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The 83.6-min isomer of 3% has been produced both by fission of uranium with medium-
energy (30—85 MeV) protons and by the reaction 13'Te(a, pn)!132, using tellurium enriched
in mass 130. The isomeric transition is by a 98-keV vy ray (86%), the remainder decaying
by B~ emission to levels in 132%e. Three new levels, viz. 2650.1+0.9, 2829.1+0.9, and
2960.1+1.2 keV in 132Xe have been found. A decay scheme for !32I™ is presented.

RADIOACTIVITY ¥2I™; produced in medium-energy proton fission 233U and re-
action ¥Te(a ,pn), measured T,,, IT, 132Xe deduced levels, decay scheme 132ym

I. INTRODUCTION

Isomerism has been found in the following odd-
odd isotopes of iodine: 3°I (9.2 min),'*? 1341 (3.56
min),®~® and '3°] (48, 83, and 100 sec).t=® 301"
was produced by the reaction *°I(n, y)®2°1™. 341"
is not produced from the decay of its precursor,
34Te (42 min), but has been produced independent-
ly in the thermal-neutron fission of uranium. No
such isomer had been found for '*?I in thermal-
neutron fission, since at these energies, Z,, the
most probable nuclear charge formed in fission,
would be far® removed from that of '3%I and the
independent yield of this nuclide would be very
low. This is not true at higher energies since,
with increasing bombarding energy, Z, moves'®
towards Z,, the most stable nuclear charge for
mass A. The discovery and preliminary data
about the decay of **I", prepared initially in the
bombardment of uranium with protons of energies
30-85 MeV and verified by the reaction *°Te-

(a, pn), have been briefly described previously."
The present paper describes the above work in
detail and further work to characterize the decay
of this isomer.

The decay of the 2.29-h ground state of '*’I
has been extensively studied by many workers,
as has been the level structure in '**Xe, produced
by a variety of nuclear reactions,?°~?* and from
the radioactive decay® of '*2Cs. In all of these
investigations, where a source of '*2I had been
used, this had been prepared from an equilibrated
132pe-132] source. No ¥2I™ would have been present,
since the expected high-spin *2I™ would not have
been produced in the decay of '**Te.

12=19

II. EXPERIMENTAL PROCEDURES

A. Bombardments and preparation of sources

The sources of *?I" employed in this work were
initially prepared by proton bombardments of
natural uranium foils followed by radiochemical
purification of iodine activities from the fission
products. The internal circulating beam of the
McGill synchrocyclotron was employed with
protons ranging in energy between 30 and 85 MeV
for various experiments.

Additional experiments were carried out with
132[™ sources prepared from 26- and 46-MeV a-
particle bombardments of enriched *°Te (99.49%)
with the Washington University, St. Louis, and
Brookhaven National Laboratory cyclotrons,
respectively, to produce the *°Te(a, pn)'*?I reac-
tion.

In the first set of experiments the uranium metal
foil was dissolved in concentrated HC1 (containing
a few drops of concentrated HNO,), 10-20-mg
iodide carrier were added, the solution was made
alkaline by addition of 2 M Na,CO,, the iodine was
oxidized to periodate by 1-ml 5% NaOCI solution,
and then reduced to the zero oxidation state with
1M NH,OH -HC1 acid solution. The elementary
iodine was extracted with CCl,, reduced, and ex-
tracted into aqueous solution with a few drops
of 1 M NaHSO, solution. The iodide was oxidized
into CCl,, reduced, and reextracted into water.
The oxidation-reduction cycles were repeated
several times until a y spectrum showed only
peaks which could be attributed to iodine isotopes
or their xenon decay products. The sample was
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10 IDENTIFICATION AND DECAY CHARACTERISTICS OF !32[™ 1173

finally precipitated as Agl for y or y-y coincidence
measurements.

In the second set of experiments UQO,(NO,), - 6H20
was irradiated under conditions similar to those
described previously. No iodine carrier was
added, since these samples were intended for x-
ray measurements and it was desired to minimize
the fluorescent x rays which would have been pro-
duced from the inactive iodine. The uranyl nitrate
was dissolved in water, made 0.5 N with respect
to HNO,, and the iodine separated using hetero-
geneous exchange®'?” on to AgBr.

In the third set of experiments, sources were
prepared via the *°Te(a, pn)'**I reaction for g-y
or y-y coincidence measurements with less than
1-mg iodine carrier to minimize 8~ absorption
in the source. The source was wrapped in a thin
(0.006 mm) Mylar foil.

In the fourth set of experiments sources were
prepared via the (a, pn) reaction for measurement
of conversion electrons by electrodeposition of
iodine on a silver foil from a solution which con-
tained 20-ug iodine carrier.

B. Detection equipment and methods of measurements

The y- and x-ray spectra were obtained with
30- and 0.4-cm® Ge(Li) detectors, respectively,
which fed into a 4096-channel pulse-height ana-
lyzer. The full width at half-maximum resolution
of the two detectors was 2.8 and 0.500 keV,
respectively, at 1.33 MeV and 122 keV. Several

spectra were also taken with the Washington
University Compton suppression spectrometer.?®
In these experiments a 45-cm® Ge(Li) detector
(resolution 2.0 keV at 1.33 MeV) was used. The
source was positioned about 30 cm from the
detector which was well shielded with lead.

For the y-y coincidence measurements a 30-
cm?® Ge(Li) detector (resolution 3.1 keV at 1.33
MeV) was used with the 45-cm® detector men-
tioned above. The two detectors were placed
at 120° to each other. In order to minimize
“cross talk” the source was placed between two
5-mm Pb plates with a hole ~8-mm diam in the
center. The resolving time of the instrument
was 150 ns. Coincidence events were recorded
on magnetic tape using the buffer tape capability
of the 4096-channel pulse-height analyzer which
was interfaced with a PDP-8/L on-line computer.

The x-y and y-low-energy y coincidences were
measured with Ge(Li)-Ge(Li), or Ge(Li)-Si(Li)
combinations involving two Ge(Li) detectors of
30- and 0.4-cm?® active volume, or a Ge(Li) and
a Si(Li) detector of 45- and 0.030-cm?® active
volume with resolution of 3.0 and 0.5 keV at 1.33
MeV and 122 keV, or 2.0 and 0.17 keV at 1.33
MeV and 5.9 keV, respectively.

Conversion electrons were detected by a Si(Li)
detector with 100-mm? active area and 500-pum
depletion depth. In vacuo at liquid N, temperatures
with 200 V of bias applied, this detector had a
resolution of 4.0 keV at 100 keV. For g~ -particle
measurement a 5.1-cm X 2.6-cm plastic scin-
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FIG. 1. y-ray spectrum of purified iodine sample obtained from fission of uranium. The spectrum shown was ob-

tained 18 min after chemical separation from tellurium precursors and 31 min after the end of irradiation.

The ener-

gies are given in keV and the peaks labeled by 1, 2, 2M, and 3—6 are associated with the decay of iodine isotopes with

mass numbers 131, 132, 132M, and 133-136, respectively.

(See Table I for peak numbers and energies).
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TABLE I. The peak numbers and energies for iodine
isotopes shown in Fig. 1. The peaks labeled by 1, 2,
2M, and 3—6 are associated with the decay of iodine
isotopes with mass numbers 131, 132, 132M, and
133-136, respectively.
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tillator (Pilot B), coupled to a 5.1-cm photo-
multiplier tube was used.

C. Analysis of data

The area of each full-energy peak was calculated
Peak Energy Iodine Peak Energy Iodine by subtracting a straight-line background from the
No. (keV) isotope No. (keV)  isotope total peak area. A third-degree polynomial func-
1 98.1 oM 25 629.3 419 tion was used as an energy calibration curve.
2 136.0 4 26 667.2 2+6 The decay curv;egs were analyzed by the CLSQ
3 139.0 4 27  676.7 4 computer code.
4 174.4 2M 28 727.0 2 The intensity of the B~ branching directly from
5 187.8 4 29 729.9 4 the isomer will affect the shape of the decay curves,
6 2350 4 30 738.7 6 the full-energy peaks (FEP) having contributions
T 272.0 4M 31 766.7  4+3 both from the decay of the isomer and the ground
8 404.7 1+4 32 772.1 2 . .
9 4171 4 33 846.3 4 state. The contribution of the two components
10 4326 4 34 856.6  4+3 to a FEP is given by
11 442.2 8 35 883.3 4 Y N
12 4885 4 36 947.1 4 A, = <A2 +K_:—T Af’,,F) Bye et
13 504.0 2 37  953.8 2 moE
14 513.7 4 38 973.7 4 A 0 ox_t
15 522.2 2 39 1035.0 2 +(A=F)Bp =~ F B |Aye™"n"
16 526.0 5 40 1038.8 4 moe
17 529.3 3 41  1071.8 4 (1)
18 5355 6 42 11304 4 ) » )
19 540.1 4 43  1135.5 9 where A, is the activity at time ¢ from any ¥
20 545.8 2 44  1259.9 5 ray fed by both metastable and ground states;
21 594.7 4 45 1398.2 2 A? is the activity at ¢=0 from *?If decay; A is
22 599.5 2M 46  Pulser is the activity at £=0 from **I" decay; X,, A,
;Z zé‘:-g zM 47 14578 4 are the decay constants of 3FF and 3%I™, respec-
: *+2 tively; B, is the fraction of 32 decaying by this
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FIG. 2. Compton-suppressed y-ray spectrum of 32I produced by the reaction *°Te(a,p 7)!*’I with 26-MeV « particles.

The peaks are labeled as in Fig. 1.
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FIG. 3. Decay curves of 98-, 175-, and 600-keV y rays produced in the reaction 3%Te(a,pn)!32I™ by 46-MeV o
particles. In addition decay curves of the 773~ and 954-keV y rays from levels fed by both 32I1™ and '321¢ are shown.

particular y ray; B, is the fraction of 32[™
decaying by this particular y ray; and F is the
fraction of *I™ decaying by isomeric transition
(IT).

III. RESULTS

In Fig. 1 is shown a typical y-ray spectrum
(taken 31 min after the end of the irradiation and
18 min after chemical separation) of a purified
iodine sample obtained from the fission of uranium
The peaks are all attributable to isotopes of iodine
ranging in mass from *°[ to '*°I and are so
identified in the diagram. From such spectra
the following y rays, 98.0+1.0, 175.0+0.5, and
599.8 +0.4 keV were found to decay with a half-
life of average value of 84 min and have been
assigned to the decay of *?I™. Additional y rays
at 310.0+0.8, 610.0+0.8, and 614.0+0.8 keV,
decaying with the same half-life were found from
purified iodine samples obtained via the *°Te-

(o, pn)3%1 reaction. In Fig. 2 is shown a typical
Compton-suppressed spectrum obtained from
samples prepared via the (a, pn) reaction.

The y rays at 98.0, 175.0, and 599.8 keV were
observed to decay simply with an average 84-min
half-life as shown in Fig. 3. Evidence that ‘31"
undergoes B~ decay in addition to isomeric transi-
tion is derived from the fact that y rays at 147.2,
522.6, 621.0, 650.5, 667.7, 772.6, 954.6, and
1136.0 keV known from the decay of *’I¥ were

32.3 keV ‘
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FIG. 4. Spectrum of the conversion electrons from the
98-keV isomeric transition. The 32.3-keV peak is due

to iodine x ray.
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observed in this work to exhibit decay curves with
84-min and 2.29-h half-periods. Examples of the
resolution of such composite curves are shown

in Fig. 3 for the 772.6- and 954.6-keV y rays.

The 98.0-keV y ray, decaying with a pure 86-min
half-life, was found not to be in coincidence with
any other y ray, nor does it fit as a possible tran-
sition between any of the known'® levels in *2Xe,
the closest in energy being 99.1 keV (3058.2
—-2959.1), and thus has been assigned to the iso-
meric transition. The multipolarity of this iso-
meric transition was deduced from measurements
of the a,/(ay +ay) ratio which for the 98.0-keV
transition was found to be 0.45+0.05, very close
to 0.495 which is the theoretical value® for an
E3 transition [for this transition energy Z, no
other multipolarity has a value of a,(ap+ay)<1,
except £4 =0.141 which, in addition to being far
removed from the experimentally deduced value,
can be ruled out from lifetime arguments]. The
low-energy portion of a conversion electron spec-
trum is shown in Fig. 4 where the K and L+M
lines from the 98.0-keV transition are seen.

M. DIKSIC, L. YAFFE, AND D. G. SARANTITES
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Additional definitive evidence for the existence
of an isomeric transition in iodine samples with
an 84-min half-life is obtained from the decay of
the iodine x rays recorded with a low-energy pho-
ton spectrometer. A typical spectrum of the x
rays from an iodine sample from the *°Te(q, pn)
reaction is shown in Fig. 5. The decay of the
characteristic iodine x rays from a sample of
fissioned uranium exhibited components of 3.8m,
9m, and 86m, attributed to **I™, '3°I™ and '%I™,
respectively. The decay of the iodine x rays from
the *°Te(a, pn) reaction exhibited, as expected,
only one component with a half-life between 82.6
and 86.0 min. The half-life obtained by x-ray
measurements was usually slightly longer than
that obtained by y-ray measurements. This was
shown in the following way to be due to fluorescent
X rays obtained from inactive iodine impurities
in the AgBr used in the heterogeneous exchange
separations. Addition of small amounts of inactive
carrier iodide (20 pug—200 ug) to the AgBr showed
an increasing half-life because of the small non-
decaying background thus created.
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FIG. 5. X-ray spectra obtained from a purified iodine sample obtained from the reaction **Te(a,pn)*?I produced by

26-MeV a particles.
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TABLE II. Energy and intensity of the y rays asso-
ciated with the decay of 1321™,

TABLE III, Summary of the y-vy coincidence relation-
ships established in this work.

Measured Measured?® Transition? P Transition

Y-ray energy y-ray intensities between levels
(keV) intensity (%) keV)
98.0£1.0  28.8+0.7 86 £2 Isomeric

transition
175.0+0.5 63 =4 10.4 +0.7 2215.1—+2040.1
310.0+0.8 4.6+0.9 0.63+0.12 2960.1—2650.1
599.8+0.4 100 =5 13.2 0.6 2040.1—1440.1
610.0+0.8 10.5+1.5 1.4 +0.2 2650.1—2040.1
614.0+0.8 18 5 2.4 0.7 2829.1—-2215.1

2 Limits are for weighted averages (~36).

b Corrected for internal conversion; 175.0 v, assumed
E2 (@7 =0.257), and 310.0 v, assumed E2 or M1 (ap
=0.038).

The value of F, the fraction of '*I™ decaying by
isomeric transition was calculated from Eq. (1)
using the relative intensities of pairs of y rays,
such as 600, 668 keV, 600, 773 keV, 175, 668 keV,
and 175, 773 keV, that involve one y ray fed only
by B decay of the isomer and one fed by the isomer
via the ground state. The branching fractions
B, and B, for these y rays are known either from
the decay™® of 3I¥ or from the present decay
scheme as discussed below. From this analysis
the value of 0.86 +0.02 for the fraction of isomeric
transition was obtained. In turn, from this in-
formation and the intensity of the observed 98-keV
y ray, an experimental value of 21.8+1.4 for a5,
the total conversion coefficient for the 98-keV
isomeric transition, was obtained. This is in
excellent agreement with the theoretical value®®
of 22.3 for an E3 transition.

The best values for the half-lives of the isomers
of iodine, obtained by CLSQ?° analysis of the y-ray
data, are 8.9+0.2 min, 83.6+1.7 min, and 3.8
+0.1 min for B°1™, 32I™ and *4I™, respectively.

The energies and intensities of the y rays as-
sociated with the decay of *?I™ are summarized in
the first two columns of Table II and are reported
relative to the 599.8-keV vy ray taken as 100.

The -y coincidence relationships were estab-
lished from a two-parameter experiment and are
summarized in Table III.

The B-y coincidence measurements have shown
two groups of B particles in coincidence with 175-
and 600-keV y rays. The Fermi-Kurie plots are
shown in Fig. 6, where E and € are the kinetic
energy of the electron and the total electron energy,
respectively, in units of mc?, 7 is the electron
momentum in units of mc?, and f(z, n) is the Fermi
function.®! Analysis of the Fermi-Kurie plots gave
the following maximum B~ energies: 147010
and 840 +40 keV in coincidence with the 175-keV

Gate on
EY Y rays observed in coincidence
keV) (keV)
98 None 2
175 600,614,668, 773
600 175,310,610,614,668, 773
772 175,523, P 600, 668,727, 955

2 No other y ray or iodine K x rays were observed in
coincidence with this vy ray.

b Known to be strongly fed in 32I¢ decay and to be in
coincidence with both 668 and 772 y rays; Ref. 19.

v ray, and 1450+ 30 and 730 +50 keV in coincidence
with the 600-keV ¥ ray. The intensities (percentage
of decay of ®2I™) of the B~ groups were calculated
from the y-ray intensities of Table II and are shown
in Fig. 7.

The Fermi-Kurie plots have been resolved into
their components by use of a linear least-squares
computer code, in which each point has been
weighted with its error.

Finally, a separation of iodine from fission-
produced tellurium showed only 2.3-h 32I¢ pro-
duced from the 77-h *2Te,

IV. CONSTRUCTION OF THE DECAY SCHEME FOR "I

The 98-keV y ray has been shown to have a
multipolarity of E3. The ground state of '*’I has'®
J ™=4%. In all probability J ™ of *?I™ is 8, ana-
logous to **I™ and 3*Cs™. The transition 8~ -4*
is M4, not E3 and thus another state (probably 5*)
must exist as an intermediate in the deexcitation
to the ground state, again analogous® to **I™. A
search of iodine K x rays in coincidence with the
98-keV y ray gave negative results and this estab-
lishes the possible 5* state below the K binding
energy, i.e., < 32.9+0.6 keV. This is consistent
with the value of 120 keV for the energy of the
isomer deduced from the present values for the
end-point energies of the 8 groups, which give
Qp-=3680x15 keV for the decay of the isomer,
and the value!®+32 of 3560+ 15 keV for the decay
of B3%1¢,

A decay scheme incorporating all the informa-
tion from the present work is shown in Fig. 7. Of
the five y rays at 175.0, 310.0, 599.8, 610.0, and
614.0 keV that result from the *?I™ decay, the
599.8-keV y ray is the most intense and it was
observed in coincidence with the 667.7- and 772.6-
keV y rays. This confirms the level®®:2! at
2040.1 keV.

The 175.0-keV y ray was observed in coincidence
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with the 599.8- and 614.0-keV y rays and since it
is more intense than the 614.0-keV y ray it must
populate the 2040.1-keV level. This confirms
levels®°+ 2! at 2215.1 and 2829.1 keV.

The 310.0- and 610.0-keV y rays were observed
in coincidence with the 599.8 keV, but not with the
175.0-keV ¥ ray. This would suggest the presence
of two levels either at 2350.1 and 2650.1 keV or at
2650.1 and 2960.1 keV. (The 2350.67-keV level®®
decays differently from the possible level at
2350.1 keV considered here.) The two y rays at
310.0 and 610.0 keV were too weak to be detected
in coincidence with each other. The fact that the
Fermi-Kurie plot of the 8~ groups coincident
with the 599.8-keV y ray shows two end points at
1450 and 730 keV supports the latter alternative.
Thus the assignment of two new levels at 2650.1
and 2960.1 keV is preferred, with the 310.0- and
610.0-keV y rays placed in cascade.

On the basis of this decay scheme the percent
populations of the levels in '*?Xe from the %™
decay were obtained from the transition intensities

Gate on 600 keV
@ Y=10.10- 0.00696 Eg
@ Y=18.31- 0.0252 Eg

Gate on 175 keV 4
@ Y=19.6 - 0.0133 Eg
@ Y=31.5-0.0375 Ep 4

Es,max
4

i it L I\ 1 A i
200 400 600 800 1000 1200 1400 1600
E (keV)

FIG. 6. Fermi-Kurie plots of electrons in coincidence
with 175- and 600-keV vy rays.

of Table III. Values of logft were computed from
the B~ -group energies and intensities given in

Fig. 7 using the tables of Ref. 33. Allowed 8~
transitions were assumed to all levels except to
the 2040.1-keV level, for which a second-forbidden
unique character was assumed, but a correction
for a first-forbidden unique shape was included

in the calculation of the quoted f¢ value. The logft
values obtained are listed in Fig. 7. The g~ -group
energies in Fig. 7 are based on the value of @g-
=3680 + 15 keV obtained in this work, and the

level energies are established from the y-ray
energies.

V. ASSIGNMENT OF J™ VALUES AND DISCUSSION

The levels at 2040.1 and 2215.1 keV in ¥?Xe
have been well characterized as 5~ and 7~ from the
in-beam *°Te(a, 2ny) spectroscopic studies.?0+2!+34
The strong 8~ branch to the (77) 2215.1-keV level
and the lack of decay to the (57) 2040.1-keV level
is consistent with the J " of 8~ for **I™. The
log ft values of 7.0, 7.4, 6.6, and 6.9 for the
2215.1-, 2650.1-, 2829.1-, and 2960.1-keV levels
are consistent with allowed transitions in this re-
gion. Since the 2650.1-keV level was observed
in this work to decay exclusively to the 5~ level
at 2040.1 keV, its J " value can be limited to 7-.
Only broad limits of (7, 8,9)” can be placed for
the 2829.1- and 2960.1-keV levels. The 2050.1-

o Qp = 3680 115 kev
() & IT:86% 836 min
G N\M%Rp
_e_/,?I—‘— 2.285h =
53779 83
S< 3
N~ i
EglkeV) lg(%) logft 3 P k;‘C‘
720 063 69 WZ8SS & F < 296021
850 24 66 78T T - 373 2829
- - AN g
1030 o8 74 N7 © 2.3 2650;
TO o
oz
es 80 70 \ = E 22151
- rcn PN et
>89 ) LUy 2040
\ o
i ©
. N
4 ™ 144C. 3

667.7

132
54 Xe 78
FIG. 7. Proposed scheme for the decay of 83.6-min
1321m  The energies are given in keV and in parentheses

the transition intensities are given for 100 decays of the
1321 m
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and 2829.1-keV levels have not been reported®®

to be populated in the °Te(a, 2ny) reaction
studies,?°*2! although the 10* 8.4-ms 2752.8-keV
state appears to be populated with reasonable cross
section. In the singles spectrum shown in Fig. 1
of Ref. 34 two weak y peaks are visible in approxi-
mately the energies of 610 and 614 keV. Further-
more, the unassigned y ray at 312.5 keV could
conceivably be the 310.0 +0.8-keV y ray observed
in this work. The angular correlation® for the
312.5-keV vy ray is consistent only with a dipole
transition and this would be in agreement with the
J" assignments for the 2650.1- and 2960.1-keV
levels as 7~ and (7, 8, 9)~, respectively.

The configuration of the ground statz (J " =4%)
of ¥?I¢ involves the coupling of the odd 53rd
proton and a single neutron, similar to the con-
figuration in ®4I¢ and '3*Csf. The J" =4" state
could result from (7 g,/,vd;/,),+, (ndg/,vd),),*,
or (mg,/,VS,/,)s+ coupling. The spin of 3“Cs,

J " =4% arises from the coupling of a g/, proton
and a d,/, neutron with, in the case of the proton,

a possible d,;, admixture.®®> The first excited
state, J"=5%, in *¥I* and *Cs % has a configura-
tion (mg,/,vd,/,)s+. The J"=8" isomer in these
nuclei can be constructed either as a (1g,/,vh,,/,)e-
or (mdy,,vh,,/,)- state.

Since analogous 8~ isomers occur in S?[™, 13¢[™
and ®%Cs, it is of some interest to compare the
B(E3) values for these isomeric transitions. Using
the expressions given by Skorka, Hertel, and
Retz-Schmidt®” for the single-proton estimates
in Weisskopf units (W.u.), the B(E3) values were
found to be 2.1x 1074, 7.5x 1075 5.3x 1075 W.u.,

for the IT in 2™, 3*I™ and "**Cs, respectively.
The theoretical values®® for a, of 21.6, 1.223, and
6.90, respectively, were used in these calcula-
tions. It is seen that B(E3) for the IT in ¥%I™ is
2.8 times larger than that in **I™. It has been
suggested* that a small admixture of the (ng,,,-
vh,,/,)e- configuration in the wave function for
the 8~ state is indicated or required to account
for the observed B(E3) values. A similar situa-
tion is also applicable to the *?I™ case.

It is interesting to note, as pointed out by Kerek
et al., that the quasirotational band structure
of the even Xe isotopes ceases to exist in ¥2Xe.
It was thus proposed®* that the 7~ state in '*2Xe
at 2215.1 keV has an (vh,,/,vd,;,),- neutron con-
figuration. The observed logft value of 7.0 for
the decay of the 8~ isomer to this 7~ level is the
same in the decay **I™ and it is not unusual for
allowed transitions in this region.

ACKNOWLEDGMENTS

The authors are grateful to Dr. G. Friedlander,
Dr. Y. Y. Chu, and Miss E. M. Franz for making
it possible to obtain irradiations in the Brookhaven
National Laboratory cyclotron, and for useful
discussions. The excellent cooperation of Dr.

S. K. T. Mark, Director, Foster Radiation Lab-
oratory, McGill University and of the cyclotron
staff at Washington University is gratefuuly ac-
knowledged. Thanks are due to Dr. E. S. Macias,
Washington University, and Dr. M. Fowler,
McGill University for their help in one phase of
this work and for useful discussions.

T This work received financial support from the National
Council of Canada and the U. S. Atomic Energy Com-
mission,

*On leave from Institute R. Boskovic, Zagreb, Yugo-
slavia.

fWork supported in part by the U. S. Atomic Energy
Commission under Contracts Nos. AT(11-1)-1530 and
AT(11-1)-1760.

ID. D. Wilkey and J. E. Willard, J. Chem. Phys. 44, 970
(1966).

’C. E. Bemis, Jr., J. F. Emery, and N. K. Aras, Oak
Ridge National Laboratory Report No. ORNL 3994,
1966 (unpublished), p. 17.

SH. N. Erten, C. D. Coryell, and W. B. Walters, Bull.
Am. Phys. Soc. 14, 1225 (1969).

4C. D. Coryell, H. N. Erten, P. K. Hopke, W. B, Walters,
R. Dams, and H. C. Griffin, Nucl. Phys. A179, 689
(1972).

SE. Achterberg, E. Y. de Aisenberg, F. C. Iglesias,

A. E. Jech, J. A. Moragues, D. Otero, M. L. Pérez,
A. N. Proto, J. J. Rossi, W. Scheuer, and J. F. Suarez,
Phys. Rev. C 4, 188 (1971).

A. Lundén and A. Siivola, Ann. Acad. Sci. Fenn. VIA,
287 (1968).

L. C. Carraz, J. Blachot, E, Monnand, and A, Moussa,
Nucl. Phys. A158, 403 (1970).

8H. N. Erten, C.D. Coryell, and W. B. Walters, J.
Inorg. Nucl. Chem. 33, 4005 (1971).

%A. C. Wahl, A. E. Norris, R. A. Rouse, and J. C. Wil-
liams, in Proceedings of the Second International
Atomic Energy Symposium on Physics and Chemistry
of Fission, Vienna, Austria, 1969 (International Atomic
Energy Agency, Vienna, 1969), paper No. SM-122/1186,
p. 813.

105ee for example, L. Yaffe, in Proceedings of the
Second International Atomic Energy Symposium on
Physics and Chemistry of Fission (see Ref. 9), paper
No. IAEA-SM-122/3, p. 709.

1M, DikSié and L. Yaffe, Inorg. Nucl. Chem. Lett. 9,
1057 (1973).

2H, L. Finston and W. Bernstein, Phys. Rev. 96, 71
(1954).

3H, G. Devare, Nucl. Phys. 28, 148 (1961).

1R, L. Robinson, E. Eichler, and N, R. Johnson, Phys.



1180 M. DIKSIC, L. YAFFE,

Rev. 122, 1863 (1961).

154, W. Boyd and J. H. Hamilton, Nucl. Phys. 72, 604
(1965); N. R. Johnson, K. Wilsky, P. G. Hansen, and
H. L. Nielsen, ¢bid. 72, 617 (1965); J. H. Hamilton,
H. W. Boyd, and N. R. Johnson, ibid. 72, 625 (1965).

16R, Henck, L. Stab, P. Siffert, and A. Coche, Nucl.
Phys. A93, 597 (1967); R. Henck and A, Gizon, C. R.
Acad. Sci. (Paris) 269B, 337 (1969).

17G. Ardisson, C. R. Acad. Sci. (Paris) 264C, 1999
(1967); C. Ythier, G. Ardisson, and M. Lefort, ibid.
264B, 84 (1967); G. Ardisson, J. Dalmasso, and
C. Ythier, ibid. 268B, 96 (1969); B. Weiss, ibid. 273B,
639 (1971).

I8, K. Carter, J. H. Hamilton, J. C. Manthuruthil, S. R.
Amtey, J. J. Pinajian, and E. F. Zganjar, Phys. Rev.
C 1, 649 (1970); J. H. Hamilton, H. K. Carter, and
J. J. Pinajian, ibid. 1, 661 (1970).

N. C. singhal, J. H. Hamilton, A. V. Ramayya, and
J. J. Pinajian, Rev. Phys. Appl. 8, 221 (1973).

201, Bergstrom, C. J. Herrlander, A. Kerek, and
A. Luukko, Nucl. Phys. A123, 99 (1969).

1Y, F. Brinckmann, C. Heiser, and W. D. Fromm,
Nucl. Phys. A96, 318 (1967).

2W. Gelletly, W. R. Kane, and D. R. MacKenzie, Phys.
Rev. C 3, 1678 (1971).

L. V. Groshev, L. I. Govor, A. M, Demidov, and A. S.
Rakhimov, Yad. Fiz. 13, 1129 (1971) [transl.: Sov. J.
Nucl. Phys. 13, 647 (1971)].

24K, S. Krane, C. E. Olsen, and W, A. Steyert, Phys.
Rev. C 5, 1671 (1972).

%Y, K, Carter, J. H. Hamilton, and J. J. Pinajian, Nucl.

AND D. G. SARANTITES 10

Phys. A115, 417 (1968).

267, Fiedler, D. Grossman, G. Herrmann, W. Kiefer,

H. Mundschenk, and D. Schmidt, Angew. Chem. 75,
1130 (1963).

27W. Eckhardt, G. Herrmann, and H. D. Schussler, Z.
Anal, Chem. 226, 71 (1967).

28M, E. Phelps, D. G. Sarantites, and W. G. Winn, Nucl.
Phys. A149, 647 (1970).

293, B. Cumming, Application of Computers to Nuclear
and Radiochemistry (National Academy of Sciences,
National Research Council Nuclear Science Series No.
NAS-NS 3107, 1962), p. 25.

3R, S. Hager and E. C. Seltzer, Nucl. Data A4, 8385
(1968).

31U, Fano, Tables for Analysis of Beta Spectra (National
Bureau of Standards Applied Mathematics Series Vol.
13, 1952).

32C, M. Lederer, J. M. Hollander, and I. Perlman,
Table of Isotopes (Wiley, New York, 1967), 6th ed.

3N, B. Gove and M. J. Martin, Nucl. Data A10, 205
(1971).

34A. Kerek, A. Luukko, M. Grecescu, and J. Sztarkier,
Nucl. Phys. A172, 603 (1971).

%M. H. Brennan and A. M. Bernstein, Phys. Rev. 120,
927 (1960).

36H, Drost, W. Weiss, and G. Weyer, in Angular Corre-
lation in Nuclear Disintegrations, edited by H. van
Krugten and R. van Nooijen (Rotterdam U. P., Gronin-
gen, Walter-Noordhoff, 1971), p. 549.

37S. J. Skorka, J. Hertel, and T. W. Retz-Schmidt, Nucl.
Data A2, 347 (1966).



