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.VERY. LOW ENmGY ISOMER IN Till: DECAY OF Mo90* 

·J~ A. Cooper, J. M. Hollander, and J. o. Rasmussen 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

UCRL-163o6 

A reinvestigation of' Mo90 was undertaken in· order to resolve some 

inconsistencies in the decay scheme of' this; 5.7 hour activity. The status of' 

the decay scheme, as it was, is s~~arized in Fig. 1. From the Mo90 log f't 

1 ~ values, the spin of' the 380-keV level of' Nb· · had been assignftd as 0 or 1, 

and from the ·Nb90 decay properties, the Nb90 .ground state was considered to 

1
• have spin 8 or 9· Only two transitions haa. been observed in the Mo90 decay, 

and these were found to be isomeric, with half-lives 10 msec(250 keV) and 

. •' 

2 24 sec (120 keV). However, the above spin assignments require that at least 

7, units of' angular momentum be carrie:d off' by the two transitions, and this was 
io 

i 

not consistent with the half-life and preliminary internal conversion data, 

which had indicated that the transitions are at most octupoles. 2 

In thi·s work, the multipolarities of' the 122- and 258-keV· transitions 

were determined unambiguously by measurements of' the L-subshell ratios with 

the 50-cm iron-free spectrometer. The L-subshell·conversion ratios are very 

sensitive indicators of' the multipolarities of transitions, and have usually 

been definitive whenever the L lines could be 'resolved. ·In this particular 

case the L lines were not completely resolved, but the complex structure of' 

the line could be analyzed so as to eharacterize 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 )~-line shape (plotted on semi

log :paper) "With a "theoretical line" constructed by using the theoretical 

3 ' 4 
L-subshell conversion coefficients of Rose ru1d Sliv. (The individual 

L-subshell conversion coefficients for the 12~!-keV transition 'Were inter-

:polated from log-log :plots of Rose's conversion coefficients as a function 

of gam.'Tl.a energy.) The theoretical composite IJ-line shape "Was constructed 

as follo"Ws: First the :position of the L.th line "Was determined from the 
~ 

position of the K line and the difference bet"Ween the K and Li electron 

binding energies. (The assu.'Tl.:ption "Was made that the L-line shapes are the 
! 

same as .that of the closest K line. In the 122-keV L group, this "Was the 

K line of the 142-keV transition in Zr90, Fig. 2, and for the 257-keV L 

group it "Was the 2~7-keV K line.) The relatj.ve intensities of the L lines 

in the composite line "Were adjusted to agree with the theoretical L-sub-shell 

ratios. For the comparison 'With experiment, this theoretical composite L 

line "Was adjusted along the ordinate axis until the best fit of the experimental 
1 . • • 

data points "Was obtained. The validity of this method of analysis is sho"Wn in 

Fig. 3, "Where a comparison is made bet•reen the theoretically constructed L 

group for the kno)m 132-keV E3 transition in Zr90 and the experimental L-grou:p 

. points. The agreement is seen to be excellent. 

The experimental points for. the 122- Etnd 257-keV transitions are com-

• 

l • 

pared in a similar manner (Fig·s. 4 t}frough 7) to the theoretical com:posi te lines. ., 

constructed for different multipolarities. ~1is analysis determines una'Tl.biguous-
~·· 

ly the multi:polarities of the 122- and 257-keV transitions to be E2 and E3, ' 
I~ . 

respectively. In addition, the K/L ratios ob-tained for the 122-keV transition, 
~ ~- . 

5.76, and for the 2;7-keV transition, 5.64, agree very "Well with this assignment:· 
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·But.'the re:ported·half-life of 24 seconds for .the 122.;.keV transition is longer 

by a factor of 107 than that :predicted by. ~~e; singl~-~·ticle model for an E2 

transition of this energy, and thus a gross.irtconsistency exists. Iri addition, 

the two multi:polarity assignments are still inconsistent with the eX:pected 

large spin difference (7 to 9 units) between the state initially :populated by 

the decay of Mo9° and the ground state of Nb9°. 

To explain the very long half-life measured for the 122-keV E2 transition 

and to conserve angular momentQ~, we :propose a decay scheme (Fig. 8) in which a 

very-low-energy (less than.2 keV) transition ls :postulated as :preceding the 

122-keV transition. The 24-second half-life :!.s then assigned ro .this very-lev

energy transition and not to the 122-keV transition. The most likely multi-

1· :polarity of the missing low-energy transition is M2, although E3 is also 

:possible. 

A search for new trahsitions in the gamma-ray s:pectrom revealed many 

veak lines up to 1500 keV energy but none in sufficient intensity to correspond 
I' 

to the missing 24-second isomeric transition. · A search of the internal conver-

sion spectrum also failed to reveal strong conversion lines, above 2 keV. We 

conclude that the energy of the 24-seconci isomer is very low, ~ 3 keV. 

· It is thus of interest to try to obtain indirect evidence for the 

isomeric trans! tion. If the transition ~mergy is suffic+ently low, the :possi-

bility exists of altering the decay constant by changing the chemical environ-

ment of the nucleus, as was ·demo71strated in the··case of the 2-keV isomeric 

transition in Tc99m by :Bainbridge, Goldha.ber, and Wilson.5 In that case, a 

change in decay constant of 0.3'{o was noted in the comparison of the decay rat'e 

of Tc99m in the c9~pounds KTco4 and Tc2s7. In the :present case the chemical 

bonding electrons ate in the N and 0 ·· flhells of Nb, with binding energies 
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the· Mv shell) 1 : internal conversion ~ould tak~: place only in the ·.N : and .0. 

. . - . . . , ~ ·. . . ' - . . 

shells, and' in this case appreciable chemical' eff~;•cts . might be expected. ~ 

Such a.chemical effect was demonstrated by an experiment in which 
. ; 

; . 

an inten'sity-change of the 122-keV _]~2 gamma r~ty (in cascade with.the lo-w-
·_:· '·"~ 

_··_. ,; !.-· 
... 

·;energy iso~eri~ transition) was observed follo-wing a rapid chemical dissolu-; . ._: .. · 
. . :· .·• 

qo 
·tion with hot HN0

3
-HF of Nb metal foils c?nta5.ning Mo~-. activity. This reaction: 

alters the chem-ical environment of the 24 sec .isomeric .state from metallic 

niobium to a fluoride complex. · A four-point gro-wth cw~-re vias observed, . by 

recording gamma-ray ·spectra from a Ge (Li) detE!ctor for 18 seconds in each of 
l 

the four 100 channel blocks of a 4oo~channel pulse-height analyzer. This 

'I'. 

.\ ... 

experim.ent was repeated about 200 times to ine•..tre the st'3.tistical reliability ··o 
I 

of the data. The resulting gamma .spectru.'tl. frc•m one of. the 100 channel blocks· 

is shown in Fig. 9· 

A plot of the total number of coun·l,.;s under the 12~~-keV photopeak (Fig.lO) ·.· 

shows an exponential growth while _the background (133- and 142-keV photopeaks · 

from daughter Nb90 activity also :present.) remains· constant. From a difference I . . . . . . 

plot, shown in Fig. 11, a half-life of -20 seconds 'Was· obtained for···the isomeric 

state. By extrapolation of. the diffe::ence plot back to the. time of separation, 
' .' 

it 'Was found that the half-life of tr1e isomer had been increased 3.2% by the 

ch8.nge of chemicalstate from metal to fluoride complex. This is believed to 
._,· 

- 1,. 

._ '. 

·be the largest alteration in half-life yet noted for a radioactive isotope. 
·.' ·.· .' 
. ' 

On the basis of these exr~·~i.'Tlents the decay scheme sho-wn in Fig. 8 is·. 

· :postulated f-or Mo9°. · 
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FIGURE CAPriONS 

Fig. 1. M~90 decay scheme as ,lmown ·at the;'sta~t .of this investigation. 

-Fig. 2. · K lin~ of 142~keV transition •from. Nb90 decay, measured with 50-'cm 

iron-free 7f .J 2 spectrometer. 

Fig. :·-3. Compar~so'n of experimental and theoretical L-group li rie shapes for 

· ·· l32-keV·E3 transition from Nb90 decay. Normalization_procedure is 

described in text. 

-·.Fig._ 4. Comparison of experimental L-group line shape of 122-keV transi

tion of Mo9q decay with theo~etical composite L-group line for M2 (-.:.-), 

M3 (-)·, and M4 ( · · ·) multipolartties. 

I 
Fig. 5. Comparison of experimental L-group ·line shape of 122-keV transi-

tion of Mo90 decay with theoreticai composite L-group line for El (---), 

E2 (-), and E3 (---) multipolarities. 

F~g. 6. Comparison of exP,erimental L~t~OUF line shape o~ 257-keV transi

tion of Mo9° deca; with theoretical corr.posite L-group line for M2 (- -L 
'ij M3 (-· -), and M4 ( ---) multipolari.t.ies. 

Fig .. 7. ·Comparison of experimental L-g~;OUF line shape of 257-keV transi-· 

tion of Mo90 decay with theoretical ~~o~_posite L-group line for E2 (- -), 

E3 (-·--), and E4 (--,;.,) mult.ipolarities. 

. Fig. 8. 
. 90 

Postulated decay scheme of Mo .. 
:\ 

Fig. 9. -One of the 4 ganuna.:ray spectra reilUlti_ng· from about 200 experiments. 

Fig. 10. Growth curve of 24-second I\lb90 i'sl)mer back into equilibrium with 

Mo9° parent after dissolution .of· 'niobitun. target foil.s in HN0
3 

-HF. 

Fig.~. 11:. .'... Difference plot. made from grc•wth curve Of Fig. 9,. showing 

approximately- correct value of' isomeric state half-life.· 

·, 

.I 
i; 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person &cting 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, me-thod, 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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