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We previously reported on the correlation occur-
ring between !'”Sn Mossbauer isomer shifts, §, and
partial atomic charges on tin, Qg, (determined
empirically by an orbital electronegativity equaliza-
tion procedure using the CHELEQ program), for
five-coordinated species R;SnL (L=F, Cl, O—,
pseudohalide) [1]. This result was interpreted in
terms of additional evidence of the reliability of
8/Qgn correlations in the structural tin(IV) chemistry
[1]. Continuing our researches in the field [1, 2],
we have taken into account §/Qg, data for homo-
logous series R3Snhal as a function of the nature of
both R (Me, Et, Pr”, Bu", Cyclohexyl=Cy, Ph)
and halide (F, Cl, Br, I), and the results are reported
in the present paper.

The compounds Alk3;SnF and —Cl here con-
sidered, and PhySnF, are very probably solid state
polymers with bridging halide and a trigonal bi-
pyramidal (tbp) environment of the tin atoms [1].
Tetrahedral type structures have been instead detec-
ted at room temperature for Ph3SnBr and Ph3SnCl,
and at low temperature for Ph3SnCl, by X-ray dif-
fractometry [3, 4]. Contrasting conclusions have
been advanced concerning the configurations of
RiSnl and —Br derivatives at low temperatures
from Mossbauer spectroscopic studies. In fact,
quadrupole splitting data, AE, have been interpreted
in terms of tbp structures for Alk;Snl and —Br
(Alk = Me, Et, Pr", Bu™ where the intermolecular
interaction would weaken for the higher alkyl deriva-
tives, perhaps due to steric factors [5]. Analogous
assumptions have been advanced for Cy;Snl and —Br
[6]. Moreover, Me3Snl, Ph;SnBr and Ph3SnCl have
been considered as both polymeric and monomeric
solid state species, while Ph3Snl seems definitely a
tetrahedral monomer [5, 7—-9].

In particular, as far as Ph3SnCl is concerned, the
occurrence of a tbp polymeric species has been
assumed at 77 K on the basis of NQR spectroscopic
data [4, 10], which, on the other hand, do not seem
to be reproduceable [11]. Moreover, the near con-
stancy of the parameters § and AE of Ph3SnCl at 80,
110 and 295 K has been taken as evidence of iso-
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structurality (tetrahedral) for this compound in the
above temperature range [12].

Lattice dynamics studies effected by temperature
dependent Mossbauer spectroscopy indicated an
essentially molecular structure for Me;SnBr and
Ph,SnCl [13-15].

A structural trend from tbp to tetrahedral then
appears to occur in RySnhal by increasing the chain
length or the steric hindrance of the radical R, and
parellel to the nature of hal in the sequence F, Cl,
Br, 1. These configurational changes would imply
consistent variations in the magnitude of & values
along the series, and would be evidenced by 8/Qg,
correlations. The latter have been then determined
and are reported in Fig. 1.

To the purpose, literature data for & values of
Alk3Snl and —Br, and Ph3Snl, —Br and —Cl have
been collected and are reported in Table I, while
data for Alk;SnF and —Cl, and Ph3SnF are taken
from ref. 1. The CHELEQ values of Qg,, also re-
ported in Table I, have been calculated [36] on the
basis of tbp structures, the bond orders of the equa-
torial SnC; skeleton being 1.00 and those of the
apical (bridging) halide atoms 0.50, while formal
charges are generally taken as 0.00 [1], analogously
to the calculations of Qg, effected for Alk3SnF and
—Cl, and Ph,SnF, previously reported [1]. On the
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Fig. 1. Correlation §/Qg, for R3Snhal, see text. The values
of & are arithmetic averages of data in Table I and ref, 1.
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TABLE I. Atomic Charges (CHELEQ)? on Tin, Qgp, and 11%Sn Mdssbauer Isomer Shifts, §, of R3Snl, R3SnBr and Ph3 SnCl

Compound® Osn 6¢ (mm s 1) References for §

Me3Snl 0.054 1.41;1.49;1.43;1.42 16,17, 18;8;9

Me3 SnBr 0.078 1.42;1.30;1.38;1.38; 1.41; 16;19;20;21;17, 18;
1.30; 1.44 22;11

Et3Snl 0.058 1.57;1.56;1.55;1.55 17;23;22;24

Et3SnBr 0.083 1.38;1.55;1.61; 1.57;1.62; 19;21;17;23;22;24;11
1.60;1.57

P13 Snl 0.058 1.59,1.46;1.57 17;25; 26

Pr™;SnBr 0.083 1.39; 1.64;1.67 21;17;22

Bu™;3Snl 0.058 1.47;1.39;1.52 17;22;26

Bu™3SnBr 0.083 1.70; 1.53; 1.54; 1.33; 1.56 27;21;17;22;11

Ph3Snl 0.120 1.41;1.24;1.19;1.20;1.34 28;21;17;23;9

Ph;SnBr 0.151 1.23;1.33;1.20; 1.37 29;21;17;23

Ph3SnCt 0.167 1.38; 1.40;1.28;1.37; 1.34 30; 31; 29; 32; 13; 33; 20;
1.28;1.34;1.37;1.36;1.31; 28;17;23;34;11;8
1.36;1.33;1.39

Cy3Snl 0.061 1.64;1.65 6; 35,

Cy3SnBr 0.086 1.63;1.58;1.65 6;11;35

aGee text. PCy = Cyclohexyl. ©Data generally measured at liquid N, temperature, and referred to room temperature Sn032-,
SnQ,. Whenever different standards were employed, data have been related to SnO32 ™ according to Mdssbauer Effect References

and Data Index.

other hand, it has been observed that these (g, data
for tbp structures differ very slightly from Qg,
calculated for tetrahedral R3Snl, —Br and -Cl
(Qgntbp—Qgptet. <0.004), as expected for the
compounds here studied on the following basis:
(i) the comparatively low orbital electronegativity
CHELEQ parameters of I, Br, and also Cl [36];
(ii) the consequent near equivalence, with respect
to the extent of the charge transferred from tin
atoms, of two bridging halide atoms (in a special
way I and Br) linked to tin with bond order 0.50
(in the tbp structures, vide supra) with one terminal
halide linked with bond order 1.00 (in the tetrahedral
structures). It then follows that the present approach
does not discriminate between tbp and tetrahedral
structures, for the compounds considered above,
as far as their partial atomic charges are concerned;
as a consequence, the eventual occurrence of a
8/Qgsn correlation for homologous series of sup-
posedly isostructural RjSnhal species would be
dictated only by the magnitude of the experimental
parameters § in the case of hal = I, Br, CI.

Turning now to the 6/Qg, correlations reported
in Fig. 1, an essentially linear relationship is observed
to occur for the four data points of the Me;Snhal
series. An analogous result has been obtained earlier
by correlating the § values of these compounds with
the ground state electronegativities (in Pauling and
Mulliken units) of the ligand atoms and groups
[37—39, 18]. This would suggest a common five-
coordinated, polymeric structure, for these com-
pounds. Assuming that any series of five-coordinated
Alk3Snhal compounds has to describe a straight line
with a slope similar to that of the Me;Snhal line,

from the data in Fig. 1 it would be inferred that:
(i) the jodide data points Et3Snl, Pr3"Snl and Bu;"Snl
seem to leave the respective correlations at an increas-
ing extent as the alkyl chain lengthens; (ii) com-
pounds Cy3Snl and Cy;SnBr seem to be out of the
CysSnF and —Cl line, although a correlation covering
all four compounds, with a lower slope than for the
methyl derivatives, could be assumed to hold.

One would be then inclined to assume that the
8/Qsn correlations of Fig. 1 indicate a general tbp
configuration with the exception of the iodides and
bromides listed under (i) and (ii). In fact, the scat-
tering of the data points of Pr;"SnF, —Cl and —Br
seem to be attributable to an abnormally high & value
of Pr3"SnCl, or alternatively to the inclusion of one
very low § value for Pr3"SnBr in the 8 average, so
that Pr3"SnBr could be perhdps assumed as a five-
coordinate polymer according to the preceding
discussion.

As far as the Ph3Snhal series is concerned, it seems
difficult to extract definite conclusions from the
trend shown by the data points in Fig. 1. Anyway, if
the slope rule given above for Alk;Snhal compounds
is assumed to hold also for Ph3Snhal, it would seem
that Ph3SnF and —Cl are five-coordinated polymers
while Ph3SnBr and —I are monomeric species.

It seems to us that these structural suggestions, as
extracted from the correlations of Fig. 1, are quite
reasonable, being essentially in accordance with the
more reliable results and assumptions from previous
researches, perhaps except Ph3SnCl, to which a pos-
sibly incorrect polymeric five-coordinated structure
at 77 K would be assigned in the present context.
The circumstance that the intermolecular bonds are
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weakened in the iodides, and perhaps in some bro-
mides, by increasing the bulkiness of the organic
radicals, seems logical and rational [5, 6]. Steric
reason, in place of inductive [40], could be invoked
for interpreting the general increase of §, detected for
the assumed five-coordinated species, in going from
Me to Et, Pr", Cy (Bu® being the exception in the
present context), since the SnCj; skeleton would be
expected to be forced into a more planar configura-
tion along the series when maintaining a bridged
structure. This may be described as an effect of
second order hybridization; it is known that in some
instances tetrahedral species show a lesser & value
than, say, five-coordinate ones, which may be as-
cribed to changes in hydridization [5, 17].

Acknowledgements

The financial support of Ministero della Pubblica
Istruzione (Rome) is gratefully acknowledged.

References

1 R. Barbieri, A. Silvestri, G. Ruisi and G. Alonzo, Inorg.
Chim. Acta, 97, 113 (1985), and refs. therein.
2 R. Barbieri and A. Silvestri, J. Chem. Soc., Dalton Trans.,
1019 (1984), and refs. therein.
3 H. Preut and F. Huber, Acta Crystallogr., Sect. B, 35,
744 (1979).
4 N. G. Bokii, G. N. Zakharova and Yu. T. Struchkov,
Z. Strukt. Khim., 11, 895 (1970) (English version,
p. 828), and refs. therein; J. S, Tse, F. L. Lee and E. 1.
Gabe, Acta Crystallogr., Sect. C, 42, 1876 (1986).
5 G. M. Bancroft and R. H. Platt, Adv. Inorg. Chem. Radio-
chem.. 15,113-115,150-159 (1972), and refs. therein.
6 A. G. Maddock and R. H. Platt, J. Chem. Soc. A, 1191
(1971).
7 J. Ensling, P. Giitlich, K. M. Hassellbach and B. W.
Fitzsimmons, J. Chem. Soc. A, 1940 (1971).
8 A. P. Marks, R. S. Drago, R. H. Herber and M. J. Potasek,
Inorg. Chem., 15,259 (1976).
9 C. H. W. Jones and M. Dombsky, Can. J. Chem., 59,
1585 (1981).
10 B. Y. K. Ho and J. J. Zuckerman, J. Organomet. Chem.,
49,1 (1973).
11 N. W. G. Debye and M. Linzer, J. Chem. Phys., 61,
4770 (1974).
12 G. M. Bancroft, K. D. Butler and T. K. Sham, J. Chem.
Soc., Dalton Trans., 1483 (1975).
13 H. A. Stockler, H. Sano and R. H. Herber, J. Chem.
Phys., 47,1567 (1967).
14 S. Matsubara, M. Katada, K. Sato, 1. Motoyama and
H. Sano, J. de Phys., Colloque C2, 40, C2-363 (1979).
15 H. Sano and J. Mekata, Chem. Lett., 155 (1975).

7

16 M. Cordey-Hayes, R. D. Peacock and M. Vucelic, J.
Inorg. Nucl. Chem., 29, 1177 (1967).

17 B. Gassenheimer and R. H. Herber, Inorg. Chem., 8,
1120 (1969).

18 H. S. Cheng and R. H. Herber, Inorg. Chem., 10, 1315
(1971).

19 J. Nasielski, N. Sprecher, J. Devooght and S. Lejeune,
J. Organomet. Chem., 8,97 (1967).

20 H. Stockler and H. Sano, Trans. Faraday Soc., 64, 577
(1968).

21 E. V. Bryuchova, G. K. Semin, V. I. Gol’danskii and V.V,
Khrapov, Chem. Commun., 491 (1968).

22 1. Devooght, M. Gielen and S. Lejeune, J. Organomet.
Chem., 21, 333 (1970).

23 R. V. Parish and R. H. Platt, /norg. Chim. Acta, 4, 65
(1970).

24 N. Watanabe and E. Niki, Bull Chem. Soc. Jpn., 45,
1(1972).

25 P.J. Smith, Organomet. Chem. Rev. A, 5, 373 (1970).

26 R. S. A. Bird, J. D. Donaldson, S. A. Kepple and M. F.
Lappert, J. Chem. Soc. A, 1311 (1971).

27 A. Yu Aleksandrov, N. N. Delyagin, K. P. Mitrofanov,
L. S. Polak and V. S. Shpinel, Dokl Phys. Chem., 148,
1 (1963).

28 V. V. Khrapov, V. 1. Gol'danskii, A. K. Prokof’ev and
R. G. Kostyanovskii, J. Gen. Chem. U.S.S.R., 37, 1
(1967).

29 M. Cordey-Hayes, J. Inorg. Nucl Chem., 26, 2306
(1964).

30 V. L. Gol'danskii, E. F. Makarov, R. A. Stukan, V. A.
Truktanov and V. V. Khrapov, Dokl. Phys. Chem., 151,
598 (1963).

31 V. A. Bryukhanov, V. I. Gol'danskii, N. N. Delyagin,
L. A. Korytko, E. F. Makarov, 1. P. Suzdalev and V. S.
Shpinel, Sov. Phys. JETP, 16,321 (1963).

32 R. H. Herber, H. A. Stéckler and W. T. Reichle, J. Chem.
Phys., 42,2447 (1965).

33 V. 1. Gol'danskii, B. V. Borshagovskii, E. F. Makarov,
R. A. Stukan, K. N. Anisimov, N. E. Kolobova and
V. V. Skripin, Teor. Eksp. Khim., 3,478 (1967) (English
version, p. 275).

34 B. A. Goodman and N. N. Greenwood, J. Chem. Soc. A,
1862 (1971).

35 S. J. Blunden and R. Hill, Jnorg. Chim, Acta, 98, L7
(1985).

36 W. L. Jolly and W. B. Perry, J. Am. Chem. Soc., 95,
5442 (1973); Inorg. Chem., 13, 2686 (1974); W. B.
Perry and W. L. Jolly, ‘The Calculation of Atomic Char-
ges in Molecules by an Electronegativity Equalization
Procedure: a Description of Program CHELEQ’, U.S.
Atomic Energy Comm., Contract W-7405-ENG-48,
Nov. 1974.

37 R. V. Parish and R. H. Platt, Inorg. Chim. Acta, 4, 589
(1970).

38 H. S. Cheng and R. H. Herber, Inorg. Chem., 9, 1686
(1970).

39 K. L. Leung and R. H. Herber, Inorg. Chem., 10, 1020
(1971).

40 R. Barbieri and A. Silvestri, Jnorg. Chim. Acta, 47, 201
(1981); E. Rivarola, A. Silvestri and R. Barbieri, /norg.
Chim. Acta, 28, 223 (1978), and refs. therein.



