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Summary 

The Mossbauer parameters isomer shift, 6, and 
quadrupole splitting, AE, of mono-organotin com- 
pounds insofar investigated have been collected and 
tabulated. It is demonstrated that isomer shifts con- 
sistently depend on ligand electronegativities and co- 
ordination numbers, from which it is deduced that 
RSnrV behave much more as Sr? rather than R2Sn” 
and R3Sn’” derivatives. The changes of 6 for RSnJV 
are then interpreted by hypotheses analogous to those 
advanced for Sr? and its adducts and complexes. It 
is also inferred that in RSr? compounds there is a 
consistent s-character in all tin-ligand atom bonds. 

The rationalization of AE values is carried out for 
several series of RSnrv derivatives by calculations 
according to the point-charge model and additive par- 
tial electric field gradients. It is observed that self-con- 
sistent partial quadrupole splitting values occur in 
tetrahedral compounds of SnIV, RSt?, R2Snrv and 
R3Snrv. The possibility of assigning true structures by 
comparison of calculated and experimental AE for 
octahedral RSnrv derivatives, where structural isomers 
are predictable, is explored. The point-charge model is 
also employed in discussing the partial quadrupole 
splittings of a series of five-coordinate species, and in 
searching for a relationship between AE of five and 
seven-coordinate organotin(IV) compounds. 

TABLE I. M&batter Parameters” (mm s-r) of RSnXa Compounds, their Adducts and Complexes. 

Code 
No. 

Compoundh 6’ lAEld Advanced or probable 
structure (idealized) 

Ref. 

1 MeSnF, 0.76 3.24 
2 MeSnCl*F 1.08 2.69 

3 MeSnCl, 
4 MeSnBr3 
5 EtSnCS 
6 EtSnBrI 
7 (CH,=CH)SnCla 
8 n-BuSnC& 
9 n-BuSn(OH)zCl 

10 n-BuSn(NCS)s 
11 n-BuSn(OMe)a 
12 n-BuSn(OSiPh,), 
13 PhSnCb 

1.32;1.36 
1.36-1.44 
1.64 

1.31-1.70 
0.74 
1.43 
0.64 
0.82 
1.10-1.47 

1.94;2.07 
1.75-l .94 
1.77;1.97 
1.85 
1.86 
1.83-3.40 
2.02 
1.46 
1.52 
1.39 
1.75-1.84 

14 PhSnBr3 _ 1.62 
15 PhSn(NMezX 1.06 0 
16 MeSnH, 1.24 0 
17 i-PrSnH3 1.43 0 
18 n-BuSnHg 1.44 U 
19 PhSnH, 1.40 0 
20 MeClzSnMn(CO)s 1.62-1.66 2.56-2.62 
21 MeBrZSnMn(CO)S 1.69 2.51 
22 PhClzSnFe(CO)g-CSHs 1.58;1.70 2.56;2.84 
23 PhBrzSnFe(CO)zn-CSHS 1.73 2.65 
24 Ph(OSOPh)ZSnMn(CO)S 1.60 3.06 

Polymeric, octahedral 
Polymeric, trigonal 
bipyramidal 
Polymeric, octahedral 
Polymeric, octahedral 
Polymeric, octahedral? 
Polymeric, octahedral? 
Polymeric, octahedral? 
Polymeric, octahedral? 
Polymeric, octahedral? 
Polymeric, octahedral? 
Tetrahedral? 
Tetrahedral? 
Polymeric, octahedral? 

Polymeric, octahedral? 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Octahedral? 

(8) 
(8) 

(9) 
(9, 10) 
(11, 12) 
(11) 
(11) 
(13-16) 

(17) 
(18) 
(19) 
(17) 
(10, 11, 13, 
16, 17,20) 
(11) 
(21) 
(22) 
(22) 
(22) 
(22) 
(23-25) 
(25) 
(23, 26) 
(27) 
(26) 
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TABLE I. (Cont.) 

Code 
No. 

Compoundb 6’ lAEid 

25 PhClZSnMn(COjS 
26 PhBrZSnMn(CO)S 
27 PhI&rMn(CO)S 
28 MeCISn(Co(C0j4j2 
29 PhCISn(Co(CO)a)z 
30 PhClSnCo(CO)Xo(C0)3Ph3P 
31 PhSn(Fe(C0)2n-C5H5)3 
32 PhSn(Re(COjs)3 
33 PhSn(Co(CO)d), 
34 MeSn(Mn(CO)~)~ 
35 MeSn(Co(CObX 
36 (AlkSnS1.5)~e 
37 (PhSnSl.s)a 
38 (n-BuClzSn)zS 

1.63-l .74 
1.75-1.80 
1.80 
1.74 
1.70 
1.67 
2.00 
1.75 

39 n-BuCIZSnSSnCln-Buz inner 
outer 

40 (MeSn(O)OH), 
41 (AlkSn(O)OH), 
42 (PhSn(O)OH), 
43 (PhSn(OCOCMe3)O). 

_ 

1.83 
1.79 
1.38-1.42 
1.34 
1.36 
1.30 
1.49 
0.40 
0.654.76 
0.78 
0.59 

2.36-2.52 
2.63-2.68 
2.19 
2.38 
1.88 
2.00 
0 
0 
1.28 
0.95 
1.29 
1.37-1.49 
1.17 
2.07 
2.30 
3.31 
1.29 
1.52-1.80 
1.83 
2.00 

44 (PhSn(OCOCCI,)O), 0.72 2.33 

45 (PhSn(OCOCF,)O), 0.66 2.64 

46 (n-BuSn(OCOMe)O), 0.70 2.26 

47 (PhSn(OCO(CH,),CH=CH,)0), 0.57 2.31 

48 0.56 2.32 

49 n-BuSn(OCOC(Me)=CHZ)3 1.40 4.25 
50 AlkSn(OCHzCH2)3Ne 0.70-t .2O 1.64-2.00 
51 PhSn(OCH2CH2)3N 0.43: 0.94 1.18; 1.66 
52 RSnCl Tridg 0.82-l .Oh 1.89-2.24 
53 (PbAs)(EtSnCh) 1.18 1.82 
54 (MeaN)z(EtSnCls) 0.96; 1.10 1.93; 1.94 
55 (EtN)z(n-BuSnCIS) 1.07; 1.12 1.86 
56 (PyIH1(PhSnCbj 1.10 1.92 
57 (E&N)Z(n-BuSnClaBrz) 1.20 1.85 
58 n-BuSnCh .2PhxP0 1.05; 1.10 2.37’ 7 36 _, _._ 
59 n-BuSnC& .2DMA 1.10 2.22 
60 n-BuSnCls. 2Py 0.91 1.86 
61 n-BuSnCh . 2DMS0 0.94 1.73 
62 n-BuSnCl, ‘2PyO 1.02 2.00 
63 n-BuSnCb .2Ph,AsO 0.90 1.81 
64 n-BuSnCb .2Ph3P 1.23 1.73 
65 PhSnCb 2Ph,PO 0.80 2.01 
66 PhSnC!, 2Pip 0.87 1.70 
67 PhSnClx .2/?Pic 0.91 I .40 
68 PhSnCb 2Isoquin 0.89 1.51 
69 PhSnCl? .4Morph 0.53 1.54 
70 n-PrSnCl, ‘2Pip 0.76 1.99 
71 n-PrSnCl, .2p-Pie 0.88 1.87 
72 n-PrSnCb ‘2Isoquin 0.92 1.89 
73 n-PrSnCb ‘4Morph 0.75 1.75 
74 n-PrSnCl, 4y -Pit 0.92 1.82 
75 MeSnCl, 2Lh 0.80-1.21 1.68-2.50 

174 

Advanced or probable 
structure (idealized) 

Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral. 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral 
Tetrahedral? 
Tetrahedral. polymeric 
Tetrahedral. polymeric 
Tetrahedral, polymeric 
Trigonal bipyramidal. 
polymeric 
Trigonal bipyramidal. 
polymeric 
Trigonal bipyramidal, 
polymeric 
Trigonal bipyramidal, 
polymeric 
Trigonal bipyramidal, 
polymeric 
Trigonal bipyramidal, 
polymeric 
‘7 

Trigonal bipyramidal 
Trigonal bipyramidal 
Trigonal bipyramidal 
Trigonal bipyramidal 
Octahedral 
Octahedral 
Octahedral 
I-III 
I-III 
I-III 
I-III 
I-III 
I-III 
I-III 
II, III 
I-III 
I-III 
I-III 
I-III 
I-V 
I-III 
I-III 
I-III 
I-V 
I-V 
I-III 

Ref. 

(25, 27, 28) 
(25, 27, 28) 
(28) 
(29) 
(29) 
(29) 
(30) 
(31) 
(32) 
(33) 
(29) 
(19) 
(19) 
(17) 
(17,34) 

(19) 
(11. 19, 35) 
(19) 
(36) 

(36) 

(36) 

(17) 

(35) 

(35) 

(17) 
(19, 37) 
(19.37) 
(38) 
(39) 
(40) 
(13.15) 
(2) 
(15) 
(15,41) 
(15) 
(15) 
(15) 
(15) 
(41) 
(41) 
(41) 
(42) 
(42) 
(42) 
(42) 
(42) 

I:21 
(4:) 

(42) 
(9) 
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1. Introduction b) In general, but with many exceptions, it seems that 
the increase of the coordination number causes a 
decrease of b. For a given x value, in fact, d usually 
decreases from four to seven coordinated Sn’“. 

c) Values of 6 for Ph derivatives are often (but not 
always) lesser than those of corresponding Alk 
compounds, as it would be expected in terms of the 
respective inductive effects of the organic radicals. 

It clearly appears that the behaviour of RSn’” deriv- 
atives essentially corresponds to that of Snha& and 
their adducts and complexes, consistently differing 
from RZSn’” and R3Sn’” compounds.3,6 For the latter, 
in fact, 6 are in general practically independent from 
coordination number and basicity of the ligands, which 
was interpreted in terms of re-hybridization increasing 
the s-character of Sri--- bonds, and of deshielding and 
contraction of 5s tin(W) orbitals.39” The trends re- 
ported in a) and b) may be instead interpreted by the 
same arguments advanced for SnhaL and Snhal* ‘2L”“; 
in particular, the decrease of 6 upon increasing coordi- 
nation number may be explained by the increasing 
polarity of Sn-ha1 bonds as well as by the higher degree 
of deshielding of 5s electrons due to the electronic 
charge donated to 5d Sn orbitals.316 These interpreta- 
tions have been expecially given in the case of RSnhal, 
and related adducts studied in frozen solutions.’ On 
the other hand, it was demonstrated that the neat solids 
RSnhab are polymeric compounds containing six- 
coordinated tin(IV),54 and the fact that their 6 values 
are constantly the highest for a given xav (Figure 1) 
cannot be easily interpreted in this context. One would 
be inclined to assume that bridging halides increase 
consistently their electronegativity, thus causing a more 
efficient deshielding of 5s electrons on the hypothesis 
that the hal-Sn bonds involve a considerable amount 
of d-orbital character, but this is contrasted by the fact 
that other RSn’” polymeric species (with bridging 
oxygen, Table I and Figure 1) behave in a regular way, 
and that the rough dependence of n from xav (Figure 1) 
strongly suggests a noticeable percentage of s-character 
in all RSnIV-Iigand atom bonds. 

The latter is indeed the most interesting deduction 
we may extract from the discussed trend of RSnIV b 
values, which renders the bonding situation in mono- 
organotin(IV) derivatives essentially different from 
that in R2Sr? and R3S‘nN compounds, where it is 
very likely that s-character is essentially concentrated 
in Sn-C bonds, and Sn-ligand atom links are mainly 
made up by p and d Sn orbitals.” 

The changes of b within individual series of R,SntV 
compounds with a given ligand and its analogous have 
been extensively discussed in the original papers (see 
Ref. of Table I), to whom the reader is addressed. In 
particular, the isomer shifts of compounds with tin- 
metal bonds have been interpreted in terms of the 
s-character of this bondh~27-29; a similar hypothesis 
has been also advanced in explaining the changes of d 

The present review deals with Massbauer spectro- 
scopic studies on mono-organotin(IV) salts and related 
adducts and complexes, where the tin(IV) atom ex- 
hibits coordination numbers four to s&en. The Miiss- 
bauer parameters isomer shift, 6l, and quadrupole 
splitting, d El, of the derivatives so far investigated 
are collected in Table I. The rationalization of 6 values 
in terms of the nature of the coordinated basic atoms, 
of the coordination number and of the structure is 
attempted, and it is observed that the first two factors 
essentially determine the order of 6 magnitudes. The 
relationships between ilE of RSnTV derivatives and 
those of corresponding R3Snrv, R*Sn’” and Snrv 
compounds, inferred from calculations according to the 
point-charge model formalismz4, are reviewed, and 
new calculated data are reported. 

Excellent reviews appeared on Miissbauer spectro- 
scopy of tin(IV) and organotin(IV) compounds (see 
for example Ref. 3, 6, 7), but parameters of mono- 
organotin(IV) were not specifically discussed before. 

2. Discussion 

A. Isomer Shift 
The parameter isomer shift is expreSsed by Equa- 

tion (1): 

where Z is the atomic number, e the electronic charge, 
R the charge radius of the nucleus, dR the difference 
of nuclear radii in the excited and ground states, and 

/~‘o12 are s-electron densities at the absorber and 
source nuclei’; R,, being larger than R, for l19”Sn, 
increases of d reflect increasing s-electron densities.‘,3’6 

The isomer shift values of Table I are visualized in 
Figure 1, plotted vs. the average Pauling electronega- 
tivity of the bound atoms (other than C). It must be 
borne in mind that this correlation is merely indicative 
of general trends, since valence state electronegativities 
of the coordinated atoms had to be calculated and 
used in order to get a correct relationship with ds2; 
on tht other hand, the best correlation would be per- 
haps that between 6 and the charge on the Miissbauer 
nucleus, as obtained from electron binding energies 
(by &CA spectra).53 

The data of Figure 1 suggest the following observa- 
tions: 
a) The 6 values show a rough dependence from the 

electronegativity of the atoms bonded to tin(IV), 
there being an approximate tendency to the in- 
crease of 6 with the diminution of the average elec- 
tmnegativity. 
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sign of LIE for SKIS- proposed by Bancroft. In the 
case of diorganodithiocarbamates, the value of l/2 e2Q 
[S] for 5-coordinate species, based on this treatment, 
corresponds to the p.q,s. extracted from b-coordinate 
compounds.” 

In this context the experimental dE of a series of 
complexes RzSntrid, RClSntrid and hal,Sntrid, where 
trid2- are dianions of tridentate ligands with ON0 
and SNO donor atoms,38’62’64 have been inserted in 
the appropriate point-charge equations62, extracting 
the generally self-consistent values reported in Table IV 
and referred to the configurations XI and XII; this 
implies that the contributions to the e.f.g. due to the 
various ligands in these structures reasonably agree 
for ha12Snrv, RCISnW and R2SnIV derivatives. The 
deviations observed in the cases of R2Sntrid may be 
due to molecular distortions as well as to the possible 
occurrence of structures other than XI; indeed, the 
latter cannot be a priori excluded for any of these 
compounds (a change to coordination number six via 
intermolecular association in the solid state cannot be 
ruled out, and structural X-ray studies seem quite 
urgent in this field). 

the case of the oxinates. In fact, assuming the average 
value IdE lexp = 3.07 mm s-’ for the five-coordinate 
series Alk2Snha10x46, and employing the dE point- 
charge equation reported elsewhere”, the p.q.s. value 
[0x/2] = -0.67 mm s-l is obtained, while for Ph2 
SnClOx, /dE le._, = 2.40 mm s-’ 65, this procedure 
gives [0x/2] = 4.45 mm s-‘. Insertion of these p.q.s., 
as well as of l/2 e’Q[Alk] = +0.31 mm s-15’, into 
the dE equation for X111(= 2[R]-3[Lls9), gives 
estimateddE = +2.63 and + 1.97 mm s-’ respectively, 
the first of which being at great variance with jdE/,,, 
of n -BuSnOx,, No. 107 (+ 1.76. av.). 
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