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Graphical abstract

A new type of visible light active composite containing exfoliated g-C3Ns4 nanosheets and
CaNb2TaO10 nanosheets was prepared. Systematic studies reveal that the g-
C3N4/Ca2Nb2TaO10 nanosheet composite with a mass ratio of 80:20 exhibits the best
performance in photocatalytic H> evolution under visible light-irradiation, which is more than
2.8 times out-performing bare g-CsN4bulk. The enhancement of photocatalytic H2 evolution of
the g-C3N4/Ca2Nb2TaO10 composite is attributed to the intimate interfacial connection and
synergistic effect between g-C3sN4 nanosheets and Ca,Nb,TaO10 nanosheets with cascading
electrons for efficient charge recombination suppression.
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Highlights

. gNogel g-CsN4/CazNb,Ta010 nanosheet composite was simply prepared by exfoliation-reassembly method.

e The hybridization between the g-CsN4 and Ca;Nb,TaO1o hanosheets provides an intimate interfacial
connection.

e The synergistic effect of g-C3N4 and CazNb;TaO1 nanosheets is exemplified for improving photocatalytic
H, evolution under visible light irradiation.

Abstract

Scalable g-C3sN4 nanosheet powder catalyst was prepared by pyrolysis of dicyandiamide and
ammonium chloride followed by ultra-sonication and freeze-drying. Nanosheet composite that
combines the g-CsN4 nanosheets and CaxNb>TaO10 nanosheets with various ratios were
developed and applied as photocatalysts for solar hydrogen generation. Systematic studies

reveal that the g-C3N4/CazNb,TaO10 nanosheet composite with a mass ratio of 80:20 shows the



best performance in photocatalytic H2 evolution under visible light-irradiation, which is more
than 2.8 times out-performing bare g-CsN4 bulk. The resulting nanosheets possess a high
surface area of 96 m?/g, which provides abundance active sites for the photocatalytic activity.
More importantly, the g-CsN4/Ca2Nb,TaO10 nanosheet composite shows efficient charge
transfer Kkinetics at its interface, as evident by the photoluminescence measurement. The
intimate interfacial connections and the synergistic effect between g-CsNs nanosheets and
Ca2Nb2TaO10 nanosheets with cascading electrons are efficient in suppressing charge
recombination and improving photocatalytic H2 evolution performance.

Keywords: Photocatalysis, g-CsNs nanosheets, Ca>Nb>TaO1o nanosheets, composites, H>

production

1. Introduction

Over the past two decades, sustainable energy has become a great interest to address the global
energy crisis and environmental pollution. The development of technologies that enable to use
renewable energy source such as solar energy has been driven by semiconductor in
photocatalytic water splitting, which involves the conversion of solar energy and water into
chemical energy stored by hydrogen. To design photocatalytic water splitting system the
semiconductor photocatalyst mainly requires high efficiency, stability, capability to harvest
light in the visible spectrum, environmentally benign, and inexpensive [1, 2]. However, there
are many issues needed to be solved in order to meet the demanding photocatalytic
performance, such as limited visible-light response and high recombination rate of

photogenerated electron-hole pairs [3].

Hybridization between different photocatalyst materials attracts a great interest to overcome

the limitation of a conventional single-photocatalyst design [4, 5]. The synergistic coupling is



effective in optimizing their performance and even creating unexpected functionality for
practical applications [6, 7]. Since the chemical interactions between each kind of chemical
species are important to realize the benefit of hybridization, hence an expanded surface area
nanostructures becomes anticipated for fabricating functional hybrid materials [8, 9]. Graphitic
carbon nitride (g-C3Na), a typical layered structure, has been studied in various areas such as
CO2 reduction [10], degradation of organic pollutant [3, 11], photocatalytic water splitting [4,
12]. g-C3Ng is attractive because of its suitable band gap for visible light absorption, band edge
positions straddle water splitting redox potential, and good chemical and thermal stability.
Nevertheless, the efficiency is unsatisfactory and hampers its practical application due to high
recombination rate of photogenerated electron-hole pairs. Therefore, several strategies have
been developed, including the construction of a porous structure [13], doping with nonmetal
elements [14], modification with carbon material [15], and coupling with other semiconductors
to form hybridized composites [16].

Niobium phase layered perovskite Dion-Jacobson compounds have a general chemical formula
Ax[Bn-1NbnOzn+1], (where A represents an alkaline ion K*, Rb*, Cs™; B represents an alkaline
earth ion Ca?*, Sr¥*, lead, bismuth, lanthanides, and n represents NbOs octahedral perovskite-
like slab stacking along the (001) direction to form a three-dimensional crystal. Recently, Dion-
Jacobson phase Ca:Nb>TaO10 was reported to exhibit the good photocatalytic activity of
restacked nanosheet for H> evolution from an aqueous methanol solution under ultraviolet
irradiation [17]. However, to date there is no report focusing on the composite photocatalyst
design by rationally combining two types of g-CsN4 and Ca:Nb.TaO10 nanosheets. In this
study, we report the hybridization of these two types of two-dimensional nanostructured
materials for an efficient hybrid photocatalyst via a facile solution exfoliation-reassembly
process. The resultant materials exhibited remarkably improved H> evolution perforamance

under visible light. The crystal structure and morphology of the nanocomposites were



investigated systematically and the photocatalytic activity of the nanocomposites for H>

evolution was discussed in details.

2. Experimental section

2.1. Catalyst preparation

The g-C3N4 bulk was prepared by thermal condensation of dicyandiamide according to a
reported method [4]. In a typical synthesis, dicyandiamide precursor was placed in an alumina
crucible and thermally heated in a muffle furnace at 550 °C for 4 h. The obtained yellow
agglomerate product was collected and ground into a powder for further use.

As for the synthesis of g-CsN4 nanosheet, it was prepared according to a reported method [18]
with some modification. 1 g of dicyandiamide was firstly mixed with 10 g of ammonium
chloride and ground in a mortar for 30 min. The obtained mixture was transferred into an
alumina crucible and thermally treated in a muffle furnace at 550 °C for 4 h, resulting in a pale
yellow sponge-like product. Subsequently, 0.3 g of the product was ground and immersed in
100 ml, Milli-Q water then treated under ultrasonication for 1 h. After the ultrasonication was
completed, the nanosheet product was centrifuge at 3000 rpm for 5 min. The supernatant was
separated from unexfoliated g-CsNa4, and g-C3Na4 nanosheets with a concentration of ca. 0.7 g/L
were obtained.

For the preparation of Ca2Nb2TaO19 nanosheet, firstly layered KCa;Nb,TaO10 was synthesized
by the polymerized complex method then followed by proton exchange and exfoliation
according to the method reported by in literature [17, 19, 20]. In a typical synthesis, 4.15 g of
NbCls and 2.75 g of TaCls and 36.02 g of anhydrous citric acid powder was dissolved in 117
ml of methanol with vigorous stirring. After complete dissolution was achieved, 18.01 g of
CaCOg, 0.63 g of KCI and 58 g of ethylene glycol were added to the solution. The solution

mixture was heated on a hot plate with stirring in a fume cupboard to 100 °C to promote



dissolution. Then, the as-obtained transparent solution was heated to 130 °C with continuous
stirring for methanol evaporation. After 30 min of continuous stirring, the temperature is
increased to 200 °C and kept stirring for several hours to promote polymerization and to remove
excess ethylene glycol until the solution became highly vicious and its color turn from clear
transparent to brown transparent. The resin was pyrolyzed in air at 375 °C for 4 h resulted in a
black power. Then, the black powder was ground and placed on an alumina plate then heated
at 650 °C for 4 h in static air. The as-obtained powder was further calcined at 1000 °C for 2h
in an alumina crucible at a ramping rate 10 °C/min. The resulting powder 5 g was stirred in 200
ml of aqueous nitric acid (1M) at room temperature (the fresh aqueous nitric acid was replaced
every 24 h) for 1 week. The proton-exchanged product was isolated by centrifugation, washed
with copious water to remove acid residue and finally air-dried overnight. Finally, the proton-
exchanged powder was mixed with aqueous tetra(n-butyl)Jammonium hydroxide (Aldrich
chemical Co., 40 wt.% in H20) and shaken at room temperature for 1 week. The nanosheet
product was centrifuged at 3000 rpm for 5 min. The supernatant was separated from
unexfoliated Ca,Nb,TaO1o, to obtain the exfoliated Ca;Nb,TaO10 nanosheets (concentration:
2.39 g/).

The typical preparation of g-CsN4/Ca2Nb2TaO10 nanosheet composite photocatalysts was as
follows [21]: The pH of Ca,Nb2TaO1o nanosheets suspension was adjusted to be 9-11 by
diluted tetrabutylammonium hydroxide solution. The polyethylenimine (PEI, Mw = 7.5 x 10°
g) solution with a concentration of 50 g/L and pH 9-11 (5 ml) was slowly added into
CazNbzTaO10 solution. The mixture Ca2Nb2TaO19 nanosheet suspension was stirred 2 h then
g-C3Ns was added to the mixture and stirred overnight. The g-CsN4/CazNbzTaO10 nanosheet
composite was centrifuge at 20000 rpm, the precipitated was freeze-dried. The dried composite
powder was added into a crucible and then heated in a muffle furnace at 400 °C, for 1 h with a

heating rate of 1°C/min. The final g-C3N4/Ca;Nb,TaO10 nanosheet photocatalysts were



obtained. For the preparation of g-C3N4/CazNb2TaO10 bulk, the g-C3N4 bulk and Ca2Nb2TaO10
bulk was mixed in a mortar for 15 min. the as-obtained mixture was calcined in a muffle furnace
at 400 °C, for 1 h with a heating rate of 1°C/min. The final g-C3N4/CazNb,TaO10 bulk composite

photocatalysts were obtained.

2.2. Sample characterization

The synthesized samples crystallinity was characterized by X-ray diffractometer (Bruker
Advanced, 40kV and 30mA) with Cu Ka radiation. The diffuse reflectance spectra were
conducted using UV-Vis spectrometer (V-650, Jasco) equipped with an integrating sphere in
the range of 300-800 nm. The chemical characterization was obtained by X-ray photoelectron
spectroscopy (XPS, Thermo Escalab 250, a monochromatic Axis ULTRA X-ray). The surface
morphology was analyzed by field-emission scanning electron microscopy (FESEM,;
JSM7100, JEOL, Tokyo, Japan), transmission electron microscopy (TEM; JEOL 1010, Tokyo,
Japan) and a high resolution transmission electron microscopy (HRTEM, JEM-2100F, JEOL,
Tokyo, Japan). The amount of H, evolved from the photocatalyst samples inside the
photocatalytic reactor was measured by a gas chromatography (Shimadzu, GC-2014). The
surface charge was measured by Zetasizer (Nano-ZS) from Malvern Instruments. The surface
area measurement of the solid material was analyzed by Micromeritics TriStar 3000.

2.3. Photocatalytic hydrogen evolution test

The photocatalytic H> evolution reactions were carried out in a quartz top irradiation reactor
connected with gas chromatography (Shimadzu, GC-2014) equipped with a thermal conductive
detector (TCD) and a 5A° molecular sieve column, with Argon as the carrier gas. The
temperature of the reactor was maintained at 0 °C by a jacket with the flow of cooling water
during the photocatalytic reaction. A 300 W Xenon arc lamp with an output power of 19 A was

used as light source. In a typical reaction, 50 mg photocatalyst was suspended in 200 mL



aqueous solution containing triethanolamine 10 vol%, and H2PtCle solution equivalent to 1wt%
Pt was added into a glass reactor. Prior to the photocatalytic reaction experiment, the reactor
system was vacuumed several times to remove gasses. The reactor was illuminated for 30 min
by in situ photodeposition for loading Pt co-catalyst on photocatalyst surface by with a 300 W

Xe lamp equipped with a 400 nm cut-off filter.

3. Results and Discussion

3.1. Characterization of photocatalysts

The powder XRD patterns were conducted to identify the formation of the g-C3sNa4 bulk, g-C3N4
nanosheets, CazNb2TaO10 nanosheets and g-C3N4/Ca2Nb,TaO10 composite with a mass ratio
of 80:20. In Fig. 1A (a, b), the XRD pattern of g-CsN4 bulk and g-C3sN4 nanosheets reveal a
distinct peak at about 27° and a weak peak about 13.1° which could be indexed as (002) and
(100) diffraction planes corresponding to the inter-planar stacking peak of aromatic system and
the lattice plane structural packing to the c-axis, respectively [10, 22]. The intensity of the
diffraction (002) and (100) plane of g-C3N4 nanosheets significantly decreases, and diffraction
plane (002) slightly shifts from 27.7° to 28° compared to g-C3N4 bulk. These clearly confirm
the decrease of the planar size of the g-CsNs layers during exfoliation and successful
preparation of the two-dimensional g-CsN4 nanosheets [18, 22, 23]. In Fig. 1A (c), the XRD
pattern of restacked Ca2Nb2TaO10 nanosheets sample reveals two distinct diffraction peaks at
about 23.2° and 33.0° and three weak diffraction peaks. The two distinct diffraction peaks can
be indexed as (100) and (110) diffraction planes which are related to the in-plane diffraction,
indicating the two-dimensional feature of restacked nanosheets.[17, 24] In Fig. 1A (d), the
XRD pattern of g-CsNa4/CazNb,TaO10 nanosheet composite shows weak diffraction peaks at
about at 23.0°, 27.6°, 29.1° and 32.8°. The diffraction peak at 27.6° can be indexed as the

diffraction peak of g-C3aN4 nanosheets (Fig. 1A (b)) and the other 23.0°, 29.1°, and 32.8° are in



agreement with the characteristics of Ca2Nb>TaO10 nanosheets (Fig. 1A (c)). The XRD pattern
of g-C3sN4/Ca2Nb2TaO10 nanosheet composite reveals the coexistence of CaxNb>TaO10 and g-
CsNg in the composite. The X-ray photoelectron spectroscopy (XPS) analysis was conducted
to investigate the chemical composition state of g-CsN4 bulk and Ca2Nb2TaO10 bulk. The high
resolution of C1s XPS spectra in Fig. 1B displays the sp 2C atoms bonded to N in the sample
as C-(N)s (288.5 eV) and C-N-C (287.9 eV) and adventitious carbon (C-C) (284.7 eV) [18,
25]. The high resolution of N 1S XPS spectra in Fig. 1 C, displays typical triazine rings
repeating unit of sp2 hybridized nitrogen with different N bonding including, the dominant N
of pyridinic bridging N atoms in nitrogen C-N=C (395.94 eV), tertiary nitrogen N-(C)z (397.08
eV) and terminal amino group C-N-H (398.45 eV) [26, 27]. The very weak N spectra at 401.58
eV can be assigned to N-oxide or the charging effects in the cyano group and heterocycles or
positive charge localization [9]. The survey XPS spectra in Fig. 1 D reveals chemical elements,
Ca 2s, Ca 2p, Nb 3s, Nb 3d, Ta 4p, Ta 4d, O1s on the surface of Ca2Nb>TaO10, confirming the

chemical elements of synthesized Ca>Nb>TaO10 nanosheet.

The optical absorption properties of the g-CsN4 bulk, g-CsNs nanosheet, CaxNb2TaO1o
nanosheets, and g-CsNa4/Ca;Nb,TaO10 bulk and nanosheet composite were investigated by
UV/Vis diffuse reflectance spectroscopy, as shown in Fig. 2. It is clear that the g-C3N4 has a
visible light absorption characteristic, the absorption onset of the exfoliated g-C3N4 nanosheets
(447 nm) exhibits a slight blue shift in comparison with the g-CsN4 bulk (467 nm) due to the
quantum size effect [26]. Note that the bare sample of restacked Ca,Nb,TaO1o nanosheets
exhibits a UV light absorption peak with the absorption onset located at approximately 337 nm
[171 and a relatively broad visible light absorption tail. The visible light absorption of
Ca:Nb,TaO10 nanosheets may arise from incorporation of some organic chemical

tetrabutylammonium (TBA*) during the restacking process. Upon the calcination, a trace of



amount of carbon residue [28, 29] may cause to the broad visible light absorption. In contrast,
the g-CsN4/Ca2Nb>TaO10 nanosheet composite sample shows much sharper absorption onset
in the visible region, suggesting that g-CsN4/Ca>Nb,TaO10 nanosheet composite may have
potential application as a visible light photocatalyst.

The morphologies and microstructure of the g-CsNas bulk, g-C3Ns nanosheets, and g-
C3N4/Ca2Nb2TaO10 composites were investigated by scanning electron microscopy (SEM),
transmission electron microscopy (TEM). Fig. 3a shows a large aggregated layered particle
with several stacking layers of as- prepared g-C3N4 bulk. The SEM of g-C3sN4 nanosheet after
exfoliation and freeze-drying shows a crinkly structure (Fig. 3b). The TEM image of g-C3Na
nanosheet (Fig. 3c) presents the ultra-thin characteristic of the exfoliated nanosheet. The as-
prepared CaxNb,TaO10 sample displays a stacking flat layered structure in Fig. 3d, while the
exfoliated and freeze-drying product shows thinner sheet with a lateral size of ~200 nm (Fig.

3e, f).

As shown in Fig. 4a, The SEM images of g-C3N4/Ca>:Nb,TaO1o reveals that large Ca2Nb2TaO1o
nanosheets attached to the g-CsNs nanosheets, forming a heterostructure of g-
C3N4/Ca2Nb2TaO19 nanosheet composite. In comparison, Fig. 4b, the g-CsN4/Ca;Nb2TaO10
bulk composite reveals separated chunks of material with a size of several micrometers. The
low and high TEM images of g-CsN4/Ca2Nb>TaO10 nanosheet composite are shown in Fig. 4c
and 4d, respectively. Fig. 4c, the darker rectangular shape nanosheet should be Ca2Nb;TaO10
as revealed from SEM and TEM images of Ca2Nb,TaOzo in Fig. 3e and 3f, respectively, while
the lighter part should be g-CsN4 nanosheets. Further HR-TEM analysis was conducted to
confirm the microstructures of g-C3N4/CaNb,TaO10. From the HR-TEM image of g-
C3N4/Ca2Nb2TaO10 composite shown in Fig. 4d, the intimate contact between 2D exfoliated g-
C3N4 and CazNb2TaO10 nanosheets can be observed. The less ordered area in the left-hand side

of Fig. 4d might be assigned to g-CsNa [30], while the better crystalline lattice fringes can be



assoicated with exfoliated Ca>Nb2TaO10 nanosheets. The formation of interconnected
heterostructure in g-C3N4/Ca2Nb2TaO10 nanosheet composites should be beneficial to the

photocatalytic activity of the materials, as will be discussed in the following sections.

3.2. Photocatalytic Hz evolution

The photocatalytic H2 evolution experiments were carried out to evaluate the performance of
the pristine g-C3N4 nanosheets, Ca2Nb>TaO10 nanosheets, and g-CaN4/CaxNb>TaO10 nanosheet
composites photocatalysts. In the control experiments, we first examined the effects of
illumination on triethanolamine (TEOA) aqueous solution in the absence of a photocatalyst,
and the role of Pt co-catalyst on g-CsN4 bulk sample. The result reveals that there is no H»
evolution occurred in the absence of a catalyst and negligible amount of H> evolution from g-
CsNg bulk in the absence of Pt co-catalyst. Fig. 5A presents the Hz evolution rates of all samples
tested under visible light irradiation. During 4 h of irradiation, the rate of H2 Evolution over g-
CsNg bulk (Fig. 5A, a) can produce H; at a rate of 15.1 pumol/h. Upon modifying the g-CaN4
bulk by exfoliation into g-CsN4 nanosheets, the photocatalytic performance of the g-CaNa
nanosheets (Fig. 5A, b) was further increased to 31.29 umol/h, which is about 2 times higher
than g-CsNs bulk. It is interesting to investigate the possible reasons for improved
photocatalytic performance in the composite photocatalysts. The specific surface area of the g-
CsNs nanosheets was 43.81 m?/g, which was higher than g-CsN4 bulk (7.56 m?/g) [27],
however the photocatalytic performance not proportionally increased with larger surface areas,
suggesting the surface area is not the only reason for photocatalytic property. As shown in Fig.
2, the UV/Vis spectrum edge of g-C3Na4 nanosheets exhibited a blue shift (by 0.1 eV) compared
to its counterpart g-CsN4 bulk sample. The increase in the band gap is attributed to the quantum
confinement effect which could increase the ability of redox potential of generated charges on
g-C3Na nanosheets[23, 26]. The enhancement of photocatalytic Hz evolution of g-CzNa

nanosheets could be attributable to the synergistic effect of the very small thickness (Fig. 3c)



and large surface areas in the restacked nanosheet composites with increased reactive sites [22,

26], which will be further supported by photoluminescence study in the following section.

When g-C3N4 nanosheets were combined with Ca;Nb,TaO10 nanosheets (Fig. 5A, c), the g-
C3N4/Ca2Nb2TaO19 nanosheet composites with an optimized mass ratio of 80 : 20 shows
drastically enhanced photocatalytic H> evolution to 43.54 pmol/h. In order to investigate the
cause of photocatalytic performance improvement of g-CaN4/Ca2Nb2TaO10 nanosheets, the g-
C3N4/Ca2Nb,TaO19 bulk composite photocatalytic activity was tested. The photocatalytic
activity of g-CaN4/Ca2Nb2TaO10 bulk composite was performed as shown in Fig. 5A (d). The
g-C3N4/Ca2Nb,TaO10 bulk composite demonstrates H, evolution rate of 16.09 umol/h, which
is slightly higher than that of the pure g-CsN4 bulk while its performance is far lower than that
of the pure g-C3sN4 nanosheets and the g-C3N4/Ca2Nb>TaO19 nanosheet composite. In addition,
we investigated the electron-hole pair recombination for g-CsNs bulk, g-C3N4 nanosheets,
CazNbzTaO10 nanosheets, and g-C3aN4/Ca2Nb2TaO19 composites via the photoluminescence
(PL). The PL emission peak is correlated to electron-hole recombination within the
photocatalysts. The higher the emission intensity corresponds to the severer recombination of
electron-hole pairs [10]. Fig. 5B shows the PL spectra of the g-C3Ns, CazNb2TaO1o, and g-
C3N4/Ca2Nb2TaO19 nanosheet composites. The broad emission peaks at about 460 nm resulted
from excitation of g-CsN4at 325 nm [31]. The drastically quenched PL intensity was observed
after g-C3sNa bulk was exfoliated to g-C3Nas nanosheets implying that the photogenerated
electrons-holes have better separation in the nanosheets. This phenomenon confirms the
synergistic effect of shortened electron diffusion distances [27] and the large surface area in
the thin nanosheets [18]. After the addition of Ca2Nb,TaO10 nanosheets, the PL intensity still
substantially quenched, implying that efficient charge transfer between g-CsNs and
Ca2Nb2TaO10. In Fig. 5B (b), the g-CsN4/CaNb>2TaO10 bulk composite shows higher PL

intensity than that of the g-C3N4/Ca>Nb,TaO10 nanosheet composite, suggesting that the bulk



composite has a much higher electron-hole recombination rate. In Fig. 5B (e), the CazNb2TaO19
nanosheet shows no signal under an excitation wavelength of g-CsN4 (325 nm). Furthermore,
the specific surface area of g-C3aN4/Ca2Nb2TaO10 nanosheet composite shows much higher
(96.81 m?/g) than that of g-C3N4/CazNb,TaO10 bulk composite (8.59 m?/g). These results imply
that synergistic properties of the increased surface area and composite heterojunction (Fig. 4
(c, d)) can remarkably facilitate efficient charge carrier separation and migration of the
composite photocatalyst, leading to improved photocatalytic hydrogen evolution in the
composites.

A possible mechanism is proposed for the enhancement of H> evolution activity of g-
C3N4/Ca2Nb2TaO19 nanosheet as shown schematically in Fig. 7. The conduction band and
valence band potentials of g-CsN4 are at -0.94 eV and -1.83 eV vs. NHE, respectively [26].
The conduction band edge of Ca2Nb,TaO10 was referred to the value reported [32]. Metal
oxides containing transition metal cations d 0 (i.e. Nb>*, Ta®") and oxygen 2p orbitals has the
valence band located at around 3 eV vs the normal hydrogen electrode (NHE; at pH 0). The as-
synthesized Ca2Nb>TaO10 exhibits a band gap of 3.67 eV estimated from the onset wavelength
of the UV/Vis diffuse reflectance spectra (Fig. 2) and this is consistent with the previous report.
[17]. Based on the valence band position and the optical band-gap, the conduction band level
of around -0.67 eV is estimated for the CazNb2TaO10. Since the conduction band potential of
g-C3Ns (-0.94 eV) is more negative than CaxNb>TaO1o (-0.67 eV), the photoexcited electrons
on g-C3aNj4 can transfer easily to the Ca2Nb>TaO10 via the interfacial contact and then to the co-
catalyst Pt for Hz evolution and the positive holes in the valence of g-C3N4 can oxidize the
sacrificial reagent (TEOA). Hence, the heterostructured photocatalyst can efficiently transfer

photoinduced charge carriers and suppress the electron-hole recombination.

4. Conclusions



In summary, we reported a new type of two-dimensional composites by combining exfoliated
g-CsN4 nanosheets and Ca2Nb>TaO10 nanosheets via a facile solution exfoliation-reassembly
process. The resultant g-CsN4/Ca:Nb,TaO10 nanosheet composites exhibited intimate
interfacial contact, leading to enhanced photogenerated charge separations in the photocatalytic
reactions. We further applied the g-C3N4/Ca:Nb.TaO10 nanosheet composites as the
photocatalysts in hydrogen evolution under visible-light illumination. The g-
C3N4/Ca2Nb2TaO10 nanosheet composite with the 80:20 ratio shows the best photocatalytic
performance for H. production (43.54 pmol/h), around 2.8 times higher than that of the
individual g-C3Ns4 bulk. The conduction band difference in the g-C3N/CazNb,TaO1o
heterojunction facilitates the photoexcited charges transfer and simultaneously suppresses
charge recombination, which in turn markedly improves its photocatalytic performance. The
present work provides an effective strategy to design new semiconductor photocatalysts based

on two-dimensional nanosheet heterojunction for solar hydrogen evolution.
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Fig. 1. (A) XRD patterns of (a) g-CsNs bulk, (b) g-CsNs nanosheets, (c) CazNb2TaO1o
nanosheets and (d) g-CsN4/CaNb>TaO10 composite nanosheets. (B) High-resolution XPS

spectra of C 1s and (C) N 1s, and (D) survey XPS spectra of CazNb,TaO1o bulk materials.
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Fig. 2. UV/Vis diffuse reflection spectra of the samples. Blue: CaoNb,TaO10 nanosheets, Pink:

g-C3N4/CazNb2TaO10 bulk composite, Aqua: g-CaN4/Ca2Nb,TaO10 nanosheet composite, Red:

g-CsNa4 nanosheets, Black: g-C3Na bulk.
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Fig. 3. SEM images of (a) g-CaNa bulk, (b) g-C3N4 nanosheets, (d) CazNb,TaO10 bulk, and (e)
CazNb,TaO10 nanosheets. TEM images of (c) g-CsNs nanosheets, and (f) Ca:Nb2TaO1o

nanosheets.
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Fig. 4. a) SEM image of g-C3N4/Ca2Nb,TaO19 nanosheet composite, b) SEM image of g-
C3N4/Ca2Nb2TaO10 bulk, c) Low, and d) High Resolution TEM image of g-C3N4/CazNb,TaO10

composite nanosheets.
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Fig. 5. (A) Photocatalytic H2 evolution rates on the photocatalyst samples: (a) g-CsNa4 bulk, (b)
g-CsN4 nanosheets, (c) g-CaN4/CazNb2TaO10 nanosheet (80:20), (d) g-C3N4/Ca2Nb2TaO10 bulk
(80:20) and (e) Ca2Nb2TaO10 nanosheets. Experimental conditions: 50 mg of photocatalyst
with 1.0 wt% Pt as the cocatalyst, 200 mL of 10 vol% triethanolamine (TEOA) aqueous
solution, 300 W xenon lamp equipped with 400 nm cut-off filter irradiation. (B).
Photoluminescence spectra of g-C3N4 bulk, g-CsNs nanosheets, and g-CsN4/Ca2Nb,TaO10
composites at an excitation wavelength of 325 nm: (a) g-CsN4 bulk, (b) g-CsN4/Ca2Nb>TaO10
bulk composite (80:20), (c) g-C3N4 nanosheets, (d) g-CaN4/CaNb,TaO10 nanosheet composite

(80:20), and (e) CazNb2TaO10 nanosheets.
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Fig. 6. Time course of H> evolution for 12 h with intermittent evacuation every 4 h in the
presence of g-C3N4/Ca>Nb2TaO19 nanosheet composite with a mass ratio of 80:20. Experiment
conditions: 50 mg of photocatalyst with 1.0 wt% Pt as the co-catalyst, 200 mL of 10 vol%
TEOA aqueous solution, 300 W xenon lamp equipped with 400 nm cut-off filter irradiation.

The photocatalytic stability of g-C3N4/Ca>:Nb2TaO10 nanosheet composite with a mass ratio of
80:20 was investigated by proceeding the reaction for 12 hours under irradiation with
intermittent evacuation every 4 hours and substitution of fresh sacrificial reagent solution. As
shown in Fig 6, the composite nanosheet can generate H» after 12 hours with a total amount of
1194.44 pmol with no apparent decrease observed. However, it can be noticed that the H>

evolution was slightly decreased in the second and third cycles.
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Fig. 7. Schematic diagram of the photoexcited charges separation and migration in g-

C3N4/Ca2Nb2TaO10 nanosheet composite under visible light irradiation.



