Effect of Electrode Structure on ECSA Determination in Platinum Electrodes
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The electrochemical properties of electrode materials are generally normalized by the electrochemical active surface area (ECSA) of the electrode in order to evaluate their catalytic performance. Therefore, reliable ECSA determination is critical for interpreting the intrinsic characteristics of electrode materials. Among various electrocatalysts, Pt has been widely used as a noble-metal catalyst, and its ECSA is commonly evaluated using hydrogen adsorption/desorption (H-ads/des) via cyclic voltammetry (CV). This method is based on the charge associated with hydrogen adsorption or desorption on the Pt surface, assuming well-defined hydrogen adsorption behavior under the selected measurement conditions.  
However, the measured H-ads/des charge can be affected by experimental parameters such as the potential window, scan rate, and electrolyte composition. These effects may become more pronounced for porous electrodes, where the electrode geometry, internal surface accessibility, and local mass transport environment can differ from those of smooth electrodes. Although ECSA protocols developed for smooth Pt electrodes are frequently applied to porous Pt electrodes, the extent to which these protocols provide consistent and comparable ECSA values for different electrode structures remains unclear. 
In this study, we investigate how electrode structure influences ECSA measurement characteristics in Pt electrodes. The scan rate, electrolyte concentration, and potential range are systematically varied to examine their effects on the measured charge responses. In addition, smooth Pt electrodes are used as reference systems to evaluate differences arising from porous electrode structures. Through this comparative analysis, this study aims to identify key experimental factors that should be considered when determining the ECSA of porous Pt electrodes.
