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ABSTRACT: Here we demonstrate that the photoactivity of Au-decorated TiO,
electrodes for photoelectrochemical water oxidation can be effectively enhanced in | (3=
the entire UV—visible region from 300 to 800 nm by manipulating the shape of the
decorated Au nanostructures. The samples were prepared by carefully depositing :
Au nanoparticles (NPs), Au nanorods (NRs), and a mixture of Au NPs and NRs on — **-7 4O
the surface of TiO, nanowire arrays. As compared with bare TiO,, Au NP- |¢ro TIO, ‘U o Q’
decorated TiO, nanowire electrodes exhibited significantly enhanced photoactivity nanowire

in both the UV and visible regions. For Au NR-decorated TiO, electrodes, the

photoactivity enhancement was, however, observed in the visible region only, with I I
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the largest photocurrent generation achieved at 710 nm. Significantly, TiO,
nanowires deposited with a mixture of Au NPs and NRs showed enhanced
photoactivity in the entire UV—visible region. Monochromatic incident photon-to-
electron conversion efficiency measurements indicated that excitation of surface
plasmon resonance of Au is responsible for the enhanced photoactivity of Au nanostructure-decorated TiO, nanowires.
Photovoltage experiment showed that the enhanced photoactivity of Au NP-decorated TiO, in the UV region was attributable to
the effective surface passivation of Au NPs. Furthermore, 3D finite-difference time domain simulation was performed to
investigate the electrical field amplification at the interface between Au nanostructures and TiO, upon SPR excitation. The results
suggested that the enhanced photoactivity of Au NP-decorated TiO, in the UV region was partially due to the increased optical
absorption of TiO, associated with SPR electrical field amplification. The current study could provide a new paradigm for
designing plasmonic metal/semiconductor composite systems to effectively harvest the entire UV—visible light for solar fuel
production.
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! I Vitanium dioxide (TiO,) has been extensively used for that usually suffer from anodic corrosion,>"** metal nano-
photocatalytic and photoelectrochemical generation of particles (NPs) have considerably better photostability. Surface
solar hydrogen by virtue of its chemical stability, nontoxicity, plasmon resonance (SPR) is an intrinsic property of metal NPs

and relatively low cost.'~® However, the large band gap, of TiO,
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. . 33-36 .

to narrow the band gap for harvesting visible light to increase the surrounding environment. By acting as an antenna that
solar-energy utilization. Alternatively, visible-light absorptlon
can also be achieved by couphn% T102 to dye molecules'”
small-band-gap quantum dots.""""~*' Recently, a new approach

such as Au, in which the oscillation frequency is highly sensitive

localizes the optical energy by SPR, plasmonic Au has been
suggested to sensitize TiO, to light with energy below the band

involving metal nanostructures in enhancing the visible-light Received: May 20, 2013
photoactivity of TiO, via plasmonic effect has received much Revised:  June 29, 2013
attention.”* > In comparison to semiconductor quantum dots Published: July 30, 2013
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Figure 1. (a) SEM and TEM (inset) images of Au NP-decorated TiO, nanowires. (b) EDS linescan profile recorded on an individual Au NP-
decorated TiO, nanowire. (c) HRTEM image taken at the interface between Au NP and TiO, nanowire. (d) SEM images of Au NR-decorated TiO,
nanowires. (e) TEM image of Au NR-decorated TiO, nanowires and the corresponding EDS element-mapping data of Au (blue), Ti (green), and O
(red). (f) HRTEM image taken at the interface between Au NR and TiO, nanowire.

gap, generating additional charge carriers for water oxidation.
Such plasmon-enhanced photoactivity has been reported in
several unique Au/TiO, composite systems for efficient solar
water splitting.””***"~*" For example, Liu et al. reported that
the performance of Au NP-deposited TiO, films under visible-
light illumination for photoelectrochemical water splitting was
enhanced 66-fold.”” This enhancement is due to the SPR-
induced electric field amplification near the TiO, surface, which
increases the photon absorption rate of TiO, and thus improves
the photoactivity. Besides, Zhang et al. demonstrated that Au
nanocrystals assembled with TiO,-based photonic crystal
substrate achieved a high photocurrent density of ~150 pA/
cm® under visible-light illumination.”® These results derived
from the matching of the Au SPR wavelength with the photonic
band gap of TiO,, which significantly increased the SPR
intensity to boost hot electron injection and therefore enhance
the photoactivity.

Previous studies have been primarily focused on the
enhancement of photoactivity of TiO, in the green region by
exploiting the SPR absorption of Au NPs around 550 nm, while
the other wavelengths of solar spectrum were not fully utilized.
Here we demonstrate that the photoactivity of Au nanostruc-
ture-decorated TiO, for photoelectrochemical water oxidation
can be effectively enhanced in the entire UV—visible region,
which was achieved by adopting Au nanostructures with
different shapes. The incident photon-to-electron conversion
efficiency (IPCE) measurements proved that the enhanced
photoactivity of Au nanostructure-decorated TiO, in the visible
region is strongly correlated with the SPR absorption spectra of
the decorating Au. The enhanced photoactivity in UV region
can be attributed to the effective passivation of surface states as
well as the electric field amplification at the interfaces between
TiO, and Au upon SPR excitation.

TiO, nanowire arrays were synthesized on fluorine-doped tin
oxide (FTO) glass substrate by hydrothermal method reported
elsewhere (Methods, Supporting Information).”> The TiO,
substrate was then immersed in a HAuCl, solution (pH 4.5)
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to form AuCl(OH);~ complex on TiO, surface,**! followed
by calcination at 300 °C to grow metallic Au NPs. The
scanning electron microscopy (SEM) image of Figure la
showed that NPs with a typical size of 8 nm were uniformly
deposited on the surface of TiO, nanowire bundles. Figure 1b
displays the energy-dispersive X-ray spectroscopy (EDS)
linescan profile recorded on an individual NP-decorated TiO,
nanowire, which confirmed the composition of Au NPs. The
Ti/Au weight ratios of Au NP-decorated TiO, nanowires are
listed in Table S1 (Supporting Information). In Figure Ic, the
high-resolution transmission electron microscopy (HRTEM)
image taken at the interface of nanowire and NP regions clearly
revealed two distinct sets of lattice fringes, which can be,
respectively, assigned to rutile TiO, and fcc Au. Note that this
sharp interface of TiO,/Au in Au NP-decorated TiO,
nanowires is believed to be important for hot electron injection
from Au to TiO, upon SPR excitation. Moreover, the density of
Au NPs can be controlled by varying the time duration of
immersing TiO, nanowires in HAuCl, solution. As shown in
Figure S1 (Supporting Information), there was no obvious
change in the Au particle size as a function of HAuCl, coating
time. SEM-EDS analysis revealed that the Au/Ti weight
percentage gradually increased from 0.46 to 2.12% when the
Au precursor coating time increased from 1 to 8 h. The as-
prepared Au NP-decorated TiO, nanowires are denoted as NP-
X-TiO, (X = number of hours for coating Au precursor).

To obtain Au NR-decorated TiO, nanowire sample, we first
prepared Au NRs using a seed-growth process.*” TiO,
nanowires from hydrothermal synthesis were incubated in
mercaptopropionic acid (MPA) solution to create a monolayer
on the nanowire surface with the carboxylic acid group attached
to TiO, and the thiol group exposed outward.*>** The surface-
functionalized TiO, nanowires were then immersed in aqueous
suspension of Au NRs for 24 h for attaching Au NRs onto TiO,
surface. The thus-obtained Au NR-decorated TiO, nanowires
are denoted as NR-TiO,. In Figure 1d, the SEM image
collected for NR-TiO, revealed that Au NRs were successfully
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loaded on the nanowire surface. The length and width of Au
NRs were measured to be about 40 and 15 nm, respectively.
Figure le shows TEM image of NR-TiO, and the
corresponding EDS analysis. EDS element-mapping data
confirmed that the nanowires are TiO, and the rods are Au.
In Figure 1f, the lattice-resolved TEM image taken at the
interface of nanowire and NR regions showed that the observed
interlayer spacings are consistent with the lattice spacings of
rutile TiO, and fcc Au.> Additionally, a small gap was observed
between TiO, nanowire and Au NR, as expected for the
presence of MPA linker molecule.

The photoelectrochemical properties of Au NP- and Au NR-
decorated TiO, nanowire photoanodes were studied in a three-
electrode cell with Ag/AgCl as the reference electrode and a Pt
wire as the counter electrode (Methods, Supporting
Information). Figure 2a shows a set of linear sweep
voltammagrams of bare TiO, and Au NP-decorated TiO,
nanowire (NP-X-TiO,) electrodes recorded in 1 M NaOH
electrolyte in the dark and under white-light illumination (AM
1.5G, 100 mW/cm?). The dark scans collected in the potential
range between —1.0 and +0.5 V versus Ag/AgCl revealed a
small background current of ~107® A/cm?”. Upon illumination
with white light, bare TiO, and all of the NP-X-TiO, electrodes
showed pronounced photoresponse. Significantly, NP-X-TiO,
electrodes exhibited substantially larger photocurrent density
than bare TiO,. Among all of the NP-X-TiO, electrodes tested,
NP-2-TiO, electrode achieved the highest photocurrent density
of 1.49 mA/cm? at 0 V versus Ag/AgCl, which is almost double
the photocurrent density of bare TiO, (0.82 mA/cm?) obtained
at the same potential. These results confirmed the positive role
of Au NPs in enhancing the photoactivity of TiO, electrodes
under illumination. To examine the instant photoresponse for
the electrodes, the chronoamperomertic I—t curves were
collected under chopped light illumination at 0 V versus Ag/
AgCl. As shown in Figure 2b (upper panel), the recorded
photocurrent densities are consistent with the values obtained
from the linear sweep voltammagrams, indicating the photo-
currents are stable without photoinduced charging effect.*
When the Au precursor coating time is more than 2 h, the
photocurrent density of NP-X-TiO, electrodes decreases
gradually with the increase in coating time. This photocurrent
depression could be due to two possible reasons. First, the large
number of Au NPs grown at the increasing coating time may
cover a large portion of the TiO, nanowire surface, which
retards the access of light to the TiO, surface to reduce the
photocurrent generation.*® Second, the high coverage of the Au
may reduce the surface area of TiO, in direct contact with the
electrolyte and thereby hinders the water oxidation perform-
ance.

To reveal the plasmonic effect of Au NPs on the
photoresponse of TiO, electrodes, we collected chronoamper-
omertic I—t curves for NP-X-TiO, electrodes under visible-light
illumination by adding a 430 nm long-pass filter to the white-
light source (73.3 mW/cm? with filter). As shown in Figure 2c,
all of the NP-X-TiO, electrodes have considerably higher
photocurrent density than bare TiO,. In comparison with bare
TiO, electrode, the photocurrent density of NP-2-TiO, was
increased by an order of magnitude under visible-light
illumination. Furthermore, the variation of photocurrent
densities of NP-X-TiO, electrodes under white- and visible-
light illumination as a function of Au precursor coating time
was found to be similar, implying the same quantitative effect of
Au NPs decoration on the enhanced photoactivity of TiO,
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Figure 2. (a) Linear sweep voltammograms of bare TiO, and NP-X-
TiO, electrodes (X = 1, 2, 3, 4, 6, 8) recorded in 1 M aqueous KOH
solution in the dark and under white-light illumination (AM 1.5G, 100
mW/cm?). (b) Chronoamperomertic I—t curves collected at 0 V
versus Ag/AgCl for NP-X-TiO, electrodes under white-light (AM
1.5G, 100 mW/cm?) and visible-light (with a 430 nm long pass filter,
73.3 mW/cm?) illumination. (c) Plot of photocurrent density as a
function of Au precursor coating time for NP-X-TiO, electrodes under
white-light and visible-light illumination.

nanowires. This outcome suggests that the enhanced photo-
activity of TiO, nanowires in UV and visible regions is
associated with the SPR effect of deposited Au NPs.

If the observed photoactivity enhancement of Au NP-
decorated TiO, nanowires in the visible region was indeed
mediated by the SPR excitation, then we should be able to
regulate this enhancement to other wavelength regions by
manipulating the shape of Au nanostructures, which could shift
the SPR absorption wavelength. For example, Au NRs showed
SPR that was red-shifted from Au NPs. Figure 3 displays the
photoelectrochemical properties of Au NR-decorated TiO,
nanowire (NR-TiO,) electrodes. The photocurrent densities
of bare TiO, and NR-TiO, electrodes under white-light
illumination are comparable, with the values measured at 0 V
versus Ag/AgCl being 0.96 and 0.90 mA/cm?, respectively. In
contrast, under visible light (>430 nm, 73.3 mW/cm?)
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Figure 3. (a) Linear sweep voltammograms of bare TiO, and NR-
TiO, electrodes recorded in 1 M aqueous KOH solution in the dark
and under white-light illumination (AM 1.5G, 100 mW/cm?). (b)
Amperometric I—t curves collected at 0 V versus Ag/AgCl for NR-
TiO, electrodes under white-light (AM 1.5G, 100 mW/cm?) and
visible-light (with a 430 nm long pass filter, 73.3 mW/cm?)

illumination.

illumination the photocurrent density of NR-TiO, electrode
(2.67 uA/cm?) is three times higher than that of bare TiO,
(0.87 uA/cm?), manifesting the beneficial role of Au NRs in
improving the visible-light photoactivity of TiO,. It is
interesting to note that while both Au NPs and Au NRs
enhanced the photoactivity of TiO, in the visible region, only
Au NP-decorated TiO, electrode exhibited improved photo-
current under white-light illumination. This discrepancy
indicates that the effects of Au NP and Au NR decoration on
the enhanced photoactivity of TiO, at different wavelengths are
essentially different, as will be discussed later.

To further elucidate the role of the decorated Au in
enhancing the photoactivity of TiO, nanowires, we collected
IPCE spectra for bare TiO,, and Au NP- and Au NR-decorated
TiO, electrodes at 0 V versus Ag/AgCl. IPCE values at specific
wavelengths were calculated based on the following equation:'®

IPCE = (12401)/ (’Uhght)

where I is the measured photocurrent density, Jyg is the
measured irradiance at a specific wavelength, and A is the
incident light wavelength. The results of IPCE analysis are
shown in Figure 4, which revealed several important features.
First, for all samples the observed photocurrent is dominated by
the photoactivity of TiO, in the UV region, reflecting the highly
efficient photoconversion of UV light by the TiO, nanowires
(Figure 4a). Second, the relatively weak photoresponse in the
visible region explains the small photocurrent obtained under
visible-light illumination. Additionally, only Au NP-decorated
TiO, electrode showed improved photoactivity in the UV
region compared with the bare TiO,, which is consistent with
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Figure 4. (a) IPCE plots of bare TiO, (), NP-2-TiO, (O), NR-TiO,
(A), and NP-NR-TiO, (V) electrodes collected at 0 V versus Ag/
AgCl with the incident wavelength between 300 and 800 nm. (b)
Magnified IPCE plots of NP-2-TiO, and NR-TiO, electrodes in the
incident wavelength between 450 and 800 nm, highlighted by the
dashed box in panel a. The corresponding absorption spectra of NP-2-
TiO, and NR-TiO, are also included for comparison. (c) Magnified
IPCE plots of bare TiO, and NP-NR-TiO, in the incident wavelength
between 450 and 800 nm.

its exclusive photocurrent enhancement observed under white-
light illumination. Last but not least, both Au NP- and Au NR-
decorated TiO, electrodes showed photoactivity enhancement
in the visible region when compared with the bare TiO,. It is
noteworthy that Au NP- and Au NR-decorated TiO, electrodes
have IPCE peaks at different incident light wavelengths, which
are well-matched with their corresponding SPR absorption
peaks in the visible region (Figure 4b). This SPR wavelength-
dependent IPCE feature signifies that excitation of the Au SPR
is responsible for the improved visible-light photoactivity of the
present Au-decorated TiO, nanowires. These results also
demonstrated that the plasmon-enhanced photoactivity of
TiO, is wavelength-tunable by manipulating the shape of the
decorating Au nanostructures. In this regard, we further deposit
a mixture of Au NPs and NRs on TiO, nanowire electrode
(denoted as NP-NR-TiO,), with a goal of expanding its

dx.doi.org/10.1021/nl4018385 | Nano Lett. 2013, 13, 3817—3823
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photoactivity. Significantly, as shown in Figure 4c, the NP-NR-
TiO, electrode exhibited uniformly high IPCE values in the
entire visible-light region, which is equivalent to the over-
lapping wavelength region of NP-2-TiO, and NR-TiO,
electrodes. The photoactivity of NP-NR-TiO, in the wave-
length between 450 and 600 nm is comparable to that of NP-2-
TiO,. In comparison with the NR-TiO, sample, the increased
photoactivity of NP-NR-TiO, in the wavelength beyond 600
nm was due to the increased loading of Au NRs. Furthermore,
we attempted to improve the IPCE performance by increasing
the coverage of Au nanostructures. However, the photocurrent
of the Au/TiO, photoelectrodes decayed when the coverage of
the Au nanostructures increased. This was believed to be due to
the overloading of Au nanomaterials that not only blocked the
light absorption of TiO, nanowire but also reduced the
interfacial surface area between TiO, and the electrolyte, which
hindered the transfer of photoexcited holes to the electrolyte
for water oxidation.

Several different roles of Au nanostructures in enhancing the
photoactivity of semiconductors have been proposed in
previous studies, which included the local electric field
magniﬁer,”’47 the resonant photon scattering center,? as well
as the hot electrons generator.”®” For both electric-field
magnification and photon scattering effect, the enhancement of
photoactivity should be observed only when the SPR of Au
spectrally overlaps with the absorption of semiconductors. For
hot electron generation mechanism, it is believed that Au
nanostructures serve as a photosensitizer that generates high-
energy electrons upon SPR excitation and injects them into the
conduction band of the semiconductor. With the efficient
supply of hot electrons, semiconductors decorated with Au can
exhibit significantly enhanced photoactivity under visible-light
illumination.”*** To better understand the mechanism of
plasmon-enhanced photoactivity in the current system, we
investigated the interaction between incident light, TiO,
nanowires, and the decorated Au. The incident light can
interact with Au-decorated TiO, nanowire electrodes in three
different ways: (1) reflected by the electrode; (2) absorbed by
TiO, nanowires, and (3) excited surface plasmons of Au.** In
the first case, incident light will, in general, be partially reflected
upon the electrode surface because of the high refractive index
of rutile TiO, (RI = 2.7).***° The decorated Au can, however,
scatter the reflected light back to TiO, to improve the overall
photon harvesting efficiency. Nevertheless, we suggest that the
contribution from light scattering of Au was relatively
insignificant considering that the percentage of the decorating
Au was rather low (<3.0 wt %). In the second case, the incident
photons will be absorbed by TiO, nanowires and generate
photoexcited electrons and holes. The holes will diffuse to the
TiO,/water interface for water oxidation. Meanwhile, the holes
can also recombine with electrons in trap states of TiO,.
Therefore, a high density of surface trap states can negatively
affect the photoelectrochemical performance of TiO, electrode.
We seek to understand the influence of depositing Au on TiO,
surface on the hole loss associated with trap-state-mediated
electron—hole recombination. Photovoltage decay measure-
ment has recently been proven to be a useful method to
examine the presence of trap states in photoanode material.>’
We collected photovoltage—time (V—t) spectra for bare TiO,
and Au NP- and Au NR-decorated TiO, electrodes (Figure S)
and calculated the decay lifetime of each V—t profiles by fitting
to a biexponential function with two time constants:
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y(t) = Ag + AeT + Ay

7, = (77,) /(7 + 7,)

where 7, is the harmonic mean of the lifetime and the total half
life is log(2 X 7,,). The total half life of bare TiO,, NP-2-TiO,,
and NR-TiO, electrodes was estimated to be 1.94, 0.29, and
1.4S s, respectively. The rapid decay of NP-2-TiO, suggests that
the deposition of Au NPs could possibly remove surface trap
state and reduce the loss of holes via electron—hole
recombination. In contrast, the total half life of NR-TiO, is
just slightly lower than that of bare TiO,. This could be due to
the fact that the presence of surface ligands (MPA) between Au
NRs and TiO, nanowires limits the ability of Au NRs from
effectively passivating surface states, while the growth of Au
NPs directly onto the TiO, surface maximizes surface
passivation. Importantly, the photovoltage decay results
support the improved transfer of photoexcited holes to TiO,
surface for promoting water oxidation upon the deposition of
Au NPs. This consequence further infers a conclusion that the
enhanced photoactivity of Au NP-decorated TiO, electrode in
the UV region may be attributed to the passivation of surface
trap states.

In the third case, illuminating the decorated Au with visible
light can excite surface plasmons that rapidly decay via a series
of energy-transfer processes. These processes include resonance
photon scattering, plasmon resonance energy transfer (PRET),
or production of hot electrons. The resonance photon
scattering can be excluded because it normally occurs in large
plasmonic nanostructures (over 50 nm in size).SI’52 The effect
of PRET describes the interaction of TiO, with the SPR-
induced electric-field amplification localized nearby at the
decorating Au. This interaction promotes the photon
absorption of TiO, and results in enhanced optical absorption
for TiO,. To assess the extent of electric field amplification
upon SPR excitation and its possible contribution to the
photoactivity enhancement, we performed the 3-D finite-
difference time domain (FDTD) simulation to calculate the
spatial distribution of electric-field intensity at the interface of
Au and TiO, as a function of incident light wavelength. The
model for FDTD calculation was depicted in Figure 6a, which
contains TiO, nanowire domain with width of 50 nm, Au NP
with diameter of 10 nm, and Au NR with width and length of
15 and 40 nm. We collected the electric-field intensity versus
wavelength data and assumed the incident light traveling along
y and z axes. As shown in Figure 6a, the electric-field intensity
of Au NP- and Au NR-decorated TiO, nanowires was greatly
increased in the visible region corresponding to their SPR
absorption peaks, qualitatively consistent with the electro-

dx.doi.org/10.1021/nl4018385 | Nano Lett. 2013, 13, 3817—3823
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Figure 6. (a) Simulated electric-field intensity plot for bare TiO,, NP-
TiO,, and NR-TiO, nanowires as a function of incident light
wavelength. Inset shows schematic model of NP-TiO, and NR-TiO,
nanowires for FDTD simulation. (b,c) Spatial distribution of electric
field on the y—z plane for NP-TiO, and NR-TiO, nanowires. The
incident light is along a specific direction (y or z axis).

magnetic field enhancement mechanism typically addressed for
plasmonic Au. In addition, a noticeable electric-field increase at
the wavelength between 300 to 400 nm was observed for Au
NP-decorated TiO, sample, which is especially important
because it overlapped with the absorption edge of TiO,. Figures
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6b,c further displays the spatial distribution of electric-field
intensity at the Au/TiO, interface as the monochromatic
incident light travels along a specific direction (y or z axes).
Under incident light of 390 and 550 nm, the electric-field
intensity at the Au NP/TiO, interface was increased by two and
five times the magnitude, respectively. Likewise, for Au NR-
decorated TiO, structure, the electric-field intensity at the
interface was improved by 15 times the magnitude under
incident light of 750 nm. The increase in electric field in the
visible region was significant for both Au NP- and Au NR-
decorated TiO,, and it could be accountable for the observed
visible light photoactivity enhancement, although there was no
spectral overlap between the amplified electric field and the
absorption edge of TiO,. However, it is known that there are
defect states within the band gap of TiO,.>”** The low density
of these defect states limits the visible-light absorption and thus
the photoactivity of TiO, in visible region. However, the
decoration of Au nanostructures on TiO, could lead to
substantially enhanced electric field in the visible region and
thus visible absorption and photoactivity of TiO,. On the
contrary, the less significant increase in electric field in the UV
region for Au NP-decorated TiO, sample could lead to its
enhanced photoactivity because the amplified electric field in
the UV region overlaps with the TiO, absorption. This
wavelength-dependent FDTD study supports the fact that the
enhanced IPCE values of Au NP-decorated TiO, nanowires in
the UV region are partially due to increased optical absorption
of TiO, resulting from the PRET effect. Another possible
process following the SPR excitation is the generation of
energetic hot electrons in Au. It has been suggested that if the
hot electrons possess sufficient energy, then they can inject into
the conduction band of TiO,, leaving energetic positive charges
at Au that essentially function as holes for water oxidation
utilization.”>>* For the hot electron injection mechanism, the
photoactivity enhancement can occur at energy well below the
band gap of TiO,. Therefore, the enhanced photoactivity of Au
NP- and Au NR-decorated TiO, nanowires in the visible region
is mainly ascribed to the hot electron generation upon SPR
excitation.

In summary, we demonstrated that the photoactivity of Au
nanostructure-decorated TiO, nanowire electrodes for photo-
electrochemical water oxidation can be effectively enhanced in
the entire UV—visible region by adopting different shapes of
the decorating Au nanostructures. The results of IPCE
measurement, photovoltage experiment, and FDTD simulation
suggest that the enhanced photoactivity of Au NP-decorated
TiO, nanowires in the UV region is due to effective surface
passivation as well as electric-field amplification effect, while the
photoactivity enhancement in the visible region for Au
nanostructure-decorated TiO, samples is mainly caused by
the electrical field amplification effect and hot electron
generation upon SPR excitation. The ability to tune and
expand the photoactivity of Au-decorated TiO, electrodes from
the UV to the visible region makes it possible to design
composite plasmonic metal/semiconductor photoelectrodes to
more effectively utilize the solar spectrum.
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