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Abstract

The EC'E mechanism, involving two consecutive electron-transfer steps coupled with a
homogeneous catalytic regeneration of the intermediate, represents a fundamental yet
complex class of electrochemical reactions frequently encountered in redox-active
systems. In this work, a comprehensive mathematical model of the fully diffusional EC'E
mechanism is developed under conditions of semi-infinite planar diffusion. The model is
based on coupled reaction—diffusion equations incorporating Butler—\Volmer kinetics for
both electrode processes and second-order chemical kinetics for the catalytic step.
Numerical solutions presented in MATHCAD reveal the interplay between electron-
transfer rates and catalytic regeneration, highlighting their combined influence on
voltammetric response. The analysis demonstrates how variations in kinetic parameters
govern the transition between limiting mechanistic regimes and identifies characteristic
features in the current—potential profiles that can be used for mechanistic discrimination.
Under specific conditions, the model converges to simpler mechanisms, including E, EC’,
and EE systems, providing a unified theoretical framework for their interpretation. This
study offers a robust platform for understanding complex catalytic electrochemical
processes and supports the quantitative analysis of EC'E-type systems in modern
voltammetry.

Scheme of Electrochemical Mechanism:
A = B (electron transfer)
B +Y — A+ Z (catalytic step)

B = C (electron transfer)



Model is represented by following Partial Differential Equations
(Fick’s Second Law + Reaction Terms):

Partial Differential Equations
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Initial Conditions

Ca(x,0) = C4 *
CB(x,0) = 0
Cc(x,0) — 0

Cy(x,0) — Cy *
Cz(x,0) = 0

Boundary Conditions

CA(oo,t) = C4 *
CB(oo,t) = 0
Cc(eot) = 0

Cy(oo,t) = Cy *

CZ(oo,t) - O



Butler—Volmer Kinetics at x=0
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Current Expression
I(t) = nF A+ vy)



MATHCAD WORKING PROTOCOL
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Figures showing the effect of catalytic rate constant to the features of simulated cyclic
voltammograms at EC’E diffusional mechanism in cyclic voltammetry
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