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SUMMARY 

“‘Sn Miissbauer spectra of Me,SnZ, Me,ClSnZ, MeCl,SnZ, Cl,SnZ 
[Z = Mn(CO),] and Ph$nY, .Ph,CISnY, PhCI,SnY, C13SnY p = Fe(C0)2CSH,-n] 
are reported. The Point Charge Model is successfully applied. 

Although several papers have reported Sn Mijssbauer spectra of metal-metal 
bonded compounds ’ -‘, little attempt at explaining the Sn quadrupole splittings 
(QS) in these compounds has been made. Point charge parameters* partial quadrupole 
splittings (PQS)’ or partial field gradients” have been very useful for rationalizing 
quadrupole splittings in Fe” low spin compoundsg*l ’ and Sn’v8*‘2*’ 3 compounds. 
For example, previous results *.I3 have shown that four coordinate Sn’” compounds 
should generally have smaller quadrupole splittings than five coordinate or tiuns- 
octahedral Sr?’ compounds. In this communication, we show that comparatively 
large quadrupole splittings (up to 2.8 mm/set) can be obtained by lowering the molecu- 
lar sy&etry from a SnAB, or SnAC3 compound by replacing ligands B or C by 
another ligand having markedly different bonding properties than either B et C, 
or by distorting the molecule greatly from tetrahedral geometry. These large four 
coordinate splittings are rationalized using derived self-consistent PQS values. The 
sign of the QS and the magnitude of r] are also predicted, and bonding properties for 
tile metal moieties Mn(CO)s and Fe(C0)&H5 are discussed. 

The compounds in Table 1 were prepared as reported previously14. X-ray 
structures of (CH,),SnMn(CO),‘5, (C,H5)3SnMn(CO)5’6, (C6H5),SnFe(C0)2- 
&H,“, Cl,SnFe(C0)2C5H518 and (C6H&12SnFe(C0)2C5H~1p clearly show that 
the Sn atom is four coordinate with no abnormally short non-bonded distances- 
either &ter or intramolecular_ The distortion from tetrahedral symmetry about the 
Sn atom i&reases in the order given above. Thus in (CH,),SnMn(CO),, the CH,-Sn- 
Mn and CH3-Sn-CH3 bond angles vary from 106.9O to 112.2O ; in contrast, the cor- 
responding angles in C6H&l&Fe(CO)&H5 vary from 99.1° to 129-T. 

Miissbauer spectra were taken at 809K using a BaSn03 source and an Austin 
Science Associates spectrometer. All spectra were fitted to two lines using methods 
described previously ‘*” Full widths at half height were 1.05+0.10 mm/set for all . 
compounds. For the C6H5),SnFe(C0)2C5H5 spectrum, x2 decreased by over 50 on 
fitting two lines instead of one. 
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TABLE 1 

“‘Sn M6SSnAUER PARAMETERS AT 80K 

Compound QS tl 

Observed” Predicted* Predictedb CS 

(CH,),SnMn(CO), 
(CHJ,CISnMn(CO)=, 
(CH,)C12SnMn(CO)S 
CI,SnMn(CO)S 
(C,H,),SaFe(C%C,H, 
(C,H&CISnFe(CO)&HS 
(C6HS)CI,SnFe(C0)#ZSHS 
CI,SnFe(C0)2C,H, 

0.82 - 0 1.41 
2.60 - 2.28 0.47 1.52 
2.62 + 2.42 0.86 1.62 
1.60 + 0 1.65 
0.32+-0.10 - 0 1.39 
2.54 -2.06 0.25 1.58 
2.84 +2.30(+2.79) 0.97(0.69) 1.70 
1.83 + 0 1.75 

p The errors in the QS are +0.02, except where noted. b All predicted values (except the ones in brackets for 
compound (VII) were calculated assuming tetrahedral bond angles. The bracketed values were calculated 
using the known bond angles for compounds (V), (VII) and (VIII). Note that the signs given are those of 
the QS; the signs of Vxz and q are opposite to these. c Relative to BaSnO, ; -CO.02 mm/set. 

The observed quadrupole splittings for the compounds B,_,,C, SnA (B=CI ; 
C=C6H5. CH,; A=Fe(C0)2CSHs, Mn(C0) 5 are given in Table 1. The order of ) 
quadrupole splittings as n increases is very unexpected ; the QS values for n= 1 and 
n =2 are much larger than for n = 0 or n= 3. The same trend is found for other com- 
poundswithB=Cl, Br,C,F,andC=C,H,andCH,.TheQSvalueforcompound(VII) 
appears, to be the largest four coordinate QS yet known13. The agreement with pre- 
viously published values for compounds (I), (IV), (V), (VII) and (VIII)2-5 is good, 
except for compound (V) in which computer processing reveals a QS of about 0.3 mm/ 
sec. 

The trend in quadrupole splittings for n =0 to n =3 can be readily rationalized 
using PQS values derived from a point charge approach_ The expressions for the 
EFGf tensor components for tetrahedral bond angles are given in terms of PQS 
values in Table 2. The PQS value for Cl- (+ 0.63) is taken from Parish and Platt**“*. 
The PQS values for Mn(CO)s (-0.17) and Fe(CO)&Hs (-0.28) are calculated from 
the QS of compounds (IV) and (VIII) respectively, assuming the sign of the QS in 
both compounds to be positive. The sign of the QS.for Cl$nFe(CO)&Hs has re- 
cently been shown to be positive2’. Then, the PQS values for CH3 (-0.58) and CsH5 

(-0.44) are calculated from compounds (I) and (V), taking the signs of the QS to be 
negative to obtain reasonable PQS values for these ligands8*12*21. There will be a large 
uncertainty in the PQS value for CsHs (.~0.05 mm/set) because of the very small 
QS in compound (V). Using the above PQS values, and the expressions in Table 2 for 
SnABC, compounds, the predicted QS and q values are calculated, We take IVJ 2 
!V,,l >lV,,l after diagonalizing the EFG tensor. 

In agreement with the observed trend, the calculated values indicate that the 
dichlorides should have a larger QS than the corresponding monochloride, and that 

* EFG = electric iield _madient. 
frt There is some doubt now whether the sign of the chloride PQS is positive or negative (Parish, personal 
communication). A change in sign will not affect the following calculations. 
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these two compounds should have larger splittings than either of the two end mem- 
bers. The quantitative agreemerit between predicted and observed values is excellent 
for compounds (II) and (III), whereas for compounds (VI) and (VII), the predicted 
values are considerably smaller than the observed QS. However, the crystal structures 
for compounds (V) (VII) and (VIII) 17-lg all show considerable distortion from te- 
trahedral bond angles, and this should have a large effect on the predicted value for 
compound (VII). Using the structural data for compounds (V) and (VIII), we rede- 
lined PQS values for C,H, (-0.61) and Fe(CO),C,H, (-O-64), and recalculated the 
QS for compound (VII). This value (2.79 mm/set) is now in excellent agreement with 
the observed value of 2.84 mm/set. Thus, distortions from tetrahedral bond angles 
can markedly affect both calculated PQS values and predicted QS values. Even the 
signs of some of the contributions to the EFG components changed from the retrahe- 
dral calculation to the final calculation on compound (VII)_ 

TABLE 2 

COLlPONENTSOFlHE EFG TENSORFORFOURCO-ORDINA~E“TETR~~HEDRAL" Sn COMPOUNDS“ 

[L] are partial field gradients. 

Components of SnABCD 
EFG tensor 

&ABC, SnAzCzb snAc3* 

Vi.X -CAI+~W:(C~l+CJW -CAl+:CBl-WI %Al-%Cl - CA1 + Ccl 
V 
VZ 

-CA]-CBl+CCl+Pl -PI-Pl+Wl -2[A]+2[C] -CAl+CCl 

v,= v, 
XA1-~(CB1+CCl+CDl) 
MCI-PI) 

~CA1-3Pl+2CCl) ~WCCI) 2[A]--2[C] 
0 

v, = v, ~~--ZEBl+CC1+P1) 
I$= KY J4Kcl-PI1 

~~-2CBlf~CCl) $(-2[A]+2[C]) : 
0 

D The axes system x, y, z as defined above does not in general coincide with the principal directions X, Y, Z 
of the EFG tensor. For example, in SnABC, compounds, y coincides with Y, but x and z are rotated to 
coincide with X and Z when the EFG tensor is diagonalized. b See also refemce 8. 

The PQS values for CH, and CBH, are much larger than those calculated 
previously8*‘2 , and our predicted splittings for tetrahedral four coordinate compounds 
such as (CsH,),SnC1 are -2.4 mm/set, in agreement with observations cited re- 
cently13. 

The PQS values for Mn(CO)s and Fe(CQ)&H5 given above indicate that 
Fe(C0)&H5 is an appreciably better (r donor and/or worse n: acceptor than Mn- 
(Co)5g- 
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