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A.reinvéstigation of Mo’ was undertaken in order to resolve some

inconsisténcies in the decay scheme of this: 5.7 hour activit&. The status of

the decay scheme, as 1t was, is summarized in Fig. 1. From the MogO log £t

90

values,l the spin of the 380-keV level of Nb - had been aésignqd as O or 1,

90

.ground state was considered to

9

" and from the.Nb9O decay properties, the Nb
have spin 8 or 9. Only two transitions had been observed in the Mo © decay,
~and these ﬁere found to be isomeric, with half-lives 10 msec (250 keV) and
24 sec (léO keV).2 However, the above spin‘assignmenté‘require that at least
71units ofvangular momentum be carried off by the two.ﬁransitions, and this was
: ngt consistenf with the half-life and preliminary internal conversion dats,, -
‘which ﬁad indicated that the transitions are at iost octupolés.e'

| In‘thiS'wbrk, the multipolarities of the 122- and é58-kév-tran§1tions
vere determined unambiguouSIy by measurements of the L-subshe}l ratioé with
the 50-cm iron-free spectrometer. The L-subshel;-conversion ratios are very-
sensitive indicators of the multipolarities of transitions, and have uédally
‘been definitive whenever the L 1lines could bepresolﬁed. In this particular
case the 'L 1lines were not completely resolved, but the complex structure of

the line could be analyzed so as to characterize the multipolarity of the

corresponding transition.
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The experimental L-subshell ratios were compared with the theo-
retical ratios by comparing the experimental L~line'shape (plotted on semi-
log paper) with a "theoretical line" constructed by using the theoretical

L : P
5 (The individual '

L-subshell conversion coefficients‘of Rose” and Sliv.
L-subshell conversion coefficient; for the 122-keV transition were inter-
polated from log-log plots of Rose's conversion coefficients as a function

of gamma energy.) The theoretical composite L-line shape was constructed

as follows: Firs% the position of the Lith line was deﬁermined from the
posiﬁion of the K line and tbe difference between the X and Li electron
binding energies. (The assumption.was made that the_L-}ine shaPes are the

same as .that of the closest K 1line. In the 122-keV L grouﬁ, this was th?

K 1line of the 1h2-keV. transition in ngo, Fig. 2, and for the 257-keV L |
group it was the 257-keV K line.) The relatiﬁe intensities of the L 1lines

.in the composite line were adjusted to agree with the theore£ical.L—sub-shell
?atios. For the comparisdn with experiment, this theoretical composite L

line was edjusted along the ordinate axisiunti} the best fit of the experimental
data points was obtained. The validity of this method of analysis is shown in
Fig; 3, where a comparison is made between the theoretically constructed L

group for the known 132-keV E3 transition in Zr90

and the experimental L-group
. points. The agreement is seen to be excelleﬁt.

The experimental points for the 122- andf257~kev trahsitions are com-
pared in a similer menner (Figs. 4 through 7) to the theoreticel composite lines. »
constructéd for different multipolarities. This analysis determines unambiguous-
ly the multipolarities of the 122- and 257-keV transitions to ﬁe E2 and E3,
respectively. Injéédition, the k/L ratios obtained for the 122-keV transition,

. S .
5.76, and for the 257-keV transition, 5.6k4, agree very well with this assignment:-
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'But the reported half life of 2 seconds for 1he 122-keV transition is longer

vby a factor of lO7

than that predicted by the single-particle model for an E2-
.»transition of this energy,_and thus‘a grose,inconsistency exists. In addition,
“the two multipolarity essighmeots are still inconsistent with the expected
: large spin difference (7‘to_9 units) between the state initially populated by "
the decay of Mo9o and the ground state of Nbgo. |
To explain the very long half-life measured for the 122-keVVE2 transition

and to coneerve angular momentum, we propose. & decay scheme (Fig. 8) in which.a
very-low-energy (less than_é keV) transition is postulated as pfeceding the
122-keV transition. The 2h-gecond half-life is then assigned to this very-low-
 energy transition and not to the 122—kev transition, The most likely multi-
polarity of the missiog low-energy transition is M2, although E3 is also
vpossible: . | ’ |

7 A search for new traneitions in the gamma-ray_spectrom revealed many
weak lines dp to 1500 keV energy but none in Sufficieht intensity to correspond
to the missing 2h- second isomeric transition.- A search of the internal‘converw-
sion spectrum also failed to reveal strong conversion lines, above 2 keV. Ve
conclude that the energy of the 2h-second isomer is very low, s 3 keV.

- It is thus of interest to try to obtain indirect evidence for the
isomeric transition. If the transition energy ;s sufficiently low, the possi->
bility exists of-altering.the decay constant by changing the chemical environ-
ment of the nucleus, as was -demonstrated in the-case of the 2-keV isomeric _

99m >

transition in Te by Bainbridge, Goldhaber, and Wilson.” 1In that case, &

change in decay constant of 0.5% vas noted in the comparison of the decay rate

' 99m
of Te oS

in the compounds_KTcOh and Te.S In the present case the chemical
bonding electrons afe in the N and O shells of Nb, with binding energles



If'the decay energy should be less‘than 200 eV (binding energy of

*V};the Mv shell), internal conversion could take place only in the N and O

f'.f_.fan intensity-change of the 122-keV EZ gamme, ray (in cascade with the low-

'iffenergy isomeric transition) was observed following a rapid chemical dissolu— fw.f’

"E;shells, and in this case appreciable chemical effects might be expected.j

. Such a. chemical effect vas demonstrated by an experiment in vhich

Zﬁtion with hot,HNO -HF of Nb metal foils containing Mo ' activity. This reaction :"*

3

alters the chemical environment of the 24 sec.isomeric state from metallic’
" nicbium to & fluoride complex.-‘A four=-point growth curve was obServed,_by o

4E'recording'gamma-ray-spectra from & Ge(Li) detector for 18 seconds in each of

. ;the four 100 channel blocks of 8 hOO-channel pulse-height analyzer. This’

5

.iexperiment was repeated about 200 times to insure the statistical reliability o l’{“J

f -
: ;‘of the data. " The resulting gamma spectrum from one of the 100 channel blockS‘ﬂ

':-is shown in Fig. 9.

A plot of the total number of counts under the 12 -keV photopeak (Fig lO)‘3

)

» shows an exponential growth vhile the bac&ground (135- and 142-kxeV photopeaks -

from daughter Nb90 activity also present) remains constant.v From e difference ff"

l

' plot, shown in Fig. 1, 8 half-life of ~2O seconds was obtained for the isomeric f;u'

.:x-state. By extrapolation of the diffe”ence plot back to the time of separation,

1t was found that the half-life of tne isomer had been increased 3 2% by the

‘>:i,ohange of chemical state from meta] to fluoride complex., This is believed to

" be the largest alteration in half«iife yet noted for a radioactive isotope.

On the basis of these expcriments the decay scheme shown in Fig. 8 is

‘postuiated for’ Mo R PR

- UCRL-16306
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Fig. 2. K line of 1l+2-kev ‘transition: from ¥b

‘Tig. 6. Comparison of'experimental L-groug line shape. of 257-keV transi-'

Pig. 8. Postulated decay scheme of Mo
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F;[GUR‘E CAPTIONS |

Fig. 1.. 90 decay scheme as known at the start of this investigation

90 decay, measured with 50-cm

iron free ﬂ‘j2 spectrometer.

. Fig.’3. Comparison of experimental and theoretical L-group line shapes'for

132-keV-E3 transition from Nb9o decay. Normalization procedure is

described in text. o

J;Fig{ L, .Comparison of experimental L»group line shape of 122-keV transi-

‘tion of Mo”® decay with theoretical composite L-group line for M2 (--—),

VCFMB (———), and M4 (+-*) multlpolarrtles. |
Fig. 5. Comparison of experimental L-group~line shape of 1é2-keV transi-
“tion of M.o9 decay with theoretical com0031te L-group line for El (- -),
E2 (—), and E3 (---) multipolarities.
!
tion of Mo9 decay with theoretical conposite L-group line for M2 (- —),_

M3 (———), and Mh (---) multlpolarities

Fig. . T. "~ Comparison of experimental_L-group line shape of 257-keV transi-

90

tion of Mo”~ decay with theoretical composite L-group line for E2 (- —),

E3 (=), and E4 (---) multipolarities.
90

i

N Fig. 9. One of the L gamma-ray spectra re,ulting from about 200 experiments.*'

1

Fig. 10. Growth curve of 2lh-second Nb’o isomer back into equilibrium with

'Mo90 parent after dissolution of niobivm target foils in HNOB-HF.

¥

- Fig..1X. .. Difference plot made from growth curve of Fig. 9,,showing

approximately.correct value of isomeric state half-life.

t.L
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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, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or
B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.
As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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