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Isomer chemical shifts (ICS) of the Mossbauer y line in isoelectron tin complexes of the 
SnHal62 type and tellurium complexes of the TeHal62 type (Hal = F, Cl, Br, I) are studied. 
A comparison of the dependence of the magnitude of the ICS on the electronegativity of the 
halide for both types of complexes shows that the sign of change of the nuclear charge 
p = oR/R for the 35.6-keV y transition in the Te125 nucleus is the same as that for the 
23.8-keV y transition in the Sn119 nucleus, that is, it is positive. The value of p(Te)/p(Sn) 
has also been obtained and found to equal 1.1. Calibration of the ICS for the 25.6-keV y 
transition in the Te125 nucleus corresponding to a single 5s-electron is carried out. 
Finally, preliminary measurements of the magnitude of the ICS for the Sb121 37 .5-keV 
y line are made, which yield p(Sb)/p(Sn) ~ -6. 

As shown in [i], the isomer chemical shifts (ICS) 
of the Mossbauer y line reveal, for the isoelec­
tronic tin compounds of the SnHal4 type, a clear­
cut correlation with the electronegativity of the 
halide atoms. Such a correlation makes it possible 
to relate more reliably the values of the ICS with 
the character of the chemical bond in the investi­
gated compounds, and is important in the analysis 
of the experimental data obtained with the aid of 
the nuclear y-resonance method. In order to de­
termine from the ICS data the change in the charge 
radius of the nucleus p = oR/R, occurring during 
the resonant transition, it becomes necessary to 
calculate the electron density in the nucleus of a 
many-electron atom in a molecule or in a crystal. 
These calculations cannot be performed at present 
with high accuracy, and the values of p obtained 
thereby are not reliable enough. 

Additional useful information, which does not 
call for absolute calculations of the electron density 
at the Mossbauer nucleus, can be obtained in the 
investigation of ICS in isoelectronic compounds of 
elements having the valence electrons in one and 
the same shell, for example tin and tellurium, 
which have outer-electron configurations 5s25p2 

and 5s25p4, respectively. One of the most essential 
results of this kind of investigation may be the de­
termination of the relative values of p for both 
nuclei. 

The present paper is devoted to a comparison of 
the values of the ICS of the Mossbauer y line in 
isoelectronic complexes of tellurium, of the type 

TeHal62, and complexes of tin of the type SnHal62 

(Hal= F, Cl, Br, I). The choice of these complexes 
for the investigation is connected with the fact that, 
in spite of the difference in the configuration of the 
valence shell, the character of the chemical bond 
of tin and tellurium is the same in these complexes. 
Indeed, both TeHal62 and SnHal62 are octahedra of 
the symmetry group Gt [2J, in which the tellurium 
and the tin form equivalent bonds with six halides. 
It is customary to assume (for example, [3J), that 
in this case the chemical bond of the central atom 
(tellurium or tin) with the ligands is based on sp3d2 

hybridization. 
The values of the ICS of the 35.6-keV y transition 

of Te125 in complexes of the type TeHal62 were 
measured by us earlier. [II] In connection with the 
fact that until recently there were no systematic 
data on the ICS in complexes of the SnHal62 type, 
we have also measured the ICS of the 23.8-keV y 
transition of Sn119 for a number of six-coordination 
compounds of tin of the type Me2SnHal6, and also 
for the compounds Me2Sn (OH)6 (in the different 
compounds, Me corresponds to the following 

. H+ + (N )+ + b+ C +) catwns: , Na , H4 , K , R , s • 
Measurements of the resonance-absorption 

spectra for the indicated compounds were made 
with an electrodynamic Mossbauer setup operating 
in the constant-velocity mode. 

To register the resonance y radiation we used 
a standard scintillation spectrometer with FEU-13B 
photomultiplier and Nai(Tl) crystal (1 mm thick). 
The source of the 23.8-keV resonance quanta was 
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Values of ICS for complex compounds of tin and tellurium 

res (8E) 
Compound 

I mm/sec eV x 10"8 

Na2SnF6 -0.48±0,05 -3,8±0.4 
H2SnClo 0.50±0,05 4.0±0.4 
(NH4)2SnClo 0.48±0,0.5 3.8±0.4 
K~SnClo 0.45±0,05 3.6±0.4 
Rb2SnClo 0.43±0,05 3.4±0.4 
CszSnCl6 0.45±0,05 3.6±0.4 
NH4)2SnBra 0,80±0,05 6.4±0.4 

K2SnBra 0.75±0,05 6.0±0.4 
Rb~snr6 1.35±0,05 10.6±0.4 

BaSn03• The measurements were made at liquid­
nitrogen temperature. 

The table lists the obtained values of the ICS 
for the compounds indicated above (the shifts given 
for the tellurium compounds were taken from C4J). 
In the case of the tin complexes, the shifts are 
given relative to Sn02• For the tellurium com­
plexes the ICS are given relative to Te125(Cu). 

For all the complexes of the SnHal62 type, the 
resonance absorption spectrum was singlet line of 
a width indicating the absence of a noticeable quad­
rupole interaction. This result is natural, since, 
as indicated above, tin forms in the SnHal62 com­
plex six symmetrical equivalent bonds with six 
halides. The absorption line in the samples 
K2Sn(OH)6 and Na2Sn(OH)6 turned out to be broad­
ened (broadening on the order of 50%), this being 
apparently connected with the noncubic structure 
of these compounds[5J. 

An investigation of the complexes SnHal62 with 
different cations in the external coordination sphere 
was carried out by us in connection with the fact 
that there are published data [SJ indicating that the 
tin-ligand bond lengths depend on the character of 
the cation. As seen from the table, the values of 
the ICS depend only on the ligand and do not depend, 
within the limits of experimental error, on the 
character of the cation. 

The dependence of the values of the ICS (oE) on 
the difference (AX) between the electronegativities 
of the tin-ligand and the tellurium-ligand (the values 
of AX are taken from the papers of PaulingC7J and 
Finemann [SJ), shown in the figure, can be regarded 
as linear in the central section, just as in the case 
of compounds of the type SnHal4 [ 1J. Actually, the 
dependence of oE on the degree of ionicity of the 
bond should be linear. Since the connection be­
tween the ionicity and AX is nonlinear near the 
purely covalent and purely ionic bonds [T], the ob­
served dependence should also deviate from linear 
at the beginning and at the end of the curve. Com-

res c8El 
Compound 

I mm/sec eV X 10"8 

Na2Sn(OH)6 0.02±0,05 0.16±0.4 
K~Sn(OH)s 0.03±0,05 0.24±0.4 
TeF{? 0.0 ±0,3 0.0 ±3.5 

TeCI62 1.4 ±0,3 16.6 ±3.5 

TeBr62 1.7 ±0,3 20.1 ±3.5 
Ter;2 2,0 ±0,3 23.7 ±3.5 

parison of these relationships makes it possible to 
draw the following conclusions: 

1. The expression for the ICS, as is well known, 
has the following form: 

f:JE = K (Z) p~ '1'2 (0), (1) 

where K(Z) is the atomic factor, p = oR/R is the 
relative change in the charge radius of the nucleus 
during the resonant transition, ~'112 (0) is the differ­
ence between the electronic densities at the Moss­
bauer nucleus in the source and in the absorber. As 
seen from the diagram, the sign of the dependence 
of oE on the values of AX is the same for the tin 
and tellurium complexes under consideration. In­
asmuch as tin and tellurium form the same chemical 
bonds in these compounds, it is natural to assume 
that the electron density at the nuclei Sn119 and Te125 

likewise changes in one direction when AX is 
changed. It therefore follows from (1) that the sign 
of the change in the charge radius of the nucleus 
should be the same for the transitions under con­
sideration in the Sn119 and Te125 nuclei. 

It has by now been established [s-11] that p > 0 
for the 23.8-keV y transition in Sn119• Conse­
quently, p is likewise positive for the 35.6-keV 
y transition in Te125• 

The decrease in the values of the ICS with in­
creasing electronegativity of the ligand shows also 
that the principal factor determining the values of 
'1!2(0) in the investigated complexes of tellurium 
and tin is the degree of "drawing" of the s-elec­
trons to the ligand. This conclusion agrees with 
the results of theoretical calculations based on 
relativistic electron functions [10•11], from which it 
follows that for tin compounds the change of '1!2(0) 
due to screening of the internal s-electrons is of 
the order of 20% of the '1!2(0) corresponding to one 
5s-electron. 

2. The plots of the ICS presented in the figure 
for the complexes TeHal62 and SnHal62 make it 
possible to obtain the values of oE corresponding 
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ICS for the 23.8-keV y transition in Sn'19 and the 35.6-keV 
transition in Te 125 vs. the difference of the tin-ligand and tel­
lurium-ligand electronegativities: 1 - Complexes of the TeHal~2 

type (oE relative to Te 125 (Cu)); 2 and 3 - tetrahalides of tin 
(from data of ['] and, respectively, six-coordination complexes 
of tin (oE relative to a-Sn). 

to a unit difference of electronegativity. We ob­
tained the following values: 

6E(Te)ax=l = 15·1o-8 eV, 6E(Sn)ax=l = 8,8·1o-8 eV. 

From this we can determine p(Te)/ p(Sn), since 
we have, taking (1) into account, 

p(T«i_ = 6E(Te)u=t K(Z)sn 11'1'2 (Sn)u=l (2) 
p(Sn) 6E(Sn)ax=l K(Z)Te l1l1'2 (Te)ax=l . 

The atomic factors with allowance for relativistic 
corrections were calculated with the aid of the ex­
pressions given by ShirleyC12 ] and found to be 

To calculate the ratio ~"IJF2 (Sn)~=i/ ~"IJF2 (Te)~=i 
we used the nonrelativistic single-electron wave 
functions [i3J, taking into account the obvious rela-
tion 

The calculation performed in this manner gave the 
following values: 

'1'5s2 (Sn) = 1.1·1026cm-3, 

From this we get 

~ '1'2 (Sn)u=!/ 11 '1'2 (Te)ax=! = 0.7. 

Using these results we obtain with the aid of (2) 
a connection between the relative changes of the 
mean -square charge radii of the nucleus for the 

two Mossbauer y transitions, 23.8 keV in Sn119 and 
35.6 keV in Te125: 

p(Te)/p(Sn) = 1.1. 

It must be emphasized that this result does not 
depend on the degree of approximation of the cal­
culation of the electron wave functions (only their 
ratio is important), or on the absolute values of the 
degree of ionicity of the bonds, and is in principle 
more reliable than an estimate of the absolute val­
ues of p from the calculated values of "IJF2(0). 

If we assume that p(Sn) = 3.3 x 10-4 (the result 
obtained by Bocquet et al.C11J by measuring the 
spectra of the internal-conversion electrons for 
the 23.8-keV transition in {3-Sn and in Sn02 ), then 
we get p(Te) = 3.6 x 10-4 for the 35.6-keV y tran­
sition in Te125• 

3. Comparison of the variation of the values of 
the ICS for complex compounds of tin and tetra­
halides of tin, SnHal4, shows that the density of the 
s-electrons at the Sn119 nuclei in octahedral com­
pounds (5sp3d2 hybridization) is smaller by almost 
15% than in the case of tetrahedral compounds, in 
which the bond between the tin and halides is formed 
by 5sp3 hybridization. This result can be attributed 
to the screening action of the d-electrons in the 
hybrid 5sp3d2 bond. 

4. The dependence of the ICS in TeHal62 com­
plexes on the electronegativity of the ligand can be 
used for an independent estimate of p (Te), if we 
extrapolate the values of oE to the fully covalent 
and fully ionic bond, i.e., if we determine the value 
of oE corresponding to detachment of one 5s-elec­
tron. To this end it is possible to use data on the 
relation between the degree of ionicity of the bonds 
and the values of ~ given by PaulingC14J. It is 
seen from these data that when ~ = 2 there is 
realized approximately 50% ionic bond. From this 
we get that detachment of one 5s-electron in the 
octahedral compounds of tellurium corresponds to 
a shift equal to 60 x 10-8 eV. Allowance for the 
screening action of the d-electrons (a quantity on 
the order of 15%, as noted above), gives a value of 
70 x 10-8 eV for the shift due to one 5s-electron in 
the tellurium atom. Using the values of K(Z)Te 
and "IJF~s (Te) obtained above, we get from (1) 
p(Te) = 2.8 x 10-4• This agrees with the value 
p (Te) obtained from the ratio p (Te)/ p (Sn), since 
the value of p (Sn) in [1i] is determined with an 
accuracy of approximately 30%. 

5. Among the tellurium compounds investigated 
to date, a reliable estimate of the number of va­
lence electrons in the 5s-state has been made only 
for metallic telluriumC15J. This value turns out to 
be 1.6. The value of the ICS obtained by extrapolat-
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ing the observed o(E) plot to the fully covalent bond 
(~ = 0), corresponding to one 5s-electron in octa­
hedral tellurium complexes, is much larger than the 
value of oE for metallic tellurium, the latter being 
7.5 x 10-8 eV relative to Te125(Cu). It can be as­
sumed that this circumstance is due to the addi­
tional density produced by the non-bonding pair of 
6s-electrons. The hypothesis that such electron 
pairs can exist in complexes of the TeHal62 type 
was advanced by PaulingC7J. Apparently, donor 
electrons of the external cations participate in the 
formation of such a pair. Using the calibration ob­
tained above for the values of the ICS, we can show 
that the additional density of this non-bonding pair 
of 6s-electrons '1'2 (0) at the Te125 nuclei is of the 
order of half the density corresponding to one 5s­
electron. We have made an approximate estimate 
of '1'2(0) for a pair of 6s-electrons, using the spec­
troscopic data for the tellurium atom [16] and the 
Fermi-Segre formulaC17J. The calculated value 
turned out to be approximately half the value ob­
tained by the method indicated above. 

We are presently continuing the investigations 
of the values of the ICS of the resonant y line in 
isoelectronic compounds also for the case of the 
37.2-keV y transition in Sb121, which in turn will 
yield information on the value of p(Sb). Prelimi­
nary results obtained by us in observation of the 
Mossbauer effect on Sb121 make it possible to es­
timate the ratio p(Sb)/ p(Sn). The value of the ICS 
of the 37 .2-keV y transition, for a source in the 
form Sn121o2 turned out to be approximately 
- 12 mm/ sec relative to metallic antimony (the 
shift of the resonant line for a source in the form 
of metallic ,B-Sn121 relative to antimony is close 
to zeroC18J). If we assume that the character of 
the chemical bond of the antimony atoms in the 
Sn02 lattice differs little from the bonds of the 
tin atoms in the same lattice, then a comparison 
of the shifts of the resonance line for the pairs 
sn121o2-Sb and Sn119o2-,B-Sn yields for the ratio 
a value p (Sb)/ p (Sn) ~ - 6. 

The authors are grateful to E. Grishin and 
V. Makhaev for help in the work. 
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