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Abstract 

The structure and bonding properties of a number 
of closely related tetraphenyltin- and triphenyltin 
chloride compounds have been studied by the ‘19Sn 
Mossbauer effect and multinuclear NMR spectro- 
scopy. The comparison of liquid and solid state 13C 
and ‘19Sn NMR spectra and of glassy solution matrix 
and neat solid state Mossbauer spectra provides 
information about the extent of intermolecular 
association effects in these compounds. The results 
indicate that all materials with the exception of 
(p-CF3Phb SnCl are adequately described as mono- 
meric solids with tetrahedral geometry around the 
metal atom. For the latter compound spectroscopic 
evidence for the presence of a five-coordinated tin 
species is presented. 

Introduction 

The structure of aryltin chlorides R,_,SnCl, 
in the solid state has been the subject of numerous 
studies and extensive discussion [l-8]. It is gener- 
ally accepted that in tetraarylstannanes (x = 0) such 
as Ph$n the tetrahedral geometry of the isolated 
molecules is preserved in the solid state [l] . Like- 
wise, X-ray [2] and vibrational spectroscopic data 
[3] indicate that solid Ph3SnC1 at room temperature 
is composed of discrete tetrahedral units, but the 
possibility of dimerization at low temperatures has 
been discussed [4-61. For PhzSnClz, the original 
interpretation of the X-ray data in terms of a mono- 
meric structure [7] has been questioned [8]. Since 
dimerization raises the coordination number of tin 
from 4 to 5, both the 119mSn Mossbauer effect as 
well as ‘19Sn and (to a lesser extent) 13C solid state 
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NMR should serve as suitable probes for such changes 
in the environment of the metal atom. In the present 
study, such results for a series of closely related tri- 
and tetraphenyltin derivatives are presented. The 
approach utilizes the comparison of spectra obtained 
on the compounds in their monomeric states, i.e. 
by multinuclear NMR in solution and Mossbauer 
spectroscopy in a frozen glassy matrix, with those 
obtained for the neat solids. 

While in the past both NMR and Mossbauer 
spectroscopy have served to characterize the detailed 
effect of subtle electronic modifications caused by 
changes in the ligand electronegativity [9-l 11, 
correlated studies using both techniques have been 
rare [12], and restricted to the comparison of liquid 
state NMR with solid state Mossbauer data. In the 
present study, this comparison has been extended to 
include solid state NMR data and Mossbauer spectra 
obtained in frozen solutions. With respect to the 
above questions, an attempt is made to evaluate the 
potential of both spectroscopic methods to provide 
relevant information about the bonding properties of 
these compounds. 

Experimental 

Syntheses 

The tetraaryl derivatives were prepared from the 
respective bromobenzenes by a Grignard reaction 
with tin(IV) halide [13, 141, while the triaryltin 
chlorides were prepared by a redistribution reaction 
between the tetraaryl compound and tin(IV) chloride 
[13]. All starting materials, except the 3,5bis(tri- 
fluoromethyl)bromobenzene (Alfa Inorganics) were 
obtained from Aldrich Chemicals and used without 
further purification. Sn14, enriched with ‘19Sn was 
synthesized from SnOz (84% ‘19Sn, ORNL) by reac- 
tion with NH,1 at elevated temperatures. Magnesium 
turnings suitable for Grignard reactions and anhyd- 
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rous diethyl ether were obtained from Fisher Chem- 
icals. 

All syntheses were carried out under dry nitrogen 
in an apparatus fitted with a calcium chloride drying 
tube. Elemental analyses were carried out by Robert- 
son Laboratory, Florham Park, N.J.. Melting points 
were recorded on a Hoover capillary melting point 
apparatus, and are uncorrected. Melting points and 
analytical percentages (literature data and calculat- 
ed values in parentheses) were: 

Tetrakis(3-trifluoromethylphenyl)tin, (III): 140- 
141 “C (143-144); C, 48.02 (48.08); H, 2.35 (2.30). 

Tetrakis(4-trifluoromethylphenyl)tin, (IV): 150- 
15 1 “C (150); C, 48.20 (48.08); H 2.39 (2.30). 

Tetrakis(3,5-bis(trifluoromethyl)phenyl)tin, (V): 
162-163 “C (not available); C, 39.48 (39.6); H, 1.51 
(1.25). 

The remaining organotin compounds examined 
in the present study were obtained commercially 
(Alfa Inorganics) and suitably purified by recrystal- 
lization or sublimation before spectroscopic examina- 
tion, 

Nuclear Magnetic Resonance Spectroscopy 

Tris(2-trifluoromethylphenyl)tin chloride, (VII): 
83.5-84 “C (not available); C, 42.43 (42.76); H, 2.13 
(2.05); Cl, 6.76 (6.79). 

Tris(4-trifluoromethylphenyl)tin chloride, (IX): 
82-83 “C; C, 42.67 (42.76); H, 2.35 (2.05); Cl, 6.02 
(6.79); F, 28.28 (29.02). 

The liquid state 13C NMR data were obtained in 
CDC13 solution using a Bruker WM 500 high resolu- 
tion spectrometer at the Southern California 
Regional NMR Facility. A 45” flip angle, power- 
gated broadband decoupling and a 6 s pulse delay 
were used. 19F spectra were obtained undecoupled 
on a Varian FT-80 spectrometer using 45’ pulses. 
The ‘19Sn data were obtained on the same spectro- 
meter using 90’ pulses and gating the proton 
decoupler off during a 60 s relaxation delay. Some 
additional single-pulse experiments were carried out 
using the WM 500 spectrometer. All the data reported 
in Tables I-III were found independent of concentra- 
tion within the range of solubility of the materials 
under study. Chemical shifts are reported relative 
to TMS (13C), CFC13 (19F), and (CH3)4Sn (l19Sn). 

TABLE I. Comparison of the Solution and Solid State 13C Chemical Shifts of the Compounds under Study with Values Calculat- 
ed from the Additivity Rule 

Compound 

I (C6H5)6Snz 
d 

11 (C6H&sne 

111 (mCF3C6H4)4Sn 

IV (PCF3C6H4hSn 

V ((3,5-CF&GH3)& 

Chemical shift (ppm) 

C atom Solutiona’b 

1 138.48 

2,6 137.38 

395 128.63 

4 128.76 

1 137.96 

296 137.21 

3,s 128.60 

4 129.09 

1 136.68 

2 133.10 

3 131.36 

4 126.86 

5 129.39 

6 140.23 

7 123.98 

1 140.72 

2, 6 137.24 

335 125.50 

4 132.11 

7 123.88 

1 136.33 

2,6 136.33 

325 132.85 

4 125.06 

7 122.94 

Solid stateC 

138.0 

137.4 

128.9 

128.9 

137.7 

137.7 
128.4 

129.4 

136.6 

n.a.f 

130.2 

127.5 

130.2 

141,l 

124’ 

139.9 

137.3 

124.3 

133.1 

124j 

Calculated 

138.2 

133.9 

130.7 

125.8 

128.8 

140.4 

141.1 

137.4 

125.5 

131.2 

138.3 

137.1 

130.9 

122.5 

(con timed) 
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TABLE I. (continued) 
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Compound Chemical shift (ppm) 

C atom SolutiorPb Solid stateC Calculated 

VII (oCFaCsH4)sSnCl 

VI (CsHs)sSnClg 1 137.20 137.0 
2,6 136.07 136.3 
3,s 129.10 130.1 
4 130.44 131.3 

1 135.84 135.2 134.1 
2 135.45 136.3 138.2 
3 127.10 127.1 125.9 
4 130.54 131.4 130.7 
5 131.84 131.4 132.4 
6 137.18 135:5 136.4 
7 124.46 125’ 

1 137.1 137.6 
2 132.3 132.9 
3 131.4 131.3 
4 127.8 127.2 
5 129.7 129.4 
6 139.2 139.4 
7 123.8 

1X (pCFaCsH4)sSnCl 1 140.58 145.1 140.6 
296 136.3 136.5 136.4 
395 125.88 125.0 125.9 
4 133.06 131.9 132.6 
I 123.64 n.a.f 

x (C6Hs)aSnCl*i 1 137.0 
236 134.9 
335 129.7 
4 131.8 

‘*0.02 ppm; vs. TMS. bSaturated solution in CDCls. 
fNot assignable. 

‘~0.2 ppm; vs. TMS. dAdditional data in ref. 20. ’ ‘19* Sn isoto- 
pically enriched material. gAdditional data in refs. 20 and 25. hFrom ref. 27. iFrom ref. 25. 
‘Broadened by dipolar and scalar coupling to 19F. 

TABLE II. nJ(13C-117’119Sn) Coupling Constants 

Compound “J (C-S”) coupling constant (Hz) 

I (C6&)6S"z 
d 

11 (c&5)4sne 
111 (mCEsCsH4)4Sn 

IV @CF3C6Hd& 535 (511) 

V ((3,5CFdzC6Hdd* 546 (521) 
VI (c&)3s”clg 613 (587) 
VI (O~F3c&&snCl 679 (652) 

n.a. 

413 (395) 
531 
544 (520) 

623 (596) 
785 

40.5 
37.0 
43.6 (C2) 
36.5 (C6) 
39.4 
43.0 
48.5 
42.0 (C6) 
35.9 (C2) 
33.0 (C2) 
48.0 (C6) 
52.0 
63 

47.6 
51.2 
51.0 (CS) 
53.8 (C3) 
53.7 
n.a. 
62.8 
51.0 (C3) 
64.6 (C5) 
62 (C5) 

65.2 n.a. 
90 n.a. 

n a.f 
12.0 
12.5 

n.a. 
n.a. 
12.6 
12.6 

n.a. 

a 1J(119Sn-‘3C) is listed; 1J(“7Sn-13C) given in parenthesis. Experimental error: +l Hz. b+0.2 Hz; average 117*119Sn-13C 
coupling constant. ‘to.5 Hz; average 

fNot assigned. 
117’119Sn-13C coupling constant. dAdditional data in ref. 20. 

gAdditional data in refs. 20 and 25. hFrom ref. 27. ‘From ref. 25. 
e ‘19Sn isotopically 

enriched material. 
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TABLE III. l19Sn and 19F Chemical Shifts in Solution and 19F-“9Sn Coupling Constants 

B. King et al. 

Compound -6 (‘19Sn) 

(ppn# 

-6 (19F) 

(ppm)b 

nJ(19F-1*9Sn) 

(Hz)’ 

I (CfjHs)&nz 

II (C6Hs)aSn 
III (m-CFsC6H4)4Sn 

IV @-CF3C,jHg)qSn 

V ((3,5-CF&ChHj)4Sn 
VI (C6Hs)sSnCl 
VII (OCF,C6H4)3SIlCl 

Ix (P~F&Hcd$~nC1 
x (C6HShSnCh 

145.8 

130.6 

128.6 63.14 4.1 

132.3 63.52 5.2 

128.1d 63.38 

47.0 

65.5 

55.7 

32.0 

%ptield from MeaSn; +0.2 ppm. bUpfield from CFCl? ; kO.05 ppm. ‘to.2 Hz. d k0.5 ppm; Signal/noise too low to extract 

coupling constant. eFromkf. 11. 

Solid state 13C and ‘19Sn NMR data were obtained 
on a homebuilt 200 MHz spectrometer at the 
Southern California Regional NMR Facility. The 
tin spectra were acquired at 74.5 MHz in a high- 
power broadband probe, by single 90’ pulses of 3 
ps length, using delays between 2 and 10 min. The 
solid state 13C NMR data were obtained at 50.4 
MHz in a CP-MAS probe from Doty Scientific at 
spinning speeds between 3.5 and 5 kHz. The ‘H 
90’ pulse length was 5 ps, corresponding to 50 
kHz decoupling power. Crosspolarization con- 
tact times were 5 ms, and the Hartmann-Hahn con- 
dition was set using an adamantane standard, whose 
methylene peak provided a secondary chemical shift 
reference at 38.56 ppm from TMS [15]. The cross- 
polarization pulse program incorporated spin- 
temperature inversion [ 161 to suppress artifacts, 
and ‘flipback’ of the ‘H magnetization to decrease 
the rather long recycle delay needed for the protons 
to relax. Further experiments were carried out by 
adding a delay time after crosspolarization during 
which the decoupler was turned off, resulting in the 
disappearance of signals arising from directly proto- 
nated carbon atoms (‘dipolar dephasing’ [ 171). 
This method allows the selective observation of non- 
protonated C-atoms and thus aids in the assignments. 

Variable temperature Mijssbauer Spectroscopy 
Variable temperature ‘19Sn Mossbauer data were 

obtained on samples of known thickness using the 
techniques and spectrometer system described earlier 
[18]. All isomer shifts are reported with respect to 
a CaSn03 absorber spectrum at 295 K. Spectro- 
meter calibration was achieved using NBS SRM 
metallic iron at room temperature, before and after 
each series of temperature dependence measure- 
ments, as described previously [ 193 . All Mossbauer 
data were fitted using a matrix inversion least squares 
fitting routine on the Rutgers University NS 9000 
computer, in which effect magnitude, line position, 

and line width at half maximum were allowed to vary 
as free parameters. The optical (Mossbauer) thick- 
ness of all samples was less than 1.5, and thus no 
saturation corrections were applied to the data. 
For obtaining glassy solution spectra, the sample 
compound was dissolved in n-butylbenzene, the 
resultant solution injected into a Mylar or thin 
glass window fitted copper sample holder, and 
quickly frozen in liquid nitrogen, prior to the start 
of the spectral data accumulation, which was carried 
out in transmission geometry as usual. 

Results and Discussion 

Bonding Properties of the Molecular Compounds 
Tables I-III give a complete overview of the NMR 

parameters obtained for the present materials. The 
13C chemical shifts for tetraphenyltin show only 
moderate agreement with data published previously 
for this compound [2Oa]. In accordance with the 
characteristic substituent effects observed in other 
organometallics [21] , the C-l as well as the C-2, C-6 
positions of the aromatic ring are found to be highIy 
deshielded, while the influence of the tin moiety 
upon meta and para carbon atoms seems to be negli- 
gible. Thus, as far as tetraaryltin derivatives and other 
compounds in which tin is entirely coordinated to 
carbon, are concerned, there seems to be no indica- 
tion of carbon-tin x-backbonding, a conclusion, 
which has also been reached by previous proton NMR 
studies [22]. If, however, aryl substituents are suc- 
cessively replaced by chlorine atoms, deshielding 
effects become increasingly noticeable in the para 
position. At the same time the downfield shift of 
the ortho carbons gradually diminishes, hence indi- 
cating the possible involvement of carbon-tin r-back- 
bonding effects for these materials. 

Table I contrasts the experimental 13C chemical 
shifts with the values predicted from the respective 
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TABLE IV. ‘rgmSn Mossbauer Data and Lattice Parameters of the Tri- and Tetraphenyltin Compounds under Study 

Compound ISa*b QSa.c.d d In A/dTe C.Jf 

(mms -1 1 (mms -1 1 (lo-* K-l) (cm -1 1 

I cc6 HS )6 Sn2 1.41 0 1.95 28.5 

II G,Hsl&r 1.30 0 1.63 39 

III (mCPaCeH4)4Sn 1.28 0 2.12 23.4 

IV @-cF3C6&)4Sn 1.29 0 2.20 23.4 

V ((3,5CPs)aCeHs).sSn 1.256 k 0.007 0 1.60 nd. 

VI (CeHs)sSnCl 1.35 2.56 2.16 33.7 

in n-Bubzg 1.33 2.45 n.d. n.d. 

VII (oCPaCsH4)aSnCl 1.275 * 0.008 1.99 0.016 + 1.95 n.d. 

in n-Bubz 1.30 2.12 n.d. n.d. 

IX (pCPaCeH4)aSnCl 1.405 f 0.004 3.43 f 0.026 2.13 n.d. 

in n-Bubz 1.30 2.43 n.d. nd. 

X (Ce&)zSnClze 1.39 2.81 2.21 41 

in n-Bubz 1.33 2.63 n.d. n.d. 

*At 78 K. bWith respect to CaSnOa at 295 K; to.01 mm s-’ unless specified. ‘?0.020 mm s-r unless specified. dThe 

linewidths for all compounds varied unsystematically between 0.84 and 0.96 mm s-l. eThe temperature range over which In 

A was determined was 78-300 K for 1. II. X; 78-160 K for II and III; 78-130 K for V; 78-125 K for VII; 78-115 K for IX, 
and 90-170 K for VI. fRaman active lattice mode frequency associated with intermolecular vibrations; see ref. 3 1 for discus- 
sion. ‘n-Bubz = n-butyl benzene, a glass-forming solvent. 

data sets for benzotrifluoride [23], tetraphenyltin 
(this work), and triphenyltin chloride [20, 2.51, 
assuming additivity of the respective substituent con- 
tributions. For all the disubstituted compounds of 
the present study, excellent agreement is found when 
making this assumption. In addition, a re-inspection 
of the data reported previously [24] for a series of 
substituted monoaryl-trimethyltin compounds 
reveals similar agreement, showing, that, in general, 
tin moieties obey the additivity rule quite well. An 
exception occurs for the chemical shifts of the C-l 
and C-2 carbon atoms of compound VII, indicating 
the possibility of intramolecular interaction between 
the two orrho substituents. This interaction must 
be relatively weak, however, since the solid state and 
frozen solution Mossbauer data give no indication 
of tin-fluorine bonding interactions in this com- 
pound (vide infra). 

Magnitudes and general trends reported in prev- 
ious studies of related compounds [ 11, 20, 25-281 
also hold true for the 13C-119Sn coupling constants 
determined for the compounds examined in the 
present study. Replacement of one aromatic 
substituent by chlorine increases the coupling cons- 
tants, hence reflecting either increased s-character of 
the C-Sn bond due to rehybridization of the Sn 
atoms [25], or the presence of carbon-tin rr-back- 
bonding. The latter explanation is favored, however, 
since earlier work [25] of alkyltin chlorides, R4_-x. 
SnCl,, has shown, that the effect of tin rehybridiza- 
tion is an order of magnitude smaller than the effects 
encountered in the present study. In contrast, the 

observed enhancement of ‘J(C-Sn) by the presence 
of CF3 substituents is most likely due to rehybridiza- 
tion, since the magnitude of this effect shows a dis- 
tinct correlation with the distance of the CF3 group 
to the C-atom under consideration. (The effect upon 
the long range C-Sn coupling constans appears less 
systematic.) 

The ‘19Sn chemical shifts are typical for aromatic 
stannanes [ 111. Owing to the low solubility of tetra- 
phenyltin in all common non-complexing organic 
solvents, the literature data concerning the ‘i9Sn 
chemical shift [29] suffer from low accuracy. Using 
isotopically enriched material in the present study, 
6(l19Sn) was re-determined to be -130.6 + 0.2 ppm. 
In a recent investigation of substituted trimethyl- 
arylstannanes, a regular dependence of the ‘19Sn 
chemical shift on the substituent electronegativity 
was found [30] ; in particular, the electron donating 
groups giving rise to the most upfield chemical shift 
values. The present study shows a more complicated 
picture. As can be seen from Table III, the chemical 
shift of tetraphenyltin is unexpectedly found 
to be intermediate between those of the meta 

and para trifluoromethyl derivatives, whereas the 
triphenyltin chlorides yield an order opposite to 
that predicted in ref. 30. These results indicate 
that the numerical values arise from a more com- 
plex interplay of the parameters governing the para- 
magnetic contributions to the shielding constants. 

The parameters extracted from the ‘i9”Sn Moss- 
bauer studies are summarized in Table IV. The isomer 
shifts observed at 78 K are unexceptional and are in 
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acceptable agreement (where appropriate) with values 
reported earlier. As noted previously [31], the 
temperature dependence of tin isomer shifts is 
relatively small, and cannot be used to extract 
meaningful data concerning the effective vibrating 
mass of the Mossbauer reporter atom. In contrast 
to the trends observed in solution NMR data, the 
Mossbauer isomer shift differences among com- 
pounds II-V as well as those among VI, VII and IX 
(in the glassy matrix state) are close to the experi- 
mental error limits, and these data indicate the small 
influence of even severely perturbing substituents 
such as the trifluoromethyl group on the s-electron 
density at the tin atom. Comparison with literature 
data [32] shows that this insensitivity of Mossbauer 
isomer shifts is a quite general feature in ring-substi- 
tuted systems. In view of these results the 
significantly increased isomer shift in bulk (I.‘-CF,- 
Ph),SnCl and the unusually large quadrupole split- 
ting of this compound are especially noteworthy. 
As will be discussed below, this behavior is consis- 
tent with a different coordination of the tin atom 
indicating a dimeric or polymeric structure of this 
compound. 

Coordination of Tin in the Solid State 
The solid state 13C NMR spectra of compounds 

II, VI, VII, and IX are shown in Fig. 1. The chem- 
ical shifts agree within ?l ppm with the respective 
solution data for all the compounds under discussion, 
with the noticeable exception of (p-CF3C,H4)3SnCl, 
for which, in the solid state, a substantial downfield 
shift of 4.5 ppm is found for C-l (see arrow in Fig. 
2). A recent solution 13C NMR study has shown 
that the complexation of triphenyltin chloride by 
electron donor species (DMSO, pyridine) which 
increases the tin coordination number from four to 
five is associated with a downfield shift of ca. 6 ppm 
for the C-l atom [33]. The observation of a similar 
effect for compound IX in going from solution to the 
solid state thus provides strong support for a change 
in coordination number from four to five. 

Figure 3 shows the solid state ‘r9Sn NMR spectra 
of compounds II, VI, VII and IX. While the rather 
large asymmetric broadening (arising from both static 
dipolar coupling to the quadrupolar Cl nuclei and 
chemical shift anisotropy) and low signal to noise 
ratios (owing to long spin-lattice relaxation times) 
do not permit an accurate analysis, it is worth noting 
that in the spectrum of (p-CF,C6H,),SnCl the center 
of gravity is strongly displaced uptield as compared 
to the corresponding unsubstituted and ortho-substi- 
tuted triphenyltin chlorides. Again, the comparison 
with i19Sn solution NMR data reported for Ph,SnCl 
complexes with DMSO and pyridine [33] reveals 
that this effect is in accordance with a five-coordinat- 
ed tin species. 

2L I I 

I I 
1 I j/ 

Fig. 1. Solid state 13C CP-MAS spectra at 50.36 MHz of com- 

pounds II, VI, VII and IX. The vertical lines indicate the 

respective chemical shifts observed in the solution spectra. 
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Fig. 2. Plot of the 13C chemical shifts in the solid state YS. 

the respective data in the solution state for the compounds 

under study. Open circles: tetraaryltin compounds. Filled 

circles: triaryltin chlorides. 
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d 

5003 Hz 
-V 

Fig. 3. Solid state ‘19Sn NMR spectra at 74.5 MHz of com- 
pounds II, VI, VII and IX. 

Both the NMR and Mossbauer data are consis- 
tent with the expected discrete monomeric nature 
of all tetraphenyltin derivatives in the solid state. 
The same conclusion holds for triphenyltin chlor- 
ide(V1) at room temperature as indicated by the 
observation that the 13C NMR chemical shifts are 
almost identical in solution and the solid, consistent 
with earlier detailed investigations by room tempera- 
ture vibrational spectroscopy [2] and X-ray diffrac- 
tion [3]. For this compound, however, pentacoordi- 
nation of the metal atom by chlorine bridging at 
lower temperatures has been discussed by Zuckerman 
[4] with reference to an earlier 35C1 NQR study [5]. 
In an extensive review of structural data [6] the 

possibility is raised that coordination about the 
metal atom - which is tetrahedral at room tempera- 
ture - may transform to trigonal bipyramidal on 
cooling to liquid nitrogen temperature. To examine 
this point further, in the present study, earlier MBss- 
bauer results obtained on this compound [34] 
were re-investigated in the temperature range 5.5 < 
T < 170 K. The temperature dependence of the 
recoil-free fraction is shown in Fig. 4. The data in the 
interval 90 < T < 170 K are well fitted by a linear 
regression, with a correlation coefficient of 0.997 for 
the 8 data points, and the slope in this interval has 
been used to evaluate the lattice dynamical 
parameters [35] listed in Table IV. The departure 
from linearity in the temperature region below 90 
K is expected, since in the low temperature limit 
the latter parameter becomes temperature indepen- 
dent, and then reflects primarily the effect of zero 

0 50 100 150 200 

Temperature, K 

Fig. 4. Temperature dependence of the normalized area 

under the MGssbauer resonance curve for triphenyltin 

chloride (VI). The effect of zero point motion @pm) is 

indicated on the ordinate of the plot. 

point motion. The quadrupole splitting is tempera- 
ture independent below 90 K, while at higher 
temperatures this parameter shows the expected 
effects due to thermal expansion, reaching a value 
of 2.52 f 0.02 mm s-l at 170 K . The temperature 
dependence of the isomer shift is -2.23 lo-’ mm 
s-’ K-r over the whole temperature range, a value 
typical of organometallic tin(W) compounds, and 
the data are reasonably well fitted by a linear regres- 
sion with a correlation coefficient of 0.95. None of 
these data indicate any change in the coordination 
about the metal atom within the temperature range 
5.5 < T < 170 K, and it is therefore inferred that it 
is appropriate to consider solid triphenyltin chlor- 
ide at all temperatures as composed of non-interact- 
ing monomeric entities. Finally, the close 
resemblance of the liquid nitrogen temperature 
1*9”Sn Mossbauer spectra of Ph,SnCl and a 0.2 M 
frozen solution of this material in n-butyl benzene 
support the treatment of Ph,SnCl as a monomeric 
compound under the conditions of the Mossbauer 
studies herein reported. The same conclusion is 
valid for (o-CF3C6H4)3SnCl (VII) for which the 
neat solid and frozen solution spectra are again very 
similar (Fig. 5a). 

In marked contrast, Fig. 5b illustrates a striking 
difference between the bulk solid and frozen solu- 
tion state Mossbauer spectra of @CF3C6H4)3- 
SnCl (IX). The quadrupole hyperfine interaction 
in the neat solid is 3.43 mm s-l while that extracted 
from the frozen solution spectra is smaller by 1 mm 
s-l. Similarly, the difference in the isomer shift 
is about four times larger than for the unsubstituted 
and ortho-CF, substituted triaryltin chlorides. The 
ratio of the quadrupole splitting to isomer shift 
parameter [34] is equal to 2.44 in the neat solid, 
consistent with the general qualitative observation 
that values of this ratio larger than ca. 2.1 reflect 
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L. 
-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 

Velocity, mm/s 

:i 

r’ 
. 

-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 

Velocity, mm/s 

Fig. 5. Comparison of the liquid nitrogen temperature spec- 

trum of (a) (oCF3C6H4)3SnCl (VII) and (b) @-CF3C6H&- 

SnCl (IX), in a frozen solution in n-butylbenzene (top trace), 
and as a neat solid (bottom trace). The vertical lines are 
guides to the eye indicating the large difference in the 
quadrupole splitting between the two spectra. 

a coordination number exceeding four. This result 
correlates very well with the conclusions drawn for 
this compound from the solid state 13C and l19Sn 
NMR spectra. Altogether, the data provides strong 
support for the hypothesis that the coordination 
about the metal atom in the para-substituted homo- 
logue is five-coordinate. This type of coordination, 
which is presumed to involve bridging chlorine atoms, 
is expected to give rise to either a dimeric or a two- 
dimensional polymeric structure with the three aryl 

B. King et al. 

groups in equatorial positions around a trigonal bipy- 
ramidally coordinated metal center. In this context, 
it might be expected that the different tin coordina- 
tion number for compound IX should manifest itself 
in a different temperature dependence of the recoil- 
free fraction (as monitored by the temperature 
dependence of the relative area under the resonance 
curve, -dlnA/(dT)). In contrast, however, Table IV 
indicates that this parameter is almost the same in 
VI, VII and IX. This may simply mean that the 
formation of a dimer or a linear chain polymer does 
not play a dominant role in determining the vibra- 
tional amplitude of the metal atom in these com- 
pounds [36]. It appears that the motional amplitude 
of the tin atom - which is the parameter pertinent 
to the Mijssbauer lattice dynamical data - is govern- 
ed to a large extent by the low frequency librational 
motions of the aryl groups and thus does not depend 
much on the intermolecular association. To restate 
a previously articulated generalization [35, 371 the 
temperature dependence of the recoil-free fraction 
in organotin compounds cannot be used as the sole 
criterion for inferring the coordination around the 
metal atom, but rather must be considered in the 
context of both the nature of the ligands bonded 
to the metal atom, as well as the relative strengths 
of the inter- and intramolecular vibrations which 
govern the motion of the Mossbauer probe atom. 

In conclusion, a coordination change in (p-CF3- 
C6H4)3SnCl has been detected by correlated solution/ 
solid state studies of 13C and ‘19Sn NMR and ‘19’%-r 
Mossbauer spectroscopy. The NMR chemical shifts 
as well as the ‘19mSn quadrupole splittings are the 
parameters most sensitive to this effect, while the 
temperature dependence of the recoil-free fraction 
cannot be used to infer the coordination number of 
tin in tri- and tetraaryl stannanes. 
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