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In this paper, SnO2 and SnS2 thin films were synthesized by spray pyrolysis 
method on glass substrate. The synthesized films were characterized by X-ray 
diffraction (XRD) and scanning electron microscopy (SEM). Aspergillus Niger (A. 
Niger) fungi were grown in an appropriate medium and were exposed to the 
synthesized SnO2 and SnS2 thin films in a closed glass vessel to measure their 
nano-biosensing properties. The nano-biosensitivity of the prepared samples was 
investigated by studying the change in their electrical resistance at different times 
and temperatures happening due to the produced gases from A. niger fungi. 
Furthermore, the effects of humidity and CO2 on the sensitivity of the samples 
were investigated in the presence of Silica-gel and CaCo3, respectively. The results 
showed a considerable and detectable electrical resistance change for prepared 
samples in the presence of A. niger fungi, which supports our proposed system 
as a nanobiosensor.
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INTRODUCTION
Nowadays, scientists try to find methods which 

conveniently assess the degree of fungal growth in 
food at a very early stage and well in advance to 
becoming visible to control food qualification [1]. 
Because the existence and growth of fungi may 
cause spoilage and result in a reduction in quality 
of foods [2]. It produces mycotoxins in foods, 
fruits, vegetables and feedstuffs causing important 
economic losses due to spoilage [2-4]. Mycotoxins 
are known to be effective hepatocarcinogens in 
animals and humans, a substance that causes 
cancer of the liver [2]. As living beings, the 
activation of fungi in food is accompanied by the 
production of some gaseous products such as CO2. 
Thus, producing sensors for detection of these 
gases helps Detection of the start of food decay at 
early stages. These sensors should be safe and easily 
available [5]. It is expected that sensing methods 

with the help of nanotechnology will lead to the 
detection of the gases on a molecular scale due 
to surface enhancement. The electric resistance of 
a gas sensor at its working temperature changes 
considerably due to various chemical reactions 
happening between the sensor materials and the 
gases [6]. 

Tin oxide (SnO2) and Tin disulfide (SnS2) are 
known as materials used to a capacious kind 
of gas sensor for sensing and detecting a great 
number of gases due to their special optical and 
electrical properties [7-9]. SnO2 and SnS2 thin 
films have been synthesized by a variety of physical 
and chemical methods such as; chemical vapor 
deposition (CVD) [10], electrochemical deposition 
[11], chemical bath deposition [12], spray pyrolysis 
[13], electron beam-induced deposition [14], and 
vacuum evaporation [15]. Among these methods, 
spray pyrolysis has some advantages such as; cheap, 

http://creativecommons.org/licenses/by/4.0/.


36

R. Etefagh / Fabrication and characterization of SnO2 and SnS2 nanobiosensor

Nanomed Res J 4(1): 35-39, Winter 2019

facility of doing, and the possibility to coat large 
surfaces in mass production, comparing to the 
other methods [16]. 

In this paper, SnO2 and SnS2 nano films were 
deposited by spray pyrolysis method on glass 
surfaces. Structural properties of the prepared films 
were investigated by (XRD) and (SEM). The bio 
sensing properties of the samples were measured in 
the presence of the produced toxic gases from A. 
Niger fungi. 

EXPERIMENTAL
Synthesis of the thin films

Stannic chloride (SnCl4.5H2O), ethanol 
(C2H5OH) and dimethyle thiourea (H2NCSN2H) 
were purchased from Merck Company, and were 
used as initiator materials without any further 
purification to synthesize SnO2 and SnS2 thin films. 
Both SnO2 and SnS2 thin films were synthesized 
on glass substrates using spray pyrolysis method. 
Before the deposition process, the glass substrates 
were washed ultrasonically and dried. In order to 
deposit SnO2 thin film, a prepared solution of 33% 
wt SnCl4.5H2O, 33% wt H2O, 33% wt C2H5OH 
and 1% wt HCl was sprayed, through a nozzle of 
0.1 mm bore diameter and air as the carrier gas. 
The temperature of the substrate was kept at 500 
˚C during the deposition process. The conditions 
of spray pyrolysis were controlled by nozzle to 
substrate distance of 40 cm, carrier-gas pressure of 
3 atm, spray deposition rate of 5 ml/min and hot 
plate rotation speed of 60 rpm. The prepared thin 
films were then cooled down to room temperature 
naturally. 

On the other hand, to prepare tin disulphide 
films the temperature of the hot plate was fixed 
at 350°C. The precursor solution was prepared by 
dissolving 7 g Stannic chloride (SnCl4.5H2O), 4.5 

g dimethyl thiourea (H2NCSN2H) in a solution of 
isopropyl alcohol and deionized water. The ratio of 
alcohol to water was chosen as 3:1. The deposition 
parameters such as solution flow rate, carrier-gas 
pressure, hot plate rotation speed and nozzle to 
substrate distance were kept constant at 10 (ml/
min), 3 (atm), 60 (rpm) and 35 cm, respectively. 
Finally, the temperature of the prepared thin films 
decreased to room temperature naturally. 

Preparation of the A.niger medium 
Dehydrated potato dextrose agar was dissolved 

in water by stirring at 40 ˚C in order to obtain a 
cloudy yellow solution. The solution was cooled 
down to the room temperature and then poured 
into petri plates. The agar medium was inoculated 
by A. niger resulting in a substantial colony of 
fungus after 5 to 7 days. 

Characterization 
The crystalline structures of the synthesized thin 

films were characterized by a X-ray diffractometer 
(Bruker D8 Advance diffractometer Model, 
Ettlingen, Germany) with Cu-Kα radiation and 
wavelength of λ = 1.5418 Å. The surface morphology 
of the prepared thin films was analyzed using a 
scanning electron microscope (SEM model LEO 
1450 VP System Oberkochen, Germany). Nano-
biosensor test was done by measuring the resistance 
of the SnO2 and SnS2 thin films in the presence of 
the produced gases from the A. niger at different 
times and temperatures. 

RESULTS AND DISCUSSIONS 
X-ray diffraction (XRD) 

Fig. 1(a) displays the XRD pattern of SnO2 thin 
film. Various peaks of the graph such as (110), (200) 
and (211) reveal that the sample has a crystalline 

 
Fig 1: XRD Pattern of a) SnO2 and b) SnS2 thin films 

  

Fig. 1. XRD Pattern of a) SnO2 and b) SnS2 thin films
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structure with tetragonal phase (PDF Card No: 00-
005-046). The average crystallite size of the SnO2 
thin film was estimated to be about 17-23 nm using 
Scherrer’s formula.

XRD figure of the SnS2 thin film is presented 
in Fig. 1(b). It can be seen from the graph that the 
sample has polycrystalline structure with hexagonal 
phase (PDF Card No: 00-001-1010). The pattern 
indicates that the film is formed at this temperature 
with a strong peak (001) at about 2θ = 15o, which 
refers to the growth of the sample in a single 
direction on the substrate. The average crystallite 
size is estimated to be about 8 nm calculated by 
Scherrer’s formula for the SnS2 thin film. 

Scanning electron microscopy (SEM) 
The SEM figures of the prepared thin films are 

given in Fig. 2(a and b) which show the formation 
of uniform thin films by nano-metric scale grains. 
The average sizes of SnO2 and SnS2 particles are 

about 62 nm and 87 nm, respectively. In addition, 
as regards the surface morphology, the SEM images 
depict that both SnS2 and SnO2 thin films possess 
high porosity and specific surface area making 
them a promising choice in sensors applications.

Nanobiosensor properties
Two separate closed vessels were chosen and 

SnO2 and SnS2 thin films were put into each of 
them. In each vessel, blank samples were also put 
for comparison. A. Niger fungi were cultured on 
the thin films and the blank media, and the vessels 
were considered as the study cases. To study the 
sensor-like behavior of the thin films, a designed 
system for calculating electrical parameters, such as 
current and voltage is needed. First, the resistivity of 
the samples, which were placed in both vessels, was 
measured versus time over 2 days. Then, silica-gel 
was used in both aforementioned media in order to 
reduce the humidity, and the measurements were 

 
Fig 2: SEM photographs of a) SnO2 and b) SnS2 thin films 

  

 
Fig 3: plot variation resistance according to time for a) SnO2 thin film and b) SnS2 thin film 

  

Fig. 2. SEM photographs of a) SnO2 and b) SnS2 thin films

Fig. 3. plot variation resistance according to time for a) SnO2 thin film and b) SnS2 thin film
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repeated. Finally, the measurements were applied in 
the presence of CaCO3. CaCO3 was chosen to absorb 
the CO2 of each medium. 

The working mechanism of the sensors is 
explained in the following. The existing oxygen on 
the surface of a semiconductor is transformed to 
oxygen ion and leaves the surface. Then, the diffused 
gases from the mold react with these free oxygen 
ions. Therefore, the resistivity of the semiconductor 
changes due to the electron transportation during 
the occurred chemical reactions. The sensitivity of 
the thin films increases as the number of oxygen ions 
rises [17]. In addition, the sensitivity of the thin films 
increases with an increase in the temperature, yet it 
depends on the sensor type and diffused gases [18]. 

As can be seen, in Fig. 3 (a) the resistance of SnO2 
thin film decreases with time for one day, and after 
that starts to increase. Also, it is considered that the 
resistance of SnO2 thin film exposed to silica gel 
increases dramatically in the primary hours, and 
then decreases time passes. In the primary hours, 
it is seen that the resistance of the sample in the 
presence of CaCO3 increases significantly, and then 
decreases to a constant value. 

Fig. 3 (b) displays that the resistance of SnS2 thin 
film decreases with an increase in time, and after that 
it reaches a constant value. A remarkable increase in 
resistance is observed for the sample in presence of 
silica-gel comparing to the samples in the presence of 
CaCO3. Also, the resistance of the sample decreases 
after one day in the presence of CaCO3; whereas, 
the resistance continuously increases for the sample 
exposed to silica-gel. It has been reported before that 
the optimum temperature for growing A. Niger is 
about 37C˚ and the sensitivity of the sample depends 
on temperature [19]. Therefore, the temperature of 
the medium was controlled by an IR lamp and the 
resistivities of the samples were studied in respect to 

the temperature. Fig. 4 (a) displays that the resistance 
of SnO2 thin film decreases as the temperature 
increases and reaches a minimum at 39˚ C, and then 
starts to increase at higher temperatures. On the 
other hand, the resistance of SnS2 thin film increases 
at the beginning with a maximum at temperatures 
near 26˚ C, and then decreases, followed by negligible 
fluctuations, Fig. 4 (b).

CONCLUSIONS
SnO2 and SnS2 thin films were synthesized on glass 

substrates by spray pyrolysis method. The structure 
and morphology of the thin films were characterized 
by XRD and SEM techniques respectively. The 
crystallite sizes of SnO2 and SnS2 were obtained 17-
23 nm and 8 nm, respectively.  Also, the average 
grain sizes of the samples were obtained to be 
62 nm and 87 nm for SnO2 and SnS2 samples, 
respectively. The biosensing properties of these thin 
films were investigated by measuring their electrical 
resistance in regular time intervals and at different 
temperatures and media in the presence of A. Niger 
fungi. The results revealed that both SnO2 and SnS2 
samples are suitable candidates in fabrication of 
nanobiosensor, however, SnS2 thin films show better 
sensitivity comparing to the SnO2 thin films. 
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