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Deactivated Surface

The surface oxygenated intermediates present on TiO; during photocatalytic water splitting have been identified and their
accumulation on the titania surface is responsible for the deactivation of H, evolution rate during photocatalysis.
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ABSTRACT

Titanium dioxide (TiO2) is the most widely studied solid photocatalyst, but when applied to photocatalytic splitting of water to H2 and O, the
evolution rate of Hz is low and decreases with reaction time. The origin of the decreasing evolution rate for the photocatalytic splitting of water was
investigated for the first time by directly monitoring the surface species on TiO2 during water photocatalysis with in situ attenuated total reflectance
(ATR)-Fourier transform infrared (FTIR) spectroscopy. The in situ ATR-FTIR spectroscopic analysis during UV illumination of TiOz immersed in
water reveals that surface dioxygen and hydroxyl species are formed on TiO2: charged Ti-OOH-, peroxo Ti(O2)*, and bridging Ti-(OH*)-Ti groups.
The accumulation of these surface oxygenated species on the TiO2 photocatalyst blocks the activation of H20 on the surface titania sites and is
responsible for the decreasing H2 evolution rate and absence of O evolution.
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Photocatalytic splitting of H,O to H, and O, has been identified as a possible green route to produce alternative, sustainable non-
carbon fuel, and potential improvements to the efficiency of this process have motivated the study of this photocatalytic reaction.
Titania-based photocatalysts are the most studied heterogeneous photocatalysts, being intensively investigated for water splitting and
oxidation of pollutants in water and building surfaces [1-9]. Titania-based materials, however, are semiconductors with wide bandgap
energies (3.0 eV for rutile and 3.2 eV for anatase) and are inefficient photocatalysts for H, production compared to other water splitting
photocatalysts [2,3,5,7,10]. Furthermore, TiO, does not efficiently utilize the solar spectrum as activation requires excitation in the
limited UV region (< 400 nm). Modification of TiO, photocatalysts improves efficiency by broadening light absorption into the visible
range (> 400 nm) or preventing recombination of photoexcited electron (e”) and hole (h*) pairs [11-16]. These improvements focus
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