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Keyword: PHOTOELECTROCHEMICAL WATER SPLITTING/PHOTO-THERMAL CO,
REDUCTION/TiO-BASED CATALYSTS/ANATASE/RUTILE/ARTIFICIAL
PHOTOSYNTHESIS

Artificial photosynthesis (AP) is a promising approach for mitigating the
effects of global warming. It enables the production of green energy in the form of
hydrogen through photoelectrochemical (PEC) water splitting and contributes to
reducing CO,-levels via the CO, reduction reaction (CO2RR). One of the most important
parts of these methods is catalysts, usually made from semiconductors. Among various
semiconductor materials, TiO, holds great potential for photocatalyst fabrication.
However, it faces challenges such as a wide band gap, rapid charge recombination, low
charge carrier mobility, and high reusability costs.

Crystal facet engineering has been widely recognized as a potent
methodology for effectively suppressing charge recombination, enhancing chemical
selectivity and promoting charge transfer in AP technology. However, the effects of
TiO, crystal with arbitrarily tunable facet has been ambiguous. In this study, facet-
controlled TiO,-based catalysts were systematically synthesized on fluorine-doped tin
oxide (FTO) substrates using a hydrothermal method for applications in PEC water
splitting and photochemical CO2RR. The direct growth of, TiO; crystals on FTO
substrates encourages charge transportation and the catalyst’s reusability. Facet-
controlled anatase films with different facet ratios were-employed as photoanodes for
PEC water splitting. The experimental 'results revealed that films with a higher
percentage of the {001} facet recognized as a high surface energy facet, particularly in
the {101}{001} facet pair, exhibited higher photocurrents and incident photon-to-
current efficiency (IPCE). Among the facet pairs, {010}-{001}-1, which had the lowest
{001} facet percentage, demonstrated the best performance in PEC water splitting. This
observation can be attributed to the {010} facet possessing the lowest electron affinity,
indicating its superior ability to provide electrons to the cathode. Furthermore,
conductive atomic force microscopy (CAFM) measurements revealed the highest
adhesive force on the {010}H001}-1 surface, suggesting its effective adsorption of water
molecules that can be readily oxidized by holes. The findings emphasize the
significance of the electron affinity and water adsorption ability of the films in reducing
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electron-hole recombination and achieving high photocurrents. The synthesized films
also exhibited excellent stability over a 6-hour irradiation period, indicating their
potential for practical applications in solar-driven catalysis.

For the photo-thermal CO, reduction activity using rutile with {110}-{001}
facet over anatase films as the catalyst, rutile demonstrates a higher rate of CO,
reduction. Rutile may exhibit higher CO, adsorption energy, facilitating the further
reduction of CO molecules to CHq through multiple proton-coupled electron transfer
(PCET) steps. Conversely, anatase releases CO molecules upon their formation,
resulting in 100% selectivity of CO production. Enhanced CO; reduction performance
of rutile can also be attributed to its lower band gap, enabling efficient light absorption
and charge carrier generation. While increasing the reaction temperature boosts CO,
reduction product vyields, selectivity remains unchanged, indicating temperature
primarily affects kinetics rather than reaction pathways. Moreover, the PCET process is
more efficient at higher temperatures, further enhancing CO; reduction performance.
Employing dual wavelengths at 370 nm (ultraviolet region) and 870 nm (infrared region)
suggests that the infrared heat increases the reaction temperature rather than directly
excited TiO,. While CO, adsorption is crucial for TiOz-based CO, reduction, water
adsorption is also important because it serves as a vital hole scavenger and proton
source. Hence, controlling the TiO; phase, water content, and reaction temperature
are promising strategies for enhancing future TiO,-based photo-thermal CO; reduction

systems.
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