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Abstract

A comprehensive theoretical framework for the analysis of a surface-confined EC'E
mechanism is presented, describing a two-step consecutive redox process involving an
intermediate regenerative chemical step, where all participating redox forms are
immobilized on the electrode surface. The model is developed under conditions of
complete surface confinement, neglecting mass transport effects, and is based on a system
of coupled differential equations formulated within the Butler—\olmer kinetic formalism.

The regenerative chemical reaction, treated under pseudo-first-order conditions,
introduces catalytic feedback that significantly alters the dynamic distribution of surface
species and the resulting electrochemical response. Numerical simulations are performed
for various Kkinetic regimes of the electron-transfer steps and the chemical regeneration,
revealing distinct voltammetric signatures characteristic of the interplay between
consecutive electron transfers and catalytic cycling. The model demonstrates that the
relative rates of the two electron-transfer steps and the regenerative reaction govern the
shape, position, and magnitude of the voltammetric peaks, enabling mechanistic
discrimination and kinetic parameter evaluation. Under limiting conditions, the proposed
framework converges to simpler surface-confined mechanisms, including EE, EC'E, E, and
single-step EC' systems, highlighting its versatility as a unified modeling platform.

The presented theoretical approach is particularly relevant for interpreting
voltammetric responses of surface-immobilized redox systems, such as protein-film
electrochemistry and catalytic interfaces, where intermediate species undergo rapid
regenerative transformations. This work provides a robust basis for mechanistic analysis
and quantitative evaluation of complex surface-confined electrochemical systems.



1. Description of the Reaction Scheme
The EC'E mechanism for a redox transformations assuming all participants in adsorbed
states is defined as:

Red(ads) = Ox(ads) + e~

Ox(ads) + Y — Red(ads)

Ox(ads) = U(ads) + e~

Assuming Y is in large excess, the chemical step is pseudo-first-order, i.e.,:

kc' = ke - c(Y)
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2. Differential Equations (Mass Balance)

The time evolution of surface concentrations (') is governed by:
Differential Equation for Red:
dI'(Red)/dt = -1:/(nFS) + kc' - I'(0x)

Red is consumed in the first electron-transfer step and regenerated via the catalytic
reaction.

Differential Equation for Ox:

dI'(0x)/dt =I1/(nFS) - kc' - ['(0x) - I2/(nFS)

Ox is formed from Red, consumed by catalytic regeneration, and further oxidized to F.
Differential Equation for U:

dIr'(U)/dt=1z/(nFS)

Final redox form “U” is formed in the second electron-transfer step and does not participate
in further reactions.

3. Kinetic Expressions (Butler—-Volmer Form)
Electron-transfer rates are described using Butler-Volmer kinetics:

Butler-VOIlmer formalism applied to First electron-transfer step (Red = 0x):
I1(nFS) =k_s,1 - exp[(1 - «1)-F/(R-T)-(E - E1°')] - TRed - k_s,1 - exp[-al-F/(R-T)-(E - E1°")] - I'(Ox)
Butler-VOlmer formalism applied to Second electron-transfer step (Ox = U):

I/(nFS) = k_s,2 - exp[(1 - a2)-F/(R-T)-(E - E2°)] - T(0x) - k_s,2 - exp[-a2-F/(R-T)-(E - E2°")] - (V)

4. Initial Conditions
Att =0, the system is assumed to be fully reduced:

I'_Red(0) = I*
I_0x(0)=0

r .u(0)=0



5. Conditions fort>0

During the experiment, the following conditions apply:
Mass Conservation of total surface concentration of all redox active species:
['_Red(t) + T'_Ox(t) + _U(t) =T*

Meaning of the symbols:

I -symbol of surface concentration

t-time

E = E(t)- time-dependent potential

F-Faraday Constant

T-Thermodynamic temperature

S-electrode surface area

n-number of electrons exchanged

a-electron transfer coefficient

ks,1 and ks,2-standard rate constants of electron transfer of first and second
electron transfer steps, respectively

kc’-chemical rate constant of catalytic (regenerative) reaction
I1-current associated to the first electrode transformation

I2-current associated to the second electrode transformation
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