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The isomer shift in organotin(IV) compounds is ex- 
amined as a function of the polarity, number, and 
disposition of the tin-ligand bonds. In compounds of 
the type R$nX and, to a lesser extent, RzSnXz the 
isomer shift is insensitive to the nature of the ligand 
X, owing to changes in electronic shielding. The 
coordination number has no observable effect. Stereo- 
chemistry plays an important role, and the isomer 
shifts of di-alkyl and di-aryl compounds increase with 
increasing C-Sri--- bond angle, reflecting increasing 
involvement of s-orbitals in the bonding. 

Introduction 

Mossbauer spectra of chemical compounds are cha- 
racterised by two major parameters, the isomer shift 
and the quadrupole splitting. For tin(IV) compounds 
it is now established that the quadrupol splitting is 
due to imbalance in the electron distribution of the 
tin valence-shell? caused by differences in the pola- 
rity of the c-bonds between the tin atom and its li- 
gands?a4 The isomer shift is a measure of the total 
electron density at the tin nucleus, and calculation 
shows that this depends primarily on the valence-shell 
population, the contribution of the inner shells being 
virtually constant.5 Current interpretations have fo- 
cussed attention on the polarity of the tin-ligand bonds 
and the coordination number. 

Herber and Cheng6 and Donaldson and his co-wor- 
kers’ find that in the series St&Y?, SnX4, St&- 
(oxinH)z, SnX2(oxin)z, and SnXz(sal)? (X, Y = Cl, Br, 
I; oxinH = 8-hydroxyquinoline; sal = salicylate) the 
isomer shift is a linear function both of the Pauling 
electronegativity of the halogen and of the number 
of halogen atoms bound to the tin. For the complexes 
S&Y;-, the use of a revised scale of Mulliken elec- 
tronegativitiess allows the fluoro-complexes to be in- 
cluded, but apparently shows a much greater depen- 
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dence of isomer shift on halogen-electronegativity for 
SnX than for SnXY?. This difference is, however, 
due more to the selection of isomer ~shift data than 
to the differing electronegativity scales, since Clausen 
and Good* find rather lower values for the iodo-com- 
plexes and have used a high value for SnL. In Fi- 
gure 1, both sets of data are compared to a common 
set’ for SnX4. It is seen that, for complexes in which 
all the tin-ligand bonds are of relatively high pola- 
rity, a reasonable correlation exists between isomer 
shift and electronegativity, and that a decrease in coor- 
dination number leads to an increase in isomer shift. 

Figure 1. Isomer shift vs average electronegativity. (a) 
Data of Herber and Cheng” (points l-9), Pauling scale, 2.2 
assumed for methyl group (points 14-20); (b) Data of Clau- 
sen and Good’ (points l-lo), Mulliken scale, 8.3 assumed for 
methyl group (points 14-20). Key: 1 SnI+,-, 2 SnBnI?-, 
3 SnClA-, 4 SnBrJI-, 5 SnBrl-, 6 SnCl&-, 7 SnChBr,l-, 
8 SnChBr?-, 9 SnCl:-, 10 SnFa’-, 11 SnI,, 12 SnBro; 13 SnCh, 
14 MeSnI, 15 MeSnBr, 16 MeSnCl, 17 MeSnF, 18 MeSnBr?, 
19 MeSnCh-, 20 MeSnFi-. 

The data for SnX2(oxinh were extrapolated to yield 
an effective Pauline electronegativity of about 2.2 for 
the alkyl groups in R&r(oxin)2.7 However, neither 
this value nor any other will allow data for alkyltin 
halide complexes to be fitted to the correlations of 
Figure 1, since the slope of the line for Me$3n&2- 
is much less than that for St&Y?-. A decrease in 
coordination number and an increase in the number 
of alkyl groups leads to a lowering of the isomer 
shift, as shown by the line for [MesSnX].; both these 
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Parish, Platt 1 Miissbauer Isomer Shifts of Organotin Compounds 



590 

trends conflict with the above correlations. It is thus 
evident that, in systems in which there is a large 
disparity between the polarities of the various tin- 
ligand bonds, factors other than the polarity and 
number of these bonds are affecting the isomer shift. 
It is the purpose of this Paper to examine these fac- 
tors. 

Discussion 

The Nature of the Ligands. As shown in Figure 1, 
the isomer shifts of organotin halide systems are less 
sensitive to the nature of the halogen than might be 
expected. In the neutral halides, R,SnX4_,, there is 
a distinct increase in the isomer shift from the fluo- 
ride to the chloride (of 0.1-0.2 mm/s), but in the 
majority of cases the values for corresponding chlo- 
rides, bromides, and iodides are similar and show 
no systematic trends (Table I). (Comparisons must 
be made only within isostructural series since, as the 
discussion below shows, changes of structure may 
affect the isomer shift. We have also tried, wherever 
possible, to compare values from a single labora- 
tory.) This lack of sensitivity has been attributed 
to the greater covalency (i.e. s-character) of the Sn-C 
bonds than the Sn-X bonds.‘O This would presumably 
account also for the quite distinct changes .in isomer 
shift which occur when slight variations are made in 
the electronegativity of the organic groups, e.g. R = 
Ph<Me<Et. 

Table I. Isomer shifts (mm/s) in organotin compounds. 

EtSnF 1.47, 1.41 =,b 
Et,SnCl 1.61, 1.55 n,b 
EtSnBr 1.61, 1.57“tb 
Et&r1 1.57, 1.56 =.b 
Me,SnF 1.24, 1.28 =jc 
MeSnCl 1.40 1 42 =pc 
MeSnBr 1.41: 1.49 =,c 
Me&r1 1.48, 1.49 =.= 
PhSnF 1.18, 1.25 n,b 
PhSnCl 1.36, 1.31 =sb 
Ph,SnBr 1.20, 1.37 &b 
Ph,SnI 1.19, 1.20 =,b 
(PhSnbO 1.08d 

MeSnCL“ 1.38 b 
Me$5nCIf- 1.63, 1.59 s,f 
MelSnBr?-- 1.76s 

Et,SnCh 
EtSnBn 
EtSnI, 

MeSnCh 
MeSnBr* 

PhlSnC1, 
PhSnBr* 
PhSnL 

Et,SnCL- 1.50 b 
MeSnCL- 1.42, 1.24 b.e 
MeSnBn- 1.43 b 
Ph,SnCh 1.32 * 

1.63 b 
1.70s 
1.72b 

1.60b 
1.60s 

1.38b 
1.43 b 
1.51 5 

a Ref. 28. b Ref. 1. c M. Cordey-Hayes, R.D. Peacock, and 
M. Vucelic, J. Inorg. Nucl. Chem., 29, 1117 (1967). d R. H. 
Herber, H.A. Stockier, and W.T. Reichle, J. Chem. Phys., 42, 
2447 (1965). e N.W.G. Debye, E. Rosenberg, and J.J. Zuc- 
kerman, J. Amer. Chem. Sot., 90, 3234 (1968). f Ref. 19. 

Successive replacement of electronegative ligands 
by alkyl or aryl groups would be expected, on the 

(10) A. Yu. Aleksandrov. 0. Yu. Okhlobystin, L. S. Polak, and 
V. S. Shpinel, Dokl. Akad. Nauk S.S.S.R., Phys. Chem. Secf., (En- 
glish translation) 157, 768 (1964). 

bond-polarity argument, to lead to a continuous in- 
crease in the isomer shift. Such increases are found 
in the early stages of substitution, e.g. in the series 
SnCl? < EtSnCl? < EttSnCl.?, SnCls- < EtSnCL- < 
Et$nCL-, and Sn(GF&< MeSn(GF& < Me&r(GF& 
(Table II). Further substitution may arrest the de- 
crease (R,Sn(GF&_,, n = 2, 3, 4) or even reverse it 
(R,SnX<,, , n = 2,3). In four-coordinate compounds, 
R.SnY, the isomer shift is quite insensitive to the 
nature of Y, although quadrupole splitting data de- 
monstrate clearly varying degrees of polarity in the 
Sn-Y bonds (Table III); the isomer shifts are all 
equal, within experimental error, to that of R6n. 

Table II. Isomer shifts (mm/s) as a function of number of 
organic groups. 

n= 0 1 2 3 4 Ref. 

Et.SnCL,- 0.52 1.10 1.64 - - 1 
Et.SnCL.- 0.59 1.18 1.54 1.50 1 
Me.Sn(CsF& 1.04 1.19 1.25 1.27 171 1’ 
Ph,Sn(CsFs),_, 1.04 1.16 1.22 1.25 1.22 a 

a H.A. Stiickler and H. Sano, Trans. Farad. Sot., 64, 577 
(1968). 

Table ill. Miissbauer data (mm/s) for four-coordinate com- 
pounds of the type RSnX (from Ref. 3). 

6 A 

MaSn 1.29 0 
Me,SnC&l, 1.32 1.09 
Me,SnC = CPh 1.23 1.17 
Me,SnCCl =CCL 1.31 1.24 
MelSnCsFs 1.27 1.31 
MeSnCF, 1.31 1.38 
PhSn 1.27 0 
Ph,SnCH =CH, 1.28 0 
Ph&rC&% 1.27 0.84 
Ph,SnCsF, 1.31 0.90 
BuSn 1.30 0 
(Bu,SnbO 1.29 1.56 

The replacement of an organic group in RSn by 
a more electronegative group might be expected to 
induce rehybridisation at the tin atom, concentrating 
s-character in the Sn-C bonds.” Although there is 
some evidence that the Sn-C bonds shorten with pro- 
gressive substitution, the bond angles hardly chang.e,‘* 
which suggests that rehybridisation is relatively unrm- 
portant. However, the substitution should increase 
the positive charge on the tin atom, which will result 
in a deshielding and contraction of the 5s-orbital, i.e. 
an increase in the effective nuclear charge. In terms 
of the electron density at the tin nucleus, this effect 
could compensate for the loss of some 5selectron den- 
sity to the electronegative ligand. There is a parallel 
here with n.m.r. coupling constants,13 which also de- 
pend on the s-electron density at the nucleus. It has 
been shown14 that, for the Fermi contact term, the 
effective nuclear charge is more important than the 

(11) H. A. Bent, Chem. Rev., 62, 275 (1962). 
(12) 8. Beagley, private communication: H. A. Skinner. and L. E. 

Sutton. Trans. Farad. Sot., 40. 164 (1944). 
(13) L. May and 1. 1. Spijkerman, \. Chem. Phys., 46. 3272 (1967). 
(14) D. M. Grant and W. M. Litchman. 1. Amer. Chem. Sot.. 87. 

3994 (1965). 
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Table IV. Mksbauer data (mm/s) for organotin ditbiocarbamates (from Ref. 23). 

cis 6 A trans 6 A 6(6) 

PhlSn(SzCNPhz)z 1.19 1.69 MetSn(SICNPhz)r 1.54 3.20 0.35 
BuSn(SzCNPh31 1.72 3.21 0.53 

Pb$n(SXNEt& 1.17 1.76 MeSn(S,CNEt& 1.57 3.14 0.38 
PhlSn(SXN(CH&)z 1.17 1.68 MelSn(SzCN(CHz),), 1.59 2.85 0.42 

BulSn(SzCN(CHI),), 1.53 3.06 0.36 
PLSn(SzCNBzzh 1.08 1.66 BuzSn(SLCNBz2)l 1.69 3.38 0.58 

Table V. Isomer shifts (mm/s) for compounds of the type 
RSnX 

6 6 6(S) 

1. PhSn(oxir& 0.83 Bu&(oxin)? 1.10 0.27a 
2. Pr$n(oxir& 1.02 0.190 
3. PhSn(oxin)2 0.72 Bu,Sn(oxin)l 0.93 0.21 b 
4. PhZin(NCQI 1.45 BuSn(NCS)I 1.54 0.09 b 
5. (PyH)zPhzSnCl, 1.44 (PyH)zMe,SnC1, 1.59 0.15a 
6. Ph&(NCS)lbipy 0.82 BuSn(NCS)zbipy 1.43 0.61 b 
7. PhlSn(NCS)lphen 0.82 BuzSn(NCS)2phen 1.42 0.60 b 

“Ref. 19. b Ref. 21. 

s-character of the bonds. It was possible to ration- 
alise a wide range of 13C-H coupling constant values 
on this basis without invoking, as is more usual, 
changes in hybridisation. Consistently with the pre- 
sent suggestion, the coupling constants J(“‘Sn-CH3) 
of a variety of MesSnY compounds (Y = Cl, Br, 1, 
CK, OSnMes, SSnMe3, H, NMe2, SnMe3) cover a very 
narrow range (54.0-60.3 Hz).“~‘~ The relative con- 
stancy of the J-values reflects the constancy of 1&,(O)/* 
demonstrated by the isomer shifts. 

Coordination Number. The coordination of addi- 
tional ligands to the halides, SnX4, jeads to a decrease 
in the isomer shift,2,17f18 which has been attributed to 
the increasing polarity of the lengthening Sn-X bonds, 
and to increased shielding by participation of 5d-or- 
bitals.18 It has also been shown that, for mixed halide- 
oxinate or -salicylate complexes, change in cordina- 
tion number has a greater effect on the isomer shift 
than changes in the ligands.7 

In nrganotin systems, however, there do not seem to 
be any changes in isomer shift which are due solely 
to a change in coordination number, except possibly 
the small decrease from EtSnClJ- to EtSnCl?- (0.08 
mm/s). In the pairs R2SnX3-, R2SnX,Z- there is 
usually an increase in isomer shift of 0.1-0.2 mm/s, 
which can probably be attributed to stereochemical 
changes as discussed below. 

Stereochemistry. A factor which does not seem 
to have been considered previously is. the possible 
effect of the geometrical structure of a complex on its 
isomer shift. A good test would be to examine pairs 

(15) H. C. Clark, J. T. Kwan, L. W. Reeves, and E. F. Wells, 
Inorg. Chem., 3, 907 (1964): J. Lorberth and M. R. Kula, Chew. Ber., 
98, 520 (1964); G. P. van der K&n, Nature, 193, 1069 (1962); H. 
Schmidbauer and T. Rudisch. Inorg. Chem., 3, 377 (1964); T. L. 
Brown and S. L. Morgan, Inorg. Chem., 2. 736 (1963). 

(16) J. R. Holmes and H. D. Kaesz, /. Amer. Chem. Sm., 83, 
3093 (1961). 

(17) K. M. Harmon, L. L. Hesse, L. P. Klemann, C. W. Kocher, 
S. V. McKinley and A. E. Young, Inorg. Chem., 8, 1054 (1969); P. A. 
Yeats, J. R. Sams and F. Aubke, Inorg. Chem., 9, 740 (1970). 

(18) V. S. Shpinel, V. A. Bryukhanov, V. Kothekar. 8. Z. Iofa. and 
S. I. Semenov, Discuss. Far&. Sot., I, 69 (1967). 

of cis-trans isomers in the series R&Xo (X = electro- 
negative ligands), since the coordination number and 
bond polarities may be kept constant. Although no 
strict cis-trans pairs have been reported, an impression 
may be gained by using data for complexes in which 
X is an 0- or N-donor ligand or Cl. The quadrupole 
splittings . 19** show that the Sn-X bond polarities do 
not vary widely in this group, but the cis compounds 
have isomer shifts in the range 0.77-1.10 mm/s (ave- 
rage 0.86f0.13 mm/s*) while the trans derivatives 
cover the range 1.18-1.70 mm/s (average 1.44kO.17 
mm/s). This difference is certainly significant. More 
direct comparison can be made in the series of di- 
thiocarbamate complexes, R2Sn(SKNR2’)7 (R = Me, 
Bu, Ph), for which the quadrupole splittings show 
that the phenyl derivatives have cis geometry and the 
alkyl derivatives are trans (Table IV).” The average 
isomer shift of the cis compounds is 1.15 +0.05 mm/s 
and that of the trans compounds is 1.6 1 + 0.08 mm/s; 
the average difference between corresponding pairs, 
6(s), is 0.44If10.10 mm/s. Part of this difference 
must he due to the difference in polarity of the phenyl- 
tin and alkyl-tin bonds, but this effect is not large 
enough to account for the whole of the difference. 
Thus, Table V shows data for pairs of compounds 
(l-5) which differ only in that two phenyl groups are 
replaced by two alkyl groups, the configurations being 
the same. The differences in isomer shifts are in the 
range 0.09-0.27 mm/s (average 0.18kO.07 mm/s). 
These values should be contrasted with those for the 
pairs 6 and 7 and the dithiocarbamate complexes, 
where the phenyl derivative is cis and the alkyl com- 
pound trans. In these cases, s(6) covers the range 
0.35-0.61 mm/s (average 0.52kO.12 mm/s). The 
change in isomer shift is clearly as much due to the 
change in geometry as to that in the Iigands. (In this 
treatment the difference between the isomer shifts of 
methyl compounds and the higher alkyl derivatives has 
been ignored. The conclusions are unaffected when 
this difference is taken into account.) 

The difference in isomer shift between the cis and 
trans forms must presumably reflect a difference in 
the distribution of electrons between the 5s and 
5p-orbitals of the tin atom (and possibly of the 5d- 
orbitals also; however, as these are probably of high 
energy and relatively diffuse, they will be ignored). 
The valence-shell electron density of the tin atom will 

(T) RMS deviation from the mean, +s. 
(19) El. W. Fitzsimmons. N. J. Seeley. and A. W. Smith, I. Chem. 

Sot. (A)., 143 (1969). 
(20) R. H. Herber in ( Applications of the MGssbauer EITect in 

Chemistry and Solid State Physics p, Internat. Atomic Energy Agency 
Tech. Rept, No. 50. Vienna (1965), p. 121. 

(21) M. A. Mullins and C. Curran, Inorg. Chem., 7. 2584 (1968). 
(22) M. A. Mullins and C. Curran, Inorg. Chem.. 6. 2017 (1967). 
(23) 8. W. Fitzsimmons. A A. Owusu, N. J. Seeley. and A. W. Smith, 

I. Chem. Sot. (A), 935 (1970). 
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be concentrated in the relatively non-polar Sn-C 
bonds, and the isomer shifr trends can be rationalised 
on a simple molecular orbital argument. In the 
trans-RzSnXJ ,case, with ideal I&h symmetry, the Sn-C 
bond orbitals transform as AI, and AzU. These mole- 
cular orbitals therefore involve the 5s (Al,) and 5p, 
(AZ,) orbitals of the tin atom. In the cis case (CZ,, 
symmetry) the orbital representations are A1 and B2. 
The B) orbital again involves only a single tin orbital 
(5p,), but the 5s- and 5p,-orbitals have A, symmetry. 
It is therefore reasonable to suppose that there will 
be more 5s-character in the Sn-C bonds of the trans 
isomer than of the cis form. On this basis, other non- 
linear R2SnX, systems should also have isomer shifts 
lower than those of frans-RzSnXa, as found for R:SnXx- 
(X = Cl, Br; 6 = 1.38-1.54 mm/s). (The change in 
coordination number has been shown above to have 
a negligeible effect on the isomer shift.) 

Although there is no general relationship between 
molecular orbital treatments and hybridisation, it is 
interesting that the isomer shifts increase with in- 
creasing C-Sn-C bond angle, corresponding, on the 
hybridisation treatment, to increasing s-character. The 
s-character in a pair of equivalent hybrids at an angle 
8 is cos tJ/( I-cos 0).2’ In the only cases where X-ray 
data are available, viz. cis-MezSn(oxin)z and the 
anion in [ Me$nCl(terpy)] [Me2SnClj], the bond an- 
gles are 111” and 140” respectively.25,26 
The series is thus: 

C-Sn-C angle 
% s-character 
6 (mm/s) 

cis-RJSnXI RSnCk trans-RSnCI, 

90-111” 120-140 180 
O-25 33-42 

0.77-t .lO 1.38-1.54 1.4Pl,63 

The change in isomer shifts between cis and trans sy- 
stems is again parallelled by the n.m.r. coupling con- 
stants: 71.2 Hz for MezSn(oxin)z and 82.5-106.0 Hz 
for a range of trans-MezSn systems.” 

For R,Sn derivatives it has been noted that the 
isomer shifts for [R$nX]. and R,SnX2- (X = halo- 
gen) are often larger (by 0.1-0.2 mm/s) than those of 
R.&n or monomeric R8nY (Y = CsFs, etc.). This 
difference has been atributed to electron delocalisation 
(deshielding) effects associated with the change in hy- 

(24) C. A. Coulson. u Valence n. Oxford Univ. Press, (1953). 
(25) R. 0. Schlemper. Inorg. Chem., 6, 2012 (1967). 
(26) I. P. Clark and C. 1. Wilkins, J. Chem. Sot., (A). 871 (1966). 
(27) M. M. McCrady and R. S. Tobias. Inorg. Chem., 3, 1157 (1964). 

bridisation?* However, this result also follows the 
change in s-character, which is cu. 25% per Sn-C 
bond for the four-coordinate systems and 33% for 
the five-coordinate case. Indeed, there seems to be 
a rough correlation between the isomer shift and the 
total s-character of the Sn-C bonds, the latter being 
defined as the product of the number bonds with the 
s-character per bond. This correlation would only 
be expected to apply when the Sn-X bonds are very 
polar. 

We do not, of course, mean to imply that the whole 
of the 5s-electron densitv is concentrated in the Sn-C 
bonds. If this were so, the isomer shifts would be 
independent of the nature of X, whereas small chan- 
ges may be observed, e.g. from X = F to X = Cl. 
Also the observed changes in isomer shift indicate 
relatively small changes in s-electron density. Using 
the Lees-Flinn estimate? the total range of isomer shifts 
discussed corresponds to a change in 5s-population 
of only about one-third of an electron in a total popu- 
lation of about 0.6 electrons. Nevertheless, the ob- 
served trends in isomer shift parallel those predicted 
on a hybridisation basis, and it is clear that, in 
mixed-ligand systems, a simple correlation between 
isomer shifts and the nature of the ligands cannot 
be made. It will probably not be possible, there- 
fore, to set up a partial isomer shift scale, as has been 
done for iron complexes,2g unless detailed account is 
taken of structural factors. 

The largest isomer shifts in organotin systems (ex- 
cluding the metal-metal bonded compounds, which 
are also thought to involve large s-character?) are 
found in frans-R&1X4 systems, and it is interesting 
to note that other phenomena are also connected with 
mutually trans pairs of soft ligands, e.g. the trans- 
effect and trans-influence and the strong coupling of 
nuclear spins. It is probable that these effects are 
transmitted via the s-orbitals of the metal atom in the 
same way as suggested here. 
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