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ABSTRACT: A one-compartment H,0, photofuel cell (PFC) with a photoanode based on InGaN nanowires (NWs) is introduced
for the first time. The electrocatalytic and photoelectrocatalytic properties of the InGaN NWs are studied in detail by cyclic
voltammetry, current versus time measurements, photovoltage measurements, and electrochemical impedance spectroscopy. In
parallel, IrOx(OH)y as the co-catalyst on the InGaN NWs is evaluated to boost the catalytic activity in the dark and light. For the
PFC, Ag is the best as the cathode among Ag, Pt, and glassy carbon. The PFC operates in the dark as a conventional fuel cell (FC)
and under illumination with 25% increased electrical power generation at room temperature. Such dual operation is unique,
combining FC and PFC technologies for the most flexible use.

1. INTRODUCTION possible only for enzymatic bio-FCs, taking advantage of the
high selectivity of enzyme catalysts for the oxidation of
biological compounds which, however, sets free CO,."*~"
An advanced development in FC technology is the photofuel
cell (PFC) which potentially provides high voltage and power
due to the input of light. PFCs most commonly employ TiO,
photoanodes and suitable metal cathodes.'™'® However, due
to the large band gap energy of TiO,, such PFCs only capture
5% of the solar energy in the ultraviolet spectral region. Other
metal oxides under investigation are hampered by high carrier
recombination rates and small carrier mobilities. In search for
the best materials, InGaN is highly attractive. InGaN has a
direct energy band gap which is tunable over the whole visible
spectrum from the ultraviolet (GaN, 3.4 eV) to the near-
infrared (InN, 0.7 eV) by the In content.'” InGaN has a large
absorption coefficient, a high carrier mobility,zo’21 and it is
chemically very stable. InGaN, so far, has not been

Solar fuels will solve the severe problems of climate change and
environmental pollution caused by the burning of fossil fuels."””
A sustainable, clean solar energy cycle involves the production
of solar fuels, the storage and transport, and the conversion to
energy forms such as electricity or heat for use.”” The
production of hydrogen by photoelectrochemical water
splitting in combination with fuel cells (FCs) for electricity
generation is the most direct and advanced concept.””"
However, the realization of such an envisioned hydrogen
economy currently faces difficulties with the hydrogen storage
and transport, as well as safety concerns, which have to be
solved. An immediate solution is hydrogen peroxide, H,0,, as
the solar fuel”™'' Like hydrogen, it can be produced by
photoelectrochemical oxidation of water or the reduction of
oxygen gas; it has a comparable high energy density, a
comparable redox potential, and remains liquid at room
temperature for easy storage and transport. For the generation

of electricity in FCs, only water and oxygen gas remain. Received: April 8, 2021
Furthermore, H,0, has the huge advantage of allowing simple Accepted:  June 17, 2021
and cheap one-compartment FC designs without the need for Published: July 1, 2021

membranes and different electrolytes. This is because H,O,
acts as a fuel and, at the same time, as an electron acceptor or
oxidant."* Such one-compartment FC realizations were so far
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Figure 1. (a) Top-view SEM image and (b) cross-sectional SEM image of InGaN NWs on Si(111). (c) Omega-two-theta XRD spectrum in the
vicinity of the (0002) InGaN Bragg reflection. (d) Cross-sectional TEM image and (e) high-resolution TEM image of an individual InGaN NW.

Inset in (e) FFT of the high-resolution TEM image.
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Figure 2. (a) Cross-sectional TEM image of an individual InGaN/ IrOx(OH)y NW. The red circles indicate collections of IrO,( OH)y nanoparticles.
(b,c) XPS spectra of the (b) Ir 4f region and the (c) O 1s region for the InGaN/ IrOx(OH)y NWs.

implemented in PFCs. Moreover, strategies to boost the
efficiency of photoelectrodes, such as surface modification by
co-catalyst coupling,é’zz’23 heterostructuring,z“_26 and light
management”’ > are barely adopted in PFC technology.
Here, we describe a one-compartment H,0, PFC with
InGaN nanowires (NWs) as the photoanode and a Ag wire as
the cathode. To boost the output power to competitive values,
the InGaN NWs are decorated with IrOx(OH)y nanoparticles.
IrO,(OH), is an established, widely studied electrocatalyst for
the oxygen evolution reaction of water.””" The electro-
catalytic and photoelectrocatalytic properties of the InGaN
NW photoanode and InGaN/ IrO(OH)y NW photoanode are
studied in detail in the dark and light by cyclic voltammetry
(CV), current density versus time (I—t) measurements,
photovoltage versus time (PV—t) measurements, and electro-
chemical impedance spectroscopy (EIS). For the one-
compartment H,O, PFC, Ag is identified to be the best
cathode material among Ag, Pt, and glassy carbon (GC). The
PEC operates in the light and also in the dark as conventional
FC with high electrical output power at room temperature.

2. RESULTS AND DISCUSSION

2.1. Structure. Figure la,b shows the top-view scanning
electron microscopy (SEM) image and cross-sectional SEM
image of the InGaN NWs on a Si(111) substrate. Two-
dimensional and three-dimensional atomic force microscopy
(AFM) images of the NWs are presented in Figure SI1. The
average diameter and length of the NWs are 60 and 600 nm,
respectively. The cross-section of the NWs is slightly
elongated. The NWs are distributed discreetly and uniformly
with the NW axis oriented perpendicular to the substrate
surface. An omega-two-theta X-ray diffraction (XRD) spec-
trum recorded around the InGaN(0002) Bragg reflection is
shown in Figure lc. An omega-two-theta XRD spectrum
including the Si(111) reflection is shown in Figure S2. The
InGaN(0002) reflection is centered at 16.95° giving an In
content of 22% by applying Bragg’s law and Vegard’s law:
X(inGal_) = (3.03)/sin O1neGar_an) — 10.2.*” Transmission

electron microscopy (TEM) investigations, shown in Figure
1d,e, reveal well-resolved lattice fringes in the high-resolution
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Figure 3. (a) Cross-sectional TEM image of InGaN/IrO,(OH), NWs. (b—f) TEM—EDS element mappings of In, Ga, N, Ir, and O.
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Figure 4. CV curves taken in 0.5 M H,0, and 0.5 M Na,SO, electrolyte for the (a) InGaN NWs and (b) InGaN/IrO,(OH), NWs in the dark. CV
curves without H,0, are shown for comparison. (c) CV curves of the InGaN NWs and InGaN/ IrOx(OH)y NWs under 1 sun illumination. The CV
scan rates are SO mV/s. The crosses indicate the peak current densities in the dark from (a) and (b). (d) I—t curves of the InGaN NWs and
InGaN/IrOx(OH)y NWs with 0.5 M H,0, and 0.5 M Na,SO, electrolyte at +0.6 V under chopped light with 10 s on—off cycles.

image in (e). The growth direction is along [0001], and the
wurtzite crystal structure is confirmed from the fast Fourier
transform (FFT) image of the high-resolution TEM image in
the inset of (e).

After depositing the IrO,(OH), co-catalyst, dense, amor-
phous nanoparticles with diameters of 2—5 nm®” cover the
InGaN NW surface, as visible in the TEM image in Figure 2a.
Collections of nanoparticles are surrounded by the red circles.
The X-ray photoelectron spectroscopy (XPS) spectra in Figure
2b,c confirm the nanoparticle compound as IrOx(OH)y. The
four fitted peaks in the spectrum in the Ir 4f region in Figure
2b centered at 64.6, 61.7, 64.1, and 61.2 eV are ascribed to Ir"
4f; ), ItV 4f, ), It' 4f; 5, and Ir' 4f, . In the spectrum in the O
1s region in Figure 2c, the fitted peak centered at 530.35 eV is

17466

associated with the Ir—O bond. The fitted peak centered at
532.2 eV indicates the Ir—OH bond, which is established due
to the IrOx(OH)y synthesis and electrochemical experiments in
aqueous solutions.”** In the XPS spectra of InGaN, there are
no changes upon the deposition of IrO,( OH)y. Also, there are
no changes during the photoelectrochemical oxygen evolution
reaction, which has been confirmed before.”’

The element distributions are deduced from energy
dispersive X-ray spectroscopy (EDS) mappings in Figure 3
that are taken from the NWs shown in the cross-sectional
TEM image in (a). The element distributions of In, Ga, N, Ir,
and O in (b—f) coincide well, following the straight NW
geometry. Naturally, the N and O distributions are more
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Figure 5. (a) Open-circuit photovoltage of the InGaN NWs and InGaN/ IrOx(OH)y NWs under light on—off cycles in 0.5 M H,0, and 0.5 M
Na,SO, electrolyte. (b) EIS measurements at +0.4 V presented as Nyquist plots of the InGaN NWs and InGaN/ IrOx(OH)y NWs in 0.5 M H,0,
and 0.5 M Na,SO, electrolyte in the dark and light. Inset: Equivalent circuit. R, denotes the charge transfer resistance, R; denotes the series
resistance, and CPE denotes a constant phase element to account for the highly non-planar NW structure.

blurred. The IrO,(OH), nanoparticles are evenly distributed
on the surface of the InGaN NWs.

2.2. Photoelectrocatalytic Activity of InGaN NWs and
InGaN/IrO,(OH), NWs. The catalytic activity of the InGaN
NW photoanode and InGaN/IrOx(OH)y NW photoanode
toward the oxidation of H,0O, is assessed in three-electrode
configuration by CV and current density versus time (I—t)
measurements. Figure 4a,b depicts the CV curves taken in the
dark for the InGaN NWs and InGaN/ IrOx(OH)y NWs in the
presence of H,0,. The CV curves without H,O, are also
shown. Pronounced oxidation peaks are revealed for both
electrodes in the presence of H,0, which are absent without
H,0,. Without H,0,, pure capacitative behavior is observed.
This evidences the oxidation of H,O, rather than the oxidation
of the electrodes. This is expected from the high chemical
stability of InGaN, supported by the IrO,(OH), co-catalyst.
Compared to the InGaN NWs, the onset potential and peak
potential for the oxidation of H,O, for the InGaN/IrO,(OH),
NWs are shifted by 0.2 and 0.25 V to lower values with respect
to those for the InGaN NWs. The peak current density for the
InGaN/IrO,(OH), NWs is 150% larger than that for the
InGaN NWs. This confirms that IrO,(OH), is an efficient co-
catalyst for the oxidation of H,0,. Notably, in the diffusion
limited regime, for not too low scan rates, the peak current
should not depend on the reaction rate, as described by the
Randles—Sevcik equation. For this reason, in the CV curves for
the InGaN NW photoanode and InGaN/IrO,(OH), NW
photoanode under 1 sun (AM 1.5, 100 mW cm™?)
illumination, as shown in Figure 4c, the peak current densities
are not changed much compared to those in the dark.
However, the peak current voltages are clearly reduced. For
better comparison, the peak current densities in the dark are
indicated by crosses. In the presence of H,0,, the negative
current densities in Figure 4a—c are caused by the reduction of
H,0, at the InGaN electrode and oxidation of H,0, at the GC
electrode for negative bias due to the easy reduction and
oxidation reversal for H,0, under external bias.

The I—t measurements of the InGaN NWs and InGaN/
IrO,(OH), NWs measured at a constant voltage of +0.6 V (vs
Ag/AgCl) under chopped 1 sun illumination are shown in
Figure 4d. The photocurrent density for the InGaN/
IrO,(OH), NW photoanode, which is given by the current
density under illumination minus the current density in the
dark, is enhanced by up to 145% compared to that for the
InGaN NW photoanode. The dark current density for the
InGaN NWs is relatively low. The dark current density is
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significantly higher for the InGaN/IrO,(OH), NWs. The dark
current density for the InGaN/IrOx(OH)y NWs is around half
the photocurrent density. Hence, both the InGaN NWs and
InGaN/ IrOx(OH)y NWs reveal electrochemical activity in the
dark, which is strongly enhanced under illumination and
further boosted by the IrO,(OH), co-catalyst. This corre-
sponds to the voltage shifts in the CV measurements. The
initial decay of the dark current density and photocurrent
density after starting the measurement is due to the approach
of equilibrium between the reaction of H,O, at the electrode
surface and the diffusion of H,0, to the electrode surface.
After that, the dark current density and photocurrent density
are stable, confirming the chemical stability of the InGaN NWs
and InGaN/ IrOx(OH)y NWs. The chemical stability of InGaN
against oxidation in aqueous solutions has been shown in our
previous work. This stability is even improved by co-catalysts,
promoting the oxidation of the target analyte rather than the
oxidation of the electrode. For example, XPS spectra are
unchanged after photoelectrochemical water splitting and the
photocurrent density is stable over many hours.”” However, in
the case of H,0, oxidation, the adhesion of O, bubbles at the
photoanodes leads to instability of the dark current density and
photocurrent density after several minutes. Therefore, very
long measurements cannot be performed. After removal of the
bubbles, the dark current density and the photocurrent density
are recovered.

For a complementary assessment of the electrochemical
catalytic activity of the InGaN NWs and InGaN/IrO,(OH),
NWs, the photovoltage under open-circuit conditions for light
on—off cycles is measured. Figure Sa presents the photovoltage
and its transients in the photovoltage versus time (PV—t)
measurements. The light off—on transient is due to the
accumulation of photogenerated holes at the InGaN NW
surface, screening the near-surface built-in electric field and,
thus, reducing the near-surface upward energy band bending of
the n-type InGaN NWs. The InGaN NWs are n-type because
defects act as donors. Consequently, the photovoltage is
negative. As expected, the light off—on transient is similar for
both photoanodes as the built up of the hole surface
accumulation is largely unaffected by the presence of the
IrOx(OH)y co-catalyst. In contrast, for the light on—off
transient, there is a marked difference. The light on—off
transient is determined by the decay of the hole surface
accumulation due to surface recombination and transfer of
holes consumed in the H,0O, oxidation reaction. As the
IrOx(OH)y co-catalyst enhances the H,O, oxidation rate, as
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revealed by the CV and I—t measurements, the on—off
transient is much faster for the InGaN/IrO,(OH), NW
photoanode. This confirms the catalytic activity of IrO,(OH),
on the InGaN NWs.

The enhanced hole transfer for the InGaN/ IrOx(OH)y NwW
photoanode is underlined by the EIS measurements performed
in the dark and light at +0.4 V (vs Ag/AgCl) with H,0,. The
Nyquist plots together with the equivalent circuit in the inset
are shown in Figure 5b. The diameter of the semicircles gives
the charge transfer resistance (R.) which is reduced for the
InGaN/IrO,(OH), NW photoanode compared to that for the
InGaN NW photoanode from about 420 to 240 KQ in the
dark. This confirms the enhanced charge transfer for H,0,
oxidation in the presence of the IrO,(OH), co-catalyst.*>*

2.3. One-Compartment H,0, PFC. One-compartment
H,0, PFCs employing the InGaN NWs or InGaN/IrO,(OH),
NWs as the photoanode are constructed. Figure 6 illustrates
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Figure 6. Schematic illustration of the H,0, PFC, the InGaN/
IrOx(OH)y NW photoanode structure, and the reaction mechanism,
including photocarrier generation, separation, transfer, and H,0,
oxidation.

the scheme and working principle. The photoanode and
cathode are immersed in the same electrolyte with H,O, for
the anodic and cathodic reactions. There is no membrane
separating the photoanode from the cathode. When light is
incident on the photoanode, electrons and holes are photo-
generated and separated due to the near-surface upward energy
band bending in the InGaN NWs. The photogenerated holes
are driven toward the electrode/electrolyte interface to oxidize
H,0,. The photogenerated electrons are transferred to the
cathode to reduce H,0,. The anodic and cathodic reactions

read as follows®”**
anode: H,0, + 2h" — 0, + 2H"; 0.68V (1)
cathode: H,0, + 2H" + 2¢” — 2H,0; 177V
)
overall reaction: 2H,0, — O, + 2H,0; 1.09V
()

H,0, acts as fuel which is oxidized at the anode and as the
electron acceptor or oxidant which is reduced at the cathode.
This allows the simple one-compartment PFC with only one
electrolyte and no membranes.

For PFC performance, in addition to an efficient photo-
anode, the choice of the cathode material is crucial. In Figure
7a,b, the current density versus voltage (I—V) measurements
and deduced power density'® versus voltage (P—V) curves are
compared for Ag, Pt, and GC employed as cathode materials.
The InGaN NWs are the photoanode. The quasi-static scan

rate for taking the I-V curves is 10 mV/s. As a result, Ag
performs best, exhibiting a high catalytic activity for the
reduction of H,O,. In general, a H,0, FC generates power
when the anode catalyst oxidizes H,O, at a more negative
potential than the potential at which the cathode catalyst
reduces H,O,. Therefore, to understand the superior perform-
ance of Ag, the Ag, Pt, and GC electrodes are characterized
individually as working electrodes in a three-electrode
configuration by CV with and without H,0,, shown in Figure
S3. Ag exhibits the most positive onset potential for the
reduction of H,O,, which has also been reported before.*”

For demonstrating maximized PFC performance, Figure
7¢,d depicts the I-V curves and corresponding P—V curves for
the H,0, PFC constructed with the InGaN NW photoanode
or InGaN/IrO,(OH), NW photoanode and a Ag wire as the
cathode. The I-V curves and P—V curves for the InGaN NW
PEC show clear operation in the dark and light. In the dark,
the performance is that of an ordinary one-compartment H,O,
FC.”” As mentioned, power is generated when selective
oxidation of H,0, occurs at the anode at a lower potential
in conjunction with selective reduction of H,O, at the cathode
at a higher potential. Clearly, the InGaN NW anode with low
reduction potential together with the catalytically highly active
Ag cathode fulfill these conditions. However, the current
densities and output power densities are relatively low. For the
InGaN/IrO,(OH), NW PFC, the current density, open circuit
voltage, and power density in the dark amount to 2.5 mA cm™2,
024 V, and 0.12 mW cm™> respectively. Under 1 sun
illumination, the current density reaches 2.75 mA cm™, the
open circuit voltage reaches 0.24 V, and the maximum power
density reaches 0.16 mW cm™% This performance of the
InGaN/IrO,(OH), NW PFC under illumination is highly
competitive with that of reported PFCs employing other
photoanodes, which is summarized in Table 1."°7'>*° The key
feature of the InGaN/IrOx(OH)y NW PEC is the operation in
both light and dark conditions with high output power. This,
to the best of our knowledge, has not been reported by others.
The PFC output power under illumination adds to the FC
output power in the dark, providing high flexibility of
operation. The I-V curves are stable over timescales of a
few minutes. Then, the adhesion of O, bubbles due to H,0,
decomposition at the electrodes leads to instability and current
reduction, as discussed above. After removal of the bubbles,
the I-V curves are recovered.

3. CONCLUSIONS

We have introduced a one-compartment H,O, PFC cell with a
photoanode based on InGaN NWs for the first time. The NWs
were coated with IrOx(OH)y nanoparticles acting as the co-
catalyst. The electrocatalytic and photoelectrocatalytic proper-
ties of the InGaN NW photoanode and InGaN/IrOx(OH)y
NW photoanode were studied by CV, current versus time
measurements, photovoltage measurements, and EIS in the
dark and light. For the cathode, Ag was found to be the best
among Ag, Pt, and GC. The one-compartment H,O, PFC
operates in the dark as conventional FC and under
illumination with high electrical power generation. This dual
operation is unique in combining electrocatalytic and photo-
electrocatalytic FC and PFC technologies.
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Figure 7. (a) I-V curves and (b) P—V curves of the H,0, PFCs with the InGaN NW photoanode and Ag, Pt, and GC cathodes under illumination
and in the dark. In the insets in (a,b), the vertical scales are reduced. (c) I-V curves and (d) P—V curves of the H,0, PFCs with the InGaN NW
photoanode or InGaN/ IrOx(OH)y NW photoanode and a Ag cathode under illumination and in the dark. The solution is 0.5 M H,0, and 0.5 M

Na,SO, electrolyte.

Table 1. Performance Parameters of One-Compartment H,0, PFCs Taken from the Literature and This Work

samples electrolyte
TiO,/FTO 0.1 M NaClO, and 0.1 M H,0,
TiO,/FTO 0.1 M NaClO, and 0.1 M H,0,
WO, seawater (containing ca. 48 mM H202)
BiVO,/FTO 0.1 M NaClO, and 0.1 M H,0,
Si/InGaN/IrO,‘(OH)y 0.5 M Na,SO, and 0.5 M H,0,

Joo/mA cm ™2 V,./V P, ./mW cm™> refs
0.197 0.607 0.0493 10
1.57 0.787 11
0.78 1.6 12
0.81 0.61 0.13 40
2.75 0.24 0.16 this work

4. EXPERIMENTAL DETAILS

4.1. Growth of InGaN NWs. The InGaN NWs were
grown on p-type Si(111) substrates by plasma-assisted
molecular beam epitaxy (PA-MBE). The In and Ga metal
fluxes were provided by standard Knudsen effusion cells. The
active nitrogen species were generated with a radio frequency
(RF) plasma source. The Si substrates were cleaned in 10 wt %
HF aqueous solution for 1 min before loaded into the MBE
chamber. After degassing in the MBE buffer chamber for 1 h at
300 °C, the Si substrates were transferred to the MBE growth
chamber, annealed for 10 min at 900 °C (thermocouple
reading) and nitrided in active N flux for S min to form a thin
SiN,, layer. This SiN, layer improves the InGaN crystal quality
without introducing a significant electrical resistance to the
well-conductive Si/InGaN interface junction.39 For InGaN
growth, the substrate temperature was 610 °C (thermocouple
reading) with an In- and Ga beam equivalent pressure of 7.6 X
1078 and 1.32 x 1077 Torr, respectively. The active N RF
source parameters were 350 W and 1.7 standard cubic
centimeter per minute (sccm) molecular N, flux rate. The
growth time was 1 h.

4.2, Synthesis of IrO,(OH), Co-catalyst Nanoparticles.
0.01 g of Na,IrCls-6H,0O was slowly dissolved in 2 mL of 0.1
M aqueous NaOH solution with magnetic stirring until the
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color of the solution turned amber. After cleaning with
acetone, deionized water, ethanol and again water, the InGaN
NW/Si samples were soaked into the Na,IrCl,/NaOH mixed
solution for 1 h and dipped in deionized water for 30 s. The as-
coated samples were dried at 80 °C for 15 min and further at
150 °C for 20 min in air. Then, the samples were annealed
with the annealing temperature raised to 200 and to 300 °C
within 100 min. The annealing was continued for 4 h at 300 °C
before cooling down.*> This preparation method does not
allow a systematic change of the IrO,(OH), coverage.
Attempts by varying the precursor concentration or rinsing
time easily caused loss of the photoelectrocatalytic activity.
Other co-catalysts have also been tried, including Pt and
NiOOH. IrOx(OH)y worked the best.

4.3. Electrode Preparation. The samples were coated
with In—Ga eutectic on the back side of the substrate to form
an ohmic contact and glued on a Cu conductive adhesive tape
which was fixed on a supporting glass plate. The sample surface
was then covered by non-transparent silicone rubber, leaving
an opening for contact with the electrolyte.

4.4. Materials Assessment. The surface morphology and
cross-section of the samples were investigated by field-emission
SEM (FE-SEM; ZEISS Gemini 500) and AFM (Bruker
MultiMode 8). XRD (PANalytical X’Pert PRO) was
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performed using the Cu Kal,2 radiations. Detailed structural
characterization was by TEM (JEM-2100HR). XPS was
conducted by an XPS spectrometer (EscaLab 250Xi). The
XPS spectra were calibrated with respect to the C 1s peak. EDS
element mappings were carried out with an EDS spectrometer
(Aztec X-Max 80) attached to the TEM.

4.5. Electrochemical Measurements. The electrochem-
ical measurements were performed using an electrochemical
workstation (CHI 660E, Chenhua Instrument Co., Shanghai,
China). A three-electrode photoelectrochemical cell was used
to characterize the photoanodes and cathodes as working
electrodes with a saturated KCl Ag/AgCl reference electrode
and a GC counter electrode. The electrolyte was 0.5 M
Na,SO, aqueous solution with and without 0.5 M H,0,. CV
measurements were performed in the voltage range of —1 to
+1 V versus Ag/AgCl with a scan rate 50 mV/s. I—t
measurements at +0.6 V versus Ag/AgCl were performed
under chopped 10 s on—10 s off simulated sunlight (1 sun, AM
1.5, 100 mW cm™?, GLORIA-XS00A). PV—t measurements
were conducted in open-circuit configuration against Ag/AgCl,
switching from dark to light and back. EIS measurements were
taken in the frequency range of 10 Hz to 100 kHz in the dark
and light. A two-electrode photoelectrochemical cell with the
InGaN NWs or InGaN/IrOx(OH)y NWs as the photoanode
and a Ag wire, PT mesh, or GC as the cathode, immersed in
0.5 M Na,SO, aqueous solution with 0.5 M H,0,, was
constructed to evaluate the performance of the H,0, PFCs at
room temperature.
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