Accepted Manuscript

Electrochimica

Title: On calculating reorganization energies for
electrochemical reactions using density functional theory and
continuum solvation models

Author: Mihai Buda

PII: S0013-4686(13)01807-0

DOI: http://dx.doi.org/doi:10.1016/j.electacta.2013.09.045
Reference: EA 21262

To appear in: Electrochimica Acta

Please cite this article as: M. Buda, On calculating reorganization energies for
electrochemical reactions using density functional theory and continuum solvation
models, Electrochimica Acta (2013), http://dx.doi.org/10.1016/j.electacta.2013.09.045

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.electacta.2013.09.045
http://dx.doi.org/10.1016/j.electacta.2013.09.045

On calculating reorganization energies for
electrochemical reactions using density
functional theory and continuum solvation

models

Mihai Buda'

Abstract: An “all theoretical” method of calculating reorganization energies for electrode reactions using a
procedure implemented in the commercial quantum calculation package Gaussian is proposed. The
procedure relies in calculating both equilibrium and non-equilibrium Gibbs free energies in solution,
eliminating the need to calculate separately inner and outer-sphere contributions to the total
reorganization energy, while the molecule’s real shape is also considered. The procedure is intended as a
tool for electrochemists to estimate reliably Marcus-type reorganization energies. The comparison is
made for simple electrochemical reactions, for which the metal electrode is considered simply as an
electron reservoir. The calculated values show good agreement with experimental ones, typically within
10%. The procedure, while not perfect, yields good estimates for reorganization energies of a large
variety of electrode reactions and it is more suitable to be used by electrochemists than other methods.

1. Introduction

Following the renewed interest manifested of late in the Marcus theory of
electrochemical reactions [1-4], this paper proposes an “all theoretical” method of
calculating reorganization energies for electrode reactions using the procedure
implemented in the commercial quantum calculation package Gaussian. The method
relies on calculating both equilibrium and non-equilibrium Gibbs free energies in
solution, with the non-equilibrium solvation (see e.g [5]) being calculated through the
separation between fast and slow polarization as implemented in Gaussian 03 (see e.g.
[6]). This method was successfully used for electronic transitions in various solvents
with good results (see e.g. [7]) but, to the best of our knowledge, it was not applied to
electrochemical reactions. The results presented further show that this method gives
good estimates of reorganization energies for heterogeneous electron transfer as well.
Of course, the shortcomings of the continuum model are, more or less, still the same as

in the classical Marcus theory, yet further improvement of the PCM implementation in
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