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Abstract 

Tin mono sulfide (SnS) is one of the promising materials for the development of photochemical 

cells, photo detectors, solid-state batteries, sensors, capacitors etc. Herein, we synthesized SnS 

nanoparticles by wet chemical method for next generation eco-friendly solar cells and other 

photovoltaic applications. It is the method which involves growing of nanoparticles in a liquid 

medium having different reactants. Tin chloride and Sodium sulfide were taken as the reactants. 

These SnS nanoparticles were characterized by spectroscopic, microscopic, and scattering 

techniques. From the absorption spectroscopy the prepared SnS nanoparticles have an average 

direct bandgap of 1.89 eV and indirect band gap of 1.24 eV which are suitable to act as an active 

layer for solar cells. Blue shift of bandgap indicates the phonon confinement effect and 

nanostructure of synthesized SnS. Moreover, from the Transmission Electron Microscopic 

images the uniform size formation of SnS nanoparticles with a size in range 2-5 nm that is 

acceptable for the gas sensing were confirmed. In the XRD analysis, the sharp and strong 

diffraction peaks indicates that the nanoparticles were well crystallized and were indexed to pure 

orthorhombic phase of SnS. Calculated lattice parameters and d spacing confirm the crystalline 

structure. Raman spectra also confirm the crystalline structure of SnS. The average particle size 

of SnS was characterized by Dynamic Light Scattering (DLS) measurement. The poly crystalline 

nature of SnS was found by SAED pattern. Thus, the synthetic methodology opens up the 

possibility of generating low-cost photovoltaic devices based on SnS film as an active layer 

through a scalable chemical pathway. 

Introduction 

SnS possess wide potential applications. In research, because of structural, chemical, physical 

and luminescence properties of SnS the semiconductor nanocrystals are widely studied [1]. SnS 

nanoparticles show great promise in the field of photoelectric [2-3] and thermoelectric [4-5] 
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devices [6]. By using solvothermal [7-8], and hydrothermal [9], successive ionic layer adsorption 

and reaction [10-11], wet chemical synthesis [12-13], pulsed laser deposition [14], thermal 

evaporation [15], physical vapor deposition [16], electrochemical [17] methods etc., SnS 

nanostructures with different morphologies such as nanosheets, nanorods, nanowires and 

nanoflowers can be synthesized. 

SnS is used in perovskite [7,18] and quantum dot sensitized [10,19-21] solar cells, 

photodetectors, solid-state batteries [8,16], capacitors [17,22], Sensors [23-24], holographic 

recording medium [25-26] and an efficient visible light driven photocatalytic material [27] due to 

its promising physical and chemical properties. Hence, SnS finds extensive interest in many 

fields of science and technology [28]. Among the semiconductors, tin sulfide is an important 4-6 

group layered semiconductor with an optical direct bandgap of about 1.3 eV and indirect band 

gap of about 1 eV, which is a little smaller than that of CdS [7,22,29]. Such a bandgap of SnS 

make it a potential candidate for efficient solar cell. In this view CdS can be replaced by SnS, 

which can satisfy the requirements for photo conducting applications [30].  SnS is an efficient 

semiconductor material with Sn and S atoms are covalently bonded tightly and having 

orthorhombic crystal structure and higher absorption coefficient [25]. It is a good candidate for 

non-toxic and non-expensive photo absorber material [16, 31-32]. SnS possess uniqueness in 

crystal structure and can be zero-dimensional semiconductor nanostructure which can be varied 

from p-type to n-type by controlling the concentration of tin atoms [22, 28, 33]. By adding 

different dopants it's conductivity control can be possible [5, 17, 34]. SnS has narrow band gap 

which is optically active in NIR and IR region [9, 35]. High carrier concentration and high 

absorbance in visible light and IR radiation make SnS as a good candidate in solar cells and 

thermoelectric applications [4-5].The good stoichiometry properties and the chain like structure 

of SnS increases the sensitivity of gas sensing [23-24]. These applications insisted to research for 

a simple and convenient method of synthesis of SnS nanoparticles with narrow sizes and wide 

optical properties [36].  

Experimental 

Materials: Tin chloride (SnClR2R-2HR2RO), Sodium sulfide (NaR2RS), Isopropyl alcohol (IPA) and 

deionized water were used as precursors. The SnS nanoparticles were synthesized by wet 

chemical method by the following fundamental steps. The precursor materials were completely 

dissolved in deionized water and mixed in a flask and stirred it till completely mixed. The 

precipitate formed was further centrifuged and washed several times with IPA (Isopropyl 



International Journal of Scientific Engineering and Applied Science (IJSEAS) – Volume-7, Issue-9, September 2021 
ISSN: 2395-3470 

www.ijseas.com 

17 

alcohol) and deionized water respectively to remove impurities. The final product was dried to 

get the nanoparticles. 

Tin chloride (SnClR2R-2HR2RO) and Sodium sulfide (NaR2RS) were taken as tin and sulfur precursors 

respectively. 0.5 molar solutions ofSnClR2R-2HR2RO (3.792g in 40 ml deionized water) and NaR2RS 

(1.56g in 40 ml deionized water)were prepared. Sodium sulfide solution was added drop wise in 

to the tin chloride solution by continuously stirred. The turning of colorless tin chloride solution 

in to the dark brown indicates the formation of SnS nanoparticles. The solution was stirred 

continuously with a magnetic stirrer for 2 hours. Then the stirred solution was further washed at 

2000 rpm for 5 minutes with IPA and deionized water. The precipitate thus formed heated at 

80°C in the oven for 2 hours. Figure 1 shows the SnS nanoparticles that formed as the final 

product of the synthesis. 

Results and discussions  

The synthesized SnS nanoparticles were quantitatively analyzed and characterized in terms of 

their morphological, structural and optical properties. At ambient temperature by simple 

chemical method the SnS nanoparticles were synthesized. The structural characterization was 

done by XRD (Cu-KRαR with wavelength 1.5405 AP

0
P), TEM and DLS (Nano Particle Analyzer SZ–

100-Horiba) techniques respectively. The optical studies were carried out by UV-VIS-NIR 

spectroscopy (Jasco V–570 UV/VIS/ NIR Spectrophotometer). Raman spectroscopic study was 

done by Jobin Yvon Lab RAM HR Spectrophotometer with Ar ion laser, 514.5 nm. 

 

Figure 1(a). Histogram showing the size distribution of SnS nanoparticles. (b) Graph showing variation b/t Delay 

time and SD with Particle size 
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DLS technique gives the distribution of particles and corresponding particle size [37]. The 

histograms of size distribution of SnS nanoparticles are shown in Figure 1(a). The particle size of 

the obtained SnS is in the range of 2-5 nm which shows the particles are in nanometric range. As 

the sample contains particles with multiple sizes (according to TEM images) DLS measurements 

were done for 3 different gate delay times and the mean size with standard deviation is plotted. 

Particle size estimation at 40 ns, 80 ns & 160 ns gate delay time was carried out with the 

prepared sample.  

Figure 2 shows the powder XRD pattern of tin sulfide nanoparticles. In XRD pattern, a 

prominent diffraction peak was observed at glancing angle 2θ, 31.56°, which corresponds to the 

reflection plane (1 1 1) and the other medium intensity peaks at 2θ, 27.5° and 45.5° which 

corresponds to the (0 2 1) and (0 0 2) reflection planes respectively [7, 9, 21, 38]. All the 

diffraction peaks were indexed to pure orthorhombic phase of SnS (JCPDS card no. 00-039-0354) 

[7, 9, 11, 21, 38]. It is due to the clustering of particles in the powdered sample and hence it is 

used for phase identification [7, 21, 38]. The sharp and strong diffraction peaks indicates that the 

nanoparticles were well crystallized. Since no other impurity peaks were observed, the phase 

purity is confirmed from the powder XRD. Interplanar distances can be calculated using the 

equation (1) and results are tabulated in table-1. Lattice parameters are calculated by the equation 

(2) [39-40] with a= 4.272 AP

o
P, b= 11.256 AP

o
P and c= 3.98 AP

o
P. The values are in well match with 

the lattice parameters of orthorhombic structure of SnS [9, 15, 21, 39, 41]. Average crystallite 

size (D) is estimated by the equation (3) as 50.6 nm. β is the full width at half maximum of the 

prominent peak (1 1 1) in radian and λ is the wavelength of light (Cu Kα) 1.54 AP

o
P used in XRD. 

K is 0.9. 

   2dsinѲ = λ      (1) 

     1/d P

2
P = hP

2
P/aP

2
P + kP

2
P/bP

2
P + l P

2
P/cP

2
P      (2) 

                                     D = Kλ/βcosѲ        (3) 
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Figure 2. XRD pattern of synthesized SnS  nanoparticles 

 

 
 

(HKL)  2Ѳ 
(DEGREE)  

INTERPLANAR 
DISTANCE (A P

O
P)  

INTERPLANAR 
DISTANCE 

FROM JCPDS 
[11]  

 

 021 27.4 3.25 3.38  
 111 31.75 2.82 2.85  
 002 45.49 1.99 -  

 

                  Table-1. Interplanar distance from XRD 

The particle size distribution measured by the TEM imaging is shown in Figure 3(a-b). 

Crystalline structure with interplanar distance of 2.27 AP

o
P agrees with the d space got from XRD 

and JCPDS data. Li. Y et al., Tripathi A.M et al., Han J et al., Li. H et al. and Sohila. S et al., 

have reported 2.8 AP

o
P, 2.95 AP

o
P, 2.8 AP

o
P, 2.84 AP

o
P and 3.25 AP

o
P, as interplanar distance from TEM 

images respectively [7-8, 18, 20, 38]. The images confirmed the formation of very small 

spherical SnS nanoparticles and most of them were clustered together in the form of poly 

dispersive nanoclusters [42]. The prepared samples of SnS nanoparticles in high resolution TEM 

indicates the presence of nanoparticle agglomeration of size 2-100 nm, with individual particles 

of average size between 2-5 nm. From these figures it is evident that the SnS nanostructures are 

clustered among themselves. This kind of agglomeration is quite common in SnS nanopowders 

[38]. 
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Figure 3(a-b): TEM images of prepared nanoparticles 

 

Figure 4. SAED image of obtained SnS  nanoparticles 

 Figure 4 shows the selected area electron diffraction (SAED) image taken from the synthesized 

nanostructure. The figure shows dots clearly the formation of polycrystalline nature of 

nanoparticles. Similar results in various research works confirm the polycrystallite behavior [8, 

16, 38]. Interplanar distance (d) calculated by the equation (4), are 3.2 AP

o
P and 2.73 AP

o
P where r is 

the radius between bright spots. These are in good match with interplanar distances tabulated in 

table-1. K. G. Deepa et al. reported interplanar distance of 2.86AP

o
P for the plane (111) [21]. The 

SAED results remains in a good agreement with the XRD data. 

                                                      d = 1/r                                                  (4)                

The absorption spectrum of SnS shows the absorption begins near at 800 nm and reaches 

maximum at 368 nm making the SnS material extremely useful as absorber layer [16-17, 43]. 

Figure 5(a) represents the variation of optical absorbance with the wavelength of prepared SnS 

nanoparticles. It is clear that the nanoparticles have a wide absorption range from the NIR to the 
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UV, which means it is good for absorption of sunlight [9, 35]. The direct and indirect bandgap of 

prepared SnS nanoparticles were calculated using equation (5). Direct band gap of 1.89 eV and 

indirect band gap of 1.24 eV indicate the blue shifting of bang gap energies from bulk SnS. 

Sohila et al. reported a direct band gap of 1.78 eV and indirect band gap of 1.2 eV [38]. 

Similarly, W. Guo et al. reported 2.4 eV and 1.6 eV respectively for direct and indirect band 

gaps [19]. Both of them reported the factors affecting band gap energy include the size 

quantization in SnS crystal [19, 38]. Sebastian et al. reported a direct band gap of 1.68 eV [39], 

Tripathi A.M et al reported an indirect band gap of 1.2eV [8], and Xu Y et al reported an indirect 

band gap of 1.1 eV [35]. Here n=1/2 for direct band gap and n=2 for indirect band gap [8, 17, 22, 

39, 44]. Corresponding Tauc plots are shown in Figure 5(b) and 5(c). The band gap increases as 

the particle size decreases in semiconductor nanoparticles. The figure shows that the absorption 

had a peak corresponding to wavelength around 300 nm to 500 nm and the peak formed was not 

sharp. It is due to the large size distribution, different particle morphologies and impurities 

attached to particles surfaces, the peaks were broadened. The absorption reduces rapidly with 

increase in wavelength and it becomes very small or zero at a wavelength range above 800 nm 

[35]. Refractive index (n) of as synthesized SnS quantum dots can be roughly calculated using 

the relation (6). By substituting direct band gap energy (ERgR) of 1.89 eV, refractive index is 2.75 

[44]. 

 αhν = A (hν – ERbR)P

n
P                                                (5) 

                                       n = ( 95/ERgR)P

0.25          
P(6) 

 

 Figure 5. (a)Absorption spectrum of SnS nanoparticles. (b) Tauc plot for indirect band gap. (c) Tauc plot for direct 

band gap 
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Raman spectra of SnS quantum dots again confirm the presence of pure crystalline structure of 

it. Excitation wavelength used is 514.5 nm. Peaks at 104 cm P

-1
P and 180.5 cm P

-1
P are representing ARgR 

and BR3gR modes of SnS [9, 16, 38]. For SnS among 21 vibrational modes 12 are Raman active [9, 

16, 38, 41, 45-46]. S. Sohila et al. and Priyal Jain et al. reported that broadening of Raman peaks 

is due to the phonon confinement effect [15, 38]. H. C. Choi et al. and Priyal et al. also reported 

that shift in peak depend on grain size [15, 47]. C. Y. Xu et al. explained the broadening of 

Raman peaks with the help of Heisenberg’s uncertainty relation [48]. In nanoscale, since the 

grain size reduces, the phonon positions are confined to the size of the particle. Then the phonon 

momentum increases which results in the broadening of Raman peaks. The broad peaks in figure 

6 reveal that the size of synthesized SnS is in quantum dot range. 

 

Figure 6. Raman spectra of SnS quantum dots 

Conclusion 

The SnS nanoparticles were synthesised at ambient temperature by simple chemical method. The 

obtained nanoparticles were quantitatively analyzed and characterized in terms of their 

morphological, structural and optical properties. The structural characterization was done by 

XRD,TEM and DLS techniques respectively. The optical studies were carried out by UV-VIS-

NIR spectroscopy. The XRD pattern showed the orthorhombic phase of SnS nanoparticles. 

Interplanar distances and crystallite size are calculated from XRD. The average particle size 2-5 

nm and interplanar distance were confirmed by DLS analysis and TEM imaging respectively. 

The particle size range is acceptable for gas sensing. The SAED revealed the crystalline structure 

and interplanar distance of the synthesized nanostructures. Also, the absorption spectrum shows 

that prepared nanoparticles have a wide absorption range. The band gap energies in the range of 

near infrared and visible light make the nanostructures suitable to act as an active layer for solar 

cell. Raman spectrum confirms the pure crystal nature of SnS and its quantum dot behavior. The 
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quality of synthesized SnS nanostructures can also be easily turned by changing the growth or 

deposition conditions of the associated technique. 

Very simple, non- expensive and eco-friendly procedure was used to synthesis SnS nanoparticles 

successfully at normal laboratory conditions with a bandgap which is favourable for using SnS 

as a semiconductor and photovoltaic devices.  
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