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Triphenyltin fluoride has been studied by powder and single-crystal X-ray diffraction. Powder studies 
show that the polymeric chain of  SnPh,F propagat_es along the c axis with a repeat distance of ca. 4.29 A. 
The colourless crystals are trigonal, space group P 3 c l  (no. 165), with a = 10.358(1), c = 8.583(1) A and 
Z = 2. The F atom lies at an inversion centre, giving rise to  a crystallographically imposed rod (class 1) 
polymer with identical Sn-F distances of 2.1 458(3) A. X- Ray powder diffraction and variable-temperature 
Mossbauer spectroscopy fail to distinguish between rod (class 1 ) and zigzag (class 2) triorganotin(1v) 
polymers. 

Tin- 1 19 variable-temperature Mossbauer spectroscopy has 
been widely used in the investigation of the lattice dynamics and 
lattice structure of organotin compounds,' and in recent years 
several workers have attempted to obtain structural information 
from the temperature dependence of the recoil-free fraction, 
f.'-'" For thin absorbersfis proportional to the area under the 
Mossbauer spectrum and, according to the Debye model, plots 
of In A us. temperature should be linear in the high-temperature 
limit. The temperature coefficient off, a = -d(ln A)/dT, is a 
measure of the mean-square amplitude of vibration for the tin 
atom. Therefore, it is expected that a should decrease as the 
degree of intermolecular association increases, and the lattice 
becomes more tightly bound.' Indeed, it was initially thought 
that solids composed of non-interacting monomeric molecules 
had a values of ca. 1.8 x lW2 K-', while strongly hydrogen- 
bonded lattices and one-, two- and three-dimensional polymeric 
lattices exhibited a values of ca. 0.9 x lo-' K-'." Nevertheless, 
when more data became available it was clear that such a simple 
generalization is not valid because the ranges of a values for 
monomers and associated compounds strongly overlap, and 
several polymeric species show a values higher than those of 
other monomeric While efficiently packed 
non-associated molecules can exhibit low a values, the wide 
range found for polymeric organotin compounds has been 
accounted for by considering that not all polymeric structures 
constrain the vibrational motion of the tin atom in the same 
way, and that the vibrational freedom that characterizes 
monomeric compounds is also present in some polymeric 
structures. l 4  

According to their tertiary structure, organotin polymers 
have been classified into four groups: class 1, rod-like polymers 
with linear Sn-X-Sn linkages; class 2, zigzag polymers with a 
bent Sn-X-Sn arrangement; class 3, S-shaped polymers with 
larger, more flexible bridging groups; and class 4, helical 
polymers with very flexible bridging groups. It is assumed that 
flexible arrangements such as those of class 3 and 4 polymers 
afford a vibrational freedom to the tin atom similar to that of a 
non-polymeric structure, giving rise to high a values, while class 
2 polymers should display a lower temperature coefficient and 
class 1 compounds should have the lowest a va1~es . I~  In 
agreement with this, the lower temperature coefficient for 
triphenyltin formate compared to triphenyltin acetate is 

consistent with the known crystal structures for both 
compounds which show greater linearity in the formate chain." 
On the other hand, the temperature coefficient for SnPh,F (a = 
1.49 x 1W' K-') has led to the proposal of a class 2 polymeric 
structure with a relatively weak intermolecular bond 
(anisobidentate bridging) for this compound. ' However, 
recent high-resolution solid-state "'Sn NMR studies of 
SnPh,F have shown that the "'Sn nucleus is apparently 
equally coupled to two fluorine atoms.16 Therefore, the crystal 
structure determination of SnPh3F would be a major test of the 
usefulness and limitations of structural methods which can 
give information in the absence of a full X-ray structure 
determination. 

The repeat distance in carboxylate-bridged triorganotin(1v) 
carboxylate polymers has been defined as the ratio of the unit- 
cell length parallel to the axis of propagation of the polymer to 
the number of monomeric units this length encompa~ses. '~ This 
concept can be applied to other types of organotin polymers, 
and the repeat distance of ten class 2 triorganotin(1v) polymers 
with second-row bridging atoms lies in a narrow range,.with an 
average value of ca. 4.25 On the other hand, the repeat 
distance for the class 1 polymeric triorganotin(1v) fluoride 
Sn(CH2SiMe3),F is 5.13 It is therefore interesting to 
check whether unit-cell constants obtained from X-ray powder 
diffraction data can be used to distinguish between class 1 and 
2 polymeric triorganotin(1v) fluorides. Consequently, we have 
studied SnPh,F by powder and single-crystal X-ray diffraction. 
The study of this compound is particularly interesting because 
of its use as a biocide in antifouling paints.20-22 

Experimental 
Triphenyltin fluoride was a gift from M & T Chemicals. 
Colourless crystals with hexagonal prismatic shape were ob- 
tained by vapour diffusion of diethyl ether into a dimethyl- 
formamide solution. IR (Nujol): 374s (br) [v(SnF)] and 281vs 
cm-' [v,,,,(SnC)]. X-Ray powder diffraction data were 
obtained with a Siemens D500 diffractometer using Cu-Ka 
radiation. Unit-cell constants were calculated from X-ray 
powder data,23 yielding a trigonal or hexagonal lattice with a = 
10.369 and c = 4.294 A, although we suspected that the c axis 
could be twice the refined value. 

t Supplementary data available: see Instructions for Authors, J.  Chem. 
Soc., Dalton Truns., 1992, Issue 1, pp. xx-xxv. 

Crystal Data.---CI8H ,FSn, M = 369.0, trigonal, space 
group P k l  (no. 165), a = 10.358(1), c = 8.583(1) A, U = 
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C(4) 
Fig. 1 A PLUTO plot of the polymeric chain in SnPh,F 

Table 1 Fractional atomic coordinates ( x lo4) for SnPh,F 

Atom x Y 
Sn 0 0 2500 
F 0 0 0 
C(l)  2042(6) 0 2500 
C(2) 3197(5) 951(6) 3477(6) 
C(3) 4535(6) 954(7) 3469(8) 
C(4) 4712(6) 0 2500 

Table 2 Bond distances (A) and angles (") in SnPh,F 

Sn-F 2.1458(3) Sn-F' 2.1458(3) 
Sn-C( 1) 2.1 1 5(6) C-C (average) 1.381(7) 

F-Sn-F' 180 
F-Sn-C( 1) 90 
Sn-C(1)-C(2) 120.5(3) 

Sn-F-Sn" 180 
C( 1)-Sn-C( 1 '") 120 
C-C-C (average) 120.0(6) 

Symmetry codes: (') y ,  x, $ - z; (") f, .?, 2; ("') -7, .Y - y, 2. 

797.4(2) A3 (by least-squares refinement on diffractometer 
angles for 25 automatically centred reflections, h = 0.710 69 A), 
Z = 2, D, = 1.54 g cm-,, F(000) = 364. Colourless prisms. 
Crystal dimensions: 0.3 x 0.3 x 0.2 mm, p(Mo-Ka) = 16.04 
cm-', T = 293 K. 

Data Collection and Proce~sing.~~-CAD4 diffractometer, 
w 2 8  mode with w scan width = 0.80 + 0.35 tan 8, variable 
scan speed with maximum recording time 50 s, graphite- 
monochromated Mo-Ka radiation; 599 reflections measured 
(1 6 o d 25", + A ,  + k ,  +l), 475 unique (merging R = 0.013), 
giving 327 with 1 3  20(1). No significant crystal decay was 
observed. 

Structure Analysis and Refinement.-Heavy-atom method. 
Empirical absorption correction applied at the end of iso- 
tropic refinement. Full-matrix least-squares refinement with all 
non-hydrogen atoms anisotropic and hydrogens fixed in calcu- 
lated positions with a common isotropic thermal parameter. 
Final R and R' values were 0.021 and 0.023 for 327 unique 
observed reflections (number of variables = 33); maximum 
shift/e.s.d. = 0.005; no trend in AF us. F, or (sin B)/h was ob- 
served. The final difference map revealed a peak of 2.3 e at 
the tin atom position; all the remaining peaks were 60.2 e A-3. 
Programs used and sources of scattering factor data are given in 

ref. 24. Final positional parameters for the non-hydrogen atoms 
are listed in Table 1. 

Additional material available from the Cambridge Crystal- 
lographic Data Centre comprises thermal parameters and 
remaining bond lengths and angles. 

Results and Discussion 
On the basis of Mossbauer'4 and Il9Sn solid-state NMR 
data,16 SnPh,F is known to have a polymeric structure with a 
five-co-ordinated, trans-Ph,SnF, geometry at tin. The unit-cell 
constants, calculated from X-ray powder diffraction data, 
indicate that the polymeric chain must propagate along the c 
axis with a repeat distance ' 7 3 1  of ca. 4.29 A. This value is in the 
range found for zigzag (class 2) triorganotin(1v) polymers with 
second-row bridging atoms," but shorter than the repeat 
distance (5.13 A) in the rod (class 1) polymer Sn(CH,- 
SiMe,),F. ' Therefore, if X-ray powder diffraction data can 
be used to distinguish between class 1 and 2 organotin(1v) 
polymers, SnPh,F should be a class 2 polymer as predicted from 
a variable-temperature ' 19Sn Mossbauer study.I4 Nevertheless, 
the X-ray single-crystal study showed some unexpected results. 

As suggested by the unit-cell constants, the polymeric chain 
of SnPh,F propagates along the c axis. A plot of the structure 
is shown in Fig. 1 and selected bond lengths and angles are 
collected in Table 2. The F atom lies at an inversion centre, 
giving rise to a crystallographically imposed rod (class 1 )  
polymer with identical Sn-F distances. The environment of the 
Sn atom is also highly symmetrical with a perfect trigonal- 
bipyramidal geometry (see Table 2). The intermolecular 
Sn F bond is very strong and the shortest so far reported for 
a polymeric triorganotin fluoride,' 9,25-27 only ca. 0.18 A longer 
than the Sn-F single-bond distance in monomeric four-co- 
ordinated triorganotin fluorides (ca. 1.96 In the light 
of the structural results, we can check the usefulness and 
limitations of physical techniques which can give structural 
information in the absence of a full X-ray structure de- 
termination. 

Solid-state '19Sn NMR data for SnPh,F" show that the 
Il9Sn nucleus is apparently equally coupled to two fluorine 
atoms in accord with the equality of the Sn-F distances (Table 
2). Only a few polymeric triorganotin fluorides have been 
studied by solid-state ' 19Sn NMR s p e c t r o ~ c o p y , ' ~ * ~ ' * ~ ~  and 
presently no distinction can be made between rod (class 1) and 
zigzag (class 2) chains. Nevertheless, when more crystallo- 
graphic and solid-state NMR data become available, it should 
be checked whether there is a correlation between the 
' J ( '  19Sn-19F) coupling constant and the Sn-F distance or the 
Sn-F-Sn angle. 

The suggestion that the unit-cell constants obtained from 
X-ray powder diffraction data could be useful to distinguish 
between class 1 and 2 triorganotin(1v) fluorides18 is not 
supported by the present results. While the repeat distance for 
the class 1 polymer Sn(CH,SiMe,),F is 5.13 A,19 the value for 
the present compound (4.292 A) is in the range previously 
found for class 2 polymers.I8 It is clear that the repeat distance 
is more sensitive to the bond lengths than to the Sn-F-Sn angle, 
and X-ray powder diffraction data cannot be used to distinguish 
between both types of polymers. 

On the basis of the temperature coefficient of the Mossbauer 
recoil-free fraction (a  = 1.49 x K-'), a class 2 polymeric 
structure with unequal Sn-F and Sn F distances has been 
proposed for SnPh,F. l 4  Nevertheless, this compound is a class 1 
polymer with identical Sn-F bond distances (Table 2), which 
indicates that structure assignments from a values should be 
considered with caution. For example, class 1 polymeric 
SnPh,F has a higher a value (1.49 x lop2 K-') than the class 2 
polymer SnPh,(OH) (1.10 x lo-* K-'), the class 3 polymer 
SnPh,(O,CH) (1.15 x lop2 K-'), or monomeric SnPh, 
(1.37 x lo-' K-').', It is assumed that, in terms of the variable- 
temperature Mossbauer spectroscopy experiment, the lattice 
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Table 3 
SnPh,X(X = F o r O H )  

Structural and variable-temperature Mossbauer data for 

SnPh,F Sn Ph 3(OH) 
M / g  mol-' 369.0 367.0 
Sn-X/A 2.1458(3) 2.197(5) 
x SnlA 2.1458( 3) a 2.255(5) 
Sn-X . . . Sn/" 180( -)" 137.8(3) 
IO2u/K-' 1.49 ' 1.10' 

This work. Ref. 33. Ref. 14. 

rigidity decreases as (i) the strength of the bridging bond 
(X - Sn) decreases or (ii) as the bridging mass is progressively 
displaced away from the Sn - Sn vector.14 Table 3 shows data 
for the isoelectronic compounds SnPh,F and SnPh,(OH), and 
we can conclude that a values are not a reliable guide to the 
strength of the intermolecular interactions or the tertiary 
structure of the polymeric chain. Therefore, although there is a 
general trend towards lower a values as the degree of inter- 
molecular association increases,' our current understanding of 
the (I cs. structure systematics for organotin compounds needs 
to be improved before we can use it to obtain unambiguous 
structural information. 

It is interesting that while SnMe,F is a zigzag (class 2) poly- 
mer,2s bulkier substituents on the tin atom lead to rod (class 1) 
polymers or monomers. So, SnPh,F, Sn(CH2Ph),FY2' and 
Sn(CH,SiMe,),F l 9  are class 1 polymers, while Sn(C,H, 1)3F is 
intermediate between a class 1 polymer and a monomer,26 and 
Sn[C(SiMe3),]Me2F,28 Sn[C(SiMe,),]Ph2F,28 Sn[C(SiMe,- 
Ph),]Me,F 2 8  and Sn(C,H2Me3-2,4,6),F 29 are monomeric 
compounds. 
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