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Optically important SnS2/Polystyrene (PS) transparent flexible composites were 

synthesized by low cost sol gel route and characterized using structural, morphological, 

and optical analysis. Polystyrene exhibits amorphous nature however an excellent 

improvement in crystallization is observed on inclusion of fresh developed SnS2 in 

polystyrene. FTIR peaks were also confirms the formation of SnS2/PS composites. AFM 

micrographs shows spheres like structures in morphology and this tendency increases with 

increase in sulfur ratio to tin. The increment in roughness of the composites is also 

observed with increase in sulfur ratio. The composites exhibits excellent photocatalytic 

activity with about 97% methyl Red dye degradation presence of sunlight. 
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1. Introduction 
 

The chalcogenides always have a huge attraction by researchers due to their 

excellent absorption properties in the visible region. This property is been utilized for the 

last two decades in solar cells [1], photovoltaic cells [2, 3], supercapacitors, and lithium-

ion batteries [4]. Recently the nano form of chalcogenides has also shown a lot of potential 

in tuning various optical properties and hence, increased inefficient use of the solar light 

spectrum [5-7]. The research on SnS nanoparticles is relatively new and have lot of future 

application due to its low toxicity in comparison to other chalcogenides. SnS2 is an II-VI 

semiconductor material and has a narrow band range. It has 1.38 eV direct bandgap and 

1.09 eV indirect bands [8]. The low bandwidth and low toxicity of SnS2 nanoparticles 

make it useful in many future applications such as the development of biomedical, 

optoelectronic devices [9-10], photocatalysts [11-13], and gas detection devices [14]. The 

morphology of particles strongly depends upon the preparation method. The size and 

shape of the nanoparticles are dependent on the synthesis process. SnS have different 

phases like SnS, Sn2S, Sn2S3, and S3nS4 [15-18]. SnS2 can also be useful in composite 

form with polymers with increased functionality. The present work is based on SnS2/ 

Polystyrene (PS), which is a type of heat cooler used in the packaging of electrical 

appliances [19-20]. PS is widely used in the packaging of food materials, and other 

appliances because of their good thermal and impermeable properties. However, after use 

in packaging, it produces huge amounts of waste and pollutants to the environment. Many 

researchers have reported the ways to recycle of polystyrene with various methods: by 

adding some metal oxide, chalcogenides nanoparticles in it and synthesizing new 

composites called polymer nanocomposites [18-23]. In our present work, we've 

synthesized SnS2/PS nanocomposites in two stages. In the first stage, SnS nanoparticles 

were obtained by using the sol-gel method and in the second stage, transparent SnS2/PS 

                                                           
*
 Corresponding author: ycgoswami@gmail.com 

https://doi.org/10.15251/JOR.2022.183.343 

https://chalcogen.ro/index.php/journals/journal-of-ovonic-research
https://chalcogen.ro/index.php/journals/journal-of-ovonic-research/12-jor/572-volume-18-number-3-may-june-2022
https://doi.org/10.15251/JOR.2022.183.343


344 

 

nanocomposites were grown as self-sustained layers and as layers on glass substrates. The 

nanocomposites show excellent photodegradation of methyl red dye, which indicates how 

waste material can be used to obtain composites as having great potential for dye 

degradation  

 

 
2. Experimental details 
 

2.1. Materials 

All chemicals used were of analytical grade and used as received without any further 

purification. All Tin (II) chloride dehydrate (99.9%) SnCl2·2H2O, Thiourea (NH2CSNH2), 

Toluene, Acetone and Ethanol were purchased from Aldrich. whatsman filter paper No. 042 was 

used for the filtration. Thermocol waste was collected and washed with distilled water and dried at 

room temperature. 

 

2.2. Synthesis of tin sulfide and SnS/PS 

Low-cost Sol –Gel method is used for the synthesis of Tin sulfide nanoparticles and films. 

0.1M Tin chloride SnCl2·2H2O and 0.1M Thiourea were used as starting precursors. Double 

distilled water was used for dissolving the precursors. Initially, 0.76g of thiourea was dissolved in 

100ml of distilled water and the solution was continuously stirred for 30 minutes. In the next step, 

2.63g SnCl2·2H2O was added and further stirred for another 30min. A few drops of liquid 

ammonia were added and finally, the sol was left for stirring for about 3h. This solution is 

irradiated by microwave for 5min and after this continues stirring was done at room temperature. 

The samples were prepared with various sulfur concentrations, (a) Sample C1: 1g thiourea,  (b) 

2.268g of thiourea C2 (c) 3.8g of thiourea C3. In the last step solution of Polystyrene, the solution 

is added in a sample and polymer-based flexible films were obtained on the glass as well as self-

sustaining position.  

The reaction of SnCl4.2H2O with thiourea produced H2S. Then SnS2 nanoparticles were 

obtained via the reaction of Sn+4 with H2S. The process could be as follows: 

 
H2NCSNH2 + 2H2O → CO2 + 2NH3 + H2S, 

Sn
+4

 + 2H2S →   SnS2 + 4H
+
. 

 

2.3. Materials Characterization  

Films and particles were obtained and characterized by structural, Morphological and 

optical characterizations. X-ray diffractograms were obtained in the angle of 2theta ranging from 

2
0
 to 80

0
. Nickel foil is used as filter in the instrument to select the Cu kα radiation of wavelength 

1.5413 A
0 

from the copper source using Bruker D8 Advanced XRD. Flexible film is cut into 

1x1cm piece which is used to as sample. AFM micrographs were obtained by using digital 

Instrumentation-Inc, USA. By conducting mode, at UGC-DAE consortium research Centre Indore. 

PL and UV-Vis spectra were carried by Perkin Elmer Lambda-25 and Perkin Elmer LS-55.  

Fourier- transform infrared (FTIR) spectra were obtained by Perkin Elmer Spectrum 2 using KBr 

pellets in the range (500-4000 cm-1). Materials and chemical bond were identified and analyzed 

by FTIR Spectra. 

 

2.4. Photocatalytic experiments 

The SnS2/PS nanocomposites were used for photocatalytic activity studies of  methyl Red 

dye under sunlight. All the photocatalytic reactions in the present study were carried out under 

direct sunlight between 12:00 noon and 14:00 pm. In experiment. The beaker was kept under 

sunlight for irradiation, and solutions were withdrawn at periodic time intervals and centrifuged. 

The solutions were analyzed using a UV–Vis spectrophotometer (Perkin Elmer Lambda 25). The 

catalytic experiments were carried out under similar conditions using SnS2/PS nanocomposites. 

The degradation efficiency of Methyl Red was calculated using the formula given below. 
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% Degradation percentage = (
𝐴0−𝐴

𝐴0
)x 100% 

 

where Ao is the concentration of Methyl Red at time is zero and its adsorption equilibrium and A is 

the concentration of Methyl Red at different illumination times of sunlight. To understand the 

mechanism of photo degradation of Methyl Red better, and to prove the involvement of hydroxyl 

radicals in the photo degradation in the presence of SnS/PS as the catalyst was used as a probe 

molecule [23-30] 

 

 

3. Results and discussion 
 

3.1. Structural Studies (X-Ray diffraction) 

X- Ray diffractograms of SnS2/PS nanocomposites are obtained and shown in Fig 1a. All 

the peaks are identified for SnS2 structures with JCPDS card no.22-0951, however one or two 

peaks for SnS are also observed. The intensities of the reflections are very small. The samples 

were A matching of the observed and standard (hkl) planes confirmed that the samples are 

of SnS2 having a hexagonal structure. All of the peaks in the XRD pattern can be readily indexed 

to a pure hexagonal phase of SnS2 with a lattice constant a=3.649 Å and c=5.899 Å, which are in 

good agreement with the literature values (JCPDS card no. 22–0951).  In Fig3a.The dominant peak 

is 100 is broad indicates the particles are in nano range. However increase in the size observed 

with increasing SnS2 ratio. Debey-Scherrer formula is being deployed to find the average size of 

the particles [1] that is in nano range and has been shown in Table 1 where crystallite size 

broadening is 𝛽𝑡 and 𝛽𝜀 is the strain induced broadening, and 𝛽ℎ𝑘𝑙 is the FWHM of instrumental 

corrected The observed XRD line broadening is due to crystallite size and strain contribution 

featured by the Williamson–Hall (W–H) plots and can be written as 

 

𝐷 = 0.9𝜆
𝛽𝐶𝑜𝑠𝜃⁄     … … 𝐸𝑞(1) … … … … [29] 

 

𝛽ℎ𝑘𝑙 =  𝛽𝑡 + 𝛽𝜀           

 
Broadening. Eq. 2 is obtained by considering both the broadenings and represents the 

uniform deformation model (UDM) where the isotropic nature of the crystal is considered, which 

means the material properties are independent of the direction in which they have measured. The 

model is shown in Figure 3b. 

 

𝛽ℎ𝑘𝑙𝑐𝑜𝑠𝜃 =  
𝐾𝜆

𝐷
+  4𝜀 sin 𝜃ℎ𝑘𝑙             (Eq. 2) 

 
The estimated size and strain have been tabulated in Table 1. The positive slope for 

samples implies the presence of tensile strain. It has been attributed to lattice distortion. Due to 

strain the numbers of peaks decrease in SnS/PS[30]. In first sample C1 large numbers of peaks are 

present the quantity is sulfur increases the peaks are decreasing in number. 
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Fig. 1a. X-ray diffractograms Sn: S /PS  polynanocmposites ratios ( Various Sn: S ratios C1, C2 and C3. 

 

 

      

      
 

Fig. 1b.  William hall plots for Polystyrene SnS2/PS C1, C2 and C3 samples. 
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Table 1. Size of samples calculated by Debye Scherer formula and intercept slope by using WHP. 

 

Sample FWHM 

Size 

(nm) intercept Slope 

PS Amorphous only one broad peak 

C1 0.198 9.2 0.06386 0.07896 

C2 0.2 6.49 0.115 0.04049 

C3 0.024 7.82 -0.030 0.0466 

 

 

3.2. AFM Morphological studies 

AFM micrographs shows in Figure 2a, smooth surface in PS and as the ratio of thiourea 

increases in SnS2/PS nanocomposites the spherical shaped particles arranged in regular way on PS 

surface. In sample C3- the number of spheres increases as shown in Figure2b. According to table 2 

the roughness of composites is increases as the SnS nanoparticles increase in PS solution, the 

roughness confirms that the large and high intensity peaks are obtained in sample C3 than C2 and 

C1in XRD results. The SnS/PS - C3 shows high crystalinity nature.  
 

 
 

Fig. 2a . AFM Micrographs of SnS/PS polynanocomposites of sample (a) C1 (b) C2 and (c) C3. 
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Fig. 2b. Histogram height of particles with AFM Micrographs of SnS/PS polynanocomposites  

of sample (a) C1 (b) C2 and (c) C3. 

 

 

Table 2. Roughness and surface kurtosis and skewness calculated by WXSM. 

 

Samples C1 (1:1) C2(1:3) C3(1:5) 

Scale 400nm 200nm 1.0um 400nm 200nm 2.0um 400nm 200nm 100nm 

RMS 

roughness 

2.01 2.05 2.46 2.71 1.85 11.4 8.90 1.07 4.2236 

Average 

roughness 

1.60 1.60 1.9 2.10 1.41 8.79 6.411 0.167 2.75 

Surface 

skewness 

0.64 0.207 0.49 -0.439 -0.32 1.15 1.817 0.94 2.72 

Surface 

kurtosis 

4.79 3.54 4.18 3.578 3.63 5.75 6.81 3.68 11.76 

 

 

3.2.1. Skewness and Kurtosis Measurements (Test) 

Ra is roughness parameter, and Ra parameter is same for two different surfaces. In Figure 

2b. Histogram shows the roughness and kurtosis and skewness values. This histogram shows the 

orientation of SnS nanoparticles in the PS. All the average kurtosis and skewness across the SnS 

orientation were analyzed and shown in Table 2. The orientation of SnS nanoparticles is depends 

upon the angles and different angles have different values of skewness and kurtosis. The positive 

skewness value shows smooth surfaces and less roughness. On the other hand if skewness value is 

negative then it shows more number of deep voids, cracks. This also described that material is 



349 

 

chunks and torn. Materials add in the PS and pull out from that part which is called pitting. Angle 

45and 90 orientations of materials show the positive skewness .this means lack of void and cracks 

on the surface. At 90
0
 the kurtosis value is large and this shows the steak and sharp peaks and also 

lack of tails in negative and positive directions [31]. The carrier concentration increased as the 

processing temperature decreases in conduction of mechanism the film exhibit a lot of Sulfur 

vacancies. These SnS nanoparticles were more closely packed in PS as shown in AFM 

micrographs. 

 

3.3 Optical studies  

3.3.1 UV- visible studies  

The absorption spectrum of all samples C1, C2, and C3 are measured by UV-visible 

spectroscopy is shown in Figure 3. All samples displayed optical absorption over the whole visible 

light spectrum (400–700 nm). The broad spectrum impedance implies that the synthesized SnS2 

hexagonal plates should be an excellent visible light responsive photocatalyst for water and CO2 

splitting. With the increase of sulfur the absorption curves of C2 and sample C3 were shifted 

towards shorter wavelengths. The bandgap PS were determined with the help of equation 1, the 

optical absorption is used for direct band gap semiconductors [32]:  

 
𝛼ℎv = β (ℎv − Eg) 1/2……….eq [1] 

 

The curves of (𝛼ℎv)
 2

 versus (ℎv) for the synthesized PS/ SnS2 hexagonal were plotted. 

Generally the band gap PS of SnS2 and SnS are 2.2 and 1.08eV [33]. However, the absorption in 

the visible region was attributed to the transition from the ground state to a few defect related deep 

states. 

 

      
 

Fig. 3. Optical Spectra of SnS nanoparticles for Sn: S ratios C1 (1:1), C2 (1:3) and C3 (1:5). 

 

 

3.3.2. Photoluminescence (PL) spectroscopy 

Photoluminescence (PL) spectroscopy of sample C1, C2, C3 is shown in Figure6. PL 

measures the band gap of SnS /PS  films and measure the spectrum emitted by the recombination 

of photogene-rated holes and electrons.  On doping of any materials in the semiconductor then it 

induces the large charge carriers in the band. Figure 4 shows the PL spectra of SnS2 of three 

samples of various ratios of thiourea at room temperature. The spectra exhibited a strong emission 

peak at 350 to 550nm corresponding to green emission. The strong PL peaks might be related to 

crystalline defects induced during growth. SnS2 exhibits a luminescence peak for near band 

emission at 400nm to 550 nm and also exhibits small peaks at 700nm .Typically, a smaller PL 

intensity indicates better photo activity [33-34]. The intensities of peaks increase on the addition of 

sulfur quantity in the sample. The broad peak from 400nm to 550nm shows good 

photoluminescence behavior. And nanoparticles shows blue shift and small peal also absorbed at 

higher wavelength [35-36]. The composite shows good luminescence in visible light. 

 



350 

 

      
 

Fig. 4. Optical Spectra of SnS nanoparticles for various Sn: S ratios C1 (1:1), C2 (1:3) and C3 (1:5). 

 

 

3.4. FTIR Studies 

FTIR transmission spectra of SnS particles obtained by SnS/PS ratio 1:1 and 1:5 is shown 

in Figure 5. The peaks of all samples are calculated in table3. From this spectrum, it can be seen 

the appearance of bands at 530-560 cm
-1

, 1400cm
-1

, 1678cm
-1

 and 2800-3200 cm
-1

. Strong and 

broad peaks appear in the spectrum at 560cm
-1

 and 1400 cm
-1

 which are due to the characteristics 

of SnS. These bands are similar in positions, if compared with others. The band at 1678cm
-1

 is 

assigned to H-O-H bending of H2 O molecules. Broad band appeared in the range 2800-3200 cm
-1

 

is assigned to stretching vibrations of O-H band from hydroxyl group PS or absorbed water 

present on SnS surface. Characteristic peaks of SnS in FTIR analysis are supported by XRD result 

and they confirmed the presence of SnS films. The peaks become sharper for higher Sn: S ratio. 

 

 
 

Fig. 5. FTIR Spectra of  Sample (A) C1- 1:1(B) C2- 1:3, and (C) C3-  1:5. 

 

 

Table 3. FTIR attributed peaks of Sample (A) C1- 1:1(B) C2- 1:3, and (C) C3- 1:5. 

 

C1 

SnS/PS-1:1 

C2 

SnS/PS-1:3 

C3 

SnS/PS-1:5 

Streching,Bending  

vibrations 

peaks Intensity Peaks Intensity Peaks Intensity  

836 34.3 483,735,907,1119 35,46,90,87 493,728,1090 254,61.1,38 SnS stretching 

1404 29.26 1405 115 1412 177 -C=O 

1579 154.4 1568 354 1570 461 -NH,-CH2 

1687 45.59 1682 162.3 1677 177 C=O 

1853 37.43 3158 48 3214 167  

3655 141.69 3207,3314,3501 145,164,341 3488 393 -OH 
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3.5. Photo catalytic activity 

The photocatalytic activities were carried on methyl Red dye with the present of SnS/PS 

transparent films of different ratios of SnS ratios. The rate of concentration of methyl red is 

decreases as the illuminations of sunlight time are increases. Concentration of dye fast decreases in 

sample third C3 than other sample C1 and C2. The absorption curves of methyl Red with the 

present of samples C1, C2 and C3 shown in figure(6), which shows that how color of dye 

decreases by photocatalyst and sunlight as the time of illuminations of sunlight increases then the 

concentration decrease.  Max absorption of methyl red dye is 2.4 and as the photocatalyst mix in 

dye solution then the absorption of dye decreases as shown in figure and reaches zero with in time 

90min the c/c0 vs. time graph in fig shows the decreases of concentration with the photocatalyst, 

the sample C3 is good sample in which dye decreases fast as comparison to others.        

                                                                                                                      

      
 

 
 

Fig. 6. Desorption curves of methyl red dye with the presence of sunlight and photocatalyst. 

 

 

3.5.1 Photocatalytic degradation 
The degradation percentage of methyl red by SnS/PS nanocomposite and films were 

calculated by using equation  

 

Degradation percentage- = (
𝐴0−𝐴

𝐴0
)x 100% 

 

where A0  is concentration of dye solution at time zero and A is the concentration of dye solution 

at time t.the calculated percentage is given in table according to percentage C3 sample is good 

efficiency than others for example the third sample C3 has 97% degradation rate due to higher and 

lower in C2 - 82.1% and C1- 49.7%. The histogram in Figure 7 shows the percentage of 

degradation. 
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Fig. 7. Histogram of percentage degradation of methyl red dye. 

 

 

3.5.2. Kinetic behavior of photocatalytic 

The kinetic behavior of photocatalytic Langmuir Hinshelwood kinetic equation is used to 

determine the behavior of reaction and linear fitting of curve shows the pseudo first order reaction. 

The rate of constant k increases in sample C3. And rate of reaction is slow in sample C2 and C1. 

As shown in Figure11.   

 

 

 
 

Fig. 11. Rate constant k of degradation of methyl red. 

 

 

Table 4. Percentage and rate constant of degradation of dyes. 

 

Sample Code Degradation % Rate Constant 

C1 49.7 0.004278 

C2 82.1 0.007197 

C3 97 0.009775 

 

 

3.5.3. Mechanism 

The mechanism of photocatalytic splitting electrons and holes in the presence of sunlight. 

The photocatalyst has four steps.  

1. Light harvesting 

2. Charge excitation 

3. Charge separation 

4. Transfer 

5. Surface catalytic reactions or Redox reaction. 
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When photocatalyst is exposed to sunlight then due to light it acquired sufficient amount 

of photons and electrons of SnS/PS nanocomposite film excited from valence band to conduction 

band and holes are remaining in the valence band. The electrons and holes are involved in redox 

reaction with water. The photo-excited electrons react with oxygen and generates superoxide ions 

which further react with hydrogen and produced OH
* 
radicals which react with dyes molecules and 

degraded into CO2 and H2O. 

 

 
 

Fig. 12. Schematic diagram of photocatalyst. 

 

 

4. Conclusions 
 

SnS Nanoparticles were synthesized using low cost sol gel route. Various ratios of Sn and 

S have been analyzed. The obtained samples were analyzed by structural, optical, 

Photoluminescence and FTIR studies. An XRD spectrum shows hexagonal SnS2 structures. On 

increasing the thiourea improves the Crystalline. Excellent optical and PL properties make them 

suitable for optoelectronic applications. The band gap of the samples are about 2.5eV that also 

confirms the existence of SnS2 form Samples also exhibit excellent photoluminescence behaviour. 

PL spectra shows peaks at 393nm and 450 nm and the intensity of the peaks increase with in molar 

ratio of the Sn and S in the starting solution. Strong and broad peaks appear in the spectrums at 

550 and 1400cm -1 which are due to the characteristics of SnS. Characteristic peaks of SnS in 

FTIR analysis are supported by XRD result and they confirmed the presence of SnS films. The 

peaks become sharper for higher Sn: S ratio. The transmission of PS is decreases and resistivity 

increases as the SnS increases in the PS films. The flexible films are conducting and transparent. 

In photocatalytic activity 97% degradation occurs. 
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