Rh Doping Effects in BaTiO₃ Semiconductor Nanoparticles for Oxygen Evolution Reaction
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The electrocatalytic properties of Rh-doped barium titanate (BaTiO₃) nanomaterial are investigated using first-principles calculations. The results demonstrate that Rh doping enhances visible-light absorption and significantly reduces the overpotential required for the oxygen evolution reaction. Among the considered surface terminations, the TiO₂-terminated BaTiO₃ (001) surface exhibits superior catalytic performance. Rh doping–induced modification extends the optical absorption into the entire visible range, while the aqueous environment governs the light-harvesting capability of the nanomaterial. Substitutional replacement of Ti by Rh induces partial charge transfer from neighboring oxygen atoms, stabilizing rhodium in an intermediate oxidation state between Rh³⁺ and Rh⁴⁺ during the reaction. This electronic modification alters the adsorption energies of reaction intermediates on the catalyst surface, leading to a reduced overpotential for water oxidation.
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