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Hydrogen generated via water electrolysis is considered a promising energy carrier for future sustainable energy systems, stimulating extensive research on efficient and durable electrocatalysts for the hydrogen evolution reaction (HER) [1]. Among the emerging catalyst materials, transition metal chalcogenides attract considerable attention due to their compositional flexibility, tunable electronic structure, and promising electrocatalytic properties [2]. Increasing compositional complexity through the incorporation of multiple metal and chalcogen elements offers additional opportunities for catalyst design and performance optimization [3-4]. However, establishing clear correlations between synthesis strategy, resulting structure, and electrocatalytic performance remains a significant challenge. 

In this work, combined electrochemical and hydrothermal approaches were employed for the formation of Co-based mixed-anion chalcogenide architectures for alkaline hydrogen evolution. The synthesis strategy integrated cobalt electrodeposition with hydrothermal sulfur and selenium incorporation to generate self-supported catalytic systems with tunable morphology, chemical composition, and phase structure. Different preparation pathways were investigated to assess the influence of sequential synthesis on the structural characteristics and electrochemical performance of the resulting materials.

The synthesized electrodes were characterized using X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM) coupled with energy-dispersive X-ray spectroscopy (EDS), as well as Raman spectroscopy and electrochemical techniques. Particular attention was devoted to establishing structure-activity relationships by correlating morphology, elemental distribution, and phase composition with hydrogen evolution activity in 1 M KOH. Furthermore, charge-transfer characteristics, reaction kinetics, and electrode stability under alkaline operating conditions were systematically examined. The results provide valuable insights into the relationships between synthesis strategy, structure, and electrocatalytic performance in Co-based mixed-anion chalcogenide architectures for sustainable hydrogen evolution.
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