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Abstract Development of novel and efficient nanostruc-
tured materials for the waste water treatment is a great chal-
lenge for the researchers. In this regard, we report a novel
Si0,/g-C;N, nanocomposites were tailored via simple sol-
vothermal route and characterized by various spectroscopic
and microscopic techniques such as XRD, FT-IR, UV-Vis
DRS, SEM, TEM and XPS. The photocatalytic perfor-
mances of the as-prepared SiO,/g-C;N, nanocomposites
were evaluated for the removal of hazardous rhodamine B
(RhB) and crystal violet (CV) organic dyes in aqueous solu-
tion under visible light irradiation. Interestingly, the UV—
Visible spectroscopy results revealed that the as-synthesized
Si0,/g-C3;N, nanocomposite showed superior photocata-
Iytic activity for the degradation of RhB and CV dyes could
degrade 99 and 98% under visible-light irradiation respec-
tively. The enhanced photocatalytic activity of Si0,/g-C5N,
nanocomposites could be mainly attributed to the proficient
separation of photo-induced charge carriers. A plausible
degradation mechanism for the controlled visible-light
photocatalytic activity of SiO,/g-C;N, nanocomposites was
strongly evidenced by the trapping experiment by employing
different scavengers. The present research findings may open
up a new platform for the g-C;N, based photocatalyst for the
degradation of organic pollutants.
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Graphical Abstract Proposed degradation mechanism of
the SiO,/g-C;N, photocatalyst.
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1 Introduction

In these days, the release of dangerous pollutants into the
environment is increasing due to the rapid development of
industries which cause deaths and numerous numbers of
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diseases to the human beings. The release of waste waters
from the industries contains huge amounts of inorganic and
organic pollutants [1, 2]. The present major organic pol-
lutants such as aromatic hydrocarbons, polychlorinated
biphenyls (PCBs), sulphonamides, dyestuff, aromatic nitro
compounds, and phenols can gives the serious problem to
the ecosystems and human health because of their toxic and
carcinogenic nature [3]. Especially, above 0.7 millions of
colored organic dyes discharged into the aquatic system by
leather, plastic, cosmetic and textile industries in each year
which also causes negative impact of the living things [4].
Therefore, detoxification of hazardous dyes is an important
concern to save the living organisms from diseases. Various
techniques including adsorption, coagulation, ultrafiltra-
tion, reverse osmosis and photocatalysis have been used for
the waste water treatment [5]. Among them, photocatalysis
could offers simple, inexpensive and eco-friendly route for
the treatment of toxic organic and inorganic pollutants con-
taining wastewater [6, 7]. TiO, is one of the good photocata-
lyst materials due to the excellent photostability, low cost
and non toxicity. However, unfortunately TiO, active only in
the UV-light region and it may restrict the potential applica-
tions. There are several efforts have been made to develop
the photocatalytic performance by tuning the properties of
the photocatalyst.

Recently, non-metal n-conjugated polymeric graphitic
carbon nitride (g-C;N,) an n-type organic semiconductor
material have been widely investigated due to their peculiar
properties such as thermal stability, inexpensive, low cost,
reusability, nontoxic, molecular tunability, optoelectronic
property and visible light responsive nature [8—10], and
therefore used as an gas sensor [11], oxygen reduction reac-
tion (ORR) [12], fuel cell [13], metal-organic frameworks
(MOFs) [14], supercapacitors [15] and photocatalysis [16].
Conversely, the photocatalytic properties of g-C;N, limits
for its practical applications due the high recombination rate
of photogenerated e ~h™ pairs [17]. Numerous of attempts
have been developed to conquer this problem and enhance
the photocatalytic performance of g-C;N,. Several ways can
be attempted including structure modification, constructing
hetero junctions [18, 19], doping with metal-free or metal
elements [20-22], and coupling with metals [23] and so
on. Among the above, construction of semiconductor het-
erostructure is one of the greatest choice to slow down the
photoinduced charge carries and enriches the photocatalytic
activity and stability [24]. Silicon dioxide (SiO,) as a p-type
anode metalloid or mesoporous materials have drawn much
attention in recent years because of their superior proper-
ties viz excellent thermal stability, low cost, environmental-
friendly, large surface area, chemical inertness, high thermal
conductivity, good transparency and slow down discharge
potential [25-27]. SiO, has been widely used in many suit-
able applications such as catalysts [28], Li-ion battery [29],

sensors [30], drug delivery and anti-caking agent [31, 32].
Recently, TiO,/g-C;N, [33, 34], graphene/g-C;N, [35],
Zn0O/g-C;N, [36], MoS,/g-C;N, [37], Bi,WO4/g-C;N, [38]
are supported photocatalysts have shown stupendous pho-
tocatalytic properties compared with the metal-free g-C;N,
photocatalyst. Nevertheless, doping of SiO, with g-C;N,
may stronger and increase the visible light absorption range
and overdue the recombination rate of photoexcited charge
carries. Up to our literature survey, there are no reports avail-
able on the synthesis of SiO,/g-C;N, nanocomposite and uti-
lized as a photocatalyst for the degradation of environmental
hazardous RhB and CV dyes.

With this mind, we made an attempt to the fabrication
of Si0,/g-C;N, nanocomposite via simple solvothermal
method for the first time. The successful formation of
Si0,/g-C;N, nanocomposites was confirmed by various
analytical and spectroscopic techniques such as XRD, FTIR,
SEM, TEM, UV, PL and XPS. The as-prepared SiO,/g-C;N,
nanocomposites were employed as a photocatalyst for the
degradation of environmentally toxic and widely used toxic
RhB and CV dye solution. Based on the trapping experi-
ment results, we have explored a plausible photodegrada-
tion mechanism for the superior photocatalytic activity of
Si0,/g-C5N,.

2 Experimental Section
2.1 Material

All the reagents were of analytical grade and were used
without further purification. We purchased the chemicals
from Merck specialities Private Limited, Mumbai, India.
Double distilled water was used throughout the experiment.

2.2 Synthesis of g-C;N,

The metal-free g-C;N, was synthesized according to the pre-
viously reported method [39]. In a typical synthesis, 1.253 g
of melamine was dissolved in 35 mL of ethylene glycol and
addition of 50 mL of 0.1 M HNOj; was slowly added and the
mixture was constant stirring for 1 h. The resulting suspen-
sion mixture was washed with double distilled water and
ethanol for several times, and dried at 60 °C for 12 h. Then,
the white color powder was annealed at 550 °C for 4 h at
heating rate of 10 °C/min. Finally, g-C;N, products were
obtained.

2.3 Preparation of SiO,
In the synthesis of SiO,, the 10 mL of precursor tetraethyl

ortho silicate (TEOS) was added dropwise into a solution of
5 mL of 2-propyl alcohol and 5.6 mL of water by sonication
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for 45 min, in the addition of sodium hydroxide. The result-
ing mixture was stirred for 26 h at the room temperature.
After reaction, the product was dried under vacuum at
room temperature, and then the solid was washed with dis-
tilled water several times, and dried under vacuum at room
temperature.

2.4 Fabrication of SiO,/g-C;N, Nanocomposite

The Si0,/g-C;N, nanocomposite was tailored via a simple
solvothermal method. In 0.5 g of SiO, suspension was dis-
persed in 20 mL of deionised water and 15 mL of ethanol.
Then, equal amount of 0.5 g of metal-free g-C;N, was added
in 10 mL of water separately and then two reaction mixture
solution was sonication for 30 min. The obtained homogene-
ous dispersed solution was transferred into a 100 mL Tef-
lon-lined autoclave and sealed, which was heated at 130 °C
for 12 h. After that the solution was cooled and the solid
mixture was centrifuged. The resultant product was washed
with deionized water and ethanol several times and dried
at 70 °C for 8 h. Finally, the present study, different ratios
of melamine viz 0.25, 0.75 and 1% were added to different
amount of SiO, loaded g-C;N,,.

2.5 Characterization of Photocatalyst

The crystal phase and crystallite size were characterized by
XRD on a Brucker D8 Advance X-ray powder diffractom-
eter with Cu-Ka radiation (A=1.540598 A) in the angu-
lar range of 10°-80° (20) with an accelerating voltage of
40 kV and a current of 20 mA. SEM studies were used for
the surface morphology of samples with a (Model SUPRA
40 Scanning Electron Microscope) acceleration voltage of
30 kV. Elemental analysis was examined by using { EDAX-
Bruker Nano GmbH, X 50 Flash Detector (Model-5010)}.
The bulk morphology, dispersion and distribution of SiO, in
the g-C;N, matrix were confirmed by transmission electron
microscopy (TEM) using a Philips CM200. The photocata-
lyst was dispersed in 10 mL of ethanol by ultra sonication
for 10 min and 250 mL of the sample solution was placed on
a carbon coated copper grid. Then the grid was dried under
infra-red light for 30 min before the TEM imaging. X-ray
photoelectron spectroscopy (XPS) measurements were car-
ried out using ULVAC-PHI 5000 Versa probe instrument.
Shimadzu diffuse reflectance UV Vis-1800 spectropho-
tometer was used to analyze the absorption range and band
gap energy of the samples. The absorption spectra in the
photocatalytic process were monitored with a {Shimadzu
2600 UV-Vis} spectrophotometer. The FTIR spectra were
recorded in transmission mode from 4000 to 400 cm™! on a
Shimadzu FTIR 8400 FTIR spectrometer using KBr discs.
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2.6 Photocatalytic Activity of the SiO,/g-C;N,
Photocatalyst

The photocatalytic activity of SiO,/g-C;N, nanocomposite
was evaluated by RhB and CV 5 ppm dyes solution under
visible light irradiation (A >400 nm). 50 mg of photocata-
lyst of SiO,/g-C;N, nanocomposite was added to 75 mL of
the dye solution in 150 mL reaction vessel. At a given time
intervals, 5 mL of aliquots were collected and analyzed by
recording the main absorption peaks for RhB and CV at 553
and 582 nm respectively. After the degradation, the catalyst
was separated from the reaction mixture and dried to carry
out the reusability tests. Prior to irradiation, the solutions
were magnetically stirred in the dark condition for 1 h to
ensure the equilibrium of the working solution. In a related
system, the photocatalytic degradation of SiO, and g-C;N,
were furthermore been performed.

3 Results and Discussion
3.1 Structural Analysis

The crystalline nature and phase composition of the as syn-
thesized Si0O,, g-C;N, and SiO,/g-C;N, nanocomposite was
shown in Fig. 1. The XRD pattern of g-C;N, depicts two
distinctive diffraction peaks at around 20 values at 12.8° and
27.5° were observed which is corresponds to the (100) and
(002) miller indices planes of hexagonal geometry of g-C;N,
respectively [JCPDS card no 87-1526] [40]. The typical
XRD pattern of SiO, showed that the broad peak appeared
at 20 of around 23° corresponded to amorphous nature of
SiO, [41]. The formation of SiO,/C;N, nanocomposite was

— Si0,/g-C3N4

Intensity (a.u)

— sio,

10 20 30 40 50 60 70 80
20 (degree)

Fig. 1 XRD patterns of g-C5N,, SiO,, g-C5N,/SiO, nanocomposite
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confirmed by XRD, it shows the characteristic peaks of both
g-C;N, and SiO, in Si0,/C;N, nanocomposite. However
the average crystalline size of the g-C;N, and SiO,/g-C;N,
nanocomposite was calculated using Debye—Scherrer’s for-
mula [42, 43].

kA
5™ Bcosf @)

where X is the crystalline size, A is the wavelength of the
X-ray, P is the full width at half maximum (FWHM) of the
diffraction peak, 0 is the diffraction angle and k is the Scher-
rer’s constant of the order of unity. The average crystalline
size of the g-C;N, and SiO,/g-C;N, nanocomposite is to be
78.31 and 36.29 nm respectively.

To investigate the structural information of SiO,/g-C;N,
nanocomposite was further evidenced by FTIR analysis
which is shown in Fig. S1. For pristine g-C;N,, sharp-
est and predominant peak at 809 cm™! assigned to the
breathing mode of tri-azine units [44] and the band in the
1200-1700 cm™! were attributed to the typical stretching
modes of C-N heterocycles [45, 46]. The characteristic
peaks located at 1252, 1322, 1406, 1562 and 1653 cm™!
were assigned to the aromatic C—N stretching [47, 48].
In addition, to a minor peak at 2142 cm~! ascribed to the
accumulated double bond (indicating N=N=N or N=C=N)
additionally triple bond (indicating C=N) of pristine g-C;N,.
The FTIR spectra of SiO, showed the bands at 809 and
1109 cm™! is assigned as the bending vibration of Si-OH
and stretching vibration of Si—O-Si, respectively [49]. Fur-
thermore, the two prominent characteristic peaks at 1632
and 3450 cm™! belongs to the bending and stretching vibra-
tions of the adsorbed water molecules on the surface. The
broad band at 3140 cm™" is attributed to the surface hydroxyl
group which may be due to the moisture adsorption [50].
The peak mentioned above was shifted to higher region upon
incorporation of SiO, in to the g-C;N, matrix.

3.2 Morphological Analysis

The surface morphology and size of the SiO,/g-C;N, nano-
composite was studied by SEM analysis as shown in Fig. 2,
a showed the SEM micrographs of the pure g-C;N, which
displays the plenty of nanosheets with an aggregated struc-
ture. The SEM micrographs (Fig. 2b) of SiO, sample is dis-
plays the cubic-like structure with an average particle size
is to be 300 nm. It was clearly exhibited that the cubic like
Si0, particles were well dispersed on the surface of g-C;N,
matrix (see Fig. 2c, d).

The surface morphology and size of the particle of as
synthesized SiO,/g-C;N, nanocomposite were further inves-
tigated using TEM analysis which was displayed in Fig. 3.
Figure 3a TEM images of as synthesized g-C;N, showed a
sheet-like morphology and well smooth surfaces. The TEM

images of SiO, clearly indicated that cubic like structure
with some irregular structural morphology and the size was
ranges from 20 to 30 nm which was illustrated in Fig. 3b.
Interestingly, the TEM images of SiO,/g-C;N, composite
revealed nanocube-like structure of SiO, which randomly
anchored on the surface of g-C;N, sheets which is shown
in Fig. 3c. Figure 3d showed the selected-area emission
diffraction (SAED) pattern revealed that the SiO,/g-C;N,
cubes were indexed to the reflection plane of (100) and
(002) orientation which is concurring with the XRD results
(Scheme 1).

3.3 Surface Area Analysis

The Brunauer—-Emmett-Teller (BET) specific surface area
of the as-synthesized g-C;N, and SiO,/g-C;N, nanocompos-
ite were analyzed by N, adsorption—desorption isotherms
which is shown in Fig. 4. The isotherms of as synthesized
nanomaterials exhibited the type IV according to the [TUPAC
classification with a strong uptake is observed at high rela-
tive pressures (P/PO>0.9) [51]. The BET surface area of the
pure g-C;N, and SiO,/g-C;N, was measured to be 45.05 and
58.12 m%g respectively. The surface area of the Si0,/g-C;N,
nanocomposite was higher than that of g-C;N,. The large
specific area of the SiO,/g-C;N, nanocomposite can accom-
modate more catalytic active sites and facilitates the trans-
port of photogenerated change carriers which could be lead
to the superior photocatalytic performance [52].

3.4 EDAX and Elemental Mapping Analysis

The compositions of elements present in the synthesized
g-C;3N,, SiO, and SiO,/g-C;N, nanocomposite was exam-
ined by EDX analysis and which is shown in Fig. S2. Figure
S2a, b show the EDX spectra of as-prepared g-C;N,, and
Si0, nanocubes which mainly composed C, N and Si, O ele-
ments respectively. The EDX results SiO,/g-C;N, nanocom-
posite was shown in Fig. 6¢. The EDX analysis clearly indi-
cated that SiO,/g-C;N, nanocomposites consist of only C, N,
Si and O and their weight percentages is 56.34, 22.99, 6.18
and 14.49% respectively. There is no other elements were
found in the SiO,/g-C;N, nanocomposites. Figure S3 shows
the composition of the elements present in the SiO,/g-C;N,
nanocomposite was clearly evidenced by elemental mapping
analysis. These results strongly confirmed the presence of
carbon, nitrogen, oxygen, and silica is uniformly distributed
in the SiO,/g-C;N, nanocomposites.

3.5 XPS Analysis
X-ray photoelectron spectroscopy was used to determine the

chemical composition and chemical states of the synthesized
Si0,/g-C;N, nanocomposites which is illustrated in Fig. 5.
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Fig. 2 SEM micrographs
of a g-C;N,, b SiO,, ¢, d
Si0,/g-C3N, nanocomposite

SEM HV: 5.0 kV

 WD:9.20 mm
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The XPS survey spectrum in Fig. 5a displays the existence
of C, N, Si and O elements and which is well consistent with
EDX results. As displayed in Fig. 5b, the symmetric XPS
peak of Cls located at 287.41 eV which can be attributed to
the core level of g-C;N, [53]. The peak at 399.12 eV can be
ascribed to the sp® bonded N atoms [54]. Figure Sc, showed
the Si 2p binding energy of SiO, peak, centered at 103.48 eV
which confirm the chemical bond between g-C;N, and SiO,
[55]. The Ols spectrum observed at a strong intense peak of
532.33 eV, corresponding to the lattice oxygen of O*~ oxi-
dation state in the SiO, nanomaterials which is shown in
Fig. 5d [56]. Hence, this kind of bond is conductive to the
successful formation of SiO,/g-C;N, nanocomposites.

3.6 Optical Properties
The photoluminescence (PL) spectrum is a useful tool

for determining the transfer, migration and recombi-
nation behavior of photogenerated charged carriers of
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nanomaterials [57, 58] and relative results are depicted in
Fig. S4. The PL emission is mainly due to the photogen-
erated charged carriers in a semiconductor, reveals that
higher PL intensity indicates a higher recombination rate
in contrast and a lower PL intensity expresses a lower
recombination rate [13, 59]. The as synthesized PL inten-
sity of g-C;N,, with high emission bands centered at 460 nm
ascribed to the energy gap recombination of charge carriers,
which identifies that photoinduced electron hole recombi-
nation rate was high on g-C;N,. However, it can be found
that PL intensity of SiO,/g-C;N, nanocomposite is lower
intensity when compared to pristine g-C;N,, which may be
due to the SiO, nanocubes are successfully inserted with
the g-C;N,, matrix. This reason may be imply that the shrink
recombination rate of the electron—hole pair charge carrier
is in the SiO,/g-C;N, nanocomposite [60, 61]. In addition,
the lower PL intensity of SiO,/g-C;N, nanocomposite was
visibly expressed that slower electron hole recombination
rate which was better for the photocatalytic activity.
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A

Fig. 3 TEM images of a g-C;N,, b SiO,, ¢ SiO,/g-C;N, nanocomposite, d corresponding SAED pattern

Scheme 1 Schematic diagram : =
of synthesis of SiO,/g-C5N,
nanocomposite

Sonication 550°C,4 h O (=] O
— — () o 1]
30 min O
Solvothermal
—> 8GN,

0 —se

The optical absorption properties of the SiO,/g-CsN,  of organic dye solution [62]. The DRS mode UV-Visible
nanocomposite are significant parameter for the selection of ~ absorption spectra of pristine g-C;N,, SiO, and SiO,/g-C;N,
right kind of light needed for the photocatalytic degradation =~ nanocomposite were measured and the result is shown in
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Fig. 4 The BET surface area calculated from N, adsorption—desorp-
tion isotherms

Fig. S5. The pristine g-C;N, photoabsorption in the UV light
to visible light region 477 nm, which corresponds to the
direct and indirect band gaps of 2.73 and 2.70 eV, respec-
tively. The pure SiO, showed the weaker light photoabsorp-
tion ability. The SiO,/g-C;N, nanocomposite showed the
blue shift in the optical absorption edge in the visible light
region around at 448 nm, which was related to the direct
and indirect band gaps of SiO,/g-C;N, at about 2.76 and
2.67 eV, respectively. The band gap value calculations for
the g-C;N,, and SiO,/g-C;N, nanocomposite results were
Kubelka—Munk and Tauc plots and calculated by the energy
gap value using the following equation,

aho = p(hv — E, )"

where E, is the band gap energy of semiconductor, f§ is the
absorption constant, a is the absorption coefficient. The
index n has numerous values of 1/2, 2, 3/2 and 3 for allowed
direct and indirect, forbidden direct and indirect different
electronic transitions respectively [63].

3.7 Photocatalytic Activity of SiO,/g-C;N,
Nanocomposite

Photocatalytic activity of as-synthesized SiO,/g-C;N, nano-
composite was evaluated towards the photodegradation of
RhB and CV dyes under visible light irradiation. Figure 6a,
b exhibit the absorption spectra of an aqueous solution of
RhB and CV (556 and 582) dyes for the photodegradation
profiles as a function of irradiation time. It can be seen that,
the illumination of dye solution in the presence of photocata-
lyst leads to drastically decrease in absorption intensity with
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increasing the irradiation. The color of the dye solutions
were entirely disappears at 70 and 90 min, and the intensity
of other small peaks is also decreased. After the degradation
process, the photocatalyst was separated from the reaction
mixture by centrifugation, washed with DI water and dried
for the carry out reusability test.

3.8 Effect of Initial RhB and CV Dye Concentration

The effect of initial concentration of RhB and CV dye solu-
tions on the photodegradation rate was measured by varying
the dye concentration from 5 to 20 ppm which is shown in
Fig. S6. The rate of dye degradation was decreased with
increasing the concentration of RhB and CV dye solution.
It was observed that the 5 ppm dye concentration of dye
solution was greatly degraded, and further increasing of con-
centration the rate was falls down. Furthermore, increasing
the initial concentration of dye solution, more number of
organic molecules was present in the dye solution, which
is adsorbed on the catalyst surface. In other words, the pho-
togeneration of charge carries was significantly reduced and
in turn the dye degradation is reduced due to the lack of
oxidizing species.

3.9 Effect of Catalyst Weight

Figure S7 shows the effect of catalyst weight on photocata-
lytic degradation of RhB and CV dyes in the presence of
Si0,/g-C5N, nanocomposite was assessed by varying the
amount of catalyst weight from 10 to 75 mg. The increment
of 50 mg of photocatalyst results the highest photodegra-
dation efficiency compared to other photocatalyst (10, 25,
75 mg). The rate of photodegradation was decreased after
the 50 mg amount of catalyst which might be due to that the
penetration of light becomes which may be due to the lower
efficiency of the composite. Therefore, the particles also
tent to source agglomerate under these conditions reduced
the accessibility of both dye molecules and radiation to the
active sites of the catalyst surface to contribute in the pho-
todegradation process [64].

3.10 Effect of Different pH

The photodegradation of dye solutions were performed in
the different pH values were estimated which is depicted in
Fig. S8. The effect of pH values on degradation of the dye
solutions was evaluated by varying the pH values from 2 to
12 (2, 4, 8, 10 and 12) which adjusted by adding very dilute
solution of hydrochloric acid or sodium hydroxide. The deg-
radation rate was slightly quick for the photodegradation of
two dye solution during in the acidic pH (2—6). Hence, in the
acidic medium the surface charge of the photocatalyst might
be influenced [65, 66]. Moreover, due to the generation of
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Fig. 5 XPS spectra of the SiO,/
C;N, nanocomposite: a survey, (@) Survey spectrum
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alternative number of hydroxyl radical (*OH) in the acidic
medium was much easier. It was observed that photocata-
lytic activity was decreased at alkaline pH while it was very
difficult for the generation of *OH in the alkaline medium
compared to neutral and acidic conditions [67]. However, the
efficiency of photodegradation rate was higher at neutral and
acidic pH values while compare to basic medium.

3.11 Detection of Reactive Oxidative Species (ROS)

The active involvement of reactive oxidative species such
as *OH and O,*~ during the photodegradation of RhB and
CV dyes were identified by using radical trapping experi-
ments. In this present system, azide ion (AZ), benzoic acid

Binding energy (ev)

(BA), triphenylphosphine (TPP) and acryl amide (AA) were
used as scavengers and the results are depicted as shown in
Fig. S9. In general, AZ, AA and TPP is a singlet oxygen
quencher which were used as the scavenger for superoxide
radical anion (0,°7) [67-70]. From the Fig. S9, there was
no significant reduction of degradation rate was observed
for the both RhB and CV dyes upon the addition of AZ.
Furthermore, the addition of AA and TPP could slightly
decrease the photodegradation efficiency which suggests
that minor active involvement of O,*”. On contrarily, BA
is the hydroxyl ion (*OH) scavenger that scavenge the *OH
radicals during the photocatalytic reaction [71]. The results
showed that the addition of BA in the present photocata-
lytic reaction slow down the rate of degradation above 90%,
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Fig. 6 Absorption spectra of a RhB and b CV dye solutions irradiated under visible light in the presence of 50 mg of SiO,/g-C;N, nanocompos-

te

which clearly suggests that the degradation facilitates by the
*OH radical produced from the electron-hole pairs of the
photocatalyst. Hence, the results concluded that *OH radi-
cals plays major dynamic role and O,°*~ plays a minor role
for the efficient photodegradation of both RhB and CV dyes.

3.12 Plausible Mechanism

The mechanism for the photodegradation of the organic dyes
in the presence of SiO,/g-C;N, can be illustrated as follows,

Si0y/g — C3N, = S0, (€™ + h*)/g — CyN, (e + h*)
2

Si0,(e™ + h*)/g — CyN, (e~ + h*) 3 8i0,(e7)g — CyN, (h*)
3)

e+ 0, - O, )
e+ H "+ 0, - H,0, )
H,0, + 0,7 = -OH +OH" (6)
0,7, -OH, +dye — degraded products (7

When a prepared photocatalyst was irradiated by visible
light, the excited electrons (e~) from the conduction band
(CB) of SiO,/g-C;N, nanocomposite to the valance band
and leaving holes (h™) as shown in Egs. (2) and (3). Then,
the electron will react with the oxygen molecule to form a
superoxide radical anion (O, ™) Eq. (4), While the conduc-
tion electron (™) which reacted with H™ and 0,, to form oxi-
dizing agent (H,0,) Eq. (5). Moreover, the H,0, reacts with
superoxide radical anion it formed the *OH radical behind

@ Springer

formation of another ROS Egq. (6). Finally, *OH radical and
super oxide radical anion was involved in the visible light
facilitated the photocatalytic degradation of the dye solution.

3.13 Reusability and Stability of the Catalyst

The reusability and stability of Si0,/g-C;N, photocatalyst
is crucial a factor for its practical application and therefore,
the reusability experiments were carried and the results as
represented in Fig. S10a. The SiO,/g-C;N, nanocomposite
showed the 95% dye degradation efficiency of RhB in its
second recycle run and after the 3rd cycle run of photocata-
lyst was the activity was slightly decreased and 93% of dye
degradation. It was observed that, above 90% of degrada-
tion were achieved even after fifth usage. In addition, Fig.
S10b shows the SEM images of SiO,/g-C;N, nanocomposite
before and after photocatalytic reaction. The SEM images of
Si0,/g-C;N, nanocomposite after fifth cycle, the photocata-
lyst were slightly aggregated and homogeneously distrib-
uted on the g-C;N,, surface. These results suggested that the
Si0,/g-C3N, nanocomposite were exhibits excellent stability
for the degradation of RhB and CV dyes.

4 Conclusions

In conclusion, we developed a novel solvothermal route for
the synthesis of Si0,/g-C;N, nanocomposite. The FT-IR,
XPS, BET, UV-DRS, EDX spectra and PL analysis results
showed the SiO, was successfully decorated with g-C;N,
matrix. The as-synthesized SiO,/g-C;N, nanocomposite had
superior degradation performance. Both RhB and CV dyes
under visible light illumination predicted the degradation
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rate 98% within 60 min and 97% within 70 min respectively.
Moreover, the SiO,/g-C;N, composite photocatalyst also
showed excellent photocatalytic stability and reusability. It
is revealed that the SiO,/g-C;N, nanocomposite would be a
potential candidate for treatment of RhB and CV dyes con-
taining waste water.
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