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The crystal structure of methyls triiodide (CH,SnI,) has been determined by 
single crystal X-ray diffraction. It belongs to the orthorhombic space group Cmc2i, 
with a 10.3421(15), b 13.1403(15) and c 6.5700(8) A. The CH,SnI, molecules are 
found to be discrete and loosely packed in the crystalline state. This observation is 
contrary to most methyltin halide structures in which the geometry at the tin atom is 
distorted from the ideal tetrahedron due to intermolecular coordination. The 
average Sri-1 bond length of 2.6692(11) A is shorter than those reported in similar 
compounds. Theoretical molecular orbital calculations show a small back-donation 
from the iodine atoms to the tin atom. The faihue of the point charge model to 
predict the iipSn Mijssbauer quadrupole splitting of CH,SnI, is attributed to the 
partial double bond character of the Sn-I bonds. 

Miissbauer spectroscopy is a very powerful technique to elucidate the electronic 
structure of tin compounds [I]. The chemical shift and quadrupole splitting contain 
valuable information on the mode of bonding and the local structure around the tin 
atom. Within a simple point charge approximation [2,3], the quadrupole splitting of 
the tin atom in a molecule can be decomposed into additive contributions from the 
constituent ligands. Therefore, the sign and magnitude of the quadrupole splitting 
are dependent on the nature of the ligands and their spatial arrangement [4,5]. Once 
a set of standard “partial quadrupole splittings” (pqs) values have been derived for 
different ligands from references compounds, it is then possible to deduce the local 
structure around the tin atom in an unknown compound from its quadrupole 
splittings. This approach has been very successful in distinguishing between cis- and 
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truns-R,SnL, isomers in the solid state [l]. Occasionally, deviation from the 
theoretical values can be accounted for by considering the distortion from the ideal 
geometry for four- and six-coordination [6]. 

One interesting prediction made by this simple model is that for four-coordinate 
organotin(IV) compounds, the magnitude of the quadrupole splitting of RSnL, 
should be the same but differ in sign from R,SnL [l]. So far, no such correlation 
has been observed in organotin halides [4,7-91. In the case of the fluorides and 
chlorides, the discrepancy can be adequately resolved by noting the structural 
differences of the monohalide and trihalide in the solid state. The trihalide struc- 
tures are usually polymeric with extensive bridging Sn-halide bonds [lo-131. As a 
result, the environment around the tin atom is strongly distorted from the regular 
tetrahedral geometry. The intermolecular interactions in the trialkyltin halides are 
much weaker and the distortions are not as significant. However, this explanation 
fails to rationalize the recent 129I and l19Sn Mbssbauer studies of CH,SnI, and 
(CH,),SnI [f&9]. The similarity of the results obtained from frozen solution (1.61 
mm s-‘) and solid state (1.68 mm s-l) studies strongly suggests that the molecules 
are probably non-associated in the crystalline state, yet the observed quadrupole 
splittings are at variance with the theoretical prediction. This observation casts 
serious doubt on the applicability of the additive model in the interpretion of 
quadrupole splittings in these compounds. Moreover, in view of the strong tendency 
of the methyltin halides in forming polymeric structures through bridging halide 
atoms in the solid state, it is important to determine the structure of CH,SnI, 
before a satisfactory explanation for the Mbssbauer spectra can be sought. In this 
paper we have examined the crystal structure of the title compound using single- 
crystal X-ray diffraction. Theoretical ab initio and X(Y-SW calculations were made 
in order to understand the electronic structure of this compound. 

Experimental 

Preparation 
CH,SnI, was prepared following the method of Jones et al. [9]. CH,SnCl, 

(Strem Chemicals Inc.) was reacted with a slight excess of sodium iodide in dry 
chloroform under nitrogen atmosphere for 4 h. The yellowish solution was filtered 
and the solvent evaporated under a stream of dry nitrogen. Bright yellow crystals 
were obtained by slow sublimation at 75°C of the solid in an evacuted sealed tube. 
The compound was characterized by its melting point and NMR spectrum [9]. 

Crystal structure 
A needle-shape crystal of dimension 0.04 x 0.12 X 0.24 mm was mounted inside a 

capillary. To avoid rapid decomposition, the crystal was coated with epoxy glue. 
Intensity data were measured using profile analysis with a Picker four-circle 
diffractometer with Mo-K, radiation. The data were corrected for absorption by 
Gaussian integration assuming ~(Mo-K,) to be 13.0 mm-l. Pertinent information 
regarding data collection, structure solution and refinement procedures are sum- 
marized in Table 1. Details of the computer programs used and experimental 
procedure can be found in ref. 14. 

CH,SnI, crystallizes in the orthorhombic space group Crnc2, with II 10.3421(15), 
b 13.1403(15) and c 6.5700(8) A. Positional and thermal parameters are given in 
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TABLE 1 

SUMMARY OF CRYSTAL DATA AND INTENSITY COLLECTION 

Compound CHsSnI, 

Cryst. dimens. (mm) 0.04 x 0.12 x 0.24 

Space group Cmc2, (No.36) 

4 10.3421(15) A 

b 13.1403(15) A 

c 6.5700(S) A 

Z 
Density, (g cme3) 

Radiation 

c (mm-‘) 
Scan 
Unique data with 
F,2 > 2.5a(F,2) 

RW 

RI 
Max. residue e/A3 

4 
3.827 (c&d.) 

Mo-K, (h 0.70930 A) 
13.0 
O-20, e,, = 3o” 

823 
0.019 
0.032 

0.95 

TABLE 2 

POSITIONAL (A) AND THERMAL PARAMETERS (x10’ A2) FOR CH,SnI, (with e.s.d’s in 
parentheses) 

Atom x Y z &I u,2 u33 v,2 63 v,3 

Sn l/2 0.29953(7) 0.19354 5.00(6) 4.68(5) 4.07(6) 0.00 0.00 0.29(6) 

I(l) lj2 O.l0705(6j 0.32252(23) 7.79(7) 4.63(5) 8.31(9) 0.00 0.00 1.14(7) 

I(2) 0.29469(7) 0.38859(4) 0.36390(19) 6.59(5) 8.01(5) 8.17(5) 2.14(4) 1.06(6) -0.09(6) 

C l/2 0.3144(S) -0.1299(21) 8.4(11) 5.7(7) 2.6(7) 0.00 0.00 0.8(9) 

TABLE 3 

BOND DISTANCES (A) AND ANGLES (“) (with e.s.d.‘s in parentheses) D 

Sn-I(1) 2.6675(12) 

Sn-I(2) 2.6700(9) 

Sn-C 2.134(14) 

Sn . . . I(1) 5.8471(14) 
Sn . . . I(2) 4.4822(13) 
Sn . . . C 4.449(14) 

C . . . I(1) 4.0322(12) 

c . . . I(2) 3.9982(12) 
I(l)-Sn-I(2) 106.40(3) 
I(2)-Sn-I(2’) 105.45(4) 
I(l)-Sn-C 116.1(6) 

I(2)-Sn-C 110.9(3) 

LI Primed atoms are related to their unprimed counterparts (x,y,z) by (x,p,z + ;). 

Table 2. Bond distances and angles are in Table 3. A perspective drawing of the 
molecule in the crystal along with the labelling scheme is shown in Fig. 1. Tables of 
positional and thermal parameters, observed and calculated structure factors have 
been deposited as supplementary material. 
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Fig. 1. A stereoview of the CH,SnI, molecule. 

Theoretical calculation 
Ab initio molecular orbital calculations were performed on the experimental 

geometry with the average Sn-I bond length of 2.6692 A. The effects of the core 
electrons are replaced with an appropriate effective potential (ECP). The full 
formalism for development and use of pseudopotential method have been docu- 
mented extensively elswhere [15,16]. In our calculations, the ECP for carbon atom 
was taken from the work of Stevens et al. [17], for Sn and I atom from the recent 
tabulation of Wadt and Hay [18]. The valence gaussian basis sets for the atoms were 
taken from ref. 17-19 and contracted to double zeta quality. 

To complement the pseudopotential calculations which neglect the effect of inner 
valence Sn 4d orbitals to chemical bonding, we repeated the calculation employing 
the all electron quasi-relativistic Xa-SW method [20-221. The atomic exchange 
parameters am were taken from Schwarz [22]. The partial wave expansions were 
truncated at I,, = 4, 3, 3, 2, and 1 for the outer, tin, iodine, carbon and hydrogen 
spheres respectively. 

Results and discussion 

The crystal structure of CH,SnI, is surprisingly simple. It consists of discrete 
monomeric molecules in almost ideal tetrahedral geometry. The CH,SnI, molecule 
uses a mirror plane at x = 0 and l/2 with I(l), Sn and C in the mirror plane and 
I(2) on either side. A stereoview of the CH,CnI, molecule is shown in Fig. 1. The 
CH,SnI, unit is very close to the ideal C,, symmetry. The small structural 
distortion shows the lack of intermolecular coordination. The Sn-C bond of 
2.134(14) A is quite normal as compared with those in similar compounds. In the 
six-coordinated (CH,),SnF, [lo] and (CH,),SnCl, [ll] the Sn-C distances are 
2.08(l) and 2.16(18) A respectively. The average Sn-I distance of 2.6692(11) A 
appears to be shorter than those observed in similar compounds. There are only a 
few tin-iodine bond lengths reported in the literature. In tin tetraiodide [23], 
diethyltin(IV) diiodide [13] and 1,4-bis(iododiphenyl)-lZ4-distannabutane [24] the 
Sn-I bond lengths are 2.69(2), 2.719(4) and 2.729(3) A respectively. Within the 
limits of the quoted standard deviations, the shorter Sn-I bond in CH,SnI, is 
statistically significant. The valence bonding angles deviate slightly from the regular 



Fig. 2. Stereoscopic molecular packing diagram for CH,SnI,. 

tetrahedral angles. The C-Sn-I(1) and C-Sn-I(2) angles are 116.1(6) and 110.9(3)O 
while the I(l)-Sn-I(2) and I(2)-Sn-1(2’) angles are 106.40(3) and 105.34(4)O 
respectively. The larger C-Sn-I angles are consistent with the Bent’s rule [25]. 

Since the methyl group is more electropositive than the iodine atoms, the electron 
pair in the Sn-C bond is more diffuse and closer to the central tin atom than are the 
electron pairs in the Sn-I bonds. Hence the Sn-C bond exerts the greatest 
repulsion. 

The molecular packing diagram (Fig. 2) shows that the crystal is loosely packed 
and without any sign of significant intermolecular interaction. The closest Sn * . . I 
intermolecular contact is between I, and the tin atom. The separaiion of 4.4822(10) 
A is longer than the sum of their Van der Waals radii (4.15-4.32 A). In contrast, in 
diethyltin diiodide, the Sn - 1 . I distance is 4.285(5) A. The shorter intermolecular 
distance reflects substantial secondary bonding between the atom with the 
neighbouring iodine atom. Furthermore, as a consequence of the nonbonded 
repulsion, the C-Sn-C bond angle was forced to open-up to 130.20(11)“. The small 
distortion in CH,SnI, is another good indication of the lack of intermolecular 
interaction. Surprisingly, the closest C . . . I separation of 3.998(12) A in CH,SnI, is 
0.11 A shorter than the sum of their Van der Waals radii. This does not seem to 
affect the geometry of the CH,SnI, unit substantially. It also is interesting to 
observe that the methyl group of each CH,SnI, molecule is pointing into the base 
of the triad formed by the iodine atoms of the neighbouring molecule. However, the 
large Sn . . . C distance of 4.449(14) A again precludes any possible intermolecular 
bonding. In view of the discreteness of the molecular packing, the electronic 
structure of CH,SnI, will not be significantly perturbed by the crystal environment. 
This explains the similarity of the Mbssbauer results in the crystalline state and in 
frozen solution. 

Discrete and non-coordinating organotin(IV) halides are seldom found in the 
solid state [26]. Intermolecular bonding through the halide atoms is common. The 
interaction is strongest for the fluorides and gets progressively weaker down the 
group. For instance, the dimethyltin difluoride is polymeric but the analogous 
dichloride compound is weakly coordinating. However, in some cases, mainly by 
experimental design, the intermolecular bonding can be eliminated by putting bulky 
groups onto the tin atoms. There have only been a few examples reported in the 
literature. Notable examples are the trialkyl- and triaryl-tin (IV) halides [26-281. In 
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these compunds, the bulky R groups prohibit close Van der Waals contact between 
neighbouring molecules preventing the possibility of secondary bonding. To our 
knowledge, this is the first report of a monoalkyltin(IV) halide with discrete 
tetrehedral units in the crystalline state. 

The “9Sn quadrupo le splitting of 1.68 mm s-l is much smaller than the 
predicted value of 2.40 mm s-l from the partial quadrupole splittings of the iodides 
and methyl group assuming a tetrahedral arrangement of the ligands [l]. For similar 
tetrahedral organotin(IV) halides, the agreement with experiment is often better 
than a few percent. In most cases, the differences between observed and predicted 
values can be removed by considering the distortion of the molecule from the 
idealized geometry [27,29]. In the present case, no satisfactory agreement with 
experiment could be achieved by adjusting the C-Sri-1 angle [6] within a reasonable 
range. It is surprising that the point charge model performed so poorly in this case. 
There are three possible reasons for the failure of the model. The assumption of a 
transferable pqs for a given ligand regardless of the nature of the other ligands in 
the compound may be too simplistic. Assuming the additive model is valid, we can 
calculate the pqs for the iodide ion in CH,SnI, from the observed quadrupole 
splitting. Using an accepted pqs value for methyl group of - 1.37 mm s-l, the pqs 
value for iodine is found to be -0.53 mm s-l. The magnitude of the pqs seems 
quite large for the halogens which are usually very small and taken to be zero in 
most treatments [l]. The other alternative is that the sign of the QS may be reverse 
in this compound (see ref. lb). Finally, the point charge approximation for the 
contribution to the field gradient of the tin nucleus from the iodine atoms may not 
be appropriate for this compound. To investigate this possibility, we have per- 
formed molecular orbital (MO) calculations in order to understand the electronic 
structure of CH,SnI,. 

The salient features of the valence Xcw molecular orbitals are given in Table 4. 
For each orbital, the electron density and and their characters are tabulated. Similar 
charge distribution and MO ordering are also found with the ab initio calculation. 
The partition of electronic charge in the Xa method is obscured by the present of 

TABLE 4 

Xa EIGENVALUES (Ryd) AND PERCENT CHARGE DISTRIBUTION FOR CH,SnI, u 

Orbital Energy outer Inter Sn I C H 

la, - 2.028 0.00 0.00 98.81(0.0) 0.05 0.01 0.00 
2a, -1.393 0.00 15.06 16.64(6.1) 20.26 34.85 0.13 
3al - 1.335 0.00 7.21 9.62(31.7) 62.26 14.34 6.23 
4a, - 0.965 0.01 2.83 52.55(0.0) 35.49 6.08 0.02 
501 - 0.669 0.01 1.29 34.64(90.7) 22.47 25.81 3.60 
6al - 0.529 1.61 20.87 4.28(7.0) 67.78 5.07 0.00 
la2 -0.504 1.51 18.08 0.01(0.0) 79.53 0.00 0.00 
le - 2.028 0.00 0.00 98.36(0.0) 0.02 0.00 0.00 
2e -2.021 0.00 0.00 99.6qO.O) 0.00 0.00 0.00 
3e -1.305 0.00 2.58 5.65(65.6) 91.30 0.00 0.00 
4e -0.842 0.00 27.66 2.39(64.6) 0.81 39.09 30.00 
5e - 0.662 2.06 1.32 28.89(89.9) 66.04 0.01 0.01 
6e - 0.532 1.55 21.40 2.3q2.8) 74.68 0.00 0.00 
7e -0.515 1.54 19.40 1.56(0.0) 77.40 0.00 0.00 

0 Percentage Sn 5p contribution is given in parentheses. 
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TABLE 5 

Ab initio VALENCE ORBITAL CHARGES FOR CH,Sn13 

Orbital Sn I C H 
s 0.882 1.966 1.286 1.032 
PX 0.745 1.991 1.286 
PY 0.745 1.327 0.942 
PZ 0.874 1.946 0.798 

intersphere region. It is more appropriate to analysis the charge distribution using 
the ab initio wave functions via Mull&en population analysis. The atomic orbital 
populations in CH,SnI, are reported in Table 5. The net charges on the Sn, I, C 
and H atoms are respectively +0.76e, -0.23e, +O.O3e and -0.03e. The calcula- 
tion suggests that the Sn-I bonds are fairly ionic with a charge disparity of almost 
one electronic charge. This result is in accordance with the high ionicity estimated 
from the Miissbauer chemical shift [8,9]. 

The valence molecular orbitals can be classified approximately into nonbonding 
Sn 4d (la,, le, 2e), I 5s (3a,, 3e) and the I lone pairs (6a,, la,, 6e, 7e); the 
bonding Sn-C (5u,), Sn-I (4u,, 5e) and the C-H (2u,, 4e). The wave functions of 
the relevant Sn-I bonding MOs are displayed in Figs. 3 and 4. The wave functions 
obtained from both ab initio and Xc&W calculations are consistent with each 
other. In the case of the fluorine lone pair 5u, orbital, the Xcll calculation 
underestimates the contribution from the Sn 5p orbital but overemphasizes the 
antibonding Sn-C 4d,z character. It is clear from the plots that the iodine atoms 
utililize their p orbitals in forming the bonds with the tin atom. The u bonding 
framework is displayed in Figs. 3a and c (also Figs. 4a and c). However, in addition 
to the u bonding, an appreciable degree of 7~ bonding is also evident. This is vividly 
manifested in the 5u, molecular orbital where significant overlap is observed 
between the lone pair orbitals of the iodine atoms with the Sn 5p orbital of the 
Sn-C bond. This interaction obviously is not the “d,-p,,” type interaction which 
one might invoke to explain r-bonding between Sn and I atoms [8,30-321. The data 
presented in Table 4 show that the d character on the tin atom in these molecular 
orbitals is minimal. This kind of “back-donation” from the halides into the central 
atom perhaps seems quite unusual, such electronic effect have been invoked to 
explain the strengthening of C-F bonds in polyfluorinated saturated hydrocarbons 
[33]. A consequence of the P bonding is a redistribution of electron density from the 
iodines to the tin atom. This serves to lower the bond ionicity and helps to reduce 
the p electron imbalance on the tin atom. The ab initio Sn-I overlap population of 
0.2245 indicates that the covalent interaction between the Sn and I atoms is 
significant. The enhanced covalency leads to a contraction of the Sn-I bond. The 
theoretical bonding picture evidently complies with the experimental observation on 
the shortening of the Sn-I bond. Since the iodine orbitals overlap with the Sn pz 
lobe component extended from the Sn-C bond, the C-Sn-I valence angle will 
open-up to facilitate maximum interaction. This accounts for the slight distortion 
from the ideal tetrahedral angle. 

In C,, symmetry, the principal component of the electric field tensor is parallel to 
the symmetry axis (z). The magnitude of the quadrupole splitting is governed by the 
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Fig. 3. Contour plots of the Xa wave functions for (a) 30,; (b) 4q; (c) 5e; and (d) 5a, molecular 
orbitals. 

field gradient along this axis. It is proportional to the orbital charge imbalance in 
that direction. Knowing that the Sn p, orbital transforms as a, symmetry and the 
p,, py orbitals transform as e symmetry, we can calculate the charge imbalance 
from the charge density reported in Table 4 or 5 and using the following formula 

]341. 

AP = - Np, + l/2( Np, + Npy) 

Ap was found to be -0.09e by the Xa method and -0.13e by the ab initio 
calculation. In either case, the small charge imbalance clearly reflects the small 
observed quadrupole splitting. This is in direct contradiction with the value predic- 
ted by the additive model which emphasizes a concentration of charge along the 
axial Sn-C bond. The basic premise of the point charge model [2] and its MO 
variant [5] assumes u bonding is the dominating electronic effect. No consideration 
of 72 bonding effects is possible within these models because the quadrupole 
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Fig. 4. Contour plots of the ab initio wave functions for (a) 3q; (b) 4q; (c) 5e; and (d) 5a, molecular 

orbitals. 

splitting only depends on the spatial distribution of the ligands. These drastic 
assumptions have been proven to be reliable in most circumstances. However, in 
practice, derivation of the pqs value is often plagued by the lack of information on 
the detail geometry of the molecules. In order to achieve quantitative results, a 
different set of pqs values should be used for molecules with different coordination 
numbers. 

Concluding remarks 

We found that crystalline CH,SnI, consists ofOnon-coordinating discrete mole- 
cules. The short Sn-I bond length of 2.6692(13) A reflects appreciable rr bonding 
between the two atoms. Our result shows the previously derived pqs of iodine is not 
applicable in the CH,SnI, molecule. The additive model with the assumption of 
constant partial quadrupole splitting for a given ligand only applies to compounds 
with similar electronic and molecular structures. Our conclusion agrees with those of 
Drago et al. [8]. In addition, theoretical results show that failure of the point charge 
model lies in the neglect of the Sri-1 rr bonding effect. Therefore, the bonding in 
CH,SnI, cannot be interpreted adequately with simple (I Sn-I bonds. A correct 
description involves consideration of the partial double bond character. 
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