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Hydrogen generated through photoelectrochemical (PEC) water splitting is considered one of the most promising routes toward sustainable solar fuel production. Significant efforts are therefore focused on the development of efficient semiconductor-based photoelectrodes, particularly those derived from metal oxides. Among them, WO3 has attracted significant attention owing to its favorable band gap energy, and valence band (VB) position suitable for driving the oxygen evolution reaction (OER). [1]
Despite these advantages, the practical use of WO3 photoelectrodes remains limited by relatively weak visible light absorption, rapid recombination of photogenerated charge carriers, and insufficient long-term stability under illumination. To overcome these drawbacks, various surface and bulk modification strategies have been proposed, including elemental doping and the formation of n-p heterojunctions that promote charge separation and interfacial charge transfer. A crucial aspect is to design modifications that simultaneously enhance photoelectrochemical activity, improve operational stability, and broaden the utilization of the visible light spectrum. [2]

Selenium, a p-type semiconductor with a band gap of approximately 2.0 eV, offers considerable potential for interfacial engineering of WO3 photoelectrodes. The formation of a p–n heterojunction at the WO3/Se interface may enhance charge carrier separation and accelerate interfacial hole transfer, while the narrower band gap of selenium can improve light harvesting in the visible spectral range. However, selenium-modified WO3 systems have received limited attention to date, leaving the relationship between interfacial properties and photoelectrochemical performance largely unexplored. [3]

In this study, we investigate how the hydrothermal and electrochemical deposition of selenium particles on the WO3 surface, potentially accompanied by simultaneous selenium doping, affects the interfacial and structural characteristics of WO3 layers obtained through the anodic oxidation of W foil in an environmentally friendly electrolyte containing only lactic acid. The composition and morphology of the obtained materials were comprehensively characterized using SEM, EDX, XRD, and Raman spectroscopy. Furthermore, their optical, semiconductor, and (photo)electrochemical properties were systematically evaluated. The results confirmed that selenium deposition significantly broadens the range of effective light absorption and enhances the conversion of absorbed photons into measurable photocurrent (IPCE, Incident Photon-to-Current Efficiency). Moreover, Se-WO3 materials expanded the potential window in which the electrodes generate both anodic (typical for WO3) and cathodic photocurrents. These findings provide new insights into the role of selenium deposition routes in governing the structure–interface–performance relationship in WO3-based photoelectrodes.
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