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ARTICLE INFO ABSTRACT

Article history:

Photocatalysis is considered to be a clean, green and efficient method to purify water. In this report, we
first developed a highly efficient ultrafine TiO, nanorods/g-C3N,4 nanosheets (TiO, NR/CN NS) composites
via a simple hydrothermal method. Tiny TiO, nanorods (diameter: ~1.5 nm and length: ~8.3 nm) were
first loaded in situ on the CN NS by adding graphitic carbon nitride (g-C3N4) to the reaction solution.
The TiO, NR/CN NS composites present high charge separation efficiency and broader light absorbance
than P25 TiO,. Furthermore, we illustrate that the TiO, NR/CN NS catalyst possesses high performance
for the photocatalytic degradation of the common and stubborn pollutants in water, such as the rho-
damine B (RhB) dye and phenol. Under visible light (4 > 420 nm) irradiation, the apparent rate of the
TiO, NR/CN NR is 172 and 41 times higher than that of the P25 TiO, and TiO, NR, respectively.
Additionally, we speculated that the heterojunction formed between TiO, NR and CN NS, which is the
basis for the experiments we have designed and the corresponding results. We demonstrated that reac-
tive oxidative species such as superoxide anion radical and holes play critical roles in the degradation,
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and the hydroxyl radical contributes nothing to the degradation.
© 2018 Science China Press. Published by Elsevier B.V. and Science China Press. All rights reserved.

1. Introduction

Considering the growing environmental issues worldwide, par-
ticularly water pollution, an increasing amount of research has
been conducted to explore effective methods of water purification.
Clean technology is emerging as a favorite direction, as it is well
known that highly efficient photocatalyst can promote the direct
conversion of solar energy to chemical energy and decontamina-
tion [1-5]. As one of the most typical photocatalysts, P25 TiO,
has been extensively employed in the fields of solar fuel and
sunlight-driven pollutant decomposition because of its strong oxi-
dizing capability; high thermal, chemical and photostability; low
cost; and nontoxicity [6,7]. However, it suffers from a narrow light
absorption range and rapid charge recombination [2,8-10]. Con-
structing a heterojunction is an effective way to broaden the light
absorption and promote the charge separation [11-13]. A well-
known graphitic carbon nitride (g-C3N4) nanosheets (CN NS) has
been developed as a novel metal-free photocatalyst owing to its
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visible light driven bandgap (~2.7 eV) and suitable band edge posi-
tion for H, production and degradation of organic compounds [14-
16]. Like various other photocatalysts, the efficiency of two-
dimensional (2D) g-C3N, is also limited by its high recombination
rate of photogenerated electron-hole pairs [17,18]. Additionally,
the band edge positions match with those of TiO,, which provides
an opportunity to fabricate the TiO,/g-C3N4 heterojunction. Vari-
ous strategies have been proposed to construct a TiO,/g-C3N,
heterojunction by hydrothermal [19,20], calcination [21-23] and
biomimetic [24].

Because photocatalytic water treatment is a heterogeneous
reaction at the liquid-solid interface, the surface area and reactive
site are critical factors for the catalytic reaction. Compared with
bulk materials, a smaller sized catalyst yields a larger surface area
and more active sites, the larger the surface area and the more
active sites there are. However, the size of the catalyst is in
nanometer scale, and it increases the difficulty of the separation
of catalyst from the reaction solution, which results in secondary
pollution. Therefore, new types of the photocatalyst are urgently
needed that possess a high surfacearea and are easily recycled from
the system. Herein, ultrafine TiO, nanorods (TiO, NRs) with a
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diameter of ~1.5 nm and length of ~8.3 nm can be prepared from
the solvothermal reaction of TiCl; and SnCly, in ethanol at 100 °C.
The ultrafine TiO, nanorods were successfully loaded on the g-
C3N4 nanosheets, forming the TiO, NR/g-CsN,4 heterojunction by
introducing the g-C3N4 nanosheets into the reaction solution. Scan-
ning electron microscope (SEM) and transmission electron micro-
scopy (TEM) images disclosed that the TiO, nanorods were
highly dispersed on the surface of CN NR. UV-vis spectra show that
the light absorption range extends into the visible light region. The
photoluminescence (PL) spectra, photocurrent response, and elec-
trochemical impedance spectroscopy (EIS) disclose a higher charge
separation efficiency for the heterojunction photocatalyst than the
single component. The new and ultrafine TiO, NR/CN NS composite
exhibits good performance for removing pollutants in the water.
When considering the performance of the photocatalytic degrada-
tion of rhodamine B (RhB) and phenol, the apparent degradation
rate of the heterojunction of TiO, NR/CN NR is 172 and 7 times
higher than that of the P25 TiO,, respectively.

2. Materials and methods
2.1. Synthetic procedures

2.1.1. Preparation of TiO, NR catalysts

An aqueous solution of TiClz (~15%, 2 mL) and SnCl, (0.5 mo/L,
2 mL) were mixed in ethanol (60 mL) and stirred for 3 h at room
temperature. After being sealed with the polyethylene (PE) mem-
brane, the reaction mixture was heated at 90 °C in an oven for
3 h. The TiO, NRs were collected by decanting the supernatant
ethanol.

2.1.2. Preparation of g-C3N4 nanosheets

Bulk g-C5N,4 was synthesized by heating 50 g of urea at 550 °C in
a muffle furnace for 3 h (heating rate: 0.5 °C/min). Then, yellow
bulk g-C3N4 nanosheets were obtained.

2.1.3. Preparation of TiO, NR/CN NS catalysts

TiO, NR/CN NS catalysts with different amount of CN NS (90,
120, 150 mg) were synthesized in the above TiO, NR synthesis
reaction solution and denoted as TiO, NR/CN NS-1, 2, 3, respec-
tively. Typically, the procedure for synthesizing the TiO, NR/CN
NS catalyst with 120 mg g-C3N, is described as follows: 120 mg
CN NS was added into 60 mL ethanol and subjected to ultrasound
for approximately 3 h. Then, aqueous TiClz (~15%, 2 mL) and SnCly,
(0.5 mol/L, 2 mL) were added to the above solution, which was stir-
red for 3 h at room temperature. The final mixture was transferred
into the Teflon-lined stainless steel autoclave (100 mL) and main-
tained at 90 °C for 3 h. The resultant products were washed thor-
oughly with distilled water and ethanol three times and dried at
60 °C for 12 h.

2.2. Characterizations

The crystal structure of the samples was investigated using X-
ray diffraction (XRD, Bruker D8 Advance X-ray diffractometer) with
Cu Ko radiation (4 =0.15406 nm) as the incident beam at 40 kV
and 40 mA. The morphology of the samples was examined by
TEM (FEI Tecnai G2 F20) operated at 200 kV and scanning electron
microscope (SEM, JEOL S-4800) operated at 10 kV. UV-vis diffuse
reflection spectroscopy (DRS) was performed with a Shimadzu
UV-2600 spectrophotometer using BaSO, as the reference. The PL
spectra of the photocatalysts were obtained a Hitachi F-7000
spectrometer with an excitation wavelength of 320 nm. The
Brunauer-Emmett-Teller (BET) specific surface area was measured

using a Quantachrome Surface Area and Pore Size Analyzer (Quan-
tachrome Instrument version 3.01).

2.3. Photoelectrochemical measurement

Electrochemical measurements were obtained with an Autolab
PGSTAT302N potentiostat/galvanostat in a conventional three-
electrode cell. The carbon electrode was chosen as the counter
electrode, the Ag/AgCl electrode was chosen as the reference elec-
trode and the working electrode was prepared on the fluorine-
doped tin oxide (FTO) glass. The sample (50 mg) was dispersed in
a 100 mL I,/acetone solution (0.5 mg/mL). A two-electrode process
was used to deposit the samples at the applied potential of 10 V for
1 min. FTO glass substrates with a coated area about 1.5 cm x 1.5
cm were used for both electrodes. Then, the deposited electrodes
were heated at 300 °C for 120 min to remove the residual I5.

2.4. EIS measurement

EIS was performed using an electrochemical workstation (Auto-
lab PGSTAT302N). The three-electrode cell was applied with a 0.1
mol/L Na,SO4 aqueous solution as the electrolyte that acted as the
counter electrode, and Ag/AgCl acted as the reference electrode.
The TiO, NRs, CN NSs, TiO, NR/CN NS-2 were electrodeposited on
FTO glass and used as the working electrodes. The 300 W Xe lamp
(AM 1.5) was adopted as the visible light source. EIS was measured
over a range from 0.01 to 100 kHz with an amplitude of 0.02 V
under an open-circuit potential and visible-light irradiation.

2.5. Total organic carbon (TOC) and high-performance liquid
chromatography (HPLC) analysis

A 50 mg TiO, NR/CN NS-2 was suspended in phenol (30 mg/L)
aqueous solution (100 mL) under vigorous stirring. The photocat-
alytic test was conducted with 300 W Xe lamp emitting full spec-
trum light for irradiation. The temperature of the reactant solution
was maintained at 25 °C by a flow of cycle cooling water during the
reaction.

3. Results and discussion

The CN NS were prepared using the high-temperature pyrolysis,
starting from room temperature and increasing to 550 °C at 0.5 °C/
min in muffle furnace. The urea was initially melted into a liquid
and then produced ammonia, cyanamide, dicyandiamide, mela-
mine, and others, and finally polymerized into g-C3N4 while a por-
tion of small molecules would vaporized in the reaction. This
process resulted in the high porous nanostructure and characteris-
tic nanosheet morphology for the obtained g-CsN4. Fig. 1a shows
the SEM images of g-C3N, Ultrathin flake morphologies are
observed in the as-prepared g-C3N4. TiO,, as the highly active pho-
tocatalyst, has been extensively applied to photodecomposition of
organic compounds due to the oxidative species that can be pro-
duced under UV light irradiation. The photocatalytic activity
strongly depends on the surface capping groups and size. Wang’s
group [25] reported ultrafine TiO, nanocrystals with a clean sur-
face that provide a potential opportunity to develop highly active
photocatalyst. Fig. 1b and ¢ show TEM and high-resolution TEM
(HR-TEM) images of the TiO, NRs that were synthesized using a
modified Wang’s route [25]. The as-synthesized TiO, exhibits the
morphology of tiny nanorods that are (1.5 £ 0.5) nm in diameter
and (8.0 £ 2.0) nm in length. This ultrafine nanocrystal will provide
a high surface area and highly active sites. The HR-TEM image
shows a lattice fringe spacing of 3.20 A, corresponding to the
(110) facet of the rutile TiO,. The TiO, NR/CN NS composites are
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Fig. 1. (Color online) The morphologies of g-C3N4 nanosheets, TiO, NR, and TiO, NR/CN NS-2 composites. SEM images of g-C3N4 nanosheets (a) and TiO, NR/CN NS-2
composites (b); TEM and high resolution TEM (HR-TEM) images of TiO, NR (c, d) and TiO, NR/CN NS-2 composites (e, f).
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Fig. 2. (Color online) (a) XRD pattern of TiO, NR, CN NS and TiO, NR/CN NS composites. (b) Nitrogen sorption porosimetry studies of TiO, NR, CN NS and TiO, NR/CN NS-2
composites. (c) DRS UV-vis spectra of TiO, NR, CN NS and TiO, NR/CN NS composites. (d) The PL spectra of CN NS and TiO, NR/CN NS composites.



686 S. Luan et al./Science Bulletin 63 (2018) 683-690

synthesized by introducing the g-C3sN4 nanosheets into the synthe-
sis. Fig. 1d shows SEM images of TiO, NR/CN NS composites, which
exhibit a thin flake morphology, and no aggregated TiO, NRs are
observed, implying that TiO, NR uniformly disperseed on the g-
C3Ng. Fig. 1e and f illustrate the TEM and HR-TEM images of TiO,
NR/CN NS composites. They clearly show that the TiO, NRs are well
dispersed on the surface of CN NSs.

Fig. 2a shows the XRD of TiO, NR, CN NS, and TiO, NR/CN NS
composites. As-synthesized CN NS presents a characteristic peak
at 13.0° (d =6.75 A) corresponding to the (100) plane and 27.8°
(d=3.25A) corresponding to the (002) direction, which were
assigned to the in-plane structural packing tri-s-triazine units
and interlayer stacking (002) peak, respectively [26]. The distance
is slightly smaller than the size of the tris-s-triazine unit (ca. 0.73
nm), which presumably can be attributed to the presence of small
tilt angularity in the structure [27]. XRD pattern of TiO, NRs shows
diffraction peaks at 27.4°, 36.1°, and 54.3°, which matches with
crystalline rutile phase of TiO, (JCPDS No. 21-1276). For the TiO,
NR/CN NS composites, the XRD pattern clearly shows two sets of
diffraction peaks, indicating that the composites are composed of
TiO, and CN. Fig. 2b exhibits the N, adsorption-desorption iso-
therm curves. All of these curves a exhibit type IV isotherm, which
confirms the presence of mesopores and macropores. There exists
a loop at the middle relative pressure (P/Po) from 0.4 to 0.6, indicat-
ing the presence of the mesopores (Fig. S1 online). The isotherm of
g-C3Ny4 displays the highest adsorption at the high relative pressure
(P/Py) near 1, indicating the coexistence of large macropores. The
TiO, NR/CN NS composites exhibit the loops at both middle and
high P/Py, implying the existence of both mesopores and macrop-
ores. Correspondingly, the pore size distribution curve (inset in
Fig. 2b) exhibits a peak at 3.43 nm, which is attributed to the ultra-
fine TiO, NR stacking holes for TiO, NRs. The other broad peak cen-
tered at 61.1 nm is probably formed from gaps between entangled
CN NSs. The corresponding BET surface areas are 312.3, 110.2, and
241.5 m?/g for TiO, NRs, CN NSs, and TiO, NR/CN NSs, respectively.
Fig. 2c presents the UV-vis diffuse reflectance spectra (DRS UV-
vis) for TiO, NR, CN NS, and their composites. Pure TiO, NRs exhibit
an absorption band edge at 410 nm, indicating an optical band gap
of ~3.2 eV, which matches with bulk rutile TiO; (~3.2 eV). CN NSs
show the absorption band edge at 433 nm, corresponding to an
optical band gap of ~2.7 eV, which is slightly lower than the bulk
g-C3Ny4 (~2.7 eV) due to the quantum confinement. The TiO, incor-
poration results in a slight shift of the absorption band edge
towards blue to 428 nm (~2.9 eV), which may be attributed to
the TiO, incorporation, resulting in dissociation of g-C3Ny4. Fig. 2d
displays the PL spectra of g-C3N4 and TiO, NR/CN NS composites
under excitation at 320 nm. It shows that the PL intensity of g-
C3N,4 greatly decreases after forming the composites, indicating
that TiO, NR/CN NS composites significantly suppress charge
recombination and enhance the charge transfer of the photogener-
ated electron to TiO,.

To further investigate the charge transfer process in the TiO,
NR/CN NS composites, photocurrent and EIS measurements were
carried out. Fig. 3a presents the transient photocurrent response
to light. The transient photocurrent density of the TiO, NR/CN NS
is higher than 0.97 pA/cm?, whereas that of CN NS is 0.56 pA/
cm?, and that of TiO, NR is 0.31 pA/cm?. These results confirm that
TiO, NR/CN NS composites possess a charge separation that is
higher than any single component, which agrees with the PL spec-
tra results. Fig. 3b illustrates the impedance spectra of TiO, NRs, CN
NSs, and TiO, NR/CN NSs under dark and light irradiation (AM 1.5).
In the Nyquist diagram, the semicircle is related to the charge
transfer behavior at the electrode/electrolyte interface. The smaller
the radius, the lower the charge transfer resistance for the corre-
sponding electrode/electrolyte [28]. The Nyquist diagram clearly
presents semicircle with a smaller circle under light illumination
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Fig. 3. (Color online) (a) Transient photocurrents measurement of TiO, NR, CN NS,
and TiO, NR/CN NS-2 composites. (b) The EIS spectra of TiO, NR, CN NS, and TiO»
NR/CN NS-2 composites with/without light irradiation.

than in the dark even though the potential of the film is the same,
indicating that light promotes the charge transfer. The correspond-
ing equivalent circuit and resistance value are presented in Fig. S2
(online) and Table S1 (online). In the model, Rs; denotes the series
resistance, which includes the sheet resistance of the transparent
conductive oxide (TCO) glass and the external contact resistance
of the cell (e.g., wire connections). The parallel R, and CPE elements
characterize the charge transfer resistance and the double layer
capacitance in the semiconductor, respectively. In the dark, there
is only an equilibrium of charges and consequent electron accumu-
lation in the electrodes, responsible for the higher charge transfer
resistances. Under light illustration, electrons are able to flow to
the external circuit due to the photoexcitation of the conduction
band electrons, which is related to the lower charge transfer resis-
tance. The R, of TiO,, CN NSs and TiO, NR/CN NSs exhibit the
decreasing trend, indicating that the charge separation efficiency
increases with decreasing R;,. The TiO, NR/CN NS show the smallest
arc in all the samples, illustrating that there is an effective charge
transfer between the electrode and electrolyte owing to the
heterojunction in the composites.

The photocatalytic activities of samples were evaluated by
degradation of RhB and phenol in aqueous solution under both
full-spectrum and visible light irradiation. Fig. 4a shows the RhB
concentration change in the presence of the different photocatalysts
under the full-spectrum light. The concentration of RhB slightly
decreases in the absence of photocatalyst due to self-
decomposition. The concentration of RhB decreases to ~70%,
~44%, and ~18% within 12 min for P25 TiO,, TiO, NRs and CN NSs,
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Their kinetic constant of RhB degradation (K). (c) RhB concentration change in the TiO, NR, CN NS and TiO, NR/CN NS-2 and P25 TiO, under the visible light. (d) Their kinetic

constant of RhB degradation (K).

respectively. During the same time period, the RhB concentration
reaches to ~9%, 0.1% and 6% for TiO, NR/CN NS-1, 2, 3, respectively.
The enhanced photocatalytic activity is observed in the heterojunc-
tion TiO, NR/CN NS composites. The kinetic constant of RhB degra-
dation (K), which is shown in Fig. 4b, could directly stand for the
photocatalytic activity of photocatalyst. The K of pure TiO, NRs is
about 0.068 min~!, which is about 2-fold higher than P25 TiO,
(0.029 min~!), and this is attributed to the high surface area for
TiO, NRs. The CN NRs exhibit a much higher K value (0.191 min™1),
indicating that g-C5N4 has stronger activity as compared to TiO,. In
the case of a heterojunction catalyst of TiO, NR/CN NSs, all the com-
posites exhibited higher K value as compared to TiO, NR and CN NSs.
The TiO, NR/CN NS-2 heterojunction catalyst exhibited the highest
photocatalytic activity (K = 0.421 min '), which was approximately
6- and 15-fold higher than TiO, NR and P25 TiO,, respectively. The
visible light photocatalytic activity was also characterized under
visible light irradiation (A >420 nm), as shown in Fig. 4c and d.
The concentration of RhB was maintained at a nearly constant level,
indicating P25 TiO, possesses no visible light photocatalytic activ-
ity. However, the TiO, NRs showed relatively weak photocatalytic
activity due to thepossibility that the TiO, NRs may be sensitized
by RhB. CN NRs exhibited photocatalytic activity in the visible light
region because they have a narrow band gap (~2.7 eV) and visible
light absorbance. The TiO, NR/CN NR-2 exhibited relatively high
photocatalytic activity. The K value of RhB degradation under visible
light is approximately 0.086 min !, which is higher than that of P25
TiO, and TiO, NR under full-spectrum light. The photocatalytic
activity of TiO, can be further enhanced by the formation of a
heterojunction with g-C3N4 nanosheets due to the formation of
the heterojunction.

Furthermore, phenol, as an undegradable organic molecule, was
also employed to investigate the photocatalytic activity of the as-
prepared catalysts. Fig. 5a and b show the phenol decomposition

in aqueous dispersion of TiO, NRs, CN NSs and TiO, NR/CN NS-2
under full-spectrum light and visible light, respectively. The K
value for phenol degradation is much smaller than that of RhB,
indicating that it is more difficult to degrade phenol than RhB.
The K value of TiO, NR/CN NS-2 is approximately 9 and 2 times
higher than that of TiO, NR and CN NSs, respectively. Similar
results were observed during the visible light photocatalytic degra-
dation. To further test the mineralization degree of phenol during
the photodegradation process, the evolution of total organic com-
pounds during light irradiation was investigated (Fig. 5c¢). Approx-
imately 84% of phenol was mineralized to CO, within 160 min with
the TiO, NR/CN NS-2, which is 4.78 and 1.8 times higher than that
obtained with the TiO, NRs and CN NSs during the same period,
respectively. This result indicates that the TiO, NR/CN NS-2 has a
much higher mineralization efficiency for the photodegradation
of phenol than TiO, NR and CN NS, respectively. In addition, photo-
stability is another key factor for the practical application. Fig. 5d
shows the recycling of TiO, NR/CN NS-2 for the RhB degradation.
Over three consecutive cycles, no obvious deactivation of the pho-
tocatalyst was observed, indicating that the composite catalyst
TiO, NR/CN NS possesses excellent stability for the photocatalytic
reaction.

Superoxide anion radical (‘03), singlet oxygen (0,), hydrogen
peroxide (H,0,), hydroxyl radical (‘OH), and hole are well known
as intrinsic reactive oxygen species (ROS) produced at the surfaces
of TiO, by adsorbed O, or H,0 in the photocatalysis process [10].
Superoxide anion radical is generated from adsorbed O, and pho-
togenerated electron. Recently, Huang and co-workers [29-31]
demonstrated the strong oxidative capability of superoxide radi-
cals. They can oxidize various organic contaminants such as phe-
nol, bisphenol A, and other stubborn pollution, and can further
convert into singlet oxygen through an oxidation process or H,0,
through reduction. Hydroxyl radical is generated by the
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Fig. 5. (Color online) Photocatalytic performance of different photocatalysts. The phenol decomposition in TiO, NR, CN NS and TiO, NR/CN NS-2 composites aqueous
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@ ~=
: —~-IPA
—&—TEOA
0.84 —e—No quencher
&S 0.6-
S~
o
0.4+
0.24
0.0

12
n)

14 16

4 6 8 10
Irradiation time (mi

-0

(b) vs. NHE

.33

Fig. 6. (Color online) (a) Photodegradation efficiency of the RhB with different trapping agent (BQ, "03); (IPA, ‘OH); (TEOA, h*). (b) Photocatalytic mechanism of the TiO, NR/

CN NS-2 composites.

photocatalytic oxidization of adsorbed H,O at the surface with
holes at valance band and produces ‘OH, which is dimerized to
H,0,. To elucidate the active ROS and photocatalytic mechanism
in the TiO, NR/CN NS composite catalyst, radical and hole quench-
ing experiments were carried out by monitoring the degradation of
RhB in the presence of a different scavenger. Figs. 6a and S3
(online) illustrate the effect of various scavengers on the kinetic
constant of photocatalytic degradation of RhB by adding iso-
propanol (IPA), benzoquinone (BQ), or triethanolamine (TEOA)
scavenger. The kinetic constant is 0.36 min~! without any scav-
enger. The addition of isopropanol as a hydroxyl radical scavenger
slightly inhibits the degradation of RhB, with an approximately 8%
reduction of reaction rate, which indicates that "OH slightly con-

tributes to the degradation of RhB. The injecting of BQ (as the
superoxide anion radical scavenger) or TEOA (a scavenger for the
hole) retard the reaction rate by ~80% and ~86%, respectively. This
reduction in reaction rate indicates that both the superoxide anion
radical and photogenerated hole are dominant active species in the
TiO, NR/CN NS photocatalytic degradation process. According to
previous reports [32-35], the active species of TiO, are superoxide
anion radical and hydroxyl radical in the photodegradation of
organic molecules. The main contributors of g-C3N4 are superoxide
anion radical and holes in the photocatalytic decomposition
[27,36]. Combining with the main contributors are super anion
radical and holes, and we can speculate that the holes can mainly
transfer from TiO, to g-C3N4 and not produce hydroxyl radical in
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the TiO, NR/CN NS composites. On the basis of the charge transfer
of the TiO, NR/CN NS heterojunction and the above quenching
experiment, we propose a possible photocatalytic mechanism
(Fig. 6b). Fig. S4 (online) illustrates that the optical band gap of
TiO, NR is ~3.2 eV, which is larger than that of bulk rutile TiO,
(~3.0 eV), due to the ultrafine particle size of TiO, NRs. The optical
band gap of CN NSs is ~2.7 eV. Due to the band alignment and
potential difference, the photogenerated electrons at the CB of
CN NSs can quickly transfer to the CB of TiO, NRs. The electrons
further reduce the adsorbed oxygen and form superoxide anion
radical, which is the active species for the degradation of RhB.
The photo-induced holes rapidly transfer to the VB of CN NSs
(1.58 eV vs. NHE), which cannot form hydroxyl radical due to the
more negative potential as compared to the potential of “-OH/OH™
(1.99 eV vs. NHE). The holes at the VB of CN NSs may directly react
with RhB. Additionally, the TiO, NR effectively trap electrons at
their CB, and the holes are stored at the VB of CN NSs, spatially sep-
arating electron-hole pairs, which further promotes the degrada-
tion of organic molecules.

4. Conclusions

We demonstrated a simple method to fabricate an ultrafine
TiO, NR/CN NS hybrid photocatalyst by one-step hydrothermal
route. The as-prepared catalyst exhibits a large surface area and
good charge-separation efficiency, and possesses extremely high
performance for photocatalytic degradation. Under visible light
(4>420nm) irradiation, the apparent rate of the heterojunction
of TiO, NR/CN NR is 172 and 41 times higher than that of the
P25 TiO, and TiO, NRs, respectively. We demonstrated that the
superoxide anion radical and holes are the dominant active species
in the photocatalytic degradation of organic molecules.
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