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The calibration constants for the Mossbauer isomer shift in "'Sn are determined. This is based 
on an essentially model-independent technique, using the chemical changes in electron density 
on tin nuclei, determined from the measured changes in the probability of electron capture by 
the 'I3Sn nuclei. The following values of the calibration constants are obtained: C = S/Ap(O) 
= 0.045 + 0.004 mm.s-'/a.u., A(r2) = (3.5 + 0.3) X l o p 3  fm2, AR /R = (0.83 + 0.07) 
x 

The calibration of the Mossbauer isomer shift in 'I9Sn 
has had a considerable history (see the reviews and refer- 
ences in Ref. 1 )  but, so far, the problem has remained un- 
solved. Moreover, recently published  result^^-^ are very con- 
tradictory, with reported calibration constants differing by 
factors of up to f o ~ r . ~ . ~  

The problem is to determine the coefficient of propor- 
tionality in the relation between the isomer shift S and the 
change Ap(0) in the electron density on the nucleus, which 
is equivalent to determining the change A(r2) in the mean 
square charge radius of the nucleus, or the relative change 
AR /R in the radius of the equivalent uniformly-charged 
sphere, when the nucleus undergoes a transition to an excit- 
ed state. These changes are related to S byX 

where S is in velocity units, Z is the atomic number, e is the 
elementary charge, cis the velocity of light in vacuum, and E 
is the y-transition energy. Before we can find A (r'), or AR / 
R, we must determine Ap ( 0 )  for two compounds for which S 
is known. 

The reasons for the contradictory results of different 
determinations of the calibration constants can be traced to 
the fact that practically all the methods used to determine 
Ap(0) are based on different physical models of the atom in 
chemical compounds and rely on approximations, the valid- 
ity of which is not always obvious or sufficiently justified. It 
is therefore important to determine Ap(0) by methods that 
have a minimal dependence on the approximations intro- 
duced by the physical model employed. It was pointed out 
some years ago that a method based on the determination of 
the chemical change in electron capture probability can sati- 
sify this condition.' 

In our previous papers, "." we reported measurements 
of chemical changes in the probability of electron capture by 

113 Sn nuclei (TI , ,  = 115.2 d )  and found a correlation 
between the relative change M /A in the capture probability 
and the isomer shift of the Mossbauer transition in "'Sn 
nuclei. The inadequate understanding of the contribution of 
different factors to M /A (other than the change in the elec- 
tron density in the nucleus, the change in the neutrino ener- 
gy, exchange effects, and overlap effects) that prevailed at 
the timel2.I3 prevented us, however, from obtaining accurate 
values Ap(0) and the calibration constants. All we could do 
was to obtain some very approximate estimates (AR / 
R =  However, this difficulty has now been obviat- 
ed.14-17 The effect of changes in neutrino energy on M //I is 

negligible in the case of Il3Sn as compared with the experi- 
mental uncertainties in M /A (Ref. 15). A considerable in- 
crease in the probability of capture of valence electrons due 
to exchange has little effect on the total capture probability 
because it is due to a reduction in the probability of capture 
of electrons from inner shells. This also applies to changes in 
the probability accompanying changes in the electron con- 
figuration. Exchange and overlap effects largely cancel 

out.I7 These factors can therefore be neglected when one 
evaluates the change in the total capture probability. In the 
case of ' "Sn, the following f ~ r m u l a ' ~  is valid to within about 
1%. 

where x represents the electron subshell, q, is the neutrino 
energy, andp, (0 )  and Ap, (0 )  are, respectively, the density 
of x-electrons in the nucleus and the change in this density 
[although changes in the individual terms in the sum in the 
numerator of (2 ) ,  with the exception of the exchange and 
overlap effects mentioned above, do not reflect changes in 
M, for the subshells x) .  The proportionality coefficient is 
given by 

TABLE I. Total electron density p ( 0 )  and the contribution of K-, N-, and Q-electrons to it, 
calculated using the D F S , ? ,  , DFS,= ,,,,and D F  wave  function^,'^ and the values of the coeffi- 
cientsp(O)/K (in atomic units for the tin atom with 5s15p:,, valence electrons). 

30 Sov. Phys. JETP 65 (I) ,  January 1987 0038-5646/87/010030-03$04.00 @ 1987 Amer~can Institute of Physics 30  



(AA/A).~o' 

I SnS 1 

FIG. 1. ' "Sn activity ratio R, , ( t )  as a function oft for two pairs of sources. 
The slope of the straight lines gives the following values of M /A: SnTe 
relative to SnO?, (4.0 + 0.9) X SnOz relative to P-Sn, 
(2.7 + 0.45) X 

K = (  1-[pi. (0) Ip (0) I ( l - ~ l , ~ / Q ~ ) ) - ' ,  

where Q is the total energy released in capture. Using the 
values of p,, (0)  and p (0)  given in Ref. 18 together with 
Q = 632 keV (Refs. 11 and 19) and the electron binding 
energies given in Ref. 20, we find that K = 1.08 1. Before we 
can determine Ap(0) from the measured M /A, we must 
knowp(O)/K. The main contribution top(0)  is provided by 
deep internal shells of the atom for which the densitiesp, (0) 
calculated in Ref. 18 are relatively insensitive to the particu- 
lar physical model employed. Table I lists the values ofp (0)  
(in atomic units) and the contributions of certain shells to 
the total electron density in the case of neutral atoms of tin 
with 5~'5~:,, valence electrons in the Dirac-Fock-Slater 
(DFS) model (with Cin front of the exchange term equal to 
1 and 2/3) and the Dirac-Fock model (DF) . The Table also 
lists the resulting values of the proportionality coefficient 
between Ap (0)  and M /A. These values agree to within 1 %, 
so that, independently of the relativistic model of the atom 
employed, 

Since the contribution of the valence electrons to p (0 )  is 
small, the same value is obtained for the coefficient p(O)/K 
to within the indicated uncertainty when p (0)  is calculated 
for any tin ion with any configuration of valence electrons. 
Moreover, the result is practically independent of the change 
in the density of valence electrons in the nucleus due to solid- 
state effects. 

We have continued our experiments with '13Sn, concen- 
trating our attention on compounds which have typically 

FIG. 2. Dependence of M /A( ' 'Sn) on 6( ' "Sn) relative to Sn02. The 
slope of the straight line obtained by the method of least squares corre- 
sponds to (PA //2)/6 = (1.19 1 0 . 0 9 )  x l o 4  mm-Is and Ap(O)/ 
= (22 + 2) a.u./mm.s-' 

large isomer shifts in 'I9Sn. We have extended the experi- 
mental time scale to 8TI,, in our measurements of the time 
dependence of the source activity ratios, which enabled us to 
introduce more accurate methodological corrections, espe- 
cially those for long-lived impurity radionuclides (the 
sources produced by neutron activation in a reactor, in 
which a 72.9% enrichment with Il2Sn was achieved, were 
found to contain the I2'Sb impurity with TI,, = 2.77 y, 
formed after thefl-decay of '2%n). The experimental details 
are similar to those described in Ref. 11. 

Figure 1 shows the experimental results obtained for 
two paired sources of Ii3Sn (Il3SnTe and Il3SnI,, "3Sn02 
and fl-"3Sn). We now reproduce the Il3Sn activity ratio 
R,(t) (corrected for the dead time and the presence of lZ5Sb; 
these corrections were introduced by the method described 
in Refs. 11 and 21, using a computer to perform the least- 
squares calculations). The ratios M /A were determined 
from the slope of the straight lines Ro(t) 
= R,(O) [ 1 - (M /A  )At]. 

Table I1 lists the values of M /A relative to SnO,, mea- 
sured in different experiments, together with their average 
values. The indicated uncertainties are the root mean square 
errors. We list the values of Ap(O), determined from (3),  
and the isomer shifts of 'I9Sn relative to SnO, (Refs. 22-24). 
For SnTe and fl-Sn, we list the values of S recommended in 
Ref. 22 as standards (at T = 300°K), whereas in other cases 
the isomer shifts were calculated using the results published 
in Refs. 23 and 24. Figure 2 plots M /A ('I3Sn) as a function 
of S (Il9Sn) for SnO,. The slopes of the straight lines ob- 
tained by the method of least squares were found to yield the 
following values of the calibration constants: C = S/Ap (0)  

TABLE 11. Values of M /A ('13Sn) determined in different experiments and their averages, 
together with the values of Ap(0) and 6 for SnO, from Refs. 22-24. 

I I I 1 I 
Experiment ( Compound I (AhIh).iO4 I b ( 0 )  a.u. I 6, mm/s 

I SnS 
I1 SnS 47f09 I - I - I - 
I p-Sn -, 

I1 b-Sn 2 . 7 z t 6 ~  1 - I - I - 
CuaSnTea 1.5* 
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= 0.045 f 0.004 mm.s-'/a.u.,A(r2) = (3.50.3) x lop3  
fm2, AR /R = (0.83 _f 0.07) X lop4  (for R = 5.919 fm). A 
comparabledeterminationofAR /R from themeasured M / 
/Z (Il3Sn), published in Ref. 11, gave (0.7 f 0.1) X lop4. 

Muramatsu et al.%ave recently used values of Ap(0) 
determined from chemical changes in the intensity of the 0 
line in the internal conversion spectrum, and the values of 
p,, (0) calculated by the D F  method, to show that 
A(r2) = (3.6 + 1.0) x fm2), which is in good agree- 
ment with these nearly model-independent calibration con- 
stants. However, this method is more sensitive to the model 
of the atom [the values of p,, (O), calculated with the DF 
and DFS,, , wave functions, differ by about 10% (Ref. 
18); see also the values ofp, (0) in Table I; comparison of 
the measured and calculated intensity ratios for internal 
conversion electrons shows that the DFS,, , model pro- 
vides a better description of the N-electron wave functions 
near the nucleus than does the D F  model35]. The method is 
also sensitive to the different assumptions about the contri- 
bution of inner shells and 5p valence electrons to the change 
in the internal conversion probability, which may signifi- 
cantly restrict its possibilities as the experimental uncertain- 
ties are reduced. This also applies to the method used to 
determine Ap (0)  from the measured change in the total in- 
ternal conversion ~ r o b a b i l i t y . ~ ~  Different relative changes in 
the total internal conversion probability correspond to the 
same changes in density ofs andp, ,, electrons at the nucleus. 
For atoms in crystals, this difference may be even greater 
because of the rigid-body effect. All this must be taken into 
account since, otherwise, considerable errors will be intro- 
duced into the values of Ap(0) determined from the mea- 
sured M /A for particular conversion  transition^.^' 

The uncertainties in the calibration constants deter- 
mined in this paper are largely due to uncertainties in the 
measured M /A and are largely associated with the presence 
of the ""b activity in our sources. The uncertainty can be 
substantially reduced by using radiochemically pure "'Sn. 
The use of such sources is, at present, a very realistic pros- 
pect." There is therefore real hope that it will be possible to 
obtain calibration constants with precision approaching that 
of ( 2 )  and (3).  
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