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Abstract (300 word limit):
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK23][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Elaborate design of a facile strategy to realize the highly efficient separation/transportation of photogenerated carriers is highly challenged in photoelectrochemical (PEC) cells. By selecting sub-15 nm CdS nanorod-based hierarchical nanostructures supported Ti foil as the typical example, we report a convenient gradient oxygen-doped method to achieve a built-in continuous bending band structure for improving the separation efficiency of charge carriers. Both the inward diffusion of oxygen and the outward diffusion of lattice sulfur under non-equilibrium conditions are the critical factors to produce gradient oxygen-doped CdS nanorods (Grad-O CdS). The fabricated Grad-O CdS as the anode for PEC cell exhibits a superior and highly stable activity for hydrazine oxidation and hydrogen evolution reactions. A photocurrent density of 6.0±0.1 mA cm-2 at a potential of 0.4 V versus the reversible hydrogen electrode (RHE) can be achieved and maintained for 42 h, with the charge separation efficiency of 86%. The experimental characterization and density functional theory calculations reveal that the origins of the enhanced PEC activity is the formation of built-in bending band due to the gradient oxygen doping in CdS. The combination of ultrathin hierarchical configuration with unique built-in bending band can accelerate the rapid charge carrier separation via the energy funnel, rather than the spontaneous carrier diffusion.
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Figure 1: (a) Schematic description of the two-electrode PEC H2 evolution cell and the electron transfer process in the Grad-O CdS. (b) Scheme illustration of the gradual doping method.
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