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UNDERSTANDING THE METHANOL ELECTRO-OXIDATION 
REACTION THROUGH COMBINED EXPERIMENTAL AND 
NUMERICAL APPROACHES

Resumo: The methanol electro-oxidation reaction (MEOR) is of significance in an 
energy landscape due to the applicability of this alcohol in direct methanol fuel cells 
(DMFC) and its role in transitioning the current energy sector toward a sustainable 
and clean scenario. Understanding the correlation between microscopic properties, 
such as reaction mechanism, electrode structure, and electrode composition, 
and mesoscopic properties, including reaction rate and selectivity, is crucial for 
designing materials with enhanced electrocatalytic activity at low overpotentials. 
Here, we present a combined numerical and experimental approach, employing 
both conventional and oscillatory regimes, to elucidate the reaction mechanism and 
investigate how changes in individual reaction rates and experimental parameters 
affect the overall electrochemical behavior. The results demonstrate that a proposed 
mechanism gains reliability when supported by a microkinetic model capable 
of simulating the dynamic response, i.e., capturing the evolution of variables 
over time.[1] We emphasize the utilization of oscillatory dynamics as a powerful 
tool to obtain detailed and comprehensive information on the electrochemical 
system[2] since oscillations usually outperform conventional techniques such as 
chronoamperometry and cyclic voltammetry due to their heightened sensitivity to 
the electrochemical environment. In this regard, we show the importance of carefully 
controlling experimental parameters in this type of study to improve the accuracy, 
reproducibility, and comparability of data, thereby advancing our understanding of 
electrochemical systems as a whole. Importantly, the approaches shown in this work 
can be extrapolated to other electrocatalytic reactions, enabling a complementary 
relationship between laboratory experiments and computational simulations.
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