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It is often suggested that the interpretation of eledron
transfer at the dedrode-solution interfaceshould be based
on amodel commonly referred to as Marcus Theory.
Approximately a decale ago, through the development
and appli cation of alkanethiol-modified gold eledrodes,
severa important experimental contributions appeared to
confirm the validity of the Theory asit appliesto
heterogeneous sngle dedron transfer.

In general, any kinetic model must show a
convergenceto equili brium conditi ons, which may be
deduced independently. Therefore, if the mechanism of an
eledrochemicd readion involves asingle step in both
forward and badkward dredions, the rate expressions
must result in a wnvergenceto the Nernst equation:?
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where F isthe faraday, Risthe universal gas constant, T
isthe temperature, and ) is the overpotential,

When the distance between the dedrode and all
redox spedesisassumed to beidenticd and constant, and
when the dedron density in the dedrode does not vary
with overpatential, the rate constant isan integral:
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where Aisa mnstant, and 1’ is an integration parameter.
Wistherate onstant at ', andit is also referred to as the
density-of-statesterm.® A quadratic relationship between
the adivation and the readion free mergiesyields
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where A isthe reorganization energy (Fig. 1).

The results from the integration of Eq. (2) do
show a Nernstian behavior. Interestingly, the small est
rate constants show alarger change with resped to n than
what is observed for Butler-Volmer kinetics (Fig. 2). In
additi on, approximating the Fermi-Diracdistribution with
astep function® leads to asignificant error here (Table 1).
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Fig. 1. Dependenceof rate mnstantson )’ with A=0.5
eV and T=298K (Eq. (3)). Sdid lines mark the main
regions contributing to the integral in Eq. (2).
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Fig. 2. Dependenceof rate mnstants on overpotential 1.
Sdid lines are alculated from Eq. (2), andsquares show
results from Butler-Volmer kinetics (a=0.5,T=29&).

n From Butler- Step-function
Eq. (2) Volmer approximation

0 0 0 0

0.1 3.89 3.89 424

0.2 7.79 7.79 8.49

0.3 11.68 11.68 12.78

04 1558 1558 1712

0.5 1947 1947 2155

0.6 2336 2336 26.12

0.7 27.36 27.36 30.87

0.8 3115 3115 35.90

Table 1. A comparison among predicted logarithms of
the rate-constant ratio kq/k.q for several overpotentials.



