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Photoelectrochemical water splitting with photoanodes integrated into a solar cell represents a
cutting-edge approach to green hydrogen production, directly using sunlight to dissociate water into
H, and O, without any external bias [1,2]. Hybrid organic—inorganic halide perovskite solar cells
feature extremely high optical absorption coefficients, allowing even very thin films to capture the
majority of incoming photons. Their long carrier diffusion lengths and low defect densities enable
photo-generated electrons and holes to reach the device interfaces with minimal recombination
losses. Crucially, the perovskite bandgap can be precisely tuned—by adjusting its halide
composition—to match the energy requirements for both water oxidation and hydrogen evolution.
This compositional tunability, combined with low-temperature and solution-based processing,
makes halide perovskites a highly promising and cost-effective platform for direct solar-to-hydrogen
conversion [3]. In a monolithic, layered device, the perovskite absorber both harvests sunlight and
drives the water-oxidation reaction when coupled with an oxygen-evolution catalyst. This
“all-in-one” architecture eliminates extra interconnects and reduces energy losses between separate
components. Early prototypes have already demonstrated competitive hydrogen production rates
under simulated sunlight [4]. The primary challenge is in maintaining long-term stability of
perovskite photoelectrodes in aqueous environments. Degradation pathways include moisture
ingress, ion migration within the perovskite lattice, and catalyst peel off. Developing robust
encapsulation strategies—such as embedding perovskite films in barrier polymers—and optimizing
catalyst—semiconductor interfaces are critical steps toward durable, high-performance devices.
Preliminary studies combining encapsulated perovskite cells with commercial electrodes have
shown promising water-splitting activity and enhanced operational lifetimes.
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