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Radiations From Tantalum (182), Antimony (122), and Indium (115)*

C. E. MANDEVILLE AND MORRIS V. SCHERB
Bartol Research Foundation of the Franklin Institute, Snrartkmore, Pennsyh~anic

(Received October 31, 1947)

The 100-day activity was induced in tantalum irradiated by slow neutrons in the Clinton
pile. The beta-rays of this isotope were found to have a range in aluminum of 0.112 g/cm~, and
the gamma-rays a maximum energy of 1.16+0.1 Mev as determined by coincidence absorp-
tion. The beta-gamma coincidence rate was 0.93&10 ' coincidence per beta-ray, independent
of the beta-ray energy, and a gamma-gamma coincidence rate of (0.27+0.03))&10 3 coin-
cidence per gamma-ray was obtained. These data indicate that beta-emission by Ta'" leads to
an exited state of %"'and that de-excitation occurs with the emission of two or more gamma-
rays in cascade.

The 2.8-day activity of antimony (122) was also prepared in the pile. The beta-gamma
coincidence rate was found to drop to zero at 0.487 g/cm in aluminum, corresponding to 1.19
Mev. The maximum energy of the beta-rays was measured to be 1.77 Mev.

The beta-gamma coincidence rate of the 54-minute isomer of indium (116) was found to be
1.3X10 ' coincidence per beta-ray independent of the beta-ray energy, and a gamma-gamma
coincidence rate of (0.9+0.1))(10 ' coincidence per gamma-ray was also observed.

A disintegration scheme is given for Sb'~.

j,. INTRODUCTION

HE radiations of tantalum (182), antimony
(122), and indium (116) have been investi-

gated by absorption and coincidence methods.
An attempt has been made to correlate the co-
incidence rates with spectrometric results when
such data are available.

The procedure for measuring beta-ray energies
was the standard one of placing aluminum foils
before a single counter and observing the count-
ing rate as a function of absorber thickness. The
maximum energy of the gamma-rays emitted by

Ta' ' was measured by coincidence absorption.
The radioactive source was placed behind an
aluminum block which served as a radiator of
Compton recoils. The recoils passed through two
thin-walled counters in coincidence. Aluminum
absorbers were placed between the two counters,
and the coincidence rate was plotted as a func-
tion of the absorber thickness. The quantum
energy was taken from the end-point.

For measurement of coincidences between the
beta-rays and gamma-rays emitted by each iso-
tope, a radioactive source of low surface density
was placed between two counters. Aluminum

20-

I-
~CI

X
Zj l2-
IK
lalI
lA

S
Z

0
V

4-

OOOO r ~ c

Z

2400

Z 2'200

8

g I I l I

{ho O.IO O.Q
CRAMS/CM AlUMI NUM

1800-

l00-

l400-

I
~1200-
Z—l 000-

SOO-
I

000 .
I
Z
O 400-
V

200-

0
0.0

I

0.2 OA Ok
CRAMS/CM Al VMINVM

I.O

FIG. 1. Absorption in aluminum of the beta-rays
of tantalum (182}.
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Flo. 2. Coincidence absorption of the secondary electrons
of the gamma-rays from tantalum (182).
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blocks of sufFicient thickness to stop the primary
beta-rays mere placed before each counter mhen

the gamma-gamma coincidence rate was meas-
ured. For the measurement of beta-gamma co-
incidences, thin aluminum foi1s were placed be-
fore the beta-ray counter, and the coincidence
rate was determined as a function of the alumi-
num thickness. The accidental coincidence rate
was determined by the equation

A =XiN2(Zr),

where Xv was tmo microseconds. Other details
of the coincidence arrangement have been pre-
viously described. '

2. TANTALUM {182)

When tantalum is irradiated by slow neutrons,
radioactive tantalum (182), having a half-

period of about 100 days, ' is formed. The radia-
tions of this isotope have been investigated by a
number of workers. ' ' Ta02 was irradiated by
slow neutrons in the pile, and a chemical separa-
tion was performed. The absorption curve for
the beta-rays of this isotope is given in Fig. 1.
The absorption limit is seen to be 0.112 g/cm' in
aluminum, corresponding to an energy of about
0.36 Mev calculated from the range-energy rela-
tion for homogeneous beta-rays. No beta-rays
of higher energy mere observed. '

The data for coincidence absorption of the
gamma-rays from Ta'" are given in Fig. 2. The
end point, 0.425 g/cm', corresponds to a quan-
tum energy of 1.16+0.1 Mev. The coincidence
absorption method measures accurately only the
maximum energy of the gamma-rays. Quantum
energies of 0.15, 0.22, 1.13, and 1.22 Mev have
been reported as measured by a thin magnetic
lens spectrometer. 4 More recently, the gamma-
rays of low energy have been resolved into about
sixteen lines by Cork. ~

The beta-gamma coincidence rate of Ta'" is
given in Fig. 3 where it is seen to be 0.93X10 '
coincidence per beta-ray recorded in the beta-ray
counter, independent of the beta-ray energy.

' C. E. Mandeville and M. V. Scherb, Phys. Rev. 73,
141 (194S}.

~0. Oldenburg, Phys. Rev. 53, 35 {1938}.
3R. V. Zumstein, J. D. Kurbatov, and M. L. Pool,

Phys. Rev. 63, S9 (1943).
'W. Rail and R. G. Wilkinson, Phys. Rev. 71, 321

(1947).
l' J. M. Cork, Phys. Rev. 72, 581 (1947).
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FIG. 3. The genuine beta-gamma coincidence
rate of tantalum {182).

This mould suggest that only one beta=ray spec-
trum is present. A gamma-gamma coincidence
rate of (0.27+0.03) X 10 ' coincidence per
gamma-ray recorded in the gamma-ray counter
mas also observed. From these coincidence rates,
it may be concluded that the beta-transition in
Ta'" leads to an excited state of the VP" re-
sidual nucleus. The gamma-rays of energy 1.13
and 1.22 Mev have been reported to be of
comparable intensity. 4 However, using the same
counters and geometry, the coincidence rates for
Sc46 were found to be 1.4&(10 ' beta-gamma co-
incidence per beta-ray and 0.62)&10 ' gamma-
gamma coincidence per gamma-ray. ' Since scan-
dium (46) is known to disintegrate with the
emission of a beta-ray of energy 0.36 Mev fol-
lowed by gamma-rays of energy 0.90 and 1.12
Mev in cascade, ' it seems improbable that the
two gamma-rays of high energy from Ta'" are
in cascade.

The beta-ray energy of 0.53 Mev obtained by
the thin lens4 should be regarded as more reliable
than the value reported in this paper which was
calculated from the absorption limit.

3. ANTIMONY (122}

Sb"' was prepared when metallic antimony
was irradiated by neutrons in the pile. The ex-
posure time was only 2 hours, so that the 60-day
period was present mith only a small intensity.

'A. E. Miller and M. Deutsch, Phys. Rev. 72. 527
(1947).
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I ', I I i I $ I I & 1 was observed to decrease from 0.19X10 ' co-
incidence per beta-ray recorded in the beta-ray
counter at zero absorber thickness to zero at
0.487 g/cm' in aluminum, corresponding to an
energy of 1.19&0.05 Mev. These data indicate
that two beta-ray spectra are present having end
points which differ by 0.58&0.11 Mev. Since a
gamma-ray energy of 0.57 Mev has been previ-
ously reported, 4 the disintegration scheme of
Fig. 6 may now be drawn for Sb"'. These results
disagree somewhat with earlier coincidence ex-
periments' which indicated an end point at 0.81
Mev for the beta-spectrum of lower energy.

Miller and Curtiss" have reported beta-ray
energies of 1.36 and 1.94 Mev as determined by
a thin magnetic lens spectrometer. These values
difI'er in absolute value from those reported by
the writers, but the energy difference is the same.
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4. INDIUM (116)

The 54-minute activity was induced in a strip
of indium metal (thickness 0.018 cm), irradiated
by slow neutrons from a radium-beryllium source
of strength 600 Mc. The genuine beta-gamma

0 24 a ~ ~

FIG. 4. Absorption in aluminum of the beta-rays of
antimony (122).

Measurements were begun about 20 hours after
removal of the isotope from the pile. The beta-
rays of Sb"' have been measured previously by
the absorption method by Amaki and Sugi-
moto, ' who found a maximum energy of 1.64
Mev and by Mitchell, Langer, and Mcoaniel, '
who report an absorption limit corresponding to
1.76+0.10 Mev.

The data obtained for absorption in aluminum
of the beta-rays of Sb'" in the present experi-
ment, are given in Fig. 4, where the absorption
limit occurs at 0.806 g/cm' corresponding to an
energy of 1.77&0.10 Mev as calculated by
Feather's equation. ' A source of radioactive ma-
terial was placed in the standard position be-
tween two thin-walled Geiger counters. The
beta-gamma coincidence rate plotted in Fig. 5,

"T. Amaki and A. Sugimoto, Inst. Phys. and Chem.
Research, Tokyo, paper No. 853, 1650 (1938).

8 A. C. G. Mitchell, L. M. Langer, and P. %. McDaniel,
Phys. Rev. 57, 1107 {1940).

9 N. Feather, Proc. Camb, Phil. Soc. 34, 599 (1938).
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FIG. 5. Beta-gamma coincidence rate of antimony (122)
as a function of the surface density of aluminum placed
before the beta-ray counter.

' L. C. Miller and L, F. Curtiss, Phys. Rev. 70, 982
(1946).
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coincidence rate for indium (116) is plotted in
Fig. 1', where it is seen to be independent of the
beta-ray energy. From the figure it is clear that
no genuine coincidences exist beyond about 0.22
g/cm' of aluminum, 0.7 Mev by Feather's equa-
tion. These data are in agreement with the find-
ings of Langer, Mitchell, and McDaniel, " who
found genuine coincidence as far out as 1.2 Mev
but seem to have correctly dismissed those
above 0.8 Mev as arising from a Compton-recoil
gamma-effect growing out of their geometry.

The coincidence measurements of this in-

vestigation agree reasonably well with the spec-
trometric findings of Lawson and Cork" who re-
port an upper limit of 0.85~0.1 Mev for the
beta-rays of indium (116).

The efkct of the decay of the short-lived in-

dium upon all other corrections was taken into
account. "

5| &22

0.57- T~&22 .
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Frc. 6. Disintegration scheme of Sb~.

» L. M. Langer, A. C. G. Mitchell, and P. %.McDaniel,
Phys. Rev. 56, 380 (1939).

~ J. L. La+son and J. M. Cork, Phys. Rev. 57, 982
(1940).

'3 L. M. Langer, A. C. G. Mitchell, and P. %.McDaniel,
Phys. Rev. 55, 422 (1939).
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Fro. 7. Beta-gamma coincidence rate for indium (116).

6. APPENDS. : CHEMICAL PROCEDURE
FOR TANTALUM

A 27-mg sample of active tantaluoi oxide was
mixed with 150 mg of inactive Ta20~ and 140
mg of inactive Zr02, the latter to serve as a
carrier for hafnium. The mixture was fused with
potassium bisulfate until clear. The fused mass
dissolved completely in hot saturated am-
monium oxalate solution, and from this solution
the yellow tantalum-tannin complex was pre-
cipitated by tannic acid. The precautions usually
taken in analysis of tantalum compounds were
observed (Hillebrand and Lundell, Applied In
organic Analysis, pp. 4N—5). The fusion and pre-
cipitation were repeated, and the precipitate
ignited to Ta20~.

This partly purified Ta205 was now fused with
potassium carbonate, and the melt was dis-
solved in aqueous potassium hydroxide. Sodium
tantalate was precipitated by the addition of
solid sodium chloride and the precipitate col'-
lected and washed. The sodium tantalate was
converted to Ta205 by acidifying its aqueous
suspension with HC1 and boiling. After washing
the precipitate mith diluted ammonium nitrate
it was collected by filtration and ignited.

The purification process mas intended to
separate hafnium, zirconium, tungsten, iron,
calcium, potassium, and phosphorus from TagOq.


