Lawrence Berkeley National Laboratory
Recent Work

Title
NEUTRON-DEFICIENT IRIDIUM ISOTOPES

Permalink
https://escholarship.org/uc/item/1780k0z2

Authors

Diamond, R.M.
Hollander, J.M.

Publication Date
1958-03-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1780k0z2
https://escholarship.org
http://www.cdlib.org/

UCRL 8196

UNIVERSITY OF
CALIFORNIA

~ Radiation
Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



-)

UNIVERSITY CF CALIFORNIA

Radiation Laboratory
Berkeley, Californisa

Contract No, W=ThLO5-eng-48

NEUTRON-DEFICIENT IRIDIUM ISCTOPES

R. M., Diamond and J, M, Hollander

Printed for the U. S. Atomic Energy Commission

UCRL~8196



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained in this report, or that the use of
any information, apparatus, method, or process
disclosed in this report may not infringe pri-
vately owned rights; or

B. Assumes any liabilities with respect to the use
of, or for damages resulting from the use of any
information, apparatus, method, or process dis-
closed in this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the
Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any

information pursuant to his employment or contract with the
Commission.

-



=2 UCRL-8196
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R. M. Diamond and J. M. Hollander

Radiation Laboratory and .Department of Chemistry
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March 1958

ABSTRACT

A study has been made of the lsotopes of iridium which are produced
from natural rhenium by irradiations with alpha particles in the energy range

25 to 45 Mev, The known iridium isotopes of masses 190, 189, and 188 were
186 85

observed, and in addition Ir187, Ir ', and Irl were ldentified by means of

the threshold energy for their production, Analyses are based upon scintil-
lation spectra and conversion electron spectra taken with high-resolution
permanent -magnet spectrographs.

The interesting situation is encountered in which the three isotopes

1187 101 ana 107 211 nave very similer half-lives; that of Tr'o! is

185

13 hours, Ir186 16 hours and Ir 15 hours, A preliminary study of the

radiations from the odd mass isotopes has been made, and also some new transi-

188

1 1
tions in Ir 86,-Ir , and Ir 0 are reported.
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NEUTRON=-DEFICIENT IRIDIUM ISOTOPES

1.

R, M, Diamond and J, M. Hollander

Radiation Leboratory and Department of Chemistry
University of California, Berkeley, California

March 1958
INTRODUCTION

In the region of atomic number between T4 and 78 significant changes
in the order and the nature of nuclear energy levels may be expected., The
preceding elements, 64 < Z <‘7h, have been characterized by their rotational
structure,l and in elements as heavy as tungsten, 2 = Th, well-defined rota-
tional bandsvappear and have been extensively studieda2 At 2z > 78 the behavior
of nuclear levels has been described best .in terms of the single-particle shell
model, It is of interest, therefore, to obtain experimental information about
the levels of nuclel in the intermediate region, for which there is atlprésent
little theoretical description, The isotopes of osmium, Z = 76, would be good
examples, and their -levels can be populated by the electron-capture decay of
light iridium nueclei or by the beta decay of heavy rhenium nuclei, .We here

185

report on the synthesls of two new neutron-deficient isotopes of iridium, Ir

187

and Ir , and on the results of our preliminary study of the radiations from

189

these isotopes and from Ir . Some additional data are given concerning tran-

sitions in Osl86 3 03188, and 08190

responding iridium nuclei, .

following electron capture decay of the cor-

EXPERIMENTAL PROCEDURE

The light iridium isotopes were produced by (a,xn) reactions from ir-
radiation in the Crocker 60-inch cyclotron of "thick" targets of rhenium metal

foil of natural isotopic abundance (37%_Re185, 63% Re187)° Alpha particles of

¥ Work done under the auspices of the U,S, Atomic Energy Commission,

¥ On leave from Cornell University, Department of Chemistry, Ithaca, N. Y.
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25 to 27, 33 to 34, and 45 Mev energy were used, 'Targets were either 5-mil
foils bombarded singly or l-mil foils bombarded in stack form, In this way
the relative yields of the various isotopes could be varied and, in particular,
the production of Irl85 by Rel85(a,hn) and of‘Irl86 by,RelaS(a,3n) could be
selectively eliminated,
After irradiation, carrier-free iridium fractions were obtained from

the target folls by one of the two following procedures:

‘1. The rhenium foils were dissolved in concentrated nitric acid and the
solution boiled to near~-dryness to volatilize osmium as‘OsOh° The small volume

of residue was made about 4 M in HNO., and 1 M in HCl and adsorbed onto a

3

Dowex-1 anion exchange column which had been pretreated with a solution 4 M

in HNO3 and 1 M in HC1l. The column was then rinsed with more of this acid

mixture in order to remove rhenium, Afterwards, the iridium was stripped from
the column with a solution &4 M in HCl and l M in NHEOH. Concentrated nitric
acid was added and the mixture was boiled in order to destroy the hydroxylemine
and to reduce the volume,

2, Samé initial treatment to remove the osmium, After evaporation to a
small volume, the solution was diluted to about 0.5 N HNO3 and passed through

a DoweX-SO cation exchange column; under these conditions iridium is adsorbed

- on the resin but rhenium can be washed throughwith several column volumes of

The iridium was then eluted from the column with 8 M HNO, and

0.15 M HNO 5

3

boiled down to a small volume,

The following techniques were used to observe the radiastions of the
iridium fractions. Gross decay curves of the samples were obtained with
proportional counters, .Gamma-ray spectra were studied with a scintillation
gpectrometer employing a sodium iodide crystal,‘lwl/z in, in diameter by 1 in,
high, coupled to a Penco lOO-channel\pulse-height ahalyzer, ‘With this crystal
the energy resolution of the 662 kev gamma ray of Csl37 was ~10%, Electron
spectra, upon which much of the analysis is based; were obtained primarily
with the high-resolution (~0.1%) permanent-magnet spectrographs of the type
described by Smith and Hollander°3 Use was made of six different spectrographs,
with field strengths 50, 100, 125, 150, 200, and 3MQ gauss, respectively.

Spectrograph sources were prepared by electrolytic deposition of iridium from
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dilute NHuHSOu solutions onto 10-mil platinum wires, Some electron spectra in
the higher energy region were also obtained with a lower resolution (~1%) lens

spectrometer,

EXPERIMENTAL RESULTS

Iridium-190 and Iridium=-189

190 are khown, the 11 day ground state discovered by

>

Two isomers of Ir
Goodman and Poolyh and the 3 hour isomer found by Chu. On the basis of studies
of their gamma radiation, Aten, deFeyfer, Sterk, and Wapstra,6 have given a

190m

decay scheme for these isomers; that of Ir ; which decays to the 10 minute

Os:L9om isomer;, has been elaborated further by Scharff-Goldhaber, Alburger,
Harbottle, and McI{eownc?’8

Ir189, which has an 1ll-day half-life similar to that of Irl9o, was
discovered by Smith and Hollander9 as the daughter of ll-hour Pt189° They
observed from scintillation gpectroscopy that its principal electromagnetic
radiation is a 245-kev photon; higher energy photons are less intense by at
least a factor of ten. Recently, Scharff-Goldhaber g§_§£°7 have shown that

189 is produced by the déqay of 11l-day Ir189°

a 5,7 hour isomer of Os
In this work, we have attempted to distinguish the photons of 1ll-day

1
Irl9o from those of ll-day Ir 8 by comparisons of the relative photon Inten-

sities in the scintillation spectrum as a function of bombarding energy, At

the lowest energy (25 to 27 Mev) the yield ratio Irl9o/1r189

be higher by a factor of six or seven than at 33 to 34 Mev although the total

is expected to

cross sections will be lower for both products, We find, in fact, that the
intensity ratio of the prominent 187 kev photon of Irl90 to that of the prom-
inent 245 kev photon of Ir189 does increase by a factor of ~7 in the above
bombarding energy interval,

The low-energy transitions (30 to 90 kev) cannot be assigned in the
above manner because they are not resolved in the scintillation spectrum. 1In
the conversion electron spectrum. the lines of the low energy transitions are
much more intense than those of the 245-kev transition, hence they are as-
signed to Ir189; the decay of Ir190 is fairly well understood and it is not
expected that intense low-energy transitions other than the 39 kev isomeric

190m

transition of Os will be found in its decay.
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In Table I we present a brief summery of the information we have
18
obtained about the transitions of 1ll-day Irlgo and 1ll-day Ir 9, Transition

energies are given, and multipolarity assignments are made from K/L ratios
190

and L and M subshell conversion ratios, Figure 1 shows the levels of Os
as presently known, The main level order is from the work of Aten et al,

and the isomeric state is from that of . Scharff-Goldhaber g§¢§};8 the second
2+ state and the energies of the lower levels are from this work, The energy
of the transition from the 44 to the 2+ state in Os190 has been given as 356
kev byﬁAten gz_gl,6 and as 359;by,Scharff~Goldhaber et 35.8 We observe this
transition at 361.2 kev, and in addition a transition of 371.k4 kev is seen in
the electron spectrum, We suggest that the latter transition be assigned as
the 2+
to the ground state, The sum 371l.% + 186.7 = 558.1 is in agreement with the
energy of the crossover transition. Also, the energy of this second 2+ state
agrees well with the value obtalned by extrapolation from the 03186 and 03188
energies (see Fig, 3) and with the value of 0,57 Mev found from the Cdulomb
excitationlo of Oslgo; o '

Transitions of 407, ~525, 568, and ~610 kev are assigned to Ir

> 2+ transition and that the 558 kev transition is the crossover

190

decay, but their positions in the level scheme remain unknown,

‘We have assigned most of the low=-energy transitions to the decay of

Ir189° Because of the preliminary character of the data, we have not attempted

to construct a level scheme for 05189; However, certain sum relationships are

suggestive and are given in Table II, The 30.8 kev transition seen here from
189 .

Ir decay 1s assigned on the basis of its high LIII and MiII conversion as

an M3; this is without doubt the same transition as that observed by Scharff-

Goldhaber et al,8 in the decay of the 5.7 hour 03189 isomer., The transition

L 189

spectrum, so that it appears that the isomeric

89

is relatively weak in the Ir
state is not heavily populated in Irl decay., The most intense transition
is the one at 69,5 kev, assigned as a mixed M1-E2; this prgbably proceeds to
the ground state and hence defines the second excited state of 05189 to be
69.5 kev, From the sum relationships other states may be postulated to .lie
at 219.4, 255.7, 27508, and 314%,9 kev; however the transition orders must be
verified by intensity and coincidence studies before these states can be

considered as definite,
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Table T
Transitions from Decay of Ir189 and Irl9o

Transition Photon  Multipole Mass

energy ‘Electron lines seen® Observed Order Assignment

(kev) (scint
| spect)

30.8 . Lppp(22) Mp My (6) N M3 189

33.32 Lyy Lppp M | B2

36.2  Lp(35) Lop M(13) N ML 189

56,k

1173 Lp Mp or K Lpp Lypy

50,0 Ly(55) Lo (5) M - | Ml 189

69.5 L, (>100) LII(Z;OO) L. (>100) M1-E2 189

M, M (35) My, (35) W(25) O

95,2 K Lp(3) Lpp Lppp M | ML 189
135.8 K Lp(2) Log ML

147,1 X

149.9 K

64,0 X

185.9 K

186.,7 K Lpp LIII Mi MiII N yes E2 190
188,6 K

206.2 K

216.6 K L LII

219.3 K L

233.6 K Lo Lo

245,0 K(ls).LI LII(6).LIII(6) M yes E2 189

Mrpg M

(continued)
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Table I (continued)

Transition Photon Mu;tipole Mass
energy  Electron lines seen® Ob?:i;ii © Order Assignment
(kev) spect)
275.8 K L
36l.2 K
3714 K ves 190
407 X 190
520-530 190
558 K . yes 190
568 X : - 190
600~620 Jes 1w
~T00 | ves
760 K
~800 | e
~1000 yes

—ie

aApproximate intensity values of the stronger electron lines, given in
parentheses following the shell designations, are for ldentification
only and not for purposes of analysis,




(10-)
( 8+)

(6+)

2+
(4+)

2 +
o+

1048

L X6
~ @

~4x107''s

L 1 [35x10'% g6.-
{  10s!90 o
MU-14938

Fig, 1,

190

level scheme,
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Table ITI

Ir

189

Transition Sums

(o)

()

(a)

(8)

30.8 + 188.6
69.5 + 149.9

Crossover

95.2 + 149.9
59,0 + 185.9

Crossover

36.2 + 149.9

Crossover

69.5 + 206,2

Crossover

56.4 + 149,9

Crossover

36.2 + 59.0

Crossover

245.0 + 69.5
219.3 + 95.2

"

219.4
2194
219.3

245.1
24k .9
245 .0

186.1
185.9

275.7
275.8

206,3
206.2

95.2
95.2

314.5
314.5
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Iridium-188

A 41 hour activity in iridium was assigned to mass 188 by Chu’

187

basis of its production by an ,3n reaction on enriched Re . Smith and

9

on the
_ _ 188
Hollander confirmed this assignment” and observed gamma rays from Ir at
approximately 150, 475, and 625 kev; these transitions appear to be the same
188

as the lowest energy transitions foundll in the beta-decay of Re .

The 41 hour half=life of Ir;88 is sufficiently different from that of
the other iridium:isotopes produced in thils work to allow its prominent geamma
transitions to be identified from spectra taken at timed intervals on the
scintillation spectrometer and with the electron spectrogrephs, .These are
listed in Table III. The principal transitions observed at 155.0, 478.5, and
633.5 kev are those mentioned sbove., The 825- (or 830-) kev gammsa ray is
possibly the 828 kev transition observed from the Bn decay of Re188°

The 323,0 and 1212 kev transitions, observed here in both the scintil-
lation and electron spectra, have not been reported from Rel88 decay. It is
tempting to postulate that the 323 kev transition is the one between the L+ '
arid 2+ states of the ground-state rotational band because the energy so ob-
tained for the 4+ state lies reasonébly between the corresponding 4+ states
of Os186 and Osl9o° ~ The plausibility of this assignment seems to be marred
by the fact that the postulated 478-kev level has bot been seen from Re188
decsy. It 1s possible, however, that the spin of Re188 is low.while that of
Irl88 is high, Note that the higher energy gamma rays observed in this study
of Ir188 do not correspond to those observed from Re188 décay, which is an
indication that there are other significant differences in the final states
populated by the decay of these two'nuclideso

Figure 2 shows the lower levels of Os188, and Fig. 3 gives a correla-
tion diagram of the energies of the low-lying states in the osmium isotopes.
(We have listed the 691-kev state of 08192 as U4+ even though there is some
experimental evidence against this assignment;lz) As shoﬁn in the correlation
diagram the energies of the rotational states (2+, U+, and 6+) are increasing
with mass number because these nuclei lie just beyond the "rotational" region
and the moments of inertia are decreasing rapidly as the next closed shell is
approached, But at the same time the energy of the vibrational (Goldhaber-
Weneser) 2+ state is dropping as the nucleus becomes "soften" toward this type

of excitation,
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Table III
Transition Electron Lines Seen® Photon
Energy QObserved
(kev) (8cint
__spect)
155.,0 K(~350) L (70) L  (320) yes
, LIII(ZSO) MII MIII No
323,0 K(~12) L yes
478,5 K(~30) L M yes
633.5 KL yes
825 K )
yes
830 K
1212 X yes
1330 yes
1450 yes (complex)
1600 yes
1710 yes (complex)
1940 yes
f
2050 yes
2180 yes

a
See note

"g" of Table I




2+

4+

2+

o+

-13-

633.5

478.0

155.0

Fig. 2,

Os

188

MU-14939

level scheme,
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Iridium-187

In irradiations of rhenium foils at an initial alpha particle energy of

25 to 27 Mev, 1.,e,, below the threshold for the production of Ir185 and Ir186,

several short-iived,conversion electron lines and gamma rays were observed in the

separated iridium fraction. By comparing the intensities of the more prominent

of these electron lines in a series of timed exposures in the electron spectro-
graphs with lines of known intensities in a group of standard plates, we obtained
a value of 13 * 3 hours for the half-life of this new activity, Actually, the
magnitudevof the half-life relative to those of Irls5 and Ir186 determined in the
same mesnner can be measured more accurately than the sbsolute value, and the half-

life is definitely shorter by 2 to 3 hours than those of Irl 2 and Irl .
189 190

The new activity might possibly be due to an isomer 'in Ir188, Ir , Ir y
. 188 189 190 \ 187
or even in Os™~ 408" 7, 0Os"” , but has been assigned to Ir for the following

reasons, It cannot be assigned to an osmium isomer because the half-life is
shorter than that of the parent iridium isotope and yet no growth and subsequent

decay with the parent half-life was observed., It is unlikely to be an isomer in

A Ir188 190 188 190

because the resulting even-~-even Os or Os nuclei formed would

or Ir

not be expected to have many low-lying levels (and no such levels have been seen

188 190

in Ir or Ir decay, see above), whereas the most intense transitions of the

decay under consideration are of low energy, Furthermore, no known transitions in

03188 or Os190 are observed as would be expected, and as are observed in the decay

of the 3 hour Irl9om° The number of intense low energy transitions strongly sug-

189

gest an odd mass iridium isotope, but an isomer of Ir is unlikely since its

189

decay into excited levels in Os would almost surely cascade into at least one

of the several low-lying levels observed from the decay of 1ll-day Ir189

87

, and such
transitions are not observed, Thus Irl is the only remaining assignment for

this 13-hour activity. Consistent also with this assignment were the variations
in the relative ylelds of prominent transitions of Irl86, Irl88, and the 13-hour

activity as a function of bombarding alpha-particle energy, as compared with the

results obtained by John13 on Q,xn cross-sections of lead (Z = 82),
The transitions assigned to Ir187 decay, as well as those of Ir186 and
18
Ir 5, are listed in Table IV, as are also some weak and some higher energy transi-

tions which it was not possible to assign any more definitely than to these shorter

lived isotopes,
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A Table IV
Transitions from Decays of,Irl Ir186, and Ir187
. Transition Electron lines seen Photon Multipole Mass
energy — ‘Observed order assignment
(kev)
25.5 LM N M1 187
37.4 Ly Lpp Lppp M N O M1-E2 185
59.9 LI LII MI N M1l 185
(64,5) Ls 187
65.2 1-"II LIII MII MIII No E2 187
70.8 L LII Mi,II N ‘ 186 or 187
4.2 Lp Ly M, N ML 187
75.0 Lyg Lopp Mpp Mppp N Bz 187
90.5 X LI LII 187
91.3 Ly Lop Bppp Yo Mppz N O E2-(M1) 185
100,8 K L LII MI ML 185
10k, k4 K L 185
113.1 K Ly Lyp Lypp M M1-E2 187
(115.6) K
137.2 K Ly Lpp Lppp My gy Mppp N O yes E2 186
149.9 or Possibly
K or LI 185
89.0
153,6 or
o2.7 X or ‘LI MI 185
(162.9) K 186 or 187
(163.6) K 186 or 187
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Table IV (continued)
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(continued)

Transition Electron Lines Seen Photon: Multipole Mass
energy observed -order assignment
(kev) .
177.6 KL L | M1 187
| Lr Brr Lopp }yes
1875 KL Lpp Lpp M M1-E2 187
252.6 K
25k, 4 'K Ly 185
296.9 K LI LII LIII MII,III N E2 186
probably
299.9 K ——\ 185 or 186
303.1 K "
306.1 K ?
309:7 X
31450 K L 187
: I,I11 _)
351,8 K probably
¢ 185 or 186
1!-61@0 K LI I 187
J
h21,6 K '185-186
k27,2 K 187
Ly Jos
434.8 K LI TT LIII MN ! E2 186
2
‘ probably
hhi2,2 K ji 167
493 K LI,Ii es pfobably
502 K ) 186 or 187
>TT KL
586 KL
probably
612 KLM yes } 186 or 187
623 K
probably
631 K 166
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Transition Electron lines seen Photon Multipole Mass
energy observed order assignment .
(kev)
769 K )
yes probably
775 K 186
842 K
probably
91k KL 187
yes
923 K 186 or 187
979 K » probably
yes 187
990 K
1099 K
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Iridium-186

Chu,s.in 1950, synthesized an 11,8 hour iridium activity which he as-
signed to Irl87 on the basis of excitation function experiments, A li-hour
iridium activity, obtained by Smith and Hollander9 as the daughter of a 2.5
hour platinum activity, was assigned to either mass 186 or 187, with 187 pre-
ferred, The principal radiations were reported to be transitions of 135, 300,
and 435 kev, -Scharff-Goldhaber et §£°8 havé made a definite assignment of this
1l4-hour iridium activity to mass 186 on the basis of the systematics of levels
of the even-mass osmium isotopes and have observed transitions at 137, 297, 43k,
625,<and T73 keV, as well as several at higher energies, From K to L conversion
ratios the multipolarities of the three lowest energy transitions were assigned

as B2 and were interpreted as the cascade from the third rotational level

(6+ > bt > 2+ > O+); the energy ratios are close to those calculated
from the rotational formula,
ﬁz
E, = —— I (I+1) .
2%

In this work we have established the transitions that belong to mass
186 by an observabtion of the particular electron lines and photons that dis-
" appear from the complex spectrum when the alpha particle bombarding energy is
lowered from 33-34 Mev (threshold for production of Ir185) to 25-27 Mev (thresh-A
old fof production of Irl86); such transitions are assigned to Ir . 'The as-
signment in this manner of the 137.2, 296.9, and 434,8 kev gamma rays to Irl86
is in agreement with the work of Scharff-Goldhaber et al, Thése, together with
the 631 and 769 kev transitions in 05186 previousl;'—-.k::l'c:wnllL from the B~ decay

of Re186 and also observed in this work, allow the scheme shown in Fig. L4 to be

constructed for the lower levels of 05186° Again, by comparing the intensities

of the most prominent of these conversion lines in a series of timed spectro-

graph exposures with lines of known intensity on standard plates, we have ob-

186

tained a value for the half-life of Ir of 16 + 3 hours, The conversion lines

and gemma rays definitely assigned to Ir186 are listed in Table IV. Some of the:
186

higher-energy unassigned transitions given there may also belong to Ir .
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Fig. k&, 05186 level scheme,
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Iridium-185

185

With alpha particles of 45 Mev initisl energy Ir is produced from

rhenium by the reaction Re185(a,hn)1rl85; there are simultaneously produced
the heavier isotopes of iridium from lower order reactions, The Ir185 redi-
ations can be distinguished, and the mass assignment made, by repeating the
bombardment with alphe particles of initlal energy lower than the threshold
for the (a,4n) reaction, i.e,, 33-34 Mev, and observing which conversion lines
and photons are eliminated at the lower energy irradiations, The converslon
lines and photons so found gnd assigned to Ir185 are listed in Table IV,

As for Ir186 and Ir187 we have determined the half life of Ir185 by
visual comparisons of electron line intensities with those on standard plates;
the value of the half-life so obtained is 15 + 3 hours, asbout 1 hour less than
that of Ir186 and 2 hours greater than that of Ir187o All the lines assigned
to Ir185 show g half=-life of this magnitude,

Confirﬁation of the production of Ir in the 45 Mev alpha particle

bombardments was -obtained by volatilizing the 95 day 03185 daughter at timed

185

intervals from a target foil dissolved in concentrated nitric acid. The value
of the pérent hglf-life obtained in this way, 14 to 20 hours, is quite rough
but is consistent with the value obtained directly from decay of the .conversion
lines, The "milked" osmium fractions were examined with the scintillation
spectrometer and it was veriiéed that they had the characteristiEBEalf—life

>

and gamma ray spectrum of Os . The prominent gamme rays of Os also ap-
peared in the iridium fractions from all the 45 Mev bombardments but were not

in evidence in the bombardments done at 33 Mev or lower energy.
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