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ABSTRACT 

Two-dimensional (2D) transition metal monochalcogenides have earned notable attention because of 

their distinctive electronic, physical, and chemical attributes. These materials find vast array of 

applications in energy generation, thermoelectric devices and gas sensing technology. Among these, tin 

telluride (SnTe), a member of the transition metal monochalcogenides, stands out for its remarkable 

qualities, featuring a narrow band gap and an environment-friendly, non-toxic nature. Prior research 

has demonstrated that the properties of SnTe can be effectively modified through the introduction of 

hydrazine during the synthesis process, resulting in enhanced conductivity and increased sensitivity to 

environmental changes. Consequently, SnTe has captured the interest of researchers, particularly for its 

gas-sensing potential. In the current study, a facile hydrothermal method was employed to synthesize 

SnTe and conducted an in-depth analysis of its structural,optical, and morphological characteristics 

through various characterization methods. The formation of SnTe with a cubic crystal structure was 

confirmed by X-ray diffraction (XRD) analysis, revealing a crystallite size of 67nm using the Debye 

Scherrer equation. Additionally, UV-Vis spectrophotometer was used to ascertain the absorbance plot 

and band gap of the as-synthesized SnTe sample. The hydrothermal synthesis process yielded SnTe 

structures with a distinctive spherical shape, as confirmed by field emission scanning electron 

microscopy (FESEM). 

 
1.  Introduction 

Two-dimensional (2D) materials have acquired substantial 
attention in material research because of their exceptional gas 
sensing, physiochemical characteristics and their potential uses 
in catalysis, semiconductor devices, sensors, and biomedical 
applications [1]. Notably, extensive research has been 
conducted on graphene, the pioneering 2D material, owing to 
its large surface-to-volume ratio and remarkable electrical 
properties [2, 3]. Among the array of 2D materials, the 
spotlight has turned to 2D monochalcogenides, which has 
drawn the interest of numerous researchers due to their wide 
range of applications, including photovoltaics and gas sensing 
devices [4]. Tin telluride (SnTe) is one such material and it 
exists in both bulk and nano-form [5]. SnTe nanomaterials with 
atomic-scale thickness exhibit distinctive properties compared 
to their bulk counterparts. Monochalcogenides belonging to the 
IV-VI group (MX), where M represent elements like Sn, Ge 
and  Pb whereas X represent elements like Se, S and Te, are 
known as narrow-band-gap semiconductors [4] . These non-
lead containing semiconductors are well-suited for use in 
infrared detectors [3, 6]. SnTe, a narrow bandgap 
semiconductor within the IV-VI group, possesses exceptional 
characteristics, including high dielectric constant and an 
extraordinarily large value of exciton Bohr radius i.e., 95 nm 
and a cubic crystal structure [5]. However, pure SnTe contains 
intrinsic Sn vacancies, making it a thermomaterial with high 
thermal conductivity and low thermopower [5] . Nevertheless, 
SnTe is employed as a favorable p-type semiconductor in 
thermoelectric devices due to its environmentally friendly and 

non-toxic properties, offering an alternative to PbTe, which 
carries significant environmental risks and should be avoided 
[6]. SnTe emerges as a prospective thermoelectric material, 
offering the potential for enhanced efficiency in transforming 
wasted heat into valuable electrical power [7, 8]. Previous 
research has indicated that SnTe demonstrates high sensitivity 
to gases like SO2 and Cl2 [9]. For SnTe, several synthesis 
processes have been explored, such as solvothermal, vapor 
transport, and solution-phase approaches [4,10]. This study 
utilized the hydrothermal method. The synthesized sample was 
subjected to various characterization techniques, including 
FESEM, UV-Vis spectrophotometer and XRD analysis. 

 
2.  Materials and methods 

2.1  Materials 

SnCl2.2H2O (Tin (IV) chloride dihydrate) and TeO2 

(Tellurium dioxide) of M/s Fisher Scientific and M/s Sigma 
Aldrich Pvt. Ltd. respectively, were used as precursors in the 
synthesis process. Hydrazine of M/s Fisher Scientific Pvt. Ltd. 
was also used which acts as reducing agent and 
ethylenediamine was used as solvent. The solutions were 
prepared using 15 mega-Ohm resistant DI water. 

 
2.2  Methods 

The process began by dissolving 0.105 M SnCl2.2H2O in 
40 mL DI water and 20 mL hydrazine then stirring the mixture 
at room temperature for 30 minutes. In a separate beaker, 
0.1315 M TeO2 was added to 40 ml DI water and 20 ml of 



ethylenediamine. After continuous stirring at room temperature 
for 30 min, the two solutions were dissolved. This precursor 
mixture, with 1:1 stoichiometric ratio, was poured to teflon
lined autoclave capable of withstanding the high temperature 
and pressure conditions required for the hydrothermal process. 
The solution was prepared and added to the autoclave, which 
was then placed in an oven at 150˚C for 24 hours. Under these 
elevated temperature and pressure conditions, SnCl
Te reacted with hydrated hydrazine and ethylenediamine, 
resulting in the formation of SnTe nanoparticles. After 24
hours reaction period, the sealed solution was then allowed to 
cool down. The prepared solution was centrifuged using DI 
water, and ethanol, then dried for 24-hours at 100
vacuum conditions. Finally, the obtained sample was 
characterized using UV-Vis spectrophotometer, XRD and 
FESEM. 

 

2.3  Characterizations 

Panalytical model X’pert PRO X-ray Diffractometer was 
used to examine the as-synthesized samples in finely powdered 
form. Copper (Cu) Kα-radiation was used to obtain X

  

Figure 1: (a) XRD pattern for SnTe with (hkl) values on 
 
The as-synthesized SnTe has the space group Fm3m as 

shown in the JCPDS file. The space group “Fm3m” symbolizes 
a face-centered cubic crystal structure. Fm3m shows a cub
densely packed crystal structure with a high degree of 
symmetry and effective atom or ion packing. Certain ionic 
compounds also contain Fm3m space group like cesium 
chloride (CsCl). It is frequently found in metallic elements, and 
it is known for crystallography and material research. The 3D 
arrangement of SnTe is shown in Fig. 1b. offers a thorough 
insight into the crystalline properties and structural features of 
the produced SnTe sample. Lattice parameter for the as
synthesized cubic structured sample was evaluated using 
equation (1), [12] 
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where, d means lattice spacing, (h, k, l) represent miller 

indices and a, b, c denotes lattice parameters. The as
synthesized sample’s lattice parameters were compared to the 
JCPDS file in Table 1. 
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lined autoclave capable of withstanding the high temperature 
and pressure conditions required for the hydrothermal process. 
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cool down. The prepared solution was centrifuged using DI 
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vacuum conditions. Finally, the obtained sample was 

Vis spectrophotometer, XRD and 

ray Diffractometer was 
synthesized samples in finely powdered 

radiation was used to obtain X- ray 

diffraction patterns (λ = 1.5406 A°). FESEM with an integrated 
EDX system (model: 761 FPlus make: JEOL) was used to 
analyze the morphology of the as
Furthermore, a SHIMADZU UV
spectrophotometer was employed to record the ab
spectrum. 

 
3.  Results and discussion 

3.1  X-Ray diffraction 

The XRD spectrum of the as-synthesized sample was 
analyzed at 2θ in a range of 5°to 90°. The peaks were 
identified and indexed in JCPDS file 98
observed pattern displayed a significant wide peak at 28°, 
suggesting a semi-amorphous characteristic. The as
synthesized sample showed a cubic crystal structure that 
matches with JCPDS file. Furthermore, rietveld refinement of 
the data was done and (h k l) values were identified as 
(002), (022), (222), (024), and (224) at 24.56°, 28.28°, 40.33°, 
50.03°, 66.24°, 73.38° respectively. The peaks of the XRD 
pattern are shown in Figure 1(a). 

XRD pattern for SnTe with (hkl) values on the top of the respective peak, (b) 3D structure for SnTe.

synthesized SnTe has the space group Fm3m as 
shown in the JCPDS file. The space group “Fm3m” symbolizes 

centered cubic crystal structure. Fm3m shows a cubic, 
densely packed crystal structure with a high degree of 
symmetry and effective atom or ion packing. Certain ionic 
compounds also contain Fm3m space group like cesium 
chloride (CsCl). It is frequently found in metallic elements, and 

allography and material research. The 3D 
arrangement of SnTe is shown in Fig. 1b. offers a thorough 
insight into the crystalline properties and structural features of 
the produced SnTe sample. Lattice parameter for the as-
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) represent miller 
denotes lattice parameters. The as-

synthesized sample’s lattice parameters were compared to the 

Table 1: Crystallographic Parameter of the as
matched with JCPDS data.

 
Crystallographi

c Parameters 
Values in JCPDS 
file (980652761) 

a (Å) 6.32 

b (Å) 6.32 

c (Å) 6.32 
 
 

Table 2: Crystallite Size and Strain values of as
using W-H and S-S plot.

 
Method Crystallite size (nm)

Debye-Scherrer 63 

Williamson-Hall plot 20 

Size-Strain plot 67 
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1.5406 A°). FESEM with an integrated 
EDX system (model: 761 FPlus make: JEOL) was used to 
analyze the morphology of the as-synthesized sample. 
Furthermore, a SHIMADZU UV-2600i UV-Vis 
spectrophotometer was employed to record the absorption 

synthesized sample was 
 in a range of 5°to 90°. The peaks were 

identified and indexed in JCPDS file 98-065-2761. The 
significant wide peak at 28°, 

amorphous characteristic. The as-
synthesized sample showed a cubic crystal structure that 
matches with JCPDS file. Furthermore, rietveld refinement of 
the data was done and (h k l) values were identified as (111), 
(002), (022), (222), (024), and (224) at 24.56°, 28.28°, 40.33°, 
50.03°, 66.24°, 73.38° respectively. The peaks of the XRD 

 
3D structure for SnTe. 

Crystallographic Parameter of the as-synthesized SnTe as 
matched with JCPDS data. 

Calculated values of 
As-synthesized SnTe 

6.31 

6.31 

6.31 

Crystallite Size and Strain values of as-synthesized SnTe 
S plot. 

Crystallite size (nm) Strain 

- 

0.00989 

0.00200 
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Table 3: Optical properties of as-synthesized SnTe sample.

 
Parameter                  Value Obtained

 
Absorbance peaks 193.5 nm, 355.5 nm,374 nm,

417.5 nm, 471.5 nm
Band gap                           0.18eV

Refractive Index                             5.4

HOMO level                          -2.38eV
LUMO level                           -2.2eV

Absolute electronegativity                             2.03
 

3.2  Lattice parameters, crystallite size and strain

Crystallite size is a crucial parameter for determining the 
presence of crystallites and learning more about preferred 
crystal orientations. This was calculated by the Debye
formula given in equation (2) below, [13] 

 

� � �λ
β��ϴ                                                                 

 
where, k stands for the Scherrer constant (0.9), 

represents the wavelength (0.154 nm), ϴ indicates Bragg’s 
  

Figure 2

 
The equation (3) was compared to the standard linear 

equation y = m(x) + c. The strain in the sample was derived 
from the slope of graph while the intercept was used to find the 
crystallite size using relation (4), [12] 
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The average lattice strain was put equal to slope i.e., 

0.00989. The crystallite size was evaluated and was noted to be 
20 nm. Furthermore, the crystallite size and lattice strain were 
also computed using the Size-Strain plot method. The size
strain plot is used for a wide range of materials, including those 
with smaller crystallites and intrinsic microstructure. It offers a 
more accurate and direct way to get microstrain. In this method 
size and strain were calculated using equation (5), 
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presence of crystallites and learning more about preferred 
crystal orientations. This was calculated by the Debye-Scherrer 

                                                    (2) 

stands for the Scherrer constant (0.9), λ 
ϴ indicates Bragg’s 

angle, and β corresponds to the full width at half maximum 
(FWHM) value. Debye-Scherrer method was based on the 
assumption that crystallites are defect free. Based on equation 
(2), it was estimated that the average size of the crystallites is 
around 63 nm. Smaller crystallite sizes typically yield a greater 
surface area per unit volume, influencing the material's 
reactivity and proving beneficial in applications such as 
catalysis or sensing. To obtain more accurate value of strain as 
well as the crystallite size, Williamson Hall (W
employed, W-H Plot was plotted to get an estimate of the strain 
and confirm the crystallite size. The formula used for this is 
equation (3), [11] 

 

βcosϴ  = 4εsinϴ +
��
�                                                  

 
where β (in radian) is FWHM of obtained peak, 

radians) is Bragg’s angle of corresponding peak, 
crystallite strain in the sample, D is crystallite size and 
(Scherrer constant) has 0.9 value. The linear fitted graph is 
plotted between βcos ϴ on y axis and 4sin
known W-H plot depicted in Figure 2(

Figure 2: (a) W-H plot (b) Size Strain plot. 

The equation (3) was compared to the standard linear 
) + c. The strain in the sample was derived 

from the slope of graph while the intercept was used to find the 

                                                           (4) 

The average lattice strain was put equal to slope i.e., 
0.00989. The crystallite size was evaluated and was noted to be 
20 nm. Furthermore, the crystallite size and lattice strain were 

Strain plot method. The size-
s used for a wide range of materials, including those 

with smaller crystallites and intrinsic microstructure. It offers a 
more accurate and direct way to get microstrain. In this method 
size and strain were calculated using equation (5), [7] 

                                 (5) 

The crystallite size calculated using equation (5) is 67 nm 
and the size strain was found to be 0.002. The results are found 
to be in accordance with the crystallite size determined using 
the Debye Scherrer equation. The graph was plotted with the 
diffraction peaks (d2

hkl× βhkl× Cos
(dhkl×βhkl× Cos ϴ)2 on the y-axis and the graph of the size 
strain plot is depicted in Figure 2(
defects present per unit volume is referred to as dislocation 
density. The dislocation density of the as
proportional to the strain and inversely related to the crystallite 
size. It is mathematically given by equ

 
Dislocation Density (δ) = 

�
��             

 
The dislocation density values determined

(6) is given as 2.1754 ×10-4. 
 

3.3  UV-Vis spectroscopy 

The prepared sample was examined using a UV
spectrophotometer to determine absorbance plot and optical 
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is crystallite size and k 
(Scherrer constant) has 0.9 value. The linear fitted graph is 

 on y axis and 4sinϴ on x-axis which is 
(a). 

 

The crystallite size calculated using equation (5) is 67 nm 
and the size strain was found to be 0.002. The results are found 
to be in accordance with the crystallite size determined using 

e Scherrer equation. The graph was plotted with the 
× Cosϴ) on the x-axis and 
axis and the graph of the size 

(b).The concentration of 
defects present per unit volume is referred to as dislocation 
density. The dislocation density of the as-synthesized sample is 
proportional to the strain and inversely related to the crystallite 
size. It is mathematically given by equation (6), [13] 

                                            (6) 

The dislocation density values determined using equation 

The prepared sample was examined using a UV-Vis 
spectrophotometer to determine absorbance plot and optical 



bandgap. The optical characteristics of the preparedsample 
were examined in the range  of 190 nm to 850 nm. The graph 
showed several absorbance peaks, with the significant 
absorbance found in the visible region. The absorption peaks 
depicted in Fig. 3a  are 193.5, 355.5, 374, 417.5, and 471.5 nm. 
The absorbance curve showedbroad absorption peaks in the 
visible range.The absorbance data obtained was use
various properties of the sample, such as the refractive index, 
optical bandgap, conduction, and valence bandgap. Based on 
the absorbance data, the Tauc plot was generated using Beer
Lambert's lawto determine the optical bandgap of the prepared 
sample by linear fitting the selected data as shown in Fig. 3b 
as, [14] 

 
 

Figure 3: (a) UV-Vis absorbance spectrum for as
 

3.4  Refractive index 

It is the fundamental property for analyzing the interaction 
of light with the sample and understanding its behavior. The 
optical properties of a material, particularly the phase velocity 
of light within the sample, are greatly influenced by the 
refractive index, which plays a crucial role in determining 
these characteristics. The value of refractive index of the 
synthesized SnTe was determined by putting the value of the 
energy band gap in the below-mentioned equation (8)

 
#�$�
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where, n represent refractive index;	-. is energy band gap. 

Using equation (8), the evaluated value 
refractive index is 5.4.  

 
3.5  Conduction and valence band 

The positions of valence band and conduction band were 
determined using the equation (9) and (10) provided below, 
[12, 15] 

 
-/0	 �	�―-1 � 0.5	-. 	                                              
 
-50 � 	-/0 � -.                                                        
 

RP Current Trends In Applied Sciences

bandgap. The optical characteristics of the preparedsample 
were examined in the range  of 190 nm to 850 nm. The graph 

, with the significant 
absorbance found in the visible region. The absorption peaks 
depicted in Fig. 3a  are 193.5, 355.5, 374, 417.5, and 471.5 nm. 
The absorbance curve showedbroad absorption peaks in the 
visible range.The absorbance data obtained was used to find 
various properties of the sample, such as the refractive index, 
optical bandgap, conduction, and valence bandgap. Based on 
the absorbance data, the Tauc plot was generated using Beer-
Lambert's lawto determine the optical bandgap of the prepared 
ample by linear fitting the selected data as shown in Fig. 3b 

αhv � 9:;v ' -.<1/n                                                                                   

 
where, a denotes absorbance in arbitrary units (a.u

signifies the molecular extinction coefficient; 
constant, and ν is the frequency (ν = λ/
of wavelength (λ) to the speed of light (
parameter n takes on values of ½ for a direct band gap a
for an indirect band gap. At room temperature, the standard 
bandgap value for SnTe is 0.18 eV, precisely matching the 
value determined using the Tauc plot equation (7) for the as
synthesized sample, as depicted in Fig
characteristic makes it a narrow band gap semiconductor 
suitable for thermoelectric and gas sensing application.

Vis absorbance spectrum for as-synthesized samples and (b) Tauc plot for as-synthesized sample.

It is the fundamental property for analyzing the interaction 
of light with the sample and understanding its behavior. The 
optical properties of a material, particularly the phase velocity 

he sample, are greatly influenced by the 
refractive index, which plays a crucial role in determining 
these characteristics. The value of refractive index of the 
synthesized SnTe was determined by putting the value of the 

ned equation (8), [5, 7] 

                                              (8) 

is energy band gap. 
Using equation (8), the evaluated value for the 

The positions of valence band and conduction band were 
(9) and (10) provided below, 

                                           (9) 

                                          (10) 

 
Here, � is absolute electronegativity and 

electron energy. 
The absolute electronegativity for SnTe is 2.03. On putting 

this value in the equation (9), the obtained
band is -2.38 eV. Also, the value of Conduction band is 
eV which was determined by putting this value in equation 
(10). 

 

3.6  Field emission scanning electron microscopy 

(FESEM) 

The surface characteristics of the as
samplewere determined using FESEM images and an EDX 
spectrum. The morphology of the sample was depicted using 
FESEM, revealing a spherical-shaped structure as shown in 
Fig. 4(a) & 4(b). The images depicts the formation of nano
spheres of varying sizes. These images were captured at 
different areas with an appropriate magnification scale, ranging 
from 100 nm to 1 µm. An EDS spectrum was used to study the 
elemental composition of prepared sample in this area. The 
EDS spectrum of the corresponding sample area 
presence of SnTe through the identification of intensity peaks 
for Sn and Te elements. 
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EDS spectrum of the corresponding sample area confirmed the 
presence of SnTe through the identification of intensity peaks 
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Figure 4: (a, b) Shows FESEM images of as
 

4.  Conclusions 

In this study, non-toxic precursors and solvents, such as 
SnCl2·2H2O, TeO2, hydrazine, and ethylenediamine, were 
employed. Using these chemicals, SnTe was successfully 
synthesized through a straightforward and 
hydrothermal method. In this work, SnTe having a direct and 
narrow band gap (0.18eV) was synthesized, which has 
potential applications in fields such as infrared detection, 
thermoelectric materials, and gas sensing devices. This 
technique provides a fundamental approach to manufacturing 
SnTe semiconductors. Tin telluride, as a group IV
semiconductor, holds significant promise for future research
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