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ABSTRACT

In current study tin sulphide (SnS) nanostructure thin films were grown successfully on ITO substrate by
electrodeposition method. The structural and morphological properties of deposited nanostructures were
examined by XRD and SEM. X-ray diffraction analysis informed about orthorhombic crystal structure and
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the calculated crystal size was approximately 48 nm for preferred orientation. The optical properties were

examined by UV-visible absorbance spectra and optical band gap was measured using Tauc plot. The
deposited SnS nanostructure has a direct band gap ~1.31eV at room temperature. Additional
characteristics like superior optical transmission and low electrical resistance were also the subject of
investigations. The band gap energy is lower than that of bulk material because the formed nanostructure
contains defect states. The current-voltage characteristics were measured in the dark and with tungsten
filament light (100 W) and LED illumination, respectively. Compared to dark mode, there was noticeable
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variation in the current for both conventional light and LED. Last but not least, based on the academic
knowledge already available, including recent scientific advancements, the obstacles and potential for

future research on SnS compounds are emphasized.
© 2024 JMSSE - INSCIENCEIN. All rights reserved

Introduction

Emerging materials research and studies have
concentrated on the simple and cost-effective design and
manufacture of nanostructure with regulated size and
form, which is technologically relevant. Due to the unique
electrical and physiochemical properties, semiconductor,
and metal oxide/sulphide nanostructures such as nano
particles, nanorods, nanotubes, nanowires, nanoplates, and
nanoflowers have attracted a lot of attention [1,2]. Due to
their advantageous features and ease of production, binary
and ternary materials such as GaAs, Cu (In,Ga)(S,Se)
(CIGS) solar cells, Zni1xGexO and others have opened
different routes as contrast to silicon-dependent
technology. Numerous novel and cutting-edge materials
have been suggested as suitable components for solar cells
over the past few years. To lower the cost of the solar cell
overall by increasing the photovoltaic conversion
efficiency, research is being done to take use of their
features either as individual thin films or when used in a
device. For thin film photovoltaic (PV) technology to
become a significant energy source, cost-efficient, long-
lasting, and carbon neutral absorber materials are needed.
According to research, photovoltaic (PV) and
photoelectrochemical (PEC) devices can use thin-film
materials to convert solar energy. Due to the various
potential applications, a number of efforts have been used
to create and characterise various metal chalcogenides and
inorganic materials to increase their efficiency in many
applications. The electrical, structural, and optical features
of nanostructured metal sulphides make them favourable
materials for use in energy, biomedicine, and

optoelectronics, among other applications. However, the
development of photovoltaic thin films is hampered by the
hazardous "heavy metals" Cd and Se as well as the high cost
of the elements In and Ga [3-6]. One of the IV-VI group-
belonging compounds is tin mono sulphide (SnS) which is
p-type semiconductor material. SnS has a high absorption
coefficient of ~105 cm-1 [4] therefore got special interest
since it is a low-toxic photoconductor that can be used to
make NIR detector materials and photoelectric energy
conversion equipment. Sn and S, the components that make
up the substance, are abundant and less hazardous.
Depending on the deposition method and measuring
technique used, the optical band gap for SnS films ranges
from 1.0 to 1.5 eV [1,7-8]. For single junction solar cells,
this bandgap energy sequence follows the Shockley-
Queisser Efficiency Limit [9]. The SnS phase may be
accompanied by additional complexes primarily made of
SnSz, Snz2S3, and Sn3Ss depending on the manufacturing
temperature and concentration of constituent, but
technologically the most stable substances are SnS and
SnS2 compounds. In order to create a two-layered structure
with a wide interlayer separation, the Sn and S atoms are
strongly linked. The SnS has an orthorhombic layered
crystal structure with lattice values of a=0.4329, b=1.1193
and ¢=0.398 nm [10]. When black phosphorus (BP) was
initially exfoliated into a monolayer form in 2014, it has
made significant progress. One of the most widely used
black phosphorus analogues (BPAs), SnS, shares the same
ground-state orthorhombic structure as BP and has
excellent potential in a wide range of fields due to its high
mobility, moderate thickness-dependent bandgap, and
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anisotropic electrical and thermal conductivity, among
other properties while the bulk SnS shows indirect
bandgap [11-13]. Ghosh et al. reported that the Sn-to-S
ratio alters the energy band structure of SnS as well as the
valence band and conduction band density states [14].

SnS nanostructures may be produced using a variety of
fabrication techniques such as thermal evaporation [15],
pulsed laser ablation [16], spray pyrolysis technique
[17,18], DC magnetron sputtering [19], sol-gel spin coating
[20], chemical bath deposition [21], successive ionic layer
absorption and reaction [4], Atomic Layer Deposition [22],
sputtering method [23] and electrodeposition [1,7,8,24].
This study includes preparation of nanostructure thin films
of tin sulphide (SnS) on ITO substrates by a low-cost two
electrode electrodeposition approach at constant potential.

Experimental

Materials and method

The SnS nanostructure thin film was grown using a
traditional homemade two electrode electrochemical bath.
We employed an ITO coated glass substrate as the working
electrode and a graphite sheet as the counter electrode.
Both electrodes were introduced in the solution through
two steel tubes. The electrolyte solution was prepared by
stannous (tin) sulphate SnSOs4 and sodium thiosulphate
Naz25203.5H20 of 0.05 M and 0.1 M concentration
respectively. The pH value of solution was adjusted to 1.92
by adding few drops of dilute H2SO4 in prepared solutions
and stirred on magnetic stirrer for 30 to 40 minutes at
room temperature. Before starting the deposition
procedure, the ITO glass substrate was cleaned using an
ultrasonication method with acetone and rinsed with
ultrapure water to eliminate impurities. A thin layer of SnS
nanostructures was deposited on ITO sheet using HTC
power supply DC 3002 at potential difference of 2.5 V for
30 minutes. The deposited sample was heated about 40°¢ C
for 10 minutes for dehydration or to remove any surface
impurities then the temperature gradually decreases. It is
predicted that the growth of SnS nanostructure on the ITO-
coated glass sheet will react similarly to the deposition of
other sulphide semiconductors. It was clear that Na;S203 is
unstable, and sulphur can be easily separated from it in an
acidic solution [25]. The possible chemical reactions for
deposition of SnS nanostructure thin film using aquas
medium of stannous (tin) sulphate salt with sodium
thiosulphate.

S2032- + 2H* —» S + H2S03 )]
Sn2+ + S+ 2e- - SnS (ii)

Characterization of the nanostructure

Using Siemens D-5000 X-ray diffractometer with Cu Ka
[A=1.54A] radiation, X-ray diffraction (XRD) was used to
examine the structural characterization of the synthesized
SnS nano structure thin films. SEM connected to EDX was
used to analysis the surface morphology and
microstructure with elemental mapping of the deposited
nanostructures. (Model: J]SM-7610F Plus & make: JEOL).
Shimadzu UV-2600 UV-visible Spectrometer was used to
analyse the optical characteristics and Fourier Transform
Infrared Spectrometer (FTIR) Bruker Alpha was used to
collect data on bonding in the range of 4000-500 cm-1. The
electrical properties (such as [-V characteristics) were
measured by Keithley Electrometer 6517A.

Results and Discussion

Structural Analysis

Figure 1 shows the XRD diffractograms of the deposited
SnS nanostructure with an angular scanning range of (10° -
70°) which explore the nature of the material, purity, and
crystal structure. The sharp peaks in obtained spectrum
correspond to the (110), (111) and (112) planes, which are
related to orthorhombic layered crystal structure of
deposited SnS nanostructure. The noticeable sharp peaks
show that the synthesized nanostructure has a good
crystalline character. The Debye-Scherrer equation was
used to compute the crystallite size D (nm) [24,25].

0.91
=B cos 6 (lll)

where A=1.54 A is the wavelength of the incident X-ray
radiation (Cu Ka), B is the full width at half maximum
(FWHM) in radian, and 26 is the Bragg’s diffraction angle in
radian of the preferred orientation. The mean crystalline
size (D) calculated using equation (iii) for the deposited
nanostructure was found 47.92 nm at preferred orientation.
Patel et al. 2013 reported that the SnS nanostructures can
have larger crystallites and better crystal quality at
temperature in the range 300-5000 C. It has also been
observed that growing the crystallite size of SnS structures
by raising the annealing temperature can result in the
creation of larger grains [26].
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Figure 1: XRD spectrum of synthesized SnS nanostructure
thin films

UV-Visible Analysis

The absorbance and transmittance spectra of the deposited
SnS nanostructure thin films were obtained in the range of
300 to 800 nm which were shown in Fig. 2 (a) and (c)
respectively. The deposited nanostructure thin films have a
strong absorbance in the visible wavelength region. The
plot of (@hv)? vs photon energy also obtained and shown in
Fig. 2(b). It has been observed that the curve is linear over
a wide range of photon energies, which indicates the direct
type of transitions in the SnS nanostructure. The optical
band gap was determined using Tauc’s formula [27].

(ahv)? = C(hv— Ey) (iv)

where «a is the absorption coefficient, h is the Plank’s
constant, v is the frequency of incident photon, C is a
constant and Ej is the direct transition band gap. The value
of optical band gap was determined from the intersection
of the extrapolation of the linear part and the horizontal
axis 1.31 eV by extrapolating the linear portion of the plot
(a@hv)? vs hv as shown in inset Fig. (2b). As a result, nano

JMSSE Vol. 11, 2024, pp 1112-1117

Contents lists available at http://www.jmsse.in/ & http://www.jmsse.org/

©2024 INSCIENCEIN. All rights reserved @in


http://www.jmsse.in/
http://www.jmsse.org/Home

Nathu Lal et al. “Structural, Optical and Electrical Study of Tin Sulphide (SnS) Nanostructure
Thin Films Synthesized via Electrodeposition Technique”

(a)

Absorbance (a.u.)

1 1 1
300 400 500 600 700 800
Wavelength (nm)

100 <
80 -
60 -

40

Transmittance (a.u.)

20+

(b)

{th}z

|B.1nd Gap = L3l eV

1.0 1.5 2.0 25
Energy (eV)

600 700

Wavelength (nm)

Figure 2: UV-visible spectra of synthesized SnS nanostructure. (a) absorbance spectrum
(b) Tauc’s plot (c) Transmittance spectrum

SnS-structure has strong visible absorption and optical
band gaps close to ideal direct inter-band edges can be
good candidates for the creation of hetero-junction solar
cells' effective absorber layer. According to the quantum
confinement effect, the bandgap energy rapidly increases
as the SnS thickness decreases. When the thickness of the
SnS thin film decreased, the absorption property showed a
trend of a blue shift in the absorption edge [28]. Defect
states induce the band gap of metal oxide nanostructures
to decrease, hence the significant variation in band gap
energy is caused by these defect states. Both nanoparticles
and nanostructures show the same trend in band gap
energy fluctuation; but, due to greater lattice strain and a
higher surface to volume ratio, nanostructures have a
lower band gap energy than nanoparticles of the same size
[29].

FTIR Analysis

FTIR spectroscopy was used to identify the organic or
inorganic substances contained in the nanostructure
sample which are associated to various functional groups.
The FTIR spectra of SnS nanostructure thin film was
obtained in the range of 500 - 4000 cm! and shown in Fig.
3. The prominent peak that can be noticed below 750 cm-!
describes the synthesis of the SnS pair and metal oxide
stretches. As a result of the chemicals used during the
synthesis process, the sample also contained additional
functional groups at various peaks corresponding to COz,
C=0, C-H and -OH etc.

Scanning Electron Micrograph (SEM) Characteristics
A field emission scanning electron microscope (FESEM)
was used to assess the morphology and grain size of the
synthesised nanostructure. The elemental content of the
fabricated nanostructure thin film on ITO substrate was
also examined using SEM-EDX that was shown in Fig. 4.
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Figure 3: FTIR spectrum of synthesized SnS nanostructure

4000

According to obtained SEM images the grain size deposited
on the ITO substrate has the range 24.1 nm to 50.9 nm
which was shown in Fig. 5. This obtained size of
nanostructures verifies the crystal size calculated by
Debye-Scherrer equation for XRD pattern.

Some information about In, Si, O was also presented in the
EDX spectrum that was due to the substrate used and
others were due to the chemical processed during the
experiment analysis.

Using particles in the deposited nanostructures with
comparable particle sizes of the order of several
nanometers, Image ] software was used to analyse the
evaluation of grain sizes and their distribution in the
composites. The deposited thin film was made up of
particles with an average size of 58.9 nm and 43.43 nm
with standard deviation 19.23 and 14.26 nm as shown in
Fig. 6, which was obtained for the SEM micrographs shown
in Fig. 4 and 5. This estimate was made from the Gaussian
fitting of the particle distribution diagram as shown in Fig.
6 (a&b).
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Figure 4: SEM image of deposited SnS nanostructure with elemental mapping
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Figure 5: Synthesized SnS Nanostructure in a micrograph
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Figure 6: Particle size distribution diagram

Electrical Properties

Keithley Electrometer 6517A was used to test electrical
characteristics such as current-voltage (I-V) characteristics
in darkness, LED of 2.4W and normal light (tungsten
filament) of 100W in the range of -2.5 volt to 2.5 volt at
ambient temperature which were shown in Fig. 7. There
was a remarkable change in the current for the tungsten
filament light and for LED as compared to the dark mode
and have similar behaviour both in forward bias and
reverse bias. SnS is a direct band gap material in which the
electronic configuration of Sn is [Kr] 5s24d105p2 and S is
[Ne] 3s23p* The concentration of the carriers and the
mobility of the charges determine the conductivity of thin
films made of synthetic nanostructures. Electrical
conductivity varies mostly according to the grain size
deposited on nanostructure as well as the presence of

other phases. It has an almost straight-line pattern, which
suggests that the ITO/SnS junctions are ohmic up to 1.5V.
Because its low cost, high theoretical capacity (1137
mAh/g for Li-ion batteries and 1022 mAh/g for Na-ion
batteries), large interlayer spacing (0.559 nm), and low
discharge potential, SnS, a typical black phosphorus
analogues (BPA) material, has gained a lot of interest in
energy devices [30-33]. Because of its acceptable bandgap,
high absorption coefficient, and conductivity, earth
abundant SnS has demonstrated remarkable features in
thin-film solar cells in recent years [28,34-35]. Devika et al.
(2006) studied the wvariation in conductivity of SnS
nanostructures with temperature and reported that with
increasing temperature, there is a steep variation in
conductivity due to carrier excitation from the valence
band to the conduction band, which is responsible for this
acute difference in conductivity [4,36].

Dark
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Figure 7: Current-voltage characteristics of synthesized SnS
nanostructure thin film

Conclusions

SnS thin films were synthesized using an inorganic
electrolyte solution and nanostructures deposited on an
ITO substrate using a two-electrode cell setup. By using
various characterisation techniques, the structural, optical,
and electrical properties of the deposited SnS
nanostructure thin film were examined. The deposited SnS
thin films have an orthorhombic layered structure with a
preferred (111) plane, according to XRD studies and are
around the size of nanocrystalline crystals. The SEM image
demonstrated the homogeneous structure and substrate
stickiness of the SnS nanostructure thin films. The optical
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band gap of the deposited SnS nanostructure was
calculated to be 1.31 eV. The optical bandgap of the
deposited film is less than that of the bulk due to the
existence of defect states. The film exhibits a high
proportion of visible light absorption, a low optical band
gap, and good conductivity. Mahdi et al. reported that by
adjusting the concentration of the complexing agent
trisodium citrate during the deposition process, the phases
present in tin sulphide can be adjusted [2]. Due to their
excellent optoelectronic characteristics, it is suggested that
SnS thin films could be used as the ideal absorber layer in
solar cells. Therefore, it is essential to develop easy
methods for rapidly creating high-quality and well-defined
SnS based nanostructures on a wide scale that are also
inexpensive and environmentally safe.
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