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The nafure of fhe fin-manganese bond in the series of 
compounds of formula [Mn(C0)5],SnR4_, (n = 1, 
R = Cl, Br, 1, CZH~, C6Hs; n = 2, R = Cl, Br, C~HJ) 
Mn(CO)$nRj_,X, (n = 1, 2) (X = Cl, Br, I; R = 
C&), and trans-PPh3Mn(CO)&nR3 (R = Cl, CsHs) 
where R and X groups have been sysfemafically alter- 
ed was studied by means of the 119m Sn Miissbauer 
Eflecf. The imporfance of the tin-manganese bond in 
determining the values of the chemical isomer shift 
and quadrupole parameters has been emphasised. 
The effecfs of bond lengfhs and bond polarities on 
the quadrupole splitting parameters are discussed. 

Introduction 

Of all the tin-transition metal bonds, the tin-man- 
ganese bond has probably been the most studied.’ 
Particularly extensive i.r. studies have been carried 
out on derivatives of the type Mn(CO)$nR?*3 usually 
starting from the Cotton Kraihanzel approach to the 
band assignment and force constant calculations.4 

Apart from early papers by Karasev et e1.5 and by 
Goldanskii6 and a more recent paper by Fenton and 
Zuckerman? there are no reports of systematic Moss- 
baure studies on tin-transition metal compounds. 
This is especially true for compounds containing tin- 
manganase bonds. Since the earlier studies@ the sign 
of AR/R has been established8 and the orgins of the 
electric field gradient are more fully understood? 

In a study concurrent with the present work Do- 
naldson et aL9 have found that the trends in chemical 
isomer shifts and quadrupole splittings in the series 
of compound [ x-CjHsFe( CO)JzSnX2 and n-CsHsFe- 
(CO)$nXj (X = Cl, Br, I, NCS, HC02, CHsC02) can 

(I) a - N. E. Kolobova. A. B. Antonova, and K. N. Anisimov, 
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be explained with reference to the very short Sn-Fe 
bonds. They have also discussed the values of the 
quadrupole splittings in these series in terms of known 
crystal structures and have shown how the observed 
positive sign for e*qQ in x-CsHsFe(CO)$SnCL can be 
explained in terms of a high p-electron density on the 
tin atom in the direction of the Srr-Fe bond. 

A number of X-ray crystallographic studies have 
been carried out on tin-manganese derivatives”“” and 
it has been shown that the Sn-Mn bond in all of 
them is very short. The known bond lenghts for 
the compounds studied in this work are included in 
Table I. The character of the Sn-Mn bond, although 
probably weaker,‘5 is not dissimilar to that of the 
Sn-Fe bond in the +CsHsFe(C0)2SnXj compounds.* 

Results and Discussion 

The Mossbauer parameters for sixteen tin-mangane- 
se compounds are given in Table I, eleven of them 
for the first time. The data for the other compounds 
are in fair agreement with the literature values5 
Compounds 3, 7, and 11 are new and their prepara- 
tion and i.r. data are described in the experimental 
section. 

For compounds 1-3, 6-7, 9-11, and 12-13 the che- 
mical isomer shift(g) relative to barium stannate in- 
creases in the order Cl <Br< I as would be expected 
on bond polarity arguments.r6,” Thus, the St-4 bond 
being the most covalent is most like the Sn-Mn bond. 
A similar relationship between the covalency of halo- 
gen and metal-metal bonds has been suggested for 
Au-Mn componuds.” Any d,-d, bond formation be- 
tween manganese and tin in these halogen derivatives 

(*) The metal-metal distance in Sn-Mnlz compounds is usually lon- 
ger than in similar %-Fe materials and this is consistent with the 
ix. data 

‘&n-Cl @n-Cl v&~-Cl ~Sn-Cl JS~-M (cm-l) 

K-C,H,Fe(CO),SnCI, 346 144 322 118 222 

Mn(CO),SnCI,” 345 134 - 113 201 
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Table I. 

Compound d(Sn-Mn) Mn---X 6” 
mm. s-l 

A” r* ref. 

1) Mn(CO)$nCh 

2) Mn(CO)SnBn 

3) 

5”; 

Mn(CO)&& 
Mn(CObSn(GK)~ 
Mn(CO),Sn(GH,h 

6) 

8; 

Mn(CO), ZSnCll 

f I Mn(CO), Z?nBs 
Mn(COh Zn(C,H& 

109; 
11) 
12) 

13) Mn(CO)5Sn(CsHI)Sr 
14) rruns-PPh,Mn(CO),Sn(~HI)l 
15) frans-PPh,Mn(CO),SnCl, 
16) [Mn(CO)r]lSnCI 

2.674” 

2.70” 

112.7” 

Mn’-Sn-Mn”l17” 
C’-Sn-C”1W 

1.66 
1.73 
1.71 
i .a4 
1.95 
1.49 
1.37 
1.45 
i .9a 
2.04 
1.66 

1.74 

2.627” 

2.737’ 

114.3” 

101.0” 

1.76 
i .a0 
1.55 
1.62 
1.59 
1.49 
1.70 
1.92 

1.50 
1.56 
1.40 
1.44 
1.32 
0.88 
- 

2<5 
2.12 
- 

2.47 
2.68C 
2.19 
2-64 
2.60 
2.40 
- 
I .a7 
1.55 

- 
- 
- 
- 
- 
- 
1.45 
- 
- 
-. 
1.63 

- 
- 
- 
- 
- 
- 
0.82 
- 
- 

c 

d 

c 

d 

c 

c 

f 

d 

c 

c 

c 

a Samples at 80°K vs. BaSnO, at 80°K. Estimated error f 0.05 mm. s-‘. *Line width at half peak height rt 0.10 mm. s-‘. 
c This work. d Reference 5. e This series subject tu disproportionation and rearrangements, hence this result may be ano- 
malous. 

Table II. 

Compound d(Fe-Sn) Compound 6mm. SK’ 

x-C5H,Fe(CO)tSnC1, I’ 2.467( 1) Mn(COhSnC1, 1.66 
rt-GH,Fe(CO)SnC),Ph ” 2.468(3) Mn(CO)&tChPh 1.74 
x-GH,Fe(CO),SnClPh, ” 2.504(3) Mn(CO)G3nC1Ph2 1.55 
n-CIH,Fe(COhSnPhJ ” 2.533 Mn(CO)SnPh, 1.37 
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Figure 1. The “‘Sn Mossbauer spectra of Ph,SnMn(CO),; 
PhSn[Mn(COh]z, and PhlCISn[Mn(CO)s]. 

would result in an increase in the shielding of the tin 
s-electrons and to a decrease in the chemical isomer 
shift and would also favour an increase in the shift 
in the order SnClj<SnBrJ.. SnIJ. 

The chemical isomer shifts for the orgation deriva- 
tives 4.5 and 8 are lower than those of the correspon- 
ding halogen compounds. This is contrary to the 
expected trend on bond polarity arguments, although 
the correct order is maintained for the phenyl and 
ethyl derivatives. A similar trend has however, been 
found for the series of compoundsr9 x-CsHsFe(CO)x- 
SnRJ fR = Cl, 6 = 1.90; R = Et, 6 = 1.74; R = 
Ph, 6 = 1.43). This trend is due9 probably to diffe- 
rencies in the Sn,-Fe bond lengths. It is reasonable 
to suppose that the trends found for the Mn com- 
pounds in the present work are also due mainly to 
differences in the Sn-Mn bond lengths which are a 
consequence of the replacement of the halogen atoms 
by organic groups in the SnR3 moiety. If the longer 
bonds in the organotin derivatives were due to a 
weakening of the n-bonding between Sn and Mn, 
the tin s-electrons would be deshielded and a higher 
chemical isomer shift would be expected. The Moss- 
bauer chemical shifts for these materials therefore 
confirm that the longer bonds in organotin derivatives 
are due to variations of the g-rather than of any 

(1% R. H. Hcrber and A. Hoffman. see N Applications of the Mds- 
sbauer Effect in Chemistry and Solid-state Physics >,. Intcrnntionol 
Atomic Energy Agency, Vienna, pp. 132 (1966). 
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possible x-interaction between the two metals.20 M&s- 
bauer’ and i.r.2 data have previously been used to 
suggest that n-interactions in similar metal-metal bond- 
ed compounds are less important than the a-interac- 
tions. 

Replacement of halogen atoms by phenyl groups 
in compounds 1-3 affects the chemical isomer shift 
in two opposite ways: (i) the replacement of the 
halogen by the less electronegative substituent raises 
the shift, and (ii) any lengthening of the dominant 
Sn-Mn bond results in a lowering of the shift. The 
MBssbauer shift data for the chloride series (Table II) 
suggest that replacement of one Cl atom in SnCL by 
Ph has no appreciable effect on the length of the 
Sn-Mn bond but that replacement of more than one 
Cl produces a weakening of that bond. The Sn-Mn 
bond lengths for this series are not known but the 
data are entirely consistent with the trends in the se- 
ries x-CsHsFe(CO)2SnClj_.R, for which bond lenghts 
are known (Table II). The data for the Br series of 
Sn-Mn compounds (2, 10, 14) are similar, but it do& 
appear that weakening of the Sn-Mn bond occurs on 
replacement of only one I in compound 3 by Ph to 
give compound 11. 

The increase in chemical isomer shift in the pairs 
of compounds 1 and 6, 2 and 7, 5 and 8, shows how 
the localisation of the s electrons on the tin is favour- 
ed by the metal-metal bonds as Cl, Br, or Ph are re- 
placed by Mn(CO)s groups. In the chloride series 
replacement of a second Cl by Mn(C0)5 does not 
have a marked effect on the shift (see compounds 6 
and 16). This means that the increase in the number 
of Sn-Mn bonds in compound 16 must have been com- 
pensated for by a weakening of the Sn-My bonds 
and certainly the Sn-Mn bond length in this material 
is one of the longest known tin-manganese bonds 
(Table I). 

The substitution of CO by the more basic PPhs 
ligand trans to the tin atom has very little effect on 
the M6ssbauer chemical shift (see compounds 5 and 
14, and 1 and 15). In both sets the shift is raised 
slightly and the main zffect of the substitution is seen 
in the quadrupole splitting or line width parameters. 
The MPssbauer data for compounds of this type will 
be discussed in greater detail elsewhere.” 

The quadrupole splittings (A) of the Mijssbauer re- 
sonance lines for the materials studied in this work 
are in agreement with previous work5.6,7.9,‘4 in that the 
halogen derivatives have relatively large splittings 
while those for the organotin derivatives are small or 
zero. The magnitude of the quadrupole splitting in 
these materials depends upon the size of the electric 
field gradient at the tin atom and this can be affected 
by three main factors, (i) any p-electron imbalance 
due to differences in the use of the tin bonding elec- 
trons in forming c-bonds, (ii) any d-electron imbalan- 
ce caused by the population of Sn d-orbitals by 7~- 
interactions, (iii) any gross deviation from the ideal 
tetrahedral angle. Since we have shown that the che- 
mical isomer shifts of the Sn-Mn compounds are best 
explained in terms of o-interactions, it is reasonable 

(20) I’. T. Greene and R. F. Bryan, /. C/rem. Sot. (A), 1696 (1970). 
(21) R. F. Bryan, /. Chem. Sot. (A). 192 (19b7). ’ 
(22) S. R. A. Bird, S. Cenini, J. D. Donaidson.and B. Ratcliff, to 

be published. 
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to suppose that any electric field gradient in these 
materials would also be produced by differences in 
the cr-interactions in the four bonds formed by tin. 
In the manganese derivatives which contain only Sn- 
Mn and Sn-X bonds (1,2,3,6,7,16), the presence of a 
field gradient can easily be explained in terms of dif- 
ferences in the use of the tin p-electrons in the short 
Sn-Mn bonds and the more polar Sn,-X bonds. The 
gradual decrease in A in the order Cl> Br>I is the 
expected result on bond polarity arguments,” although 
the magnitude of the splitting could also be affected 
by the angular displacement of the bonds’ about the 
direction of the principal component (V,,) of the field 
gradient. 

Parish and PlattU have shown, by point-charge cal- 
culations, that the contributions of the atoms to V,, 
in groups such as MnSn& and MnzSnX2 which have 
ideal tetrahedral structures is identical and equal to 
2[Mn],-2[X] where [Mn] and [X] are the contri- 
butions of Mn and X respectively to the field gradient. 
In the ideal case the quadrupole splitting for the Mn- 
SnX3 would be smaller than that for Mn2SnX2 be- 
cause of the non-zero asymmetry parameter (Q) in 
the latter case. The difference in the values of rl, 
however, could only account for an increase of about 
15% and the observed differences (compounds 1 and 
6, and 2 and 7) are much greater than this. The 
high splittings for the [Mn(CO)&SnX2 compounds 
can thus be better explained either by a considerable 
shortening of the Sn-Mn bonds or by a distortion 
of the tetrahedral bond angles in these materials com- 
pared to the corresponding Mn( CO)$nX3 derivatives. 
The magnitude of similar quadrupole splittings in 
the related compomlds n-CsHsFe( C0)2SnX3 and [TC- 
CsHsFe( CO)2]&iXz has been rationalised’ on the basis 
of the known bond angles in these compounds. 

The sign of V,,, the principal component of the 
field gradient, in x-CsHTFe(CO)2SnCl, is positive and 
it is probable that the sign of V,, in compounds l-3 
is also positive. The sign of V,, in compound 16 
would then be negative because V,, would lie along 
an Sn-Cl rather than along an Sn-Mn bond. 

Small or unresolved quadrupole splittings for the 
organotin derivatives 4,5 and 8, are expected in view 
of the greater covalent similaritv between Sn-Mn 
bond and the Sn-C bonds. It isUinteresting that the 
ethyl derivative (4) does have a resolved splitting and 
this presumably means a shorter Sn-Mn bond in 
this material than in the phenyl derivatives. The 
Mbsbauer quadrupole splitting data for the organo- 
tin derivatives are consistent with the low values for 
the dipole moment found for their metal-metal 
bonds.2 

The splittings for the derivatives which contain 
both Sn-X and Sn-C bonds lie in the expected re- 
gion2’ for organotin compounds of the type R,SnX_, 
(n = 1-3, R = alkyl or aryl groups, X = halogen). 
Again these splittings can be rationalised on u-bonding 
arguments alone, although the magnitude of the para- 
meters may be affected by the details of the bond 
angles in the tin environments. 

The quadrupole splitting data also seem to be con- 
sistent with recent observations on the heterolytic 

(23) R. V. Parish and R. M. Plalt. Ittorg. Chim. Ada. 4, 65 (1970). 
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cleavage of metal-metal bonds. These observations24 
suggest that while the strong bond polarity is Mn&+- 
Snb- in the halide derivatives: the polarity in the 
organotin compounds could be Mn’--St?+. Similar 
results on the polarity of the metal-metal bonds in 
the alkyl and aryl derivatives have also been obtained 
from dipole moment and infrared data.2s 

Interestingly this inversion in the bond polarity 
could also account for the anomalous (on the grounds 
of bond polarity arguments) isomer shift of the orga- 
nic tin-manganese derivatives. 

Conclusions 

The Sn-119 Mossbauer parameters on a number 
of compounds containing the Sn-Mn bond show how 
the use of the tin bonding electrons is dominated by 
this metal-metal bond. The rends in the chemical i- 
somer shift and quadrupole splitting parameters can 
be explained with reference to the expected length 
of the Sn-Mn bonds in the series of compounds. The 
data are also consistent with the suggestion that u-in- 
teractions arc more important in these metal-metal 
bonds than are n-interactions. 

Experimental Section 

The details of the Mossbauer apparatus have been. 
reported previously .%. The infrared spectra were re- 
corded on a Perkin-Elmer 621 grating spectrometer. 
The percentage resonance dip for these compounds 
was 510% when 100,000 to 500,000 counts per 
channel had been accumulated. The spectra were ob- 
tained on 256 and 512 channel analysers calibrated 
for velocity with the natural iron spectrum. The 
Mossbauer parameters were obtained graphically al- 
though some of the data were checked by computer 
curve fitting. Typical spectra are shown in the Fi- 
gure. Starting materials were prepared by standard 
methods and the known Sn-Mn compounds prepar- 

(24) I. M. Burlitch, 1. Amer. Chew. Sm., 91, 4562 (1969). 
(25) 0. Kahn and M. Bigorgne, J. Organomerallic Chenl., JO, 137 

(1967). 
R. A. Bird, I. D. Donaldson, 

Sot. (A), in the press. 
s. Keppie , and M. F. Lappert, 

ed by literature methods? and identified by elemental 
analyses, melting points and infrared spectra. 

Mn(CO)&d2Ph. A solution of Mn(CO)sSnPha 
(1 .O g) in dichloromethane (40 ml) was stirred with 
a solution of iodine (1.0 g) in dichloromethane (60 
ml) for 3 hr, until the solution was yellow. The 
dichloromethane was removed under vacuum and 
the residue extracted with warm n-pentane. Cooling 
the solution to ,-80’C gave yellow crystals of the pro- 
duct which was dried in vacua (0.25 g, 21%, m.p. 
84”). (Found: C, 20.6; H, 0.9; Calcd for CnH5Mn- 
SnOJ2: C, 20.5; H, 0.8%) vco(CHCh): 2112(w), 
2026(s). 

Mn(CO)&zl3. A solution of Mn(CO)$nPh3 ( 1 .O 
g) in dichloromethane (40 ml) was stirred for 72 hr, 
under a nitrogen atmosphere, with a solution of 
iodine (1.5 g) in dicholoromethane (100 ml). The 
solvent was then completely removed under yacuum 
and the crude yellow product recrystallised twice 
from n-pentane (0.25 g; 20%, m.p. 72.-4’). (Found: 
C, 9.1; Calcd for GMnSnO&: C, 8.6). vco(CHClJ: 
2118(w), 2035(s). 

[Mn(CO)5]2SnRr2. A stream of hydrogen bromide” 
was passed through a solution of [Mn(C0)5]SnPhz 
(1 .O g) in dichloromethane (40 ml) for 45 min. The 
solvent was then completely removed under vacuum 
and the crude product recrystallised from ethanol to 
give fine needles which were dried in vacua (0.7 g, 
70%; decomposed at 159’). (Found: C, 18.0%; 
Calcd for CloMnSnOloBrz C, 18.4%). vco(CHCls): 
2120(w), 2096(s), 2055(m,sh), 2029(vs), 2001(m,sh). 
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