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The self-exchange rates and activation parameters in the ($-arene)2Cro/($- 
arene),Cr’ systems (where arene = toluene, benzene, methoxylbenzene, biphenyl, 
ethylbenzoate and chlorobenzene) have been measured by the ESR line broaden- 
ing technique in DMSO solvent. The one-electron reduction was investigated 
by cyclic voltammetry for the series of substituted complexes of ($-arene),Cr’_ 
A linear correlation was obtained between the measured E1,2 values and the sum 
of Harnmett p ammeters, Co,. For a series of solvents, a linear relationship 
between log k (the exchange rate constant of (biph)&r”+r) and 

(+ -$) where n2 and D, are the optical and static dielectric constants of the 

solvent medium, respectively, has been observed. This linearity is predicted by 
Marcus treatment for outer-sphere electron transfer process. A correlation of 
the oxidation stability of sandwich compounds with their gas-phase ionization 
potentials is evident from a linear relationship between the oxidation half- 
potentials E, ,* (or sum of Hammett Xc, values) and the gas-phase ionization 
potentials. 

Introduction 

Electron exchange between various sandwich compounds and the correspond- 
ing cation has been investigated by several groups [1,2] _ Typical of this class is 
the reaction between ferrocene and ferricinium ion [ 2-41. 

Among those methods for measuring the rates of exchange reactions, the 
ESR method has been applied to electron transfer reactions between aromatic 
hydrocarbons and their anion or cation radicals [ 5,6]. The ESR line broadening 
method cannot be applied to the ferrocene systems because of the short relaxa- 
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TABLE 6 

SUMhlARY OF IONIZATION POTENTIALS = AND Xom OF METAL SANDWICH COMPOUNDS 

Compound IP (ev) 230, Compound IP (eV) so, 

Cr(mes)z 5.01 0.42 Nb(mes)z 5.18 
cIGOl)Z 5.24 0.14 Nh<tou, 5.49 

; -0.42 
-0.14 

Cr<bz)z 5.40 0 Nb(bz)z 5.57 b -0 

Mo(mes)* 5.13 0.42 <CH~CP)~F~ 6.88 4.14 
Mo(tol)z 5.32 0.14 <Cp)zFe 6.72 -0 

Mo(b& 5.52 0 <C~CP)ZF~ 7.03 0.74 

= Ref. 27. b Ref. 26. 

have tried to correct for this substituent effect on the air stability of sandwich 
complexes, by using the sum of the Hammett am parameters of substituents vs. 
gas-phase ionization potentials: straight lines are found. The ionization potentials 
are listed in Table 6. 

The generalized MO scheme [8] is given for 17 e- and 18 e- complexes such 
‘_ (bz),Cr’ and (bz),Cr’. J.C. Green and M.L.H. Green [26,29] assigned the 

photoelectron spectra of such (q6-arene)2M (M = Ti, Nb, Cr, MO, W) species in 
terms of the MO model. The highest occupied orbital, alg, is essentially non- 
bonding and explains why it may contain 0,l and 2 electrons with little effect 
on thermal stability. 

The alg (metal d orbital) ionization energies increase for the compounds 
(mes)2M, (tol)2M and (bz),M (M = Cr, MO, Nb). The plots of Eo, vs. IP are 
parallel lines similar to those of substituted ferrocene compounds and reflects 
the chemical similarity. 

In conclusion, it appears that the electron exchange reactions proceed by 
the outer sphere mechanism and probably by the side to side transition state. 
Substituent effects and solvent effects on the reactions correlate well with t‘he 
Marcus theory and supported by electrochemical results, ionization potentials, 
and Hammett o, parameters point to electron densities about chromium being 
affected by inductive effects and account for variations in exchange rates *_ 
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