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Abstract : Vacancy ordered double perovskites (VOPs) have been significantly attracting researchers due to their chemical
structure diversity and interesting optoelectronic properties. Some VOPs have been recently reported to be suitable
photoelectrodes for photoelectrochemical water-splitting reactions due to their high stability and panchromatic absorption. In
this work, we systematically synthesized mixed tetravalent VOPs based on Cs2RumPti-mXe (X = Cl-, Br-) and reported their
structural, optical, electrochemical and photoelectrochemical properties. The structural characterization confirms that the
mixed tetravalent site intermediates formed their own phases. The parent materials, as well as their intermediates, were found
to be stable in ambient conditions for over 1 year and also showed incredible stability in harsh pH media ranging from pH 1 to
pH 11. Moreover, these materials showed panchromatic absorption with onset up to 1000 nm depending upon the mixture
stoichiometry. The extraordinary stability and excellent absorption properties make them suitable materials for
photoelectrochemical water-splitting applications. PEC studies of these series of materials showed a high water oxidation
photocurrent of 0.56 mA cm-? for Csz2Ruo.5Pto.5Cls. Fundamental investigation from photoelectrochemical reactions revealed
that the intrinsic ruthenium-based VOP showed enhanced hole transfer to the electrolyte, while the intrinsic platinum-based
VOP showed higher photovoltage. The mix of these end members at the tetravalent site showed a synergic effect of reduced
charge transfer resistance from the material to the electrolyte and increased photovoltage, which led to increased PEC
performance of the intermediate materials.
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