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To  explain why stannic oxide SnO,, unlike the metallic B-Sn, shows no measurable chemical change of the 
probability /Z of the isomeric M4 transition in the Il9Sn nucleus (E, = 65.3 keV, TI,, = 293 days), despite the 
large difference between the electron structure of the tin atoms in these compounds, the changes of the 
internal conversion coefficients (ICC) of this transition were theoretically investigated for various tin ions. The 
sought-for reason is the large changes of the ICC for electrons of the deep inner shells of the atoms (especially 
K and L).  For the transition considered, the relative changes Aano/a,!, of the ICC anU for electrons of deep 
inner subshells greatly exceed the relative changes Ap,!, /p,!, of the electron densitiesp,!, near the nucleus. 

PACS numbers: 23.20.Lv, 31.30.Gs, 23.20.N~ 

1. The probability of the internal conversion (IC) of y 

r a y s  depends somewhat on the s ta te  of the electron shel l  
of the atom. T h i s  leads to  chemical  changes of the 
probabilities of e lectromagnet ic  t rans i t ions  in atomic 
nuclei. In some c a s e s  these  changes can be of mea-  
surable  s ize .  An attempt w a s  made in Ref. l to observe 
the chemical change of the decay probability of the nu- 
c lea r  isomer " g m S n ( ~ l I ,  = 293 daysZ),  which accompan- 
i e s  a strongly converted t ransi t ion of multipolarity M4 
with energy 65.3 keV.3 Unlike in the metal  P-Sn, how- 
ever ,  no measurable  change w a s  observed for  the 
1'9mSi1 nuclei in SnQ, even though a considerable change 
of the decay probability w a s  expected f o r  just these 
compounds a s  a resu l t  of the l a r g e  difference between 
the electronic s t ruc ture  of the tin atom in the dioxide 
and in the metal.  The measured relat ive change a h / h  

of the decay probability h  w a s  +(0 .1  i 1.2) . where-  
a s  on the b a s i s  on the data  on the electronic  s t ruc ture  
of the tin a toms  in SnOz and in 0-Sn (Ref. 4) the expect- 
ed change w a s  -5x This  theoret ical  value w a s  
calculated using the customary assumption that fo r  
each electron subshel l  the relat ive change A a n l j / c t n l j  of 
the internal conversion coefficient (ICC) an, , is equal t o  
the relat ive change Ap, l , / pn , j  of the electron density 
p,,, near  the nucleus [n i s  the principal quantum num- 
ber ,  1 and j a r e  the quantum numbers  of the orbi tal  and 
total angular momenta,  and p n l j  = p,,,  ( r  - 0) 1. The la rge  
deviation of the measured near -zero  ~ h / h  f rom the the- 
oret ical  ( m o r e  than four mean squared e r r o r s )  stimu- 
lated m o r e  exact calculations of the ICC f o r  ions. 
They have shown that in the c a s e  of th i s  t ransi t ion the 
change ~ c t ~ , , / c ~ ~ , ,  is not equal to  A ~ , , ~ / P , , ~ .  

2. F o r  identical nuclei in two ions 

Ah A a  
-=-=- A u ~ I ~  

I Za.11, 1, l i a  l+a nl, 
3 a = C  adj. 

n1j 

(1) 

It i s  shown in a number of papers5-' that,  with f a i r  
accuracy (-1% for  M1  transition^,^ -5% f o r  s o m e  
others7p8) the ICC for  electron subshel ls  that differ only 
in the principal quantum number n ,  a t  t ransi t ion ener-  
g ies  considerably exceeding the internal-conversion 
threshold, a r e  proportional to  the electron dens i t i es  
near  the nucleus: 

( k  is the proportionality coefficient). a n  this  basis ,  
frequent use is made of the assumption that the chemi- 
ca l  changes Act,,, a r e  a l s o  proportional to  the changes 
of the electron densi t ies .  In th i s  c a s e  

F r o m  (2), however, it follows that 

where,  with several-percent  accuracy,  a l l  k, , ,  = k , , .  
Since the main contribution t o  the total ICC is made by 
the  inner electron shel ls ,  i t  c a n  be seen  f rom (4) that 
changes even in the fourth o r  fifth significant f igures  of 
the coefficients k , , ,  f o r  deep inner  subshel ls ,  changes 
that have no effect on the accuracy  ( severa l  percent) of 
relat ion ( Z ) ,  can make  a l a rge  contribution t o  the change 
of the total ICC and t o  the change AX/h. F r o m  a com- 
parison' of the measured  A A / A  and that calculated from 
Eq. (3) f o r  llgmSn in SnO, and in 8-Sn it follows that 
such  "chemical" changes of the  proportionality coeffi- 
c ients  k, , ,  d o  indeed take place. 

3. T o  obtain m o r e  accura te  theoret ical  values of 
 AX/^ we need d i rec t  calculations of the ICC for  differ-  
ent tin ions. They can  be  performed by using the ex- 
isting programs. '  The problem i s ,  however, that we 
need t o  have very accura te  values of the  ICC. The  ex- 
pected changes of Ah/h  a r e  of the o r d e r  of 
Therefore  the  ICC f o r  the K and L shel ls ,  whose con- 
tribution to the total ICC is in th i s  c a s e  84% ( a s  cal- 
culated by the program of Ref. 9) must be calculated 
accura te  t o  a t  l eas t  five significant f igures .  In the 
t ab les  only t h r e e  f igures  a r e  given for  the ICC."*'~ A 
higher accuracy of the absolute values of the ICC h a s  no 
physical meaning, in view of the approximate charac te r  
of the physical models  used in the calculations. When 
ICC a r e  calculated f o r  ions with a n  a im a t  determining 
A h / h ,  the difficulty can be circumvented by calculating 
the ICC with m o r e  significant f igures  within the f rame-  
work of the existing models ,  but with physical meaning 
given only t o  relat ive quantities, to  the differences 
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TABLE I. Calculated ICC (Y,,, for  the 65.3-keV M4 tran- 
sition in the ' l 9 ~ n  nucleus for the neutral tin atom, and 
the changes Aa,,, and the ratio of the changes (A(Y,,,/~,,~)/ 
(ApnIj/pnrj/~nlj) for the sn4' ion (relative to the neutral 
atom). 

Aa,, o r  the relat ive changes AanI j /a , ,  (under the con- 
dition that the ICC a r e  calculated for  the compared ions 
within the framework of the s a m e  physical model). 

Band and T r z h a s k ~ v s k a y a ' ~  published the values of 
a,, for  this  t ransi t ion for  the neutral  atom and for  dif- 
ferent  tin ions, accura te  t o  four significant f igures .  
This  accuracy i s  insufficient t o  obtain the theoret ical  
AA/A. The ICC for  the ions w e r e  therefore calculated 
by the s a m e  programg with the s a m e  number of f igures ,  
s o  that when the Sn4+ ion (which h a s  no valence elec- 
trons) is compared with the neutral  tin atom SnO the 
changes ha,,, can be observed for  each subshell.  The 
resu l t  of these calculations of the ICC for  SnO and Sn4+ 
a r e  listed in Table I. It can be  seen  that a very la rge  
contribution to the change A a  of the total ICC i s  made 
by the e lec t rons  of the deep inner she l l s  (K, L). It is 
seen f rom the las t  column of the table that t h i s  contri- 
bution is many t i m e s  l a r g e r  than that calculated under 
the assumption that ~ a , ,  j/anl = Apnl,/pnI 

an+ 

Aanlj ( A ~ n l j l ~ n t j ) l ( A ~ n ~ j / ~ n ~ j )  

1.488 

I 
63.22 

0.374 10.98 
0.096 5.22 
0.687 3.68 
0.081 2.77 
0.019 2.32 
0.182 1.77 
0.003 1.53 
0.005 1.27 
0.125 1.09 
0.046 1.08 
0.582 1.02 
0.037 1.00 
0.075 1.00 

-4.472 1.00 
-0.522 1.00 
-1.194 - 

Electron subshell 

K 
Li 
h 
Ls 
Mi 
Mz 
Ms 
Mi 
Ms 
N1 
N2 
N3 
N6 
NI 
01 

02 
Sum 

The  reasons  for  th i s  a r e  the high multipolarity and 
the low energy of the transition. The internal conver- 
sion takes  place in a smal l  volume a t  the center  of the 
atom.13 The approximate proportionality of the ICC t o  
the electron density n e a r  the nucleus is due t o  the fact 
that the main contribution t o  the ICC is made by the 
atom region at  the nucleus itself.  With increasing mul- 
tipolarity, the volume in which the ICC if formed and 
the contribution made to the ICC by the m o r e  remote  
regions of the atom increase.13 Also contributing t o  
th i s  a r e  the increased wavelength of the converted elec- 
t r o n  when the t ransi t ion energy is decreased  ( th i s  mani- 
f e s t s  itself particularly strongly f o r  conversion on K 
electrons). A s  a resul t ,  the changes of the ICC a r e  no 
longer proportional t o  the changes of the  electron densi- 
t i e s  near  the nucleus. The relat ive changes Aa,,,/a,, , 
f o r  the deep inner she l l s  a r e  c lose  t o  the re la t ive  
changes of the internal-conversion electron wavelengths 
(owing t o  the change in the binding energy). T h i s  shows 
that the increase  of the ICC on the  K, L, and M elec- 
t r o n s  in  the ions is due to a unique volume effect-to 
the increase  of the volume in which the ICC is formed.  

Sno 

~rrp?~,  - 
a n ~ j  

1704.952 
814.838 
181.596 
1838.334 
189.316 
40.992 
435.310 
6.971 
13.274 
39.864 
7.824 
82.664 
1.067 
2.021 
4.472 
0522 

5364.017 

Figure  1 shows, a s  functions of the  tin-ion charge,  

FIG. 1. Contributions to A A / A  from the K, L, M, N,  and 0 
shells for different tin ions a s  functions of the ion charge q(Sn) 
(relative to a neutral atom with valence-electron configuration 
5s2p&,). 

the calculated contributions t o  AX/X f r o m  the K, L,  M,  
N, and 0 e lec t rons  upon successive detachment of the 
valence e lec t rons  f rom the atom (relat ive to  the neutral  
tin atom). It is seen that a very l a r g e  contribution to 
AA/X i s  made by the e lec t rons  of the deep inner shel ls .  
A calculation with allowance f o r  th i s  contribution of the  
change of AA/A fo r  ligmSn in SnO, compared with j3-Sn 
(assuming that the respect ive occupation numbers  n5,  
and n,, of the valence 5s and 5p subshel ls  a r e  0.60 and 
1.30 f o r  SnO, and 1 .8  and 2.2 for  j3-Sn, Ref. 4) yielded 
a value A A / A =  -1.2 x It d i f fe r s  f r o m  the measured 
one only by approximately one mean squared e r r o r  of 
the experimental resul t .  

In conclusion, the author thanks I .  M. Band and M. V. 
Trzhaskovskaya of the Leningrad Institute of Nuclear 
Phys ics  fo r  providing the program of the ICC calcula- 
t ions,  and I. Radwialviciute fo r  help with the calcula- 
tions. 
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