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Department of Chemistry and 
Lawrence Radiation Laboratory 

University of California 
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September:1965 

The r!'J.te of decay of a radioactive ·nucleus is generally unaffec.ted by. 

1 2 
~. its chemical and physical environment. Hm<~ever, in 194 7 Daudel and Segre 

predicted that under certain conditions a dependence of the decay constant 
· on the chemical and physical environment of the nucle~s 

. ,should be observable, and subsequently such a dependence was found experi-

mentally in the K-capture.decay of Be73 and in the internal conversion decay 
I 

· of Tc99m "\"'' 5' 6 
In this letter we report ;'n an experiment. by which a large 

change in the decay constant of the 24-second Nb90 isomer was observed follow-

ing a c~ange in the chemical state. 

Recently qooper et a1. 7 proposed a .partial decay scheme for Mo90 

(Fig. 1) in which a very low energy isomeric transition in Nb90 was postu-

lated. The transition was not detected. directly, but an upper limit of 3 keV 

vras placed on ;i. ts energy. . It is thus of interest to obtain evidence of the 

existence of this isomeric transition. 
' . 

Such evidence mi1ght be obtained, if the transition energy is suffi-

ciently low, by changing the chemical environment of the nucleus and thus 

( 
' 1 altering its decay constant. As poin~ed out by Daudel , the change in iso-

meric decay constant arises, from a change :i.n electron density near the nucleus!~, 

In the case of the 2-keV isomeric transition in Tc99m, Bainbridge, Goldhaber 

and Wilson4 observed. a difference of 0.3ojo in the decay rate of Tc99m in the 

· compi:!Ufidf;l K'l't:.\94 and ~c~~7 . ;In the C'.lase of the N1o90 isomer 1 the chemical 
I 
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bonding electrons are in the N and 0 shells of Nb, with .binding energies ~ 50 

eV. If the decay energy should be less than 200 eV (binding energy of the V~ 

shell), internal conversion could take place only in theN and O.shells and 

appreciable chemical effects might be,expected. 

In the case of a short-lived daughter activity in equilibrium with a 

long-lived parent, a sudden change in decay constant of the daughter caused by 

a.chemical reaction will perturb the equilibrium, which will again be restored 

with the half-period of the daughter in its altered environment. (By 

"chemical reaction" 'is meant a change · in chemical state of the daugh-

ter, not a chemical separation of daughter from parent. ),such a chem-
- 90ml. ·- ·· ... .· · - · - .. 

ical effect on the lifetime of Nb .. has been demonstrated by an experiment in 

which an 1intens,ity change of the 122-keV E2 gamma ray (in cascade with the low-
' 

energy i~omeric transition) was observed following a rapid chemical reaction. 
! . 

About 200 Nb foils (0.02 in
2 

X 0.0005 in), were bombarded with 50 MeV protons, 

. ~ ~~ 
'producing Mo by a p,4n reaction. Each foil, which contained Nb in 

equilibrium with the Mo90 , was rapidly. dissolved (1-2 sec) in a mixture of hot 

. c~ncentrated HN0
3 

and HF, thus changing the chemical environment of the meta­

stable state from metallic to that of a fluoride complex. 

'Immediately after the chemical reaction, a growth in activity was noted. 

A four-point growth curve was obtained by recording four successive gamma-ray 

spectra from a Ge(Li) detector for 18 seconds in each of the four 100-channel 

blocks of a 400-channel pulse-height analyzer. This procedure was repeated 
I 

about 200 times to tnsure the statistical reliability of the data. The·entire 

experiment was repeated at a later date and a lower counting rate was used so 
.. 

. as ·to improve the resolution. The resulting gamma-ray spectra from the first 

block of 100 channels are shown in Fig. 2. 

., 

'I 
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The resolve.d ·growth curve of the 122-keV photopeak was obtained by 
1, 

assuming that the background un,der the pho~opeak is ·constant (as it is on both 

. sides of the photopeak) and subtracting this background value from the total 

number of counts under the·photopeak (Fig. 3). A least-squares analysis of 

.I the four gamma-ray spectra was made in order to obtain an average value of the 

,< 

. '· 

background. 

The expression for the intensity of the 122-keV gamma ray after the. 

reaction is obtained from the usual relationship forthe grOwth and decay of a 

· · two component system, 

.. where 

A. 90 No 90 
. Mo Mo ( · ( . ) 

N Nb 90m.l = [ (A. 9orn'i + ~A.) ~ A. 90] . ~Jql -A.Mo90 t 
Nb . · Mo · .·., 

I 
l 
l
1
. ·- exp[-(A. .. 

9
0m + ~)t]) 

Nb l ' 

+ No 90ml exp[ -(A. . 90ml t ~)t] ' 
.· Nb · Nb , · 

(l)' 

N°· · and 
Mo90 · 

N;b90m
1 

.. are the number of nuclei· present at the time of 

the chemical.reaction and , A.Nb90ml + ~A.. is the. decay constant for. the isomer 

in the fluoride complex. By substituting A. 90m
1 

No 90rri ·. for · A. 
9
· 0 No 90 

. Nb Nb l · Mo Mo 

in Eq. (l) (equilibrium condition imm~diat~ly before the ~eaction) and dropping 

A. from the denominator one obtains 
Mo90 

N 90 . (A. 90m + ~f = A. 9din ·No 90m . exp ( -~ . 90 t ~ 
Nb m1 Nb. · l . . Nb l . Nb 1.. . ·t . Mo · ~\ ' 

I~ ' 

I • 

. + ~ No 90 .. ex]?[.-(A. .. · 90 + ~)t] 
ml ml 

. Nb · . Nb .· . 
(2) 

.' / 
' " ''· t'· 
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Thus the intensity of the 122-keV gam.'lla ray is given by either'. the sum or 

difference (depending on the sign of !::).) of 2 exponentials, 

I(t) =·a exp'£-~ 90t] + 13 exp[.-(~ 90m + .6~)tr 
,Mo . Nb 1 . 

. ' I 

(3) 

Thus, 13/a = ~~~ 90m
1 1 the. fractional change in decay constant of the isomer. 

. Nb . 
The functional· relationship 'of Eq; ,(3) was fitted to the four points of 

the growth curve by the method of least squares. The best solutions (Fig. 3) 
. · · · 90ml 

were obtained with a Nb half life of ?l sec, which is in good agreement 

with the 24 ± 3 ·sec value reported by Mathur and Hyde. 8 The results of this 

analysis show that the decay con~tant of the metal is 3.6 ± 0.4% greater than 

the deca~ rate of the fluoride complex. 
i 

The size of the effect, an order of magnitude greater than that ob­

served by Bainbridge et al. 
4 

with Tc~9m ·in Tc metal and KTco4, indicates.· that 
.. 

the transition depopulating the 24-sec isomeric state has a very low energy 

and decays by internal coiwersion in the outermost electron shells, . where 

changes in the chemical state can be expected to affect most strongly the 

electron density at the nucleus. So far as· we know, this 3.6% change is the 

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

Not only is the effect an order of .magnitud~ greater but it is also 

, . in the. opposite direction from the effect observed in Tc99m. Slater9 sug-

gested that the faster decay rate observed for KTco4 is due to a greater 

squee·zing of the Tc atom in. the KTc04 ,(Te-O bond distance· of l. 7 A) as com-
. ' 

.. pared with the metal (Te-Te bo~d distance of 2.7 A). 9 The sam~ effect of 
/ 

smaller bond distance should also. be. present· in the case of the solid Nb 

\ .· 

··. 

( 
'.. 

\, 
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. . olO 
\' /· .flt,toride saltJ KNbF7, ~ince it. has a Nb-F bond.distance o·f.2.0 A compared 

• ,l. ,., • . : . 0 11'' 
with the Nb-Nb metal bond distance of 2. 85 A. We have. no knowledge of the 

,\., ,: ! , ' I • ' ' 

Nb-F bond distance in the·niobium fluoride complexes in the solution which was 

the final state in our experiment, ·but if .it is also less than the Nb-Nb bond 

·~ 'distance in the metal, another explanation must be sought for the direction of 

. \. 

-;.~' 

:,.· . ~ . 
/ ·.' .. , 

.... '· :· 

. . ~ 

the observed effect. Possibly this could be attributed to the very high elec-

·tronegativity of the fluorine atotn. Since the Nb-F chemical bond involves 

esse~tially thP. 4d and 5s electronsJ'our results would then indicate. that an 

appreciable fraction of th~ isomeric decay takes place by ejection of valence 

electrons) which would inde~d indicate a very low' energy transition. 

We wish to thank Dr. G. Struble for the use of his least-squares· 

.spectrum, analysis program and Dr. D. A. Shirley for helpful· discussions and 
I . . 

l 
suggesti~;ms. Thanks are a:lso due the crew of the 88" cyclotron for their 

I 
' 

help in carrying out the bombardments. 
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FIGURE CAPTIONS 

Fig. 1. Pa:r:t:l.al dec~y ~ch~me ·of Mo,90 as proposed ~Y Cooper et. al. 5 ·The first 

( 9om1 ) metastable state l'DJ , at 122. 5 + o keV is. indicated by m1 and the second 

.metastable state (Nb90~) at 380.0 + o keV is ~·i . . 

. ,: Fig. 2. Accumulated ganima-ray spectra from the first 18 second counting 
.~ 

interval after the chemical reaction, showing the.l22-keV photopea:k of 
~ . . . ~ 

Mo decay and the 133- andl42-keV photopeaks of Nb decay. Spectra 

A and B were takenat different counting rate9. 

Fig. 3· a) Growth curve of the 122-keV photopeak (A) intensity and plot of 

the background at lower and higher energies. The solid line indicates the 

least-squares fit. to ~he points. 

1
b) Growth curve of the 122-keV ph~topeak (B) intensity and plot of 

. the ~ackground at lower and higher energies •. The. solid .line indicates 
1 ' 

. the le.ast-squares fit to the points. I ' / . 

. . Fig. 4. Comparison of the experimental growth curves ·obtained from spectrum 
I 

· A and spectrum B. The B results were normalized to the first point 

·of the A 'results by multiplying. all .B points by 2.865. 
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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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