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Among various options to decarbonize society, hydrogen is foreseen to play a key role. Hydrogen serves both as a renewable energy carrier and as feedstock for chemical processes beyond electrification. However, green hydrogen production remains limited, driving the development of new technologies to bring the production costs down substantially. Various promising technologies have been studied to date, including photoelectrochemical (PEC) hydrogen production. The use of BiVO4 (BVO) as PEC anode is widely spread in research, where a mix of beneficial properties related to bandgap, light absorption, bias requirements and flexible use at higher pH has been ascribed to this material.[
] However, its surface activity for the oxygen evolution reactions (OER) is limited. Previous studies reported introduction of an electrocatalyst to enhance the reactivity or reduce surface recombination of electron-hole pairs, such as cobalt phosphate.[2] In view of scalability and cost-effectiveness, alkaline conditions are preferred to reduce PEC system costs. In this study, we introduce bimetallic NiFeOOH electrocatalysts on top of BVO and functionalize the BVO surface with a borate treatment to significantly improve kinetics in the OER and suppress surface charge recombination in the BVO layer.
Thin NiFeOOH catalyst layers were deposited on BVO photoanodes (FTO/WO3/BVO layer stack, prepared by spincoating) via light-assisted electrodeposition (LA-ECD) and precipitation deposition, with (electro)deposition parameters optimized for both bare BVO and BVO-based heterostructures. Borate functionalization was achieved by facile immersion. Photoelectrochemical performance was assessed under alkaline conditions using a solar simulator (AM1.5) and linear sweep voltammetry (LSV). Optical and structural properties were characterized by UV-Vis and X-ray diffraction (XRD), respectively. To elucidate the role of surface treatments in enhancing the solar-driven OER, electrochemical impedance spectroscopy (EIS) was employed to probe charge transfer resistances and capacitances.
Among the techniques and surface treatments investigated, LA-ECD of NiFeOOH yielded the highest performance with up to a 53% increase of photocurrent (to max. 1.3 mA cm-2) compared to pristine BVO under alkaline conditions. EIS characterization indicates both improved kinetics as well as higher electrochemical surface area for the electrodeposited substrates as contributors for the performance increase. The thin electrocatalyst layer appears transparent in the UV-Vis region and is compatible with front- and back-illumination of BVO. Electrochemical analysis revealed that local potentials required during the ECD process may exceed the stability window of BVO under given conditions, leading to damage in the material. Although the facile borate treatment avoids this issue, the performance enhancement was slightly lower, with a 36% increase in photocurrent. The demonstrated surface activation strategies for BVO offer scalable pathways to enhance PEC performance, contributing to the viability of solar hydrogen in decarbonizing society. 
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