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                    Abstract
Hydrogen production via solar energy is one of the promising strategies to ensure the sustainable development of humankind. The solar-driven hydrogen production required a cost-effective method and substrate to fabricate efficient photoelectrode material for practical implementation. Hematite (α-Fe2O3) is one of the abundant, cheap, and auspicious materials with photocatalytic properties which can be fabricated via simple and easy techniques. Here, we developed a cost-effective two-step heating method to fabricate high-density hematite single-crystal nanowires on Fe substrate. Firstly, we fabricated the nanowires by stress-induced atomic diffusion method on Fe substrate with different purities viz, 99.5% and 99.9% at 450 °C under water vapor atmosphere. The Fe substrate with 99.9% purity displayed higher nanowire density and photocurrent density (1.02 mA/cm2 at 1.23 V vs RHE) than that of 99.5% purity (0.73 mA/cm2 at 1.23 V vs RHE). Then, the sample with high photocurrent density was selected for the state of art second-step heating method. That is, the nanowires on 99.9% purity substrate were annealed at higher temperature (650 °C) under the mixture of argon and oxygen environment, which yielded high-density hematite single-crystal nanowires with the photocurrent density of 1.77 mA/cm2 at 1.23 V vs RHE and the stability of 1.58 mA/cm2 up to 20 min. In addition, the two-step heating hematite single-crystal nanowires showed the enhancement of solar to hydrogen conversion efficiency (STH) (2.18%) compared to the one step heating nanowires. 
Graphical abstract
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