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techniques and for their cost-effectiveness. Because of the 
large band gap and transparency in the visible region of Tin 
Sulfide, it is used as an absorber layer for solar cells, solar 
collectors and etc. SnS satisfy most of the criteria to make 
them prospective material in photoelectrochemical thin film 
solar cells for photovoltaic materials and in other optoelec-
tronic systems [1]. Tin Sulfide thin films [1, 2] are depos-
ited already by different techniques such as: electro deposi-
tion [3, 4], chemical bath deposition [5, 6], spray pyrolysis 
[7], electro chemical deposition [8], chemical deposition 
[9], pulse electro deposition [10], evaporated [11], co-
evaporated [12], thermal evaporation [13], RF sputtering 
[14], vacuum-evaporation [15], colloidal synthesis [16] 
and SILAR [1, 17–26]. In the present research work, thin 
films of Tin Sulfide (SnS) with Ethylene Diamine Tetra 
Acetic acid C10H14N2Na2O8 (EDTA) are deposited on glass 
substrate in room temperature by Successive Ionic Layer 
Adsorption and reaction (SILAR) method. In SILAR tech-
nique, several coatings of tin nitrate [Sn(NO3)2] as cationic 
precursor and sodium sulfide (Na2S) as anionic precursor 
are made.

Presence of complexing agents such as EDTA [2–6, 
27–29] in the solution of metal chalcogenide thin films is 
found to improve the quality of the deposited films, such as 
the uniformity, crystallinity and the adhesion of the depos-
ited film on the substrate [10]. The EDTA is used for mak-
ing stable metal complexes; hence it is widely employed in 
analytical and industrial applications as a complexing agent 
for the wide spread of materials. Uncomplexed EDTA 
adsorbed quickly within a few minutes on the surface of 
glass plate [23]. The structural, morphological, topographi-
cal and optical properties of EDTA added tin sulfide thin 
films are characterized by X-ray diffraction (XRD), SEM, 
AFM, FT-IR and UV–Vis spectrometry techniques.

Abstract  Nano thin films of SnS were prepared for solar 
cell application as absorber layer to analyse energy band 
gap. Thin films of Tin Sulphide (SnS) were deposited on 
glass substrate in room temperature by Successive Ionic 
Layer Adsorption and Reaction method. The changes in the 
properties of SnS were studied, when a complexing agent 
ethylenediaminetetraaceticacid (EDTA) added. The deposi-
tion parameters such as Dip duration is 35 s, Ex-dip dura-
tion is 5 s, Number of cycles are 25 and Number of dips are 
four were optimized to obtain good quality of SnS films. 
The Structural, morphological, topographical and optical 
properties of EDTA added Tin Sulphide thin films were 
characterized by X-ray diffraction (XRD), SEM, AFM, 
UV–Vis spectrometry and FT-IR techniques. The deposited 
SnS films are in amorphous and polycrystalline structure. 
The UV–Vis spectra of SnS films in the wavelength range 
of 200–900 nm have been observed to find the direct band 
gap. The band gap energy (Eg = 2.31, 2.27, 2.16, 2.09 eV) 
decreases with increase in molar concentration (0.05, 0.10, 
0.15 and 0.20 M). Band gap decreases with increasing par-
ticle size.

1  Introduction

Thin films are used in opto-electronic devices and photo-
conductive cells for their compactness, trouble-free coating 
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2 � Experimental details

2.1 � Preparation of SnS thin films with EDTA

Figure  1 shows the experimental set up of SILAR. The 
glass plates are degreased with acetone and rinsed by con-
centrated nitric acid. The glass plates rinsed with a deter-
gent solution is washed with distilled water and dried in 
air. Tin sulfide thin films are prepared from the beakers 
containing aqueous solutions of tin nitrate [Sn(NO3)2] and 

sodium sulfide [Na2S]. The tin nitrate and sodium sulfide 
are kept at 1:1 molar ratio of all the concentrations. 4 ml of 
EDTA is added to tin nitrate solution. Because EDTA can 
retard the deposition of Sn2+ through chelation, it is easier 
to obtain the stoichiometry SnS films with good quality by 
adding EDTA [5]. The film deposition process carried out 
with the following parameters are mentioned in Table  1. 
Pre-cleaned glass plates are immersed in cationic precursor 
tin nitrate for 35 s, so that Sn2+ ions present in the solution 
can be adsorbed on the glass plates. Then, the substrate is 

Fig. 1   Schematic representa-
tions of SILAR deposition for 
SnS thin films with EDTA
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rinsed in distilled water for 35  s, so that, the excessively 
adsorbed Sn2+ ions are removed away from the depos-
ited layer which may result in saturated adsorbed layer of 
(Sn2+) cations on the glass plate. The cation coated films 
are immersed in anionic precursor for 35 s. It leads to reac-
tion with the anions S2− from the sodium sulfide solution 
and is introduced to the system. As a result of it, solid sub-
strate is formed over the interface. Un-reacted sulfide ions 
are detached by immersing them in distilled water for 35 s. 
Thus, a SILAR cycle comprises these four parts. These 
operations were repeated for 30 SILAR cycles in order to 
get an adherent film (Fig. 1).

3 � Results and discussion

3.1 � XRD analysis

The X-ray diffraction patterns of the EDTA added SnS thin 
films deposited by SILAR technique in 0.20 and 0.25 M on 
glass substrates at room temperature are shown in Figs. 2 
and 3. The inter atomic spacing (d), full width half maxi-
mum (β), average particle size (D), micro strain (ε) and dis-
location density (ρ) values of EDTA added SnS thin film 
are calculated by using the data obtained from XRD analy-
sis and tabulated in Tables 2 and 3.

The d-Spacing, average particle size, FWHM (β in 
Radian), dislocation density (ρ) and micro strain (ε) have 
been estimated by the following formulae,

(1)2d sin θ = nλ (Bragg’s Law)

(2)D =
0.9�

� cos �
(Using Debye-Scherrer formulae)

(3)� =
� cos θ

4
line/m2

(4)� =
1

D2

(5)β = (β in Degree)π∕180◦ radian

Table 1   Deposition parameters 
in SILAR controller settings for 
SnS thin films with EDTA

Source of material Tin nitrate Distilled water Sodium sulfide Distilled water

Volume 100 ml 100 ml 100 ml 100 ml
Concentration 0.05–0.25 M – 0.05–0.25 M –
Temperature 31 °C 31 °C 31 °C 31 °C
Complexing agent EDTA (4 ml) NIL NIL NIL
Start position 0 0 0 0
Dip length 75 mm 75 mm 75 mm 75 mm
Dip speed 5 mm/s 5 mm/s 5 mm/s 5 mm/s
Retrieval speed 4 mm/s 4 mm/s 4 mm/s 4 mm/s
Dip duration 35 s 35 s 35 s 35 s
Ex. dip duration 4 s 4 s 4 s 4 s
No. of cycles 30 30 30 30
Soluble in Dist. water – Dist. Water –
Source of ions Sn2+ – S2− –

Fig. 2   XRD pattern of EDTA added SnS thin film in 0.20 M concen-
tration. (Color figure online)

Fig. 3   XRD pattern of EDTA added SnS thin film in 0.25 M concen-
tration. (Color figure online)
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where λ is the wave length of X-rays (0.1546  nm), n = 1 
integer, d is interplanar spacing between the atoms, β is 
FWHM (full width at half maximum), ‘θ’ is the diffrac-
tion angle and ‘D’ is particle diameter, ρ is the dislocation 
density, and ε is micro strain. The XRD peaks are observed 
from 10° to 30°. The deposited films are found to have 
mixed orthorhombic and cubic phase for 0.20  M concen-
tration and agree well with the standard data from JCPDS 
card Nos. 140619 and 892755 respectively. The observed 
d spacing and hkl planes values of orthorhombic (1 3 0) 
and (2 2 0) and cubic (1 1 1) phase for corresponding 2θ 
values are tabulated in Table  2. The intensity of the dif-
fraction peak depend on the possible diffraction directions 
and the lattice parameters such as a, b and c in the phase of 
orthorhombic. The XRD pattern of EDTA added SnS thin 
film for 0.25 M a broad diffraction hump at 2θ = 26.93° and 
expresses the amorphous nature of the film. The calculated 
value of micro strains and the dislocation density values 
are calculated as shown in the Table 2. These observations 
indicate that, the dislocation density and the microstrain of 
the films are found to decrease with increasing concentra-
tion. It has been observed that the crystalline properties 
and the crystallite size also increased with the increasing 
molar concentrations. Since, the dislocation density and the 
micro strain of the films are decreased with increasing con-
centrations, the crystalline nature and the crystallite sizes 
are enhanced. These observations infer that the crystalline 
properties are improved with the increase in concentrations.

3.2 � SEM analysis

The surface of the EDTA added SnS (1:1) with different 
molar concentration of nano thin films are examined by 
Scanning Electron Microscope (SEM) at different mag-
nification. The SEM micrographs for the different con-
centration films are represented in Fig.  4a–e. It can be 
noticed that the presence of EDTA in SnS film reveals 
that the SnS nano films are distorted layer in the sur-
face of the thin films. Basically EDTA assists to create 
the complex of the Sn compound. Also it is confirmed 
that the influences of EDTA have significantly changed 
in the colour of the film. Particularly, the SEM images 
of 0.10 and 0.15 M concentration of EDTA has uniform 
and granular particle morphology with few crystals. For 
0.05, 0.20 and 0.25  M the film coating is uniform with 
irregular shapes with small crystals. For 0.15, 0.20 and 
0.25  M, in addition to the symmetric coating, there is 
a pearl like structure is also observed. It looks like the 
spots in the surface of the moon. It may be confirmed 
that the changing morphology of the films are strongly 
dependent on the increasing concentration of SnS. The 
SEM micrograph observed for all the films shows that the 
surface appears partially smooth with few isolated islands 
and minute pearl like particles over the surface.

Table 2   Structural parameters 
of EDTA added SnS thin 
films in 0.20 and 0.25 M 
concentrations

Sns EDTA 0.20 M
λ= 0.1546 nm; n = 1

2θ (°) h k l ‘d’ spacing Å ‘β’ FWHM (°) ‘β’ (Radian) ‘D’ (nm) ‘ε’ × 10−3 
line2/m− 4 

‘ρ’ × 10−3 
line/m2 

20.55 (1 3 0) 4.34 0.80 0.01396 10.56 8.968 3.434
22.85 (2 2 0) 4.282 0.60 0.01047 13.56 5.440 2.566
28.55 (1 1 1) 3.124 0.374 0.00652 22.00 2.066 1.581
Sns EDTA 0.25 M amorphous

Table 3   The surface properties 
of SnS thin film with EDTA for 
0.20 and 0.25 M in 5 and 10 μm 
magnifications

0.20 M (d) & 
0.25 M (e)

5 μm 10 μm

Grain size 
(Δx) (nm)

Surfaces rough-
ness (Ra) (nm)

Surface 
height (Rz) 
(nm)

Grain size 
(Δx) (nm)

Surfaces rough-
ness (Ra) (nm)

Surface 
height (Rz) 
(nm)

Min (d) 140 2.97 13.12 180 50.07 136.54
Max(d) 230 7.55 29.98 300 66.58 203.47
Min (e) 120 22.85 74.55 230 9.97 30.73
Max(e) 240 24.54 93.01 850 17.92 56.70
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Fig. 4   SEM images of SnS thin films with EDTA for different molar concentrations in 5, 2 and 1 μm magnifications
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3.3 � AFM analysis

SnS thin films with complexing agent EDTA are investi-
gated by Atomic Force Microscope (AFM) for its aver-
age roughness, particle height and for its grain size. The 
3D and 2D AFM images of SnS thin films with EDTA 
of 0.20 and 0.25  M are recorded in 5 and 10  μm as 
shown in Figs. 5a, b, 6a, b, 7, 8, 9, 10. The scanned area 

is focused for 10  μm. Red and green lines are drawn to 
observe the tabulated factors (Table 3). Significantly, the 
change in topography of the thin film is observed for two 
different magnifications. These images confirm the coat-
ing in full surface. Here, some particles are oriented in 
certain places with maximum height which is mentioned 
by white patterns. The rest of the maximum area reveals 
the minimum height of the particle which confirms the 

Fig. 5   3D AFM images of SnS thin films with EDTA of 0.20 M in 5 & 10 μm magnifications

Fig. 6   3D AFM images of SnS thin films with EDTA of 0.25 M in 5 and 10 μm magnifications
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Fig. 7   2D AFM image of SnS thin film with EDTA of 0.20 M in 5 μm magnification. (Color figure online)

Fig. 8   2D AFM image of SnS thin film with EDTA of 0.20 M in 10 μm magnification. (Color figure online)
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uneven surface. For the decreasing size of the particle, 
smoothness increases. The AFM images indicate these 
samples are found to cover the surface of the substrate 
entirely. The observed surface roughness, grain size and 
surface height are given in Table 3.

From the Table  3, it is confirmed that the roughness 
and the particle height are not uniform in 10 and 5  μm 
which shows the material is coated uniformly with irreg-
ular particle size. Even though particles are in different 
size, the smoothness of the surface in the coated film is 

Fig. 9   2D AFM image of SnS thin film with EDTA of 0.25 M in 5 μm magnification. (Color figure online)

Fig. 10   2D AFM image of SnS thin film with EDTA of 0.25 M in 10 μm magnification. (Color figure online)
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not affected. But the change in surface height may affect 
the smoothness. For 5 μm in 0.20 and 0.25 M, roughness 
is varying between 2.97 and 24.54  nm which confirms 
that the material is coated uniformly with the irregular 
particle size. i.e. the particle height varies from 13.12 
to 93.01  nm. Minimum and maximum grain size (Δx) 
is observed to be 120 and 240  nm. Pits and peaks vary 
between −48.58 and 36.60  nm. For 10  μm in 0.20 and 
0.25  M, roughness varies from 9.97 to 66.58  nm which 
confirms that the material is coated uniformly with the 
irregular particle size. i.e., the particle height varies 
from 30.73 to 203.47 nm. The grain size (Δx) observed 
is about 180 and 850  nm. Pits and peaks vary between 
−89.08 and 228.72 nm.

3.4 � FT‑IR analysis

The FT-IR spectra of EDTA added SnS thin films 
with different molar concentrations of 0.10, 0.15, 
0.20 and 0.25  M are presented in Fig.  11. FT-IR meas-
urements have been made in the wave number range 
400–4000 cm−1. A broad absorption peak between 3520 
and 2910  cm−1 is assigned to O-H stretching vibra-
tion of the absorbed water in the sample. The pres-
ence of water is also confirmed by its bending vibration 
observed at 1977  cm−1. A broad peak observed around 
1977–818  cm−1 is possibly due to stretching vibrations 
of sulphate group. The absorption bands observed at 493 
and 818 cm− 1 are possibly due to Sn–S stretching vibra-
tion. These peaks are ascribed to the stretching vibration 
of Sn–S bonds, indicating the formation of SnS film [23, 
30–32].

3.5 � UV–Visible analysis

3.5.1 � Optical absorbance analysis

The optical absorbance of the deposited films in the 
increasing concentration (0.05–0.25  M) has been studied 
in the wavelength range 300–800 nm. Figure 12 shows the 
UV–Vis absorption spectrum of EDTA added SnS thin film 
with various molar concentrations. From the Fig.  12 it is 
observed that the absorbance peak is at 381 nm wavelength 
invariantly for all the concentrations. The SnS with EDTA 
films are showing higher absorbance in the visible region, 
lower absorbance in the near-IR region and absorbance 
maintained as almost constant in IR region. The increasing 
absorbance is observed in the visible and IR regions with 
increasing molar concentrations. Photon is inducing more 

Fig. 11   FTIR spectra of EDTA added SnS thin films of (7) 0.10 M, 
(8) 0.15 M, (9) 0.20 M and (10) 0.25 M concentrations. (Color figure 
online)

Fig. 12   Absorbance of EDTA added SnS thin films for A1 0.05 M; 
A2 0.10  M; A3 0.15  M; A4 0.20  M and A5 0.25  M. (Color figure 
online)

Fig. 13   Transmittance of EDTA added SnS thin films for T1 0.05 M, 
T2 0.10  M, T3 0.15  M, T4 0.20  M and T5 0.25  M. (Color figure 
online)
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number of electrons (from 650 to 700 nm) for the increas-
ing molar concentrations.

3.5.2 � Optical transmittance analysis

The transmittance spectrum is shown in Fig. 13. From the 
Fig. 13 it is confirmed that the transmission decreases with 
the increasing molar concentrations also it is observed that 
the transmission increases from visible region to IR region.

3.5.3 � Band gap analysis

The band gap energy of the film has been determined by 
the extrapolation of the linear regions on the x axis (hυ). 
From the Fig. 14, the band gap energy of the EDTA added 
SnS thin films of 0.05, 0.10, 0.15, 0.20 and 0.25  M are 
2.42, 2.33, 2.27, 2.23 and 2.02  eV respectively. Thus, a 
plot of (Ahυ)2 versus hυ is a curved line. As the molar con-
centration increases, the band gap energy values decrease 
which may be due to the mobility of more number of elec-
trons from the valence band to the conduction band. The 
particle size increases for the increasing molarity resulting 
in decreasing bandgap [22].

3.5.4 � Influence of increasing molar concentration

Influence of increasing molar concentration on optical 
absorption, transmittance and band gap energy is shown 
in Fig. 15. Table 4 shows the comparative analysis on the 
effect of various molar concentration on optical proper-
ties of the deposited thin films. A comparative analysis of 
optical absorbance, transmittance and band gap is shown 
in Table  4. The effect of increasing molar concentration 
on optical absorbance, transmittance and band gap energy 
are given in Fig. 15. The optical absorbance of the depos-
ited films increases (0.069–0.089 a.u.) with the increasing 

molar concentration (0.05–0.25  M). The optical transmit-
tance (94–86%) of the deposited films is decreaseing for the 
increasing concentration (0.05–0.25 M). Band gap energy 
is decreasing (2.42–2.02 eV) for the increasing concentra-
tion (0.05–0.25 M).

4 � Conclusion

EDTA added tin sulfide thin films are deposited in different 
molar concentration using SILAR technique in room tem-
perature. The inter atomic spacing (d), full width half maxi-
mum (β), average particle size (D), micro strain (ε) and 
dislocation density (ρ) values of EDTA added thin film are 
calculated by using the data obtained from XRD analysis. 
The deposited films are found to have mixed orthorhom-
bic and cubic phase for 0.20  M concentration and agree 
well with the standard data from JCPDS card Nos. 140619 
and 892755 respectively. The XRD pattern for 0.25  M a 
broad diffraction hump at 2θ = 26.93° and expresses the 
amorphous nature of the film. FTIR spectrum confirms 
the various functional groups present in the deposited 
film. SEM image confirms that the changing morphol-
ogy of the films are strongly dependent on the increasing 

Fig. 14   Band gap analysis of EDTA added SnS films of (a) 0.05 M, 
(b) 0.10  M, (c) 0.15  M, (d) 0.20  M and (e) 0.25  M. (Color figure 
online)

Fig. 15   Influence of increasing molar concentration on optical prop-
erties SnS thin fims with EDTA. (Color figure online)
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concentration of SnS. AFM images confirm the coating in 
full surface of the substrate. The optical absorbance peak is 
observed at 381 nm. Transmittance decreases with increas-
ing molar concentration in visible region. The band gap 
energy decreases from 2.42 to 2.02 eV for increasing molar 
concentration.
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