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Abstract 

The ECrevEC′ regenerative two-step electrode mechanism represents a comprehensive and 

unifying kinetic framework that covers a wide range of classical electrochemical mechanisms as 

limiting cases. This mechanism consists of two consecutive electron-transfer steps separated by a 

reversible homogeneous chemical reaction, followed by a regenerative chemical reaction that 

couples the product of the second electron transfer back to the electroactive species. Depending 

on the magnitude of the equilibrium constant of the interim chemical step (Keq), the chemical rate 

parameter governing this equilibrium (Kchem), and the kinetic rate constant of the regenerative 

reaction (kc), the ECrevEC′ mechanism can smoothly reproduce the characteristic behavior of the 

simple “E mechanism”, the ECrev, CErev, EC′ (regenerative), the ECE, the EEC’ and EE 

mechanisms, as well. 

Theoretical modeling of this complex reaction scheme is of central importance, as it 

enables a systematic exploration of the full mechanistic space within a single mathematical 

formalism. By adjusting dimensionless kinetic and thermodynamic parameters, transitions 

between different limiting cases can be quantitatively described without altering the underlying 

reaction scheme. Such modeling provides deep insight into the interplay between electron-transfer 

kinetics, chemical equilibria, and homogeneous regeneration processes. 

Simulations of the ECrevEC′ mechanism under conditions of Square-wave voltammetry 

(SWV) reveal rich and highly diagnostic features in both forward and backward current responses, 

allowing subtle mechanistic effects to be distinguished through peak shape, symmetry, peak 

separation, and current ratios. This makes the model particularly powerful for interpreting 

experimental voltammetric data in complex systems where multiple coupled chemical reactions 

coexist. The ECrevEC′ mechanism therefore serves as a versatile theoretical platform for studying, 

classifying, and rationalizing a broad spectrum of electrochemical processes, with direct 

applicability in redox catalysis, bio-electrochemistry, energy conversion systems, and mechanistic 

analysis of multistep electrode reactions. In the current work, we give all important figures, and 

the entire theoretical model in MATHCAD.  
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