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(" Protonic solid oxide electrolysis cells (P-SOECs) are pivotal for environmentally sustainable fuel production coupled with water splitting. However, the related faradaic efficiency is often limited to below 70%, primarily due to internal leakage stemming from minor hole conduction in the electrolyte. Here, we introduce a bipolar cell architecture incorporating \
hydride-ion(H")/proton(H*) conductor heterojunction, offering a promising alternative to conventional H* unipolar electrolyte cells by leveraging the electrochemical rectification characteristics of the heterointerface. During steam electrolysis, a single phase perovskite-type BaZr,:In, -0, ;s electrolyte spontaneously transforms into bipolar conductor,
comprising H*-conducting hydrate and H™-conducting oxyhydride layers adjacent to the anode and cathode, respectively, driven by competing hydration and hydrogenation equilibria. The bipolar configuration enables high Faradaic currents through the intrinsically high H™ ion conductivity of the oxyhydride phase and facilitates low-barrier H*/H-
interconversion across the self-assembled heterointerface. Crucially, electronic leakage is supressed by the formation of electron-depleted layer through the electrochemical hydrogenation at the heterointerface. As a result, the bipolar cells sustain a Faradaic efficiency of ¥95% even at 1.5 A cm~, outperforming conventional H* unipolar cells and providing a

\_promising pathway toward 100% electricity-to-fuel conversion. Y,
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