
PH YSI CAL REVIEW VOLUME 1O6, NUMBER 5 JUNE 1, 1957

New Half-Life in the Family of Antimony Isotopes
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By using scintillation techniques in analyzing the p radiation following the P decay of a fission-product
antimony sample, evidence of a new half-life of 149+4 hours was found in the family of antimony isotopes.

I. INTRODUCTION

HE half-lives of antimony isotopes have been
studied by various authors' ' and seem to be

fairly well established. The P-decay curve of fission
antimony was determined by Sleight and Sullivan'
who found a component with a half-life of 93&3 hr
and one with much longer half-life. The 93&3 hr
half-life was assigned to Sb"

When we determined the half-life of Sb"' by analyzing
the y spectra, we found a somewhat shorter value for the
93-hr half-life, ~is. , 88&2 hr. We concluded that in the
decay curve of Sleight and Sullivan, ' a further com-
ponent of longer half-life than 88+2 hr might have
been included without being separated. It seems to us
that our results show indeed evidence of such a com-
ponent with a half-life of 149&4 hr manifesting itself
in a well-defined group of p rays.

II. EXPERIMENTAL

The energies and relative intensities of the y radiation
were measured by using a scintillation spectrometer.
A calibration of both resolution and crystal eKciency
at a source to crystal distance of 7 mm was made.

The source was obtained in the following way: The
U 308 was bombarded with 26-Mev deuterons ac-
celerated in the "Philips" synchrocyclotron of this
Institute. After adding 2 mg of Sb and 2 mg of Sb
in nitric acid, the oxides were precipitated. They then
were dissolved in concentrated hydrochloric acid. The

Sb was purified by reduction with zinc to form volatile
stibine, which was trapped in a silver nitrate solution.
The precipitate obtained was measured.

Another method of preparing the source was also
employed: The U308 was bombarded with 26-Mev
deuterons. The oxides were dissolved in concentr'ated
nitric acid. Ammonium diuranate was precipitated
with ammonium hydroxide. The ammonium diuranate'
was dissolved in hydrochloric acid, with the addition of
2 mg of Sb"' and 2 mg of Sbv. The sulfides of Sb were
precipitated with H~S. After dissolving the sulfides in
Na(OH), 2 mg of Cu were added, and the copper
sulfide was precipitated. This solution was treated with
acetic acid and the antimony sulfides were precipitated.
These were dissolved in concentrated hydrochloric acid,
with the addition of 2 mg of Te in the state of potassium
tellurite and tellurate, which were precipitated with
sulfuric acid. The solution was made 1Ã HCl and
HF. After adding 2 mg of Sn' as C14Sn, antimony
sulfides were precipitated. (Sn'v forms a complex
with HF.)

The results corresponding to both sources were the
same, that is to say, the p-ray energies and their
relative intensities were identical in both samples.

Six different samples of antimony, with a total of
50 spectra, were studied. Figure 1 shows a characteristic
y spectrum of the sample between 25 and 780 kev. ,

Figure 2 shows one for the high energies. The following
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FIG. 1. Characteristic sample y spectrum between 25 and /80 kev.

~ P. Abelson, Phys. Rev. 56, 1 (1939).
2 J. Beydon, Compt. rend. 227, 1159 (1948).

N. R. Sleight and W. H. Sullivan, Radiochemical Studies: The
Fission Products (McGraw-Hill Book Company, Inc. , New York,
1951), National. Nuclear Energy Series, Plutonium Project
Record, Vol. 9, Div. IV, p. 928.
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FIG. 2. Characteristic sample p spectrum for high energies.
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NEW HALF —LIFE IN FAMILY OF Sb ISOTOPES

The following energies were assigned to the sample
y rays, in kev: 27.5 (Te x-rays), 60+2, 248+8, 310+10,
417&10,463&10,560&15P, 685&15, 772&15, 900&20,
1100&20, and 1350+20.

The p rays of energies (in kev): 463 (100%), 772
(45%), 248 (26%), 310 (11%), and 60 (6%) have a
half-life of 88&2 hours. The y-rays of energies (in kev):
685 (100%), 417 (26%), 900 (10%), 1100 ( 5%), and
1350 ( 1%) have a half-life of 149&4 hours. The
y ray of 610 kev belongs to another antimony of much
longer half-life.

The half-life of 88+2 hours was assigned to the
Sb"'. The half-life of 149&4 hours belongs to another

source which cannot be separated by chemical methods
from Sb"'.

We are now trying to identify the source of the
(149+4)-hour half-life. P-y and y-y coincidences are
being made.
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Internal Bremsstrahlung and Decay Scheme of Sb"'f
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The spectrum and yield of internal bremsstrahlung accompanying electron capture form S and I' states
in Sb'" were measured and compared with the theory of Glauber and Martin. Sb" was obtained as the
daughter from Te'" produced by the Sb(d, gn)Ten' and Sn(a, gn)Teue reactions. The decay is by orbital
electron capture to the 23.83-kev state in Sn"9. The following results were obtained: Sb'" half-life, 38.0 hr;
Sb"'—Sn"9 decay energy, 579&20 kev; half-life of the 23.83-kev state and its total conversion coe%cient,
{1.85+0.1})&10 sec and 6.3+0.4, respectively. The intensity of internal bremsstrahlung for capture from
S states was (1.06&0.15)X10 ' quanta/X capture. This agrees with the theoretical prediction of 0 97X10 4.

The large contribution at low energies from P-state capture was measured down to 70 kev and agrees with
the theory in its present state of completion.

I. INTRODUCTION

'HE nuclide Sb"' was first reported by Coleman
and Pool. ' By bombarding tin with deuterons,

they found a 39-hour E x-ray activity which they
assigned to Sb"'. Later Lindner and Perlman' showed
a 39-hour antimony E x-ray activity to be the daughter
of a 4.5-day isotope of tellurium produced by the
irradiation of antimony with 200-Mev deuterons. Both
groups reported no gamma radiation. Sn"' has been
examined by several investigators. ' 7 Their results
(and those of the present work) are summarized in
Fig. 1 and Table I. The decay of Sb'" to the 24-kev
level in Sn"' was predicted from shell-model consider-
ations by Goldhaber and Hill. '

II9
~9jn 7O

I I 9
5o»e9

IIS
5I»ee

l75 mjn
(g+~) et. — ' 579 + 020

EtectroII copture
log ft ~ 5.0&Q. I

At the start of this work the primary purpose was to
investigate the internal bremsstrahlung (IB) accom-
panying electron capture in Sb"'. Morrison and Schi8, '
and later Jauch, " predicted a spectrum shape of the
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Commission.' K. D. Coleman and M. L. Pool, Phys. Rev. 72, 1070 (1947).

s M. Lindner and I. Perlman, Phys. Rev. 75, 1124 (1948).
3 J.W. Mihelich and R. D. Hill, Phys. Rev. 79, 781 (1950).
'Nelson, Ketelle, and Boyd, Oak Ridge National Laboratory

Report ORNL-685, 1950 (unpublished).
5 Scharff-Goldhaber, der Mateosian, Goldhaber, Johnson, and

McKeown, Phys. Rev. 83, 480 (1951).' R. D. Hill, Phys. Rev. 8B, 865 (1951}.
7 J. G. Bowe and P. Axel, Phys. Rev. 84, 939 (1951).

M. Goldhaber and R, D. Hill, Revs. Modern Phys. 24, 179
(1952).

dg (I,QQ+O, IQ)x IO sec
6.3+0.4

~o 500Ml

eI

FIG. 1. Decay of Sb"9. Energies are given in Mev. The data
associated with Sb"' decay are from the present work; the decay
of In" is taken from reference 8.
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