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Nowadays, the fabrication of photocathodes with high light-harvesting capability and charge transfer efficiency is a key

challenge for photoelectrochemical (PEC) water splitting. In this paper, a novel graphitic carbon nitride (g-C3N4) based
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photocathode was designed, prepared and used as photocathode for hydrogen generation from water. Here we employed g-

C:3N; as a photosensitizer and co-catalyst for photoelectrochemical hydrogen evolution for the first time. The g-C3N4 based

photocathode exhibited superior light absorbance and excellent photoactivity. Under irradiation, the photocurrent response

of the g-C3N4/NiO photocathode at a bias potential of 0 vs RHE is approximately ten times as that of the NiO photoelectrode
and twenty times as that of the g-C3Njs photoelectrode. And the g-C3N4/NiO photocathode has excellent activity for
hydrogen production with nearly 100% faraday efficiency without external co-catalyst and buffer solution. Moreover, the g-

C3N4/NiO photoelectrode showed superior stability both in nitrogen-saturated and air-saturated neutral environment.

1. Introduction

Over the past few decades, energy and environment issues have
become one of the most important and popular subjects at a global
level.! Compared with fossil fuels, hydrogen energy as an
environmentally benign fuel has higher calorific value, which is
almost four times higher than that of methane.”® Production of
hydrogen from water has been attracting a lot of attention because of
the possibility of generating a clean energy carrier without CO;
emissions, as well as opportunities in the field of energy storage.*
Photoelectrochemical (PEC) water splitting is the one of highly
promising methods to produce hydrogen, which captures and stores
solar energy in the simplest chemical bond (Hz), without any
undesired pollutants.>¢ In general, PEC devices are composed of two
different photoelectrodes, photocathode and photoanode, where
reduction and oxidation of water occurs with response to sunlight.
Whether the photoanode or photocathode generally consistses of
three  components, n-semiconductor or  p-semiconductor,
photosensitizer and co-catalyst.

In a PEC electrode, the light absorber is the key component that
needs to sensitize a wide band gap semiconductor and is also
coupled with a co-catalyst to drive the production of chemicals at the
electrode. The organic dyes, firstly appeared photosensitizer, suffer
from easily degrading for sensitized photoelectrodes due to the
desorption of dye molecules’ or the leaching of catalysts.®®
Subsequently, cadmium chalcogenide perfectly replace organic dyes
with appropriate band gap that can make use of the full spectrum of
sunlight, easy fabrication, large scale reducibility, a tunable light
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absorption spectrum through varying particle size and possible
multiple exciton generation.!® However, the toxicity and non-
abundant content of the cadmium element in cadmium
chalcogenide'"'? limit their wide uses.'® Therefore, the development
of a novel, non-toxic, low prices, efficient and stable light absorber
is of great significance. In addition, in order to accelerate electron
transfer, reduce the recombination of electrons and holes and
improve the efficiency of hydrogen production, certain co-catalyst is
essential.

As a metal-free photocatalyst, graphitic carbon nitride (g-C3Na)
has attracted intensive interest for its promising applications in
splitting water to produce H,!'* decomposition of organic
pollutants,'> and organic synthesis under light.'® The g-C3N4 has a
moderate band gap (2.7 eV) and consequently can absorb light up to
450 nm. Besides, g-C3N4 possesses high chemical and thermal
stability as well as fascinating electronic property.!” In
photocatalytic hydrogen production, lots of photocatalysts based on
g-C3Ny with various morphologies have been synthesized and
exhibited excellent photoactivity for H, generation.'®3* Recently,
Shalom et al. presented a highly ordered carbon nitride on different
substrates as electrocatalysts show high activity in the HER with low
overpotential and acceptable current densities.* Duan et al. fabricate
such a 3D hybrid film by integrating intentionally 2D porous g-C3N4
nanolayers with N-doped graphene sheets (denoted as PCN@-N-
graphene film), which exhibits a superior HER catalytic activity with
a low overpotential.* In summary, g-C3N4 can not only be used as a
photosensitizer but also could enhance the reactivity as a co-catalyst
in PEC hydrogen production. However, PEC studies involving g-
C3Ns-sensitized photoelectrodes®®” are scarcely studied to date.
Take this into account, we proceed on the design of g-C3N4
sensitized photocathode for H, envolution in water. Nickel oxide as
a p-type semiconductor, has been identified to be an excellent
platform for hole conduction.’®#" We imagine that g-C3Ns has the
ability to inject holes into NiO for fabricating a photocathode. That’s

because g-C3N4 has a more positive valence band potential than NiO.
41
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Recently, a hybrid NiO—g-CsNs photocatalyst for efficient
methylene blue degradation has been reported.*> And the improved
photoactivity of NiO—g-C3N4 photocatalysts could be ascribed to the
effective interfacial charge transfer between NiO and g-CsNa.
Appreciated from the foregoing, the combination of NiO and g-C3N4
may be an excellent system to achieve enhanced PEC properties. As
know, no report about the coupling of NiO and g-C3Ns; as a
photocathode for H» envolution has been reported. In this research,
we prepared NiO by hydrothermal process, and then coupling the g-
C3Ny with NiO with a facile thermal polycondenzation method
(Scheme S1). Under the prepared g-C3N4/NiO
photoelectrode achieved the highest photocurrent density at a bias
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potential of 0 vs RHE, which is approximately ten times as that of
the NiO photoelectrode and twenty times as that of the g-C3Ni
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2. Experimental section
2.1. Materials

Hexamethylenetetramine (CsH12N4), nickel (II) nitrate hexahydrate
(Ni(NOs)2:6H,0), thiourea, potassium chloride (KCl), hydrochloric
acid (HCl), sodium sulfate, ethanol, acetone and deionized water. All
of the materials were analytical grade and used as received without
further purification.

2.2. Preparation of Photocathode

Preparation of NiO/FTO electrode. The NiO/FTO electrode was
prepared according to our previous report.* The fabrication was
described briefly as follows: the FTO glass was placed in a mixed
aqueous solution, which contains 0.25 mol/L nickel(Il) nitrate
hexahydrate and 0.25 mol/L hexamethylenetetramine, heated at 100
°C for 12 min, then taken out and cleaned thoroughly with deionized
water and dried. Finally the as-fabricated FTO glass was annealed at
450 °C in muffle furnace for 2 h.

Preparation of g-C3N4/NiO/FTO electrode. The pristine g-
C3:Nu/NiO/FTO  electrode  obtained by  simply heating
thiourea/NiO/FTO at 500 °C for 2 h under N gas flowing. In detail,
the electrode was prepared as follows: firstly, the NiO/FTO electrode
was immersed in a saturated aqueous solution of thiourea for 4 h;
then, the thiourea/NiO/FTO was sintered under a gentle N, flow at
500 °C for 2 h using an alumina boat.

Preparation of g-C3N4/FTO electrode. The pure g-C3Ns sample
was prepared under same conditions for g-C3sN4/NiO/FTO electrode,
using thiourea as the raw material. Briefly, thiourea was placed in a
porcelain boat and heated at 500 °C for 2 h under N> atmosphere.
The yellow bulk g-C3;N4 was obtained and can be used after being
grinded. Deposition of g-C3N, onto the FTO was conducted by an
electrophoresis process. 10 mg g-C3Ns was added into isopropanol
(100 mL) with sonication dispersion for 3 h and then 10 mg
Mg(NOs3)2-6H20 was added into above suspension with ultrasonic
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dispersion for another 1 h. In succession, FTO as a cathode and Pt
wire as an anode were immersed in the stable suspension with a
distance of 1 cm. Then the electrophoretic deposition was performed
at 160 V for 1 min.

2.3. Characterization

The size and surface morphologies of the sample were investigated
by field emission scanning electron microscopy (FE-SEM) on a
Hitachi S-4800 and transmission electron microscopy (TEM) on a
JEM-2100 transmission electron microscope (JEOL, Japan). To
identify the composition and phase of sample, powder X-ray
diffraction (XRD) patterns were collected using a Bruker-AXS D8
advance diffractometer with Cu Ko radiation. The ultraviolet-visible
absorption spectra were recorded using a UV-1800 spectrometer
(Meipuda Instruments Co. Shanghai). To detect the chemical
composition and electronic structure of sample, X-ray photoelectron
spectroscopy (XPS) analysis was conducted using an ESCALAB
250 Xi (Thermo, USA) X-ray photoelectron spectrometer with Al
Ka line as the excitation source (hv = 1484.6 ¢V) and adventitious
carbon (284.6 ¢V for binding energy) was used as reference to
correct the binding energy of sample.

2.4. Photoelectrochemical Measurements

Electrochemical measurements were performed on a CHI 660E
electrochemical instrument (Chenhua Instruments Co. Shanghai)
with a standard three-electrode system. The prepared electrodes act
as working electrodes, using a Pt wire and Ag/AgCl (3M KCl) as
counter electrode and reference electrode, respectively. The light
source utilizes a 300 W Xe arc lamp and the average power density
was 245 mW/cm?. The electrolyte was Na,SOs aqueous solution.
This electrolyte solution was used for all experiments unless
otherwise mentioned. The three-electrode system and electrolyte
were then degassed using a mixture of 20% CHs in N, with the CHy
being used later as an internal reference for GC analysis. The amount
of H; evolved was determined with an gas chromatography (GC-
9790) equipped with a thermal conductivity detector (TCD). The
electric potential is calculated as follows:

E (V vs RHE) = E(vs Ag/AgCl) + 0.208 + 0.059pH
3. Results and discussion

3.1. Structure characterization

C3N4/NiO/FTO

and morphology of g-

In order to obtain the microscopic structures of g-CsN4/NiO and
blank NiO on FTO, we carried out SEM analyses. The
morphological changes of the NiO structure upon subsequent
deposition of g-C3N4 as shown in Figure 1(a) and 1(b), reveal that
some g-C3N4 nanosheets attached onto the surface of NiO porous
honeycomb structure. It is noted that some g-C3N4 nanosheets were
also filled in the NiO porous structure. After the g-C3N4 deposition,
the surface of the NiO eletrode appears to be tight and uniform, and
disperses evenly over the whole NiO substrate. Fig. 1(c) shows the
TEM image of the powder scraped from the g-C3N4/NiO film coated
on the FTO substrate. It can be found that the nanosheet morphology
existed in the g-C3N4/NiO composite powder, which should be

This journal is © The Royal Society of Chemistry 20xx
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Figure 1. (a) SEM image of NiO/FTO; (b) SEM, (c) TEM, and (d) HRTEM images of g-CsN4/NiO/FTO; (e) energy-filtered elemental mapping

image and (f) EDX spectrum of g-C3N4/NiO/FTO.

considered as the polymeric g-C3N4. The HRTEM image of g-
C3N4/NiO composite film (Fig. 1(d)) also shows some lattice fringes
of NiO can be observed on top of those of g-C3N4. The d spacing of
0.24 nm and 0.21 nm can be assigned to the (111) and (200) facets of
NiO. In addition, the EDX spectrum confirms the co-existence of Ni,
O, C and N (Fig. 1(f)); and the energy dispersive X-ray spectroscopy
(EDS) elemental mapping of Ni (yellow), O (green), C (purple) and
N (white) displayed in Figure 1(e) suggests a good dispersion of NiO
and g-C3Ny on the surface of FTO.

XRD technique was used to determine the crystalline features of
as-prepared electrodes. Figure S1 shows the XRD patterns for the
NiO/FTO electrode and g-C3N4/NiO/FTO electrode before and after
the reaction, respectively. For all the samples, the diffraction peaks
at 26.6 (110), 37.9 (200), 51.8 (211), 61.9 (310), 66.0 (301), and
81.2 (400) are attributed to the rutile SnO, phase (JCPDS No. 21-
1205) of the FTO substrate. No characteristic diffraction peaks of
NiO and g-C3;N; were observed for the composite films because of
their low content and poor crystallization. Furthermore, we carried
out the XRD patterns of the pure g-C3Ns powder which was
prepared under the same conditions as that on NiO/FTO. As shown
in Figure S2, two pronounced diffraction peaks are found at 27.4°
and 13.0° for g-C3N4 nanosheets, corresponding to the characteristic
interlayer stacking peak of aromatic systems (indexed for graphitic

This journal is © The Royal Society of Chemistry 20xx

materials as the 002 peak), and the interplanar separation (indexed as
the 100 peak), respectively, which is consistent with the XRD
pattern reported in the literature 242327363743 The results indicated
that g-C3N4 did form under this experimental conditions.

The composition and element valence of the heterostructured
films were investigated by X-ray photoelectron spectroscopy. The
XPS survey scans of g-C3Ni/NiO/FTO electrode indicate the
existence of Ni, O, Sn, C, and N (Figure 2a). The Ni 2p X-ray
photoelectron spectra of nickel oxide are shown in Fig. 2(b). The
spectra can roughly be divided into two edges split by spin-orbit
coupling, referred to as 2p1/2 (870-885 eV) and 2p3/2 (845-869 eV)
edges, respectively.** As shown in Fig. 2(b), the presence of Ni
2p3/2 peak at 853.9 eV which is in agreement with the Ni 2p3/2
binding energy (BE) values of NiO reported in literatures*+
indicates that Ni exists in NiO form. The corresponding O 1s spectra
are shown in Fig. 2(c). The presence of O Is signal at 529.5 eV
further confirms the presence of NiO phase. The other peak of O 1s
signal can be attributed to the O from SnOs.

The high-resolution XPS spectrum of C 1s provided in Fig. 2(d)
can be divided into three peaks with binding energy values of 284.8,
286.6 and 288.1 ¢V, respectively. The peak located at 284.8 eV can
be assigned to the C—C and/or adventitious carbon, and the peaks at
286.6 and 288.1 eV can be ascribed to the C-N—C and the C—(N)3

J. Name., 2013, 00, 1-3 | 3
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Figure 2. (a) Survey scan XPS spectra in the binding energy range 200-

N1s of g-C3N4/NiO.

group of g-C3Ny,2427:333537 regpectively. The Nls high resolution
spectrum in Fig. 2(e) can be fitted into three peaks. The peak 398.6
eV originates from the sp2-bonded N involved in the triazine rings,
which dominates in g-C3N4, while the peaks at 399.6 and 400.6 eV
indicate the presence of the tertiary nitrogen N—(C); group and
amino C-N-H.2!-3

This journal is © The Royal Society of Chemistry 20xx
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3.2. Photoelectrochemical properties

The optical absorption of the as-prepared g-CsN4 powder, NiO, and
2-C3Ny/NiO  electrodes measured using UV-vis diffuse
reflectance spectroscopy after deducting the absorbance of FTO
background. As presented in Fig. 3(a), the absorption edge of the
pure g-C3Ny was around 440 nm, and the bandgap energy (E;) was
thus determined to be 2.85 ¢V by measuring the x-axis intercept of

was
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an extrapolated line from the linear regime of the Tauc plot curve
(Fig. 3A, the inset). Furthermore, the black line obtained from
pristine NiO shows very weak absorption in the visible region, and
the red line originating from g-C3N4/NiO shows strong absorption in
350-460 nm region. Therefore, it can be seen that the absorption
peak of g-C3N4/NiO shifts significantly to longer
wavelengths as compared to NiO, which implies that the absorbance

sample

of the electrode has been enhanced.

The photocurrent response measurement was carried out in a 0.10
M Na,SO; electrolyte under irradiation using a 300 W Xenon lamp,
to investigate the photo-induced charge separation and electronic
interaction of g-C3N4 and NiO (Fig. 3(b)). It is clear that fast and
uniform photocurrent responses can be obtained with the electrodes
and the photoresponsive phenomenon is entirely reversible. The
photocurrent density of the g-C3N4/NiO/FTO electrode is
approximately 0.02 mA cm2 at 0 V vs RHE, which is almost twenty
times as that of g-C3N4+/FTO and ten times as that of NiO/FTO (Fig.
3b). This result indicated that the combination of NiO and g-C3N4
was an ideal system to achieve enhanced PEC properties.
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Figure 3. (a) UV-vis absorption spectra of g-CsNs powder, NiO
electrode and g-CsN4/NiO electrode; (b) Current density vs. time of
the three electrodes under chopped light illumination in 0.10 M
Na,SO, solution at bias potential of 0 V vs. RHE. The inset in (a) is
the Tauc plot providing the band gaps.
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Figure 4. Charge-t and current-t curves of the g-C3N4/NiO/FTO
electrode under illumination (a) at -0.2 V vs RHE in nitrogen
saturated Na,SO, (0.1mol/L) solution and (b) at 0 V vs RHE in air-
saturated Na,SO4 (0.1mol/L) solution.

As known, the photochemical stability of the electrodes is very
important for a PEC hydrogen generation system. Therefore, we
measured the time dependence of the PEC performance. Fig. 4(a)
and (b) demonstrate the photocurrent of the g-CsN4/NiO/FTO
electrode along with time in nitrogen saturated electrolyte and air
saturated electrolyte, respectively. We can see that the photocurrent
density always maintained steady during 10 hours in both conditions.
It is worth noting that a stable photocurrent density of 0.15 mA c¢cm™
was obtained in air saturated Na;SOs solution. This value is
considerably higher than that in nitrogen saturated electrolyte,
because electrons could not only reduce the protons and also reduce
the dissolved oxygen in the solution, resulting in the large
photocurrent.** The results indicated that the g-C3N4/NiO/FTO
electrode was highly stable either in the presence or in the absence of
oxygen. Namely, the g-C3N4/NiO/FTO electrode can keep stable
basically in many electrolyte solutions and conditions. In addition,
we also studied current density-potential curves of the g-
C3N4/NiO/FTO electrode through cyclic voltammetry for 200 cycles.
As can be seen from Figure S3, the shape of the first cycle and the
200th cycle are identical and basically coincided. It can also prove
the excellent stability of g-CsN4/NiO/FTO electrode. Therefore, a
novel, non-toxic, low prices, efficient and stable photocathode was
successfully prepared.

In order to show the influence of light and bias potential on PEC
H> evolution rate, PEC control experiments of NiO/FTO, g-
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C:Ny/FTO and g-C3N4/NiO/FTO under irradiation (or not) and
electrolysis (or not) were carried out and shown in Fig. 5(a). In the
case of photocatalysis (without external voltage), the amounts of
hydrogen production on all photoelectrodes were negligible for lack
of electron source. In the case of electrocatalysis (without
irradiation), the g-C3N4/NiO/FTO
generation rate while the NiO/FTO had a lower value and g-
C3N4/FTO had almost no yield. In the presence of both visible light

showed a low hydrogen
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Figure 5. (a) Hydrogen evolution using NiO/FTO, g-CsN4/FTO and g-
C3N4/NiO/FTO photocathodes 0.10 M Na,SO4 for 240 min under
different conditions: only light (without bias potential), only
electricity (at -0.2 V vs RHE without irradiation), light and electricity
(at -0.2 V vs RHE with visible light irradiation); (b) Photocurrent
density of the g-C3N4/NiO/FTO electrode in 0.10 M Na»SO, solution
under continuous irradiation at bias potential of -0.20 V vs. RHE; (c)
current density-potential curves of g-CsN4/NiO/FTO electrode in
N2/CH,4 saturated 0.10 M Na,SO4 with light or dark.
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and bias potential, it can be clearly seen that the g-C3N4/NiO/FTO
revealed higher activity with H, production rate of 0.16 umol h'! cm-
2, due to synergistic effect between g-C3;N4 and NiO for charge
transport. Furthermore, we compared the current density-potential
curves of this electrode in light and no light conditions (Fig.
5(c)),found that the current density under light illumination was far
greater than the value in the absence of light from -0.3 V to +0.3 V
(vs RHE). The above results show that the electrode we prepared is
an effective photocathode.

To confirm the faradaic efficiency of PEC hydrogen evolu-tion
using g-C3N4/NiO/FTO at E (vs RHE) = -0.2 V under irradiation, the
charge and current along with time were recorded and shown in Fig.
5(b). During the experiment for 240 min, total charge passing
through the electrode was 0.13 C, corresponding to 0.65 pmol
assuming that all the electrons are used to produce H>. The amount
of H (0.64 umol) measured by gas chromatographic analysis of the
head space, closely matched the number of electrons passed through
the circuit. As controls, we have conducted the hydrogen production
experiments on NiO/FTO and g-C3;N4/FTO electrodes, and found
that under the same conditions, the two electrodes can only produce
a negligible amount of hydrogen gas. This demonstrates that the
significant enhancement of PEC performance can be attributed to
synergistic effect between g-C3N4 and NiO. In addition, at the begin
of this experiment, when the light is off for 30 min, the current kept
constant at 2 pA-cm?, and the photocurrent rises rapidly to 10
pA-cm? when the light was turned on. The results indicated the
good light response of g-C3N4/NiO electrode in PEC hydrogen
evolution. Then, the XRD data and XPS data on the sample after the
test in Na;SOy solution was characterized to confirm that materials is
stable in the solution in Figure S1 and Figure S4. From the figure we
can see there are no significant changes in XRD data and in the XPS
data before and after the test in Na>,SOj4 solution, which indicates that
materials we prepared is stable in the solution. Considering the
results in Fig. 5 and Fig. S4 together, it can be considered that g-
C3N4/NiO is an efficient and stable photocathode for PEC hydrogen
production.

At last, we studied the practical use of our PEC system under
natural sunlight outdoors. As be shown in Figure S5 and S6, there is
a linear relationship between charge amount and time. That indicated
the g-C3N4/NiO photocathode possessed excellent stability. During
the experiment for 4 h, the total amount of H, measured by gas
chromatographic analysis of the head space is 0.47 pmol.
Considering the results, it can be considered that g-C3N4/NiO is also
an efficient and stable photocathode for PEC hydrogen production
with potential use under sunlight.

3.3. Proposed mechanism for the enhanced PEC properties

In the previous studies, photoluminescence (PL) analysis was used
to reveal the efficiency of charge carrier trapping, transfer, and
separation and to investigate the fate of photogenerated electrons and
holes in semiconductors, because the PL emission results from the
recombination of free charge carriers. Herein, we present the suitable
PL measurement for NiO/FTO, g-C3N4/FTO and g-C3N4/NiO/FTO
electrodes under photoexcitation at 325 nm, as shown in Figure 6(a).
The emission peak of pure g-C3N4 appears at about 440 nm, which is
in accordance with the bandgap of g-C3N4. This strong peak is

This journal is © The Royal Society of Chemistry 20xx
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attribued to the n—n* electronic transition involving lone pairs of
nitrogen atoms in g-CsN4.2! In comparison with the g-C3Ns, the
intensity of the PL signal for the g-C3N4/NiO obviously decreased.
This demonstrates that the recombination of photogenerated
electrons and holes is greatly inhibited, which indicates that the
excited electrons can transfer between the g-CsN4 and NiQ.31:37-46
Electrochemical impedance spectroscopy (EIS) was employed to
examine the electron transfer process occurring among the g-
C3N4/NiO catalysts and the protons. Fig. 6(b) showed EIS results
presented in the form of Nyquist plots. These three electrodes were
measured under the same conditions. The overall HER activity can
be related to the charge transfer resistance (Re). The charge transfer
resistance (Rc) across the interface of the semiconductor electrode
and the electrolyte was determined from the semicircle in the low-
frequency range. As can be seen, g-C3N4/NiO composite electrode
exhibited smallest R than the NiO electrode and g-C3Ns electrode,
indicating the more favorable environment for electron transfer to
the electrolyte. Thus the combination of g-C3N, and NiO lowers the
recombination rate of electrons and holes, which is mainly due to the
fact that the electrons are excited from the valence band to the
conduction band and then holes appears at the valence band can be
transfer rapidly to NiO, preventing a direct recombination of
electrons and holes. In addition, the Re; of g-C3Ns was smaller than
that of NiO, so it can help release photogenerated electrons
accumulated on the surface of g-C3Ny itself as a co-catalyst. From
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Figure 6. (a) Photoluminescence spectra of the g-CsNs, NiO
electrode and g-CsN4/NiO electrode; (b)Nyquist plots for the g-
C3N4/FTO, NiO/FTO and g-C3N4/NiO/FTO electrodes in 0.10 M
Na,SOs solution.
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Figure 7. The mechanism of PEC H, generation using g-CsN4/NiO
electrode.

above analysis, we know that g-C3N4 can not only be used as a
photosensitizer absorbs sunlight but also enhance the reactivity as a
co-catalyst in PEC hydrogen production.

Based on the results of PEC tests, PL and EIS analysis of the as-
prepared electrodes, a possible mechanism is proposed and shown in
Fig. 7. The significant enhancement of PEC performance can be
attributed to synergistic effect between g-C3Ns and NiO. The
bandgap of g-C3N4 is determined to be 2.85 eV, while lowest
unoccupied molecular orbital (LUMO) and highest occupied
molecular orbital (HOMO) positions of g-C3N4 are —1.58 and 1.27
eV, respectively.* The HOMO poten-tial of g-C3Ny is more positive
than the conduction band (VB) edge of NiO (0.6 eV).** Upon
irradiation on g-C3N4/NiO, g-C3N; itself becomes excited by
creating reductive electrons and oxidative holes in the CB and VB,
respectively, and NiO is hardly excited because it is a wide band gap
semiconductor. The oxidative holes in the VB of g-C3N4 can directly
inject into the VB of NiO, and be consumed by the electrons from
external circuit. At the same time, the reductive electrons can
directly produce hydrogen to react with H* in electrolyte thereby
leading to the reduction of electron-hole pair recombination. The
matching potential between g-C3N4 and NiO is a driving force for
the holes transfer. Thus, the recombination of electrons and holes
can be suppressed. Further, under an applied potential, an external
electric field between the two semiconductors will form, thus
enhances the transfer and separation of photoinduced electrons and
holes.

4. Conclusions

In summary, we have synthesized a novel photocathode based on g-
CiNy by a method. The
photoelectrochemical properties of the prepared electrodes were

facile thermalpolycondenzation

systematically investigated. The synergistic effect between g-C3N4
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and NiO contributed significantly to the enhancement of PEC
performance. Therefore, the g-C3N4/NiO photoelectrode has
excellent activity for hydrogen production with nearly 100% faraday
efficiency compared to bare g-C3N4 and NiO electrodes. Moreover,
the g-C3N4/NiO photoelectrode maintains high stability in presence
and absence of oxygen during 10 h and can be applicable in wide
electrolyte solution. There are few studies on g-C3;N4 as metal-free
photosensitizer for photocathode, so it has great space for
development. That will enrich the variety of existing photocathode
and would pave the way toward the investigations of non-toxic,
metal-free and stable photocathode.
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