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Hematite (a-Fe,03) is regarded as a
promising material for a water splitting
photoanode with a visible light harvest
band, owing to its low cost, earth-abundance,
and environment-friendliness. The band
gap of hematite is about 2.2 eV, which
is favorable for efficient harvesting of
the solar photons. With this band gap,
the solar-energy-to-hydrogen conversion
efficiency of hematite is theoretically
estimated to be 16 %. However, a number
of obstacles such as the short hole
diffusion length, rapid electron-hole
recombination, and slumbrous oxygen
evolution kinetics, make the reported
efficiency values much lower than the
theoreical value. Surface modification
is the most common strategy to improve
the charge transport and electron-hole
separation of hematite photoanode. It
is believed that doping with another

element which can act as electron donor

Effect of interfacial electronic structure on
the photocatalytic activity

improves the electron transport and thus
enhances the photocatalytic current. The
incorporation of plasmonic nanoparticles
which can capture additional visible
light may also increase the photocurrent
density. Alternatively, surface defect
passivation with a thin oxide overlayer is
a promising way to achieve the effective
water splitting, because, with such a
process, the surface defect states and
the lattice strain can be suppressed.
Furthermore, it has been proposed that the
unique features that is provided by one-
dimensional core/shell heterostructure
in hematite nanorods can effectively
extract the photogenerated hole from the
hematite core region to surface area. The
charge redistribution near the nanoscaled
interfacial region is of great importance
for this effect. The charge redistribution
is resulted from the interfacial electronic

structure reconstruction between the

hematite core and coating oxide layer
through the p-d orbital hybridization.
Herein, the interfacial electronic structure
is investigated by using two different
surface-modified hematite nanorod arrays
(Fe2 03 nanorods coated with a HfO, thin
layer and those decorated with HfO,
nanoparticles will be denoted as FH/L
and FH/N, respectively, hereafter) which
were prepared by hydrothermal synthesis
and atomic layer deposition. Synchrotron
x-ray absorption spectroscopy (XAS) is
a chemical-state-sensitive and element-
selective measurement and is becoming
an emerging tool to determine active
sites of energy-conversion materials that
show the photon-driven fundamental
physical/chemical properties. XAS
results recorded in UVSOR show that
the unoccupied Fe 3d energy levels of
the two surface-engineered hematites are

decreased compared with that of bare

Intensity (arb. units)

702 708
Photon energy (eV)

714

Figure 1 STXM spectra of two kinds of nanorods around O K-edge and Fe L-edge.
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one, suggesting the charge redistribution
between core and surface regions of
nanorods. This is further confirmed
by investigation of the spectrum of Hf
5d unoccupied density of states. It is
suggested that the interfacial region that is
constructed by HfO, and Fe, O3, forming
a Fe-O-Hf channel, is beneficial for the
charge transport. Then two kinds of the
nanorods are compared. There are more
electrons migrated to Fe site in FH/L than
in FH/N, which is simply attributable to
larger surface contact.

To reveal the effect of the interfacial
electronic structure on the photocatalytic
activity, XAS measurements in the dark
and under light illuminated condition
were performed. The analytic results
show that the photogenerated electrons
are excited to Fe 3d unoccupied
states in both of surface-engineered
nanorods. Upon closer inspection of
spectral evolution under visible light
irradiation, it is suggested that there are
more photogenerated electrons in FH/
N compared with FN/L. Although XAS
is element-selective and chemical-state-
sensitive, no spatial information could
be obtained. Scanning transmission X-ray
microscopy (STXM) is of great advantage,
providing chemical information with
spatial element distribution. Figure 1
presents STXM results measured with
O K-edge and Fe L-edge of FH/L and
FH/N, recorded at BL4U, UVSOR.
STXM spectra were extracted from
three different regions (R-1 (yellow),
R-2 (green) and R-3 (red)) that are
associated with surface area to core
region of the sample. O K-edge has two
peaks associated with hybridization
of Fe 3d(t24)-O 2p (low energy) and
Fe 3d(ey)-O 2p orbitals (high energy),
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reflecting the amount of unoccupied Fe
3d states. Overall spectral evolution
is that the ratio of 3d(t2,)-O 2p to Fe
3d(eg)-O 2p states is decreased from core
to surface for both of surface-engineered
nanorods, suggesting the hybridized
3d(t24)-O 2p orbital gains charges in
surface area, providing the complementary
information from XAS. This significant
charge transfer is correlated with Hf-O-
Fe bond that is formed in the interfacial
region (surface region R-1). Notably, the
Fe 3d(ey)-O 2p state at surface region
(R-1) of FH/N is remarkably less than
that of FH/L, indicating nanoparticles-
decorated surface gains even more
charges. This also suggests that the charge
transfer at surface oxygen site comes
not only from Hf, but also from the Fe
site in the core region, presented in the
right panel of Figure 1. The enriched
electron density in the core region of
FH/L could repel the photogenerated
electron that is excited to the conduction
band, and then lowering the photocurrent
density. The analytical results further
indicate that the interface formed in FH/
N results in retarding the rapid electron-
hole recombination, and in allowing the
efficient hole diffusion to surface area of

hematite nanorod.
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