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Abstract 

Tin monosulfide (SnS) was prepared via DC magnetron sputtering on glass substrates and annealed at two temperatures (200, 
300) ºC. The annealing effect on crystallinity, optical and gas sensing characteristics of Tin monosulfide films were examined. 
The morphology and structure of creating SnS thin films have been researched via scanning electron microscopy (SEM), X-
ray diffractions (XRD), and Atomic Force Microscopy (AFM). XRD results explain that the increasing annealing temperature 
from 200ºC to 300ºC caused an increase in crystallite size, while the Microstrain and the dislocation density were reduced. 
SEM showed that the increasing in the SnS cluster distribution with particle size increases with increasing the annealing 
temperature. Optical properties prove that the energy gap decreases 2.185 eV to 1.967 eV as the annealing temperature 
increases from 200oC to 300oC, and the annealed samples exhibited enhanced gas sensitivity up to 75%.  
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1. Introduction 
The most appealing and ideal contender for an energy 
carrier and future fuel is hydrogen [1]. The capacity 
for monitoring and detecting hydrogen gas is a 
typical requirement in this field, yet hydrogen gas 
sensors which might consistently identify hydrogen 
over many oxygen and moisture concentrations are 
presently unavailable [2]. For instance, in the 
chemical sector, there are several variants of 
hydrogen bulk sensors [3]. Concentration monitoring 
of hydrogen is highly critical for the application of 
fuel cells and for the scenario where hydrogen is an 
undesired pollutant. Thin film sensors include Pd-
catalyzed field effect transistors (FETs) and chemo-
resistive Pd alloy resistors [4]. Other hydrogen 
sensors, depending on various materials, have distinct 
operating principles and types. Optical fibers [5], 
thermo-electric sensor wire coated with Pd [6], 

piezoelectric type [7], Schottky and MIS diodes [8, 
solid electrolytes [9], polymers [10], potentiometric 
and amperometric sensors [11], fullerene sensors and 
carbon nanotube [12], graphite oxide, and various 
metal oxides are among them [13, 14]. 

 
2. Experimental 
By using the DC magnetron sputtering approach, thin 
films of Tin monosulfide have been produced on 
well-cleaned glass substrates (Super River w. 
Germany) kept at a range of temperature between 40 
oC and 50 oC, which represents sputter chamber 
temperature. In the sputter dawn setup, a tin 
monosulfide target (1:1 99.99% purity, which has 
been provided by the Nuclear Fuel Complex in India) 
with a thickness of 3 mm and diameter of 50 mm has 
been utilized as a sputter target for film's deposition. 
Thickness and deposition rate were both controlled 
via a crystal sensor and held at (0.1 – 0.2) /Sec 
(FTM-2000). The substrate and target were separated 
by a distance of (100 mm). Using a turbo molecular 
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combination and rotary oil pump, the sputter chamber 
has been evacuated to a 4.10 x 10-6torr base pressure. 
A digital Pirani - Penning gauge (adixen ACS2000) 
combination was utilized for measuring the pressure 
in the sputter chamber. The films were deposited 
using Argon 99.999% purity as a sputter gas. With 
the help of a gas mass flue controller (Ailcat 
scientific), Argon gas was able to enter the chamber 
at a partial pressure of (3.2x10-3 torr). To supply the 
200 W sputter target, (13.5KHz) RF power (TORR 
INTERNATIONAL, INC.CRC-600) was utilized. 
The XRD approach (Shimadzu 6-2000, with cuk 
radiation that has a wave-length=0.15406nm) has 
been utilized to determine the crystal structure of 
deposited films. (S-4160) Hitachi (college of 
engineering and communications, Iran) was used to 
examine the surface microstructure. The gas sensor 
features are conducted and manufactured locally and 
include a vacuum-tight stainless steel cylindrical 
testing chamber with a height of 16cm and a diameter 
of 20cm, with a removable bottom base and an O-
ring sealed bottom base. The chamber's effective 
volume is 5440 cm3. It has an inlet for test gas and air 
admittance valve for ambient air once it has been 
evacuated. 

 
3. Results and dissection  

XRD patterns of manufactured SnS films which 
have been deposited on glass through DC sputtering 
and post-annealed at (200o and 300) oC, the samples 
were annealed for two hours Figure 1. Films that 
were deposited on glass and annealed at T =200oC 
and 300 oC showed polycrystalline nature with prefer 
reflection along (131) plan corresponding to the 2Ɵ 
39.2o, thus peak intensity increased as the 
temperature of the substrate increased up to 300oC, 
and other minor peaks (111), (211) and (121) that 
corresponding to 2Ɵ (31.55o, 45.5o and 51.1o) present 
in both the tow samples matched with standard peaks 
(JCPDS card 33-1375) [15]. The degree of crystalline 
and the crystallite size that were calculated by Debby 
Scherrer formula (1) [16], increased from 22 nm to 
26 nm for the preferred reflection because of the heat 
treatment process [17]. Also, Figure 1a,b shows that 
the dislocation density and the microstrain decreased 
as the annealing temperature increased due to 
crystalline improving the variety of grain size and 
structural parameters are listed in Table 1.  

 
D=  (k λ)/(β cosθ )      (1) 
In which, k represents 0.94 constant for (cukα), β 

represents full width at half-maximum (FWHM) 

intensity in radians. (θ) represents Bragg angle of 
preferred peak. 

 
Fig. 1: XRD spectra regarding the SnS thin films 
deposited by DC sputter (a) dislocation density (b) 
microstrain. 

 
SEM is a convenient technique for studying the 

nanostructure of SnS thin films which were deposited 
on glass substrates. Figure 2 shows the SEM images 
of SnS thin film which were deposited at annealing 
temperatures, 200oC and 300oC. Whereas SEM 
images revealed the growth of oriented randomly and 
multi-grains, which were uniformly distributed over 
the surface. From the micrograph, it is obviously seen 
that grain size and the amount of Cluster increase, 
thus gets smaller with uniform distribution with 
increasing of substrate temperature that has been 
identified in AFM investigations. The creation of 
large grains is due to a combination of small grains 
and reorganization of the increasing availability of 
thermal energy at higher, which results in increased 
grain size. 

 
AFM which pictures 2Dview and average grain 

diameter distribution of SnS thin films grown at two 
typical post annealing are illustrated in figure 3. The 
average grain size as well as RMS value of surface 
roughness were increased with an increase in the 
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annealing temperature, the variation of surface 
roughness and grain size are listed in Table 2. 

 
 

 
Table 1. Structural Parameters of the SnS Thin Film Prepared DC Sputtering. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
  
AFM which pictures 2Dview and average grain 

diameter distribution of SnS thin films grown at two 
typical post annealing are illustrated in figure 3. The 
average grains size as well as RMS value of surface 

roughness were increased with an increase in the 
annealing temperature, the variation of surface 
roughness and grain size are listed in Table 2. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Annealing 
temperature  (hkl) plan 2Ɵ (ᵒ) FWHM (ᵒ) I (%) D (nm) Dislocation Density 

δx1015 (line2/m2) 
Micro strain 

Ɛx10-3 (linesˉ².mˉ) 

200oC 

(111) 31.55 0.266 31 30.12 0.033 1.11E-03 

(131) 39.2 0.356 42 22.3 0.045 1.46E-03 

(211) 45.5 0.306 25 25.05 0.040 1.23E-03 

(121) 51.1 0.375 17 20.61 0.050 1.47E-03 

300oC 

(111) 31.44 0.296 29 27.48 0.037 1.24E-03 

(131) 39.15 0.301 70 26.21 0.038 1.23E-03 

(211) 45.45 0.348 23 2216 0.045 1.40E-03 

(121) 51.21 0.312 16 24.23 0.042 1.22E-03 

Fig. 2.  SEM micrographs of SnS thin film (a) annealed at 200oC and (b) annealed at 300oC. 

 



 D. F. T. AL-Ani and B. K. Abbas 
_____________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 67, No. 4 (2024) 
 
 

342 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4 exhibits the transmittance spectrums of 

SnS nanoparticles deposited via DC magnetron 
sputtering. It is so remarkable that decreasing in the 
transmittance from its maximum value (80 %) to (73 
%) as the substrate annealing temperature increase 
from 200oC to 300oC, with constancy of 
transmittance in the visible and near infrared region  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(330 – 900), due to the increases in the crystalline 

size from (22.3nm) to (26.21 nm).  And we can note 
the shift in the absorption edge of the word of longer 
wavelength is due to crystalline increasing. The 
optical band gap calculated by the equation [18]. 
𝛼ℎ𝜗 = 𝐴&ℎ𝜗 − 𝐸!)

"	     (2) 
 Where Eg represents the semiconductor’s band 

gap, α represents the coefficient of the absorption, hϑ 
represents photon energy, A is constant and n can 
take as (2) corresponding allowed indirect transition 
[19]. 

Where Eg represents the semiconductor’s band 
gap, α represents the coefficient of the absorption, hϑ 
represents photon energy, A is constant and n can 
take as (2) corresponding allowed indirect transition 
[19]. 

 
 
 
 
 

Substrate 
temperature  

Average 
size of the 
grain (nm) 

Roughness 
average 

(nm) 

RMS 
 (nm) 

200 0C 65 1.98 2.6 

300 0C 90 1.45 2.35 

Fig. 3.  AFM images and granularity accumulation distribution chart of the SnS thin film 

annealed at (a) 200oC (b) 300oC. 
 

Table 2: Mean grain size, Roughness average and 
RMS of SnS thin film 

 



 EFFECT OF ANNEALING ON OPTICAL CRYSTALLINITY AND GAS SENSING CHARACTERISTICS… 
__________________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 67, No. 4 (2024) 
 

343 

 

 
 
 
 

Figure 5 depicts the dynamic resistance 
change related to the SnS films which are prepared 
via DC magnetron sputtering as well as the Ag 
electrode material which is deposited via screen 
printing method on the glass substrate as illustrated in 
Figure 5a with a 150oC operating temperature and 
exposure to various concentrations of H2 gas (300, 
350, and 400) ppm as a function of operating time. 
Since SnS is an n-type semiconductor, its electric 
resistance drops when hydrogen gas, a reducing gas, 
is present [20]. This drop can be explained by the fact 
that electrons are travelling across the conduction 
band, which results in increasing the density of 
majority charge carriers (electrons) at gas-solid 
interface. With an increase in the density of hydrogen 
ions on the surface, the potential barrier for electrons 
reduces. The electrical resistivity value decreases due 
to the potential barrier and depletion layer; this value 
is highly reliant upon the concentration of the 
deposited Hydrogen ions on the surface [21]. 

 
 
 
 
 
 
 
 
 

 

 
 
 
 

The sensitivity of SnS films was shown in figure 6 

and estimated by using the formula (3). 

 

Sensitivity = S = ∆$
$!
= 2$"%$!

$"
2 × 100%																	(3) 

In which Ra represents the film sensor resistance 
in presence of air, Rg represents the resistance of film 
sensor in the presence of gas. 

It can be seen increasing of sensitivity with 
increasing of substrate temperature and gas 
concentration a figure 6a, b. The sensor's lifetime is 
shortened as a result of the high substrate 
temperature, and increased resistance necessitates 
more electricity for operation. The interactions 
between the sensor surface and target gas determines 
the sensitivity regarding the metal sulfide sensor. 
Generally, increasing the operating temperature 
produces a more homogeneous surface with uniform 
roughness, resulting in a larger surface area and a 
higher possibility of vapor gas reaction. Sensing is 
widely understood to be a surface process governed 
mostly by desorption and adsorption species [22]. 
The adsorption type of Hydrogen molecules is 
chemisorption at high temperature degrees and 
physisorption at lower temperature degrees, which 
explains the changes in sensitivity with gas 
concentration [23]. Figures 6-a, b illustrate the 
recovery time and response time, which might be 
directly from figure 5 and displayed as a function of 
gas concentration (ppm), with response time 

Fig. 4.  Optical transmittance of SnS thin films and 

(αhv)2 versus photon energy plot. 

Fig. 5.  A Dynamic Resistance Change of SnS Films for Different 
Concentration Values for H2 Gas at 150oC Operating Temperature. 
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increasing from (40 to roughly 42) Sec. The 
increased response time could be related to the 
greater number of unoccupied sites for gas adsorption 
on thin films [24]. The response time values in all 
SnS films to H2 gas are convergent, with the 
maximum response time observed for the sample 
annealed at (300) oC. In the case when the H2 
molecules adsorb on the metal sulfide's surface, the 
conduction band (Ec) receives electrons, trapping the 
hole at the surface. This is going to result in the 
formation of an electron-depleted area. As the 
depletion zone of the SnS gas sensor decreases while 
reacting with H2 gas, and the depletion layer extends 
as SnS reacts with reduced, this condition will result 
in the resistance value to drop as the gas 
concentration grows. The recovery time for the 
sample annealed at 200oC was reduced from 90 
seconds to 80 seconds in Figure 6-a, b. For the 
substrate annealed at 300oC and increasing up to H2 
gas concentration increases, because of the sensor 
saturation by the target gas, as well as a variation in 
structural qualities that may occur as a result of the 
operating temperature. 

 

 
 
 
 
 
 
 

4. Conclusions 
SnS prepared films by DC magnetron sputter, shows 
nano-polycrystalline nature with a preferred (131) 
plane. Increasing the annealing substrate temperature 
from 200oC up to 300 ºC lead to an increase in the 
both SnS particles size and cluster number on the 
film surface, which returned clearly to enhance the 
sensing properties of hydrogen gas through an 

increase in the sensitivity value up to 75% with 
variation both of substrate annealing temperature and 
gas concentration.  
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