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The 14-day Sn''’” activity has been found to consist of two transitions: 159 kev of multipole order 5,

and 162 kev of multipole order 2.

An activity ~250-day half-life has been assigned to Sn!'*» and a transition of 69 kev, multipole order 5,

has been observed.

I. INTRODUCTION

ECAUSE of the large number of stable tin isotopes,
and their low neutron capture cross sections, the
activities from radioactive tin isotopes cannot be deter-
mined readily. Reference to the table of Seaborg and
Perlman! shows only two tin activities of class 4
assignment, namely, 100-day (K, e, ¥)Sn!® and 28-hour
(B7)Sn'?. In a survey using separated isotopes, Lee and
Pool? identified the following activities: 28-hour (8-)-
Sn®2, 40 min. (8-, v)Sn'®, 130-day (8~)Sn'®, 10 min.
(87)Sn'?, and 10 day (87)Sn'%. Duffield and Langer®
who also used separated isotopes have investigated
further the 40-min. (8—, v)Sn'* and 10-min. (8—, v)Sn'?
activities. The present paper is concerned with the
activities of Sn""’” and Sn'*” produced from Sn!'¢ and
Sn!® by neutron capture.

II. EXPERIMENTAL DATA

Four tin samples, enriched in Sn!'¢, Sn'8 Sn'%°, and
Sn'2 were bombarded in the Oak Ridge pile for a
period of one month. The compositions of the sources
before bombardment are given in Table I. Following
bombardment the activities were investigated prin-
cipally by photographic and counter spectrometers.

Snll7m

An isomeric activity of 1441 day has been assigned*
to Sn'm. This activity was previously! attributed to
Sn!*”_ Aluminum absorption showed the presence of a
nearly monochromatic group of electrons of approxi-
mately 130 kev. An exposure in a spectrograph showed
electron conversion lines corresponding to two vy-ray
transitions of 15941 and 16241 kev. Table II shows
the energies and relative intensities of these lines.
Intensities of the lines were determined photometrically
and over a period of one month it was found that all

* Now at Brookhaven National Laboratory, Long Island, New
York.
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ONR and AEC.
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lines had the same decay rates to within about 10
percent.

The higher relative intensities of the 159 kev transi-
tion lines, together with their lower Ng/Ny ratio,
indicate that this transition is of higher multipole order
than the 162-kev transition,and is most likely associated
with the 14-day decay of the Sn''’™ isomer. An analysis
of the experimental and theoretical values is given in
Table III. The experimental Nx/Np value for the 159
kev transition lies between the available theoretical
values for 2* magnetic and 2° electric transitions.

Assuming that the 159-kev transition is followed only
by the 162-kev transition, and also that the 159-kev
transition is practically 100 percent internally con-
verted, we can obtain immediately the K-conversion
coefficient of the 162-kev transition. The experimental
value of Nk/N, indicates that this transition is 2!
magnetic.

Experiments by R. Stump, of this laboratory, have
shown the existence of e~ —7v(~160 kev) and X —~-
(~160 kev) coincidences which confirm the double
transition process assumed above. An upper limit of

TasLE 1. Composition of tin sources.?

Stable “116" 118" ‘120" ‘122"

isotope sample sample sample sample
112 <0.1% 0.2% 1.19% <0.2%
114 <0.1 <0.1 0.2 <0.2
115 <0.1 <0.1 <0.1 <0.2
116 4.5 1.1 0.4 6.3
117 8.0 2.0 1.1 5.0
118 3.0 91.8 0.8 10.5
119 7.4 2.2 1.3 6.2
120 29 2.2 95.4 19.2
122 3.7 0.3 0.2 45.8
124 0.4 0.3 0.3 71

a The enriched isotopes used in this investigation were supplied by the
Isotopes Division, Carbide and Carbon Chemical Corp., Y-12 Plant, Oak
Ridge, Tennessee, and obtained on allocation from the U.S. Atomic Energy
Commission.

TaABLE II. Conversion electron lines of Sn!'7m,

Energy (kev) Relative Intensity Assignment

13021 60 159—K
13311 10 162—K
15541 27 150—L

162—L
15841 4 {1 oL
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TasLE III. Comparison of experimental and theoretical results.

Lifetime
y-energy Experiment Theoretical® Ng/NL NK/Ny

Isomer (kev) (sec.) sec.) Experiment Theoretical Experiment Theoretical
Snit7m 15941 1.3X10¢ 1X10¢ (I=4) 2.24+04 41 24 mag.b 25.8 24 mag.d
8% 108 (I=5) 0.7 25 elec.e 23.3 25 elec.d
162+1 4X107° (I=2) 11.8 2! mag.b 0.10+0.03 0.13 2!'mag.d
6.5 22 elec.e 0.04 2!elec.d
0.23 22 elec.d
Splm 6942 2.2X107 9.0X10% 2¢ mag. 1.5+0.5 1.5 24 mag.b 2600 2¢mag.®
5.7X107 25 elec. 0.015 25 elec.® 1200 25 elec.e

a Theoretical lifetimes derived from the formula: 7y =3(1)2/p%-(137/W)2+1-(h/mc?), t—or{z‘elec.

Ty /(L+Ne/NY).

2171 mag.’ and the above tabulated values are equal to:

b Obtained from N. Tralli and I. S. Lowen, Phys. Rev. 76, 1541 (1949). Curves apply to Z =35.

¢ Calculated from M. H. Hebb and E. Nelson, Phys. Rev. 58, 486 (1940).

d Obtained from M. E. Rose and others, “Tables of K-Shell Conversion Coefficients,” Phys. Rev. 76, 1883 (1949).
e Calculated from S. D. Drell, Phys. Rev. 75, 132 (1949) and M. H. Hebb and E. Nelson, reference c.

10—% sec. was tentatively set for the lifetime of the
intermediate state.

The proposed decay scheme for Sn'*’” is shown in
Fig. 1.

of a 69+ 2-kev transition. A search was then made in a
counter spectrometer and the existence of these lines
was confirmed, as is shown in Fig. 3.

Owing to the low energy and low intensity of the
conversion lines, an accurate value of Nx/N for this
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F16. 3. Electron conversion lines from Sn!!m,
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transition was difficult to obtain. After correcting for
the p-values of the lines® and for absorption in the 0.5
mg/cm? Nylon window of the counter,® a value of
Nk/Np=1540.5 was obtained. Comparison of this
value with theoretical values is made in Table III. It
would appear that the lifetime of the Sn!®” isomer is
consistent only with a multipole order of 5 and the
Nk/Ny ratio indicates predominantly magnetic 2*-pole
radiation.

The spin of the ground state of Sn!'® has been

5J. L. Lawson and A. W. Tyler, Rev. Sci. Inst. 11, 17 (1940).
6 D. Saxon, privately distributed absorption curves.
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measured’ and observed to be 1. If, as is indicated from
current nuclear shell-structure theory, the angular
momentum of the upper excited state of Sn''*”is 11/2,
and if it is correct that the 69-kev transition is magnetic
24pole, then the ground state of Sn'? can only be
reached via a second transition, as in the case of Sn!!7™
decay. It is unlikely that the second transition would
have been observed in our experiments because of its
probable low internal conversion and the weakness of
the source. The proposed decay scheme for Sn!'¥” is
shown in Fig. 1.

"W. G. Proctor, Phys. Rev. 76, 684 (1949); H. Schiiler and
H. Westmeyer, Naturwiss. 21, 660 (1933).
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A 236-day neutron induced activity in gadolinium purified by ion exchange methods is assigned to Gd!%.
The activity decays by K-electron capture emitting a 106-kev y-ray giving rise to K- and L-electron groups.
A 7.240.2 day and approximately 24-hour activity present in the neutron bombarded gadolinium were
separated on an ion exchange column. The 7.2-day activity assigned to Th’®! decays by emission of 0.50-
Mev B-particles. The 24-hour activity is tentatively assigned to Gd!®. ’

Half-life measurements on gadolinium produced by deuteron bombardment of europium extend over
600 days. The activity decaying with a half-life of 155 days initially is slowly lengthening into a longer
half-life. A 265-kev y-ray is detected in addition to the 106-kev y-ray previously found in Gd!®. The 265-
kev y-ray is assigned to Gd'®* which decays with a half-life of 150 days. This half-life is based on ratios
of the 106-kev y-ray to the 265-kev y-ray observed over a 600-day period.

HE gadolinium activities produced by deuteron
bombardment of europium and neutron bom-
bardment of gadolinium are discussed in this paper.

The gadolinium oxide was loaned for this investiga-
tion by the rare earth group under Dr. F. H. Spedding.
Spectrographic analysis indicated the presence of sa-
marium (0.28 percent) and possibly terbium, but the
amount of this contaminant could not be estimated.
Samples of the gadolinium oxide were irradiated at two
different times at the Argonne Laboratory. The first
bombardment of 400 hours did not give a sufficiently
intense sample of the long-lived gadolinium, so a second
bombardment lasting 854 hours was obtained.

In order to eliminate possible europium and sa-
marium activities produced by (», p) and (n, a) reac-
tions, the active sample was extracted several times
with sodium amalgam. The small amount of activity
extracted into the amalgam had the same energy

* Contribution No. 99. Work performed at the Ames Laboratory
of the AEC.

** Abstracted from a dissertation submitted by Richard E.
Hein to the graduate faculty of Iowa State College in partial
fulfillment of requirement for the degree of Doctor of Philosophy,
1950. Present address: Chemistry Department, Kansas State
College, Manhattan, Kansas.

characteristics as did the non-extracted portions. It
appeared safe to say that no europium or samarium
activities were present in the long-lived gadolinium.

Cation exchange experiments with Nalcite high
capacity resin separated the rare earth contaminants
that could not be separated by reduction methods. The
irradiated gadolinium was adsorbed on a resin bed 1 cm
I.D. and 20 cm long. The mesh size of the resin varied
in different experiments. Generally the resin was put
in the ammonium cycle and the activity eluted with
0.1 percent ammonium citrate solution. The separation
of activities effected in such an experiment is indicated
in Fig. 1. The counts/min./ml in the fractions of eluate
were determined with a dipping counter tube and
scaling circuit. The contaminants were identified by
half-life and energy measurements with the Yb!6?
activity identification aided by electron coincidence
measurements.

Half-life measurements on the neutron bombarded
gadolinum now extend over 550 days. Measurements
through 225 mg/cm? of aluminum give 2363 days as
the half-life value (see Fig. 2). No positrons could be
detected by magnetic deflection experiments. The x-ray
present was identified as the Eu K x-ray by critical



