Gas phase water splitting of moisture in ambient air: toward cost-free inputs for hydrogen production
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Abstract
Hydrogen is a portable, renewable and non-polluting fuel source that can be produced via the splitting of water (H2O) to create hydrogen (H2) and oxygen (O2). Photocatalytic water splitting uses a catalyst excited by light to drive the hydrogen and oxygen evolution reactions. Photocatalysis with sunlight and water as the only inputs has the capability of hydrogen generation in mobile and remote (off-grid) sites. Here we investigate the temperature and illumination limits of gas phase (non-condensing) water splitting. We use well-defined photocatalysts made up of Al-doped SrTiO3 (SrTiO3:Al) loaded with a RhCrOx and CoOy co-catalyst[1] in a batch phase reactor containing either water vapour dosed into N2 bath gas or real air samples. The catalyst samples are deposited onto an inert substrate and irradiated under variable intensity UV LED.[2, 3] Both hydrogen and oxygen are produced in approximately 2:1 stoichiometric ratio over a duration of 6 hours (Figure 1). The production rates are found to be highly sensitive to the water vapour concentration and temperate of the reactor, as has been found previously for GaN:ZnO photocatalysts.[4] We also find that the production rate increases with light intensity up to a certain amount, which is due to a limitation in availability of reactant. Importantly, the back reaction of H2O formation from H2 and O2 gas is supressed, even in air which is a high O2 environment. These results show that photocatalysis is a promising route for power generation in remote sites without access to electricity or pure water.
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Figure 1: Gas phase photocatalytic water splitting using SrTiO3:Al with RhCrOx and CoOy under (left) simulated 100% humidity air using nitrogen and water vapour (23mbar); and (right) ambient air with 50% humidity ~12mbar H2O (O2 not shown). Both experiments illuminated with UV-LED light (14.3 mW/cm2) with reaction at 1 bar and 30oC. Dashed vertical line indicates when UV light was switched on.
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