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Bond-dissociation energies D(M’ -M’ ) have been calculated from appearance 
potential data for the comple-ues Me,M’ M2 (CO), (M’ = Si, Ge, or Sn; M* = Co, 
x=40rMZ=Re,x= 5) and indicate that there is strong intermetallic bonding in 
these compounds, especially for MeSSnRe(CO)j, for which D(Sn-Re) is 3.7 eV 
(ea. 360 kJ mol-’ ). 

Recently we reported an examination of the vibrational and mass spectro- 
scopic properties of the metal-metal bonded complexes MeJM’ Mn(CO)s (M’ = 
Si, Ge, or Sn) incorporating calculation of bond-dissociation energies D(M’-Mn) 
from ionization energy data [l]. Here we give a preliminary account of analogous 
results for corresponding tetracarbonylcobalt and pentacarbonylrhenium deriv- 
atives, which suggest for the latter the existence of a remarkably strong metal- 
metal interaction, especially in the case of the tin-rhenium bond. 

The three cobalt complexes Me3M’ Co(CO), were obtained as reported 
previously [ 21. Trimethylsiiyl- and trimethylgermyl-pentacarbonylrhenium 
derivatives, which have not been isolated before, are colourless solids for which 
experimental and analytical date are given in Table 1; the tin analogue was syn- 
thesized as detailed elsewhere [ 31. 

Calculation of bond-dissociation energies D(M’ -M’) from appearance 
potential (Ap) measurements as discussed earlier [l] gave the following values: 
(eV, f 0.1) Me3Ge-Co(C0)4, 3.2; MeJSn-Co(CO)J, 2.8; Me3Si--Re(CO)S, 3.1; 
MeJGe-Re(CO),, 3.2; and MeaSn-Re(CO)S, 3.7. These results compare with 
D(M’-Mn) near 2.5 eV for MesM’ Mn(CO)S [ 11; and D(Ge-M’), D(Sn-M’) 
respectively in the ranges 2.03-2.81 and 2.32-3.28 eV (M* = Cr, MO, or W) for 
the complexes Me3M’ M2 (‘r-&H, )(CO), determined by Lappert et al. [ 41. As 
reported by MacDiarmid and co-workers 151, an accurate datum for Me,SiCo(CO), 
could not be obtained owing to its low thermal stability. 

These data confirm earlier evidence [ 1,3-53 for strong in&-metallic bond- 
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TABLE 1 

PENTACARBONY LRHEKlmI COMPLEXES 

Compound M-p. (“C) Ao.xlysls Found (calcd. ) rqco) o b(nf-nr) b r(CH,)’ 

C H 

hse,.sIRe(CO)s d 
51-53 24.42 249 2110] 

(2J.05) (2 25) 2OlO’ 
297 9.i3 

hfe,GeRc(CO), e 53-55 21.4-I 1.82 

(21.61) (20-I) 
2014 I75 9.iO 

= IR vapour phase. ’ Raman solId. = Cyclohesane solution. rebtive Co CHCI, T 1.75 from SiMe, d From 
R~,(COI,~ + ewes Me,SLH. 120°C. 12 days ca. 10% ywld e From Re(CO)I- + GchIe,Br in THF: 50% 
yield. 

ing between Group IVB elements and transition metals. In particular, the 
D(Sn-Re) value of 3.7 eV (ca. 360 kJ mol-’ ) appears to be the highest such 
bond ener,q yet recorded, substantially exceeding D(Sn-Sn) in MelSnSnMe3 
(260 kJ mol-’ ) [6] and D(Re-Re) in (CO)jReRe(CO)j (214 kJ mol-’ ) [7 1. 
Accordingly, the 70 eV mass spectrum of Me,SnRe(CO)S shows a striking pre- 
dominance (95%) of ion-current carried by fragments in which the metal-metal 
bond nominally remains intact, and the’energy of the u(Sn--Re) stretching mllde 
(151 cm-‘, Raman) leads to a significantly higher approximate force-constam: 
[l, 81 than that calculated for the manganese analogue. A basis for rationaliza- 
tion of strong Sn-M bonding, particularly with M a third-row transition elemeni 
has already been offered in terms of hlksbauer, ’ H NT’vlR and structural data [ 91 
and in relation to relative orbital overlap [4] including contributions from dn-dr 
bonding effects. 

Niore generally, the present data lend further credence to an increase [ 1, 41 
in D(M’--M’) (M’ = Si, Ge, or Sn) both with M’ further to the right in the transi- 
tion series or further down a transition-metal sub-group. 

References 

Rs+;\. Burnbam and S.R. Stobut. d Chem. Sot, DdLon Trans.. (1973) 1269. 
G-F. Sradley and S R. Stob;rr+ J. Cbem. Sac, Dalron Trans, (197-1) 264 _ 
W. Jetz. P.B.Sunons. J-4.J.Tbompsoo and W-A-G. Grzbatn. Inorg. Cbem, 5 (1966) 2217. 
D.J.Cardm. S-4. Kerme.ni-F. Lappert. a1.R. L&row sod T_R.SpaIding.J.Cbem.Soc. A. (1971) 2262. 
F. E Stifeld. M. V. MeD~well sod A-G. MacDnrmid. J. Amer. Chem. Sot.. 92 (1970) 2324; 
F-E SzuIfeId. B7.V. McDowell. J.J. DeCorpo. A-D. Berry and A.G. MacDiztmid. Inorg. Cbem.. 12 (1973) 
48. 
M-F. Isppert. J.B. Pedle~. J. Simpson and T.R. Spalding, J. 0rgznometa.l. Chem.. 29 (1971) 195. 
H.J. Svec acd G..% Junk. J. Amer. Chem. Sot.. 89 (1967) 2836; G.A. Junk and H.J. Svec, J. Cbem. Sot. A. 
(19iO) 21CP. 
K_Bl. Mackay and S-R. Stobart. J. Cbem. Sot.. Dalton Trans.. (1973) 21-l. 
D-E. Feo’%h and J.J. Zucherman. J. Amer. Chem. Sot.. 90 (1968) 6226. 


