Nanostructured FeVO4 layers – hydrothermal synthesis optimization for improved photoelectrochemical performance 
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Photoelectrochemical (PEC) water-splitting cells represent one of the most promising approaches for solar energy conversion, enabling the direct generation of hydrogen without the formation of harmful by-products or additional waste [1]. Progressive environmental degradation, rapidly increasing global energy demand, and the use of fossil fuel resources as instruments of economic and political influence are just a few prominent examples underscoring the importance of developing advanced technologies for high-efficiency energy generation and effective energy storage. Despite extensive efforts focused on semiconducting photoelectrode materials, controlled doping strategies, and engineered surface architectures, the performance of PEC devices remains limited, primarily due to the rapid recombination of photogenerated charge carriers [2].

The formation of nanostructured heterojunctions based on two mutually complementary materials enables the effective utilization of their desirable properties while mitigating their individual limitations through the intrinsic characteristics of the counterpart. In this work, our approach to addressing this challenge involves the development of novel heterojunction photoanodes composed of well-established anodic WO₃ [3,4] coupled with promising yet still insufficiently explored FeVO₄, whose bandgap is expected to enable high solar-to-hydrogen conversion efficiency [5]. However, the development of such systems introduces an additional challenge associated with their increasing structural complexity. The construction of multicomponent photoanodes, intended to operate as elements of even more sophisticated architectures, results in numerous interdependent variables that significantly influence the final morphology and overall performance. Therefore, a comprehensive study requires the identification and optimization of the most critical individual parameters prior to the gradual expansion of the system using the best-performing components.

The results presented in this work represent the initial stage of this investigation, focusing on the relationship between FeVO4 layer morphology and its photoelectrochemical performance in water splitting processes. The application of a straightforward hydrothermal synthesis method, combined with systematic variation of reaction parameters, enabled the formation of diverse nanostructures and identification of architectures most suitable for the intended application. A systematic study of nanostructured FeVO₄ for PEC water-splitting applications, combined with the well-established properties of anodic WO₃, may provide a new pathway toward the development of advanced photoelectrodes capable of suppressing detrimental electron–hole recombination. Fundamental studies beginning with the detailed characterization (SEM, EDS, XRD, Raman spectroscopy, etc.) of individual components will contribute to a deeper understanding of the resulting complex systems and facilitate the identification of key factors limiting device efficiency.
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