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Constructing a direct Z-scheme heterojunction is an effective method to improve the catalytic performance of
photocatalyst. Here, the direct Z-scheme heterojunction rutile-TiO2/g-C3N4 photocatalyst was constructed by a
simple solid grinding method. This method can not only avoid the weak activity of rutile-TiO, in high synthe-
sized temperature condition, but also precisely control the amount of g-C3N4. The evaluation of photo-
degradation reaction suggests that the rutile-TiOy/g-C3N4 photocatalyst exhibits higher photodegradation
efficiency than the pure rutile-TiO, and the pure g-C3N4 under simulated sunlight irradiation, and the optimal
photocatalytic performance is achieved when the mass ratio of rutile-TiO3 to g-C3Ny is 2:5. The experimental
results prove that a direct Z-scheme heterojunction is formed over the rutile-TiO5/g-C3N4 photocatalyst, which
promotes the effective electron-hole separation and the higher redox potential over the rutile-TiO5/g-C3N4
photocatalyst. This work provides an attractive strategy to construct the direct Z-scheme photocatalyst consisted

of rutile-TiO3 and g-C3Nj.

1. Introduction

Semiconductor photocatalysis is a green technology, which has
played a very noteworthy role in the fields of global energy storage and
environmental remediation [1,2]. Since the first report on water split-
ting of graphitic carbon nitride (g-C3N4) under visible light irradiation
was published in 2009, g-C3N4 has been widely acknowledged as pho-
tocatalyst due to its exceptional visible light response, high reduction
ability and physicochemical stability [3-7]. However, the photo-
catalytic performance of pure g-C3Ny is limited by the weak oxidative
ability of holes and fast recombination rate of photogenerated charge
carriers [8-11]. Therefore, it’s highly desirable to explore a reasonable
approach to overcome these drawbacks.

To date, researchers have made great efforts to enhance the charge
separation of g-C3N4, including metals or non-metals doping [12,13]
and heterojunction construction [14]. In order to increase the response
range of visible light, it is necessary to reduce the band gap of semi-
conductor photocatalyst, however, it is thermodynamically

disadvantageous to the photocatalytic redox reaction due to the positive
shift of conduction band and/or the negative shift of valence band, thus
the both aspects are contradictory [15]. Among these methods, heter-
ojunction construction via coupling with other semiconductors can solve
the above contradiction and has attracted considerable interests
[16,17]. Especially, a direct Z-scheme heterojunction displays
outstanding photocatalytic performance owing to its high redox poten-
tial and effective spatial separation of carriers without electron transfer
mediator [18]. It has been reported that the modification of TiO; to form
heterojunction can improve the photocatalytic performance of g-CsN4
by suppressing the recombination of photogenerated carriers [19,20].
For instance, Hao et al. synthesized rutile TiOo@g-C3N4 core-shell
nanorod arrays, which shows an enhanced photocatalytic activity for the
photodegradation of RhB dye [21]. Xia et al. reported TiO,@g-C3N4
core-shell heterojunction photocatalysts with uniform mesoporous
structures, such an extraordinary core-shell heterojunction significantly
inhibited the recombination of photogenerated electrons and holes for
better visible light photocatalytic performance [22]. Additionally, TiO2/
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g-C3Ny4 heterojunctions were typically prepared by high-temperature
calcination of the physical mixtures of g-CsNy4 precursors and TiOy (or
their precursors) [23-25]. It is worth noting that, for TiOy/g-C3N4
composites, after calcination at high temperature, TiO, is easy to
agglomerate to deactivate and the amount of g-C3Ny is difficult to pre-
cisely control. Thus, the search for a simple and effective synthesis
method to solve the problems and make TiOy/g-C3N4 heterojunction
with high photocatalytic activity is necessary.

In this work, a direct Z-scheme heterojunction rutile-TiOy/g-C3Ny4
catalyst was successfully constructed. The rutile-TiO5 was prepared by
hydrolysis of TiCls in pure water at 60 °C, and it is found that the
photocatalytic activity of the prepared rutile-TiO5/g-C3N4 samples
obviously decreases with increasing the calcination temperature, and
therefore the high temperature calcination process is not conducive for
rutile-TiO5/g-C3Ny4. To the best of our knowledge, the solid grinding
method can resolve the aforementioned problems in the synthesis of
rutile-TiO5/g-C3Ny4 heterojunction photocatalyst. Thus, a series of rutile-
TiO9/g-C3Ny4 photocatalysts were prepared by solid grinding method.
The obtained photocatalysts were characterized by X-ray diffraction
(XRD), Fourier transform-infrared spectroscopy (FTIR), X-ray photo-
electron spectroscopy (XPS), High-resolution transmission electron mi-
croscopy (HRTEM), UV-visible diffused reflectance spectroscopy
(UV-Vis DRS) and photoelectrochemical tests. We focus on studying the
structure and photocatalytic performance of rutile-TiO5/g-C3N4 photo-
catalyst, and the reaction mechanism of photocatalytic degradation over
the rutile-TiO2/g-C3N4 photocatalyst.

2. Experimental section
2.1. Materials

Titanium tetrachloride (TiCly) was purchased from Shanghai
Chemical Reagent Company, China. Melamine (C3HgNg) was purchased
from Sigma Aldrich. Ethylenediamine tetraacetic acid disodium (EDTA-
2Na) was purchased from Xilong Scientific Co., Ltd. Isopropyl alcohol
(IPA) and p-benzoquinone (p-BQ) were purchased from Cheng Du Chron
Chemicals Co., Ltd. These chemicals were of analytical grade and used
without further purification. Deionized water was used in all
experiments.

2.2. Preparation of photocatalysts

2.2.1. Preparation of g-C3N4 nanosheet (CN)

10 g of melamine was added to an alumina crucible with a cover and
calcined in a muffle furnace at 550 °C for 3 h using a ramping rate of 10
°C/min. The yellow bulk g-C3N4 was obtained and ground into the
powder. The final product of g-C3N4 nanosheet was prepared by thermal
exfoliation of the above bulk g-C3Ny. In brief, 1 g of bulk g-C3N4 powder
was placed into an alumina crucible without cover and calcined under
the same thermal conditions as the above bulk g-C3Ny. After air-cooling
to room temperature, the CN nanosheet sample was obtained.

2.2.2. Preparation of rutile-TiO2 (RT)

2 mL TiCly was slowly dripped into 20 mL water under gently
magnetic stirring at room temperature. The hydrolysis process was a
highly exothermic reaction and released a large quantity of HCI fumes.
After continuous stirring, the mixed solutions became a transparent
aqueous solution. Then the resulting solution was heated to 60 °C in a
temperature-controlled water bath and kept for 6 h. After completing
the condensation and nucleation process, the precipitate formed in the
solutions was aged for several hours, collected by centrifugation (25 min
at 9000 rpm) and sonication, washed repeatedly with water to remove
Cl™ ions, dried at 80 °C overnight in an oven and grinded in an agate
mortar with a pestle to obtain the RT sample.
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2.2.3. Preparation of rutile-TiO2/g-C3Ny4

The rutile-TiOy/g-C3N4 samples were prepared by mixing the
different ratios of CN nanosheet and RT nanopowder and grinding for
10 min gently to obtain a uniform, smooth powder. The mass ratios of
RT to CN are 1:5, 2:5, 1:1 and 5:2.

2.3. Characterization

XRD patterns of samples were obtained in a Philips X’pert Pro
diffractometer with Ni-filtered Cu K1 radiation (A = 0.15408 nm, 40 kV
and 40 mA).

FTIR measurements were conducted by a FTIR Prestige-21 spectro-
photometer with the reference of KBr. A spectrum was collected from
500 to 2000 cm ™! with the spectral resolution of 16 em L.

XPS experiments were performed on a PHI 5000 Versa Probe X-ray
photoelectron spectrometer, via a monochromatic Al Ka (1486.6 kV)
radiation source (15 kW), the samples were degassed in a UHV chamber
(<5 x 1077 Pa) at room temperature prior to measurements. The C 1 s
peak at 284.6 eV was used as a reference for calibrating all binding
energies of the samples. And the XPS data was processed by the software
of XPSPEAK.

TEM and HRTEM images were taken by JEM-2100 instrument
operated at an acceleration voltage of 200 kV.

UV-vis diffuse reflectance spectroscopy (UV-Vis DRS) were recorded
in 200-800 nm region by a Shimadzu UV-2401 spectrophotometer using
BaSOy, as reference.

Electrochemical measurements of photocatalysts on an electro-
chemical workstation (VersaSTAT3-400, USA) were conducted in a
standard three-electrode system. The photocatalyst powder was depos-
ited on indium-tin oxide (ITO) glass electrode with an active area of ca.
1 cm? as the working electrode. The saturated calomel electrode (SCE)
and platinum sheet were employed as the reference electrode and
counter electrode, respectively. The 0.1 M NaySO4 aqueous solution was
served as electrolyte. A 300 W Xe lamp was used as irradiation. The
electrochemical impedance spectra (EIS) were tested at 0.5 V on a fre-
quency range from 0.1 Hz to 100000 Hz. The transient photocurrent
response measurements were conducted at 0.0 V bias potential (vs SCE)
using a 30 s on-off cycle. The Mott-Schottky plots were measured in the
dark at a frequency of 2000 Hz with the polarization potential from —1.5
to 1V (vs SCE).

2.4. Evaluation of photocatalytic activity

The evaluation of the photocatalytic activity of the as-prepared
catalysts was carried out in a quartz glass reactor. A 10 mg portion of
catalyst was dispersed in 10 mL RhB dye (10 mg-L™!). A 500 W Xenon
lamp equipped with a circulating cooling system of a jacket of flowing
water as the light source. During the photodegradation process, 1 mL
suspension was withdrawn at the given time internals (25 min) to
analyze the concentration of RhB solution by UV-vis spectrophotometer
(Shimadzu UV-2450, Japan) at wavelength of 554 nm. The removal rate
can be calculated as C;/Cy, where C; the concentration of RhB at the
given reaction time and Cy was the initial concentration of RhB after the
adsorption equilibrium in the dark room. To investigate the stability of
photocatalyst, after the photocatalytic reaction, the photocatalyst was
collected and reused in the recycling experiments.

The active component of holes (h™M), superoxide radicals (‘O3) and
hydroxyl radicals ('OH) were captured using ethylenediamine tetra-
acetic acid disodium (EDTA-2Na, 5 mmol-L’l), p-benzoquinone (p-BQ,
5 mmolL ™) and isopropyl alcohol (IPA, 5 mmolL 1), respectively. The
experimental procedures (using the sunlight as the light source) and the
analyzed method were similar to the described above, except the addi-
tion of scavengers into the solution to scavenge the active components.
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Fig. 1. The photodegradation activity of pure CN, RT and RTCN photocatalysts
for RhB under simulated sunlight irradiation.
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Fig. 2. Stability test for RhB degradation over the RTCN photocatalyst.

3. Results and discussion
3.1. Photocatalytic performance

The photodegradation activity of photocatalysts was tested by
degrading RhB under simulated sunlight irradiation. The adsorp-
tion—desorption equilibrium of RhB was achieved over the photo-
catalysts after 50 min in the dark. It can be seen that the concentration of
RhB has no apparent decreased without photocatalysts (blank test),
indicating that the self-degradation of RhB can be ignored under the
present experimental conditions. As we can see from Fig. 1, both pure RT
and CN own the low removal efficiency of RhB. Interestingly, after CN is
combined with RT to construct rutile-TiO/g-C3N4 samples, a remark-
able enhanced photocatalytic activity obtained. With increasing the
mass ratio of RT and CN, the degradation rate of RhB exhibits the feature
of rising in the beginning and then declining, and the photocatalytic
activity of samples follows the order of RT:CN = 2:5 > RT:CN = 1:1 >
RT:CN = 1:5 > RT:CN = 5:2 > CN ~ RT. In addition, the effect of
annealing temperature on the photocatalytic performance of the RT:CN
= 2:5 was further tested, as shown in Fig. S1, it can be seen that the
catalytic performance of the samples obviously decreases with the in-
crease of annealing temperature, which indicates that the high tem-
perature calcination process is disadvantageous to the catalytic
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Fig. 4. XRD patterns of the CN, RT and RTCN samples.

performance of rutile-TiO2/g-C3N4 samples. In order to explore the
reasons of improving photocatalytic activity over rutile-TiO2/g-C3N4
photocatalyst, the RT:CN = 2:5 (noted as RTCN in the latter sections) is
chosen to further analyze with various characterization techniques.

To evaluate the stability of the RTCN photocatalyst, the RTCN pho-
tocatalyst was repeatedly used for five times to test the degradation
activity of RhB after 150 min irradiation. As shown in Fig. 2, the pho-
tocatalytic activity of the RTCN photocatalyst slightly decrease after five
recycles. It can be found that the RTCN photocatalyst itself turns slightly
red to indicate the adsorption of RhB molecules over the surface of the
RTCN photocatalyst, which can be responsible for the insignificant
decline of photocatalytic performance [26]. These results demonstrate
that the RTCN photocatalyst possesses excellent stability during the
process of photocatalytic RhB degradation.

UV-Vis absorption spectra of reaction solution were collected to
analyze the products of degradation process. As shown in Fig. 3, it can be
seen that the absorption intensity of RhB obviously decreases and the
maximum absorption wavelength shifts from 554 nm to 496 nm with the
increase of irradiation time. Watanable and co-workers [27,28] reported
that the reason of the hypsochromic shift of the RhB absorption could be
ascribed to the N-deethylation processes. The characteristic wavelengths
of RhB were corresponded to a step-by-step deethylation of RhB to give
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Fig. 5. The FTIR spectra of the as-prepared CN, RT and RTCN samples.

539 nm (N,N,N’-ethylated rhodamine, TER), 522 nm (N,N’-ethylated
rhodamine, DER), 510 nm (N-ethylated rhodamine, MER), 498 nm
(rhodamine) [29,30]. After 125 min of irradiation time, the maximum
absorption wavelength keeps at 496 nm and its intensity gradually
weakens with increasing the reaction time, which indicates that
rhodamine can be further degraded and possibly mineralized to CO5 and
H,0.

3.2. Structure and morphology

The crystal structures of the as-prepared pure CN, RT and RTCN
samples were characterized by XRD. As shown in Fig. 4 for the pure CN
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sample, the two typical diffraction peaks of graphitic carbon nitride at
around 13.1° and 27.6°, which are indexed to the (1 00) crystal plane of
tri-s-triazine repeated units and (002) crystal plane of the stacks of the
aromatic segments respectively, are existed [31-33]. For the pure RT
sample, the characteristic peaks located at 20 = 27.4°, 36.1°, 41.2° are
assigned to the (110), (101) and (111) planes of rutile TiO5, respec-
tively (JCPDF NO.21-1276). For the RTCN sample, there is no any other
new peaks except the diffraction peaks of rutile TiO, and g-C3Ny4, which
indicates that the RTCN sample is composed of rutile TiO, and g-C3Ny.

The FTIR were utilized to investigate the chemical compositions and
bonding structures of the CN, RT and RTCN samples. As shown in Fig. 5,
the broad absorption band at 1240-1640 cm™! is resulted from two
kinds of chemical bonding of pure CN. The bands at 1247, 1323, and
1411 cm ™! are assigned to the sp3 C—N breathing modes, and the band
at 1638 cm ™! is ascribed to the aromatic sp; C=N stretching vibration
[34-36]. The sharp band at 810 em™! is corresponded to the charac-
teristic bending of tri-s-triazine units [37,38]. As for the pure RT, the
broad absorption band between 500 and 800 cm ! is attributed to the
vibration modes of Ti—O and Ti—O—Ti [26]. The band centered at
1630 cm ™! is related to the adsorbed water molecules on the surface of
sample. For the RTCN sample, the main characteristic bands are the
same as the pure CN and no band shift can be detected, suggesting that
adding rutile TiO by solid grinding has no effect on the chemical
bonding of g-C3N4 in the RTCN sample, which is consistent with the XRD
results.

XPS was conducted to analyze the electronic states and chemical
compositions on the surface of the CN, RT and RTCN samples. The XPS
results are shown in Fig. 6, and the peaks were fitted by Gaussian-
Lorentz curves. For the high-resolution C 1s spectrum of the CN sam-
ple, two main peaks centered at 284.6 and 287.9 eV can be attributed to
the spa-bonded carbon atoms of C—C and N—C=N groups, respectively
[39]. For the RT sample, two deconvolution peaks at 284.6 and 288.6 eV
are all attributable to carbon contamination. In the N 1s spectra of the
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Fig. 6. XPS spectra of (a) C 1s, (b) N 1s, (c) O 1s and (d) Ti 2p of the CN, RT and RTCN samples.
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Fig. 7. TEM images of (a) CN, (b) RT, (c) RTCN, and HRTEM images of (d) RT and (e) RTCN composite.

CN sample, four peaks with binding energies at 398.5, 400.1, 401.3 and
404.2 eV can be observed. The main contribution peak at 398.5 eV can
be assigned to spy hybridized aromatic N (C=N—C), and the peak
located at 400.1 eV is attributed to tertiary nitrogen N—(C)3 [40,41].
The two small peaks at 401.3 and 404.2 eV are corresponding to N—H
groups and charging effects, respectively [42,43]. In the O 1s spectra of
the RT and RTCN samples, the peak located at 529.7 eV is originated
from bulk Ti—O—Ti bonding [44]. Simultaneously, the peak at 532.1 eV
can be assigned to the surface oxygen species including in the adsorbed
H20 or CO; and the surface Ti—O—Ti bonding for the CN, RT and RTCN
samples [45]. In the Ti 2p spectra of the RT and RTCN samples, the two
peaks at 458.4 and 464.2 eV can be identified as Ti 2p3,2 and Ti 2p; /5 of
the Ti** species, respectively[46,47]. It is worth noting that the loca-
tions of peaks associated to the 2p,-bonded nitrogen and carbon atoms
of the aromatic g-C3Ny or the locations of Ti 2p of rutile-TiO in the
RTCN sample keeps the same as the counterparts of the pure CN and RT
samples, suggesting that there is no obvious interfacial electronic

interaction between CN and RT in the RTCN sample.

The morphologies of samples were further examined by TEM and
HRTEM. As seen from Fig. 7a, the CN sample exhibits a laminar struc-
ture, the RT sample shows typical nanoparticles with sizes less than 20
nm, whereas the RT nanoparticles are uniformly dispersed in the CN
nanosheets over the RTCN sample. At the same time, Fig. 7d and 7e
clearly shows that the lattice spacing of 0.325 nm, which is corre-
sponded to the (110) crystal plane of rutile TiO,. In addition, the
HRTEM image of the RTCN sample also shows that the clear lattice
fringes of RT nanoparticles, intimately couples with the vague fringes of
CN nanosheets [48,49]. Thus, the intimate interface contact of CN and
RT is a prerequisite for the formation of heterojunction over the RTCN
sample, and the further proofs will be given in the latter experimental
results.
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3.3. Optical property

The optical properties of CN, RT and RTCN samples were evaluated
by using UV-Vis DRS. As shown in Fig. 8, it can be seen that the
fundamental absorption edges of the CN and RT samples are at around
441 nm and 400 nm, respectively. It is found that the RTCN sample
exhibits the strongest light absorption, which can be mainly on account
of the heterojunction formed between CN and RT [50,51].

The bandgap energies of the as-prepared samples can be calculated
by the following formula [52].

(ahv)* = A x (hw — Eg) (@)

Where a, h, v, Eg and A are absorption coefficient, Plank’s constant, the
light frequency, direct bandgap and a constant, respectively. According
to the Tauc plot of (arhz/)2 versus hv (inset of Fig. 8), the Eg values of the
CN and RT are estimated to be 2.89 and 3.13 eV, respectively.

EIS was measured to investigate the separation efficiency of photo-
generated carriers, as presented in Fig. 9a. Accordingly, a smaller
impedance arc radius means a lower charge transfer resistance and a
higher charge separation efficiency [53]. As can be seen, the arc radius
of the RTCN sample is much smaller than those of the CN and RT sam-
ples, and it is deduced that the heterojunction of the RTCN sample can
accelerate charge transfer and inhibit charge recombination. In order to
further inspect the transfer properties of the photogenerated carriers,
the transient photocurrent density of sample was conducted. As shown
in Fig. 9b, the intensity of photocurrent density obeys the sequence of
RTCN > CN > RT. The RTCN sample possesses the highest photocurrent
density of 70nA-cm ™2, which is almost 2.8 and 3.5 times higher than that
of the CN sample (25nA-cm™?) and the RT sample (20nA-cm’2),
respectively. Simultaneously, the results also corroborate that the for-
mation of heterojunction over the RTCN sample is conductive to the
separation and migration of photogenerated carriers [54].

Furthermore, the Mott-Schottky plots were measured to characterize
the band structures of CN and RT, as shown in Fig. 9c. The positive slope
of the two samples is indicative of the characterization of n-type semi-
conductor [55-57]. Generally, the conduction band (CB) potential value
of semiconductor is approximately equal to its flat band potential [58].
Therefore, the CB potentials of the CN and RT samples are at —0.93 and
0.05 V (vs normal hydrogen electrode (NHE)), respectively. According
to the empirical formula: Eyg = Ecg + Eg, the valence band (VB) po-
tentials of the CN and RT samples are 1.96 and 3.18 V, respectively.
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RTCN samples, and (c) Mott-Schottky plots of the CN and RT samples.

3.4. Mechanism of photocatalytic reaction

To ascertain the roles of active species during the RhB photo-
degradation reaction over the photocatalysts, the trapping experiments
were carried out through adding different scavengers. EDTA-2Na, p-BQ
and IPA were used as the scavengers of holes (h™), superoxide radicals
(‘'0O3) and hydroxyl radicals (OH), respectively [59]. As shown in
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Fig. 10a, the photocatalytic efficiency of RhB obviously declines after
the addition of p-BQ and EDTA-2Na and the order of suppression degree
is p-BQ > EDTA-2Na, whereas the effect caused by IPA can be almost
ignored. Therefore, it is speculated that ‘Oz is the most important active
radical for the CN sample. Accordingly, as observed from Fig. 10b, only
EDTA-2Na can significantly inhibit the photocatalytic activity of the RT
sample, and the degradation efficiency of RhB follows the order of IPA >
p-BQ > EDTA-2Na, which manifests that the photogenerated h* is major
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Fig. 11. Schematic illustrations of photocatalytic reaction mechanism over the
RTCN photocatalyst: (a) the type-II heterojunction mechanism; (b) the direct Z-
scheme heterojunction mechanism.

active species in the photodegradation process over the RT sample. As
for the RTCN sample, it can be seen from Fig. 10c that the photocatalytic
activity can be severely inhibited by both p-BQ and EDTA-2Na. Conse-
quently, it can be deducted that both the photogenerated h* and "03 are
the main active species during the RhB photodegradation process over
the RTCN sample.

Based on the above discussions, the possible photodegradation
mechanism is proposed to explain the enhanced photocatalytic activity
of the RTCN sample shown in Fig. 11. Under the simulated sunlight
irradiation, electrons are excited to CB and holes are formed in VB of
semiconductor photocatalysts, and the photogenerated carriers readily
migrate at the interface of photocatalysts to react with reactants [60]. As
illustrated in Fig. 11a, the positions of the CB and VB edges of the CN
sample are higher than that of the RT sample. According to the type-II
heterojunction theory, the photogenerated e™ in the CB of CN will
transfer to the CB of RT and the photogenerated h' in the VB of RT will
migrate to the VB of CN [61]. However, the photogenerated e~ in CB of
RT cannot react with the dissolved O; near the surface of the catalyst to
generate ‘O3 radicals because the Ecg of RT is more positive than the
standard redox potential of O3/°03 (-0.33 eV) [62]. In this sense, the
type-II heterojunction mechanism conflicts with the results of trapping
experiment in which "Oz is the main reactive species over the RTCN
sample. To this end, the direct Z-scheme heterojunction mechanism is
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proposed to explain the elevated photocatalytic performance of RTCN
system, as presented in Fig. 11b. The photogenerated e in the CB of RT
can directly transfer to the VB of CN through the contact interface and
recombine with the holes in the VB of CN. Moreover, the photogenerated
e~ in the CB of CN (-0.93 eV) can react with O, to form ‘O and ‘O3
further oxidizes RhB. Meanwhile, the photogenerated h* in the VB of RT
can also directly oxidize RhB. It can be seen that the direct Z-scheme
heterojunction mechanism can reasonably explain the results of trap-
ping experiment over the RTCN photocatalyst. Therefore, this allows
one to conclude that the direct Z-scheme heterojunction rutile-TiO»/g-
C3N4 photocatalyst is constructed by solid grinding method to improve
its photocatalytic performance.

4. Conclusion

In summary, the rutile-TiO,/g-C3N4 photocatalyst with direct Z-
scheme heterojunction can be successfully synthesized by a facile solid
grinding method without any other treatment. The rutile-TiO5/g-C3Ny4
photocatalyst composites with 2:5 mass ratio of rutile-TiO; to g-C3Ng4
exhibits the best photocatalytic performance, which can be mainly
ascribed to the enhanced ability of light absorption and the higher
separation efficiency of photogenerated carriers. The results of trapping
experiments and the analysis results of band structure by UV-Vis DRS
and electrochemical measurements confirm the direct Z-scheme heter-
ojunction mechanism over the rutile-TiO5/g-C3N4 photocatalyst.
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