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The most important prediction of the Marcus theory of
electron transfer (ET) is that the ET rate decreases as the
ET driving force (-∆G0

ET) increases for strongly exergonic
region (-∆G0

ET < λ which is the energy required to
structurally reorganize the donor, acceptor and their
solvation spheres upon ET: reorganization energy).1  This
is called Marcus inverted region, which has now been
well-established in a number of systems with
donor/acceptor at fixed distances after long controversy.2

However, definitive evidence for the inverted region has
almost been nonexistent for bimolecular ET reactions.
These bimolecular reactions normally follow the Rehm-
Weller behavior such that the ET rate increases with an
increase in driving force, reaches a diffusion-limit and
remains unchanged no matter how exergonic the ET
becomes.3

There have been a few reports on observations of the
inverted region, but the claim was questioned later.4   The
inverted region should be discerned for those ET reactions
with small λ and large driving force.   These criteria are
present for bimolecular ET reactions involving fullerenes,
which may have small reorganization energies due to their
highly delocalized π electron systems.  In fact, pulse-
radiolytic studies, focusing on intermolecular charge-shift
dynamics between fullerenes and a series of radiolytically
generated arene π-radical cations, revealed a tendency of
an decrease in the ET rate as the difference in the
respective arenes’ and fullerenes’ ionization potentials
increases.5  This seems to be the most promising case for
observation of the Marcus inverted region for bimolecular
ET reactions.  However, definitive evidence for the
inverted region has yet to be reported using the –∆G0

ET

values, determined experimentally from the redox
potentials in solution instead of using the values estimated
from the difference in their ionization potentials.  This is
reported herein and the λ values of ET reactions between
fullerenes and arene π-radical cations are determined based
on the parabolic dependence of the ET rates on –∆G0

ET.
The one-electron oxidation potentials of arenes, which

correspond to the one-electron reduction potentials of
arene π radical cations in dichloromethane were
determined using the second hamonic ac voltammetry.
These values together with the known values of fullerenes
(C76 and C78) employed in this study provide the firm
experimental values of the driving force of electron
transfer between fullerenes and arene π radical cations.
The substantially reduced ionization potentials of C76

(D2) (IP = 7.1 eV) and C78 (C2v’) (IP = 7.05 eV) relative to
C60 (Ih) (IP = 7.59 eV) are much more beneficial for
following the envisaged bimolecular ET processes, which
now becomes possible with a significantly increased
number of suitable electron accepting substrates using
arene π radical cations.  C76 (see Figure 1) reveals a
striking parabolic dependence, that is, a decrease of the
rate constants with increasing the driving force.  Most
interestingly, the pronounced decrease towards the highly
exothermic region represents the first definitive
confirmation of the existence of the Marcus inverted
region in a truly bimolecular electron transfer.  The ratio
between the maximum rate and the rate at the high
exothermic end (mesitylene) in our set of experiments is 13.
By fitting these experiments with the Marcus equation for
bimolecular ET reactions,1 an experimental value of ca.
0.35 eV was deduced for the total reorganization energy of
C76 in dichloromethane.  Similar results were obtained for
C78.  The bimolecular ET reactions of C60 were also
examined and the λ values of these fullerenes are
compared.
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Figure 1. Plot of log kobs vs ∆G0
ET for electron transfer

from C76 to arene π radical cations in dichlomethane.

References
[1]  Marcus, R. A. Angew. Chem. Int. Ed. Engl. 1993, 32,
1111.
[2] (a) Mataga, N.; Miyasaka, H., In Electron Transfer from
Isolated Molecules to Biomolecules Part 2; Jortner, J.,
Bixon, M., Eds.; Wiley: New York, 1999; p 431. (b) Smitha,
M. A.; Prasad, E.; Gopidas, K. R. J. Am. Chem. Soc. 2001,
123, 1159 and references  cited therein.
[3]  Rehm, A.; Weller, A. Isr. J. Chem. 1970, 8, 259.
[4] (a) Ishiguro, K.; Nakano, T.; Shibata, H.; Sawaki, Y. J.
Am. Chem. Soc. 1996, 118, 7255.  (b) Thanasekaran, P.;
Rajendran, T.; Rajagopal, S.; Srinivasan, C.; Ramaraj, R.;
Ramamurthy, P.; Venkatachlapathy, B. J. Phys. Chem. A
1997, 101, 8195.
[5] Guldi, D. M.; Asmus, K.-D. J. Am. Chem. Soc. 1997,
119, 5744.


