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Experimental M6ssbauer spectra of a series of  Sn(II) and Sn(IV) compounds 
are interpreted in terms of MO theory. On the basis of the self-consistent 
charge (SCC)-Xa-MO method electronic charge densities p(0) and electric 
field gradients Vzz at the 1198n nucleus are computed and related with experi- 
mental isomer shifts 6 and quadrupole splittings AEq. From this correlation 
values for the fractional change 6 R / R  in the nuclear charge radius and for 
the nuclear quadrupole moment Q of 1195n a r e  obtained as 6 R / R =  1.61 �9 10 -4  

and Q = -0.0615b, respectively. The results of our MO calculations indicate 
that large isomer shift differences in 1195n compounds are due to a "lone-pair" 
MO, which exists in Sn(II) compounds but is absent in Sn(IV) compounds. 
This "lone-pair" MO causes an increase mainly in the 5s orbital population, 
resulting in a large electronic charge density p(0). Furthermore, our results 
show the limits of  the applicability of simple electrostatic models or 
phenomenological schemes to the interpretation of the experimental data 
when different coordination numbers of Sn are involved. 
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1. Introduction 

The purpose of our work is to demonstrate the necessity of applying molecular 
orbital (MO) calculations to understand experimental M6ssbauer spectra in terms 
of  electronic structure data. Since the results of  our MO calculations indicate 
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that, in general, unequivocal informations about the electronic structure of 
molecules cannot be obtained from MSssbauer spectra alone, Mrssbauer data 
have to be supplemented either by additional experimental studies (e.g. ESR or 
NMR measurements) or by theoretical calculations. On the other hand, although 
sufficiently accurate MO calculations based on many-electron approaches (e.g. 
CI or Green's functions calculations) yield in principle all desired information 
about the electronic structure to any degree of reliability, such calculations are 
almost impossible for larger molecules containing heavy atoms. Therefore, a 
practical way of gaining insight into the bonding properties and electronic 
structure of such systems consists of combining semiempirical MO calculations 
with experimental data to derive reliable informations. Up to now semiempirical 
MO calculations on n9sn compounds are few in number and of uncertain 
reliability. We mention, however, the encouraging attempt of Winkler and Mehner 
[1] to apply Hiickel methods to the interpretation of isomer shift data for Sn(IV) 
compounds. 

2. Molecular  orbital calculations 

The SCC-Xa method [2] treating only valence electrons explicitly is based on 
the secular equation 

"" " (1) ( H ~  ~ - ekS  o )Cjk = 0 
, j  

where ek are the molecular orbital energies, S~" are overlap matrix elements, cs~ 
are the LCAO coefficients, and the indices /z, v number the atoms, while i, j 
denote the atomic wave functions centered on the/zth and vth atom, respectively. 
The matrix elements H~ ~ of the Hamiltonian are given as [2] 

~s)so +~(vo + v~, ). (2) 
Here the valence orbital ionization potential ey and the matrix elements V~s" of 
the molecular potential depend on the effective atomic charge 

Q~=z,,-N~ (3) 

where Z~ is the nuclear charge and N, is the number of electrons. Thus, the 
self-consistent cycle has the following structure: 

{Or}initial -) H~'({Q~}) -~ ek, Ok(r) -~ P~"-> {O~}new (4) 

with the bond-order matrix P~ given by 
p . v  /~ v Po - E  (5) nkC ik Cjk 

k 

nk is the number of electrons assigned to the molecular orbital Sk(F). 

To demonstrate the quality of our SCC-Xa calculations, we compare experimental 
molecular ionization potentials [3] and dipole moments [4] with corresponding 
calculated values for SnX2, SnX4 (X = CI, Br, I) and CH3SnHa, SnY (Y = O, S, 
Se, Te) presented in Tables 1 and 2. It turns out that the calculated ionization 
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Table 1. Comparison of experimental molecular ionization potentials (in eV) with corresponding 
values obtained from SCC-Xa calculations for SnX z and SnX 4 (X = C1, Br, I) 

SnCI 2 SnBr2 SnI2 

Orbital exp. SCC-Xa exp. SCC-Xct exp. SCC-Xa 

2a 1 15.81 15.95 15.56 15.60 15.50 14.91 
2b 2 12.69 13.15 12.05 12.58 11.19 11.64 
1 b~ 12.02 12.20 11.33 11.41 10.35 10.63 
3a I 12.02 12.20 11.33 11.41 10.35 10.31 
1 a 2 11.27 11.70 10.58 10.96 9.55 9.91 
3 b z 11.27 11.52 10.58 10.81 9.23 9.76 
4a 1 10.31 10.69 9.83 10.14 9.05 9.32 

SnC14 SnBr4 SnI4 

Orbital exp. SCC-Xa exp. SCC-Xa exp. SCC-Xa 

2a 1 17.00 16.57 16.70 16.12 16.10 15.52 
2t 2 14.00 14.42 13.20 13.78 12.10 12.68 
1 e 12.71 12.63 11.75 11.84 10.29 10.66 
3 t 2 12.44 12.52 11.75 11.77 10.78 10.56 
1 t 1 12.10 12.26 11.12 11.59 10.10 10.36 

Table 2. Experimental and calculated dipole moments for CH3SnH a and SnY 

CH3SnH3 SnO SnS SnSe SnTe 

Experimental 0.68 4.32 3.18 2.82 2.19 
Calculated 0.72 4.11 3.28 Z94 2.30 

potent ials  deviate f rom the corresponding exper imenta l  values by less than  0.6 eV, 

and  the results for other compounds  (SnH4, SnY) show the same level of 
agreement  with exper imental  data. Moreover,  from the good agreement  between 
exper imental  and  theoretical  dipole moments  we conclude  that  our  calculated 

charge dis t r ibut ions  are at least quali tat ively correct be ing a necessary condi t ion  
for ob ta in ing  reliable p(0)-values .  

3. Isomer shift and electronic charge density at the ll9Sn nucleus 

The exper imenta l  MiSssbauer isomer shift for 1198n is given as 

6 = 534 - ~  [pa(0) -- pS(0)] = a" Ap(O)[mms -1] (6) 

where 6 R / R  is the fract ional  change in the nuc lear  charge radius  R between the 
first excited state and  the g round  state of the 1195n nucleus.  Ap(0) = pA(O) --ps(O) 
is the difference be tween the total relativistic electronic charge densit ies pA(O) 
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and ps(O) at the nucleus of the absorber and source, respectively, and a is the 
isomer shift calibration constant. The total electronic charge density p(0) at the 
U9Sn nucleus consists of valence and core contributions: 

p(0) --- Pvam(0) + p . . . .  (0) = • nk]$k(O)[2+2 X ]~'~)(0)12- (7) 
k n 

The valence contribution pval(0) derived within the LCAO approximation arises 
almost entirely from the direct contribution of the tin valence electrons, i.e. 

P v a l ( 0 )  = • co (o) (o) P~ 6, (0)~j (0) (8) 
/j 

where the atomic orbitals 6~~ and ~b~~ are both on the tin atom denoted 
by the superscript o. The bond-order matrix elements p,~o are obtained from the 
MO calculation. 

Since the SCC-Xa method is a valence-electron-only MO-method, in calculating 
the core contribution Pcore(0) the molecular core wave functions $(~c)(F) have to 
be constructed by Schmidt orthogonalization of the atomic core wave functions 
$(f)(g) to all molecular orbitals Ok(g) [5]: 

( 1 I$~ )) = No 1 - X  [$k}(r ~, Ir ]~b(f )) (9) 
k m = l  

Thus, the value of the nth completely orthogonalized core orbital $(c)(0) at the 
n9sn nucleus consists of three terms: 

$(*)(0) = Nn(~b(c)(0) + 8~~ + sAC(0)} (10) 

where No is a normalization constant. ~b(*)(0) is the free-atom core orbital, 
modified according to the charge state of the tin atom in the respective molecule, 
8~~ represents the orthogonalization of ~b(~c)(F) to all MO's Ck(F), while ~AO(0) 
arises from reorthogonalizing the MO-orthogonalized core orbitals to each other 
[5]. 
The central problem of calculating p(0) lies in the consistent combination of the 
atomic data for the core orbitals with the results of the valence-electron-only MO 
calculation. The following approximations are inherent in our calculations: 

(1) The values ~b(,*)(0) and ~bl~ of the core and valence orbitals at the Sn 
nucleus are derived from relativistic atomic calculations as a function of the 5s 
and 5p orbital populations x~, Xp of tin in various charge states yielding an 
interpolation formula of the type 

, , ~ - ~ ( 0 )  = ao+ aAq + avx p + a~x~ + a~vxAr p + a#x~ (11) 

(2) Comparative test calculations have shown that with sufficient accuracy over- 
lap integrals between tin core wave functions and the valence orbitals of the 
neighbouring atoms may be computed with the HF-wave functions of Clementi 
and Roetti [6] for the tin atom. 

(3) Electronic charge density differences Ap(0) due to contributions from P~/2 
electrons are negligible (less than 0.5 ao3). 
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On the basis of these approximations we are able to discuss relations and 
connections between the following theoretical and experimental data: 

(a) the valence orbital population numbers xs, Xp of the tin atom, (b) the effective 
charge QS, of the tin atom, (c) the respective coordination number of the tin 
atom, (d) the various contributions to the electronic charge density p(0) at the 
119Sn nucleus, namely the valence contribution, the contribution of the free tin 
ion corresponding to its actual charge state in the molecule, and the orthogonaliz- 
ation contribution, and (e) the experimental MSssbauer isomer shifts. The isomer 
shift data for the Sn(II) and Sn(IV) halides [7], as well as for SnO [8], are taken 
from rare gas matrix isolation measurements, while the isomer shift values for 
the other Sn compounds [9] correspond to experiments in the solid state. 

From the numerical results summarized in Tables 3-5 and Fig. 1 we draw the 
following conclusions: 

(1) The large isomer shift values for the two-coordinated Sn(II) compounds are 
due to the existence of a "lone-pair" MO in these compounds. "Lone-pair" MO, 
however, only means that this MO contains a considerable contribution from the 
tin atom, but not that two tin electrons are accommodated to this MO. To 
underline this, the character of the "lone-pair" MO, which is the highest occupied 
4al  molecular orbital in the Sn(II) halides SnX2, is analysed in Table 6, where 
the tin 5s and 5p electron contributions, as well as the halogen valence orbital 
contributions are shown. These data indicate that the 5s electrons of the tin atom 
contribute a considerable amount to the 4al MO. It is mainly this "lone-pair" 
MO causing an increase in the 5s orbital population and resulting in a large 
electronic charge density p(0). 

(2) The small isomer shift differences between the four-, five- and six-coordinated 
Sn(IV) compounds are then understood due to the absence of a "lone-pair" MO 
in all these compounds. Therefore, calculated electronic densities are less sensitive 
against changes in the coordination number and simple electrostatic models are 
sufficient to interpret the experimental data within these series of Sn compounds 
[1]. 

(3) Within a series of equal geometrical coordination the isomer shift 8 is less 
caused by the (indirect) influence of the 5p electrons and the electronegativity 
of the ligands but mainly by the difference in the (direct) 5s electron contributions. 
This is confirmed by theory as well as by experiment. For example, the electronic 
charge density p(0) decreases, while the electronegativity of the halogen atoms 
increases, i.e.: p(0)(Snlm) > p(0)(SnFm), m = 2, 4, 6. 

Correspondingly, the experimental isomer shifts decrease in the same direction 
and are determined by the variation of the valence contribution to p(0), whereas 
the sum of the free ion and orthogonalization terms is approximately constant 
(cf. Table 3). 
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Fig. 1. Experimental isomer shifts 3 relative to SnO 2 (in mms -1) plotted versus calculated relativistic 
electronic charge densities p ' (0 )=p(0 ) -189  900 (in a � 9  3) at the ll9Sn nucleus. The various Sn 
compounds are numbered as follows: 1. SnTe; 2. SnSe; 3. Sn2F~-; 4. SnS; 5. Snl2; 6. SnBr2; 7. SnCI2; 
8. SnO; 9. SnF2; 10. CHaSnI3; 11. SnI4; 12. CH3SnBr3; 13. CH3SnH3; 14. SnI2-; 15. CH3SnCI3; 16. 
SnS2(SnS2-); 17. SnH4; 18. SnBr4; 19. SnI4Br~-; 20. SNI4C12-; 21. SnBr~-; 22. SnBr412-; 23. SnCI4; 
24. SnBr2-; 25. SNC1412-; 26. SnBrnCI~-; 27. SnCI~; 28. SnCIaBr2-; 29. SnBr4F2-; 30. SnCI2-; 31. 
SnCI4E22-; 32. SnO2(SnO62-); 33. SnF4; 34. SnF 2-. The value of the calibration constant is a = 
0.086 rams -1 ag 

Table& Analysis of the 4a t orbitalin the Sn(II) halides SnX 2 

X %-Sn(5s) %-Sn(5p) %-X2 

F 45 21 34 
CI 26 20 54 
Br 23 21 56 
I 16 17 67 

(4) The large isomer shift differences between the Sn(II) compounds on the one 
hand and the four-, five- and six-coordinated Sn(IV) compounds on the other 
hand turn out to be determined by essentially two effects opposite in direction. 
The first enlarging effect is the above-mentioned "lone-pair" MO in Sn(II) 
compounds, while the second diminishing effect is a significant difference approxi- 
mately up to 9 a � 9  3 between the orthogonalization contributions for Sn(II) com- 
pounds compared with Sn(IV) compounds. Thus, these differences are non- 
negligible when Sn compounds of different coordination numbers are considered, 
i.e. the isomer shift 8 and the electronic charge density p(0) are no longer 
determined b~r the valence contribution alone. The orthogonalization of the atomic 
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core orbitals to the molecular orbitals prevents an overestimation of  the electronic 
charge density differences Ap(0) due to the valence contribution, leading to a 
considerable reduction of Ap(0). 

(5) In conclusion, it must be pointed out that the large isomer shift differences 
between the Sn(II) and Sn(IV) compounds cannot be interpreted in terms of 
simple model considerations based on effective atomic charges. For example, the 
isomer shift ~ of SnF2 is nearly three times larger than in case of  SnBr4, while 
the effective charge QSn of the tin atom is approximately equal in both compounds. 

Therefore, our results show the inadequacy in general of phenomenological 
schemes reviewed by Parish [10] and often used to correlate isomer shifts for Sn 
compounds on the basis of the 5s and 5p orbital populations of the Sn atom only. 

In Fig. 1 the experimental isomer shifts ~ relative to SnO2 are plotted versus the 
calculated total relativistic electronic charge densities p(0) at the 1~9Sn nucleus. 
The slope of the solid line in Fig. i represents the isomer shift calibration constant 
a for which we derive the value a = 0.086 mms -1 a3o. The fractional change ~R/R 
in the nuclear charge radius of 119Sn can be obtained from a by the relation 
a =534rams -1 a 3 8R/R,  yielding a value of 8R/R  equal to 1.61.10 -4. In 
comparison with the results of other authors, our 6 R / R  value is between the 
value of 1.3 �9 10 -4 given by de Vries et al. [11] and the value of 1.8 �9 10 -4 derived 
by Rothberg et al. [12] and agrees very well with that of (1.69+0.22).  10 -4 
obtained by Roggwiller et al. [13]. 

4. Quadrupole splitting and electric field gradient at the 119Sn nucleus 

The quadrupole splitting AEq of 1195n with a nuclear spirt of 3/2 is given by the 
expression 

2 \ 1 / 2  

where Q is the nuclear quadrupole moment of the first excited state of 119Sn, 
and Vzz is the electric field gradient (EFG) in the z direction. The asymmetry 
parameter ~7 is related to the diagonal EFG tensor components V~, Vyy and Vzz 
by 

Ivxx- Vyyl 
~7 = (13) v~z 

The principal axes of the EFG tensor are chosen in such a way that the diagonal 
components are ordered as I V~zl > IVyy[ > I Vx~l, restricting ~ to values between 0 
and 1. 

Within the framework of a MO method taking into account explicitly only the 
valence electrons and treating the core electrons in terms of the point-charge 
approximation, the evaluation of the EFG tensor V~ is based on dividing the 
charge density of the molecule into the positive point charges Q ... .  of  the atomic 
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cores and the charge distribution arising from the valence electrons: 

V~ = ~ QTr~v.~(/~o)-eo L P ~  f ~b~)(r- /~,o)V~(r)~b~)(f-/~o)d3r 
v ~ 0  /~v 

U 

(14) 

eo is the (positive) elementary charge, and the tensor operator components V~t~ (F) 
are given as 

- - -  C~t~ Z2M(r)  (15) V,,t3(r) = [ 1 ,  y(r)] r5 r 3 y, 2M A 
M = - 2  

where Z2M(~) is a real spherical harmonic, the numbers C]~ are linear combina- 
tions of Gaunt numbers and y(r) is the Sternheimer shielding function arising 
from the polarization of the core electrons of the tin atom by charges outside 
the core. y(r) can be represented with sufficient accuracy by the analytical 
expression [14] 

y(r )  = yo~[(e-a(r-b) + 1) -1  --  (e "b + 1)-'] + Z d, e -c,(r-r,)2 (16) 
i 

where a, b, di, ci, ri are determined by fitting to y(r )  calculated by atomic coupled 
HF calculations [15]. 

With respect to the LCAO basis set, one obtains several types of integrals discussed 
thoroughly elsewhere [16]. Accordingly we distinguish four types of electronic 
contributions to the EFG tensor V~: 

1. Valence contribution (both wave-functions at the tin atom site) given by the 
one-centre integral 

f ~b]~ ZzM(~)q~J~ = G2M(L,Lj)(r-3)~(1 - R) .  (17) 
1 y(r) i 

g 3 

Here G2M(L~Lj) is a Gaunt number, L=  (Im),  and the quantity R depends on 
y(r )  by the relation 

(~(r)r -3) 
R =  (r -~) 

where r is the distance of the external charge from the 1198n nucleus. The 
expectation value (r -3) is determined by atomic Dirac-Slater calculations [ i l ]  as 
a function of the 5s and 5p orbital populations of the tin atom. 

2. Overlap contribution (one wavefunction belonging to the tin atom and the 
other one to one of its ligands v): these two-centre integrals have to be evaluated 
exactly using Eq. (16) for y(r). 

3. Crystal field contribution (both wavefunctions at the same ligand atom v): in 
this case our test-calculations show that y(r) can be replaced by y~. The resulting 
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two-centre integral 

(1 - 3/oo) th~(f)~b~)(f) " If+ R~ol- Z2M(r+ R~o)dar (19) 

can be evaluated analytically by using a partial wave expansion of irregular 
spherical harmonics r-~-lZl=(~) [17] yielding as the leading term the isotropic 
crystal field contribution 

vv --3 ^ --3 ^ Q~R~oZ2M ( R~o) P~ (1 - 3'oo)R~oZEM(R~o)t~ = (1 - "y~) ~ (20) 
v/j v 

with Q~ -- Y. P ~  being the net charge of the vth atom. This result corresponds 
i 

to the point-charge approximation. Higher terms of the partial wave expansion 
yield angular dependent terms denoted as anisotropic crystal field contributions 
and being considerably smaller [16]. 

4. Three-centre contribution (both wavefunctions at different ligand atoms). The 
three-centre integrals are evaluated along the same lines as the crystal field 
contributions, and the restriction to the point-charge approximation is justified 
as has been shown previously [16]. 

To discuss on this basis the importance of the various EFG contributions, the 
results of our calculations on SnF2 are summarized in Table 7 showing the various 
contributions to the diagonal EFG tensor components Vyy and V=, respectively. 
It is easily seen that the EFG tensor V~ at the 119Sn nucleus is determined almost 
exclusively by the valence contribution due to the 5p electrons of the tin atom. 
On the other hand, the overlap contribution is relatively small and the three-centre 
contribution is absolutely negligible. Another important feature is the almost 
perfect cancellation of the isotropic crystal field contribution and the core contri- 
bution, while the anisotropic crystal field contribution is much smaller. These 
conclusions prove true also for the other Sn(II) halides and moreover are in good 
agreement with our previously obtained results for iodine-containing molecules 
[14]. 

In the next step the applicability of the Townes-Dailey approximation [18] will 
be investigated. For the Sn(II) halides, the EFG valence contributions W~ a~ 
calculated by the SCC-Xoe method are compared with corresponding values V~ o 

Table 7. Various contributions to the EFG components  Vyy and V= (in 
ao 3) for SnF2 obtained from SCC-X~ calculations 

EFG contributions Vyy V= 

Valence contribution 4.118 -6.521 
Overlap contribution 0.751 -0.304 
Core contribution -6.418 2.202 
Isotropic crystal field contribution 6.488 -2.227 
Anisotropic crystal field contribution 0.283 -0.085 
Three-centre contribution -0.001 <0.001 
Sum total 5.221 -6.935 
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Table 8. Compar ison  of EFG valence contributions V'~ ~ calculated by the SCC-Xa 
method with corresponding values V~ D derived from the Townes-Dai ley theory, as 
well as the 5p orbital populat ions of  the tin atom for the Sn(II) halides (EFG values 
are given in ao  3) 

Compound  Wzz~ l V~ D Xp~ Xp~ xp~ 

SnI 2 -6.193 -6.698 0.431 0.153 0.826 
SnBr 2 -6.147 -6.687 0.361 0.144 0.763 
SnC12 -6.200 -6.713 0.282 0.142 0.704 
SnF 2 -6.521 -7.107 0.185 0.099 0.641 

V~ D = 4 / 5 .  (1 - R)(r-3)sp �9 [1/2(xp~ + xpy) - Xp~] 
R = -0.228 (Sternheimer factor) 
(r-3)sv = 22.89 - 3.23 �9 x~ - 2.92 �9 Xp 

derived from the Townes-Dailey theory in Table 8. In addition, the 5p orbital 
populations Xpx, xp~, Xpz of the tin atom obtained from our MO calculations are 
shown. However, it must be pointed out that the Townes-Dailey approximation 
is only applicable if the following conditions are satisfied [14]: 

1. The molecular coordinate system must be identical with the main axes system 
of the electric field gradient. 

2. The total electric field gradient Vzz must be determined mainly by the valence 
contribution V~f, i.e. V= ~ V~f. 

In our case both conditions are satisfied. Thus, our calculated VVz al values and 
the corresponding V ~  values obtained from the Townes-Dailey approximation 
show the same trend (Table 8). 

Finally, the nuclear quadrupole moment Q of the first excited state of 119Sn can 
be derived by comparing experimental quadrupole splittings AEq xp with calcu- 
lated electric field gradients Vzz. Here, only the Sn(II) halides are used while 
SnO has been excluded since in this case our calculated ]Vzz] is significantly too 
small and, on the other hand, p(0) is correspondingly too large. This result is 
easily understood in the following way: the MO calculation fails to reproduce 
the correct s-p hybridization at the Sn atom. Namely, the 5s orbital population 
has to be diminished, while the 5pz orbital population has to be increased, i.e. 

Table 9. Compar ison  of experimental quadrupole splittings E~ xp with theoretical values AEq M~ and 
AE~ D (in mms  -1) obtained from MO calculations and the Townes-Dai ley approximation,  respectively, 
as well as the corresponding EFG values V M~ V ~  (in ao3), and the asymmetry parameters ~/ for 

the Sn(II) halides 

Compound  AE~ xp AEMO AEqTD vMO Vz~D 7/MO ~/TD 

SnI2 2.69 2.69 2.67 -6.396 -6,698 0.883 0.781 
SnBr 2 2.50 2.61 2.59 -6.355 -6,687 0.776 0.639 
SnC12 2.81 2.55 2.53 -6.438 -6.713 0.588 0.427 
SnF2 2.65 2.71 2.69 -6.935 -7,107 0.506 0.259 
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stronger s-p hybridization, resulting in a smaller p(0) value and a larger value 
for ]Vzzl. Using the SCC-Xa method, we obtain a value of -0.0615 b for the 
nuclear quadrupole moment Q, whereas the Townes-Dailey approximation yields 
Q = -0.0605b. In comparison with the results of other authors, our Q value is 
between the value of -O.06b given by Ruby et al. [19] and the value of -0.065b 
derived by Micklitz and Barrett [20]. For the Sn(II) halides, a comparison between 
the experimental quadrupole splitting data A E q  xp [7]  and the theoretical values 

MO TD AEq , AEq obtained from our MO calculations and from the Townes-Dailey 
approximation, respectively, is presented in Table 9 together with the correspond- 
ing electric field gradients V M~ and TD Vzz, as well as the asymmetry parameters 7. 

5. Conclusions 

In summary, it has been shown that the SCC-Xa-MO procedure proves successful 
in the interpretation of experimental isomer shifts and quadrupole splittings for 
Sn compounds with different coordination numbers. The results of our MO 
calculations enable us to understand in a satisfactory manner the correlation 
between the experimental Mrssbauer parameters, the coordination number of 
the 119Sn atom and its electronic structure, i.e. the electronic charge distribution 
and the electric field gradient at the 119Sn nucleus, as well as the population of 
the tin 5s and 5p orbitals. Our MO calculations on 119Sn compounds demonstrate 
altogether that the experimental M/Sssbauer data cannot be reproduced satisfac- 
torily by simple effective charge arguments or phenomenological schemes when 
different coordination numbers are involved. Finally, we have derived new values 
for the fractional change ~R/R in the nuclear charge radius and for the nuclear 
quadrupole moment Q of ltgsn from correlating the experimental Mrssbauer 
parameter 8 and AEq with the corresponding computed electronic structure data 
p(0) and Vzz, respectively. 
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