
PH YSI CAL REVIEW VOLUME 90, NUM BER 3 MA Y 1, 1953

Isomerism of In"' and In"'f
E. BLEULER, J. W. BLuz, S. A. CHOWDARV, A. C. JoHNsoN, f. sNn D. J. TENnaM

Department of Physscs, Purdue Vnsverssty, Lafayette, Indhana

(Received January 19, 1953)

The decay of In'" and In"~ has been investigated with the aid of beta-ray spectrometer and coincidence
measurements. From the half-life 20.7&0.3 min and the K/(L+M) ratio 3.7&0.4, the 155&1-kev isomeric
transition in In'~ is identi6ed as M3. The 14.5+1-min ground state emits an allowed negatron spectrum of
656+6 kev and an allowed positron spectrum of 1.52&0.05 Mev. Even parity and spins of 4 and 1 are
assigned to the two states. The 66-min ground state of In'" decays by emission of an allowed positron
spectrum of 2.25&0.02 Mev to the 657-kev level of Cd"0. The electron capture from the 4.9+0.2—h
isomeric state is followed by the known 884, 937, and 657-kev gamma-rays in Cd'". Even parity is assigned
to both levels. Conversion lines, with E/(L+M) =4.5&1 indicate an additional gamma-ray of 121 kev which

may be the isomeric transition having a branching ratio of about 0.6 percent. It would have to be an M3
transition with an abnormally long (factor 10') half-life. The existence of the In'" isomer is shown to remove
several diKculties in the interpretation of the excitation curves of the alpha-particle reactions with silver.

' 'N the course of the measurements of the excitation
~ ~ curves for the (a,rs) and (n, 2ss) reactions with silver, '
the decay of some of the indium isotopes involved has
been reinvestigated. The measurements have been
interrupted because of the remodeling of the Purdue
cyclotron which was used for the bombardments.
Though the decay schemes are still incomplete we wish
to summarize the results obtained.

I. In'"

A. Previous Measurements

The isomerism of In'" was recognized erst by Smith. '
He found a growth curve of the activity, obtained by
alpha-bombardment of Ag, from which he derived
periods of 16.5 and 17.5 min for the upper and the
lower state. Tendam and Sradt, ' revised the half-lives
to 23 and 9 min. Periods of 18 to 23 min for the gross
activity were found by earlier workers. 4 ' The energy
of the isomeric transition has been given as 0.12' and
0.16 Mev."The ground-state decays by both positron
and negatron emission. Maximum energies of 0.47' and
1 Mev' have been quoted for the negatron spectrum,
1.3' and 1.7 Mev' 7 for the positrons.

B. Isomeric Transition

In'" was produced by bombarding silver, mostly in
the form of foils of 10 4 in. thickness, with 20-Mev
alpha-particles. Since only indium activities are pro-

j' Supported by the U. S. Oilice of Naval Research and U. S.
Atomic Energy Commission.*Now at the Physics Department, Government College, Lahore,
Pakistan.
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duced in this way, the foil could be used as a source for
spectrometer or coincidence measurements without
further treatment. A chemical separation was performed
in many runs, however, in order to ascertain the assign-
ments, to obtain thinner sources, and to remove a weak
activity of Ga" (9.4 hr) which is produced from the
copper contamination of the silver foil.

The conversion line was measured in a 180' spec-
trometer of 10-cm radius and a double-coil lens spec-
trometer of 75-cm focal length. In the latter positrons
and electrons can be distinguished by blocking the
annular opening of the baRe system at two places
chosen so that the electrons rotate 90' between the
obstructions. The particles transmitted by the 6rst
shutter will then either be transmitted or stopped by
the second shutter, depending on the sign of rotation.
The transition has an energy of 155&1 kev, the
E/(I.+M) conversion ratio is 3.7+0.4. The half-life,
obtained by following the decay of the peak intensity
of the conversion line (Fig. 1, curve a) as well as by
measuring its area several times during a period of 7
half-lives, is 20.7&0.3 min. (The errors quoted are
estimated probable errors. )

C. Decay of the Ground State

The half-life of the ground state was determined by
setting the spectrometer for electrons of 0.33 Mev and
measuring the growth curve (Fig. 1). Since no con-
version lines are in the neighborhood of this energy one
measures only the disintegration of the ground state.
The half-life resulting from the analysis of several runs
is 14.5&1 min. The wide variations between the values
given for this period by diferent workers is due to the

difhculty of the growth curve analysis for nearly equal
half-lives of the parent and daughter activities. The
new value is considered to be rather reliable since the
longer-lived background has been reduced by at least
a factor ten from the earlier measurements.

The negatron spectrum has an upper limit of 656&6
kev. The measurement of the positron spectrum is
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complicated by the presence of the strong 2.25-Mev
spectrum of the 66-min In" . It was determined by
analyzing the decay curves for several settings of the
spectrometer. As expected, the positron spectrum shows
the same growth curve as the negatrons. The upper
limit is 1.52&0.05 Mev. With the measured ratio of
1.94 of the P and the P+ spectra and the theoretical
branching ratios for electron capture one obtains
P:P+:EC=44:24:32 giving logft=4 05 and 4.58 for
the P and P+ transitions, respectively. It is assumed
that the two transitions lead to the ground states of
Sn"' and Cd"' and that the decays are simple (with an
estimated upper limit of 25 percent for the probability
of. transitions to excited states), since the Fermi plots
are essentially straight, the gamma-ray intensity in a
calibrated arrangement' is that expected from the
annihilation radiation and the isomeric transition alone,
and there are no Py coincidences. Also, the calculated
threshold for the production of the isomeric state by a
(p,n) reaction with Cd'", 3.50 Mev, is in agreement
with the value of 3.2&0.3 Mev measured by Blaser et ul. '

D. Discussion

The suggested decay scheme of In'" is given in the
insert of Fig. 1. The ground state has even parity and
probably I=1, due to a g9/2 g7(2 combination of the
odd nucleons. (Spin 0, though compatible with the
allowed decay, cannot be obtained from the shell
model. ) From the half-life the isomeric transition seems
to be E3 or M3. The empirical values" for the mean
life r~ vary between 10 and 10' sec, while the experi-
mental values are 1.5)&10' sec for an 3I3, 5/10' for
an E3 transition. Comparison of the experimental
K/(I. +3I) ratio of 3.7&0.4 with the empirical values"
4.9 (M3), 1.75 (E3), 0.6 (E4), and 1.9 (M4) indicates
an M3 transition. By comparing the areas of the con-
version line and the beta-spectra and correcting for
the branching ratios of the ground-state decay and for
the parent-daughter relationship it was checked that
-the 155-kev transition is nearly completely converted,
as expected for the M3 transition for which the E-con-
version coefficient is 5.75."The measurements are too
inaccurate for the determination of the actual con-
version coefficients.

The isomeric state, then, would have even parity and
I=4. It could be interpreted as a g9~2, s~t2 combination
of the odd proton and odd neutron, as is the 5+ isomeric
state of In"4.

II. In'"
A. 66-min Ground State

The positron energy has been given as 1.6 Mev' and
2.0 Mev. 7 Measurements with both spectrometers yield

Hart, Russel, and Steven, Phys. Rev. 81, 460 (1951).
9 Blaser, Boehm, Marmier, and Scherrer, Helv. Phys. Acta 24,

441 (1951).' M. Goldhaber and A. W. Sunyar, Phys. Rev. 83, 906 (1951).
"Rose, Goertzel, Spinrad, Harr, and Strong, Phys. Rev. 83,

79 (1951).
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FIG. 1. Determination of the half-lives of the In"' isomers.
a Decay of the conversion peak of the 155-kev isomeric transition;
b gross decay curve of 330-kev negatrons (not shown at t&130
min); e long lived background; d b eg=row—th curve of the beta-
particles emitted from the ground state; e 20.7-min equilibrium
asymptote; f=e—tf, gives period of ground state, 14.5 min.

B. 4.9-hour Isomeric State

The existence of an isomeric state of In" was sug-
gested by the alpha-particle excitation curves of Ag
obtained by Ghoshal" which are reproduced in Fig. 2.
The chief processes are the (n,e), (n, 2e), and (n, 3N)
reactions with the two silver isotopes whose cross

~ S. N. Ghoshal, Phys. Rev. 73, 417 (1948).

E,„=2.25~0.02 Mev, the Fermi plot appearing
straight down to below 0.4 Mev. %ith the theoretical
branching ratios for an allowed transition, p+:EC
=72:28, one obtains logft=5. 5.

The negatron spectrum shows the conversion elec-
trons of a gamma-ray of 656&3 kev. Positron-gamma-
coincidence absorption measurements, using brass and
Bi-cathode gamma-counters, give a Py/P ratio which
is independent of the absorber thickness, indicating
that essentially all decays are followed by the gamma-
ray. The strength of the gamma-radiation, as deter-
mined by gamma-annihilation radiation coincidences
and by comparing the intensities of the photoelectrons
from a lead radiator, is in agreement with this assump-
tion. It is estimated that less than 3 percent of the
positron transitions go to the ground state of Cd" .
The total decay energy, 3.93 Mev, is in agreement with
that derived from the (p,e) threshold measurement by
Blaser et al.,' 3.7&0.2 Mev.
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sections show maxima at about 18, 25, and &30 Mev.
The 66-min activity, then, is interpreted as being due
to the process Ag' r(n m)In"s below 25 Mev, while it
is produced by an (n, 3N) reaction with Ag'" at the
higher energies. The 2.8-day In"' is produced by an
(cr, 2n) reaction with Ag ~. The 5-hr activity, with a
similar excitation curve below 25 Mev, is assigned to
In'~ (more recent determinations give half-lives of
4.3" and 4.2 hr'4). At the higher energies it must be
the product of an (cr,3n) reaction and was therefore
assigned to In", thought to have a period similar to
that of In'~. Mallary and Pool," however, found a
half-life of about 55 min for In'". This activity, ex-
pected to be present in the excitation curves above 25
Mev, may not have been distinguishable from the
66-min activity of In" The 5-hr product of an (n,3e)
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Fn. 3. Conversion lines from In"'~ and In'". Broken lines
indicate strong conversion lines from Ag"~ (Siegbahn, reference
16) vrhose intensities are appreciably diferent from those found in
the decay of In"~.

'3 E. C. Mallary and M. L. Pool, Phys. Rev. 76, 1454 (1949)."C. L McGinnis, Phys. Rev. 81, 734 (1951).
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FIG. 2. Excitation curves of {a,l), {a,2n), and (n, 3N) reactions
with silver, frotn Ghoshal (reference 12). The broken line has been
added to indicate the estimated contribution of In"'" to the
~5-hr period.

reaction, then, must be an isomer of either In'~ or In"'.
The latter possibility would also explain the behavior
of the 5-hr excitation curve near its threshold. The
threshold and the initial slope are lower than expected
for an (a,2n) reaction and than found for In"', indi-
cating the admixture of a small amount of In"'
produced by an (rx, rc) process.

The assumption has been verified'~ by observing a
complex decay of the conversion line of the 656-kev
gamma-ray, with periods of 66 min and 4.9 hr, and by
identifying in the 4.9-hr activity other gamma-rays
emitted from Cd"' which are known from the decay of
Ag"'. The latter results were also obtained by
McGinnis. '4

The negatron spectrum of the 5-hr activity is shown
in Fig. 3, together with some of the conversion lines
found by Siegbahn in the decay pf Ag ' . Table I sum-
marizes the gamma-ray energies and relative intensities
of the conversion lines found by diGerent authors. The
energies given by Cork et a/."will be used in the dis-
cussion. The main difference between the intensities
found by McGinnis" and us may possibly be due to a

TAnr. z I. Garnrna-ray energies (in kev) and relative intensities
of conversion lines from Ag"'~ and In"'~.

Agll™Cork fs) g/ a

Ag" Siegbahn

nuo~ McGinnise

In"'~ this work

E
E

Int.

Int.
jV

Int.

657 884 937
656 885 935

100 42 20
661 885 935

100 13 ii
656 884 935
100 42 27

116 (I.7'.)
116
350+270"

119 (I.T.?)
82+ 18a

121
160+35d

a See reference 17.
b See reference 16.
e See reference 14.
& X and I.conversion lines.

residual 66-Inin component of his 657-kev line. Our
intensity of the 121-kev line may be appreciably in
error because of scattering and absorption in the sources,
most of which had a thickness of 2.5 mg/cm'.

The decay of the diGerent conversion lines is given
in Fig. 4. The 657-kev gamma-ray seems to be the only
one emitted also from the 66-min ground state. The
half-life of the isomeric state is found to be 4.9&0.2 hr,
in agreement with the value of 5.0&0.2 hr given by
McGinnis.

The 121-kev line is of special interest because it could
be the isomeric transition. It appears probable that
this line is not observed in the decay of Ag"', although
the conversion electrons might possibly be masked by
the conversion peaks of the 116-kev isomeric transition.
Since the line could belong to In'~ whose half-life is
not too diGerent, the assignment to In"' was con-
6rmed with the aid of a partial excitation curve. A
stack of four Ag foils of 2.5 mg/cm' thickness was

"Bleuler, Blue, and Johnson, Phys. Rev. 82, 333 (1951)."K.Siegbahn, Phys. Rev. 77, 233 (1950).
"Cork, Rutledge, Branyan, Stoddard, Childs, and LeBlanc,

Phys. Rev. SO, 286 (1950).
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identical. The ft value of the electron capture from
In"' to the 2477-kev level is about 10' (this value would

not change much if the 121-kev line is not the isomeric
transition). This allowed transition requires even pari+
of IH." and an angular momentum not smaller than 35.
The transition to the 2924-kev level is at least once
forbidden, in agreement with the failure to observe the
764, 1384, and 1504-kev gamma-rays in the decay of
In"' . Since the 937-kev transition is no longer by-
passed. by the 1384-kev line and the 677+705-kev
cascade, its relative intensity is expected to be stronger
from Inuo than from Agiio in agreement with the
experiment (Fig. 3). The increase is not quite as large
as expected from the gamma-ray intensities of Siegbahn;
this may be due to additional transitions leading to the
1541-kev level from some higher states.

The parity of the ground state must be even and the
angular momentum between 5 and 3A. A value of A

would be the most natural assumption, as being due to
the g@2, g7~2 combination of the odd proton and the odd
neutron, in analogy to the situation in In'" and In"'.
The apparent absence of the ground state transition
(which is observed in both In"' and In"4) however,
might indicate a somewhat diferent configuration with
I=2.

If the 121-kev transition is the isomeric transition
it would have to be M3 or EA according to the above
parity assignments. The experimental E/(L+M) ratio
is 4.5&1, while the empirical values" are: 3.9 (M3),
1.4 (M4), 1.2 (E3), and 0.25 (E4). The M3 assignment
indicated by these values is not very satisfactory
because the experimental lifetime for gamma-emission
becomes 10' sec, whereas the values normally found for
3=3 range between 10' to 10' sec for this energy. "One
thus would be forced to assume a highly anomalous
transition probability.

It is quite possible that this line is not the isomeric
transition but a mixture of M1 and E2 (according to

the E/L ratio) to be fitted somewhere in the disin-

tegration scheme. Attempts to determine accurately
the K—L difference, to identify the coincident x-rays,
and to detect the unconverted gamma-ray have failed
so far because of the low intensity of the line.

There is a further, though small, possibility that the
two electron lines interpreted as the E and L conversion
lines of the same gamma-ray, are actually unrelated
and that the strong line corresponds to the L conversion
of an E4 transition of about 97 kev. The E line would
be quite weak (E/L(0.2) and might be missed unless

very thin sources are available.
If there were no observable isomeric transition, as in

In"', the low intensity, 5-hr, positron spectrum may
be interpreted as a direct transition from the meta-

, stable level to some unidentified intermediate level,
with probably negative parity, of Cd" .

Finally, it is possible that the 66-min state is the
metastable one, although this would imply a reversal
of the order of angular momenta found in the other even
In isotopes.

III. CONCLUSIOlV

The ispmeric states pf bpth In" and In" are shpwn
to have even parity, i.e., the same parity as the ground
state. This behavior appears to be the rule for the even
In isotopes since even parity of both states has also
been found" for In"' and made probable for In"'"
All isotopes with the possible exception of In"' have a
ground state spin of 5, while the angular momentum of
the metastable states seems to vary between the values
4I and 5h.
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