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Abstract The thin films of Nano crystalline tin disulfide
(SnS,) have been prepared by nebulized spray pyrolysis
technique (NSP) with different molar concentrations (0.3,
0.4 and 0.5 M). Cleaned glass substrates were used and
the substrate temperature was maintained at 300°C. The
films were deposited using tin tetrachloride monohydrate
(SnCl,;-H,0) and thiourea in de-ionized water and Isopro-
pyl alcohol (1:3 ratio). The prepared films structural, mor-
phological and optical properties were studied using X-ray
diffraction (XRD), scanning electron microscope (SEM),
UV-Vis spectrophotometer. The structure of the films were
found to be face centered cubic with preferential orienta-
tion along (002) plane. X-ray line profile analysis was used
to evaluate the micro structural parameters such as crystal-
lite size, micro strain, dislocation density and texture coef-
ficient. The average crystallite size values are 60 nm. Mor-
phological results of the SnS, thin films are small needle
shaped particles and the average grain size was 400 nm.
The optical studies revealed that the band gap between 2.65
and 2.72 eV and high optical transmittance 98%. EDAX
spectrum of tin disulfide result showed some amount of
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excess tin was present in the sample. This is the method
with very low cost of producing tin disulfide (SnS,) thin
films, which is very important for many applications in
industry.

1 Introduction

Physical properties and potential applications of semicon-
ductor nanomaterials have been studied intensively [1, 2].
Nano materials have gained much attention among materi-
als and their properties do not only depend on their com-
position but also on their shape and size distribution [3].
Among the different nanomaterials, perception the behavior
of ferroelectric materials at the Nano scale is importance
for the growth of molecular electronics [4]. In recent years,
some researchers [5, 6] have been extensively investigated
for their interesting physical and chemical properties with a
potentially wide range of applications such as in improved
catalysis, solar energy conversion, generation of hydrogen
gas, and environmental purification. SnS, is a very impor-
tant optical semiconductor, which can exhibit both P-type
and N-type conduction, depending on the mole concentra-
tion of tin and sulfur [7]. The sulfide exists in variety of
phase such as SnS, Sn,S; Sn;S, and SnS, due to bonding
characteristics of tin and sulfur [8]. Among these semicon-
ductors, tin disulfide (SnS,) has attracted some attention
due to its optical and structural properties [9]. Tin disulfide
which is layered semiconductor belongs to a CdlI,-type
structure with band gap of 2-3 eV [10, 11]. Broad band
gap leads to photo conductance [12, 13] and makes it pos-
sible to be a candidate in solar cells and optoelectronic
devices [14]. Other microelectronic packaging application,
dielectric materials with a suitable dielectric constant, low
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dielectric loss, high thermal conductivity and good thermal
stability are required [15-17].

SnS, thin films have been deposited by variety of physi-
cal and chemical techniques, such as chemical vapour
deposition (CVD) [18], chemical bath deposition, spray
pyrolysis [19], electron beam induced deposition, molecu-
lar beam epitaxy [20] and vacuum evaporation [21], chemi-
cal deposition [22], dip coating [23]. All these reported
methods require either relatively high reaction temperature
or special reactors. Every technique of thin film deposition
has its own advantages and disadvantages. But the Spray
technique, which is economical, highly feasible for large
area deposition and producing uniform, well adherent thin
films is of interest to researchers. Compared to other meth-
ods, the nebulized spray pyrolysis (NSP) method is a sim-
ple, less expensive and less time consuming method.

In this paper, we are reporting the preparation and char-
acterization of Nano crystalline SnS, thin films on glass
substrates by (NSP) technique using SnCl,-H,O and thio-
urea (ratio of 1:2) as the starting materials, with a differ-
ent molar concentration and its structural, morphological
and optical properties are studied using X-ray diffraction
(XRD), scanning electron microscopy (SEM), EDAX anal-
ysis, FTIR and UV-Vis spectroscopy.

2 Experimental detail
2.1 Preparation of precursor solution

Nebulizer is an instrument for converting liquid into an
aerosol. An aerosol is a suspension of small particles of
liquid or solid in a gas. The tin disulfide films were depos-
ited on glass substrate at a constant temperature of 300 °C
by nebulized spray pyrolysis technique at various molar

Fig. 1 Schematic diagram of
the nebulizer spray pyrolysis
(NSP) setup

concentrations (0.3, 0.4 and 0.5 M). The nebulized spray
pyrolysis method is very simple technique and low cost
to produce SnS, thin films. In Fig. 1 the set up diagram of
(NSP).

The starting solution was prepared using high purity
SnCl,-H,0 and thiourea was dissolved separately in a solu-
tion containing de-ionized water and Isopropyl alcohol in
the ratio of 1:3 by volume. The molarities of tin tetrachlo-
ride monohydrate and thiourea solutions were used 1:2
ratio respectively. A few drops of concentrated hydrochlo-
ric acid were added for complete dissolution. Equal volume
of these two solutions were mixed and sprayed on to the
glass substrate and carrier gas pressure was fixed at 0.7 kg/
cm?. Distance between the glass tube and the substrate was
maintained 2 cm. The total amount of spraying solution
was 10 ml and the flow rate of the solution during spraying
was adjusted to be 0.8 ml/m. After depositing the film it
was allowed to cool to room temperature.

2.2 Characterization

X-ray diffraction (XRD) patterns of SnS, thin films were
recorded by XPERT-PRO Diffractometer system using
CuKa (A=1.5406 nm) radiation with 20 in the range
10°-80°. The lateral morphology and roughness of the
films were studied by means of scanning electron micros-
copy (SEM) using ZEISS system at the magnification of
x8000. The EDAX spectrum of the thin films, binding
energy region of 0.5-14 eV using BRUKER system. The
optical absorption and transmittance study of SnS, films
were performed in the wavelength range (350-1100 nm)
using SHIMADZU 1800 (UV-Visible spectrophotometer).
FTIR spectra for these samples were recorded using FTIR
AFFINITY-1 spectrometer.

1. Air compressor 2. Pressure meter 3. Air flow tube 4. Solution 5. Nebulizer
6. Stand 7. Classtube 8. Temperature control unit 9. Thermocouple 10. Substrate
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3 Result and discussion
3.1 Structural studies

The X-ray diffraction (XRD) patterns of SnS, thin films
prepared with different precursor molar concentration as
shown in Fig. 2. The presence of single phase SnS, is seen
from the Bragg peaks in the XRD pattern recorded over the
thin films. From the XRD data, it is found that only one
prominent peak (002) is clearly observed at all the three
SnS, films, and also the (002) plane orientation become
broad and strong crystalline. In general the broad peak is
indicate that the film have nanocrystalline nature. Further,
the broad peak is become slightly sharp position when
increasing molar concentration. It reveals that the crystal-
linity of the films depends significantly on the molar con-
centration. The spectrum also contained another peak that
correspond to (101) orientations, however this orientation
has very poor intensity. The presence of all the two planes
indicated that only SnS, phase had the hexagonal crystal
structure. The structural data from the present studies were
perfectly compared with JCPDS file number (89-3198).

X
o
=2
-
s, o
3 e 0.5M
&
>
=
(2]
<
3
c 0.4M
- o,
0.3M
v T T T T T v T v T v T v T '
10 15 20 25 30 35 40 45 50
20

Fig. 2 XRD patterns of SnS, thin films of different molar concentra-
tions

No other phases like SnS, Sn,S; Sn;S, were observed in
the XRD spectrum, so our films have only single (SnS,)
phase. The presence of the SnS, peaks indicates that all the
films were found to be nano sized crystalline nature. The
peak intensity of the SnS, thin films gradually increases
along with the increase in molar concentration. The crys-
tallinity of the SnS, thin film is increases when increasing
molar concentration is due to the reduction of full width
at half maximum value and increase of peak intensity. A
similar behavior was also observed by Abou-Helal et al.
[24] in spray pyrolysis technique with respect to substrate
temperature.

The lattice constants ‘a’ and ‘c’ for the hexagonal phase
structure is determined by the relation,

1 _ 41 +hk+k I
rg{a—z}*{c—z} M

The lattice constants were calculated by taking an aver-
age of all the observed X-ray diffraction peaks. The average
lattice constant was found to be a=3.68 and c=11.97, and
the volume of unit cell V=162.10 which is slightly higher
than the standard value (JCPDS file: V=156.34) of the
hexagonal structure. This may be caused by the defect in
the cell of the crystal, which causes local changes in the
lattice parameters. The lattice parameters value and d-spac-
ing values are compared with standard JCPDS results are
shown in Table 1. From the full width at half maximum
(FWHM) value of the peak obtained, the size of the crys-
tallites formed in the SnS, thin film is determined using
Debye—Scherrer formula [25, 26].

_ 094
" Bcosb @)

where k=0.9 is the shape factor, f is full-width at half
maximum (FWHM) values, @ is the Bragg’s angle, 4 is the
X-ray wavelength (1.5406 Z\).

The crystallite size was found to be (002) plane. The
increasing molar concentration enhances the preferred orien-
tation with the crystallite size increased due to the increas-
ing (002) peak intensity. The increased molar concentration

Table 1 Lattice parameters

" . Concen- 20 values Miller d-Spacing (A) JCPDS file no.: 89-3198
with d-spacing value compared tration indices (h
to JCPDS file (M) k1) Observed value JCPDS value a=b=3.64 c=11.81 V=156.34
0.3 14.24 002 6.216 5.905 3.68 11.97 162.10
28.8 101 3.082 3.051
0.4 14.32 002 6.178 5.905 3.61 12.90 167.11
28.6 101 3.119 3.051
0.5 14.38 002 6.153 5.905 3.63 12.30 162.07
29.0 101 3.041 3.051
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may cause decrease of the density of nucleation centre’s,
and under these circumstances, a smaller number of centre’s
start to grow, which results in large crystallites [27]. Figure 3
shows the variation of FWHM and crystallite size along the
(002) plane with different molar concentrations.

The micro strain and dislocation density of different molar
concentration of SnS, thin films were calculated using the
following equations [28, 29].

c = ﬁCZSG 3)
1
0= o 4)

The SnS, thin films with lower micro strain and disloca-
tion density improve the crystallinity of the films which in
turn increase the volumetric expansion of the films. Such a
decrease in micro strain and dislocation density may be due
to the decrease in lattice defects among the grain boundaries
with the crystallite size increasing. Also the reduction of both
(&) and (0) with molarity indicates the formation of high qual-
ity films at higher molar concentration.

A texture coefficient TC (hkl) is calculated using the Har-
ris analysis equation,

I(hkl) /1,(hkl
TC(hkl) = (kD Ty (5)
N-UY I(hk) /Iy (hk)
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Fig. 3 Variation of crystallite size with FWHM values with different
molar concentrations

where TC is the texture coefficients of the (hkl) plane, [
(hkl) the measured intensity, I, (hkl) the ASTM standard
intensity of the corresponding powder, and N is the reflec-
tion number of significant peaks.

The texture coefficient is one of the basic structure
parameters in all polycrystalline materials. For a film to
have a preferential orientation at any (hkl) plane, the texture
coefficient must be at least one. The value, TC (hkl)=1,
represents the thin film with randomly oriented crystal-
lites, while higher value indicates the abundance of crystal-
lites oriented along (hkl) direction. The value, TC (hkl)> 1,
represents determined the preferential orientation and are
related to the abundance of grains in a given (hkl) direction.
The value, TC (hkl)<1, represents indicates the lack of
grains oriented in that direction. The TC values are slightly
increased with increasing molar concentration is due to
increasing crystallinity of the film.

The number of crystallites (N) per unit volume is calcu-
lated using the following formula,

t
N=—5 (©)

where ¢ is thickness and D is crystallite size of the SnS,
thin films. The number of crystallites per unit area will
be slightly decreased along with increasing thickness and
crystallite size. The calculated values of micro structural
parameters such as crystallite size (D), thickness (7), dislo-
cation density (6), micro strain (¢), texture coefficient ‘TC’
and the number of crystallites per unit area ‘N’ of (002)
plane of the SnS, thin films are presented in Table 2.

3.2 Surface morphological studies

The Surface morphology of SnS, thin films were ana-
lyzed using scanning electron microscopy. SEM picture of
SnS, thin films prepared at different molar concentrations
(0.3-0.5 M) are shown in Fig. 4a—c. SEM results indicate
that the average grain size and in which shape of the par-
ticles are presented for SnS, samples. The films have a
compact and dense homogenous surface characterized by
small grains observed in all the three samples. The SnS,
thin films showed very small needle shaped particles and
the surface discontinuities with an average grain size of
100400 nm at different molar concentrations (0.3-0.5 M)

Table 2 Structural parameters

8 Concen-  Thickness (nm)  Crystallite  Strain (x10™>  Dislocation den-  7C (002)  Number of
of SnS, thin films tration size (nm)  lines™> m™%) sity (x10"nm™?) crystallite
M) (x10%5)
0.3 381 38 8.695 0.685 1.42 6.84
04 471 42 8.132 0.551 1.55 6.09
0.5 593 60 5.750 0.275 1.65 2.71
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Fig. 4 SEM image of SnS, thin films ata 0.3 M, b 0.4 M and ¢ 0.5 M concentrations

respectively. The grain size was found to be continuously
increased with the increase of film thickness. The agglom-
eration seems isotopic for a particular needle shaped par-
ticle. Different needle shapes forms in different directions
also shows various groups of grains are formed due to the
SnS, samples. The lack of grain growth is possibly due
to the limited surface diffusion length of the Sn and S ad-
atoms. The observed grain size values from SEM images
are much larger than the crystallite sizes measured from
XRD peaks. This is due to the fact that in SEM images, the
grain size is measured by the distance between the visible
grain boundaries. Each grain constitutes aggregates of sev-
eral crystallites [30].

3.3 Compositional study

Quantitative analysis of the film was carried out by using
the EDAX technique to study stoichiometry of the film.
The EDAX spectrum of the SnS, thin film at 0.3 M was
recorded in the binding energy region of 0.5-14 eV as
shown in Fig. 5. It is found that tin and sulfure are pre-
sent in SnS, thin film and observed Tin(Sn) with 40%

x 0.001 cps/eV
1

500

400

300

200

6 8 10 12 14

Fig. 5 EDAX spectrum of SnS, thin film at 0.3 M

and Sulfure(S) with 60% respectively, these report was in
good agreement with Amalraj et al. [31]. Some amount of
unreacted or (excess of) tin is present in the SnS, sample.
Besides the Sn and S peaks, lines for Oxygen, Ca that could
come from the glass substrate (not labeled here) is seen.
Moreover, the ‘Si’ high intension peaks indicate the pres-
ence of this element either in the substrate or in the film.
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EDAX analysis showed that the film deposited had almost a
stoichiometric composition.

3.4 Optical studies

To study the optical properties of the materials, the opti-
cal absorption spectra of the film is recorded in wavelength
range 350-1100 nm are shown in Fig. 6. Hence the optical
transmittance (7) with respect to wavelength (1) of nebu-
lized spray pyrolysed SnS, thin film at different molar con-
centration is calculated and plotted as shown in Fig. 7. The
optical transmittance spectra indicate a smooth increase
and almost saturate at 98% in the visible region. Thin films
optical transmittances 65-85% in the 500-800 nm wave-
length ranges which is high enough for solar cell appli-
cations. Small maxima and minima in the transmittance
curves appear due to the multiple interference effect. The
multiple interference effect takes place due to high quality
films and good surface properties [32]. The optical absorp-
tion slightly increases and transmittance slightly decreased
along with increasing molar concentration 0.3, 0.4 and
0.5 M respectively. Thickness of the film ‘¢’ is calculated
using the wavelengths corresponding to the two succes-
sive transmittance maxima (4, 4,) or the minima (1> 4y)
observed in the transmittance spectrum, in the formula
[33].
A,
[2n(Ay — A'))]
@)
where n is the refractive index and is the wavelength of
transmittance spectra. The values of the thickness range

from 371 to 93 nm for the different molarities (0.3-0.5 M)
respectively.

)

Maximat = —————
[2n(4, — A))]

(and) Minimat =

34
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Fig. 6 A plot of absorption with wavelength of SnS, films
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Fig. 7 Transmittance spectra of SnS, thin films

The direct allowed optical band gap of tin disulfide
thin films has been determined from relation between the
absorption coefficient (@) and the incident photon energy
(hv) can be written as [34].

ahv = B(hv — E,)" (8)

where B and E, are constant and optical band gap, respec-
tively. The optical band gap of the SnS, thin films are
shown in Fig. 8. The decrease in optical band gap with
increasing molar concentrations can be due to the increase
in the film thickness. The optical band gap values of SnS,
thin film is decreased from 2.72 to 2.65 eV with increasing
molar concentrations (0.3-05 M) respectively. This value is
perfectly match with previous reported values [35, 36]. The
variation of film thickness and band gap values with dif-
ferent molar concentrations are shown in Fig. 9. The small

4500
4000
3500 —0.3M
—0.4M
3000 —0.5M
s
3 2500
o
[
S 2000 A
2
@ 1500
1000
500
T T T
15 2.0 25 30 35

Energy (hv) (eV)

Fig. 8 Direct band gap (ahv)? against energy (eV) for SnS, thin films
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Fig. 10 Extinction coefficient with different molar concentrations of
SnS, thin films

widening of the gap is due to the reduction of the disorder
in the film [37].

The optical constants such as extinction coefficient (k)
and skin depth (y) can be obtained from the formula, were
evaluated for SnS, films by using the relations,

al

k=—
4 ®)

A
X=o (10)

where a is the absorption coefficient, 4 is the wavelength
and k is the extinction coefficient values. Figures 10 and 11
shows the variation of both k and y with wavelength for
the layers grown with different molar concentration. The
extinction coefficient value of the SnS, films is slightly

Wavelength (nm)

Fig. 11 Skin depth with different molar concentrations of SnS, thin

films
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Fig. 12 FTIR spectra of SnS, thin films at different molar concentra-
tions

increased in the range from 0.48 to 0.55 with increasing
molarities. These values are good agreement with [38].
However, average skin depth of the films decreased (from
1.3 to 1.1 107 m) with the increase of molarities.

3.5 FTIR studies

The Fourier transform infrared (FTIR) spectroscopy of
the SnS, thin films at different molar concentrations were
shown in Fig. 12. The presence of bonding between Sn
and S atoms is estimated from the FTIR spectrum recorded
using the as prepared samples. In the present study of
the FTIR spectra of tin disulphide indicate a broad band
at 3495 cm™! which corresponds to the vibration mode
of O-H group indicating the presence of small amount
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of water absorbed on the surface. The presence of strong
C-H stretching at 2910 cm™' is probably due to atmos-
pheric moisture and CO, respectively, in the SnS, lattice.
FTIR study of tin disulphide samples shows that the main
band corresponding to the formation of vibration band at
2356 cm™! attribute to the hydroxyl group, it is good agree-
ment with Mariappan et al. [39]. Since SnS has no absorp-
tion peaks in the range of 2000-4000 cm™".

4 Conclusion

Tin disulfide (SnS,) thin films have been successfully
deposited onto glass substrate from nebulized spray pyroly-
sis technique with different molar concentration. In our
experiment, XRD studies show formation of pure SnS,
films with hexagonal structures is identified. The optical
band gap values both allowed and transition nature are good
agreement with the reported value range of 2.65-2.72 eV.
The morphology of the deposited films has been found
as smooth and needle shaped particle with coarser sur-
face have discontinuities. The chemical constituents and
their compositions of the films have been estimated by the
energy dispersive X-ray analysis. From the various results
for the properties of prepared nanocrystalline SnS, thin
films conclude that it is a good candidate for solar cell and
photo detector devices also can be tuned.
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