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ABSTRACT: To improve the photoelectrochemical (PEC)
performance of hematite thin-film photoanode, we report a
novel heterostructure based on Fe2O3/TiO2 and hydrogenated
Fe2O3/TiO2 (Fe2O3/H:TiO2) for faster charge transfer owing
to passivation of surface states in Fe2O3 via TiO2 overlayer and
favorable band alignment using hydrogen annealing of TiO2
overlayer. The valence band offset, band gap and work
function values have been measured using X-ray photoelectron
spectroscopy, optical absorption, and Kelvin probe force
microscopy to construct the energy band diagram of the
heterostructure photoanodes. The results confirm the upshift
in the valence band edge of TiO2 over Fe2O3 after hydrogen
treatment of TiO2 overlayer, which leads to the formation of type II band edge alignment in Fe2O3/H:TiO2 heterojunction and
improved PEC performance compared to Fe2O3/TiO2, pristine Fe2O3 and TiO2 thin-film photoelectrodes. The well-straddled
and improved band alignment in Fe2O3/H:TiO2 heterostructure gives rise to substantial enhancement in photocurrent density,
up to 3.36 mA/cm2 at 1.23 V (vs reversible hydrogen electrode (RHE)) with a low onset potential of 0.1 V (vs RHE), under
AM1.5 illumination condition. The observed photocurrent density in Fe2O3/H:TiO2 heterostructure is 15-fold higher than bare
Fe2O3 (0.22 mA/cm2) photoanode. This work shows how a simple bilayer junction and its hydrogen treatment can be used to
enhance the PEC response of heterojunctions and offers valuable insights into the further development of all-oxide
heterojunctions.

1. INTRODUCTION
Generation of clean solar hydrogen by photoelectrochemical
(PEC) water splitting for harnessing solar energy represents a
promising but challenging route to attain sustainable energy
production.1 The PEC water splitting for generation of solar
hydrogen is a viable method for the practical application of the
most abundant renewable energy source.2 It can be recognized
as a reasonably good solution to the ever-growing energy
challenge with negligible impact on the environment. The
reformation of solar energy into the elementary form of fuel
(H2) can be perceived by means of semiconductor materials as
working electrodes in a PEC water splitting cell.3,4 A crucial
criterion for PEC water splitting is to look for a suitable
photoelectrode material that satisfies the challenging require-
ments of band edge (conduction band (CB) and valence band
(VB)) alignment, high visible light absorption, and better
charge generation and separation, for solar hydrogen
production along with stability against photocorrosion.
Among the various metal oxide candidates, hematite (α-
Fe2O3) is a most promising n-type semiconductor photoanode
owing to large abundance of its constituent elements, good
stability in chemical environment, nontoxicity, cost-effective
and appropriate energy level for water oxidation, and high
visible light absorption.5 Inspite of these advantages, the

efficiency of hematite decreases due to a number of factors
such as slow hole kinetics of the oxygen evolution reaction,
short diffusion length, high probability of charge trapping in
surface states, and positive conduction band edge to the
hydrogen redox potential.6,7 In addition, surface recombination
is also a serious issue that limits water oxidation efficien-
cies.8−10 Therefore, to enhance light absorption, suppress
charge carrier recombination, and improve charge transport,
the most commonly used strategies are nanostructure
engineering,11−14 elemental doping,15−18 and formation of
nano-heterostructure.19−24,8,25 Additionally, the involvement of
catalysts (oxygen evolution catalysts), e.g., Ni-, Ir-, Co-, and
Ru-based ones,19,26,27,16,9,28 for surface treatment of the
hematite layer has been utilized to improve the photocurrent
and reduce the overpotential. Among the various material
modification strategies, formation of heterojunction photo-
electrodes helps in upgrading the system efficiency, by creating
potential gradients in the photoelectrode, which facilitates
charge separation to improve the carrier transfer rate at the
semiconductor−liquid interface.29,30 There have been several
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