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The hydrogen evolution reaction (HER) on platinum (Pt) is fundamental to electrocatalysis and energy conversion processes. In this study, we investigate the behavior of stepped single-crystal Pt surfaces within the HER regime using Fourier-transformed AC voltammetry (FTACV) and active-site decoration with ad-atoms. FTACV measurements produce harmonic components generated from the non-linear ac current that arises due to applying a large amplitude potential sinewave on the electrochemical system. The harmonic components show high sensitivity that enables separating process based on kinetics. This advanced technique reveals a distinct faradaic signal absent in conventional DC voltammetry. To elucidate the origin of this process, we employ a combination of experimental and modeling approaches, comparing FTACV-generated harmonic components with electrochemical simulations. Additionally, we study the voltammetric features of surface defects on Pt(111) and reveal novel insights based on observations from a systematic FTACV study. In addition, we deconvolute the contribution of steps and terraces by specifically decorating the surface with Ag atoms revealing that the activity of each site changes with step density.  Our findings highlight the potential of non-linear voltammetry techniques for uncovering new electrochemical phenomena and provide deeper insights into active site behavior on well-defined surfaces.


