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ARTICLE INFO ABSTRACT

Keywords: Constructing heterojunction photocatalyst is an effective method to enhance the separation of photogenerated
Photocatalysis electron and hole and benefit the wide-bandgap photocatalyst with significant visible light response ability. In
NaTaO3 this study, a novel and highly efficient ternary photocatalyst was prepared by depositing Ag nanoparticles on the
8-C3Ny

surface of graphitic carbon nitride nanosheets (g-C3N4)/NaTaO3; nanohybrid. It showed an enhanced photo-
catalytic degradation of tetracycline (TC), rhodamine B (RhB) and phenol under wide-spectrum light irradiation.
Compared to pure NaTaOs, g-C3N4 and binary g-C3N4/NaTaOs, Ag/g-C3N4/NaTaO; displayed enhanced pho-
todegradation efficiency with 95.47% removal of TC (20 mg/L) in 60 min under visible light irradiation. From
the free radical quenching experiment and ESR characterization results, the charge transfer process can be
identified as a Z-scheme transfer mechanism, which can significantly enhance the charge separation rate and
protect the high potential valence band (VB) of NaTaO3; and conduction band (CB) of g-C3Ny4. This work provides

Z-scheme mechanism
Wide-spectrum light response

a new promising approach for designing novel Z-scheme photocatalysts.

1. Introduction

In recent years, photocatalytic technology has been considered as
the most promising technology to solve water pollution problems.
However, most of the semiconductor photocatalysts are only photo-
excited by ultraviolet (UV) light which only accounts for 4% of the
whole sunlight spectrum. Therefore, it is imperative to develop more
wide-spectrum light driven photocatalysts. Graphite carbon nitride (g-
C3Ny), a novel type of metal-free narrow bandgap semiconductor cat-
alyst, shows excellent photocatalytic activity for organic pollutants
degradation under visible light irradiation [1,2]. But the photocatalytic
activities of g-C3Ny4 are limited because of its serious recombination of
photogenerated electron-hole pairs and small specific surface area.

Large numbers of methods have been developed to enlarge the light
absorption range and accelerate charge separation rate of semi-
conductor photocatalysts [3-6], among which, fabricating heterojunc-
tion photocatalyst is an effective way to obtain significant visible light
response. For example, Li et al. [7] developed DyVO,/g-C3Ny4l compo-
site photocatalysts to degrade dyes under visible light irradiation, and
Yan et al. [8] prepared N-doped ZnO/g-CsN4 core-shell photocatalysts

with high visible-light activity for the degradation of Rhodamin B. The
photogenerated electrons and holes on heterojunction can transfer and
accumulate on different compositions, which greatly improves the
charge separation rate and light utilization.

Tantalates have appropriate semiconducting nature and highly po-
sitive valence band (VB). The VB potential of NaTaO3 (+3.87 eV) is
much higher than many other semiconductors such as TiO, (+2.91 eV),
which gives the photogenerated holes higher oxidative activity, and the
conduction band (CB) of tantalates is more negative compared to tita-
nates due to its Ta5d orbital. However, suffering from low response of
visible light and serious recombination of photogenerated electron-hole
pairs, pure tantalates have very poor performance in degradation of
pollutants. Xu et al. [9] prepared Ag/AgCl/NaTaO; nanocubes with
high visible-light response. As light sensitive materials, Ag/AgCl on the
surface of NaTaOs3 can enhance the photocatalytic activities under
visible light irradiation. However, due to its band structure, most of the
electrons and holes generated on the heterojunction will shift to AgCl,
which lead to its limited ability to improve charge separation. For-
tunately, the suitable energy band structure of NaTaO3; and g-C3Ny4
raises the possibility of fabricating g-C3N4/NaTaOs heterojunction.
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Electrons and holes can accumulate on the CB of NaTaO; and the VB of
g-C3Ny, respectively, which is more favorable to charge separation.

However, the reactivity of photogenerated electrons and holes were
depressed through the transfer in general heterojunction structure
[10-12], where the photogenerated electrons will accumulate on a
more negative CB of a semiconductor component, and the photo-
generated holes will transfer to a more positive VB of the coupled
semiconductor. Z-scheme heterojunction photocatalysts are exactly
what we need, which have excellent light absorptivity and high charge
separation rate, and the most important is that they can provide pro-
tection for highly reactive photogenerated electrons and holes. In Z-
scheme heterojunction, photogenerated charges can accumulate on the
higher potential energy band rather than transfer to the lower energy
band, so that the high potential energy band can be protected, and the
electrons and holes can maintain high reactivity. Up to now, many Z-
scheme photocatalysts have been developed, such as CdS/Au/TiO, and
BiVO4/Ag/Cu,0 [13,14]. In these works, the introduction of precious
metals changed the carrier transfer process into Z-scheme mechanism,
through which the photogenerated carriers of the VB of TiO, and BiVO,4
and the CB of CdS and Cu,0 can be made full use of, and the protection
of high potential energy band ensures higher reaction activity of pho-
togenerated carriers.

Herein, we improved preparation method to obtain g-C3N4 na-
nosheet with higher specific surface area and fabricated g-CsN4/
NaTaOs3 heterojunction to inhibit the recombination of photogenerated
electron-hole pairs. Furthermore, Ag nanoparticles were deposited on
the surface of g-C3N;/NaTaOs; nanohybrid via a photoreduction
method. The Ag nanoparticle can improve visible light response by
surface plasmon resonance (SPR), acting as a charge bridge between g-
C3N4 and NaTaOs and changing the carrier transfer process into a Z-
scheme transfer mechanism. The Z-scheme mechanism can successfully
protect the high potential VB of NaTaO; and CB of g-C3N4. The en-
hanced photocatalytic activity of Ag/g-C3N4/NaTaOs photocatalysts
was tested by degrading TC, RhB and phenol under UV light, visible
light and near-infrared light irradiation.

2. Experimental section
2.1. Chemicals

Tantalum oxide (Ta,0s), sodium hydroxide (NaOH), silver nitrate
(AgNO3), melamine (C3N3(NH,)3), ethylene glycol ((CH,OH),), me-
thanol (CH30H), ethanol (CH3CH,OH), tetracycline (TC), rhodamine B
(RhB) and phenol were purchased from Sinopharm Chemical Regent
Co. Ltd (Shanghai, China). All of the reagents were analytical grade and
used without further purification. Deionized water was used in the
whole experiment.

2.2. Preparation of NaTaOs nanocube

NaTaO3 nanocubes were synthesized by the reported hydrothermal
method. In a typical procedure, 1.20 g NaOH was added into 30 mL
deionized water, and 0.442 g Ta,O5 was added into 10 mL ethylene
glycol. The two solutions were mixed in a beaker and finally added into
a Teflon-lined stainless steel autoclave (50 mL capacity) after magnetic
stirring for 2 h. The autoclave was kept at a temperature of 140 °C for
12 h. After cooling to room temperature, the resulting precipitates were
collected by filtration, washed with deionized water and ethanol sev-
eral times and dried at 80 °C for 12 h.

2.3. Preparation of g-C3N4 nanosheet

The g-C3N,4 nanosheet was prepared by a modified method based on
the previous publication [15]. Typically, melamine was put into a
covered ceramic crucible and heated to 500 °C at a rate of 2 °C /min and
maintained at 500 °C for 3 h. After cooling to ambient temperature, the

103

Applied Catalysis B: Environmental 230 (2018) 102-114

yellow agglomerates were obtained and grounded into powder. Then,
the obtained yellow powder was put into a ceramic crucible covered
with silver paper and heated at 550 °C at a heating rate of 2 °C /min and
kept at 550 °C for 2 h. Finally the yellowish-white powdered g-C3N4 was
obtained.

2.4. Preparation of g-C3N4/NaTaOj3 heterojunction

The g-C3N4/NaTaO; heterojunction photocatalyst was prepared by
a wet-impregnation and facile calcination method. At first, the different
amount of g-C3N4 was dispersed in beakers with same volume of me-
thanol, separately. Then, the as-prepared NaTaO3; was added and so-
nicated for 2h. The mixtures were kept stirring in a fume cupboard
until volatilization of the methanol, and the obtained product was dried
at 60 °C and ground into powder. Then the powder was transferred into
a covered ceramic crucible and heated at 500 °C at a heating rate of 2 °C
/min for 3 h. After cooling to ambient temperature, the g-C3N,/NaTaO;
heterojunction photocatalyst was obtained.

2.5. Preparation of Ag/g-C3N,4/NaTaO3 ternary photocatalyst

The Ag/g-C3N4/NaTaO; ternary photocatalyst was prepared by a
facile photo-deposition process. Typically, 1.0g of g-C3N,/NaTaOs
nanocomposite and certain amount of AgNO; solution (20 mg/mL)
were added into 50 mL methanol solution (containing 10 mL me-
thanol). The mixture solution was stirred under the irradiation of a
300 W Xe lamp for 1 h. The final product was collected by filtration and
washed with deionized water and ethanol for several times and dried at
60 °C for 12 h.

2.6. Characterization

The crystal structures of the prepared samples were characterized
by X-ray diffractometer (Bruker AXS D8 Advances) with the Cu-Ka ir-
radiation source at a scanning rate (26) of 4° min "~ 1 from 10° to 80°. The
morphologies were measured by a Hitachi S-4800 field emission scan-
ning electron microscopy (FE-SEM, Hitachi, Japan) and a F20 S-TWIN
transmission electron microscopy (TEM, Tecnai G2, FEI Co). Fourier
transform infrared spectroscopy (FTIR) was measured on an IR Prestige-
21 spectrometer using the standard KBr disk method. The X-ray pho-
toelectron spectroscopy (XPS) was employed by a Thermo ESCALAB
250XI spectrometer with Al Ka source. The UV-vis diffused reflectance
spectra (UV-vis DRS) were obtained by a UV-vis spectrophotometer
(Cary 300, USA) with an integrating sphere attachment, using BaSO, as
the reference. The photoluminescence (PL) spectroscopy was obtained
by a Hitachi-7000 fluorescence spectrometer. The total organic carbon
(TOC) assays were measured by a Shimadzu TOC-VCPH analyzer. The
N, sorption isotherms were obtained by a Nova 2200e analytical system
at 77K. The specific surface area was -calculated by
Brunauer-Emmett-Teller (BET) method. The electron spin resonance
(ESR) signals of free radicals was examined by using 5,5-dimethyl-L-
pyrroline N-oxide (DMPO) as a probe on a Bruker ER200-SRC spec-
trometer under visible light irradiation (A > 420 nm).

2.7. Photoelectrochemical measurements

The photoelectrochemical responses of the prepared catalysts were
measured by a three-electrode cell and a CHI 660D workstation. A Pt
electrode and an Ag/AgCl electrode were employed as the counter
electrode and reference electrode respectively. FTO electrodes covered
in photocatalysts were used as the working electrode. 0.2M Na,ySO4
solution was used as supporting electrolyte in this system [16]. A 300 W
Xe lamp with different wavelength cut-off filters was used as light
source.



L. Tang et al.

2.8. Photocatalytic activity test

The photocatalytic activity of the as-prepared photocatalysts was
investigated by the degradation of TC under UV, visible and near in-
frared light irradiation. A 300 W Xe lamp with different wavelength cut-
off filters was used as light source. In a typical procedure, 50 mg as-
prepared catalyst was mixed with 50 mL TC solution (20 mg/L) and
stirred for 30 min in the dark. After achieving the adsorption-desorption
equilibrium, the reaction system was exposed to the 300 W Xe lamp
with continues stir. The reaction solution was collected and analyzed by
UV-vis spectrophotometer every 10 min. Moreover, RhB (20 mg/L) and
phenol (20 mg/L) were also used as additional processing object to test
the applicability of the as-prepared catalysts. And the used catalyst was
collected by filtration and used for another run to test the stability of
the catalyst. The existence of active species was detected by trapping
experiments. Ethylenediaminetetraacetic acid disodium (EDTA-2Na), 2-
propanol (IPA) and 1,4-benzoquinone (BQ) were used as the hole (h*)
scavenger, hydroxyl radical (-OH) scavenger and superoxide radical (-
0O, ) scavenger, respectively. And -OH and -O,  radicals were also
tested by the ESR techniques.

3. Result and discussion
3.1. Characterization of as-prepared catalysts

The typical X-ray diffraction (XRD) pattern of the obtained pure
NaTaO3 nanocubes, pure g-C3N4 nanosheets, g-C3N4/NaTaO3; hetero-
junctions and Ag/g-C3N4/NaTaOsz photocatalysts are displayed in
Fig. 1A. The diffraction pattern for pure NaTaO3; nanocubes exhibits
seven distinct peaks at 22.9°, 32.5°, 40.1°, 46.6°, 52.5°, 58.0° and 68.0°,
which correspond to (020), (200), (220), (202), (301), (321) and (400)
crystal planes of NaTaO; (JCPDS card No. 25-0863), respectively
[17,18], and the obtained NaTaOs; powders can be classified as or-
thorhombic structure according to the JCPDS card (25-0863). The dif-
fraction peaks of NaTaO3 are obvious and intense which indicates the
highly crystalline nature of NaTaO3; nanocubes. And two diffraction
peaks of g-C3Ny can be found at 12.7° and 27.8°, which correspond to
the (100) and (002) crystal planes (JCPDS 50-1250), respectively
[19,20]. The peak (100) corresponds to the interplanar packing of
heptazine units [21], and the peak (002) is a typical feature of inter-
layer stacking structure of conjugated aromatic system, which suggests
the graphite-like structure of g-C3N4 [22,23]. The diffraction peaks of
binary g-C3N4/NaTaO3 sample and ternary Ag/g-CsN,/NaTaO5; sample
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are exactly similar to the peak of pure NaTaO3, which indicates that the
crystal structure of NaTaO3; nanocubes was not destroyed by the com-
bination with g-C3N,4 nanosheets and Ag nanoparticles. A weak peak
can be observed in the diffraction pattern of g-CsN4/NaTaO3; and Ag/g-
C3N4/NaTaO; near 27.8°, which demonstrates the successful combi-
nation of g-C3N, and NaTaOs. The peak of Ag cannot be found in the
diffraction pattern of Ag/g-C3N4/NaTaOs, which is presumably because
only a small amount of Ag nanoparticles were deposited on the surface
of photocatalysts. Furthermore, no impurity peaks are observed in all
patterns, confirming high purity of the obtained catalysts.

Typical morphologies and nanostructure of prepared samples were
investigated by SEM and TEM as shown in Fig. 1B-H. It can be seen
from Fig. 1B and C that pure NaTaO;3 presents a typical nanocube
structure with highly smooth surface. The SEM imaging of binary g-
C3N4/NaTaO3 is shown in Fig. 1D, from which, a layer of floccules
adhering on the surface of NaTaO3 nanocubes can be observed, and
these floccules are identified as g-CsN,4. Compared with pure NaTaOs,
the binary g-C3N4/NaTaO3; samples have much rougher surface. The
TEM images of g-C3N4/NaTaO3 (Fig. 1E and F) more clearly show that
the photocatalysts are composed of NaTaO; nanocubes and g-C3Ny4
nanosheets. As demonstrate in Fig. 1G and H, the Ag nanoparticles were
obviously deposited on the surface of NaTaO3 nanocubes and g-C3N4
nanosheets. Some of the Ag nanoparticles were distributed on the
contact interface between NaTaO3 and g-C3N,4, which can act as elec-
tronic bridge and facilitate the charge transfer between NaTaO3 and g-
C3N,. Fig. S1A and B display the TEM images of Ag/g-C3N,/NaTaO;
before and after being bombarded by high intensity electron beam. It is
clear that all the nanoparticles disappeared after the electron-beam
bombardment, which can be attributed to the melting of Ag nano-
particles under the bombardment. The EDS analysis (Fig. S1C) further
revealed that the silver elements were contained in the Ag/g-C3N4/
NaTaO3; samples. The above results indicate the formation of ternary
Ag/g-C3N4/NaTaO3 photocatalysts, and this ternary structure might
play a decisive role in enhancing photocatalytic performance.

The chemical composition and structure of the prepared catalysts
were preliminary analyzed by FTIR spectra. As shown in Fig. S2, the
peaks located at 1241, 1319, 1410, 1570 and 1640 cm ™! (marked with
“*”) belonged to the typical stretching vibration modes of the g-C3Ny4
heterocycles [24]. The peak located at 451 cm ™! (marked with “#”)
was identified as the characteristic peak of NaTaO3. All the character-
istic peaks of g-C3N, and NaTaO; could be observed obviously in both
binary and ternary complex catalyst, which suggested that the complex
catalysts were successfully synthesized. Due to the small amount of

)

500 nm

Fig. 1. XRD pattern of as-prepared samples (A) ; SEM images of (B, C) pure NaTaO3 nanocubes, (D) g-C3N,/NaTaO3; TEM images of (E, F) g-C3N4/NaTaOs and (G, H) Ag/g-CsNy/

NaTaOs3.
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Fig. 2. XPS spectra of pure g-C3N4, NaTaO3 and Ag/g-C3N4/NaTaO3 nanocomposite: (A) survey, (B) N 1s, (C) C 1s, (D) Ta 4f, (E) O 1s and (F) Ag 3d.

metallic Ag, no discernable emerging peaks could be observed in
ternary catalyst, which also indicated that the introduction of Ag did
not change the structure of g-C3N4 and NaTaOs.

XPS was also used to further characterize the elemental chemical
compositions and chemical status of the obtained photocatalysts. As
shown in the survey XPS spectrum of Ag/g-C3N4/NaTaOs (Fig. 2A),
several major peaks can be observed, indicating that the main elements
of the prepared photocatalysts are C, N, Na, Ta, O and Ag. Fig. 2B shows
the N 1s spectrum in g-C3N4 and Ag/g-C3N4/NaTaO3. The N 1s spec-
trum can be divided into two peaks at 398.49 eV and 400.44 eV, clearly
evidencing the presence of two chemical environments for nitrogen
atmos. The peak at 398.49 eV belongs to sp2-hybridized nitrogen in
C—N=C, and the peak at 400.44 eV belongs to the tertiary nitrogen
(N—(C)3) groups [15]. After the composition with NaTaOs, an obvious
peak located at 404.19 eV belonging to Ta 4ps,» can be observed nearby
the N 1s peaks, and the peak signals of N 1s shift to lower binding
energy. In Fig. 2C, the C 1s peak of g-C3N4 located at 288.34 eV can be
attributed to the C=C—C bond [22]. The peak signals of C 1s also shift
to lower binding energy after combining with NaTaO3, and it should be
noticed that the binding energy of standard carbon peak (284.61 eV) is
not changed before and after combination. The Ta spectrum in Fig. 2D
displays two peaks located at 27.59 eV and 25.74 eV, which can be
attributed to Ta 4f5,, and Ta4f,,, from NaTaOsz [17]. The peak at
529.49 eV can be assigned to O 1s (Fig. 2E). Both the binding energy of
Ta 4f and O 1s are slightly shifted to a higher position after combining
NaTaO3 with g-C3N4. As the change of binding energy in XPS spectra
can be attributed to the intense interaction between each composition,
the existence of heterostructure interaction in as-prepared Ag/g-CsN4/
NaTaOs; can be implied by the XPS measurements. Fig. 2F shows the
high-resolution XPS spectra of Ag 3d, where two main peaks located at
373.64 eV and 367.74 eV can be assigned to the metallic Ag from photo-
reduction process [25]. The results confirm that metallic Ag was ob-
tained on the surface of as-prepared photocatalysts.

3.2. Photoelectric properties of obtained photocatalysts

UV/vis diffuse reflectance spectrum (DRS) was measured to eval-
uate the light absorption of pure NaTaOs, g-C3N4 and binary g-C3N4/
NaTaOs3 heterojunction and ternary Ag/g-C3N4/NaTaOj catalyst, and
the test results were compared in Fig. 3A. It is obvious that the pure
NaTaO; sample shows excellent absorbency in UV light region.

However, almost no absorbance in visible light region can be found due
to its wide bandgap. The g-C3N, is able to absorb the visible-light ir-
radiation as its optical absorption edge was estimated to be about
450 nm. After coupling g-C3N, and NaTaOs, the binary catalyst shows
distinct intensive absorption in visible light region in contrast to the
pure g-CsN, and NaTaOs;. The enhanced absorbing ability could be
attributed to the formation of heterojunction between two pure semi-
conductors [26]. Moreover, with the introduction of Ag nanoparticles,
the ternary catalyst exhibits a broad absorption in visible light region,
even extending to 800 nm (NIR region), which can be assigned to the
surface plasmon resonance (SPR) effect of the Ag nanoparticles on the
surface of the catalyst. The Ag/g-C3N4/NaTaO3 photocatalysts have a
strong absorption under UV, visible and near-infrared light irradiation,
which makes it possible to achieve the wide-spectrum utilization.

In addition, the band gap energies of semiconductors can be cal-
culated by Kubelka—-Munk equation [27]:

(ah)/™ = A(hv - Ey) 1)

where a represents the absorption coefficient, h is the Planck constant, v
is the light frequency, A is a constant, E, is the band gap energy and n
depends on the optical transition type in semiconductor. The constant n
equals 1/2 in direct gap semiconductor and 2 in indirect gap semi-
conductor, respectively. And the value of n for NaTaO3 and g-C3N4 were
both determined to be 1/2 due to their direct bandgaps. As shown in
Fig. 3B, the bandgaps of the samples were estimated to be 3.87 eV and
2.74 eV corresponding to NaTaO3 and g-C3Nj, respectively, which were
close to the known values in previous reports [28,29]. Furthermore, the
XPS valence band spectra were also measured to evaluate the valence
band (VB) edge position of NaTaO3 and g-C3Ny4 (Fig. 3C). The VB po-
tentials of NaTaO; and g-CsN, were estimated to be 3.01eV and
1.38 eV, respectively. The conduction band (CB) edge position could be
calculated by the equations as follow [30]:

Ecp = Eyp—E, 2)

The CB potentials of NaTaO; and g-C3N4 were calculated to be
—0.86eV and —1.36¢eV, respectively. In addition, the Mott-Schottky
(MS) plot was measured under frequency of 750 Hz in the dark to es-
timate the flat band potential (Ug,) and the p-n type of NaTaO3 and g-
C3Ny4 [31]. Fig. 3D shows the MS plots of pure NaTaO3 and g-C3Ny.
Apparently, both the linear MS plots of NaTaO3 and g-C3N4 have a
positive slope and indicate the n-type nature (Ecg = Up—0 ~ 0.2V).
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Fig. 3. UV-vis diffuse reflectance spectra of as-prepared samples (A); the transformed diffuse reflectance spectra (B), the XPS valence band spectra (C) and the Mott-Schottky plot (D) of

NaTaO3 and g-C3N4 samples.

The Ug, can be approximately determined as an x-intercept in the MS
plot. The Uy, of the samples are —1.01 V and —1.42 V vs SCE which are
equal to —0.77V and —1.18V vs NHE (Normal Hydrogen Electrode)
for NaTaO3 and g-C3Ny. As the CB is generally considered to be 0-0.2V
lower than Ug, the calculation results were well consistent with the
previous calculated CB value.

To uncover the correlation between composite materials and elec-
tron-hole separation efficiency of photocatalysts, room temperature PL
spectroscopy were performed for the four samples [32]. As shown in
Fig. 4A, pure NaTaO3 did not show distinct photoluminescence prop-
erty, and the corresponding signals of the single, binary and ternary
samples could be listed as follows: Ag/g-C3N,/NaTaO3 < g-C3N4/
NaTaO3; < g-C3N4. As the weaker fluorescence intensity represents
higher carrier separation rates, the ternary Ag/g-CsN,/NaTaOj catalyst
showed excellent carrier separation ability compared with the other
catalysts, which means that the heterojunction between two pure cat-
alysts and the introduction of Ag nanoparticles effectively impeded the
recombination of photogenerated electrons and holes.

Electrochemical impedance spectroscopy (EIS) measurement was
performed to study the electron transfer ability of the prepared cata-
lysts, and the smaller radius of the EIS curve represents the lower re-
sistance [33]. As evidenced by the EIS in Fig. 4B, the ternary Ag/g-
C3N4/NaTaO; catalyst showed a marked reduction in electrochemical
impedance compared to the pure g-C3N4, NaTaO3; and binary g-C3N4/
NaTaOj catalysts, which was favorable for the transport and separation
of photogenerated electron-hole pairs.

Furthermore, the transient photocurrent responses of prepared
samples were tested under visible light irradiation to study the

106

photocurrent response and electrons migration properties [34], and the
current-time curves with 5 cycles of light irradiation on-off are dis-
played in Fig. 4C. Under visible light irradiation, pure NaTaO3 almost
could not show the electrical signal response due to its wide bandgap,
which was consistent with the previous UV-vis DRS studies. It is clear
that the g-C3N4/NaTaOj catalysts showed a significant enhanced pho-
tocurrent density than pure samples, and the Ag/g-C3N,/NaTaO; cat-
alyst exhibited the strongest photocurrent response among all catalysts,
which effectively clarified that the heterojunction between g-CsN,4 and
NaTaO; and the SPR of Ag nanoparticles on the surface of catalysts
could contribute to enhancing the separation efficiency of the photo-
genereted electrons and holes, coinciding with the conclusion of the PL
analysis. Based on the PL, EIS and photocurrent responses results, there
is no doubt that the recombination of photogenerated electron-hole
pairs can be significantly prevented by constituting heterojunctions and
introducing Ag nanoparticles, which could certainly enhance the pol-
lutant degradation efficiency. And the conclusion had been confirmed
by the degradation experiment.

3.3. Adsorption capacity of obtained photocatalysts

As is well-known, larger specific surface area of catalyst could give
it more active sites, and the adsorption of pollutants can help enhance
the degradation speed. So the N, sorption analysis was performed to
measure the specific surface area of prepared samples. From the ni-
trogen sorption isotherms displayed in Fig. S3, pure g-C3N4 has the
highest specific surface area due to its ultrathin nanosheet structure.
And the BET surface areas of pure NaTaO3, g-C3N,/NaTaO5 and Ag/g-
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Fig. 4. Characterizations for the photoelectric property of as-prepared samples. (A) Room-temperature PL spectra, (B) electrochemical impedance spectra and (C) photocurrent response

density of as-prepared samples.

C3N,4/NaTaOj are calculated to be 137.475, 142.926 and 152.178 m?/
g, respectively, which indicates that the introduction of g-C3N,4 na-
nosheets and Ag nanoparticles could effectively enhance the specific
surface area of NaTaO3. The enhancement of specific area can improve
the adsorption capacity of catalysts and provide more active sites, and
therefore the degradation speed was enhanced.

3.4. Photocatalytic performance

3.4.1. Optimal proportion of g-CsN, and Ag

The g-C3N4 nanosheets and Ag nanoparticles were introduced to
enhance the efficiency of light absorption and electron-hole separation.
The as-prepared NaTaOs, g-C3N, and g-C3N4/NaTaOs;, Ag/g-CsN,/
NaTaOj3 with different mass ratio were used to degrade TC under visible
light irradiation. And the results of the degradation test are shown in
Fig. S4. The ordinate C/C, represents the TC concentration ratio, and Co
and C stand for the initial and remnant concentrations of the TC solu-
tions. Fig. S4A shows the TC degradation after photocatalytic activity of
g-C3N4/NaTaO3 with different mass ratios of g-C3N4 nanosheets. From
the degradation results, the pure NaTaO3 almost could not degrade the
TC under visible light irradiation, and the pure g-C3N, degraded TC by
about 56% after 1h irradiation. The g-C3N4/NaTaOs photocatalysts
showed excellent photocatalytic activity compared with pure NaTaO3
and g-C3N, under identical conditions. The 5wt% g-C3N4/NaTaO3
showed the best degradation rate of TC by about 80.76%, and the
photocatalytic activity decreased with the further increased weight
percent of g-C3N4. The g-C3N, loaded on the surface of NaTaO3 could
promote the utilization of visible light and help separating the

photoproduction electron-hole pairs. However, superfluous g-C3N4
acted as a recombination center for electrons and holes, leading to
lower photocatalytic activity.

Furthermore, metallic Ag nanoparticles were deposited on 5 wt% g-
C3N4/NaTaO3; photocatalysts to further improve the visible and near
infrared light absorption via its surface plasmon resonance interaction.
Fig. S4B displays the photocatalytic activity of Ag/g-C3N4/NaTaO3 with
different mass ratios of Ag nanoparticles for degradation of TC under
visible light irradiation. The degradation results indicate that the pho-
tocatalytic activity further increased when the Ag nanoparticles were
introduced, owing to the SPR and electronic bridge effect of the Ag
nanoparticles. The photocatalysts showed the best degradation effi-
ciency when the mass ratio of Ag was 0.5%. With the further increase of
Ag, the degradation efficiency decreased slightly. This is because excess
Ag will act as the recombination center, thus decreasing the photo-
catalytic performance.

3.4.2. Photocatalytic degradation of TC, RhB and phenol under different
light conditions

The degradation experiment of TC was performed under UV light,
visible light and near infrared light to test the wide-spectrum photo-
catalysis of as-prepared photocatalysts, and the degradation results are
shown in Fig. 5. The experimental result (Fig. S5A-F) illustrates the
photodegradation efficiencies of TC over pure NaTaO3, g-C3N4, g-C3N4/
NaTaO; and Ag/g-C3N4/NaTaO; catalysts under light irradiation with
different wavelengths. The prepared photocatalysts showed excellent
degradation activity under UV light irradiation (Fig. 5A). About 70.11%
and 87.76% of TC was removed in 60 min over pure NaTaO3 and pure
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Fig. 5. Photocatalytic activities of as-prepared photocatalysts under (A) UV light, (B) visible light and (C) near-infrared light irradiation and corresponding reaction kinetic curves (D), (E)

and (F).

g-C3Ny, respectively, and the degradation rate increased to 91.54%
after combining NaTaO3; with g-C3N,4, which might be attributed to the
higher electron-hole separation rate caused by the heterojunction be-
tween NaTaO3 and g-C3Ny4. The degradation rate was further improved
to 95.47% after Ag nanoparticles were introduced. Trace amounts of Ag
nanoparticles can enhance the light absorption of catalyst and promote
the generation of electron-hole pairs. Fig. 5B shows the photo-
degradation experiment of TC under visible light irradiation
(A > 420 nm). The degradation efficiency of prepared photocatalysts
decreased to different extent, which could be ascribed to the low uti-
lization rate of visible light over wide bandgap catalysts. The pure
NaTaO;3 only slightly removed TC through adsorption under visible
light. And the degradation efficiency of TC was 51.74% for pure g-C3N4

nanosheets. However, the photocatalytic performance of g-C3N4/
NaTaO3 and Ag/g-C3N4/NaTaOs just declined slightly compared with
the results under UV light irradiation. The degradation rate of TC de-
clined from 91.54% and 95.47% to 82.46% and 91.48% over g-C3N4/
NaTaO; and Ag/g-CsN,/NaTaO5 photocatalysts, respectively. The Ag/
g-C3N4/NaTaOs still acted as the most efficient photocatalyst compared
with the prepared pure and binary photocatalysts. The pure and binary
catalysts could hardly remove TC under near infrared light irradiation
(A > 760 nm). Although the photocatalytic performance of ternary
Ag/g-C3N4/NaTaOs5 catalyst also declined significantly, it was still ob-
served that the concentration of TC decreased obviously (Fig. 5C), be-
cause the introduction of Ag nanoparticles could effectively increase the
long wavelength light absorption performance of catalysts. The
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experimental results indicated that the prepared Ag/g-C3N4/NaTaO3
photocatalysts can be activated by wide-spectrum light and make the
best use of natural light. Fig. 5D-F shows the reaction kinetic curves of
TC degradation under different light condition for the samples of
NaTaOs;, g-C3Ny, g-C3N4/NaTaO3 and Ag/g-C3N,/NaTaOs, from which,
the apparent kinetic constants for Ag/g-C3N4/NaTaO3 can be found to
be the highest of all samples under both UV, visible and near infrared
light irradiation. This result could be attributed to the excellent re-
activity of photogenerated carriers in the ternary Ag/g-CsN4/NaTaO3
system, which demonstrates that this ternary photocatalyst can effec-
tively protect the high reactivity of photogenerated carriers.

The main intermediate products were identified by LC—MS tech-
nique and the MS spectra of possible intermediates at different reaction
time were displayed in Fig. S6. It can be seen that different m/z peaks
appeared with the reaction progressed, which indicates that different
intermediate products were generated during the reaction. The mole-
cular weights and corresponding possible molecular structures are
listed in Table S1. According to the quantity change of intermediates in
the reaction process, the photodegradation of TC was supposed by three
ways, the N-demethylation, hydroxylation and dehydration process,
and the possible degradation pathway of TC can be roughly inferred
(Scheme 1). Specifically, the low bond energy of N—C provide the
possibility for the occurrence of N-demethylation, and a series of pro-
ducts with m/z of 430, 458, 416, 387, 401, 437 and 358 were generated
by gradual fracture of C—N bonds. With the attack of -OH, the hy-
droxylation and dehydration process occurred, which led to the gen-
eration of intermediates with m/z of 342, 376 and 434. Scheme 1 dis-
played the reasonable degradation pathway based on the above
experimental dates, and these intermediates can be further decomposed
into small molecular substances or even CO, and H,O, which cannot be
accurately determined. So this part of degradation will be concluded
from the TOC removal test later.
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Inorganic salts in water may have impacts on the degradation pro-
cess [35-37], so some general inorganic ions were added to the sup-
porting electrolyte to explore their influences on the photocatalytic
degradation process. Fig. 6A and C display the degradation curves of TC
in the presence of cations (Fe**, Ca®*, Na™) and anions (Cl~, SO4>~
and CO527) under visible light irradiation. From Fig. 6A, it can be
observed that the degradation rate is enhanced significantly with the
presence of Fe®*. The apparent kinetic constants for Ag/g-CsN,/
NaTaOs in the presence of Fe>*, Ca?™ and Na* are 0.1043, 0.0231 and
0.0389 min ", respectively (Fig. 6B). Compared to the kinetic constants
(0.0394 min~") without ion addition, the reaction rate was sig-
nificantly enhanced in the presence of Fe**. According to previous
study, Fe®>* can enhance photocatalytic reactions by two ways. On one
hand, Fe** can unite with photogenerated electrons and holes to form
Fe?* and Fe** ions and contribute to the electron-hole separation [38].
On the other hand, Fe** can act as an effective photosensitive sub-
stance and adsorb light to produce -OH under weak acidic system,
which resembles the photo-Fenton reactions and thus accelerates the
degradation process [39,40]. The introduction of Na™ has little impact
on the degradation, and the presence of Ca®" inhibits the degradation
process obviously by reacting with TC to form metal complexes [41].
From Fig. 6C, it can be seen that C1~ and SO4>~ show little impact in
the degradation process, and the presence of CO3>~ significantly sup-
presses the degradation process. The corresponding reaction kinetic
curves are shown in Fig. 6D, and the apparent kinetic constant equals to
0.0116 min ! in the presence of CO32~, much lower than that without
ion addition (0.0388 min ). This phenomenon was triggered by the
scavenging effect of carbonate ions on hydroxyl radical according to the
previous reports [42].

Furthermore, its degradation performances in RhB and phenol so-
lutions were also investigated under different wavelength light irra-
diation. As shown in Fig. S5, Ag/g-C3N,/NaTaO; showed excellent
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degradation effect towards RhB solution. The degradation rates under
UV, visible and infrared light were 95.47%, 85.48% and 21.89%, re-
spectively. In addition, phenol solution could also be degraded effec-
tively over Ag/g-C3sN4/NaTaO3 catalyst, while the degrading rate of
phenol solution was relatively decreased compared with RhB solution.
The results satisfactorily indicated that the photocatalysts are widely
applicable in degradation of many kinds of organic pollutants, such as
antibiotics, dyes and many other persistent organic pollutants.

The comparisons of photocatalytic activities of Ag/g-C3N4/NaTaO3
with other photocatalysts previously reported for the degradation of TC
and RhB under visible light were listed in Table S2. Obviously, the Ag/
g-C3N4/NaTaO3 composite showed better degradation performance for
TC than many reported materials, such as N-CNT/mpg-C3N4, PCNS/
BiVO,, CQDs/g-C3N,, h-BN/g-C3N, and GQDs/mpg-CsN,. And fur-
thermore, Ag/g-C3N4/NaTaO3 also exhibited superior RhB degradation
performance compared with a series of other NaTaO3 or g-C3N,4 based
materials, such as Ag/AgCl/NaTaOs3, Ag,0O/NaTaO3, S,N-GQDs/g-C3N4
and CQDs/g-C3N,4. Based on the performance comparison with other
materials, the superior performance for organic pollutants degradation
of Ag/g-C3N4/NaTaOs3 can be further confirmed and displayed.

In order to study the mineralization ability of the photocatalysts, the
total organic carbon (TOC) removal rate was also measured in this
study. Fig. S5C shows the mineralization rate (TOC removal rate) of TC,
RhB and phenol by the Ag/g-CsN,/NaTaOs photocatalyst under dif-
ferent light irradiation conditions, and the experimental results indicate
that the prepared ternary photocatalyst showed great TOC removal
capacity to all three TC, RhB and phenol under UV light or visible light
irradiation. The excellent TOC removal efficiency illustrates the ex-
cellent mineralization ability of prepared ternary photocatalyst.

High stability is an important factor in the application of photo-
catalysts, in order to study the stability of the prepared ternary pho-
tocatalysts, the catalyst was recycled and repeatedly used 5 times. As
shown in Fig. 7A, there is an obvious loss in the TC photodecomposition
over Ag/g-CsN,4/NaTaOs; after 5 cycles. Moreover, XRD and XPS ana-
lysis were performed to characterize the samples before and after 5
cycle photocatalysis test. The XRD pattern of the recycled Ag/g-C3N4/
NaTaO3; have no obvious distinction compared with the original one
(Fig. 7B), which suggests that the crystalline phase has not changed
before and after reaction. The unaltered XPS spectra (Fig. S7) further
indicate that the element composition and chemical state of Ag/g-
C3N4/NaTaO3; have not changed before and after reaction. The mor-
phology of used Ag/g-C3N4/NaTaOs; was further checked by TEM
analysis (Fig. 7C-F). It can be seen that there was a slight agglomera-
tion of the materials after five cycles of using, which may be the cause
of the decrease in catalytic performance. But the morphology of the
used catalyst has not changed. Especially, the Ag nanoparticles dis-
tributed on the contact surface of NaTaO3; and g-C3N4 have not fallen
off, indicating the high stability of prepared Ag/g-C3N,/NaTaO3 pho-
tocatalysts.

3.5. Possible photocatalytic mechanism in reaction system

To reveal the photocatalytic mechanism of Ag/g-C3N4/NaTaOs in
TC degradation process, several scavengers were used during the pho-
tocatalytic reaction. In this study, ethylenediaminetetraacetic acid dis-
odium (EDTA-2Na) was used as scavenger of holes (h™), and iso-
propanol (IPA) and 1,4-benzoquinone (BQ) were added as scavengers
for hydroxyl radical (-OH) and superoxide radical (- O, ™), respectively
[43]. Fig. 8A and B represent the TC degradation curves in the presence
of the above scavengers over g-C3N4/NaTaO3 and Ag/g-C3N4/NaTaOs.
It is obvious that both g-C3N4/NaTaO3 and Ag/g-C3N,4/NaTaO3 show
great photocatalytic effect under visible light irradiation. The addition
of IPA just caused a little inhibitory effect for g-C3N,4/NaTaOs3, while the
presence of BQ or EDTA-2Na shows obvious inactivation effect on g-
C3N,/NaTaOs; catalyst, which demonstrates that holes and -0, played
important roles in the reaction process, and few -OH was generated in
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the TC photodegradation over g-C3N,/NaTaOs;. From Fig. 8B, all the
three scavengers show significant deactivation effects on the ternary
Ag/g-C3N4/NaTaO3 photocatalyst, indicating that -OH, -O,~ and holes
all played important roles in the Ag/g-C3N4/NaTaOs; photocatalytic
reaction system. Based on these results, preliminary conclusions could
be proposed that the introduction of Ag nanoparticles can help en-
hancing the generation of -OH and improving the photocatalysis effi-
ciency.

To further validate the radical generation in the photocatalytic
system over g-C3N4/NaTaO3; and Ag/g-C3N,4/NaTaOs, the ESR spin-trap
technology [44-46] was also performed (Fig. 8C and D). Under UV light
irradiation, the characteristic signals of DMPO-:-O,~ and DMPO--OH
can be observed, indicating the generation of -O,~ and -OH during the
photodegradation process. In addition, the characteristic signals of -
O,~ and -OH are also observed during reaction process over Ag/g-
C3N4/NaTaO3, and the signal intensities of both -O,~ and -OH over
Ag/g-C3N4/NaTaO3; were much stronger than that over g-C3N4/
NaTaOs. The ternary Ag/g-C3N4/NaTaOs provides about double of the
<05~ signal strength and quadruple of the -OH signal strength com-
pared to the binary g-C3N4/NaTaOs. Under visible light irradiation, a
strong characteristic signal of DMPO--0, " can still be observed, while
the signal of DMPO--OH is very week. And it can also be observed that
both the DMPO--0, " signal and DMPO--OH signal get enhanced after
the introduction of Ag nanoparticles. The results indicated that the
introduction of Ag nanoparticles could indeed enhance the generation
of -+O,~ and -OH under both UV and visible light irradiation, which can
also explain the hugely enhanced photocatalytic performance after in-
troducing Ag nanoparticles.

Based on the above experimental results, a logical explanation for
the photocatalytic mechanism of binary g-C3N4/NaTaO3 heterogeneous
and Ag/g-C3N4/NaTaOs photocatalysts could be proposed. The me-
chanism will be discussed in UV and visible light separately.

According to the ESR measure, the characteristic signals of both -
O," and -OH are very strong for Ag/g-C3sN4/NaTaO3; under UV light
irradiation, suggesting that a large amount of electrons and holes may
actively participate the radical generation reaction in the CB of g-C3Ny4
and VB of NaTaOs. Hence, we have reason to believe that the electron
transfer follows the Z-scheme mechanism in Ag/g-C3N4/NaTaOs.
However, for g-C3N4/NaTaOs, the ESR single of -OH sharp dropped
under UV light irradiation (less than a quarter of Ag/g-C3N4/NaTaO3),
while the single of -O,~ was still sufficiently strong (about half of Ag/
g-C3N4/NaTaOs3). The decrease of radical generation reflects the de-
creased activity of electrons and holes, and thus it is reasonable to
presume that a large amount of electrons (holes) shifted from the high-
energy CB of g-C3N4 (VB of NaTaOs) to the low-energy CB of NaTaO;
(VB of g-C3Ny). Thus it can be concluded that an ordinary double-
transfer mechanism is more suitable for explaining the charge transfer
process in g-C3N4/NaTaOs.

The mechanism under UV light irradiation is shown in Scheme 2A.
For g-C3N4/NaTaOg, the transfer process of photogenerated carriers
could be classified to a typical double-transfer mechanism in hetero-
junction structure. The photogenerated electrons from the CB of g-C3Ny4
could transfer to the CB of NaTaO;. Meanwhile, the photogenerated
holes from the VB of NaTaO3 could transfer to the VB of g-C3N,. Hence,
the photogenerated electrons and holes could be collected on the CB of
NaTaO; and VB of g-C3Ny, respectively, which significantly enhanced
the separation of photogenerated carriers and photocatalytic activity.
However, the potential of OH™ /-OH couples is about +2.4eV and
much higher than the VB of g-C3N4 [47,48], so when the photo-
generated holes transferred from the VB of NaTaO3 to the VB of g-C3Ny,
they lost the ability to oxidize H,O into -OH. The characteristic signals
of DMPO--OH of g-C3N4/NaTaO3; under UV light belong to the -OH
generated in another way: the O, generated on the CB of NaTaO; can
react with H" to form -OH. Thus the ordinary double-transfer me-
chanism in binary g-C3N4/NaTaOs heterojunction cannot protect the
high potential CB of NaTaO3 and make the best use of it. On the other
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Scheme 2. Schematic diagram for the charge separation under (A) UV light and (B)
visible light irradiation.

112

hand, it is clear to know from previous studies that the photogenerated
carrier separation rate of ternary Ag/g-CsN4/NaTaOs3 is much higher
than that of binary g-C3N4/NaTaOs, and the generation of both -O5~
and -OH in Ag/g-C3N4/NaTaO; reaction system get tremendously en-
hanced compared to g-C3N4/NaTaO3. Hence, for Ag/g-C3N4/NaTaOs3,
the Z-scheme transfer mechanism is a much more plausible explanation
for the transfer process of photogenerated carriers. As shown in Scheme
2A, the photogenerated electrons on the VB of NaTaO3 and holes on the
CB of g-C3N4 would transfer to metallic Ag nanoparticles due to its
Schottky barriers at the metal-semiconductor interfaces. These elec-
trons and holes recombined in the Ag nanoparticles, and the remaining
electrons and holes accumulated at the CB of g-C3N,4 and VB of NaTaOs,
respectively, which successfully protected the highly positive VB of
NaTaOs3 and negative CB of g-C3N, and greatly enhanced the electron-
hole separation rate and photocatalytic activity. In addition, the Ag
nanoparticles could absorb light and produce photo-induced electrons
due to its SPR effect, and these photo-induced electrons could shift to
NaTaO; and g-C3N4 and enhance the photocatalytic activity. In this
way, the photogenerated holes on the VB of NaTaO3; have enough en-
ergy to oxidize H,O or OH™ into -OH, and the accumulated electrons
on the CB of g-C3N, have stronger reducibility and can generate more -
O, ", which can be demonstrated by the ESR test (Fig. 8C and D). The
all generated h™, -0, and - OH could react with organic pollutant and
degrade them into smaller intermediate products or even into end
products like HO and CO,. In brief, the introduction of Ag nano-
particles can change the transfer process of photogenerated carriers to
form a Z-scheme transfer mechanism, which can significantly enhance
the electron-hole separation rate and effectively protect the high po-
tential VB of NaTaO3; and CB of g-C3N4. Meanwhile, another possible
charge transfer pathway for Ag/g-CsN,/NaTaO3; based on the electron
capture effect of Ag nanoparticles was discussed in the Supporting
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information (Scheme S1).

g-C3N4/NaTaO5 + hy — g-C3N,/NaTaOs (e, h™) 3
e” +0y—=:0y" @
.0,” +H" - -OH )
Ag/g-C3N,/NaTaO5 + hv — Ag/g-CsN,/NaTaO5 (e, h™) (6)
e” + 05— -0," 4
-:0,” +H' — -OH (5)
h* + H,0— -OH + H* @)
-0, /-OH/h* + pollutants — micromolecules, CO,, H,O 8)

As NaTaOj; cannot be excited by visible light, the mechanism under
visible light irradiation can be illustrated in Scheme 2B. In g-C3N4/
NaTaO; system, the g-C3N, absorbs the visible light to produce elec-
tron-hole pairs. A part of photogenerated electrons on the CB of g-C3N4
transfer to the dissolved oxygen to form -O,~ because the CB of g-C3Ny4
is lower than the E; (O2/O5 ). And a part of photogenerated electrons
will transfer to the CB of NaTaOs, which can enhance the separation of
electrons and holes, and the electrons on the surface of NaTaOs still
have the ability to reduce molecular oxygen into -O,~ (proved by the
ESR analysis shown in Fig. S8). The -O, "~ free radical can directly de-
grade TC molecules or form -OH free radical to degrade TC. In Ag/g-
C3N4/NaTaO3 system, not only can g-C3N,4 produce electron-hole pairs,
but also the Ag nanoparticles can absorb the visible light to produce
electron-hole pairs by SPR. The photogenerated electrons on Ag nano-
particles could transfer to the CB of g-C3N4 and NaTaOs, which makes
the photogenerated electron density on Ag/g-C3N4/NaTaOs; much
higher than g-C3N4/NaTaOs. Besides, the photogenerated electrons on
g-C3N, can also transfer to the CB of NaTaO; to inhibit the re-
combination of charges. In the summary, the combination of NaTaO3
and g-C3N,4 enhances the charge separation and the introduction of Ag
nanoparticles significantly improves the visible light utilization.

g-CsNy + hy — g-CsN, (e, h™) 9
Ag+hv—Ag(e”,h™) 10
NaTaO3 + e~ (g-C3N4) + e~ (Ag) — NaTaO;3 (e ™) an
e +0,—-05" (€)]
-0,” +H' — -OH (5)
-0,~/+-OH/h™ + pollutants — micromolecules, CO,, H,0 8)

4. Conclusions

In this study, a ternary Ag/g-C3N4/NaTaO3 photocatalyst was suc-
cessfully synthesized through hydrothermal, sintering, wet-impregna-
tion and photodeposition methods. The prepared samples were char-
acterized by XRD, SEM, TEM, FTIR and XPS measurements. The
photocatalytic activity was tested by degrading TC, RhB, and phenol
under UV light, visible light and near infrared light irradiation. The Ag/
g-C3N4/NaTaO3 composites showed enhanced photocatalytic activity
under wide-spectrum light irradiation than pure and binary particles.
The Ag nanoparticles on the surface of catalysts acted as a charge ex-
citation and transfer center, and changed the transfer process of pho-
togenerated carriers to form a Z-scheme transfer mechanism. The en-
hanced photocatalytic performance can be attributed to the great
charge excitation ability, efficient charge separation rate and the uti-
lization of high potential VB of NaTaO5; and CB of g-C3N,. In addition,
the photocatalyst exhibited great stability with little loss of activity
after five runs reaction. Fe>* showed a positive role in degradation
process, and the presence of Ca** and CO5®~ could partly obstruct the
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degradation process. In general, the ternary Ag/g-C3N4/NaTaOs pho-
tocatalyst has strong wide-spectrum light absorbance and exhibits ef-
ficient photocatalytic activity to organic pollutants. This study could
provide a direction for constructing novel efficient photocatalysts.
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