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Abstract 

Tin sulphide (SnS) nanoparticles and Zinc (Zn) doped SnS nanoparticles were synthesized by a cost-effective 
wet chemical method. Doping SnS with Zn was done at various wt. percentages. To analyze the optical 
properties of as synthesized materials UV-Vis-NIR absorption studies and photoluminescence studies were 
conducted. The samples were characterized by X-Ray diffraction, and dynamic light scattering experiments 
for structural and size analysis. Sn*S and Zn-dopedSnS exhibit wide absorption from UV-visible to near IR 
region suggesting the potential application of Zn doped SnS as an absorber layer in photovoltaic applications. 
3 wt.% Zn doped SnS attains maximum crystallinity, absorbance and photoluminescence whereas for higher 
and lower concentrations it shows the reduction in performance.  
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1. Introduction 

 Nowadays research is mainly focusing on the preparation of non-toxic nanoparticles for 
various energy applications. Tin monosulphide is the only naturally occurring member of the 
Group IV-VI monochalcogenides[1]. SnS is a promising material for semiconducting and optical 
applications because it is earth-abundant, non-toxic and eco-friendly material with a large 
absorption coefficient and high carrier concentration [2], [3].  Other members of Group IV-VI 
monochalcogenides such as PbS and PbSe are potential materials for solar cell applications but 
they contain hazardous elements which produce severe health issues for humans and the 
environment [4]. The optical band edge determines the optical property of SnS and changes with 
size, shape and doping [5].  SnS has an inert surface because of the absence of dangling bonds and 
Fermi-level spinning between SnS layers. SnS crystal has a layered structure, in which the atoms 
of the same layer are connected by strong covalent bonds and the inter-layer atoms are bonded by 
weak van der Waals forces which easily lead to 2D morphologies [6].The lattice constants are a = 
4.31Å, b = 11.39 Å and c = 3.98 Å with orthorhombic structure [7]. 
 SnS possess both direct and indirect bandgap which makes it a promising material for 
applications in solar cells and NIR detectors [8-10].  SnS is a good candidate for bioimaging since 
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the absorption and emission peaks in the NIR region [11].  Absorption in the visible region was 
found to be increased by introducing SnS QDs into sensitized TiO2 solar cells [12]. Black 
phosphorene is a material with the potential optoelectronic application but it lacks stability. Tin 
mono sulphide is analogous to black phosphorene which shows better stability [13].The intense 
anisotropic behaviour of SnS strongly influences the electronic nature of the compound. SnS is a 
material with p-type activity due to Sn deficiencies having a direct gap of 1.2-1.5 eV most suited 
to solar spectrum and indirect band gap 1.1 eV with carrier concentration around 1017-1018 /cm3, 
high optical absorption coefficient >104 /cm and high conversion efficiency (25%) which is 
suitable for photovoltaic applications [14-17]. 
             The addition of impurities to SnS can produce changes in structural, morphological, 
optical and electronic properties [17-19]. An acceptor impurity improves the photovoltaic 
performance of SnS[20].   Hosein et al performed Se doping in SnS and the doping improved the 
crystallinity and optical properties of the material [21].  Wang et al synthesized SnS: Ce3+ by 
chemical deposition method and the band gap is found to be decreased with the increase in doping 
concentration and the photoluminescence also increases with an increase in doping [22]. Indium-
doped SnS exhibited improved performance for solar cell applications and the dopants enhances 
the optical performance by introducing an additional energy level in the electronic band structure 
and the band gap is maximum for lesser concentration [23]. Doping by Nd improves the 
transmittance of SnS along with an increase in bandgap[24].   
              Pandey et al studied the effect of various buffer layers on the performance of SnS for 
solar cell applications [25].  SnS/PVP core/shell QDs helped to tune the emission colour from 
blue to orange and a low concentration of PVP provided better stability to SnS QDs [26].  Doping 
by sodium provided a wide range of carrier concentrations and better thermoelectric performance 
[27].  Doping SnS by Al revealed a reverse effect in optical transmittance and bandgap[28].SnS 
thin film grown on ZnO substrate can act as a window layer in solar cells [29].  The maximum 
solubility of Ge in SnS is obtained at 6 at. % and the band gap can be tuned in the range of 1.25-
1.35 eV by altering the concentration [30].  Anis et al synthesized Cu doped SnS and the optimum 
doping concentration is obtained at 6 % for the absorption coefficient of the order of 2x106 cm-

1[19]. In the present work, we report a simple and cost-effective method for synthesizing SnS 
nanoparticles and also Zn-doped SnS nanoparticles with non-toxic precursors in water-based 
solutions and investigate their structural and optical properties. 
 
 

2. Experimental Section 

2.1. Synthesis of SnS Nanoparticles 
 
The precursors used for the synthesis are SnCl2, ZnCl2 and Na2S.  4.513 g of SnCl2.2H2O and 
1.561 g of Na2S were separately dissolved in 50 ml of deionized water to prepare a 0.4 M solution 
of each. Na2S solution was added to the Tin chloride solution dropwise with constant stirring.  A 
dark brown solution was obtained immediately after mixing the precursor solutions. The solution 
was stirred continuously by a magnetic stirrer at 400 rpm for 2 hours at room temperature. The 
mixture was then centrifuged at 2000 rpm for 10 minutes. The precipitate was washed several 
times by using Isopropyl alcohol and deionized water.  After that, the solution was dried in a hot 
air oven at 80 0C and obtained in a powder form. The powdered SnS (sample-S1) was grinded for 
about 1 hour in a mortar. 
 
2.2. Synthesis of Zn Doped SnS Nanoparticles 
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 0.061 g of ZnCl2 (1 wt. Percentage) was added to the mixture of 0.4 M solution of Tin Chloride 
and Na2S.The solution was processed to get a powder form of Zn doped SnS nanoparticles 
(sample-S2). Different samples were prepared by adding 0.122 g,0.183 g,0.244g,0.305 g of ZnCl2 
to the mixture of tin chloride and Na2S and kept as samples S3, S4, S5, S6 respectively. 
 
     The undoped sample (S1) and 1 wt. Percentage doped samples (S2) were characterized by a 
Dynamic Light Scattering instrument (Horiba Scientific SZ-100) to get the size of the particles. X-
Ray diffraction analysis (Cu-Kα-XRE with wavelength 1.540598 A0)was conducted for material 
characterization. To analyze the optical properties of as synthesized samples absorption studies 
were conducted with DT-3000 absorption spectrometer and photoluminescence studies were 
conducted with LSR-PS-113 emission spectrometer. 
 
3. Experimental Results 
 
3.1 Dynamic Light Scattering  
 
        The Dynamic Light Scattering (DLS) was performed at a measurement Gate Time of 80 ns. 
DLS gives the distribution of particles according to the particle size.  The histogram showing the 
size distribution of SnS nanoparticles is shown in Fig. 1.  DLS measurement confirms that the 
prepared sample contains particles in the nano regime.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1.	Histogram	showing	the	distribution	of	undoped	SnS	nanoparticles	
	

3.2   XRD analysis  
 
   Powder XRD pattern of the samples are shown in Fig. 2(a) (b) and (c). The XRD pattern of 
sample 1 (S1) confirmed the pure crystalline and orthorhombic phase of SnS.  A high-intensity 
diffraction peak is observed at 31.7 0 which indicates that the SnS nanostructures are preferentially 
oriented along the (1 1 1) plane. The preferential direction is the result of controlling the growth 
process by nucleation  [31].  SnS with (1 1 1) plane shows maximum efficiency in SnS based 
solar cells and photovoltaic applications [32].  The other major peaks are obtained at 26.4 0,39.01 
0, and 51.05 0respectively corresponding to the planes (1 2 0), (1 3 1), and (1 1 3) respectively.  



Available online at www.sdcjter.in 
 

K.T Ramla et al. / SDC Journal of Theoretical and Experimental Research (SDCJTER) 01(01), 2023, 16–25 
 

 19 

The peaks are indexed with the pure orthorhombic phase of SnS corresponding to JCPDS Card 
No:75-0925 [7]. 
 
 
 

 
 

Fig.2.  XRD patterns of (a) undopedSnS nanoparticles (b) 3 wt.% Zn doped SnS (c) undopedSnS,1wt.%,2 
wt.%,3 wt.%,4wt.% and 5wt.%   Zn doped SnS nanoparticles. 

 
 
     XRD patterns of Zn doped samples show similar peaks but as the doping increases the 
diffraction peaks of XRD were also found to be increased. The maximum intensity and sharp 
diffraction peak are obtained at 3 wt.% doping. The increased diffraction peak indicates the 
enhanced crystallinity and can probably be due to the creation of new nucleating centers from 
dopants which favours the growth of SnS [33]. The reduction in XRD peak at higher 
concentration is due to the incorporation of more Zn atoms into the SnS lattice and can also be 
attributed to increased stacking defects due to the change in ionic radius of Zn2+ and Sn2+ ions 
leading to the loss of periodicity in the SnS lattice arrangement [17], [31].  The nucleation centers 
attain their saturation at higher concentrations [33]. The high-intensity diffraction peak 
corresponds to the preferential orientation plane along the (1 1 1) plane. The other major peaks are 
obtained corresponding to the planes (1 2 0), (1 3 1), (1 4 1), and (1 1 3) respectively which 
corresponds to the orthorhombic phase of SnS.  No separate peaks were obtained which indicates 
that Zn2+ has successfully replaced Sn2+ in SnS nanoparticles and also the pure phase of SnS [16], 
[31]. The morphology and structure of pure SnS nanoparticles and Zn-dopedSnS nanoparticles are 
similar.  
 
3.3 Optical properties 
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 The absorbance of SnS nanostructure as a function of wavelength is shown in figure 3(a)-(f).  The 
characteristic absorption peak of SnS nanostructure is obtained in the UV region which is due to 
the transition of electrons from the valence band to the conduction band [3]. As synthesized SnS 
nanostructure exhibited wide absorption in the UV-visible to near IR region which indicates that it 
can be used for the absorption of sunlight [34], [35].  Zn-dopedSnS nanoparticles exhibited wide 
absorption from UV-visible to near IR region with an absorption peak in the UV region. 
Absorption is found to vary with doping. The absorbance is higher in the case of 3 wt. Percentage 
Zn doped SnS. Further increase in doping decreases the absorbance. It can be seen that Zn doping 
can affect the absorption ability of SnS. The maximum absorption ability was obtained for sample 
S4 which is the 3-wt. percentage Zn-dopedSnS nanoparticles. 
 
 

	
Fig.3. Absorption spectrum of undopedSnS and Zn doped SnS nanoparticles (a) undopedSnS (b) 1 wt.% Zn 

doped SnS(c)  2wt  % Zn doped SnS (d) 3 wt.% Zn doped  SnS (e)4 wt.% Zn doped SnS (f) 5 wt.% Zn doped 
SnS 

 
   Photoluminescence studies were conducted using two excitation sources blue and green of 
wavelength 435 nm and 511nm respectively. Figure.4(a)-(f) is the photoluminescence spectra of 
SnS and Zn doped SnS with excitation wavelength 435 nm. A strong green emission is obtained. 
The photoluminescence shows variation with the level of doping. As the doping increases 
photoluminescence peak is found to be increasing and when the doping become 3 wt. Percentage 
PL shows a maximum peak. The same sample exhibited a maximum peak in the absorption 
spectrum. Further increase in doping decreases the photoluminescence peak.  This can be 
attributed to a concentration quenching phenomenon [22]  This is because as the concentration of 
doped  Zn 2+ increases, there will be a charge imbalance in the crystal and which produces 
trapping centres within the crystal. This could lead to cross-relaxation and non-radiative transition 
and reduces the photoluminescence efficiency. This trend in photoluminescence is reported in 
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studies[10,31]. The optimum value of doping is found in sample S4 which is 3 wt. percentage Zn 
doped SnS.  
 

	
 
Fig.4.Photoluminescence spectra using a blue excitation wavelength of (a) undopedSnS (b) 1 wt.% Zn doped 
SnS (c) 2 wt.% Zn doped SnS (d) 3 wt.% Zn doped SnS (e) 4 wt.% Zn doped SnS (f) 5 wt.% Zn doped SnS 

nanoparticles 
 
    Figure. 5(a)-(f) is the PL spectra with excitation wavelength 511 nm. An increase in the level of 
doping increases the photoluminescence intensity up to 3-wt. percentage and a further increase in 
doping decrease the PL intensity. The intensity variations can be due to the density of free 
excitons and the concentration quenching phenomenon [24]. The maximum PL peak corresponds 
to the 3-wt. percentage Zn-doped SnS nanoparticles. Further increase in doping results in the 
decreased efficiency of photoluminescence, which is the optimum level of doping for maximum 
photoluminescence, which indicates that the optimum doping with Zn improves the optical 
properties of SnS nanoparticles.  
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Fig.5.Photoluminescence spectra using green excitation wavelength (a) undopedSnS (b) 1 wt. %Zn doped 
SnS (c) 2 wt.% Zn doped SnS (d) 3 wt.% Zn doped SnS (e) 4 wt.% Zn doped SnS (f) 5 wt.% Zn doped SnS 

nanoparticles 
 
4. Conclusion 
 
   Without using any toxic chemicals SnSnanocrystals and Zn-doped SnSnanocrystals were 
synthesized by using the wet chemical method.  The majority of the particles synthesized were in 
the range of 13-21 nm.  XRD analysis confirmed the orthorhombic nature and the preferential 
orientation is found to be   along the (1 1 1) plane. The prepared nanoparticles show a wide 
absorption range from UV-visible to near IR region. Greater absorbance, maximum intensity Pl 
peaks, and the high intensity in the XRD pattern is obtained in the 3-wt. percentage Zn doped SnS 
nanoparticles.3 wt. % Zn doped SnS is the optimum level of doping for improved optical 
performance. Properties of Zn doped SnS synthesized at optimum conditions are suitable for use 
in absorber layers for solar cell applications. 
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