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Abstract. To investigate the photocatalytic activities of heterogeneous systems under visible light, graphitic carbon nitride
(g-C3 N4 ) and chitosan (CS) were chosen as a model system. By solution cast method, C3 N4 were embedded into a CS
biopolymer matrix in this study. The purpose is to degrade methyl orange (MO) using a novel C3 N4 /CS nanocomposite
thin film. Using a visible light-equipped photoreactor with a tungsten incandescent lamp, photo-decolourization of dye was
carried out. To catalyse the photodegradation of organic dye pollutant MO, a C3 N4 /CS nanocomposite film photocatalyst was
found to be successful and a recovery of 100% of the photocatalyst is achieved by a simple new hand-picking technique. Using
scanning electron microscopy, transmission electron microscopy, X-ray diffraction, Fourier transform-infrared spectroscopy
and UV–visible diffuse reflectance spectroscopy, detailed characterization was carried out. C3 N4 /CS has high capacity and
better photocatalytic activity compared to g-C3 N4 and CS, because C3 N4 possesses a larger surface area and CS has high
absorption efficiency which is indicated by the photocatalytic discolouration of MO under visible light irradiation. The
C3 N4 /CS nanocomposite thin film photocatalyst is regarded as an excellent catalyst with 98% degradation efficiency and is
prepared by the simple solution cast method. The total organic carbon value was measured to be 86%. These values evidence
that the mineralization of MO was carried out under these conditions.
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1. Introduction
Water pollution caused by toxic waste is becoming a global
problem due to sudden increase in industrialization and population growth. These manufacturing industries generate a
large amount of waste water, because they use different types
of dyes and pigments which exhibit carcinogenic and mutagenic properties towards living organisms. Therefore, the
above properties show a severe threat on human life [1–3].
Azo compounds, which have a chromophore in their molecular structure (–N=N–), are dyes which are used in about half
of the global production of synthetic textile industry. Methyl
orange (MO) is an azo (–N=N–) group compound with aromatic rings and an aromatic ring has a diethyl amine group.
MO is known as an anionic dye or acidic dye, because in
water it is ionized into a negatively charged chromophore
[4]. Because these dyes are more persistent, it is difficult
to treat them as well as to degrade naturally [5]. The contaminants of dye from waste water are removed by using
several methods, including adsorption [6], ion flotation [7],
coagulation [8], membrane process [9] and solvent extraction
[10]. The end products obtained from the above techniques
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are further processed for complete purification. To degrade
harmful substances into CO2 and H2 O, advanced oxidation
processes such as biodegradation [11], sonolysis [12] and
ozonation [13] are used because they are better than physical
ones. The evolution of nanoscience, a new branch of science,
has replaced the previous technologies because of the following advantages: (i) to remove organic matter from waste water
completely by using semiconductors [14,15], (ii) most of the
organics are completely mineralized by nanomaterials and are
inexpensive [16] and (iii) nano-photocatalysts are non-toxic,
non-corrosive and chemically stable [17].
Chitosan (CS) has attracted the attention of researchers in
recent years because it is linear, cationic, pH sensitive, environmentally friendly, non-toxic and renewable. Moreover, CS
is a natural, significant chitin derivative, inexpensive copolymer (2-glucosamine and N -acetyl-2-glucosamine) [18–21].
CS is commonly used as a catalyst supporter to promote the
efficiency of chemical reactions and it also exhibits a great
potential in chemical applications [22]. Its insolubility in
organic solvents and the presence of readily functionalizable
hydroxyl and amino groups make CS very attractive in applications [23,24]. CS possesses unique properties including the
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ability to form films, optical and structural characteristics and
many more unlike plant fibres, such as cellulose [25,26]. CS
films were successfully employed by researchers to remove
organic dyes from coloured waste water and this approach
has proven to be cost effective. This approach includes some
disadvantages such as long adsorption contact time, nonresistance against acid solution and low adsorption capacity
[27]. To overcome the above disadvantages, in the synthesis
of nano-sized materials, a CS biopolymer is used, which provides an interface for charge transfer resulting in the increase
of photocatalytic efficiency. Recently, a new organic/organic
composite material was fabricated with photocatalytic properties by the immobilization of a semiconductor onto CS which
may be applied with greater efficiency. Many studies have
shown that if a catalyst or absorbent was immobilized on CS,
it can be effectively separated and reused. In recent years, an
organic and metal-free semiconductor for example graphitic
carbon nitride (g-C3 N4 ) is a novel kind of semiconductor. On
the contrary, it is composed of carbon and nitrogen, as well
as its special layer structure makes it better chemically and
thermally stable under ambient conditions [28]. By morphology or doping, we can control the band gap of carbon nitride,
which is the most important one [29]. In emission devices,
surface modification and photocatalysis, carbon nitride was
regarded as the promising material. To improve the properties
of nanocomposites [30–32] to adsorb dyes and heavy metals
[33,34], C3 N4 has been added to CS.
In this study, to enhance photocatalytic performance by the
solution cast method, a biopolymer-supported hand-picking
C3 N4 /CS nanocomposite thin film was prepared. A total of
100% recovery of the photocatalyst was demonstrated with
the help of a facile hand-picking technique. An efficient
strategy to recover the photocatalyst for effective recycling,
impregnation of the photocatalyst over a suitable solid matrix
might be the best technique. Because the loss of photocatalyst is more in unsupported photocatalytic systems, recovery
of photocatalyst is carried out either through filtration or centrifugation in this method. The C3 N4 /CS nanocomposite film
(NCF) prepared by using the above method was easily separated from the cleaned solution by a simple hand-picking
method. The reusability tests were performed for the photocatalyst, which showed that it can be reused reasonably
and 100% of the photocatalyst was recovered [35]. For the
photodegradation of MO under visible light irradiation, the
as-prepared C3 N4 /CS NCF exhibited an effective photocatalytic property. To remove the dye, the novel C3 N4 /CS NCF
has great potential and is used as an economic, environmentally friendly as well as a suitable material.

2. Experimental
All the chemicals and solvents were purchased from Aldrich
for this study and were used to prepare samples without any
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further purification. In all experiments, deionized water was
used.
g-C3 N4 is synthesized by a simple calcination method.
Three grams of melamine was taken in a pestle-mortar and
crushed for 30 min. The crushed melamine is transferred into
a crucible. To prevent sublimation of melamine, crucible is
covered with a lid and heated in a muffle furnace at 500◦ C
for 4 h. The heating rate of the furnace is 20◦ C min−1 . After
4 h, the furnace temperature is increased to 520◦ C at a rate of
10◦ C min−1 and heated for 2 h. Finally, by natural cooling, the
sample was allowed to cool to room temperature. A yellow
polymer is obtained after pyrolysis, which is then powdered
by grinding.
A hand-picking photocatalyst C3 N4 /CS NCF is prepared
by a simple solution cast method. A homogeneous gelatinous form is obtained by dissolving 0.5 g of CS in 20 ml
of 1% acetic acid followed by vigorous stirring. By sonication, the prepared nano-C3 N4 was initially dispersed into
the CS matrix. The resulting mixture is stirred vigorously to
obtain a homogeneous mixture. To neutralize the above reaction mixture, 0.2 M NaOH solution was added. Finally, the
homogeneous mixture is poured into a Petri dish and was
dried at room temperature. During drying process, thin dried
films were peeled off from the Petri dish, and then the thin
films were dried in an oven at 60◦ C.
By utilizing a PAN analytical X-ray diffractometer (Germany) in the 2θ scan range in the vicinity of 10 and 80°
with Cu-Kα radiation with an outflow current of 25 mA
accelerating at 40 kV, phase identification and crystal structure analyses were performed. Using high-resolution field
emission scanning electron microscopy (SEM), the surface
morphology of the sample was studied on a quanta FED
250 electron microscope. By using ultra-violet visible diffuse reflectance spectroscopy, the samples were characterized
for band gap calculation. With the help of transmission electron microscopy (TEM), morphology, size distribution and
dispersion of the C3 N4 embedded in the CS nanocomposite were characterized. Suspension of samples were performed in ethanol and ultrasonicated for 30 min. Then on
a carbon-covered copper grid, a small amount was dried and
loaded into the TEM. Using a Perkin-Elmer spectrum instrument, by Fourier transform infrared (FT-IR) spectroscopy,
the functional groups present in the composite film were
analysed.
To estimate the photocatalytic degradation capacity of the
catalyst, MO is used as a model pollutant. A total of 150 ml
(5 mg l−1 ) of the dye solution is degraded by using (50 mg)
the photocatalyst. A visible light (>400 nm) furnished photoreactor with a tungsten incandescent lamp as a light source
with the intensity of 150 mW cm−2 is used to carry out photodegradation studies. Before visible light illumination, to
achieve the adsorption–desorption equilibrium, dye solution
and catalyst were magnetically stirred in the dark for 1 h.
To keep away any error from scattering, 5 ml of the solution is taken regularly. A UV–visible spectrophotometer is
used to analyse the resulting solution. After some time, to
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determine the amount of the remaining organic compounds
in waste water, the resulting solution was separated and used
to measure total organic carbon (TOC). With a TOC analyzer
(Shimadzu, TOC-L, Japan), the rate of mineralization was
analysed.

3. Results and discussion
To determine the phase data and crystallite structure of nanomaterials, X-ray diffraction (XRD) is used. Figure 1 shows
the XRD pattern of pure CS, g-C3 N4 and C3 N4 /CS NCF photocatalysts. The CS is typically amorphous, which implies
from the broad peak at 20.2◦ that is ascribed to pure CS [36].
The strongest diffraction peak at 13.2◦ is ascribed to the interlayer structure packing which is indexed as the (100) planes
and the peak at 27.5◦ corresponds to the interplanar stacking
which is indexed as the (002) planes of C3 N4 [37]. The two
peaks at 20.1 and 27.4◦ indicate that the g-C3 N4 and CS were
successfully assembled which is shown by the XRD pattern
of the C3 N4 /CS. Of the above, the peak at 20.1◦ belongs to

Figure 1. Powder XRD patterns of C3 N4 , CS and C3 N4 /CS NCF
photocatalysts.
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the microcrystalline structure of CS, and the strongest peak
at 27.4◦ belongs to the inter-layer stacking of g-C3 N4 corresponding to the (002) crystal plane.
The polymer structure which is especially soft is mainly
studied by attenuated total reflection (ATR). The FTIR-ATR
spectroscopy was used to describe the presence of various
bonds and functional groups of the C3 N4 /CS NCF and the
results are given in figure 2. The FT-IR spectra of all the
three materials viz. C3 N4 , CS and C3 N4 /CS NCF exhibited a
broad stretching band at around 3300–3600 cm−1 which corresponds to the N–H breathing modes. Similarly, a series of
stretching bands in the region of 1200–1600 cm−1 which was
observed in all the three spectra are due to the CN heterocycle
stretching vibrations. Besides, the FT-IR spectrum of C3 N4
showed the characteristic band at around 890 cm−1 ascribed
to the breathing mode of tri-s-triazine unit [38]. Furthermore, the C–O stretching vibration was detected at 1024 and
1068 cm−1 . The breathing vibration band of the heptazine
units of CS was detected at 810 cm−1 [39]. The FT-IR spectrum of the final composite C3 N4 /CS NCF showed all the
characteristic stretching vibration bands of both C3 N4 and
CS which confirmed the successful loading of the C3 N4 photocatalyst on the CS support.
The measurement of reflectance between 200 and 1200 nm
can be used to determine the semiconductor band gap.
Figure 3a shows the depiction of UV–visible diffuse
reflectance spectra (DRS) of g-C3 N4 and C3 N4 /CS NCF
photocatalysts. From figure 3b, it can be found that both

Figure 2. FTIR-ATR spectra of C3 N4 , CS and C3 N4 /CS NCF
photocatalysts.
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Figure 3. (a) UV–visible DRS of g-C3 N4 and C3 N4 /CS NCF photocatalysts and (b) Tauc plots of g-C3 N4 and C3 N4 /CS NCF photocatalysts.

g-C3 N4 and C3 N4 /CS showed an adsorption edge around 2.65
eV. This confirmed that the CS acts as a supporting material
and did not involve in tailoring the band gap energy of g-C3 N4 .
The surface morphology of the C3 N4 /CS NCF photocatalyst is investigated by using SEM and TEM. The SEM
images of g-C3 N4 , pure CS and C3 N4 /CS NCF photocatalysts are shown in figure 4. The surface of the CS film
possessed a smooth and compact structure [40]. The formation of the C3 N4 /CS NCF catalyst is confirmed by observing
well-dispersed fine granules, after the introduction of the
C3 N4 nano-photocatalyst into the matrix. The uniform dispersion of the C3 N4 nano-photocatalyst in the CS matrix was
confirmed by the TEM micrographs as seen in figure 5.
The degradation of MO under visible light irradiation is
investigated by photocatalytic studies. In the presence of the
catalyst alone under dark conditions or without the catalyst
under a light source, there was no decolourization of MO dye
solution. Therefore, to carry out photocatalysis reaction, a catalyst and light source is necessary. In this study, MO shows
the main absorption peak at 464 nm, which is employed to
evaluate the photocatalytic degradation. Under visible light
irradiation, the percentage degradation of the MO in aqueous solution as a function of irradiation is shown in figure 6
which is estimated from the UV–visible spectra. As the visible light exposure time increases, UV–visible absorption
peaks corresponding to the degradation of MO dye gradually decreased. When compared to pure CS and pure g-C3 N4 ,
the C3 N4 /CS NCF photocatalyst shows stronger absorption
and higher degradation ability. After 30 min, there was a disappearance of colour of the dispersed solution. An utmost
98% of MO is degraded with C3 N4 /CS NCF photocatalyst at
30 min under visible light illumination.
This study revealed that the photodegradation percentage
of MO dye is higher while using C3 N4 /CS NCF photocatalyst
than that of pure g-C3 N4 and pure CS. The decolourization

observed with pure CS might be due to the high absorption
ability of CS towards the dye molecule.
An optimum catalyst concentration must be determined to
avoid the catalyst wastage and ensure the total absorption of
photons. Photocatalytic degradation experiments carried out
with varying concentrations from 10 to 100 mg of C3 N4 /CS
NCF photocatalysts are presented in figure 7. The rate of
photocatalytic degradation enhanced with an increase in the
amount of C3 N4 /CS NCF photocatalyst up to 50 mg. However,
after 50 mg of catalyst dosage, most of the solution is screened
by the solution. The high catalyst dosage significantly affects
the dispersion and the generation of electron–hole pairs.
There are two factors, stability and reusability of photocatalysts, which are significant in the practical applications. In this
work, the degradation tests are performed with five successive
cyclic MO and investigation was performed for the reusability
of the C3 N4 /CS NCF photocatalyst and the results are presented in figure 8. Photocatalysts can degrade more than 95%
of the dye under visible light irradiation, which was exhibited
by reusability studies. Therefore, for the decomposition of
MO, the C3 N4 /CS NCF photocatalyst exhibited high and stable photocatalytic ability. Besides, the catalyst recovery was
carried out by a simple hand-picking method. In detail, after
each cycle of photocatalytic degradation, the photocatalyst
was removed from the reaction mixture using a forceps, as
the C3 N4 /CS photocatalyst is a composite film. This recovered film was washed with deionized water and dried at 60°C
for 2 h. This washed and dried photocatalyst film was used
in the subsequent cycles. Hence, no costly instrument facility
is required and also 100% recovery is achieved effortlessly
which makes the overall photocatalytic degradation system
as industrially viable.
To determine the extent of mineralization of dye during
the photodegradation process, TOC analysis was performed.
For all organics present in a sample, TOC analysis is highly
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Figure 4. SEM images of (a) g-C3 N4 , (b) pure CS and (c, d) C3 N4 /CS NCF photocatalysts.

sensitive and non-specific. To determine complete
mineralization of dye, evidence of disappearance of the dye
colour alone is not enough. It is also necessary to use TOC
analysis. There is no or little threat with inorganic carbon.
Using the disappearance of the TOC, the total mineralization
of dye was carried out. With the help of visible light irradiation
and the C3 N4 /CS NCF photocatalyst, the sample was analysed
for TOC. The highest TOC removal observed was 86% with
the C3 N4 /CS NCF photocatalyst. The colour disappearance
of the dye was faster than the degree of mineralization, which
is revealed by the results of this analysis.
Trapping agents were used to investigate the involvement
of reactive oxidative species viz. electrons, holes, superox•
ide radical anion (O2 − ) and hydroxyl radical (• OH). The
active species are determined during the photodegradation
process by adding a radical quencher with acrylamide (AA)
•
as the O2 − scavenger, triphenylphosphine (TPP) as the electron quencher, benzoic acid (BA) as the • OH quencher and
triethanolamine (TEOA) as the h+ quencher. The rate of photodegradation of the dyes is investigated in the presence of

AA and TEOA. The addition of superoxide anion radical and
hole scavengers such as AA and TEOA in the reaction medium
reduced the photodegradation which is indicated in the results.
This indicates that holes and superoxide radical anion as the
major active species in the process. The reaction is carried
out in the presence of BA, • OH scavenger in the photodegradation process, to keep a steady involvement of the h+ and
O2 − • radicals. BA shows very little decreased photocatalytic
degradation indicating the slight involvement of • OH radical in photocatalysis, when BA was dispersed in the solution.
The active electrons and holes are produced under visible light
illumination. The photocatalytic activity of the C3 N4 /CS NCF
photocatalyst is enhanced by preventing the recombination of
electron–hole with the formed photogenerated electrons [41].
And the photogenerated electrons can convert O2 to O−•
2 and
the holes oxidize dyes to harmless products such as CO2 and
H2 O.
Based on the above observation, a plausible mechanism
is proposed which is given in figure 9. Firstly, when visible light falls on the photocatalyst, photo-excitation occurs in
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Figure 7. Optimization of catalyst loading for the degradation of
MO.

Figure 5. TEM images of C3 N4 /CS NCF photocatalyst.

Figure 8. Reusability efficiency of C3 N4 /CS NCF photocatalyst.

Figure 6. Photocatalytic decolourization of MO utilizing pure
C3 N4 , pure CS and C3 N4 /CS NCF photocatalysts.

the g-C3 N4 photocatalyst. The photo-excited electrons move
to the conduction band of g-C3 N4 and as a result holes are
generated in the valence band. As CS is a very good electron mobile surface material [35], the photo-excited electrons
from the conduction band migrate to the CS which prevents
the electron–hole pair recombination. This is evident from the
higher photocatalytic performance of the C3 N4 –CS NCF than
that of the pure C3 N4 photocatalyst. These migrated electrons
in the CS layer converts the dissolved O2 to superoxide anion
+
radicals (O−•
2 ). Similarly, the holes (h ) react with water
•
and produce hydroxyl ( OH) radicals. Furthermore, the trapping agent testing results confirmed the active involvement

Figure 9. Proposed mechanism for the degradation of organic pollutant using the C3 N4 /CS photocatalyst.
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of superoxide anion radicals and holes in the degradation of
MO.

4. Conclusion
By using the solution cast method, the C3 N4 /CS NCF photocatalyst was successfully synthesized. The C3 N4 /CS NCF
provided a good decolourization rate under visible light illumination. When compared with pure C3 N4 and pure CS, the
photocatalytic degradation rate reached nearly 98% using
the C3 N4 /CS NCF. To characterize the structure, morphology and optical properties of the prepared samples, various
techniques such as XRD, SEM-EDX, TEM, FTIR-ATR and
UV–visible were used. For the C3 N4 /CS NCF, absorption ability and photocatalytic capacity were evaluated. The combined
effect of absorption and photodegradation enhanced the photocatalytic activity of the C3 N4 /CS NCF photocatalyst. The
recombination of photogenerated electron–hole pairs is inhibited by entrapping of g-C3 N4 into the CS matrix. Among
the repeated cycles, the photocatalyst presented a quite stable
photocatalytic activity and degradation efficiency was maintained about 95%. The above fact suggests that the C3 N4 /CS
NCF photocatalyst exhibits good reusability. Furthermore,
with lower TOC values in comparison with pure g-C3 N4
and pure CS systems, the synthesized C3 N4 /CS NCF photocatalyst exhibited potential to treat various environmental
pollutants.
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