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ABSTRACT

A core-shell g-C,N,/SiO, nanocomposite was successfully synthesized by depositing g-C,N,,
obtained from the sublimation of melamine and subsequent polymerization reaction in the gaseous
phase, on the nano-silica. The as-prepared g-C,N,/SiO, was characterized by X-ray diffraction,
Fourier transform infrared spectroscopy, transmission electron microscopy, X-ray photoelec-
tron spectroscopy, N, adsorption-desorption, UV-vis diffuse reflectance spectroscopy. The visi-
ble-driven photocatalytic activity of g-C,N,/ SiO, was evaluated by the degradation of tetracycline.
The results indicate that the specific surface area of g-C,N,/SiO, is 97.32 m?*/g, which is 6.74 times
as high as that of bulk g-C,N, (14.44 m?/g). Compared to bulk g-C,N,, g-C,N,/SiO, composite exhib-
its significantly enhanced photocatalytic activity for degradation of tetracycline and can degrade
72.7% of tetracycline within 60 min under visible-light irradiation. The photodegradation rate
constant of tetracycline over g-C,N,/SiO, is 7.2 times as high as that over bulk g-C,N,. The greatly
enhanced photocatalytic activity of g-C,N,/SiO, is due to coupling enlarged surface areas with

the contribution of SiO, in inhibition of the recombination of photo-induced electron-hole pair.
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1. Introduction

In recent decades, visible-light-driven photocatalysts
have been extensively investigated in energy and envi-
ronment areas owing to their ability for solar energy con-
version [1-7]. Of various kinds of present photocatalysts,
graphitic carbon nitride (g-C,N,) has been considered as
a desirable visible-light photocatalyst due to its medium
bandgap of 2.7 eV, free of heavy metal, and highly chemi-
cal stability [8,9]. However, small specific surface areas and
high recombination rate of charged carriers greatly restrict

* Corresponding author.

its photocatalytic activity. Thus, many kinds of methods
and techniques, such as morphology control [10,11], ele-
ment doping [12,13], and combining with other materials
to construct composite catalysts [14,15], have been adopted
to enhance the photocatalytic performance of g-C,N,.
Morphology control is used to increase the activity sites
of photocatalyst to further enhance photocatalytic activity.
Nanostructure, one of morphology control, is mainly used
to increase the activity sites through enhancing the specific
surface area of photocatalyst, while, composite structure and
element doping are mainly used to improve photocatalytic
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activity via regulation of bands gap and inhibition of recom-
bination of photo-induced charges. Among these modifica-
tion methods, construction of composite photocatalysts is
dominant strategy. Large amount of composites based on
g-C,N, have been reported [16-19].

Silica has hardly any photocatalytic activity because
of its inherent characteristics as an insulator. It is usually
employed as a hard template in preparation of photocatalyst
so as to enhance the specific surface area of photocatalysts
[20-22]. For example, some researchers employed nanoscale
SiO, as a hard template to fabricate mesoporous, multi-shell,
and hollow nanoscale g-C,N, [23-25]. During preparation
of catalysts, SiO, is needed to be removed via hydrofluoric
acid, which is time-consuming, high-cost, and harm to the
environment. Nevertheless, some reports confirmed that
the construction of the composite based on g-C)N, and
SiO, is beneficial for improving photocatalytic activity of
g-C,N, because the coexistence of silica both increase spe-
cific surface area of C)N, and also promote separation of
photo-induced electron-hole pairs [26]. Up to now, there
are only few reports on composite of g-C,N, and SiO,. Lin
et al. [27] have reported a core-shell g-C,N,/SiO, nanosphere
synthesized by heating mixture of SiO, nanospheres and
cyanamide in a nitrogen atmosphere. However, the specific
surface area of the obtained g-C,N,/SiO, was only 8-13 m?/g.
Wang et al. [28] have synthesized the g-C,N,/SiO, composite
by calcining a mixture of SiO, nanoparticles and melamine
at 520°C. The prepared composites own a specific surface
area of 19-52 m*/g. Nevertheless, the role of SiO, in com-
posite has not discussed. Hao et al. [26] have reported that
they prepared g-C,N,/SiO, composites by heating precur-
sor melamine and SiO, and investigated the critical role of
SiO, in inhibiting the recombination of photo-generated
carriers. But the g-C,N, in the composite is still bulk g-C.N,
in micron size, and the largest specific surface area of the
composites is only 36.8 m?*/g. As known to all, large surface
area plays considerable roles in improving the activity of
the photocatalysts. Therefore, it is still of important inter-
est to increase the surface area of g-C,N,/SiO, composite
to promote the photocatalytic activity.

Herein, we report that a g-C,N,/SiO, nanocomposite
with large specific surface area and excellent photocat-
alytic activity is synthesized by a facile vapor deposition.
The photocatalytic activity of as-prepared g-C,N,/SiO, was
evaluated by degradation of tetracycline under visible-light
irradiation. For comparison, the nano-g-C,N, was prepared
by etching silica from SiO,/g-C,N,. The process of charge
carries transfer on the interface of composite g-C,N,/SiO,
was also discussed.

2. Experimental
2.1. Chemicals

Melamine, tetracycline hydrochloride, hydrofluoric acid,
isopropyl alcohol, potassium iodide (KI) and L(+) ascor-
bic acid were purchased from Sinopharm Group Chemical
Reagent Co., Ltd., China. All reagents were of analytical
grade and used as received without further purification.
Nano-silica with diameter of 15 nm was obtained from
Shanghai Aladdin Biochemical Technology Co., Ltd., China.

2.2. Preparation of photocatalyst
2.2.1. Preparation of g-C.N /SiO, composite

A cylindrical beaker was put upside down in a large cru-
cible with a cover. 0.1 g of silica was loaded on the top of
the beaker, and the melamine was placed on the bottom of
the crucible. The crucible is covered and put into a muffle
furnace. Then the muffle furnace was heated to 520°C at a
heating rate of 15°C/min and held for 240 min and natu-
rally cooled to room temperature. During heating treatment,
g-C,N, was obtained by sublimation of melamine and sub-
sequent polymerization, and deposited on the surface of
nano-silica located on the top of the beaker to get g-C,N,/SiO,
composite. Different amounts of melamine (20, 30, and 40 g)
were used to increase g-C,N, deposition, the resultant nano-
composites were marked as SiO,/CN-20, SiO,/CN-30, and
SiO,/CN-40, respectively.

2.2.2. Preparation of nano-g-C,N,

For comparison, the nano-g-C,N, was also prepared by
eliminating silica in nano-g-C,N,/SiO,. SiO,/CN-30 and a cer-
tain amount of hydrofluoric acid were placed in a centrifuge
tube and centrifuged at 12,000 r/min. The supernatant was
poured off, and the precipitants were washed with deion-
ized water until the supernatant was neutral, dried at 60°C
overnight to obtain nano-g-C,N,, denoted as nano-CN.

2.2.3. Preparation of bulk g-C N,

Twenty grams of melamine was heated in a muffle fur-
nace at 520°C with heating rate of 15°C/min for 240 min,
naturally cooled down, and the yellow products in the
crucible were ground to obtain bulk g-C,N,, marked as CN.
2.3. Characterization of the photocatalysts

X-ray diffraction (XRD) patterns of samples were
obtained from D8-Advance X-ray diffractometer (Bruker
AXS C, Germany) with a Cu-Ka radiation (A = 1.5406 A). The
scanning electron microscopy (SEM) images were observed
by S-4800 field emission SEM (Hitachi, Japan) and the trans-
mission electron microscopy (TEM) images were obtained
by JEM-2100 TEM (Japan Electronics, Japan). UV-vis diffuse
reflectance spectra were collected on UV-2550 UV-vis spec-
trophotometer (Shimadzu, Japan). Elemental composition
and chemical valence of the samples were characterized by
ESCALAB-250i X-ray photoelectron spectroscope (Thermo
Fisher Scientific, USA). The PL spectra of the photocatalysts
were recorded on F4500 Fluorescence spectrometer (Hitachi,
Japan). The specific surface area was determined by N,
adsorption-desorption isotherm obtained from Autosorb-
1-c sorption analyzer (Quantachrome, USA). Transient
photocurrent measurements were conducted on CHI 660D
electrochemical workstation (Chenhua Instrument, China).

2.4. Photocatalytic degradation of tetracycline

The photocatalytic activity of as-obtained samples was
evaluated by photocatalytic degradation of tetracycline
hydrochloride. Fifty milligrams of the photocatalysts were
dispersed to 100 mL of tetracycline hydrochloride solution
with initial concentration of 10 mg/L and stirred in the dark
for 60 min to achieve adsorption—desorption equilibrium.
Then, the solution was irradiated by a xenon lamp with a
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420 nm cut-off filter and a focused intensity of 89 mV/cm?
The distance from the solution to the xenon lamp is 12 cm.
At 10 min intervals, 3 mL suspension were taken out and
centrifuged, and then the concentration of tetracycline
hydrochloride in the supernatant was determined according
to absorbance at 357 nm by a UV-Vis spectrophotometer.

3. Results and discussion
3.1. X-ray diffraction

Fig. 1 is the XRD patterns of bulk g-C,N,, nano-g-C|N,,
and g-C,N,/SiO, composite. As given in Fig. 1, the char-
acteristic diffraction peaks of the (100) and (002) crystal
plane of g-C\N, are found in all the XRD patterns, which
are attributed to the repeating of in-plane N-bridged tri-
s-triazine units and the interlayer stacking of conjugated
aromatic segments, respectively [27,29]. However, the
(100) diffraction peak of SiO,/CN-X (X =20, 30, and 40) and
nano-CN down-shift from 12.8° for bulk g-C,N, to 12.7°. It is
suggested, compared to bulk g-C,N,, that the in-plane hole
to hole distance of g-C,N, phase in SiO,/CN-X and nano-CN
increase, which can lead to increase in the specific surface
area. Furthermore, the (002) diffraction angle of SiO,/CN-X
(X =20, 30, and 40) and nano-CN right-shift from 27.4° of
20 for g-C,N, to 27.6°f 20 (shown in insertion of Fig. 1),
meaning decrease of the interlayer distance of g-C,N, in
SiO,/CN-X and nano-CN compared to bulk g-C.N,. The dif-
ference in crystal phase between the SiO,/CN-X, nano-CN
and the bulk g-CN, is due to nanosizing of g-C,N, in
SiO,/CN-X and nano-CN [29].

3.2. FT-IR spectra

The Fourier transform infrared (FT-IR) spectra of nano-
CN, SiO,, and SiO,/CN-30 are given in Fig. 2. In the infrared
spectrum of SiO,, the sharp absorption peak at 478; 1,114;
and 788 cm™ are attributed to Si-O-Si bending vibration,
Si-O-Si asymmetric stretching vibration and Si-OH bend-
ing vibration. While the broad band around 3,500 cm™ is

ascribed to the O-H stretching vibration of H,0O adsorbed
on the surface of silica [27,30]. However, a few of new
absorption bands are found in the infrared spectrum of
Si0,/CN-30. Among these new absorption bands, the sharp
peak at 808 cm™ belongs to the out-of-plane bending vibra-
tion of triazine ring of g-C,N,. The intense absorption band
between 1,100 and 1,670 cm™ is assigned to the characteris-
tic stretching mode of heterocycles in g-C,N,. Of them, the
peak at 1,240 and 1,340 cm™ correspond to the stretching
vibration of C-N group, and the sharp absorption peak at
1,408 and 1,571 em™ belong to characteristic C=N stretch-
ing vibration. The broad band located at 3,000-3,300 cm™
is perhaps due to the terminal N-H stretching vibration of
g-C,N, [29]. The above mentioned results indicate that SiO,/
CN is a composite of g-C.N, and silica. In the spectrum
of nano-CN, only the characteristic peak of g-C,N, at 808;
1,100-1,670; and 3,000-3,300 cm™ are observed, no peaks
related to silica are found, It is suggested that the silica, as
a template, has been eliminated thoroughly via HF etching
process and nano-CN is the nanosized g-C,N, free of silica.

3.3. SEM and TEM

Fig. 3 exhibits the SEM and TEM images of 5iO,/CN-30,
nano-CN and bulk g-C,N,. As shown in Figs. 3a and b,
g-C,N,/SiO, composite exist as agglomerated small particles
with diameter of about 100 nm, while bulk g-C,N, is bulky
particle with a size of approximate micron level. TEM
images of SiO,/CN-30 (Fig. 3c) shows that SiO, nanopar-
ticles are covered by a thin layer of incompact g-C\N, to
form core-shell structured composite. Figs. 3d and e indi-
cate that nano-CN is hollow nanoparticle, confirming that
template S5iO, has been removed in preparation of nano-CN.

3.4. Specific surface areas

Fig. 4 gives the N, adsorption-desorption isotherm and
pore size distribution curve of the samples. As can be seen
from Fig. 4, the type of adsorption-desorption isotherm
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Fig. 1. XRD patterns of (a) nano-CN, (b) CN, (c) SiO,/CN-20, (d) SiO,/CN-30, and (e) SiO,/CN-40.
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of SiO,/CN-30 and nano-CN suggests that SiO,/CN-30
and nano-CN is characteristic of mesoporous structure.
Meanwhile, the curve of pore size distribution (inserted
in Fig. 4) indicates that most of the pores diameter in
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Fig. 2. FT-IR spectra of SiO,, SiO,/CN, and nano-CN.

100 nm

Mag

WD = 9.0mm

200 nm

| e——

E)O nm

FE-y. Chen et al. / Desalination and Water Treatment 196 (2020) 247-255

SiO,/CN-30 and nano-CN are in the range of 2-50 nm.
According to Brunauer-Emmett-Teller model, the specific
surface areas of SiO,/CN-30, nano-CN and CN are calcu-
lated to be 97.32, 99.37, and 14.44 m?/g, respectively. It is
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Fig. 4. Nitrogen adsorption—desorption isotherm and pore size
distribution curve of nano-CN, CN, and SiO,/CN-30.
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Fig. 3. SEM images of (a) SiO,/CN-30 and (b) CN, TEM images of (c) SiO,/CN-30 and (d and e) nano-CN.
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noted that specific surface areas of SiO,/CN-30 is 6.74 times
as high as that of CN and is even close to the surface areas of
hollow nano-CN. The results of specific surface areas con-
firm that vapor deposition method is favor of constructing
g-C,N,/S5iO, nanocomposite with large specific surface area.

3.5. X-photoelectron spectra

Fig. 5 shows the XPS spectra of SiO,/CN-30 composite.
As depicted in Fig. 5, N 1s, Cls, Ols, and Si 2p peaks are
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observed in the survey spectrum (Fig. 5a), suggesting
that SiO,/CN-30 is primarily consist of C, N, Si, and O
element. In the high resolution spectrum of N 1 s (Fig. 5b),
N 1s spectrum can be deconvoluted into three peaks with
the binding energy of 398.7, 400.3, and 401.4 eV, corre-
sponding to C-N=C, N-(C),, and C-N-H, respectively
[29]. In the high-resolution spectrum of C 1s (Fig. 5c), the
binding energy of 288.01 eV is attributed to sp2 hybridized
carbon atom from the tri-s-triazine ring of g-C,N, [25]. In
the high resolution spectrum of Si 2p (Fig. 5d), the peak at
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Fig. 5. XPS survey spectrum of SiO,/CN-30 (a) and high-resolution spectra of N 1s (b), Cls (c), Si 2p (d), and O 1s (e).



252 FE-y. Chen et al. / Desalination and Water Treatment 196 (2020) 247-255

the binding energy of 103.5 eV is designated to Si*" of the
nano-silica, and the binding energy of 532.8 eV shown in
Fig. 5e corresponds to the oxygen in Si-O-Si from nano-sil-
ica [22]. The XPS results further confirmed that the g-C,N,/
SiO, composite has been successfully synthesized by
vapor deposition method.

3.6. UV-vis diffuse reflectance spectroscopy

Fig. 6a shows the UV-vis diffuse reflectance spectra
of CN, SiO,/CN-30 and nano-CN. As seen in Fig. 6a, com-
pared with CN, the absorption band edge of SiO,/CN-30
and nano-CN shows a slight blue-shift but is still within the
range of visible light. The band gap of a semiconductor can
be obtained by the Tauc formula ahv = A(hv — Eg)"/z, where
a, h, v, A, and Eg are the absorption coefficient, the Planck
constant, the optical frequency, a constant, and the band
gap, respectively. For the direct bandgap semiconductor
g-C)N,, the value of # is 1 [25]. The plots of (ahv)* vs. (hv)
for CN, SiO,/CN-30, and nano-CN are presented in Fig. 6b.
According to the intercept of the tangent of the curve (ahv)* -
(hv) on X-axis, the band gap of CN, SiO,/CN-30, and nano-CN
are obtained to be 2.55, 2.57, and 2.75 ev, respectively. The
increase in the band gap energy of SiO,/CN-30 composite
and nano-CN is attributed to the formation of nano-sized
g-C,N, which produces a quantum size effect [28].

The valence band-edge potential (E,;) of a semi-
conductor can be calculated by the empirical equation
Ey=X-E +0.5E, [26], where E is the free electrons energy
on the hydrogen scale (about 4.5 eV), X is the electroneg-
ativity of the semiconductor (The X valence for g-C)N, is
4.72), E_ is the band gap of the semiconductor. Given the
equation above, E, of as-prepared g-C,N, is calculated to
be 1.50 eV. According to the equation E; = E, - E, the con-
duction band-edge potential (E_;) of g-C,N, is obtained to
be -1.05 eV.

3.7. Photoluminescence spectra

Fig. 7 gives the PL spectra of CN and SiO,/CN-30 at
385 nm excitation. As shown in Fig. 7, the PL intensity of
Si0O,/CN-30 is obviously lower than that of CN, reveal-
ing that the existence of SiO, in SiO,/CN-30 composite can
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hinder the recombination of photo-induced electron-hole
pairs. The positive influence of SiO, on inhibiting the recom-
bination of charged carries is perhaps attributed to defects
and vacancy sites on the surface of SiO, [27,28]. Therefore,
it can be speculated, based on PL spectra, that SiO,/CN-30
would show higher photocatalytic activity than CN.

3.8. Photocurrent response

It is well-known that photocurrent response of semi-
conductor catalysts under irradiation of UV-Vis light is a
crucial evidence for confirming the separation and migra-
tion of photo-generated electron-holes. To further inves-
tigate the effect of SiO, on hindering the recombination
of charged carries, transient photocurrent responses test
of SiO,/CN-30 under visible light was carried out and the
result is shown in Fig. 8. As a comparison, the transient pho-
tocurrent responses of nano-CN and CN are also given in
Fig. 8. As can be seen from Fig. 8, SiO,/CN-30 exhibit sig-
nificantly higher photocurrent density than nano-CN and
CN, suggesting that combination of SiO, and g-C,N, greatly
promotes the migration of electrons and thus inhibit the
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Fig. 7. Photoluminescence spectra of CN and SiO,/CN-30.
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Fig. 6. UV-vis absorption spectra of (a) CN, (b) SiO,/CN-30, and (c) nano-CN.
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recombination of photo-induced electron-hole pairs. It may
be due to that fact that the existence of defects and impurity
levels of SiO, result in electrons migration to SiO, surface and
consequent inhibition of recombination of photo-induced
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Fig. 8. Transient photocurrent response of CN, SiO,/CN-30, and
nano-CN under visible light (A > 420 nm).
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electron-hole pairs [22]. The higher photocurrent density
of naco-CN than CN is probably attributed to the nano-
structure of naco-CN and correspondingly enlarged sur-
face areas. The results from photocurrent response further
demonstrate that SiO, in SiO,/CN composite play signifi-
cantly important role in promoting the separation of charge
carries and resultantly enhancing photocatalytic activity.
In addition, only a slight decrease in photocurrent density
of SiO,/CN after five on-off cycles of intermittent visible
light irradiation implies the stability of SiO,/CN.

3.9. Photocatalytic performance

The photodegradation of antibiotics tetracycline under
visible-light irradiation was conducted to evaluate visible-
light-driven activity of SiO,/CN, and the results are pre-
sented in Fig. 9a. As can be seen in Fig. 10, individual silica
shows hardly any photocatalytic activity for degradation of
tetracycline. The bulk g-C,N, exhibits inferior activity with
a degradation rate of tetracycline of 17.3% within 60 min.
The degradation rate of tetracycline in the presence of
nano-CN is 60.3%. However, SiO,/CN-X (X = 20, 30, and 40)
composite exhibits observably higher activity than nano-CN
and CN. Of these composites, SiO,/CN-30 shows the
highest activity with a degradation of tetracycline of 72.7%.
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Fig. 9. (a) Photocatalytic degradation of tetracycline under visible light, (b) kinetic curve of photocatalytic degradation of
tetracycline, (c) photocatalytic degradation of tetracycline in cycling test of SiO,/CN-30, and (d) photocatalytic activity of
SiO,/CN-30 for degradation in the presence of different radical scavenger.
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The rate constant of tetracycline degradation over CN,
nano-CN, SiO,/CN-X (X = 20, 30, and 40), obtained by the
gradient of corresponding In (C/C) vs. t curve shown in
Fig. 9b, are 0.0031, 0.0153, 0.0109, 0.0223, and 0.0198 1/
min, respectively. The rate constant of tetracycline degra-
dation over SiO,/CN-30 is 7.2 and 1.5 times as high as that
over CN and nano-CN, respectively. Compared to CN, the
enhanced photocatalytic activity of nano-CN is attributed
to the fact that the obviously enlarged specific surface area
of nano-CN can supply much more active sites for pho-
to-generated charge carries to take part in catalytic reac-
tion and thus suppress the recombination of photo-pro-
duced electron and hole. It is noted that the photocatalytic
activity of SiO,/CN composites is greatly higher than that
of nano-CN free of S5iO, though both of them own similar
surface areas. It is suggested that, besides for specific sur-
face areas, the existence of SiO, can also contribute to the
greatly enhanced photocatalytic activity of SiO,/CN. As a
result, the enhanced photocatalytic activity of g-C,N,/SiO,
composite is attributed to coupling effect between enlarged
surface areas and contribution of SiO, in inhibition of the
recombination of photo-induced electron-hole pairs.

Considering that the stability of photocatalyst is an
important aspect of photocatalytic activity, the cycling deg-
radation tests was carried out to evaluate the stability of
Si0O,/CN-30 and the results are given in Fig. 9c. It can be seen
from Fig. 9¢, the photocatalytic efficiency of tetracycline only
decreased slightly after being used four cycles, suggesting
that SiO,/CN-30 own excellent stability and reusability.

In order to investigate the contribution of active species
during degradation of tetracycline, radical trapping tests
are conducted. L(+)-ascorbic acid, potassium iodide (KI),
and isopropanol (IPA) were selected to eliminate super-
oxide radical (*O*), hole (h") and hydroxyl radical ("OH),
respectively. The degradation of tetracycline in the presence
of scavengers is shown in Fig. 9d. It ca be seen from Fig. 9d,
the photodegradation rate of tetracycline decreased from
72.7% to 9.2% after addition of L(+)-ascorbic acid, indicat-
ing that the *O* plays the most important role. However,
the photodegradation rate of tetracycline in the presence of
KI and IPA are 61.8% and 68.5%, suggesting that addition
of KI and IPA slightly inhibit degradation of tetracycline.
Thus, hole and hydroxyl radical participate in degradation
of tetracycline to some extent.

Given the results above, the schematics for photo-
catalytic degradation of tetracycline with SiO2/CN-30
composite is proposed and depicted in Fig. 10. It should
be noted that SiO,, as an insulator, is difficult to be trig-
gered by visible-light to produce photo-induced electrons
and holes. However, the previous literature has reported
that nanoscale SiO, has some impurity energy levels due
to the presence of defects [26]. Herein, the impurity energy
levels of SiO, are given in Fig. 10. As shown in Fig. 10.
The g-C,N, in SiO,/CN was motivated by visible light to
produce electrons and holes. The photo-generated elec-
trons migrate from the conduction band of g-C N, to the
surface of SiO,, resulting in inhibition of photo-generated
charges recombination. Photo-induced electrons are cap-
tured by the oxygen adsorbed on the surface of the catalyst
to generate *O,. Because the conduction band potential of
g-C,N, (-1.05 eV) is much more negative than the reduction

0 /' tetracycline

02
\/

geeee
-1.05eV
eee
. .
CN —
Sio,
+1.50eV
h*h*h*h*
+2.48eV

tetracycline  products
Fig. 10. Schematic illustration for photocatalytic degradation of
tetracycline with 5iO,/CN-30.

potential of O,/*O; (-0.33 eV), the produced *O, is main
active species for degradation of tetracycline. In addition,
*0, is reduced by electrons to form ‘OH, and *OH par-
ticipate in degradation of RhB to some extent. Due to the
significantly positive valence band potential of g-C.N,, the
photo-produced holes play a role in oxidizing tetracycline.

4. Conclusion

The g-CN,/SiO, nanocomposite with significantly
enlarged surface areas successfully synthesized using a fac-
ile vapor deposition. It is found that as-prepared g-C,N,/
SiO, composite exists as core-shell formation in which
incompact g-C,N, is coated on the surface of SiO, nanopar-
ticle. Compared to bluk g-C,N,, the specific surface areas
of g-C,N,/SiO, composite enlarges evidently at a value of
97.32 m*/g, which is 6.74 times as high as that of bluk g-C,N,
(14.44 m?/g). The g-C,N,/SiO, composite exhibits signifi-
cantly enhanced photocatalytic activity for degradation of
tetracycline. Under the irradiation of visible-light, 72.7% of
tetracycline can be degraded within 60 min. The photodeg-
radation rate constant of tetracycline over g-C,N,/SiO, is 7.2
times as high as that over bulk g-C,N,. The greatly enhanced
photocatalytic activity of g-C,N,/SiO, is attributed to not
only enlarged specific surface areas but also the inhibition of
photo-induced electron-hole pair recombination due to the
existence of S5iO,. The active species in the degradation of
tetracycline catalyzed by g-C,N,/SiO, are mainly superoxide
radicals, followed by holes and hydroxyl radicals.
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