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Electron transfer is a fundamental chemical process. It involves the movement of localized electronic charge from one atom, ion, or molecule to another. Despite its fundamental nature, practical importance, and several decades of active research [1-3], all of the factors
which affect or control the electron transfer process are still not fully recognized or understOO<i.
·
The general environment surrounding the donor and acceptor sites of the electron
transfer event consists of the intervening medium and what can be termed the global environment For intramolecular electron transfer in mixed-valence transition metal complexes,
the donor and acceptor sites are typically transition metals. The intervening medium usually
is the ligand that bridges between the two metal centers, while the global environment is
highly variable. The global environment can include the non-bridging ligands, solvent
molecules, counterions, other mixed valence molecules, zeolite cages, polymer matrices, interlamellar regions of clays, or even empty space. Much of the initial work studying electron
transfer between metal sites focused on the intervening medium's role in controlling intramolec.ular electron transfer.
The hypothesis of the present work is that the global environment alsa plays a significant role in determining the rate of intramolecular electron transfer between two electron
transfer sites. Various forms of spectroscopy, with their inherent timescales, were used in
conjunction with X-ray diffraction and heat capacity methods to detennine how variations in
the global environment impact the rate of intramolecular electron transfer.
If one is to study the impact of the global environment on intramolecular electron
transfer, the molecular framework has to be one in which the intervening medium remains
relatively constant. The molecular framework chosen, for these studies, are the mono-oxidized, mixed-valence biferrocenium systems shown below:
1, X=CH2C6H5
2, X=CH2C6H 5 and Y=PF6-

~-x

Fe

3, X=CH2CJ-ls and Y=SbF64, X=CH2CJ-!5 and Y=I35, X=Cl and Y=PF66, X=Br and Y=PF67, X=I and Y=PF"8, X=Cl and Y=SbF69, X=Br and Y=SbF"10, X=I and Y=SbF6-
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The symmetry of a crystalline lattice has a profound effect on the rate of intramolecular electton transfer. If the crystalline environment is symmetric about a mixed-valent 1',l "'disubstituted biferrocenium cation, intramolecular electton transfer is generally facile at
thermally accessible temperatures (<350 K). However, if the crystalline environment is
asymmetric, the rate of intramolecular electron transfer is rather slow.
Compound 4 crystallizes in two polymorphs [4]. In the symmetric Pl polymorph, the
rate of intramolecular electton transfer in the mixed-valent dibenzylbiferrocenium cation is
fast relative to the 57Fe Mossbauer timescale (valence detrapped) even at 25 K. In the less
symmetric P21/n polymorph, the biferrocenium cation remains valence trapped on the
Mossbauer timescale at 350 K. A similar situation exists for compound 10 [5].

In compounds 2 and 3, the l ', l "'-dibenzylbiferrocenium cations crystallize in a symmetric array of hexafluorophosphate anions and in an asymmetric array of hexafluoroantimonate anions, respectively. The intramolecular electton transfer rate in the cation of 2 is
always faster than it is in 3.
Dynamics in the global environment also affect the rate of intra molecular electron
transfer in biferrocenium cations. The intramolecular electron transfer rate in the cations of 2
and 10 are dependent on dynamics of the hexafluorophosphate and hexafluoroantimonate
anions, respectively [6]. When the relatively symmetric anions begin to reorient in the crystalline lattice the intramolecular electron transfer rate increases dramatically.
References:
1.

Williams, G.; Moore, G. R.; Williams, R. J.P. Comments Inorg . Chem. 1985, 4, 5598.

2.

Hoffman, B. M.; Ratner, M . A. J. Am. Chem. Soc.1987, 109, 6237-6243.

3.

Mclendon, G. Acc. Chem. Res. 1988, 21, 160-167.

4.

Webb, R. J.; Dong, T.-Y.; Pierpont, C. G.; Boone, S. R.; Chadha, R. K.; Hendrickson,
D. N. J. Am. Chem. Soc. 1991, 113, 4806-4812.

5.

Webb, R. J.; Hagen, P. M.; Wittebon, R. J.; Sorai, M; Hendrickson, D. N. lnorg.
Chem. 1992, 31, 1791-1801.

6.

Webb, R. J.; Geib, S. J.; Staley, D. L.; Rheingold, A. L.; Hendrickson, D. N. J. Am.
Chem. Soc. 1990, 112, 5031-5042.

