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ABSTRACT
One-pot synthesis of SnS2/g-C3N4 composite by thermal polycondensation method. Tin (IV) chloride
and thiourea have been used as precursors for synthesis of SnS2/g-C3N4 composite with varied SnS2
ratio. All samples were characterized by X-ray diffraction spectroscopy (XRD), field emission scanning
electron microscope and energy-dispersive X-ray-spectroscopy (FE-SEM and EDX), UV–visible diffuse
reflectance spectroscopy (UV-Vis DRS), and fourier-transform infrared spectroscopy (FTIR). The
photocatalytic performance of all samples can be monitored by photodegradation of reactive orange 16
(RO16) under visible light irradiation. The best photocatalyst was 1%SnS 2/g-C3N4 which showed
87.19% (kapp = 0.0640 min-1) degradation of RO16 within 30 min. The major reactive species was •O2–.
Key Words: Photocatalysis; g-C3N4; SnS2; heterojunction.

1. INTRODUCTION
One of the important industrial pollution is organic pollution because its high toxicity, stable, and difficult
degradation. Thus, excellent methods to eliminate of pollution from water need to be investigated.
Elimination of organic compounds which had many different methods such as air stripping, precipitation,
reverse osmosis, adsorption, ultra-filtration, and flocculation were developed (Hussain et al., 2017). The
photocatalysis has been attention for the decomposition of organic pollution. It had many advantages like
nontoxic to the environment, producing CO2, H2O and other nontoxic substances as the final products,
high degradation rate, high efficiency (Zhao et al., 2018) and reaction activity can be stopped at any time
(Pan et al., 2019).
Among the semiconductor materials, graphite-like or graphitic carbon nitride (g-C3N4) was metal-free
layered polymer semiconductor which had more attention due to it had appropriate band gap (2.7 eV)
structure for visible light adsorption, thermal stability, low price, easy synthesis method as prepared by
direct thermal pyrolysis of suitable precursors, easy of large-scale preparation, non-toxicity and high
chemical stability (Feng et al., 2016). The g-C3N4 had many applications such as detoxification of
wastewater, CO2 reduction, hydrogen/oxygen evolution through water splitting, electroactive materials for
batteries, bioimaging and sensor (Yuan et al., 2016). However, the photocatalytic process of g-C3N4 was
limited by the high recombination rate of the photoelectrons and holes and low specific surface area.
Therefore, to solve the problem, many methods were used such as nonmetal or metal (C, P, B, and Fe,
etc.) doping, noble metal (Au, Pt, and Ag, etc.) nanoparticles deposition, preparation of porous
g-C3N4
and designing heterojunction composite (TiO2/g-C3N4,Ag3PO4/g-C3N4, ZnO/g-C3N4, and Bi2WO6/g-C3N4,
etc.) (Li et al., 2016).
Metal sulfide such as Molybdenum sulfide (MoS2) has been revealed to be excellent co-catalyst (Li et
al., 2016), Zinc sulfide (ZnS) has some advantages as a good photocatalyst with eco-friendliness,
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excellent stability, and low cost (Yan et al., 2017), Copper sulfide (CuS) was catalyst that had properties
in a broad range of environmental application (Khan et al., 2018), Cadmium sulfide (CdS) was widely
used due to it was a sensitizing agent to enhance the visible light response range of wide band gap
semiconductors (Li et al., 2019), Bismuth sulfide (Bi2S3) had a suitable band gap, a reasonable photon
conversion efficiency of about 5% and a non-toxic (Hu et al., 2019), Tin sulfide (SnS) has a narrow bandgap of 1.3 eV and holds the typical features of low cost, earth element abundance, chemical inertness,
and wide spectral response ranging from visible to near infrared region (Jia et al., 2020). Tin disulfide
(SnS2) was important semiconductor with a band gap energy about 2.18-2.44 eV that used widely
studied such as gas sensing, photocatalysis, solar cell, and anode materials. Moreover, SnS 2 had
various morphologies like nanotubes, nanorods, nanosheets, and nanoflowers which alternate band gap
energies controlling (Chen et al., 2016). This was the one of interesting alternative for doping with gC3N4.
In this work, Tin (IV) sulfide (SnS2) has been synthesized and fabricated on g-C3N4 via one-step
thermal polycondensation method. The photocatalysis results indicated that this composite could reduce
the electron-hole recombination rates of the photogenerated charge carriers of g-C3N4 to improve
photocatalytic performance of organic dye degradation.
2. METHODOLOGY
2.1. Synthesis of SnS2/gC3N4
One-pot synthesis of SnS2/gC3N4 was performed by thermal polycondensation method as follow; 10 g of
Thiourea and restricted amount of SnCl4•5H2O were added into beaker following with 2 mL of distilled
water and mixed. Then, the mixture was heated in an oven at 80 oC for 1 h. Finally, dried powder was
calcined at 550 oC for 2 h under atmosphere. The % weight ratio of SnCl4•5H2O and thiourea was varied
and assigned as 1% and 2%SnS2/g-C3N4. Pure g-C3N4 from thiourea was also synthesized without
adding SnCl4•5H2O.
2.2. Photocatalytic studied
The photocatalytic performance of SnS2/gC3N4 was determined by monitoring the degradation of reactive
orange16 (RO16, pollutant dye model) under visible light irradiation (55W Xe-lamp). In each experiment,
0.1500 g of SnS2/gC3N4 photocatalyst was added into 150 mL of RO16 solution (10ppm). Then
magnetically stirred in the dark for 30 min was performed to reach an adsorption-desorption equilibrium.
The solution was subsequently irradiated at room temperature. The 3 mL of solution was withdrawn
every 15 min interval until 120 min. In order to determine the concentration of RO16 dye, UV-Vis
spectrophotometer was used to determine the absorbance at λmax of 493 nm. The photocatalytic
mechanism of synthesized photocatalyst over RO16 can be investigated by adding radical scavengers in
reaction and monitoring the absorbance of RO16.
3. RESULTS AND DISCUSSION
3.1. Synthesis and characterization
One-pot synthesis of all photocatalysts were successfully performed via thermal polycondensation
method. Phase of all samples were confirmed by X-ray diffraction spectroscopy as shown in Figure 1(a)
The diffraction peak around 13.0 and 27.0 degree were indexed as (1 0 0) and (0 0 2) diffraction plane of
g-C3N4 (JCPDS No.87-1526), respectively. These two peaks corresponding to the triazine unit and the
interlayer stacking of aromatic units of g-C3N4, respectively (Sundaram et al., 2018; Solehudin et al.,
2020), which confirmed the existing of g-C3N4. The intensity of peaks decreased as the increasing ratio
of SnS2 because the polycondensation process of g-C3N4 might be interfered by SnS2. In Figure 1(b),
FTIR spectra of all samples have been used to confirm the g-C3N4 structure. These peaks at
wavenumber around 810 accords with characteristic breathing mode of triazine units. The peaks around
1200-1700 cm-1 can attributed to stretching vibration C-N heterocyclic. The streching vibration of N-H
bonds or NH2 groups of g-C3N4 was observed at 3000-3400 cm-1 (Sundaram et al., 2018; Zhu et al.,
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2015). The DRS spectra and Talc plots (Figure 1(c) and (d)) revealed that all samples can absorb visible
light then the photocatalytic activity of all samples can be activated under visible light irradiation.

Figure 1: XRD patterns (a), FTIR spectra (b), DRS spectra (c) and Talc plots of synthesized photocatalysts (d)

The morphology and elements of 1%SnS2/g-C3N4 were investigated by FE-SEM and EDS techniques
as shown in Figure 2. In Fig 2a, 1%SnS2/g-C3N4 was consisted of sheets morphology and slight porosity
on the sample surface which can improve the photocatalytic activity. Furthermore, EDS mapping spectra
as shown in Fig 2b. The elements of 1%SnS2/g-C3N4 was composed with C, N, Sn and S. These
elements were clearly demonstrated distribution over 1%SnS2/g-C3N4 with a percentage of 33.8, 62.1,
1.2, and 0.3 % for C, N, Sn, and S, respectively.

Figure 2: SEM-EDS mapping of 1%SnS2/g-C3N4 photocatalyst
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3.2. Photocatalytic activity
The photocatalytic performance of all samples was studied by monitoring the degradation of RO16 dye
under visible light illumination as shown in Figure 3(a) and Table 1.

Figure 3: Photocatalytic degradation of RO16 (a) and the presence of different scavengers over the photocatalytic
activity of 1%SnS2/g-C3N4 (b)

Graphitic carbon nitride (g-C3N4) fabricated with SnS2 show greater photocatalytic efficiency than that
in pure g-C3N4. This might come from the creation of heterojunction between SnS 2 and g-C3N4 results in
reducing the electron-hole pair recombination. The kapp values have been determined as indicated in
Table 1. It can be concluded that 1%SnS2/g-C3N4 is the best photocatalyst in this work(Table1).

photocatalyst
g-C3N4
1%SnS2/g-C3N4
2%SnS2/g-C3N4

Table 2 %RO16 degradation and kapp value
%RO16 degradation
32.18%
87.19%
86.99%

kapp (min-1)
0.0124
0.0640
0.0623

Benzoquinone (BQ), ammonium oxalate (AO), and isopropyl alcohol (IPA) have been used as radical
scavenger for O2– (superoxide radical), h+ (hole), and OH (hydroxyl radical), respectively. The %RO16
degradation after adding different scavengers into system of 1%SnS 2/g-C3N4 was revealed in Fig 3(b).
The BQ clearly inhibited RO16 dye degradation. Therefore, the O2– was the major reactive species of
RO16 dye degradation in this work.
4. CONCLUSION
One-pot synthesis of SnS2/g-C3N4 was successfully prepared via thermal polycondensation method. All
characterization techniques confirmed the existing of g-C3N4.The FE-SEM and EDS techniques ensured
the existing of SnS2. The best photocatalyst in this work was 1%SnS2/g-C3N4 with 87.19% RO16
degradation (kapp = 0.0640 min-1) within 30 min under visible light irradiation. It can be conclude that
modified SnS2 onto g-C3N4 could improve the photodegradation efficiency of g-C3N4 and resolve the
problem of organic pollutants in environment.
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