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A 171-day high-spin (1-10) isomer was discovered in Ir~84. It is predominantly
formed by three successive neutron captures from Ir ~, via successively higher spin
states in Ir ~ (l=4) and Ir ~~ (I= ~). The isomer decays bye decay chiefly to a 2438-
keV state in Pt, which is depopulated by two parallel branches. The more intense
branch proceeds through a "ground-state band" (8+—6+- 4+- 2+- 0+ ) whose level en-
ergies indicate that Pt 4 is a somewhat deformed and very "soft" nucleus.

High-spin levels have been found in several
odd-odd Ir isotopes: e.g. , the 3.2-hr isomeric
state' in Ir"' has been tentatively assigned as
11, and the 650-yr isomer'~ of Ir" as 9+.
Both Ir"' and Ir" triple isomers.

In Ir" a 0.032s isomer' at 197 keV' decays by
a two-step isomeric transition to the 17.4-h (1 )
ground state. A probable spin-parity assignment
5 was recently reported' for this isomer.

A high-spin isomer of Ir" with a half-life
longer than a minute had been searched for by
bombarding enriched Ir"' with slow neutrons,
but none was found. It was therefore assumed
that such an isomer, if it exists, must have a
long half-life and a small production cross sec-
tion. Hence, a further attempt to search for
Ir'~~ 2 was made by irradiating 4.4 mg of en-
riched Ir"' (89.1% Ir' ', 10.9% Ir"') with slow

neutrons from the Materials Testing Reactor.
The time integral of the neutron flux received by
the sample was 5.3 &&10~' neutrons/cm'. Simul-
taneously, 2.7 mg of enriched Ir'~' (94.7% Ir'»',
5.3% Ir"') were bombarded, both as a control
and for the further study of Ir" 2. In order to
permit the decay of the strong 74-day Ir" in
both samples, their study was postponed for a
period of 62 months, when, surprisingly, the p
spectra from both samples were found to be es-
sentially identical and due to a new high-spin iso-
mer Ir"» 2 decaying by P decay to a hitherto un-
known high-spin state (~9) in Pt"». The activity
from the Ir"' target ( 0.1 pCi) was found to be
-5 times stronger than that from the Ir"' target.
These findings can be explained by assuming that
the new activity is produced by three successive
neutron captures leading to successively higher
spin states in the product nuclei' &'.

910 b 1500 b «35 mbIr"'(-'+) = Ir"'[4(-)](74 day) = Ir"'('-,' )(12 day) = lr™2(~10).
Hence, a high neutron flux is essential for the
production of this isomer in quantities which per-
mit its observation above the inevitable back-
ground of 74-day Ir" . The neutron-capture
cross section of 35 mb which leads to the forma-
tion of Ir'9 2 is based on the assumption that the
capture cross section leading to the Ir"~ ground
state is sufficiently small (g140 b) to affect the
computed cross-section value by gl0%. The
very low upper limit for the presence of Ir"'m2
in this source also implies a high neutron-cap-

ture cross section in Ir"'
The new activity was identified by its two

strongest y rays of 328.5 and 482.6 keV, which
are known as the 2+-0+ and 4+-2+ transitions
in Pt" .

By chemical separation of Pt from the Ir sam-
ple it was established that the long-lived isomer
occurs in Ir' and not in Pt' ~. As a control for
the efficiency of the Pt separation, the L x rays
from the long-lived (&500-yr) Pt"3 were em-
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ployed. ' (The half-life of a possible isomeric
state in Pt"4 populated by P decay was found to
be &30 min. )

The y rays from the new activity were investi-
gated with high resolution Ge(Li) detectors, both
in singles and by two-parameter analysis of y-y
coincidences. Similar coincidence measure-
ments between electrons observed by means of a
Si(Li) counter and y rays detected either with a
Ge(Li) counter or with a NaI counter were per-
formed. Further, the K and L x-ray region was
explored by means of a Si(Li) detector. The half-
life (171+ 11 day) wa, s determined by measuring
the decay of the 482.6-keV y ray relative to y
rays from Ag'"m (253-day) and Eu"4 (16-yr) im-
purities" of comparable intensities. Table I
lists the energies (+0.5 keV) (column 1) and in-
tensities (+ 5%) (column 2) of the p rays from
Ir»4m2

Typical y-ray coincidence spectra derived
from the two-parameter y-y coincidence mea-
surements are shown in Fig. 1. The Ir' 2 iso-
mer decays mainly to a 2438-keV state in Pt",
which is de-excited by two parallel cascades.
The more intense cascade (=64% of the 328.5-keV
y rays) proceeds via three transitions of 338.8,
687.8, and 600.5 keV to the 4+ state at 811.1 keV.
The less intense cascade proceeds to the 4+

state via four transitions, two of which are indis-
tinguishable in energy, 562.4 keV, while the oth-
er two have energies of 390.8 and 111.7 keV.
The intensity of this cascade is =36% of the inten-
sity of the 328.5-keV y rays, with the exception
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FIG. 1. Coincidence spectra obtained with two Li-
drifted Ge counters and a two-parameter 16384-chan-
nel analyzer. The spectra shown are those obtained in
coincidence with the 328.5- and 562.4-keV y rays, cor-
rected for the Compton background under each line

of the 111.7-keV line, which is only -& as intense
as the three other lines. From studies of the
conversion electron spectrum with a Si(Li) detec-
tor, it was possible to derive K conversion coef-
ficients for most of the observed transitions by
comparing K-line intensities with the K-line inten-
sities of the well-known 328.5- and 482. 6-keV E2
transitions and by using the results of our y-ray
intensity measurements. These K-shell conver-
sion coefficients are listed in Table I (column 3),
together with theoretical K-conversion coeffi-
cients" for El, Ml, and E2 multipoles (columns
4, 5, and 6, respectively) and the derived multi-

Table I. Energies, intensities, and multipolarities of transitions in Pt ~ from the decay of Ir 8~2(171 day).

y-ray
Energy intensity 10 x (experimental K-shell

(keU) (relative) conversion coefficient)

Theoretical K-shell
conversion coefficient

E1 M1 E2
Multi- Transition

polarity nt t intensity

111.7
328.5
338.8
390.8
482.6
562.4

8.85
92.8

55.1
35.1
96.9

35.2

~ 0 0

49
4.9 + 0.6
1.5 + 0.5

] 97a
0 64yp 17b

0.255
~ ~ ~

1.62 x 10
1.13x10 '

4.05

0.185
0.128

0.60
4.9x 10
4.5 x 10-'
3.2xlp '
1.97 x 10-2

(E2) 3.4
E2 0.078
E2 0.070
E1 0.014
E 2 0.027
E 1 0.007

38.9
100
59.0
35.6
99.5
35.4

562.4
600.5
687.8

1011.8

69.9
34.7

62.3
59.1
3.6

1.14+0.30
1.64 + 0.43

1.47 + 0.26
1.04 + 0.25

0.54x 10 2 4 7x 10 2 1.38x 10

0.48x10 2 4.0x10—2 1.19x10
p.36x1p—2 2.8x].0-2 p. 89x].0-2

E2
E2
E2

0.019
0.016
0.012

35.4
63.8
59.8
3.6

Theoretical conversion coefficients of known E2 transitions, to which other lines are normalized.
blndividual conversion coefficients of the two 562.4-keV transitions are derived by assuming El and E2 multipo-

larities for the individual transitions.
Total conversion coefficient is theoretical value based on multipolarity, derived from K and L conversion co-

efficients (see Hef. 11}.
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polarity for each transition (column 7). Although
source thickness effects precluded any definitive
electron measurements for the 111.7-keV transi-
tion, a total conversion coefficient of about 3 is
deduced from the y-ray intensity data, showing
that this tran'sition is mainly E2.

From the systematic occurrence of collective
bands in even-even Pt nuclei'~ found by means of
the (n, 2n) reaction, it may be concluded that the
sequence of transitions in the more intense cas-
cade is as shown in Fig. 2. The 338.8-keV tran-
sition proceeds from an intrinsic state (probably
10+) to the 8+ state of a "ground-state band. "
The energy of the transition 6+-4+ (600.5 keV)
differs from that given in Ref. 12 (570+10 keV). '~

The transition 8+ -6+ has not been observed pre-
viously. The level energies of this ground-state
band deviate appreciably from the 1(I+ 1) rule,
but can be fitted readily by a semiempirical anal-
ysis of collective bands recently proposed. ' A

weak transition (3.6%) of 1011.8 keV found to be
in coincidence with the 600.5, 482.6, and 328.5-
keV transitions probably establishes a level at
2423 keV. A 324-keV y ray observed in the sin-
gles spectrum (too weak to be observed in coinci-
dence) probably originates from this state. It is
not known whether the 1011.8-keV transition is
preceded (or possibly followed) by an undiscov-
ered 14.8-keV transition or whether the 2423-
keV level is populated by P rays. No 14.8-keV

photons were observed although the intensity
would have been high enough to be observed if
(a) the transition were E1, (b) the El conversion
were normal (o.T =18.1)," and (c) only the 2438-
keV state were populated by P decay. The se-
quence of the transitions in the weaker cascade,
starting from the 2438-keV state, is 390.8,
111.7, 562.4, and 562.4 keV. This order follows
from the intensities of these y rays as observed'
in the (n, 2n) reaction.

The apparent retardation of the 391-keV transi-
tion (this E1 transition has a transition rate com-
parable with that of the 338-keV E2 transition)
indicates a quasiparticle description for the
2438-keV state different from the descriptions
for the states of the less intense branch. The
2438-keV state is most likely a two-proton con-
figuration ([5054]»,~-, [514&],&~-), while the
2048-keV state may involve to a considerable ex-
tent the [615&]»„+,[503&]„,- two-neutron config-
uration. Until absolute transition rates have
been measured, it is perhaps not useful to specu-
late further about possible configuration assign-
ments. However, it is of interest to note that
this is the first energy spectrum of a moderately
heavy or heavy even-even nucleus in which two
quasiparticle states of energies comparable with
the energies of the 6+ and 8+ states of the ground
state band have been shown to exist.

A search of the Ge(Li) y-ray spectrum was
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FIG. 2. Proposed decay scheme of Ir ~2. The level energies are given in keV. Energies and spin and parity as-
signments of the first two excited states of Ir~~4 are taken from Hef. 6. The numbers in parentheses are intensi-
ties given in percent per disintegration. See text.
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made for all "interband" transitions which might
occur on the basis of the level scheme of Fig. 2.
The possible transitions of 163, 376, 488, 524,
636, and 726 keV, if present, all have p-ray in-
tensities which are less than 0.1/o of the 328.5-
keV y-ray intensity. In addition, a search of the

Si(Li) low-energy y-ray spectrum showed that
the possible 38- and 51-keV transitions, if pres-
ent, have y -ray intensities which are less than
0.2 and 0.4%, respectively, of the 328.5-keV in-
tensity. The absence of such "interband" transi-
tions may probably be attributed to the K selec-
tion rule.

The thickness of the source, together with the
abundance of conversion lines, made a P-ray
endpoint determination difficult. However, un-
less the half-life of the 2438-keV state exceeds a
fewx10~ sec, it is likely that Epmax-250 keV.
This places the Ir" s isomer ~450 keV above
the 17.4-h ground state and g250 keV above the
0.03-sec state. No isomeric transition to this
state has been observed; the lower limit for its
partial half-life is =10' sec. This implies a spin
change &4, unless the isomeric transition is ex-
ceptionally retarded. This is in agreement with
the spin assignments which are obtained from the
available Nilsson orbitals in this region. For
Ep max

~ 250 keV one obtains lnft ~ 7.3. Hence,
the P transition to the 2438-keV state is either
allowed or first forbidden. Since the spin of the
2438-keV state in Pt"4 must be 9 or 10, it ap-
pears probable that the spin of the Ir isomer is
10 or 11. A spin and parity of 11 arises natu-
rally from the coupling of neutron orbital [615&]»1,+
to the proton orbital [505&]»q,—. The large dif-
ference in spin between Ir"' (&) and Ir™2may
be responsible for the small reaction cross sec-
tion for the reaction Ir"s (12 day)+n-Ir'~ 4

The potential energy of deformation for Pt"
has recently been calculated with the pairing-
plus-quandrupole model. " The lowest potential
minimum occurs for a slightly deformed, oblate
shape, but this minimum is very shallow and the
wave function is smeared out over all possible
shapes: prolate, spherical, asymmetric, and
oblate. In qualitative agreement with this result,
the semiempirical analysis' of the ground-state
band of Pt"4 as established here (Fig. 2) yields a
"ground-state moment of inertia" -& that of the
most strongly deformed nuclei and a very large

"softness parameter. " The softness may be at-
tributed to the "coexistence" of the ground-state
band with quasiparticle states.

Our thanks are due to E. der Mateosian for his
help and advice concerning the measurement of
the low-energy photon spectrum, and to Eliza-
beth Baker for her patience and ingenuity in car-
rying out the chemical separations.
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