol of formic acid. The precipitate thus appears to be a
mixture of several substances, This may occur partly through metathesis:

UB(0CH3)4 v4L100CH _» UB(00CH)i, *4UOCH3

since the lithium boromethoxides are ether soluble. However., tb in
sufficient boromethoxide produced to account for all the formic acid by
this method, The formate ion may react in part at the moment of for
with a boron hydride:

OOCH" * BH3 _j,BH3(0QCHr

and a portion of the formate may be present as lithium formate., as can b
seen, from Table I, the material balances are approximately consistent with
this picture,

2 Another possible mechanism for the reaction consists of the
initial reduction of carbon dioxide to methanol, (as a boromethoxide), which
then acts as the agent for the reduction of more carbon dioxide to formic .
aciu.

6UO2 I 5UBH4 ~» 2LiBM(OCH3H + 3LiB02
UBH(OCH3)3 «• C02 *LiB(OCH3)3(OOCH)

This was suggested by the discovery^that the triunethoxy lithium ^rohydride
will reduce carbon dioxide to formic acid in 60% yield This mechanism h
ever does not explain the formation of volatile boron compounds curing the
reaction, It has been found that a solution of 4.5 xnmola of lithium boro
hydride to which 5mmols of methanol had been added would absorb carbon
dioxide as well as an untreated solution, and would reduce it to formic acid
In 71% yield If, however, ten mmols of methanol was added to asimilar

(3) Schlessiager, Private Communication



solution, the absorption of carbon dioxide fell off very sharply, and the
absorbed carbon dioxide was reduced to formic acid in only 41% yield.
These results are not consistent with this proposed mechanism;

3,. A third explanation follows the same lines as (1) except
that methanol is produced not by a competitive reaction, but by further
action of the lithium borohydride upon formate ion. This explanation has
been discounted by experiments which show that pure lithium formate is not
reduced by lithium borohydride, alone or in the presence of methanol.

The yield of formic acid was not increased by use of excess carbon
dioxide, and considerably lowered by use of excess of lithium borohydride-,
elevation of reaction temperature from 0° to 30° did not increase the yields
but did reduce the amount of carbon dioxide reacted. The reaction does not

proceed at temperatures much lower than 0°C>

Experimental

The dryj, solid lithium borohydride, a product of the General
Electric Company* gave an analysis of 43,2% boron (theoretical is 53° 9%)»
and active hydrogen equivalent to 71% lithium borohydride. This shows an
excess of boron probably present as lithium borate,. The reducing solution
was prepared by dissolving the dry solid in ether and separating the solution
from the solid which does not dissolve.. The concentration of this solution^,
as determined by evolution of hydrogen upon acidification with dilute sul
furic acid, was 1.15 mmols lithium borohydride per ml. It was stored in a
closed system protected from the carbon dioxide and water in the air.

Reduction_of_Carbon Dioxide to Formic Acid — Ten ml. of dry ether
was placed in a special reaction flask, and 3,.52 mi, of 1.42 M lithium boro
hydride ether solution (5,0 mmols) added. The flask was connected to the
reaction system., and swept with dry nitrogen. Carbon dioxide wa3 then
generated from 0,98? g„ (5 mmols) of barium carbonate during one-half hour,
dried by passage through a trap at -80°, and a second trap filled with Dri
and swept bya slow stream of nitrogen through the borohydride solution during
one to one and one-half hours.. The borohydride solution was maintained_at
zero degrees by an external ice bath during the entire period;, Volatilized
ether v*as returned to the reaction solution by a cold finger filled with dry
ice* A heavy powdery white precipitate formed in the reaction solution-
The off-gases were passed through two traps containing saturated barium
hydroxide solution,, At the end of the reaction period, the reaction flask
was surrounded by a hot water bath, and a vigorous nitrogen sweep was con
tinued until all ether had been volatilized and driven through the barium
hydroxide solution, and the residue in the reaction flask was dry. The
system was then connected to an apparatus for measuring gas by water displace
ment, and 10 ml. of water was admitted to the dry residue in the reaction
flask- Fortv ml. of gas was evolved (25°)Uc6 mmols). Addition of 5 «1.
of dilute sulfuric .acid caused no further gas evolution, The barium carl
recovered from the barium hydroxide traps weighed 0,401 g. (2,06 mmols
Thus, 2,94 mmols of carbon dioxide had reacted. The dilute sulfuri
solution of the reaction product v-as made alkaline to phenolphthalein and
evaporated carefully to dryness rerheating at this point caused extens:
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conversion to oxalate. The dry residue was dissolved in water, and diluted
to 25 OOal, A20,00 ml, aliquot required 16.8 ml, of 0.052 Hpotassium
permanganate solution,. This is equivalent to a total of 2,19 mmols oi
foxSc'acid (75% on basis of carbon dioxide reacted) The residual forme
acid solution was concentrated to 10 ml, volume and added to 10 ml., of
water containing 2 g. of 5-benzythiuronium chloride. On standing several
davs in the refrigerator, large flat prisms crystallized which melted at
150-152° (Ut(**):151°C.)„ The original formate solution failed to give a
precipitate with calcium chloride, or with 4% alcoholic dimedon solution,
showing the absence of oxalate and formaldehyde,. It did give a Palpitate
when treated with a solution of mercuric chloride in dilute hydrochloric
acid (test for formic acid),

/mother 20.00 ml, aliquot of the formate solution was made acid to
m.»thvl red end boiled., The hot solution was then made exactly neutral tomet yl ret After phenolphthalein and 25 ml- of glycerine were added it then
required 6 43ml, of 0,1018 Msodium hydroxide for neutralization This is
eauiSent to 3,27 mmols., of boric acid in the entire solution, The solution
of blrShySroxiie in the absorption traps, after removal of barium carbonate
and precipitation of excess barium hydroxide with sulfuric acid, required
15.9 ml. of 0,1018 Nsodium hydroxide to neutralise the boric acid present
(1,62 mmols).

Reduction of Carbon Dioxide in the rVesence^ofJIethjanol -• The
DrecedirV"^:ocess^aTreielSedT^cept that before the carbon dioxide was
generateS 525 ml, of 0.99 Msolution of dry methanol in dry ether was addeo
to the hydride solution (4.1 mmols of gas was evolved.).,

The process was also repeated in the presence of 10,1 mmols of
methanol (15 mmols of gas evolved upon addition of the methanol to the hyande
solution).

The results of these two runs are listed in Table I,

Reductio\Le£Uthi.umJ,pr^ lit»ium
foraete waT^re^areTby~thTireutralizatiori of 90% formic acid with G.P.
*°f?. L^'lT in/dri^d at 110° • One hundred and. four milligrams ofSo^SSIa*k™3%ml! of ?.i5 *borohydride solution and 20 ml, ofSy Zlr fori hours at room temperature. Ether was then removed by^warming
and the dry residue was hydrclyzed with dilute sulfuric acid. The solution wasmtt alkSne to phenolphthalein, boiled to one-half volume to^eliminats
volatile organic matter, and then diluted accurately to 50.00 ml. Ablank was
prepared from 0,104 g. of lithium formate and 50.00 £• */^""Jj^J.
A10-00 ml. aliquot of the sample solution required 14.-1 ml, of po™"S«™^~
solution to oxidize the formic acid present, ^S^la^^f "Lr of thfrequired 14.7 ml. This difference is within the experimental error of the
determination.

(4) Donlevy, J, Am. Chem. Soc., ,5 1004 (1938)
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Reduction of Carbon Dioxide

4.50

4*50

4.50

4o50

mmols"
HCOOH

2,19
(75<)

2,85
(71%)
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This process was repeated with the addition of 10 mmols of
methanol to the slurry of lithium formete and lithium borohydride solution.
Again there was no reduction of the lithium formate observable within ex
perimental error*

Isolation and Analysis of the Reaction Solid — The reduction of
carbon dioxide to formic acid was carried out as above in a reaction vessel

equipped with a sintered glass disk sealed in the bottom leading through a
stopcock into a 50 ml„ flask provided with an exit tube closed with a stop
cock. The reaction vessel was surrounded with a sealed-on glass cup to
contain the cooling bath. At the end of the reaction, the stopcocks were
opened and the solution filtered into the lower vessel under slight nitrogen
pressure. The solid remaining upon the filter disk was washed with two
successive 10 ml, portions of dry ether (slight gas evolution owing to
traces of water in the ether) and dried in a vigorous current of dry nitrogen.
It was then hydrolyzed with dilute sulfuric caid„ Three mmols of gas wns
evolved. The dilute acid solution of the solid was analyzed as above. The
formic acid required 5905 ml. of 0„10l6 N permanganate solution, equivalent
to 3,04 mmols of formic acid (3*84 mmols of carbon dioxide reacted with 4.5
mmols of borohydride), and the boric acid required 22.0 ml.of 0,1018 N alkali,
equivalent to 2.24 mmols, The boric acid In the barium hydroxide absorbers
was 1.59 mmols,

The filtrate from this reaction solid was also worked up in the
same manner. It contained non-volatile organic matter equivalent to 0,48
mmols of formic acid, and 0.60 mmols of boric acid (some of the borohydride
solution seeped into the space between the sintered disk and the first stop=
cock, which accounts for soma of the boron in this solution. On other runs,
the amount of boron was considerably less).

Methanol (W. J, Skraba)

Recently considerable difficulty has been experienced in the lithium
aluminum hydride reduction of carbon dioxide to methanol. Yields have been
in the range of $0% as compared to previous yields as high as 90%. In
addition a low boiling contaminant has been found in recent preparations.

Consequently, all of the reagents and solvents used in the process
have been purified and blanks have been run to determine the cause of the
trouble. A low boiling impurity in the diethyl carbitol has been found which
can be removed only by vacuum distillation of the carbitol through a Podbelniak
colurano Analysis of the commercial LiAlH4 has shown the presence of a small
amount of diethyl ether„

Using carefully purified solventst the yield of pure methanol
ha3 been raised to 70%; Further work will be done with purified reducing
agent.

Formaldehyde (Wc J„ Skraba)

The process for the prepara-ion of cl*+-labeled formaldehyde is
being set up for routine production, The results from tracer scale runs are
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as yet incomplete, but indications are that the process is feasible for
the routine production of formaldehyde in 60-65% yields.

Acetic Acid (D. N, Hess, 0. K. Neville)

Work on the development of a method for the routine production of
acetic scid of high specific activity has been naturally resolved into two
parts (1) the carbonation of methyl magnesium bromide to produce acetic acid
in high yield, and (2) the efficient recovery of anhydroua acetic acid of
high purity. The present carbonation procedure is giving satisfactory re
sults, since yields as high as 95% have been obtained, Recovery methods
tried so far have not been very sstisfactory, and work is continuing along
this line.

Carbonation Procedures

Three carbonation methods havs been studied. The first method,
utilizing a vacuum apparatus, consisted of freezing the carbon dioxide into
a pre-formed Grignard solution and allowing the reaction mixture to warm
to -80°C. while it was stirred with a magnetic stirrer. Though the results
were erratic, the method was fairly convenient. A second procedure which
was studied was that of passing dry carbon dioxide over the surface of a
Grignard solution contained in two successive flasks.

The present method consists of bubbling nitrogen-diluted carbon
dioxide, which is generated by acidification of a weighed portion of barium
carbonate and passed through drying traps, through a freshly prepared methyl
magnesium bromide solution. The unreacted carbon dioxide is swept into two
traps filled with barium hydroxide. The precipitated barium carbonate may
be recovered, weighed, and reused.

The reaction vessel is equipped so that the successive manipulations,
Grignard formation, carbonation and hydrolysis, can be carried out in the same
flask. Upon hydrolysis, some additional carbon dioxide is released which is
swept into the traps. The reaction vessel is cooled to -20 C, with an ex
ternal bath while the carbonation is in progress. In the best run, 95-2%
acetic acid was formed (determined by titration with standard base) based on
unrecovered carbon dioxide. Usually 90-95% of the carbon dioxide formed is
taken up in the reaction,

Recovery of Acetic Acid

The removal of water from acetic acid has proven to be a difficult
task. It was decided, therefore, that if the hydrolysis of the carbonated
Grignard were carried out with some other medium than water, the problem of
preparing anhydrous acetic acid would be simpler. The first technique tried
was as follows: (1) after the G^snard reagent was carbonated in diethyl
ether, a solution of o-chloroben*oi< acid in diethyl carbitol was added
(2) the ether was removed by distillation through a short column (3) the
mixture was heated to 130° and swept out with helium to remove the acetic
acid. The purpose of the o-chlorobenzoic acid was two-fold: (l) to hydro-
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lyze the excess Grignard reagent present at the end of the reaction, and
(2) to replace the acetic acid present as the broraomagnesiura salt.- This
acid was chosen, since it is a stronger acid than acetic. This technique
has failed to give either a high yield of acetic acid or a pure product,
since a considerable amount of the higher boiling diethyl carbitol has
always been swept over. Other acids tried under the same conditions have
not given good results. These include stearic, lauric and oxalic. A
number of similar exchange reactions carried out on sodium acetate have
failed to give a satisfactory method of recovery.

Several methods have been studied for the recovery of small amounts
of acetic acid from the water-acid hydrolyzed Grignard solution, in order
to evaluate the various techniques used in carbonation. Straight disUllation
has failed if the volume of solution became low during distillation, since
appreciable amounts of the hydrolyzing acid (phosphoric or sulfuric) were
distilled over and interfered in the titration. Distillation with repeated
additions of water was successful in this respect, but was tedious and time
consuming; it also led to extreme dilution of the acetic acid.

Continuous extraction with ether failed to remove more than about
75% of the acetic acid from solution unless the solution was saturated with
sodium bromide, Under these conditions HBr was extracted, again interfering
with the titration of acetic acid.

A method has now been worked out which permits removal of the acetic
acid from the hydrolysis mixture without any interfering substances, and
without greater dilution of the acetic acid, thus permitting titration of
the acetic acid, and consequent evaluation of the carbonation procedures.

The method used is as follows: after hydrolysis of the carbontted
Grignard solution with water and phosphoric acid, the ether is removed by
distillation through a short column. The reaction vessel is then connected
to one arm of the equilibrium distillation apparatua shown in Figure 1, To
the other arm is connected a flask containing ameasured volume of standardized
sodium hydroxide solution. Both flasks are immersed in an oil bath at_125 C.
endure allowed to boil for several hours. The cold-finger condenser in the
apparatus contains an off-center tip so that by turning the ^denser in the
ground glass joint the refluxing liquid may be returned to either flask.
Weally, it should be set so that each drop of distillate is divided equally
between the two flasks. Since acetic acid and water are distilling from the
acid solution and only water from the basic solution, the result is that the
acetic acid is gradually distilled from the acid to the basic side of the
apparatus This basic solution may then be back-titrated with standard acid
toPdetermine the amount of acetic acid originally present in the hydrolyzed
Grignard solution.

Experimental

The carbonation vessel on! sts of a three-necked 100 ml. flask,
to the center joint of w. ,ch is cpnnc ted a mercury sealed stirrer. To one
of the other joints is co.inected *.. iilet tube so constructed that, methyl
bromide, nitrogen or carbon dioxid* may be passed into the reaction solution.
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The third joint contains a Dry Ice condenser equipped with a gas outlet and
an addition funnel.

The Grignard reagent is prepared by bubbling methyl bromide, from
a cylinder into dry ether and magnesium contained in the reaction vessel.
The Dry Ice condenser (equipped with a drying tube) is kept in position to
condense the ether and methyl bromide.

After the Grignard reaction is complete the carbonation train is
connected and the ether solution is cooled to -20°C. The carbon dioxide is
eeneratsd by dropping 10% perchloric acid onto dry weighed BaCO.. ™e
escaping CO, is swept by nitrogen through two drying traps and t^he inlet tube
intothe well stirred Grignard solution. The unreached C02 is swept by the
nitrogen through the -80°C. condenser, through a -80°C. trap and then into
two bubblers containing barium hydroxide where the C02 is removed. The slow
introduction of C02 into the Grignard solution is allowed to proceed for
about one hour, One-half hour is allowed to complete the reaction before
hydrolysis is effected by passing in dilute phosphoric acid through the
addition funnel. Any additional carbon dioxide released is swept into the
barium hydroxide traps„

The reaction vessel is then disconnected, sufficient Ag^CO^ is
added to precipitate the bromide, and the flask is connected to the equi
librium distillation apparatus.

In one experiment the following data were obtained:

15 millimoles ,03 M Grignard solution

10c01 millimoles of barium carbonate

9.08 millimoles barium carbonate not recovered

30 millimoles H3P04 in 30 ml. water used for hydrolysis

15 millimoles silver carbonate added to precipitate bromide

8.64 millimoles acetic acid recovered after equilibrium dis
tillation for 14 hours

95.2% yield based on reacted C02

Acetylene, clonic Acid (G. A. Ropp, H„ E. Heller)

Equipment is being assembled and preliminary experiments are being
carried out in the preparation of acetylene, malonic acid and related compoundu



>50-

Syndesis of Higher ,j> .eeular V :.ght Compounds
Containing Ci4

"Ring-labeled" Benzoic Acid-clA (C, J,. Collins)

The synthesis proposed is as follows:

CH2CH2CH2UgBr -El^ CH^CHsC1-^ SnC14>

0 0
CH3 CH3

1 II

*

A-COOH

V
VIII

OCOOH

COOH

VII VI IV

bromide (A) JuStL^^'^T^^ °f- ^^^^^nesiomin yields of cofo^? ? PhQn^b^^io acid (X) has been produced

C6H5-CH2CH2CH2MgBr C0|_. c^.^^^^

IX
XI

,(5)The yield reported^' for this carbonation is 58%. The ring
closure of X to yield Of-tetralone (XI) has been effected in yields of
85-90%.

The oxidation of £> -methylnaphthalene (V) to (S-methylnaphthoquinuno
(VI) and to phthalic acid (VII) has been studied,, A considerable improvement
in the method reported^' for VI has been effected* and VI has been prepared
by the chromic acid oxidation of V in 70-80% yields, Phthalic acid (VII) has
apparently been produced by the permanganate oxidation of VI, and has been
converted quantitatively to benzoic acid (VIII). The direct oxidation of V
to phthalic acid has not been successful in this laboratory.

(5) Rune and Proske, Ber, 4J* 1233 (1910)
(6) Rec, trav,. chim 59, 1027 (19



51-

The preparation of p-m-Khy. phenylpropylmagnesium bromide (I) from
p-methylcinnamic acid (XII) has not yet been effected, The lithium aluminum

CH~CHC00H CH2CH2CH20H CH2CH2CK2Br
LiAlhV | HBr^ | ^ j

hydride reduction of XII has produced an unsaturated alcohol, probably p~
methylcinnamyl alcohol, which polymerizes readily on heating, or upon treat
ment with hydrobromic acid. This is surprising in view of the fact that
cinnamic acid yields hydrocinnamyi alcohol on similar treatment^''

Experimental

Phenylbutyric acid (X) — To 5,0 cc. of JT-phenylpropylbromidi and
0,90 grams magnesium turnings was added 25 cc, ether, and the mixture whs
warmed with vigorous stirring.. The mixture immediately turned cloudy and
thendark, After one hour the flask was surrounded with a dry-ice bath and
6.00 grams of barium carbonate was slowly decomposed with dilute perchloric
acid, and the evolved G02 was swept through the Grignard solution, with helium
The exhaust gases were led through a Dry-Ice trap and a barium hydroxide
bubbler. Viithin 10 minutes the C02 evolution had stopped. The mixture was
stirred and swept an additional 15 minutss, then, cautiously, 50 cc. of an
aqueous solution containing 6.0 cc, of H3P04 was added dropwise, continuing
the sweep, and removing the dry-ice bath from the flask to prevent freezing
out of the water. The ether~H3P04 mixture was forced into a continuous ex
tractor, and a continuous ether extraction was maintained for 5 hours. The
ether solution was then concentrated, and to it was added 75 cc, of saturated
NaHC03 solution.. The mixture was stirred for 3 hours, then washed with two
5 cc portions of ether, and added 3lowly to 25 cc concentrated HC1 in the
continuous extractor, Continuous ether extraction and concentration and

desiccations yielded 3„28l grams of crude phenylbutyric acid melting 44-47°.
One crystallization from benzene-petroleum ether gave white crystals melting
49.6-51.0°.

From the barium hydroxide bubbler, 1,655 grams of barium carbonate
was recovered. Yield of phenylbutyric acid, based on carbon dioxide used:
90-95%, Several runs of this type gave yields of 90-96%.

(X-Tetralone (XI) — To 3 00 grams of phenylbutyric acid (X), in
18 cc dry benzene, was added 4 00 grams of PCI5, and the mixture was allowed
to stand 4 days,, The mixture was then cooled in an ice-bath, and 3„20 cc
SnCl4 in 7 cc benzene was added. The color was yallcw, and in 5-10 minutes

(7) Nystrom and Brown, J, Am, Chem- Soc, 6j>, 2548 (1947)
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a nearly white precipitate occurr- d, The mixture was stirred 1* hours, cooled,
«nd ?oit was added 30 cc of 6 NHydrochloric acid. The layers were separated,S£ benzenHaye? wefconcentrated/and to the concentrate was added 4.0 grams
hydroxyzine hydrochloride, 15 cc ethanol, and 15 cc pyridine., Yield of
oxime s 2.45 grams, or 83-5% of theory,

i.lthlum Aluminum Hydride Reduction of p-Methylcinnamic Icid TO1 ~
Into an exSacUonThlmble was weighed 10,0 grams p-methyloinnamic acid. Ane^rTlutlon insisting of 400 cc. ether and 5;0 grams LiAlH4 JJ™^
allowed to reflux so that the ether flowed over the acid (XII) and back into
S flask AfS 45 minutes, 20 cc of water «« «^ "^r^oxSlii20 cc of an aqueous solution containing 20 cc H2S04„ The ether solution
was s^rat^concentrated, washed with NaHG0? «J«Ji« «J 5 SUryTJSSng
tilled under high vacuum, yielding 8.5 grams of product (85% of theory) meix-ing
at 28-31° This material is believed to be p-methylcinnamyl alcohol,CH3C6H5CH', Sw since considerable difficulty was ^ZlT^oI^
zaCion: In addition a CCl4 solution decolorized bromine in CC14, without
apparent evolution of HBr

2 uathvl-1 a-nachthoauinone (VI) - The procedure of Sah®was followed•ith 500 ^^=^M^^^Vf)> •*** that continuous ether ex-
ScU« ^-« 1" the isolation of the product *^J°^^l££Z.acetic acid, with sodium bicarbonate solution. Yields of 65-75% were obtamec

!r} pmwh,. &cid (VII) by 0xidatlon_of ?-M.thYl-lf4-Napt>thoquinone -
To 1 31 grams of 2~methyl-l,4-naPhthoquinone (VI) ^9 **de?n2° CC; 0f/aoePlontainiS 16- sodium hvdroxidc ^5*~J^££^
SSSSml 45 minutes the mixture ~^™^^t^^ia^ ^
continuous ether'extraction for 3 hours .^ •^rDw_f*tion yieided 1,28
^.a^TS^^ %£!£?« rraentScatlon rf thi.
material are now in progress.

Benzoic Acid (VIII) from Phthalic Acid — Asealed, evacuated tube
containing S milligrams phthalic acid and 4»U cc, distilled water was heated
"aZ containingwater to 325° for 12 hours. The water white solution was

co^icentrot-Tand desiccated yielding a quantitative amount of benzoic acid
melting 119-120°/$
styrene to. K. Neville, F. •.llzbach (on loan from Argonns National laboratory))

Work has been directed toward the development of a method for the
nreoaration of Unlabeled styrene of fairly high specific activity The
Mediate use of the styrene will be the preparation of polystyrene films
to aid in the standardization of counting nethods.

Si SS-JS; r^tAS! &"&>** («*».... u. w«w
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Of several possible reaction schemes having C02(as the starting
material, the sequence, as represented by the following equations, was first
chosen for trial.

C6H5CH2MgCl *C02 -fit! » CfcHjCHo&OH
C^CHoCOOH »- LiAlH4 »Cfc^CHj^HoOH

C0H5CH2*H20H (QHD ) C0H5uH=CH2 f HjjO
Since it was recognized that the step likely to be most difficult was the
first, involving the carbonation of a benzyl Grignard reagent, this reaction
was studied first,, A series of carbonations carried out at -80 C. demonstrated
that Urignard addition to the acid was so rapid even at this low temperature
that very low yields of acid and very high amounts of ketone and carbinol
were formed. In no case was the yield of acid above fifty percent. Although
other means of carrying out the carbonation might have been tried, it was
felt that it was best to abandon this reaction at this time,

A second reaction scheme which has been considered is the following:

(1) C6H5MgBr * C02 ~±i$± ) C6H5COOH
(2) U6H5COOH +C1C0C0C1 ^ C6H5CUC1 * 2C0 +HCl
(3) C6H5COCl 4- H2 Pd(BaSUjJ > u^CHO

(4) U6H5CHU kCH2(C00H)2 > CoH53H=CHC0UH
(5) C6H5CH=CHC00H A*?uinoline ) C6H5Sh=CH2

The carbonation of the phenyl Grignard (equation 1) is consider
ably less difficult, and has already been carried out in 78* yield. This can
probably be improved. The Kosenmund reduction (equation 3) of benzoyl chloride
to benzaidehyde has been accomplished in 95% yield using oommerieal benzoyl
chloride,. The overall conversion of benzoic acid to benzaidehyde (steps 2,3)
has not yet given desirable yields. The condensation of benzaidehyde with
malonic acid (equation 4) (equation 5) and the decarboxylation have given
excellent results.

Experimental

Rosea-Tund Reduction of Benzoyl Chloride — Two and three-tenths
grams of benzoyl chloride was placed in a 25 ml. flask having a ground glass
joint. Ten ml. of dry xylene, 0,3 g. of Pd-BaS04 catalyst and 0.03 ml. of
sulfur-quinoline inhibitor (made from synthetic quinoline) were added. Flask
was equipped with a hee' containing an inlet tube a- a condenser (with an
outlet into a solution NaOH) and wa! mounted on b shaker.
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Air in flask was displaced with hydrogen at a rate of 2 bubbles
per second, contents heated to near boiling and shaking was started- HC1
was evolved at such a rate that ca. 1 ml- of 0,1191 N NaOH was neutralized
each minute (2^ hours total).

After being cooled the mixture was filtered and a solution of 4 g.
NaoSoOc in 6 ml. H20 was added to the filtrate. The mixture was shaken
vigorously for a while and then filtered. The bisulfite addition compound
dried in vac at room temperature, weighed 3.4-3.6 g.

The bisulfite addition compound and the aqueous bisulfite solution
from 'which it was precipitated were placed in 100 ml. 3 neck flask with
stirrer, condenser, and dropping tube. Twenty-five ml. of H20 was added
and the mixture was heated to boiling, Sevan ml. of concentrated H2S04
was added dropwise with stirring and the mixture was refluxed for another
10 minutes, After cooling the OCHO was extracted with ether. The ether ex
tract was washed with water, NaHCGj solution, water and then dried over
X2C03, The ether was distilled off leaving 1,6 g, $CH0.

Cinnanic Acid — To the benzaidehyde were added 4 ml. absolute
ethanol, U2Hw5hT0,4 pyridine and 1,3 g, (10% excess) of malonic acid. The
mixture was warmed with alkali to hydrolyae a little ethyl cinnamats that
i3 formed,, and the cinnamic acid was precipitated with HC1 yield 1.8 g.

2-Hydroxymethylene-4,5-cholestenone (J, G, Burr)

Discussion

Aprojected use of labeled formic acid is the preparation of
2-hydroxymethylene-4,5-cholestenone-4 labeled at the hydroxymethylene carbon
atom. This compound is of great interest to the National Cancer Institute,
because it offers a tool by which to study the metabolism of colchicine and
colchicine analogs which have shown great promise in the field of cancer
therapy. The sequence of reactions proposed here is:

HC00N&4- (C2H5)2S04 ^ HC00C2H5 *.C2H5S04H

Experimental.

The Preparation of 2-Hydroxymethylene-4,5-cholestenone-3 — A solution
of 1 g. of~cholestenone (2 mmols, m,p, 80~8"F) in 10 ml. of dry benzene was
added to the dry sodium methoxide prepared from 0.5 g. sodium, and then a
solution of 3 ml,, of purified ethyl formate (b.p. 54*55°) in 10 ml. of ben
zene was added. The solution be --us (Lap red, and a gas was evolved,, The
solution was allowed to stand overnlgjfc in a nitrogen atmosphere. On addition
of water to this solution, a heavy yellow precipitate formed, which was in
soluble in benzene, water, or dilute sodium hydroxide, This is presumably
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the sodium salt of the enol. This solid was suspended in water and acidi
fied with dilute hydrochloric acid, The gummy solid thus formed was ex
tracted with ether, in which it was readily soluble. The ether solution
was dried and evaporated. The residual deep orange gum could not be crys
tallized from a variety of solvents and solvent pairs. It was dissolved
in dry benzene and absorbed on an alumina column,, The results of eluation
were: (1) benzene (yellowish crystals, small amount (upon crystallization
this proved to be cholestenone)), (2) benzene-alcohol (2/1) (orange oil,
small amount), (3) alcohol (yellow oil, trace), (4) glacial acetic acid
(deep orange gum, largest fraction),

It was thought desirable to develop another condensing agent for
this reaction. One of those tried was lithium aluminum hydride. The ketone
selected for trial was l»keto-l,2,3,4~tetrahydrophenanthrene, a sample of
whose hydroxymethylene derivative was available. One g. of this was added
to a suspension of lithium aluminum hydride in 25 ml, of benzene containing
3 ml, of ethyl formate, A vigorous reaction ensued, with heat evolution and
foaming, and a turbid yellow solution resulted. Upon hydrolysis, after it
had stood three hours, no alkali soluble matter was obtained; and from the
neutral benzene-soluble material,, a portion of unreacted ketone was isolated.
Curiously enough, the water solutions obtained from the work-up of this
reaction contained appreciable amounts of acetaldehyde, identified as the
dimedon derivative, which melted at 143-144° unchanged by admixture with an
authentic sample. No mechanism has been advanced to account for the formation
of this substance.

The above reaction was repeated, using 0.5 g< of lithium hydride as
the condensing agent, A small yield (circa 20%) of the desired enol was ob
tained.

The reaction was again repeated using sodium hydride a3 the con
densing agent This time a quantitative yield of the desired enol was ob
tained. This condensing agent has been employed in the condensation of
ethyl formate with cholestenone with results which are as yet inconclusive
but which appear excellent.. Less than 10% of the cholestenone remains unre
acted, and the enol has been isolated as the sodium salt in excellent yield.

New Equipment

Hershberg Hydrogenation Apparatus (A. R, Jones)

A modified Hershberg hydrogenation apparatus has been constructed.
It consists of a manifold connecting three inverted mercury-filled burettes,
a manometer and a standard taper joint for attaching the reaction flasks.

The compound to be hydrogenated, catalyst, solvent and a cagnetic
stirring bar are placed in an Srlenmeyer flask and the latter connected to
the manifold, The system is then evacuated and filled with hydrogen several
times. The appropriate burette is also filled and the system burette-manometer-
reaction flask i3 equilibrated to atmospheric pressure and isolated. Stirring
is begun and the rate and amount of hydrogen uptake is periodically determined,



~56<

Applied Nuclear Chemistry

Separation of Zirconium and Hafnium by Solvent Fxtractjon Using TTA* (J.P,
lIcRride, J.A, Swartout)

Introduction

A study of the separation of Zr and Hf by extraction into a
benzene solution of TTA (thenoyltrifluoroacetone) lias been resumed
Preliminary experiments are being conducted to determine the rate of
extraction of the chelated metals and the effect of hydrolysis in the
aqueous phase on the extraction phenomenon. In the extractions from
1 K acid using tracer concentrations of metals and 0,05 K TTA, reported
below, extraction is more than 99% complete for both "r and Hf within 30
minutes. However, equilibrium is not established until approximately
45 minutes to 1 hour in the case of Zr and 2 hours in the case of Hf,

Fxtraction of Zirconium

Zirconium tracer in 0.. 5$ oxalic acid obtained from the isotope
section was treated with K MnO/ in HL'O-j and extracted with TT;i into ben
zene. After the benzene solution of the chelate was washed twice with

0.5 V KC1 to remove Cb, the chelated metal was stripped into 6 l". HC1 and
fumed repeatedly with concentrated HC10,. The final solution of the
tracer was rade ca. 10 ?,' IiC104„ 3efore**a series of extractions was
made, the tracer solution was diluted 1 to 10 and aliquots were equili
brated for various times with equal volumes of 0.05 M TTA in benzene which
had been previously equilibrated several hours with 0,1 M HC104. After
equilibration the nhases were analyzed for Zr by preparing counting samplas
in the usual manner and counting first through a 34.6 ir.g/cm2 Al absorber
and then through a 232 rag absorber, the difference in the counts being
proportional to the total Zr. Table IA lists the results obtained for a
series of extractions run immediately after dilution while Table IB lists
extractions made from the same diluted tracer solution which had be*-n

allowed to stand for three days. In the final columns of each tabL* after
equilibrium has apparently been reached are listed equilibrium constant::
calculated for the reaction

Zr(0B)« f 4HTfc__? ZrT^ + 3Haq f H20aq

(Cf. Connick and I'cVey, UCRL-10l)? *ere HT refers to the enol form of
the TTA and the subscripts refer to the phases in which the species ap
pear.



-57-

The constants calculated for the extractions run immediately
after diluting the tracer are slightly higher than the 2xl0"7 reported
by Broido, lilonK-311i OhNL-65, but are lower by a factor of ce.. 20 than
the value of 7,6x10* calculated by Connick and KcVey, XRL-101. The
discrepancy may be due to the fact that the tracer concentration in the
aqueous phase was very low {100 c/m/ml) where tho effects of counting
errors and slight impurities would be extremely large, It is to be
noted that the constants calculated for extractions made three days later
are lower by a facx-or of 2 and are in even closer agreement with aroido's
data. Additional experiments will be performed using concentrations such
that constants and hydrolyaia effects may be more accurately deter-inod.

Ixtraction of Hafnium

Hfl8I tracer was prepared by pile bombardment of high purity
(99,8%) RfC^, which wus then dissolved in IIN03-Hf> fumed five tires with
HCIO/ (twice to dryness), and finally made ca, 10 K in HC104. This solu
tion was diluted to 0.97 M and several aliquots were agitated with equal
volumes of 0,05 M TTA in benzene which had previously been equilibrated
several hours with 0.1 M HCIO,. After equilibration, counting samples were
prepared from each phase and counted without absorber in a standard beta
charber. The results are listed below in Table II. The last column lists
equilibrium constants where equilibrium has apparently been established
calculated assuming, aa above, a third power acid and fourth power TTA
dependence.

TABLF II

Extraction of Hafnium with TTA in Benzene

Conditions; 0,97 M HCK>4

0,05 M TTA in benzene

Time of Standing be
fore mixing; in minutes Equilibration TimeJ o

in minutes D.R. a K«f x 10"

10 15 24*3

15 30 125

17 45 32*

18 60 120

20 90 136

30 120 .188 2.7

47 150 200 2.9

130 (18 hrs0) 191 2„8

130 (18 hrs.) 188 2,7
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TABLf IA

Ixtraction of Zirconium with Tl'A in Benzene

Conditions? 0,92 ft KCIO^
0.05 R TTA in benzene

Time of Standing of
Aqueous Solution be- Iquilibration
fore Mixing; in Time; in
f.'lnutes Minutes

2
D.R. a KZr*10"7.

10 11 28.6

12 20 157 •-«»

15 30 183 «*•»«•

74 60 336 4,4

67 117 217 2.9

82 (19 hrs.} 278 3.7

82 (19 hrs.) 244 3.2

TA3LF IB

Extraction of Zirconium with 1TA in Benzens

Fquilibration
Time; in Minutes

15

30

45

61

122

(67 hrs.)

Conditions * 0.92 MHC104
0..05 M TTA in benzene

Aqueous solution allowed to stand 3 days
before extraction

a.
D.R,. a

83

120

143

150

120

88

*njW"-or

1.6

1.9

2o0

1.6

1.2



-59^

The equilibrium constants calculated for the above equilibria
are higher by a factor of 4 than Broido's value of 7x10^ (ORWL-65) but
are in substantial agreement with the 3.3x107 calculated from the data
of Huffman and Beaufait, UCFL-194, for the extraction of /ng quantities
of Hf from 2 K HCIO/, assuming a third oower H"t dependence An equili
brium constant calculated assuming a second rather than fourth power
TTA dependence (7 x 10**) would be considerably higher than the A.fadLO3
given in the September KAPL report in which a second power TTA dependence
for Hf extraction from 1 W HWh is postulated,

A Study of the Electrolytic Behavior of Aqueous Hafnium and Zirconium Solu
tions* (J, C Grless, J. A. Swartput)

This investigation has been completed and will be issued as a
project report in the near future. The investigation consisted of a
polarographic study of the individual metals in various solutions and an
attempt at plating the metals on mercury and copper electrodes. While it
Has possible to obtain zirconium polarographic coTVaa in chloride and
perchlorate solutions, it was not possible to plate sizable amount of
the metal on either a mercury or copper cathode. Hafnium was not re
duced at the dropping mercury electrode nor was it plated from aqueous
solutions. In general the results, although of a negative nature, confirm
the results reported in the literature..
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Rscpvery of Zirsonium and Columblum from Separations Process Pastes( (V! ,H,
Baldwin, R Backer and AW.. Smith)

Summary and Conclusions*

Tests were made to recover Sr-Cb from Redox process wastes by
adsorption on silica gel and elution with 5% oxalic acid. Gross gamma
counts indicate a separation but more tests are needed to establish th«
degree of separation of Zr-Cb from the other fission products,.

Introduction."

A need has been expressed for large quantities of radioactive
materials (gamma emitters) with high specific activity, high degree of
purity, and a half-life of the order of months. The fission products
zirconium and columbium can fill the requirements and possess the addition-
si advantage of being Present in waste solutions from the processing of
fissionable materials; i.e., no additional neutrons will be required to
prepare zirconium and columbiam.

Sources *-

The Redox process will have relatively large quantities of Zr
as by-products. The plant dissolver solution may be considered one valuable
source, that is the Zr-Cfc might be removed from the disso?..ver solution be
fore processing for Pu., The advantages that would result are control of
the composition of the starting solution for the separation of Zr-^Jb and
additional decontamination that would lighten the burden on the Redox nrocess
itself.

An alternate source in the Pedox plant is the waste stream from
the solvent extraction of U and Pu, The composition of this solution will
have been determined by the Redox process but the treatment of the solution
will not be limited by the requirement for further processing after ths
Zr-Cb oroces.3

Potential sources of Zr-Cb exist in other waste solutions These
include uranium containing wastes from the present Plutonium process and
waste solutions from the solvent extraction of enriched uranium from new piles.

The testing thus far has been limited to Redox plant waste solu
tions (Pilot Plant solution lAJIf) of current composition that will be reported
below, It is planned to test dissolver solutions later,

Redox Plant Waste Composition-'°

The aqueous waste (rich in Zr=Cb) from the Redox process that is
currently being tested has the composition; 0.8 M HNO-jj 0,74 M AlCNO^}*,,
C05 MNaoCr^, apn. 0.001 Muranyl nitrate^ 0,2% of ths Plutonium entering,
most of the fission products, and is saturated with hexone*.

1 AMI. SL-45, August 13, 1948,
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The pilot plant at X-10 is producing wastes of this compopiticn
and samples have been obtained for laboratory testing. The pilot plant
operation and chemical development sections of the Technical Division ex
pect that changes in the compr.uition may take the following directions*

(a) less HKOtj «^,wn to 0„2 *' deficient (oH app, 2)
(b) higher 41(80. h (1.5 »•', 2
(e) another oxidizing agent (bromate)

Methods Applicable to th* Iecovery of r.r-Cbr.

Frecipitation - The vecovery of active Zr-Cb from solutions hen
been examined on the project for analytical estimation of these elements
and for specific decontaminate^ n of various materials. Among the pre
cipitates that have been stud'ad are the phosphate-, phenylsrsenate**, barium
fluozirconate^, ferric hydroxide0 and manganese dioxide? In addition the
oxalate has been used to complex Zr and Cb in solution while precipitations
were made to remove contaminoting activities^* Zr-Cb and Ru activities have
been removed (greater than 90?.) from an Al(N03)3 solution (0,1 to 0.5 •) *t
pH 2-3 by precipitation of 0.01% Fe as hydroxide and 0.01% Mn as dioxide8.

Solvent Extraction - Carrier-free tracers have been prepared by
the extraction into organic solvents, of organic complexes of the elements.
Zr and Cb have been extracted into benzene as cupferrides'. 2r has been
isolated by extraction of the TTA complex into benzene*0,

Ion Exchange and Adsorption - At the present time curie quantities
of Zr-Cb tracer are prepared by the Isotope production grouo (from dissolved
slugs) using amberlite resin IR 100 RU.

Xohn and Swartou*!2 reported the adsorption of Zr-Cb from process
plant wastes with charcoal. This method has been examined more comnlstely
since tha"0 time and is reported herein,

rxperlmental - Equilibrium studies (without agitation, Table I)
were made using several materials that were thought to be potential adsorbers.
Charcoal (cocoanut and Norit A) that adsorbed highly also caused reduction
of dichromate with the formation of gas bubbles. Silica gel was comparable

2 Personal communications from F.R. Bruce and D.G. Reid
3 PPR 9B 8,8.1
J PPR 9B 8,8,2
| PPR 9B 8,8„4
6 PFR 9B 8.8.8
J PPR 9B 8.9.3 and PPR 9B 8,9-4
° Personal communication R.E. Blanco

9 PPR 9B 8.8.9
1° 0RNL-1C5
•^ Private communication I,B. Whitney
12 QRNL-176, p, 23
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to charcoal in absorption capacity but did not reduce dichromate and did
not cause bubblesto form and was selected for further testing.

Samples of silica gel were agitated with a synthetic solution
containing some process solution as spike at 26 3,.5° C. Equilibrium
was sssentially reached after 20 hours (Table II). The silica gel woj
washed with water then equilibrated with various eluting agents to remove
the gross gamma activity. The eluting agents tested (Table II) show %
oxalic acid to be preferable. The effect of temperature has not been
clearly shown and must be examined further.

Tests were made with a small column (1x8 cm.) packed with silica
gel (20-60 mesh) to explore the feasibility of column operation (Table III),
A large proportion of the gross gamma activity was adsorbed by the column,
retained through washing and was eluted by hot 5% oxalic acid.. Tests are
being made to determine the distribution of Zr and Cb through these steps

Program *

In addition to the testing of temperature effects and the dis
tribution of Zr-Cb it is planned to test adsorption at lower acidities by
neutralizing feed solutions of the present composition. Soma thought will
be given to the use of dissolver solutions directly since ths Zr-Cb might
well be removed before solvent extraction,
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5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

13.

19.

Adsorbent.
-^

Bone Charcoal

Bone Charcoal

Animal Charcoal

Animal Charcoal

Cocoanut Cliarcoal

Cocoanut Charcoal

Cocoanut Charcoal

Cocoanut Charcoal

Norit A

Norit A

Alumina

Alumina

Alumina

Alumina

Silica gel

Silica gel

IH10QH

IH100K

Dowex 50
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TABLE I

KQIITT.TRRjTTON STimTi^ Drawing # 6612

5.5 g idsorbjent placed ih 5 ml
(1) Zr-Co tracer

solution (0 .8M HN3, 0.74U AltW),) 1 0.05*4 Na.,ci- 0 spiked
»r 3 ^3] * 2 '

(2) 1AV, from pjilot plant run 4R

AlloweH to stand ab room tempelrature without agitation

Gross gaum. Activity (%) left ip Solution

-0 (1) ^ti
%

%

96

28

22

42

40

20

19

7

7

57

63

24

20

34

35

85

Exposure ^Hpurs^

CD

U

89

87

91

24

11

MH

27

27

(1)
116

37

85

38

S3

19

8

12

12

(1)140

86

86

91

91

18

9

(1) .Jr-Cb tracer used t)o spiHe synthetic, feed
(2) Pilot plant waste JA'.. ruil 4R u:ied to ,spike

Bernard

Reduced dichromte

Reduced dichroiiate

Requced cjichro^ate

Reduced (Jichroiiate

Recced ijichroiiate

Reduced dichroiiate

synthatic fued

/

Gas bubbles

lis bubbles

3as bubbles

Gas bu|bbles

las bubbles

Gas bubbles

Gas bubbles

Gas bubbles

Gas bubbles

Gas bubbles
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Separation of Fission Rare Earths: (C.E. Biggins, W.H. Baldwin)

I. Introduction and Summary?

The development of a process for the separation of the fission
rare earths (Y, Eu and .cm) by ion exchange (of<NL-176) has been continued.
Techniques have been developed whereby distribution data can be readily
reproduced within 10%, Data are presented herein for the distribution of
Eu between resin and buffer at 26° G, It is planned to expand this data
to include >u, Sm and Y over a wide range of temperatures and oK's.

II. Ion Exchange

A, Distribution data

Distribution coefficients for Fu were run at 26* C using un
screened Dowex 50 resin and 5% citrate,. Tests were made which showed that
distribution coefficients were the same using oven dried or air dried resin,
A second set of distribution tests wa3 made to determine if results could
be reproduced. Results of the first test are shown in Table I ant! Figure I,
Results of the second test are shown in Table II and Figure I.

To prevent great change in oH of the buffer upon equilibration
with resin, the resin was nretreated as follows, cations were removed with
3 M HC1, HC1 and resin fines removed by back washing with H20, resin con
verted to ammonium form with NH/C1, excess Nh\Cl washed out and resin equili
brated with pH 3,03 citrate (0.238M), excess citrate washed out with wat«r,
and resin air dried 60 hrs, st 25° 0. Resin dried st 107° C for 20 hrs. was
also used in distribution tests..

The equilibrium tests were run as fallows'1 in a 25 ml, mixing
cylinder were placed a weighed amount of resin (dried at 107° C for 20 hrs,)
and 15 ml, 0,238 M citrate containing Eu tracer. The cylinder was placed
on the mixing apparatus and equilibrated at a temperature of 26 J 0.5° C for
16 to 64 hrs. After equilibration 2 ml. of buffer were used to measure
pH and activity. The remaining 13 ml. were used for a second equilibration,
The resin was stripped to obtain a material balance by adding a known amount
of NH40H to obtain a pH of 7 to 8 and equilibrating the mixture 16 hrs.

The beta activity was measured by plating aliquots on platinum
plates, flaming to destroy citrate, and counting at 10% geometry,,

B. Particle size determination

In order to determine the resin particle diameter of the Dowex 50
used, photographs were taken of air dried and oven dried resin. The dry
particles were measured and the size distribution is shown in Figures II and
III.



TABLE X

Distribution Coefficients* 26° C

Solutions 15.1 ml .236 Mcitrate, 2xl0~7 HEu**, pH as tabulated, NH^OH used to adjust pH;
Resin .* Dowex 50, ammonium form, 10-75 microns, oven dried

pH- 2 .95 3,00 3 ,08 3,22 2 87 2 =98

1 2 1 2 1 2
1

2 1 2 1
o

m

W. resin (grams) 0,514 0,562 0,363 0.410 0.896 0,944 3,115 3,295 0,176 0,204 0,474 0.485

Original buffer pH 3»05 3.05 3.05 3,05 «» <ra 3.35 3.35 2,90 2.90 3 00 3.C0

pH after 1st Equil, 2,96 2,95 J.CO 3.00 3.08 3,08 3.22 3.24 2.87 2,87 2.98 2„98

pH after 2nd Equil, 2,96 2,96 3.00 3,00 3,08 3,08 3,22 3,22 2.86 2.87 2.96 2.98

Eu Kr/=lst Equil, 45.7 41.9 31.6 33,3 16,7 16.3 2,36 2„35 70.0 74.2 28„9 32,0

Fu fej-^nd Equil, 41.2 44,4 34 2 31,6 17.2 15,6 2,33 2,27 75,3 75.2 33.1 31,-5

Eu Kp-Resin strip 39,8 47.2 34 6 33o8 17.3 15,8 3.05 3,16 67.3 6l„0 29,2 29.0

Ave. - 42,2 44.4 33.5 32,9 17,1 15.9 2,6 2,6 70,9 70.1 30,4 30.8

% Mat*!. Balance 99.3 107 101 103 100 100 110 113 95 90,5 94.2 96,2

Ave, Eu Kp 43 e3 3:).2 16 .5 2 ,6 70,5 30.6

* Distribution Cotffi.cient \ ( * cts
cts

in resin/mass of resin

in solution/vol, solution

** Beta activity in buffer (original) s 79000 c/m/ml - 10% geometry - no absorber

t



TABLE H

Distribution Coefficients* 26° C

Solutions 15 ml, 0,238M Citrate, 2x10s*7 MFu**, pH as tabulated, NH^OH used to adjust pH
Resin * Dowex 50, ammonium form, 10=75 microns, oven dried

pH

Wt. resin

Original Buffer pH

pH after 1st Equil,

pK after 2nd Equil,

Eu % - 1st Equilibration

Eu KD - 2nd Equilibration

fM Kp - Resin Strip

Ave, -

% Material Balance

Ave. Eu Kp

2,80

0,156

2,82

2,82

2.78

162

157

166

162

103

0„145

2.82

2„80

2,80

169

143

154

155

105

158

2.99

0,499

3,04

2,99

2,97

31.4

27,2

30.9

29,8

106

0,306

3,04

3,00

3.-00

29.2

25,4

26,1

26,9

101

28,4

3.10

0 696

3,17

3.10

3,08

9.3

7,3

9,0

8.5

106

0,769

3.17

3,10

3.10

7.9

8,3

10.2

8,8

10?

8,65

3,15

4,770

3.29

3.17

3.14

4,3

4c. 1

6.3

4.9

127

5,060

3,29

J.15

3.14

4.6

4a

6.0

4,9

131

4.9

* Distribution coefficient KD - cts in resin/mass of resin
cts in solution/volume of solution

** Beta activity in buffer (original) ~ 18,200 c/w/ml at 10% Geom,~no abaorber

ON
03
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W-278-5 Dowex 50 resin oven dried
20 hrs. at 10713 C,
Photographed dry
100 times actual size

M=277-5 Dowex 50 resin air dried
60 hrs., at 25* C.
Photographed dry
100 times actual size
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M=275=5 Dowex 50 resin oven dried
20 hrs. at 107° C,
Photographed wet - 100 x
Wetting agent (aerosol in ethyl

alcohol) was used to spread particles better
and give better lighting.

M~279»5 Dowex 50 resin air dried
60 hrs, at 25° C,
Photographed wet - 100 times actual size
Wetting agent (aerosol in ethyl alcohol)

was used to 3pread particles better and give better
lighting.
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Ion~exchange Separations; Production of Spectrochemically Pure Rare Earths
(D, H, Harris, G, E, Boyd)

During the past quarter the continued use of the techniques of
exchange chromatography, fractional crystallization and amalgam reduction
have led to the production of additional quantities of a number of spectro
chemically pure rare earths In fact, the objective in this work (see
ORNL-176, p. 38) which has been to separate and purify one gram quantities
of the ultra-pure oxides has almost been achieved: presently, varying
quantities of all of the earths, with the exception of europium (and 61) are
available. The following inventory summarizes these labors:

8.118 g,

1.276

6,353
1-916
0 519
0,627

^6011 0,150 g, Y203
Nd203 0,150 Ho203
Sm203 16,279 Er203

Eu203 Tm203
Gd203 6.774 Yb203
Tb4C>7 0.335 LU2O3
Dy203 2,323 Sc203

Currently efforts are being made to produce pure Su, A samarium-
europium concentrate weighing 63 .68 g, (sesquioxide) estimated to contain 10%
Eu as an upper limit has been made ready for a direct isolation of europium

It is to be understood that the foregoing listed quantities of earths
are, in actuality, comprised of a series of separate samples some of which are
believed to be of great purity. Independent confirmation of this in the case
of our dysprosium sample has been afforded recently by the mass spectroraetric
study of Hess and Ihghram /~Phys, Rev, 74,1724(1947)J in which a new naturally
occurring isotope, Dy^6; was discovered. We quote: "A final sample of much
higher purity prepared by the ion exchange process was obtained from D, H.
Harris of Oak Ridge. No rare earth ions other than the known dysprosiums and
the new peak at mass 1$6 were detectable to greater than one part in seventy
thousand. Again with this sample the ion current appeared initially at 0,05
per cent and did not change detectably with tine or temperature. It was
possible with this sample to observe the Dy1?6015 position free of impurities.
The abundance was again about 0,05 per cent of the total dysprosium isotopes,
We therefore conclude that dysprosium has a previously unknown isotope of mass
156 which is present to about 0,05 per cent of the total A future publication
will give more accurate data on the abundance of this rare isotope* and new
values for the abundances of the remaining isotopes "

Some of the other uses to which our research preparations are being
put may be of interest:

Praseodymium

This pure sample originated from the cerium earth separation NPC-1,
Fractions 12-17 from this separation /"see Figure 9* 0 «• Harris and E, R,
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Tompkins, J, Am, Chera, Soc, 63, 2792 (1947)J are being irradiated to pre
pare the 19,3 h Pr1**2 for beta ray spectrometer measurements by the Indiana
group under A, C G, Mitchell,

l.epdymium

'This sample resulted from a special separation designed to determine
if the neodymium isotopes are fractionated in the course of passage through
an ion-exchange column. Since as many as 1000 theoretical plates are ob-
servsd with 100 cm beds, ratio analyses accurate to 0,1% should allow the de
tection of separation factors as small as 1,00002. Selected fractions from
the leading and tail portions of the "elution peak'' containing Nd have been
submitted to the Argonne mass spectrometry group under Professor Dempster and
Dr. Inghram.

Srbium

Aliquots from this preparation have been examined in the neutron
crystal spectrometer by Mssrs Stanford and Stephenson /^See ORNL 159.. p. 9_J
who report a possible strong resonance at 0..5 ev. Presently 200 mg„ aliquots
of Ho203 and Yb203 are being studied.

Additional disbursements have been:

a) To Y-12 for spectrochemical studies - ca, 50 mg. quantities of
Lu, lb, Tm, Er, Ho, Dyy Tb, Gd, 5m, Nd, I.

b) To 0r. M, Bredig for X-ray crystal studies of the oxides - ca
50 mg, of same preparations as in a).

c) To Mr, 3. H. Ketelle - 10 mg, V?2°3 and 50 mg- Lu203 for nuclear
chemical studies (vide infra),

d) To Drs: Hateosian and Goldhaber for nuclear studies - 10 mg, of
LU, lb, Tm, Er, Ho, Dy, Tb, Gd, Sm and Nd,
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VI, Physical Chemistry and Chemical Physics

Experiments with Molecular Beams: (F. H. Taylor)

Preliminary experiments are under way in a study of certain
problems in chemical kinetics using the method of molecular beams. Ad
vantages of this approach are that experiments are freed of the ambiguities
of secondary reactions, and that energetic and geometric factors are more
accessible to direct and independent study. The principal difficulty is
that of detection and measurement of small numbers of atoms and molecules,
the present plan is to study reactions of substances containing atoms of
relatively high neutron capture cross-section and measure the substances
by pile-induced radioactivity.

The work now in progress includes design and construction of
apparatus and development of suitable techniques for sample irradiation
and measurement, Specific experiments will be chosen after the development
of the technique indicates which substances of kinetic interest are feasible
to use.

Cloud Chamber Studies' (R. Livingston)

In order to correct the troublesome sweep field effect noted in
OKNL-176, the chamber was returned to the laboratory and work started to
coat the top fluorothene window with a transparent, conducting film,.

Thin test evaporated films of platinum and nickel were placed on
samples of fluorothene and one each placed in a fluorine atmosphere for
about one week. The nickel film showed very little change in transparency
and electrical conductivity. The platinum film became much more trans
parent and the conductivity went to essentially zero, A thin evaporated
nickel film will be used on the chamber window.

The cloud chamber work was stopped temporarily while undertaking
work on the particle problem.
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VII. Physical Measurements and Instrumentation

Electron and Optical Microscopy, Electron Diffraction
( L, T? Newman, T. E. V.'illraarth)""

(1) Particle Problem

Over half of the time of the group has been spent on
several phases of the particle problem, vhich will not be discussed
here since it is being written up as part of a separate report (OPJVL 197) o

(2) K-25 Vork

Work for K-25 occupied about 10 to 15$ of the time.

(3) Beryllium

A nuiber of photomicrographs have been taken for the technical
division in connection with the work on machinability and corrosion of
beryllium. Further work i3 contemplated with one of the samples presented.

(4) Exchange Resins

The study of the si^e, si/;e distribution, shape, and other
microscopically observable characteristics of available exchange resins
has continued in co-operation with G, E., Boyd and other members of the
chemistry division The results will be made available in a separate
report.

(5) Miscellaneous

More than the normal amount of time has been spent on (l)evap~
oration of thin films of various materials, and (2) photographic slides,
prints, micrographs, etc

f *
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I-Bay Diffraction
(M. A. Bredlg)

1) Crystal Structures of Refractory Beryllium Compounds (Oxide, Nitride, Carbide)

a) The new, optically biaxial, crystal phase in beryllium oxide:

Efforts to find the foreign substance forming a solid solution In BeO with
an optically biaxial structure slightly different from the common hexagonal one
have been continued, with U. W. Oalbreath Jr., formerly of the Power Pile Division,
now vlth Argonne National Laboratory, and the Xlectrotechnical Laboratories of
the U. S. Bureau of Mines at Norris, Tennessee, collaborating.

Three samples, (TR-3J6, 377* 378), consisting of pure BeO (Brush 0. C), and
of BeO containing 10 and 30 percent beryllium carbide Be^C (kindly supplied by
Dr. O'Leary of the Nepa project) were briefly heated in the Norris electric
furnace to fusion (approximately 10 minutes at 2450°C). Instead of the expected
solid solution phase of BeO, practically no BeO was found left in the graphite
crucibles. Rather, cubic BegC was found to have formed by reaction of the oxide
with the graphite of the crucible, and in addition, in amounts approximately equal
to those of BegC, a second phase, which has been characterized in a previous re
port (OBNL-176, page 83) by the spacings 2.415, 2.209, 1.732 and 1.435 A when it
was found in the reaction zone between beryliiacrucible and graphite. It will
be shown further below, that this phase most probably is a new crystal modifica
tion of beryllium nitride, which must have formed in these experiments by the
reaction: 3 BeO « 3C •» Ng s Be-jNg ♦ 3C0.

In another series of tests, three similar compositions (XB-412, 413, **l4)
were heated under similar conditions, with beryllla crucibles substituted for the
graphite. While a small amount of the solid phase was found in the specimen con
taining 10 percent BegC, besides the common hexagonal BeO phase and some cubic
BegC, no trace of the optically biaxial crystals was found in x-ray patterns of
the pure BeO sample. This result might again have been taken to demonstrate
a decisive influence of beryllium carbide upon the formation of the new phase.
However, the small concentration of the new phase, i.e., the failure to obtain
reaction throughout the whole pellet with all of the beryllium carbide added,
is very difficult to understsnd under the circumstances. In view of this and
previous failures to obtain larger concentrations of the nev phase by the addition •
of carbide, it seems that another explanation may have to be sought.

From recent observatione, referred to in the following paragraph, it appears
that nitrogen, rather than carbon, may be the active ingredient in the formation
of the solid solution phase.
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b) Polymorphism of Beryllium Nitride.

In a preliminary attempt to test the possibility of nitrogen producing,
the new phase in beryllium oxide, a small piece of beryllium nitride was heated
intensely with an acetylene-oxygen torch for approximately one minute. A pure
white layer of oxide which turned out to be in the hexagonal form, was removed
from the surface as effectively as possible. .The remaining core, after pul
verizing, gave a powder x-ray pattern of a mixture of the well known normal
cubic form of the nitride, of a quantity of the oxide, and of a large amount
of a third phase which showed almost exactly the same spacings as those found
in the product of high-temperature reaction between the beryilia crucibles and
graphite, mentioned in a) (spacings 2.415 etc). In the table in which reflections
from BeO, Be2C and graphite, also appearing in the patterns, have been omitted,
it is shown that these spacings can be explained well by the assumption of a hexa
gonal structure*of the (anti-) lanthanum sesquioxlde type, that is with one mole
cule Be^Hg contained in a unit cell of the approximate dimensions a52,870 and
c a 4.850 A (c/a = 1.69). The specific gravity calculated from the lattice
constants would be approximately 2.65, very similar to that of the cubls nitride
(2.70).

One line of medium intensity (spacing 1.532 %•) remained unexplained.
Whether it is due to an impurity or to a possible third modification ("3-form ,
see below) of the nitride is not clear as yet. Before a sample of higher purity
of the new nitride phase can be examined, the interpretation of the x-ray patterc
must be considered tentative.

If It is correct, the atomic positions of beryllium and nitrogen ions
would be quite similar t© those proposed by L. Pauling in 1928 (Strukturbericbt 1}
785) for oxygens and lanthanum Ions in 03X^2 respectively, namely 000 and
* /3 ?3 v for Be and « l/3 2/3 u for N 3T (Another atomic arrangement pro
posed for lanthanum oxide by W. H. Zachariasen in 1926 has seemed to be less
probable). The numerical values of v and u remain to be determined from the
x-ray intensities of preparations higher in concentration of the new nitride
phase. In the figures of the table, they were very roughly taken as v 5 2/3
and u s 1/4. In accordance with the anti-isomorphism with LagC^ seven beryllium
ions would be surrounding a nitrogen ion in the structure, as compared with 6
in the cubic structure. As far as the relationship of the two crystal modifi
cations to each other is concerned, the polymorphism of beryllium nitride may
be related to that of samarium sesquioxlde, 03Sm2, which was reported in 1925
by V. M. Goldscbmidt (Geochem. Verteiiungsgesetze, Oslo) to cceur at 2000 C with
the simple hexagonal structure of the so-called A-form of the rare earth oxides
namely of lanthanum, cerium, praseodymium and necdymium. At temperatures below
700°C samarium sesquioxlde Is known in the more complex, cubic, lowest-temperature
form of the Yttrium group oxides (c). A third form, B, thought by Goldscbmidt
to be stable in samarium oslde In the intermediate temperature range, may remain to
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Tablle

Structure (Fjand Be3Hg
heated

]Ritride Phase in BeO

Muitiplicity~(M) « c( *H2) (12.6W
Fact -are (XR-422d) (c - 630)

(C-6t35)

Indices

Hexag. «?o^ Intensity exp. calc. Intensity exp. calc

00.1 0 4.814 ^ 4.856

10,0 55 C (2.486) 2.482 C c 2.490

00.2 100 100 2.403 2.407 100 2.428 2.428

10.1 25 C(25) 2.212 2.210 15 2.217 2.215

10.2 70 C (1.735) 1.730 10 1.735 1.738
00.3 25 c (1.608) 1.605 c (1.613) 1.619

_ 25 (1.532) t ?c ?C ?

IX.0 450 ^5 1.433 1A36 32 1.438 1.438
11.1 0 0 1.378 c (1.377) 1.379
10.3 25 c (1.356) 1.350 c (1.356) 1-355
20.0

11.2

20

150
c

C

1.240 1.241
(1.23*0 1.233

C25 ^235) (l.236
20.1
00.4

40

25
C

.. „v: 1.205?
{1°209\i.204; 2

, 0,~ (1.206
1"210 (jl.214

C means: Coincidence with lines of cubic BegC, or cubic BejNg, or BeO.
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be found in beryllium nitride. '
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♦) It is not clear on what experimental evidence A, T. Wells based the statement
in his book 'Structural Inorganic Chemistry'(19^5)> page 31-*, that lanthanum
and neodymium oxides have the cubic structure at elevated temperatures. This
would be In disagreement with the earlier study by Goldscbmidt on the morphotro-
plam of the rare earth oxides.

Further teste, with exclusion of oxide, are required to determine whether
partial oxidation of the nitride which occurred in the present experiment, was
actually needed in producing, or at least stabilizing, at room temperature, the
new structure of the nitride. Only then will it also be possible to state more
definitively what is now assumed to have a high degree of probability, namely
that the occurrence of the hexagonal phase in beryllium nitride in the test des
cribed was due tc the formation of a solid solution with the oxide, and that
generally speaking nitride and oxide can form solid solutions at least at elevated
temperatures. An extension of this assumption leads at once to the possibility
that the new phase in beryllium oxide may also be produced by just such a solid
solution, of a small amount of nitride, in oxide, and this is being tested in new
experiments. A quantitative determination of nitrogen in sample XR-178 which
had shown a particularly large amount, of 50 or more weight percent of the new
oxide phase, gave 1.8$ N (or 3.5* Be^), *&*<* would be entirely sufficient -
it is believed - to explain the formation of a large amount of a new oxide phase by
solid solution. A study of the nitrogen content of various samples of heat
treated beryllium oxide, nitride, and carbide, is underway ,and possible important
consequences of the existence of solid solubility in these refractory beryllium
compounds in connection with their physical and chemical technology will be
examinftd. An investigation of the fundamental crystal-chemical aspects of solid
solubility of oxides, nitrides and carbides of light elements in genera]., about
which little or nothing appears to be known, also seems attractive.

g) study of Pile-Irradiated Metals

•She examination of the effect of pile radiation upon the width of the (ill)
reflection in 2% beryliium-copper alloys submitted by D. S. BlXlington and B. H.
Kernohan was continued during this quarter, The table contains all results ob
tained thus far, using copper JT^ x-ray radiation in the Norelco diffraction
spectrometer.

It may be noted that the large effect observed in the samples X-l and X-15
CXR-298 and 297, respectively) of the first series was not reproduced in new
specimens X-48 and X-49 (XB-369 and 370) which had received similartreatment
aTx-1. No explanation can be given in the case of X-l, *or for athird major
deviation from a regular behavior, the abnormally large line width of the un
irradiated sample x-78, except that they must be due to irregularities in th*



Table

Effect of X-10 Pile Irradiation on Crystal Lattice of Copper-Beryllium Hoys

XR-No

D. 8.*)
Billington

No.

,*)Aging
Time

Hardness

Before After Before After Minutes
Irradiation

Before After

3 weeks of ir
radiation in

X-10 Pile

Change
$ Phase

(111) reflection
halfwidth Chang*

CuBe Before After #

Ia) <)•,-quench; no cold work* no aging:
295 294 " X-L X-7 0

b) same, second series:
371 x-32 0
372 X-3* 0

13.8 43.7

51.7 49.6^.4
52.0*.2 49,5^

>210

2a) ot-quench, cold work (50$ reduction of area); no aging:

299 298 w x-i 0 87.0 86.7 -0.4

b) earns, second aeries

369 X-48
370 X-49

0 84.2*0 87.9*.3
0 84.31.2 86.9«.3

3a) oC-cpench; cold work(50# red); aged at approximately 300°C(?):

296

318
319

297
306

300
301

X-16
X-12

X-14
X-10

X-15
X-ll

x-13
X-9

b) same (second series)

400
401

402

403

392

393
39*
395

X-72

X-75
X-78
X-81

X-70

X-73
X-76
X-79

16
30

60
180

5
15
30
60

102.4

96.0
93.9

101.8
100.4

95-3
93.3

-0,6
-2.0

-0.7
-0.6

93-7*1.1 95.2*0.4 vl.6
98.2*1.8 99.270.5 «l
99.8*1.5101.670.5 *2
100.670.7 301470.2 *l

c) same, without cold work; (second series)

396
397
398
399

388
389
390

391

X-59
X-62
X-65
X-68

X-57
X-60
X-63
z-66

5
15
30
60

69.8*3.6 86.540.9 *22
89.0-C3.8 90.1-.0.4 «1
93.170.6 95.l70.2 -.2
97.670.8 981.70.2 *0.5

4a) Qfc-quemch; cold work (50$ red.); ovoraged at 500°C

305 X-17 X-18 55 65.I 67,5

70.7
317
317 315 X-22 X-19 600 5^-5
b) OL-quench; no cold work; ovoraged at 500°C:
304 31k X-M X-A 600 57 (70.9)

*3.5

*30

C*25)

0.35

0.58

0.35

0.41
0.41

0

0?

07

0„80 -.38

0.55 0?
0.53 0?

0.50 0.80 *60
Sample notO 47 1
available

0.39 0.48 «23
0.42 0.45 *7

0.47*.01 0.48^.02 0
0.517.01 0.55^.01 §8
O.757.OO 0.647.02 (-35
0.907.01 0.977.03 *8

0.38*.03 0.44*.02 wl5
0.437.03 0,457.03 «4
o„*37.03 0.57^.01 933
1.06?.04 1.187.05 «11

sample 0,43
not avail.

0.35 0.50

0.37

0?

443

0.35 0

* Data in columns marked by asterisk were supplied by D. S. Billingtcn and
B. H. Xernohan.
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preparation of the samples rather than in the x-ray measurements. The second
series of samples does seem, however, to shot, with all the reservations that
are Imposed by the occurrence of the irregularities Just cited, that a small
radiation effect did occur in this alloy. There was a rather consistent In
crease in the line width of irradiated samples, ccarpared with that before
irradiation, ranging from 0 to 33 percent for aging periods, of 5, 15, 30 end
60 minutes. Because of the irregularity in sample X-78 which eliminates it as
a control sample for X-76, it cannot be stated with any certainty whether a
maximum in the relative line broadening was actually reached after 30 minutes
of aging, as the specimen X-63 seems to indicate. All that, in the opinion
of the writer, can be said at this stage of the investigation is that line
broadening of an order of magnitude Just exceeding the average deviation of
the measurements (which is largely determined by variations in the specimens)
did occur in those specimens that had reached the higher hardness values as
a consequence of aging.

A comparison of the pair X-70/72 with the pair X-63/65 showing approximately
equa3 hardness IRockwell 0:95), but different degrees of line-broadening seems
to indicate that it is not so much absolute hardness that determines the degree
of line-broadening in a given composition of matter on exposure to nuclear
reactor radiation as the capacity left in the material for more hardening
through lattice deformation. Line-broadening under the Influence of radiation
seems the stronger the smaller this capacity is, as in X-63 which is nearer
than X-70 to the maximum hardness, attainable in each of these materials (9°
as against 101.4, in this hardness range a significant difference). This is
also in line with the observation that the line width as a function of harden
ing rises sharply at the higher hardness values.

In this way the particularly high degree of line broadening of 6o£, in
specimen X-35, might even appear reasonable though it will certainly have to be
checked In it the highest value of age-hardening (Rockwell 0 - 102.4) nad
been reached. (That this occurred after 16 minutes of aging, while longer
aging periods led to softer materials, must according to D. S. Billington, toe
ascribed to Irregularities of the furnace operation (temperature control) in
this series.) The lower absolute values of the line width in this ease may also
be due to a higher aging temperature. However, it is certain that manymore
data will have to be examined before final conclusions can be drawn. Ths study
is being continued.

3) x-Bay Diffraction Work in Connection With The Radioactive Particle, Hazard
at X-lQ.

Various phases of this work are being reported in aspecial report of the
Chemistry and Physics Divisions. The significant results are the following:

a) UOo and U,0a have been found in highly radioactive particles collected
by the Health Physics. Division at different locations.
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b) Oxides produced in laboratory experiments (conducted by L. T. Newman)
were 00g, when obtained at low temperature, and U3O8, when rapid oxidation
caused the temperature to rise to a red heat.

c) Besides the lines of common constituents of the soil such as a-quartz,
limestone and mica, 3 x-ray spacings that match those given in the liter
ature for sodium stearate were obtained in an x-ray pattern of a deposit
from pile stack gases on a CWF #6 filter. The use of stearic acid in
certain pile operations (canning of calcium nitrate )suggest It as the
possible source for a stearate dust, that may or may not have been res
ponsible for the x-ray lines observed and the clogging of the filters.

d) A grey brittle substance formed at the interface of a uranium slug and
its aluminum can was identified as the intermotallie compound 0 AI3.
Its formation may be a contributing factor in slug failures.

4) Uranium Metal Single Crystals (with T. A. Read, and P. A. Sherrlll, of
the Physics DivisionET"

A large number of Laue patterns of uranium metal rods showed that they did
not consist of single crystals but of polycrystolline metal of a varying degree
of preferred orientation. In one such rod 0 somewhat larger grain of the order
of 1 m2 was found and a good single crystal Laue pattern obtained. Attempts
are being made to isolate and use such larger grains in x-ray diffraction studies
of lattic distortions by fisoion recoil and neutron impact,

5) Thggium Carbide and Other Substances for Neutron Diffraction Studies

An x-ray pattern obtained with a sample of thorium carbide, to be used in
neutron diffraction studies by C. 0. Schull, and submitted by the latter, revealed
a splitting of x-ray reflections which indicates that this compound does not
have the tetragonal structure ascribed to it by M. von Stackelberg (Strukturber.
I, 1932), but must be of lower symmetry, and only pseudotetragonal. It has been
learned that E. X. Bundle, of Iowa State College, has made the same observation
and is in progress of determining the real structure of this substance, so that
it seems inappropriate to pursue this subject further in this laboratory.
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Instrument Research and Development

An Improved Differential Discriminator Circuit For The Alpha Range Analyzer
X. Falrstein ~~° ~~~" ~~° ~—~~ * ^ **

A series of improvements for the Alpha Range Analyzer* was described

♦Hon C-416

in the last quarterly report. Minor changes only were made in the differential
discriminator. Since then, this portion of the circuit has been completely
rebuilt with very gratifying results.

The operation of the circuit is as follows: -

There are two gate circuits separated in operating level by a voltage
increment continuously adjustable between zero and one volt. This increment
is set by the slit-width control. Pulses greater in magnitude than either
gate level will trip the associated univibrator.

It is the purpose of the discriminator to accept pulses whose heights
lie only between the two operating levels, i.e., within the slit-width increment.
For pulses above these levels, the anti-coincidence circuit prevents transmission
of the signal from the univibrator associated with the lower gate.

The lower-gate univibrator produces an eight microsecond pulse. This
pulse is differentiated and fed into the half of the anti-coincidence tube
which is normally held at cutoff. (See the associated oscillogram). Unless
a pulse is also fed into the other half of the tube from the upper-gate
univibrator, the positive portion of the differentiated pulse is transmitted
to a third univibrator, where it undergoes amplification and lengthening.

If the upper gate ia also tripped, a sixteen microsecond pulse ia fed
into the "on" half of the anti-coincidence tube. This keeps the other half
cut off until the differentiated puloe produced by tripping the lower gate dies
out. The remainder of the circuit is a conventional rate meter circuit.*

LA-1002, Chapter 4,

Ths gate circuits have a gain of about thirty. This gain results in a
region of unsure operation considerably shorter than can be obtained by using
the univibrators alone as the gate circuits.
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The "Solite" capacitors in the integrating circuit of the rate-meter
are manufactured by the Solar Manufacturing Company. These were chosen
because they are the only low-priced commercially available units (other
than polystyrene capacitors) with a dielectric hysteresis effect comparable
to that of polystyrene capacitors. However, they are subject to occasional
abort circuits, even when not overloaded. This undesirable feature is at
least improved by providing a momentary-make switch to connect them to the
filament supply, (the "capacitor blowout" switch on the diagram) iind so far
has proved effective in removing the short circuit.

The circuitry associated with the pulse height selector potentiometer
(gate-level potentiometer) has not been shown. It will be quite similar to
the older circuit but with more steps available.

The advantages of this circuit over the older one are as follows: -

1) The stability is better by a factor of at least ten, permitting stable
operation at alit-wldths of one-tenth vclt.

2) The dead time of the circuit has been reduced from 1500 microseconds
to approximately thirty microseconds, permitting samples of much higher
counting rate to be used.

3) The time-constant is inversly proportional to the setting on the
counting-rate switch, resulting in better spectrograms.

4) Continuously adjustable slit-width, counting rate, recorder zero
controls, and a variable time constant control have been provided.

With these, it is possible to get good spectrograms in the activity range
of ten counts per minute to 100,000 with a minimum of effort.
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VIII, Analytical Chemistry

Ionic Analyses - Research and Development

Micro Determination of Nitric Acid In Redox Process Solutions. (P. F.
Thomason)

The Hanford oxalate method^1' for the determination of nitric
acid has been successfully scaled down to a micro titration with the
collaboration of Vr. D. F. Shepard of Hanford Engineering Works. The
oxalate procedure heretofore has been used for relatively inactive samples
which permitted the titration of several milliliters. As the samples
submitted by the pilot plant are quite radioactive (2 r. per ml. at contact)
submilliliter samples must be analyzed, By using micro equipment 10 A
samples of a redox feed solution which is 0.3 N HN03 and 2 III UNH can be
easily titrated. Scrub solutions that are 1.3 M A1(N03)3 and deficient in
acid can be determined using a 10 A aliquot and spiking with a known amotmt
of nitric acid. Waste samples 0.8 MAl(N03)3, 0.06 MKoCr^ and 0,001 VUNH
can also be titrated after precipitating the chromium with Pb(N0^)2 and
correcting for the acid liberated by this reaction.

The stirring equipment consists of an electric stirring motor with
a gear reduction such that the l/4n shaft turns at 125 rpm. As the titration
is carried out at 0 - 4° C., an ice bath was made of a plastic 50 ml, grad
uate cut-off at the 12 ml. mark and fitted with a plastic cap made from 1/8"
sheet plastic The cap was drilled with a 5/8" bit which permitted the
bottom of the platinum dish used as the titration vessel to come into con
tact with the ice water in the plastic graduate. The platinum dishes are
the same as used for the fluorimetric determination of uranium and are 3/40
in diameter, with a capacity of 200 X , By drilling a l/4" hole in the
bottom of the graduate it fits snugly on the shaft of the motor which rotates
the entire assembly around the stationary electrodes and thereby effects
adequate mixing.

The potentiometric titration is carried out as outlined in the
procedure utilizing the Beckman 290X1 glass electrode and a regular 270
.calomel electrode which is fitted with a KC1 salt bridge made from 6 mm,
'diameter tubing drawn to approximately 2 mm. at the tip. An asbestos wick
is sealed into the tip to prevent excess flow of KC1. The titration is per
formed with a Kirk micro burette containing standardized 0.3 N NaOH, The
NaOH is added slowly in 1 cm. increments, reading the pH meter after each
addition. The maximum inflection of approximately 0.5 pH unit is easily
seen on a Beckman Model H pH meter. Ab each cm, of the burette scale is
equivalent to 1.5 A , delivery of approximately 7 cm. of 0.3 N NaOH is re
quired for a 10 X sample of 0,3 N acid.

(1) Hanford Engineering Works Laboratory Manual RNA-lc



The results of synthetic samples are as follows:

Saiaple No. Present Found

1 Peed 2 M UNH

0.40 N RNO3 C37 N HNOo

2 Feed 2 M UNH

0.25 N HNO3 0.26 N HNO3

3 Feed 2 M UNH .
0.1 M K2Ct20y
0.10 N HNO3 0.12 N HN03

No. 1AW 0.75 M Al(N0O,
0.001 M UNH

0.006 M EgCx-gO?
0.91 N HNO3 0.89 N HNO3

No. 1AW 0.75 M Al(N0o)o
0.001 M UNH

0.06 M KgCrgO?
0.66 N HNO3 0.67 N HNO3

The Separation of Thorium from Aluminum for Analytical Purposes (W. H. Davenport
P. F. Thomason)

As a routine control method was needed for the determination of

aluminum in the presence of thorium^ several colorimetric methods were tested.
It was found that thorium interferred in the hematoxylin, alizarin S, and the
aluminon method(l) when present in the expected concentration of 1.0 molar
Th(N03)4 to 0-3 molar 01(^3)3. Therefore It was decided to separate the
thorium from the aluminum by a simple method if possible.

It was found that the thorium in 25 A samples of a solution contain
ing 0.3 M Al(N03)3 and 1.0 M Th(N03)4 could be extracted with a 1$ thenoyl-
trifluoracetone (TTA) solution in carbon tetrachloride. The following procedure
has been found satisfactory for the extraction.

A 25 / sample is pipetted into a 50 ml. separatory funnel and diluted
to aptroximately 15 ml. with distilled water. The pH is adjusted to 2 t .05
with dilute HC1. The aqueous solution is extracted twice by shaking 3 minutes
with 15 ml- of a 1$ TTA solution in carbon tetrachloride, discarding the organic
layer each time. The aqueous solution is made to 50 ml. volume and aliquots
are taken for the estimation of aluminum by the conventional aluminon (1)
colorimetric method.

Several synthetic samples containing 400 micrograms of aluminum, and
11 milligrams of thoriian in the 15 ml. volume were extracted in this manner. The
thorium remaining in the aqueous solution was less than 55 micrograms (approximately
0-5$) as determined by the thoron*2' colorimetric method. The aluminum found was

(1) Colorimetric Determination of Traces of Metals, p. 117, E„- B. Sandell
Interscience Publishers, Inc., N.Y. 1944.

(2) P, ?. Thomson, M. A. Perry, and W. M. Byerly, A Colorimetric Method for
the Determination of Microgram Amounts of Thorium, QRNL-90.
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388 micrograms (97$ recovery).

Determination of Methyl Isobutyl Carblnol in Hexone (E. K. Hanig, P. F. Thomason)

Impurities in methyl isobutyl ketone (hexone) greatly affect the
decontamination factor obtained in the Redox extraction process. Therefore,
limits of impurities have been specified^1'. Mesityl, oxide in hexone has been
satisfactorily determined by its absorption at 2450 A in a Beckman spectro
photometer. However, methyl isobutyl carbinol (MIBC)^' has been determined
by an indirect method Involving the colorimetric estimation of the chromic ion
obtained by the reduction of KL>Cr207 by the MIBC As this method is empirical
and depends pon the exact control of a number of variables such as acidity
and the degree of mixing of the K2Cr207 and hexone, accurate results could not
be obtained on synthetic samples.

The voli metric method^ for the determination of the hydroxyl group
based on the esterification of the alcohol by phthalic anhydride in anhydro-. s
pyridine has proved to be satisfactory for the estimation of MIBC in hexor.e
in the range of 0.02 to 0.100 by volume. As water will hydrolyze the phthalic
anhydride, the hexone must be dry as possible. It was found that the azeotrope
ofhexone and water could be distilled at 88° C When the distillation temperature
reached 114° C, aptroximately 5 milliliters were distilled. Then the fractioning
column was stopped and aliquots of the remaining hexone were taken for esterifi-
cation. Pyridine was also distilled to remove the water.

The esterifIcation of the MIBC is accomplished by refluxing 25 - 50 ml.
of hexone with 25 ml. of freshly prepared 100 solution of phthalic anhydride in
anhydrous pyridine. The mixture after refluxing for an hour is hydrolyzed with
50 ml. of distilled water. The solution is made homogeneous with 25 ml. of
methyl alcohol, and the acid is titrated with 1N standardized NaOH to a phenol
phthalein end point. '^he MIBC Is calculated from the amount of phthalic anhydride
consumed by the esterification, which is the difference between the acidity of the
blank (25 ml. of 100 solution of phthalic anhydride without sample) and the re-
fluxed sample. Correction was made for the volume change In the water removal
step assuming that no MIBC is lost. Several spiked hexone samples were rnto
check the possible loss of a MIBC azeotrope In the water removal step. Fifty
milliliters of water saturated hexone were spiked with 8l3 mg. of MIBC
(approximately 1.50 by weight) and analyzed. The recovery was 841 mg. of MIBC,
30 high which is sufficiently accurate. The 25 ml. blank of 100 phthalic anhydride
in pyridine after hydrolysis requires approximately 32-5 ml. of 1N NaOH to
titrate to a phenolphthalein end point, Ab a difference of 0.1 ml. of 1 N NaOH
for a 50 ml. sample is equivalent to approximately 0.020 MIBC in hexone, the
titration Bhould be carefully controlled.

Polarographic Determination of Uranium (W. H. Davenport, P. F. Thomason)

The routine analytical groups have been using the colorimetric
thiocyanate^) method for determining uranium in the range of 200 to 1000
micrograms, and the fluorimetrlc(*+) method in the range of 0.01 to 1.0 micro
grams. There has been a need for a method between these two ranges for the

XT) Hexone Specifications Memo Dr. J. Marsden to Dr. 0. H. Greagor, H.E.W.

(2) Elving/p. J., and Warshowsky, B., Ind. and Eng. Chem., Anal. Ed., 1006, (19^7)
(3) Currah, J. E., and Beamish, F. E., Colorimetric Detn. of Uranium with Thio-

cyanate, Anal. Chem. 19, 609, 19V?.
(4) Sadwski, G. S., et al, The Fluorimetric Detn. of Uranium, Part I, CNL-23.
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Redox process solutions. Recent work has shown the solutions may be
analyzed polarographically in the range of 10 to 200 micrograms of
urani.m per milliliter. The procedure is to determine the wave height
at -0.20 volts vs. the saturated calomel electrode in a supporting electrolyte
of 0.1 N HC1 as recommended by Tishkoff**'•

As some of the Redox solutions contain AlfNOoK and KgCrgOy,
interference from these ions was investigated.. Aluminum nitrate in amounts
O.65 molar did not ca se appreciable errors. However 0.1 M IgCrgO^, as
expected, overlapped the uranyl wave. It was found that as much as 0.02 molar
KgCrgO? could be tolerated if the chromium was reduced to the chromic ion with
hydrazine. The diffusion current became less pronounced when the chromium
exceeded 0.02 molar to 0.001 molar uranium, probably due to oxidation prod cts
of hydrazine.

A calibration, curve for uranium was made by running polarograms of
various concentrations of UNH in 0.1 N HC1 with a Model XX Sargent polarograph.
The dropping mercury electrode with a falling time of 2.9 seconds was used
versus the saturated calomel electrode. Five milliliters of solutions contain

ing 10, 20, 50, 100, and 200 micrograms of uranium per milliliter were placed
in the cell degassed with nitrogen and their polarograms recorded. The calibration
c rve appears in Figure 1. The micrograms of uranium per milliliter were plotted
iversua microamperes rather than molar concentration as the routine analytical
group makes it a practice to report other analyses as micrograms of urahivm
per milliliter.

Hexone solutions of uranium can not be analyzed for U directly using
the polarographic method. An aqueous solution of U containing as little as 10
hexone gave a peculiar wave.

It was found that a hexone solution containing IOO7 U/ml. could be
stripped with an equal volume of 0.1 N HC1. If the aqueous solution is
heated to boiling to remove dissolved hexone, the solution may then be analyzed
by the polarographic method described above.

The polarographic method should prove to be a valuable supplement to
the other methods. Dr. M. T. Kelley ha6 designed a simple polarograph for the
routine group and it is being constructed by the instrument group.

Synthesis of Thoron (benzene-2-arsonlc (1-azo-l) 2 hydroxynaphthalene 3-6, di-
sulfonlc acid) (F. J. Miller, P. F. Thomason)

Several grams of thoron which is used for the colorimetric determination
of thorium were synthesized without difficulty according to the directions given
by Kuznetsov^2). The temperature must be carefully controlled to 0° - 4 C.
during the diazotation steps otherwise the synthesis is straightforward. A
comprehensive step by step report'3) on this synthesis has been issued by Iowa
State College.

Ammonium Thloglycolate as a Colorimetric Analytical Reagent for Uranium In the
Presence of Various Anions (W. H. Davenport, P. F. Thomason)

Report completed and .sued as 0RNi-l6l.

(1) Tishkoff, G. H., Polarographic Analysis of Uranium AECD-2005.
(2) Kuznetsov, V. I., J, Gen. Chem. (U.S.S.R.) 14 91^-19 (19^).
(3) Reed, S. A., Byrd, C. H., and Banks, C. V., Preparation of the Di Sodium Salt

of l(0-arsonophenylazoO-2-naphthol-3»6-disulfonic acid (Thoron) ISC-26.
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Fluorophotomstry (H. L. Hemphill, P. F. Thomason)

The new fli:orophotometer model 475* serial no. 101 was calibrated
and uranium glass standards were made for a reference for future adjustment
of the instrument. This instrument was sent to the A. E. C. for comparative
studi3s with other project fluorimeters.

Several changes in the optical system of this instrument by
Dr. M. T. Kelley resulted in a more stable fluorimeter. The major change was
installing a reflector of shorter focal length in order to focus the ultra
violet source more sharply upon the sample dish. This permitted removal of
the Fresnel lens used on the older models which diffused the ultra-violet

light rather than focussing it. The filter change of 3Q'(k to 5860 removed
uiore of the reflected visible spectrum of the AH-4 mercury arc ultra-violet
source. The increased efficiency in this optical system res lting from these
changes permitted a reduction in the gain required of the multiplier t'bes and
a consequent increase in stability. The sodium fluoride flux blanks now read
approximately 10 microamperes as compared to 30 microamperes on the former
instrument. This 10 microamperes is equivalent to approximately 0.4 milll-
gamma of uranium.



^vmmieal, Analyses - Research and Development

Sumaary

Work has been done on the decay schemes of I131, Ag end
CI36. Lev-thickness clastic absorbers have been ^^^/Swf^L
routine counting are being prepared. Comparison of »?«*««• ^^ ^
geometry standards has been made. Methods of determining *°tal P., »f ™fS£?£Z* bj TTA extraction have been developed and ^*£*^
2SKAfi=ST- -foP^fofllew rSoztrronium analysis
has continued.

I. Decay Scheme of Ag110 (W. S. Lyon)

Betas of 2.82 and 0.52 Mev, and ^^J^^^^ LT^
The observation of »* Deutsch (1) »«™**«^«S^SSi« -—- *
«hRorbed bv 2 mg. absorber has been verified, but tne boii rwuo«.i«"
£ conversion electrons. Coincidence counting will be used in an attempt to
devise a decay scheme from the observed data,

II. Decay Scheme of CI36 (S. A. Reynolds)
Absorption curves on purified CI36, using ordinary «nd^d^C°^r6'and the proportional beta counter (2), indicate aO^TMev *j££j£g <f^

K-caT,ture or Internal conversion of gamma), and no gama. ApprojimnoeAj
IVirZ rl36 ~™ . reading on the gaum Ionization chaafcer equivalent to

J"! *\S-3 A <% tLTu equivalent to annihilation radiation fro. 0.0a ncofVpoel r2 Sitter1"1^ the fraction «* a# decaying hy positron cnies on
„» L at most 0.2*. If . ga-aray of ordinary -J-J*,^ IJNJj) «..
STSi irsS^SentryOThnfno^ch^ion^onnd J -^rptjon
life was made, using the equation

^ " oToTTio^Tnvt)^

.iya.-o^a.

A - Specific activity of bombarded chlorine
- 0.16 mc/g - 6 x 106 ds-V1

M - Atomic weight
nvt » 3.5 x 1020 ca""2, max.
<T- - 32.3 bams (3)

The half-life is found to be 7x105 ysare, in fair agreement with Overman's
value (3)t 106 years.

Ill M, Deutsch, Phys. Rev, J2, 527-
(2) G. W. Leddicotte, unpublished work.
(3) B. T. Overman, MDDC-85?



III. Decay Scheme of I131 (W. S. Lyon)

The decay scheme (two betas, four garanas) given in unpublished
data of Deutsch (4) has been verified except for the weaker beta, which is
masked on tho spectrometer curves by conversion electrons. An attempt to
find this beta by coincidence-absorption methods gave indeterminate results.
Further work is awaiting installation of a coincidence device on the spectro
meter. _

CTq Coincidence Corrections for High Counting Bates (W. A. Brooksbank)

A plate, consisting of two samples of Co , has been made up
according to the directions of T. P. Kohman (5). It will be used to
determine the coincidence correction for counting rates in the range
25,000 - 100,000 cts./min. with a G-M tube of the usual type connected
to a scale of 1024.

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

U?Cg beta standards and radium gamma standards are being made.
The brass plates for the beta standards are still in the shop, but several
"experimental" gamma standards have been fabricated. Full growth of radon
and daughter activities is awaited in order to determine the sample size
cf Ra solution to give 5000 - 7000 gamma counts per minute (second shelf) in
the finished standards. Both beta and gamma standards will be calibrated
by counting them on ten or more G-M counters with tubes set at the usual
distance from the second shelf. The results will be averaged, and the
averages used as calibrated values for the standards which are to be used as
normalizing standards for slight variations In tube efficiency, etc. After
calibration, the standards will be distributed to all analytical groups
using G-M countera.

Six standards of Co**5 for gamma counting and six of Cr for
beta were requested by Butenhoff of A.E.C These were prepared. The
counting rate of O*" was determined on the proportional beta counter, and
that of Co"0 on a regular G-M counter through the gamma sandwich.

VI. Thin Plastic Absorbers (W. 3. Iyon)

Absorbers of thicknesses ranging from 40 micrograms per square
centimeter to 3 mg/cm have been prepared, Formvar is dissolved in ethylene
dichloride to make solutions of various strengths. To prepare a film, seme
solution is evaporated on a glass slide^ the resulting film is stripped off
under water, driedi the area is measured and the weight found to determine
Eg/cm2. Absorption curves were taken on the C^*" standard (Borkowski'a)
so that in the future new absorbers can be calibrated simply by counting;

VII. Activation Analysis (0. C» Bell, S. A. Reynolds)

A. Hf in Zr.

Two samples were run. In each case it was known from spectrographic
analysis that sufficient impurities were not present to Interfere with gamma
measurements on activated Sr and Hf (cross sections 0.4 and 10 barns).
Weighed samples of pure ZrOp.pure Hf02 ;md unknown were wrapped in thin
aluminum foil, bombarded sixty-four hours, and the samples were allowed to

731 T, P.. Xobuan, MDDC-905o
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decay for a week to remove 17-hour Zr. Readings were then taken on the
gamma chamber. The gamma radiation due to a definite amount of Zr was
found from the Zr02 sample. The percentage of Zr in the unknown (from
spectre-graphic results) was used to compute the radiation due to Zr in
the unknown. (Since the 0 Hf in the unknown was knovn to be low, the
weight of Zr could have been taken to be equal to that of the unknown,
to a good approximation,) The difference between the total radiation of
the unknown and its radiation due to Zr was the radiation due to Hf. This
figure, compared with the radiation from the Hf02, gave the amount of Hf
in the unknown.

Sample Spectrographlc Activation
+

1 0.31 0 Hf 0.290 Hf -0.03
+

2 1.90 2-O0 -0.2

B. Na in Al.

Two aluminum samples were submitted by Reynolds Metals Company >
They were run spectrographically by M. Murray, and colorimetrically by
E. Hanig. In the first activation analysis, samples of metal and weighed
samples of C. P. Na2C03 for standards were bombarded 64 hours in the .
pile. It was known that Al yields Ha2** by the reaction Md< (n, a) Ha *
in addition to the Ne2^ produced by capture of neutrons by the Na impurity.
To correct for this, samples of metal and NagCXK were surrounded by cadmium
foil during the bombardment. Thus only neutrons of energy above the Cd "cut
off" were effective in this case. It was assumed that the yield of Na2**
from the n, a reaction would be the same in the unshielded and in the Cd-
shielded samples, so that by subtracting the amount of Na activity found in
the shielded sample from the total in the unshielded sample, the amount of
Na activity due to neutron capture could be found. In the first experiment
no chemical separations were made. It was believed that by making measurements
on the gamma chamber and taking a decay study, the Na2*+ could be differentiated
from the other gamma activities. Apparently the activity from ceppor (aa
suggested by Dr. G. E. Boyd) interfered, however, because results obviously
too high were obtained. In the second run the aluminum samples were
dissolved in HCl, Na and Cu carriers were added, and HgS and NB4OH precipitations
were made. The supernatant liquid, containing at least 800 of the Na4- (by
experiment) was read in the gamma chamber against NagC03 standards» The
samples decayed with half-lives of l4.5 - 15 hours. The results are believed
to be within 250, but an additional run will be made using beta-counting
technique rather than gamma measurements.

Na in Al

Sample "Fusion-Leach" (6) Spectrographlc Colorimetric Activation

foil 0.00120 0.0030 0,00450 0.0010 - 0.0003

Ingot 0.00020 0.0030 0.00300 0.0010

C. Radioisotope Target luterials

Eight samples of target materials have been received from J. A. Cox

Jg] A. E, Rising, letter toJ. Ao CoxT"



for determination of yield of product in a month's bombardment, as well
as identities and quantities of by-products, Spectrographlc analyses
are being run on them.

VOIo Total Pu by TTA Extraction (F. L. Moore)

The method given by Moore and Hudgens (7) for determination of
total Pu by TTA extraction has been tested on solutions containing high
concentrations of AlfNO^K (up to 1.6 M), and on solutions containing
much Pu (VI). Recoveries of 98 - 1000 have been obtained. It has been
shown that no aluminum extracts under the conditions of analysis. Methods
involving the use of La carrier appear not to work in Al(NOo)^ solutions.
Fluoride precipitation gives coprecipitaticn of AIF3, and LalOH)? precipi
tation, with the Al being converted to aluminate by excess NaOH, gives
only about 800 recovery. The reason for this is not known at present.

IXo Valence States of Pu

A. TTA Extraction (F. L. Moore)

In order to use the TTA method for determination of valence states,
by virtue of the extractibility of Pu(lV) under conditions giving no extraction
of Pu(III) or Pu(VI), several facts had to be established. It was found that
essentially no reduction of Pu(VT) took place during four ten minute extractions
of a Pu solution containing 0.02 N NaBrO-, as holding oxidant. The tracer contain
ed 47.70 R'(IV), 52.30 Pu(VI).

Extraction 0 Pu Extracted

1st 47.8
2nd 0.2

3rd 0.1

4th 0.05

The effect of Al(N03)3» ^ to """"^ M' *** cau8in£ Increased extractibility of
Pu(VI) has been investigated. Little,if any, effect was noted. A tracer
solution containing about 90 Pu(IV), 910 Pu(VI), with 0.02 N NaBrO- was
used.

Al(NO-)- Cone. 0 Pu Extracted

1 M 9-2
1.6 M 10.9

Using the same tracer as above, the effect of 0.25 M NaNOg on Pu(VI)
extractibility was testedc Two runs gave 8.80 and 9°20 Pu extracted. The
effect on Pu(lV) of destroying polymer by heating with cone HNO3 was tested.
A Pu(IV) tracer solution was used. After HNO3 treatment, 1000 recovery of
Pu(lV) was achieved.

It has been demonstrated that depolymerizetion of process Pu
solutions will almost always be necessary. A typical example is afforded



"loft-

by a solution which,untreated, gave 5,000 c/m/ml by the TTA method; heated
with cone. HNO3, 144,000 c/m/ml. This solution was 1.2 M in Al(N03)? and
had remained for a week at pH 2. J

Since depolymerlzation is necessary before TTA extraction, it i6
obvious that solutions containing considerable quantities of oxidizing
agents cannot be run by this method since the valence state of the Pu
world be changed by treatment with an oxidizing agent in the presence of
hot HNO3. The maximum tolerable amounts of such materials as NaBr03 and
KgCrgOy have not been determined, but they are probably quite low.

If a solution contains no polymer, the TTA method gives good
results for "reduced" plutonium (Pu(r) « Pu(lII, IV)). The results for
"oxidized" Pu (Pu(0) * Pu(Vl)) are unsatisfactory, but this figure can be
obtained by subtracting Pu(r) from total Pu. (The latter figure is almost
always required.)

Procedure

Add sample Adjust acidity to 1 M HNOo. Make the solution 0.2 M
in NaNO^c Perform two ten minute extractions with half-volume portions of
0.5 M TTA-benzene solution. Evaporate a portion of the organic phase, or
strip as in method for total Pu (7).

B Precipitation (J„ D. Gile)

The Berkeley method, using KgCr2Q<7 as hi lding oxidant, has proven
satisfactory for use in aluminum-free solutions. Using 0.02 N NaBrOo, about
300 of the Pu(Vl) is reduced. Higher concentrations of NaBi<>3 havs not been
tested. Methods of analysis in the presence of high concentrations of AltNOOo
have not been investigated.

Xc, Am in the Presence of Pu (S, A. Reynolds)

24l 2-59
Samples of pure Am and Pu J were obtained. The Pu was re-

purified by oxidation with KMnO^, precipitation of LaF-, carrying any Am
present, and reduction of the Pu, followed by precipitation with LaF?. The
precipitate was dissolved with nitric and boric acids, and the solution
diluted to serve as tracer.

The method Investigated thus far has been given in its essentials (8)
It depends on the fact that Pu is rather readily oxidized to the hexavalent
state while Am remains in the trivelent state in aqueous solution (9). The
hexavalent state of Pu will not carry on L3F3; hence, after vigorous oxidation
it should be possible to precipitate Am cm LeFo, free of Pu. This method
appears satisfactory in the absence of Al(N03)3. After one oxidation with
50 KMnO^ at 50° less than 10 of the Pu remains to be precipitated on LaF3c
After dissolving the LsFV and re-oxidizing, less than 0.010 of the Pu remains,
A minor difficulty is that MnOg has precipitated with the LaFo giving too much
self-absorption for accurate alpha counting. This may be avoided by use of

7T5 F. L. Moore, J. E. Hudgens. ORNL-153.
(8) S. A. Reynolds, Special Radioisotope Methods.
(9) X. A. Kraus, informal c-municatlon„



another oxidizing agent, or the MnOg may be dissolved by use of anecid-«dS^-agent^as^ 50 NagCrgO, has been tested but gave only about 600
oxidation in an hour at 50°•

If Al(H0- h ie present, the Al must be removed in some way. Use
of aLa(0HH precipitation with the aluminum "complexed" as aluminate gave
oU ol -9^0 recovery of Am. This problem will be investigated further.
XI, Ne-" w»rHngirconlum Analysis (B. H. Powell)

The investigation of the colorimetric method for determining Zr
carrier yield has continued along the lines described in the previous
quarterly report (3C).

Since it is planned to use TTA extraction for purification of Zr, with

Sr^~. curve Is1&££ vnlch Is different trm that ohtal^d 1.
the boric acid and dispersion medium for the Zr laxe, Aixnougu n3~3

to stand in contact with HCl, the R3BO3 becomes "available again.

XH, Manuals and Reports.

J. D. ulle's report, "Literature Search on the Rare Gases", will
be issued soon.

"Special Radioisotope Methods", a manual by S. A. Reynolds has
been issued..

(10) 0RNL-176, p. 76."
(11) URCL-101, p. 53-



U. ANALYTICAL SERVICE

Summary of Analytical Work for Quarter
August 15 to Hovember 15, 19^

In Man Hours

,
RAriioehen. Ionic Spectro- General General Water Lab. and Pilot Plant Production

Dev. Devo cfcem. Radiochem Ionic Analysis Semi-Works Control Control Totals

•

Group Group Group Control

Personnel

Tech.

Non-Tech.

7
2

5
2

k 10 2

2

1

3

2

8 22

k
16

39
68

Biology 1
1

Physics 6 Ik U 31

Chemistry 10U 20^ 7 . 315

Technical t 11 3hl6 361 1U88 9920 12150 273^6 1

3 <
Metallurgy

1
3

Operating Div. 53 lk&7
•

193 5269 7002

Health-Physics 1 552 •

552

K-25 100 1 76 177

HEPA h
k

100 180 57^9 J382 1681 9920 12150 1 5269 35331
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IX. Radioactive Particle Problem

Determination of Particulate Radioactivity in Air
C, J. Borkowek'i, P. Chastagner

To determine particulate activity in air it was decided to use an
Air-Way Sauitizor vacuum cleaner which is well suited for this purpose,
is commercially available and can be used without making any additional
changes.

Air is sucked through a disposable paper filter bag in the cleaner
at a rate of 27 cu. ft. per minute. Particles of 1 micron and larger are
collected in the bag with over 950 efficiency. The filter paper bag has
a surface density of 12 milligrams per sq. cm. After a suitable collection
period the paper bag is removed, the top cardboard ring cut off with
scissors and the open ends of the bag scotch-taped. The bag can then be
handled without danger of losing any of its contents. If desired the total
activity in the bag can be measured by rolling the bag into a form of a
cylinder and sliding it into a piece of tubing 3 Inches in diameter and
12 inches long. The tubing is placed around an Eck-Krebs type G-M counter
12 inches long which is supported at one end. The counter is thus along
the asis of the tube and filter bag.

For a one hour collection period of uncontaminated air the counting
rate immediately after collection is of the order of 300 c/m at 50 geometry.
After 24 hours the counting rate decays to background. This activity is
primarily the decay products of radon and thoron everpresent in air. Alpha
activity in air can be detected with the Air-Way vacuum cleaner by catting
the bag open after a suitable collection period and exposing the inside
of the bag to a flat type air alpha proportional counter.

The vacuum cleaner bag was radioautographed with 10" x 12" JJastman
no-screen x-ray film in order to detect particulate activity. The flat
bag was placed on a 10" x 12" piece of 1/4" plywood and a sheet of film
in its yellow paper wrapper was placed on the film and the resulting
sandwich «ras taped together and sealed light tight with scotch photographic
tape. This operation was performed in a photographic dark roam under a
Wratten series 2 safelight.

A 24 hour radioautograph exposure was made and the film developed in
DuPont x-ray developer to a slightly higher contrast than recommended for
normal x-ray work. To attain the maximum sensitivity it is necessary to
place the film directly into the folded flat bag so that the film is in
intimate contact with the dust or active particles which usually become
imbedded in the paper bag. TAle is the preferred procedure and will reveal
many more small particles than the previously described procedure.
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Eastman no-screen x-ray film was used because Cobb and Solomon
(B.S.I. 19, 441 (1948)) had found this type of film to be the most sensitive
for autoradiography.

preliminary air sampling with the first Air-Way cleaner indicated that
radio-active particles down to one micron else could be collected and radio-
autographed.

The number of active particles collected varied from 0 to 75 per 1000
cu. ft. of air collected. The higher values were collected near the base of
the Pile stack and in the 105 building. The beta disintegration rate of the
particles varied from 20 d/m to 10,000 d/m. Fig. 1 shows a photograph of
the Air-Way vacuum cleaner and the disposable filter bag before and after
cutting off the cardboard top.

It was also of interest to determine particulate activity on various
indoor and outdoor surfacee. For this purpose the 10" x 12" Xastoan no-screen
x-ray film was placed in intimate contact with the surface. In order to
make a light tight, low surface density, snd reasonably weather resistant
package for the film, two .001 inch layers of aluminum foil were used.

The film was packaged in the following manner: sheets of .001 inch
aluminum foil 26 inches long were cut from a roll 12 inches wide; a sheet
of foil was folded in the middle to form a 12" x 13" folder and a sheet of
film inserted so that there was an inch of foil on all sides. The folder
was then sealed by making two successive half-inch flat folds on each side
and the open end. The envelope thus formed was then wrapped in another
sheet of foil in the same manner. The wrapping of the film was done in a
photographic darkroom using a Wratten series 2 safellght.

The films thus wrapped were laid on the surfaces to be radioautographed
and covered with l/4 Inch plywood. Twenty-four hour exposures were usually
made.

The results of the direct autoradiographs indicated:

1) The area around the base of the 105 etack was covered with radio
active particles varying from a few to several thousand particles
per square foot. Fig. 2 shows a typical radloautograph of a flat
concrete surface taken at the base of the stack.

2) The number of active particles per square foot diminished both
in number, size, and activity with distance from the pile stack.
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3) The interior of the 105 building was badly contaminated with
particulate activity which was loose and could become air
borne. Fig. 3 shows a radioautograph of a surface taken near
the control desk of the Pile building. Fig. * shows an air
sample taken inside of the 105 building and indicates about
75 particles per 1000 cu. ft. of air. The particles vary in
disintegration rate from 10 d/m to several thousand d/m. This
sample represented an 80 hour collection period with the Air-
Way cleaner. More active particles were collected in air
samplea taken in thie building than in any other location tested.

After it was shown that the Air-Way cleaners were satisfactory air
samplers for particulate activity, ten additional cleaners were purchased
for the Health Physics Division use.

i

Determination nf Particulate Radioactivity in .Pile_lxhaujt: (R.L. Livingston)

A completion report, ORNL-197, is now in preparation. A summary of
the material worked on includes cyclone sampling of the exit gases from the
pile over the period September 23 to November 7, 1948; filter tests after
the cyclone separator; multiple filter and charged wire experiments ina
separate flow system to demonstrate the presence and amounts of fission gases
present in the pile gas stream; ard a continuous monitor for the fission
gases using s moving electrically charged wire.

The sampling systems were originally installed to find out thequantity
and nature of solid matter present in the pile air stream and *o correlate
this with Pile operating conditions, pile instrumentation, health physics
ground and air sampling, etc. The samples collected were studied by many
members of the Chemistry Division.

In the course of the sampling work, short-liyed fission gases were
found in the air stream. Studies fwith H. A. Levy) of these gases were made
in a separate sampling flow system, and finally a continuous monitor was
built to record the concentration of these gases in the air stream at all
Umes while the pile is operating. This monitor in effect mea^e^^-„
mount of exposed fissionable matsrial in the pile lattice, or the cleanli
ness" of ttopUe. The monitor is quite specific for Just short-lived
fission gases. Apreliminary report of the monitor will appear in ORNL-197,
and a final report will be issued separately at a later date.
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ALUMINUM ALLOY CASTINGS

THROUGHOUT FOR DURABILITY
AND FINISH

PRECISION BUILT

UNDERCUT MICA

INSULATED COMMUTATOR

MOTOR OPERATES IN

COOL AIR STREAM

DOUBLE POLE HEAVY

DUTY SWITCH
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AWAY

BRASS BUSHING MOUNTED

SWIVEL JOINT

AIROMA PAD

RECISION BALL
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