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Summary 

Approximate force-fields have been calculated for the complex-fragments 
(C2H4)Fe and (C,%)Pt. The metal-&and bonding is much stronger in the latter 
case, as shown by the larger value of f(M-C) and the smaller value of f(C=C). 
Many of the normal modes were shown to be derived from more than one type 
of internal coordinate, and hence the vibrational wavenumbers themselves are 
of limited value in discussions of bonding in such molecules. 

As the simplest organic molecule capable of forming n-complexes with 
transition metals, ethylene is of particular interest to organometallic chemists 11% 
One of the methods by which the bonding in olefin-metal complexes has been 
studied most frequently is vibrational spectroscopy [Z] . However, use of vibra- 
tional wavenumbers as indicators of the extent of metal-olefin interaction has 
been hindered by disagreements as to the correct vibrational assignments, espe- 
cially for v(C=C) in Zeise’s salt, K[(C,H,)PtCl,] l H,O [3,4,5]. This problem has 
been shown to arise from extensive mixing of internal coordinates in the normal 
modes, chiefly involving C=C stretching and CH2 symmetric deformation (“scis- 
sors”) 163 _ Consequently it is necessary to subject the coordinated ethylene mole- 
cule to a normal coordinate analysis, with the aim of determining as realistic a 
vibrational force field as possi?>le. Some such attempts have been made previously 
for Zeise’s salt [6,7]. 

Quite complete vibrational data are now available for the (C,H,)Fe fragment 
of (C2&)Fe(C0)4 [S] , and the present paper describes the results of normal co- 
ordinate analyses for (C,H,)Fe and (C!,HJPt, using an approximation to the Gen- 
eral Valence Force Field (GVFF). An indication of the perturbation of the force 
field of ethylene on complexing will be given by comparison with data for the 
free molecule. Two detailed calculations based upon experimental vibrational 
results [9,101, and one determination of a GVFF from ab initio MO calculations 
1113 are available, although accurate comparisons will not always be possible be- 
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of normal mode is involved. This is particularly marked in the Al block, where 
the bands ca. 1500 cm-l and ca. 1200 cm-’ are both due to a mixture of CI-I, 
deformation and C=C stretching. In accordance with the values of f(C=C) dis- 
cussed above, the Fe complex gives a larger contribution from C=C stretching 
in the higher-wavenumber mode. These results confirm those of Powell et al. [ 51 
concerning the natures of these modes. 

It should be noticed, finally, that the band at 356 cm-’ (M = Fe), 405 cm-’ 
(M = Pt) is derived from a mode involving both M-C and C=C stretching. The 
close relationship between these two types of motion was explained above_ 

Conclusion 

An approximation to the GVFF has been achieved for the ncomplexed frag- 
ments (C,&)Fe and (&H,)pt, which are able to reproduce their observed vibra- 
tional wavenumbers. It has become clear that even such approximate data as these 
are preferable to vibrational wavenumbers in discussions of the bonding in such 
systems, and they reveal that Pt” is able to interact with the C2H_, molecule 
much more strongly than Fe’, suggesting that (ethylene)-+M donation is the dom- 
inant factor in bonding. 
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