
PHYSICAL REVIEW VOLUME 115, NUlVIBER 5 SEPTEMBER 1, 1959

Radiochemical Studies of the Fission of U"' Induced by Helium Ions*
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The absolute fission yields of approximately twenty-five nuclides from the helium-ion-induced fission of
Us" were determined with an accuracy of +5—15% for several energies ranging from 20 to 40 Mev. Such
features of fission as the symmetric-asymmetric modes of fission, the relation of total fission cross section to
compound nucleus theory, fine structure in fission product distribution, valley to peak ratios, and neutron
emission are discussed as well as some of the experimental detail involved.

INTRODUCTION

ADIOCHEMICAL studies have played an im-

portant role in the detailed characterization of the
phenomenon of fission. Much of the early work was
concerned with low-energy fission (i.e., thermal neutron
fission) and although a considerable amount of work is
still being done in this area, efforts have recently been
directed toward a study of fission induced by higher-
energy particles.

Among the first studies made with high-energy par-
ticles are those of Goeckermann and Perlman' using
190-Mev deuterons to induce fission in Bi'" and by
Batzel, Seaborg, and Miller' ' who used 340-Mev pro-
tons, 190-Mev deuterons, and 190- and 380-Mev helium
ions to induce fission in copper and other medium-
weight elements. Later, bombardments were made
using ions of intermediate energy ((50 Mev). Newton'
studied the fission of thorium with helium ions and
Tewes and James" produced fission in the same ele-
ment using protons. A review of the early work done at
high energies has been given by Spence and Ford. 7

Seaborg and co-workers have obtained some preliminary
information on fission in a series of investigations
primarily aimed at a study of spallation-fission com-
petition ' "These include data on the fission of U233,

U235 U 238 Np237 and PU 239
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have been made and recently work involving fission
induced by 20- to 200-Mev protons and deuterons" and
5- to 14-Mev neutrons" "has appeared.

The work of Seaborg and co-workers showed one un-
expected feature: the onset of symmetric fission at
excitation energies for some nuclides as low as 30—40
Mev. The previous data would not have indicated this
trend for these nuclides. Unfortunately, most of the
fission yield work at higher energies was not done with
sufficient accuracy to delineate any but the gross
features of the fission yield curve. This has been partly
due to insufficient decay scheme information on some
fission product nuclides and also because only the gross
effects of fission were being studied. However, with
improved decay data and more advanced instrumenta-
tion and chemical methods, it should be possible to
examine more of the details of fission, to resolve the
question as to the onset of symmetric fission, and to
determine nuclear radii from the resulting total fission
and previously available spallation cross sections.

In the first of a series of investigations in this labora-
tory, attention was focused on the fission cross sections
of U"' induced by 20- to 40-Mev helium ions. To obtain
the desired accuracy more rigorous and precise experi-
mental procedures were developed.

EXPERIMENTAL PROCEDURE

A. Target Preparation

The uranium targets were prepared by the electro-
deposition method described by HuGord and Scott."
The plating solution consisted of 100 microliters of
0.2M enriched (93.41'%%uo) uranium-235 nitrate solution,
2 ml of 0.4M (NH4) sCs04, and 0.5 ml of HsO. The solu-
tion was adjusted to a pH of 5 with NH4OH, and then
heated to about 70—80'C. Plating was started initially
at a low current density and was then rapidly increased
to about 200—250 ma/cm'. From 3—5 minutes were

"Stevenson, Hicks, Nervik, and Nathaway, Phys. Rev. 111,
886 (1958)."Sugihara, Drevinsky, Troianello, and Alexander, Phys. Rev.
108, 1264 (1958).

'8 J. G. Cuninghame, J. Inorg. and Nuclear Chem. 5, 1 (1957)."D.L. Hu6ord and B. F. Scott, The Transuranilm E/ements:
Research Papers (McGraw-Hill Book Company, Inc. , New York,
1951),National Nuclear Energy Series, Plutonium Project Record,
Vol. 14B, Div. IV, p. 1149.
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required to deposit 300 mg/cm' of uranium onto an
aluminum disk in a circular area of 1.4 cm'.

The uranium targets so prepared were assayed by
alpha counting in a 2m windowless proportional counter.
The observed disintegration rate was converted to
mg/cm' using the appropriate specific activity (the IJ23'

analysis was made by mass spectrometry), and by
using the self-absorption and backscattering correc-
tions determined by others. ""Each target was also
"sectored" by systematically counting the target when
covered in various positions with a plate containing a
small hole. Targets whose nonuniformity was greater
than &2%%uo were discarded.

The target area was determined by taking an average
of several measurements of the diameter of the area
plated. The value thus obtained is believed to have an
accuracy of about 1 to 2%%uq.

B. Target Assembly and Bombardments

Bombardments were made with the Argonne National
Laboratory Cyclotron. The range of the helium ion
beam was 189 mg/cm' of aluminum. Absorbers made
from 2-5 aluminum were used to degrade the beam to
the desired energy. Range-energy relationships for
protons have recently been determined for several
materials. " Since these relationships were experimen-
tally determined, it is believed that they are more

.reliable than the older range-energy curves obtained by
theoretical considerations by Aron, Ho6man, and
Williams. "The discrepancy is quite large, resulting in
a difference of nearly 1 Mev for 40-Mev helium ions.
Small corrections due to the thermal expansion of
aluminum when heated by the beam were also made
resulting in a 1%%uo lower absorber surface density.

Since a high neutron flux is created by (rr, xn) reac-
tions on the aluminum degrading foils and environment,
the neutron-induced "background" fission yield was
determined by placing a target behind thick absorbers
in the target assembly where E~& 15 Mev. The neutron-
induced cross section was found to be comparable to
the true helium-ion-induced cross section at a beam
energy of 20 Mev under the experimental conditions
used, and was subtracted from all runs where it was
significant.

C. Chemistry Separation Procedures

A known amount (5—10 mg) of carrier elements in
various but common oxidation states corresponding to
each radioisotope to be used to determine the isobaric
fission mass yield was combined to form a solution in
which the irradiated target was dissolved. The chemical

"Cunningham, Ghiorso, and Jaffey, see reference 19, p. 1198.
"A. H. Jaffey, The Actinide Elements (McGraw-Hill Book

Company, Inc. , New York, 1954), National Nuclear Energy
Series, Plutonium Project Record, Vol. 14A, Div, IV, p. 596.

22 Bichsel, Mozley, and Aron, Phys. Rev. 105, 1788 (1957).
2'Aron, Housman, and Williams, Atomic Energy Commission

Report AECU-663, May, 1951 (unpublished).

scheme devised for the separation and purification of
all of the radioelements is given in the Appendix.

D. Counting Procedures

From the previous literature it was apparent that
probably one of the largest errors in the determination
of fission cross sections is introduced by inaccurate
counting. To reduce this source of error, counting
corrections were experimentally determined for a large
number of the fission product nuclides for counting in a
2m window proportional Row counter. For these nu-
clides, the self-absorption and self-scattering factors,
the geometry factors, and the backscattering coe%cients
have been determined by previously standardizing the
isotope involved by 47r" "and by 4~ P—p" " coinci-
dence counting methods. These counting corrections are
the subject of another communication. " It is believed
that a major portion of the errors introduced by using
semi-empirical factors in converting the observed count-
ing rate to the absolute disintegration rate have been
eliminated and the remaining errors involved in the
procedure should not in general be greater than 3—

S%%uo.

A 5-in. well-type NaI(T1) crystal has also been
calibrated" for photopeak counting e%ciency and was
used for the yield determinations of Ru'", Ru"', I"',
I'", Ce"' and Ce'" since it was found considerably
easier to count these isotopes by this means. For these
isotopes, the errors so involved are somewhat less than
for proportional beta counting.

E. Treatment of the Counting Data
Several key isotopes in the fission yield curve are

complicated by their decay schemes and isotopic mix-
tures. One of the most complicated resolutions involves
the isotopes Sr Sr Sr Y ~ and Y In this par-
ticular case, the mass yields for masses 89 and 91 are
obtained quite accurately but that of mass 92 cannot be
determined as accurately because of resolution difFi-
culties.

The I"' determination is complicated by the fact
that one does not know in what ratio its Te"' and Te"'
parents are populated in primary fission events. The
following procedure was used to estimate how these
states are, populated:

(1) The shell model of the nucleus regarding spin
states was assumed" to apply. (See Fig. 1.)

'4 B.D. Pate and L. Yaffe, Can. J. Chem. 33, 15, 610, 929, 1656
(1955).

2~ H. H. Seliger and L. Cavallo, J. Research Natl. Bur. Stand-
ards 47, 41 (1951)."H. H. Seliger and W. B. Mann, J. Research Natl. Bur.
Standards 50, 197 (1953).

'7 H. H. Seliger and A. Schwebel, Nucleonics 12, 54 (1954).
~8 R. Gnnnink, L. J. Colby, Jr., and J. W. Cobble, Anal. Chem.

31, 796 (1959)."P. J. Campion, J. Appl. Radiation and Isotopes 4, 232
(1959)."R.Gunnink and J. W. Cobble (to be published).

'L. J. Colby, Jr. , and J. W. Cobble, Anal. Chem. 31, 798
(1959).

32K. Feenberg, Shell Theory of the Xmclels (Princeton Uni-
versity Press, Princeton, New Jersey, 1955), p. 23.
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TABLE I. Fission cross sections (mb) for helium-ion-induced reactions of U' s. Each left-hand column lists the observed yield for each
isotope. Each right-hand column lists the corrected cross section for the mass chain.

Energy (Mev)
Isotope

ZIl
Qr83
Sr89
Sr91

Sr92
+93
Zr95
Zr'7

Ru'"
Ru"'
Ru'P6

Pd112
Cd115
Cd115m
$131

$133

a139
Qa14P
Ce141

Ce143
prl45
Nd147
Sm'"

Eu155
Eu157
Gd159
Tb161
I a14P d

Energy (Mev)
Isotope

Qr83
$r89
$r91
$r92
Zr95

Zr97
Ru1P3
Ru'P5
Ru"'
Pdllm
Cd115

Cd115ftt
$131

1133

Qa139
Ba'4p

Cel41
Ce143
Nd147
Sm'5'
Eu157

39.9

(o.43)
7.6

20.6 &0.1(2)'
29.9 a1.1(3)

28.0 ~1.5(2)
(50)
48.0 &2.6(4)
49.0 a1.2 {4)

48.5 %0.6(2)
39.8 +1.8(2)
42.6 +2.2(2)

40.8 ~2.3(4)
41.0 &0.6(3)
s.o a0.15(2)

33.O a1.6(2)

23.9 a1.6{2)
31.2
22.0 &0.2(3)
32.o a0.9(3)

27.0 &0.8(3)
23.4
15.8 &0.6(3)
s.2 w0. 14(3)

2.1 &0.15(2)
1,66+0.O6(2)
1.05&0.00 (2)
0.50
8.1 a0.7(2)

25.95

5.9
7.8

10.0

15.3

5.9 0.1 (2)
4.63

(9.07)
8.70

srcorr

(o.43)
7,7

20.8
31.0

29.5
(50)
48.6
51.5

48.5
40.5
44.0

43.3

46.7

51.0

52.0
42, 2
39.0
33.4

30.3
25.8
17.2
6.1

2.65
2.55
1.67
0.63

trcorre

5,8
7,7

10.2

15.2

5.9

5.0

(10.5)
11.5

33.8

(0.085)
5.3

17.6 &1.4(3)
24.7 w0.3(3)

26.9 %0.8(2)
27.6
39.O +0.8(4)
41.0 %2.3(4)

37.7
25.0

(31)

28.8 +2.2(3)
27.6 &1.6(2)

25.6 &1.4{2)

23.7 &0.7(2}
28.5
20.5/&0. 7 (3)
24.0 &1.0(2)

22.O ~1.3(4)
17,5
13.4 a0.8(3)
4.0 +0.06(3)

1.54+0.14(2)
1.16%0.12 (2)
0.68~0.03(2)

s, 7 w0. 1(3)
23.1f

0.66
2.12a0.03(2)
3.09+0.08 (3)
3.09a0.20(2)
5.0 +0.15(4)

5.0 &0.19(4)
3.15
2.0

(2.o)

1.10

2.56
3.5 &0.3(2)

3,4

4.0
3.0 &0.4(3)
1.60~0.04(3)
0.44~0.02(3)
0.038

(o.o8s)
5.3

17.7
25.1

28.2
27.9
39.3
43.0

37.7
25.5

(32)

30.2
30.5
39.7

46.0
37.0
33.0
24.7

24.4
19.0
14.3
4.5

2.13
1.66
0.88

acorre

0.62
2.00
2.95
3.07
4.7

4.9
2.97
1.91

(1.94)

2.56
5,07

4p
3.04
1.56
0.45
0.045

28.2

3.12
11.3 ~0.7(2)
14.7 &0.3(2)

15.6 %2.0{2)

25.0 &2.0(4)
26.5 &1.7(4)

22.5
17.8

11.4 ~2.6
11.4

r
16.7 &0.4(2)

18.4 ~0.7(2)
17.0
13.s wo. 5{3)
17.s w0. 7(3)

15.5 Wp. s(3)

8.2 ~0.5(3)
2.7 +0.4(3)

0.74
0.39
0.29
0.09
2.2 a0.15(2)

20.5g

0.38&0.02 (2)
0.57&0.09 (2)

(o.47}
0.56

0,83&0.03 (2)

(0.104)

0.47
0.72

0.57&0.10

0.64
0.61
0.30
0.05
0.0165

3.12
11.3
15.0

16.4

25.1
27.8

22.5
18.0

11.6
12.6

26.0

32,3
22.0
21.0
18.0

17.0

8.7
3.0

0.86
0.52
0.36
0.11

&corrc

0.28
0.37

0.37

0.56

0.45
0.79

0.49

0.35
0.39
0.20
0.042
0.01

Neutron
&neut

(o.16)
(o.2o)

(o.27)

0.28

(o.oss)

0.11

0.20

0.30
0.20
0.11

& Measured cross section for isotopes.
b Cross section corrected for mass chain.' Numbers in parentheses indicate the number of bombardments used to determine the value.
~ Primary yield measurement.
e~lncludes the subtraction of neutron induced background fission.
f The values at energies slightly different from this were normalized to 23.1 Mev (see text).
& Normalizations were made similar to (f).

obtained. These cross sections as well as the uncor-
rected values are tabulated in Table I. When these
corrected yields are plotted versus mass number, the

customary fission yield distribution curves are obtained
as shown in Figs. 2 to 8.

At very low energies of this study ((25 Mev), where
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FlG. 11.The relationship of the valley to peak ratio to the
excitation energy of the compound nucleus.

E. Valley to Peak Ratio

It has been shown in some models of fission that the
valley to peak ratio should be related to the excitation
energy of the compound nucleus. Good agreement is
obtained when the v/p verses 1/(E —5)II function sug-

gested by Fowler, Jones, and Phaeler4s 44 is used as is
shown in Fig. 11. Several attempts have been made to
correlate all known valley to peak ratios" ""but will

not be given here largely because so much of the re-
ported data are not of sufFicient accuracy to warrant it.
Further, it is likely that the treatment is oversimpli6ed. 4'

Studies are presently underway in our laboratory to
take into consideration other parameters such as the
bombarding particle, the Z'/A of the compound nucleus

and its quadrupole moment, and degree of de-excitation
of the compound nucleus caused by particle emission

prior to 6ssion.

F. Radius Calculations

energy and the initial cyclotron beam energy. The
difference in energy is nearly 1 Mev for 40-Mev helium
ions depending on whether the theoretical range-energy
curves of Aron, Housman, and Williams" or the data of
Bichsel, Mozley, and Aron" are used. Since the range-
energy relationships for protons were experimentally
determined by the latter, from which helium-ion ranges
can be inferred, it is believed that these new ranges are
an improvement over the older theoretical ones. A con-
siderable improvement in 6t is also noted in the data
presented here as is shown in Fig. 12.

The new range-energy relationships make suspect the
bombarding energies of much of the previous work,
especially for results obtained for bombarding energies
below the nuclear potential barrier where cross sections
are very sensitive to energy. Xo attempt has been made
as yet to recalculate previous data but it can be stated
that the new range curves would decrease the energy
values obtained when the Aron, Housman, and Williams
curves are used.

SUMMARY

1. The fission yield of U"' induced by 20- to 40-Mev
helium ions is asymmetric with the symmetric mode
increasing rapidly throughout the range. There is some
indication that there may be some "peaking" at mass
115 corresponding to symmetric 6ssion but there is no
evidence of the onset of predominantly symmetric
6ssion below 40 Mev.

2. The experimental cross section data obtained in
this study correspond to compound nucleus theory

~ 1 $
~ ~ ~ ~

$
~ ~ ~ s ~ ~ 0 I $ ~ I ~ ~

g
I ~ 0 I

IOOO:

When the 6ssion and spallation contributions to
compound nucleus cross section are added, the total
cross section appears as is shown in Fig. 12. Blatt and
Weisskopf4' and Shapiro4' have calculated theoretical
values for compound nucleus interaction assuming that
the nucleus has a well-defined spherical surface of
radius R. The curves produced from these tabulated
values are also shown in Fig. 12 for the radius param-
eters (rs) of 1.3X10 " cm and 1.5)&10 " cm, where re

is related to the radius by

g=rpA'.

The agreement with theory is dependent on the range-
energy curve used in determining the bombardment

4' Jones, Fowler, and Phaeler, Phys. Rev. 87, 174 (1952).
44 Fowler, Jones, and Phaeler, Phys. Rev. 88, 71 (1952).
"Jones, Trimmick, Phaeler, and Handley, Phys. Rev. 99,

184 (1955).
4' J. M. Blatt and V. F. Weisskopf, Theoretical Nuclear Physics

(John Wiley R Sons, Inc. , New York, 1952).
'7 M. M. Shapiro, Phys. Rev. 90, 171 (1953).
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FlG. 12. Total cross sections for compound nucleus formation
versus bombarding energy and a comparison with compound
nucleus theory.



FISSION OF O''' INDUCED BY He IONS
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KSCN-HgC12 reagent" was used to precipitate
ZnHg(SCN)4 from solution. The precipitate was dis-
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Fxo. 13. General chemistry separation scheme.

4S W. W. Meinke, Atomic Energy Commission Report AECD-
2738, 1949 (unpublished),

"C. I,. Duval, Inorganic Thermogravtmetric Analysis (Elsevier
Publishing Company, New York, 1953).

"Scott's Standard 3fethods of Chemical Analysis, edited by
N. Howell and N. H. Furman (D. Van Nostrand Company, Inc. ,
New York, 1939), fifth edition.

using a radius parameter of r0=1.5&(10 " cm when
recent experimentally obtained range-energy curves"
are used for the basis of determining the bombardment
energies.

3. As previously observed, the valley to peak ratio
can be related to the excitation energy of the compound
nucleus.

4. A smaller number of neutrons emitted per fission
is found than previously reported.
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APPENDIX

The chemistry scheme was devised so that nearly all
of the radioelements needed for the mass-yield curve
could be isolated successively from one target solution.
Publications, compilations, and works by Meinke, "
Duval, ' Howell and Furman, ' and many others proved
to be helpful in providing chemistry procedures and
precipitates suitable for this study.

A Row diagram of the general chemistry separation
scheme is shown in Fig. 13.The following is a summary
of the chemical separation method and isotope identifi-
cation for each element investigated.

solved in conc. HNO3. NH4C1 and Ga(III) carrier were
added to the solution and NH4OH added to precipitate
the Ga(OH)q. The time of this separation was noted
so that the amount of Ga~' grown in at the time of the
final separation could be determined. The Zn was next
precipitated with (NH4) 2HPO4, dissolved in dilute HCl
and precipitated again as ZnHg(SCN)4. It was then
dried and weighed to determine the chemical yield of Zn.
The precipitate was dissolved in HNO3. NH4Cl and
5 mg of Ga(III) carrier was added and the solution
was allowed to stand until the Ga" activity had grown
in. Ga(OH)3 was then precipitated, dissolved in 61V

HCl, extracted in ether, and extracted back into H20.
Ga(OH)3 was again precipitated, mounted, dried at
&410'C,"weighed, and counted for Ga" activity.

Bromime

Small portions of chlorine water were used to oxidize
the bromide in solution to free bromine, which was
then extracted with CC14. (CC14 frequently contains
impurities with unsaturated linkages. Passing Cl~ gas
into the CC14 followed by NaOH washings to remove
excess Cl2 saturates these impurities so that they do
not react with the Br~.) The Br~ was extracted back
into water containing HSO~ . The solution was then
scavenged for iodine. H2SO4 followed by the dropwise
addition of 0.1' KMn04 was used to oxidize the Br
which was then extracted first into CC14 and then back
into water containing HSO3 . After the solution was
boiled to remove excess HSQ3, AgNO3 was added to
precipitate AgBr which was then mounted, dried at
110'C, weighed, and counted for Br" activity. Special
consideration was made in the final calculations for
delay in the onset of the Br" activity because of the
Ses' (25-min) state preceding it in the decay chain. '4

Stroetilm

Strontium and barium were precipitated as the
carbonates and dissolved in HCl. The barium separation
and scavenging was made by the standard chromate
precipitation method" after which the strontium was
precipitated from a neutral solution as the oxalate. The
precipitate was washed, mounted, dried at 200'C,
weighed as SrC~O4, ' and counted for Sr", Sr", Sr",
Y", and Y" activities, the latter two growing in after
the strontium rare earth separation was made.

Zircoeilm

Phenylarsonic acid was used to precipitate Zr(IV)
from solution. This precipitate was converted to
Zr(OH)4 by the addition of conc. NaOH. The pre-
cipitate was then dissolved in 63f HC1 and Zr(IV)
finally precipitated as the mandelate. " The precipi-
tate was washed, dried at 110'C, weighed as Zr-
(CSH~CHOHCO2)4, " and counted for Zr"-Nb" and
for Zr"-Nb" activities.

"C.A. Kumins, Anal, Chem, 19, 376 (1947).
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jYuthemum4'

Metallic Ru' was precipitated from the solution
during the dissolution of the target. Care was taken
that Ru(III) carrier was present during the entire
dissolution and additional amounts of aluminum added
to reduce the Ru(111) left in solution after the dissolu-
tion of the target was complete. The metallic ruthenium
was dissolved in a basic KClO solution and transferred
to a ruthenium distillation flask. The addition of
NaBi03 and a H3PO4-HC104 mixture produced Ru04
which was distilled from the solution by gentle heating
and was collected in 6E NaOH. Ru02 xH20 formed
when 95%%uo EtOH was added and the solution heated
to 85'C. The precipitate was immediately dissolved
in HCl and the ruthenium was reduced to the metal
with aluminum. The metallic ruthenium was dried in
a small test tube, weighed, and counted in a calibrated
NaI(Tl) well-type scintillation counter for Ru"' and
Ru"' activities.

E'alladium

Palladium was reduced in the solution in the same
way as was ruthenium. Pd' is oxidized by 30%%uo H&O&,

separating it from the metallic ruthenium. Pd(II) was
then precipitated using dimethylglyoxime (DMG) which
was again dissolved in conc. HNO3. The solution was
scavenged for silver, and the PdDMG again precipi-
tated, in which form it was dried and weighed for yield
determination. The precipitate was then dissolved, Ag
carrier added, and the solution allowed to stand until
Ag"' activity had grown into secular equilibrium.

AgI was then precipitated from the solution, mounted,
dried at 110'C, weighed, and counted for the Ag"'
activity. Calculations necessitate an accurate knowledge
of the time of the final Pd-Ag separation.

Cadmium

Cd(OH)& was precipitated from a strongly basic
solution along with Sr, Ba, V, and the rare earths.
The precipitates were treated with HCl and after the
separation of the rare earths (and Y), HsS was passed
into the solution precipitating CdS. The precipitate was
dissolved in HCl and the resultant solution scavenged
with antimony by precipitating it as the sulfide from a
2M HCl solution. CdS was reprecipitated at pH=S,
dissolved in conc. HCl, placed on a column bed con-
taining Dowex 1-X anion resin, and eluted with 0.75M

H2SO4. CdS was precipitated from the fractions col-
lected and redissolved in conc. HC1. The H2S was
removed by boiling and Cd was finally precipitated as
Cd(NH4) PO4 HsO. It was then dried at 110'C, weighed,
and counted for Cd'" and Cd'" activities.

Iodiee

NaNO2 was added to the solution oxidizing the iodide
to free iodine which was first extracted into CC14 and
then back into water contains HSO3 . The cycle was
again repeated, the solution boiled to remove excess
HSO3—, and AgNO3 added to precipitate AgI. The
precipitate was placed in a small test tube, dried at
110'C, weighed, and counted in the calibrated NaI(Tl)
crystal scintillation counter. Activities due to I'" and
I"' (and their daughters) were followed, from which
cross section calculations were made.

Barium

Barium follows strontium in the chemical procedure
and was separated from it with K2CrO4. The BaCr04
was dissolved in conc. HCl to which an equal volume of
Et20 was added. The mixture was cooled in an ice-brine
bath and HC1 gas passed through the solution, pre-
cipitating BaC12 2H~O. The precipitate was dissolved
in water and BaCr04 reprecipitated. This was then
washed, mounted, dried at 110'C, weighed, and counted
for Ba 139 and Ba 140 I a 140 activities

Rare Earths aed Yttrium

These elements were separated from the solution as
the hydroxides, dissolved in HCl, and then precipitated
as the Quorides with HF. These precipitates were dis-
solved in a HNO3-H3803 mixture from which the
hydroxides were again precipitated. Upon dissolution
in dilute HC1, the rare earths and yttrium were placed
on a cation exchange column and eluted with a varying
pH lactic acid eluent. ss The addition of (NH4)sCs04 to
the fractions collected precipitated the elements as the
oxalates which were dried under a vacuum and then
mounted, weighed, and counted. The following were the
isotopes counted: Y", La'4' (for independent yield
measurements), Ce"' and Ce'4' in the scintillation
counter, Pr"', Pr"', Nd"', Sm'", Ku"', Eu'", Gd'",
and Tb161

'2 W. E. Nervik, J. Phys. Chem. 59, 690 (1955),


