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Abstract: Thin films of tin oxide with nano clusters were deposited using Chemical Vapour Transport 
technique. The annealed films were used as sensor to detect benzene vapours at room temperature. The response 
was studied for the concentration range 300-1000 ppm. A comparative study of the response of the nano 
clustered films to benzene vapours in this range with the response of thin films of Indium tin oxide and tin oxide 
deposited by the physical vapour deposition method was taken up. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction  
 

The major problem with oxide semiconductor 
vapour sensors is a lack of selectivity, stability and 
requirement of higher operating temperature. 
Significant research efforts have been devoted to the 
development of nanostructures as a means to achieve 
materials with ultrafine microstructures for catalytic, 
electronic and optical applications [1]. Nanostructure 
materials can be used to reduce operating temperature 
of gas/vapour sensors. Also they consume less power 
and are safer to operate for applications like 
gas/vapour sensors due to their miniature size. The 
unique characteristics of nano materials is their vary 
high-surface volume ratio [2, 3]. There are various 
methods for the fabrication of tin oxide nano-
particles and films, such as sputtering sol–gel, 
chemical vapor deposition (CVD), and direct 
evaporation [4-12]. Chemical Bath Deposition (CBD) 
thin film deposition is one of the simplest methods 
[13]. The CBD technique has many advantages such 

as less technical requirements, minimum material 
wastage, large area deposition at lower cost, no need 
of handling poisonous gases [14]. Vapor phase 
growth in tubular furnace was the first system 
developed with the original idea of Wagner and Eliss 
[15].  

Benzene, a volatile organic compound, is a 
major industrial chemical with petroleum being the 
main source from which the compound is derived. It 
is widely used as an intermediate in chemical 
processes used to produce products ranging from 
plastics to pesticides to pharmaceuticals, and 
chemical manufacturing [16]. It is an indoor and 
outdoor hazardous pollutant. Benzene is a 
carcinogen, having high toxicity. It creates health 
hazard particularly in urban areas. Benzene is a 
notorious cause of bone marrow failure. Substantial 
quantities of epidemiologic, clinical, and laboratory 
data link benzene to aplastic anaemia, acute 
leukaemia, and bone marrow abnormalities [17, 18]. 
Acute exposure to relatively high concentrations of 
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benzene (benzol) may result in central nervous 
system disturbances consistent with solvent exposure, 
viz., drowsiness, dizziness, headache, tremor, 
delirium, ataxia, loss of consciousness, respiratory 
arrest and death [19]. Ming-TsunKe et al. have 
demonstrated the novel MEMs-base benzene gas 
sensor featuring a thin WO3 sensing layer [20]. 
Indium Tin Oxide shows excellent stability as against 
the drift problem with Tin Oxide but with less 
sensitivity [12-13]. We have reported the ITO thin 
films prepared by the direct evaporation technique for 
Benzene detection [21]. However, the operating 
temperature is high. In the present study, the 
fabrication of SnO2 films with nano clusters has been 
investigated and their potential as vapour sensor for 
detection of benzene at room temperature is 
demonstrated.  

 
 

2. Experimental 
 

2.1. Fabrication of SnO2 Nano Film Vapour 
Sensor 

 
The tin oxide (SnO2) powder was used as the 

source material and kept in ceramic boat in a 
horizontal two-side open quartz tube, which was 
placed inside a high-temperature tube furnace as 
shown in Fig. 1(a) and (b). Glass substrate was 
placed at the end of quartz tube. The temperature 
controlled electric furnace was set at 1623 K during 
the growth process and was stabilized for 30 min 
under a constant carrier gas O2 introduced through 
the tube. Glass substrates were kept at about 773 K 
temperature at a distance from the boat.  After the 
growth process, the SnO2 thin film samples were 
annealed in oxygen environment with 80 % humidity 
at high temperature for 1 hour.  

 
 

 

Fig. 1(a). Schematic diagram of experimental apparatus 
for the growth of SnO2 nano film. 

 
 

 
 

Fig. 1(b). Fabrication set-up. 

Experiments for measuring the response were 
carried out in a glass test chamber (capacity 250 ml) 
as shown in Fig. 2. The sensor was fixed inside the 
glass chamber. The liquid was injected into the glass 
chamber with a facility that enabled the solvent to 
vapourize immediately and did not allow 
condensation.  
 
 

 
 

Fig. 2. Measurement chamber. 
 
 

The relative change in resistance of the sensors at 
room temperature for various concentrations (range- 
333 – 1000 ppm) of test vapour was measured. The 
surface morphology of films was examined using 
scanning electron microscope (JEOL, Model JSM – 
5610lv having secondary electron detector). 
Measurements were also done for sensors based on 
Tin Oxide as well as Indium Tin Oxide films 
deposited by direct evaporation technique for a 
comparative study.  

 
 

2.2. Determination of Relative Change in 
Resistance 

 

The percentage of relative change in resistance of 
the gas sensor was measured using formula for 
reducing gas for the resistivity/resistance 
measurements defined as 

 

% Response = (Rair–Rgas)/(Rgas)  × 100, (1) 

 
where Rair and Rgas are the background resistance in 
the absence of test gas and resistance of the sensor 
surface in the presence of test gas respectively. 

  
 

3. Results and Discussion 
 

3.1. Variation in the Electrical Resistance  
in the Presence of Benzene Vapour 

 
The variation in the electrical resistance of ITO 

and SnO2 thin films prepared by the direct 
evaporation technique and SnO2 films with nano 
clusters prepared by the procedure as explained in 



Sensors & Transducers, Vol. 190, Issue 7, July 2015, pp. 35-39 

 37

section 2.1 were studied. Fig. 3 (a, b, & c) shows the 
variation in the electrical resistance of ITO, SnO2 thin 
films and SnO2 film with nano-clusters vapour 
sensors, Rgas, upon exposure to benzene vapours at 
room temperature in normal air with time. 

 
 

 
 

(a) 
 

 
 

(b) 
 

 
 

(c) 
 

Fig. 3. Variation of electrical resistance of ITO, SnO2 thin 
films and SnO2 film with nanoclusters upon exposure to 

1000 ppm benzene vapours. 
 
 

The vapour concentration of benzene was  
1000 ppm. It was observed that the resistance of the 
sensor Rgas decreased while in contact with the 
vapour. The benzene vapours have reducing effect on 
the surface of oxide semiconductor. In the absence of 
the test vapour, the atmospheric oxygen gets reduced 

on the oxide surface using electrons from the 
conduction band of the semiconductor thin film and 
gets converted to oxide ion, creating a thin depletion 
region on the surface. When the same surface comes 
in contact with benzene vapours, benzene gets 
oxidized by the surface oxide ions, liberating free 
electrons back into the conduction band of the 
semiconductor thin film. This causes a decrease in 
the surface resistance of the sensor. 

Fig. 3 (a) shows the change in resistance for ITO 
thin films. Fig. 3(b) shows similar result for tin oxide 
thin films. As can be seen from the Fig. 3 (b), the 
change in the surface resistance of tin oxide is much 
more than that of the ITO film. Fig. 3 (c) shows the 
variation in electrical resistance of tin oxide films 
prepared by Chemical Vapour Transport which is 
having nano clusters.  

Fig. 4 (a and b) shows temperature profile of 
SnO2 and ITO direct evaporation thin films and SnO2 
nanoclusters. It has been observed that tin oxide films 
show drift with temperature whereas the ITO films 
show more stability as compared to the tin oxide 
direct evaporated films. However, as shown in the 
Fig. 4(a), the nano clustered tin oxide films show 
enhanced stability with respect to variation in 
operating temperature, thus the problem of drift 
encountered with the tin oxide films is lightened.  
 
 

 
 

(a) 
 

 
 

(b) 

 
Fig. 4. Variation in the resistance of (a) tin oxide direct 

evaporation thin film and nano clusters and (b) ITO direct 
evaporation with temperature. 
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3.2. Response in Terms of Relative Change  
in Resistance of SnO2 Film with Nano 
Cluster, ITO and SnO2 Thin Film 
Sensors to Benzene Vapour 

 
Fig. 5 shows the relative change in resistance of 

thin films of ITO and SnO2 and SnO2 film with nano 
clusters upon exposure to benzene vapours for 333, 
667 and 1000 ppm concentration. The graph shows a 
drastic rise of about 88 % in the response of the SnO2 
film with nano clusters as compared to the ITO and 
SnO2 thin films.  

 
 

 
 
Fig. 5.   Relative change in resistance of SnO2 nano cluster 
and ITO and SnO2 thin films to benzene vapours at room 

temperature. 
 

As the benzene concentration increases from 333 
to 1000 ppm, the relative change in resistance also 
increases. The enhanced relative change in resistance 
of the sensor with nano clusters is mainly due to the 
large surface-to volume ratio and small grain size. 
When the grain size is equal to the Debye length, the 
whole grain is depleted with electrons and charge 
conduction in the film is completely by the 
interaction by oxygen vacancies O2- and benzene 
vapour chemisorbed on the surface of the nano 
clustered film. 

The scanning electron micrograph of the SnO2 
nano cluster film is shown in Fig. 6.  

 
 

 
 

Fig. 6. Scanning electron micrographs of SnO2 

nanoclusters deposited by CVT. 

As can be observed in the figure, the average 
grain size is around 80 nm. It can also been seen that 
the film contains nano-clusters. The enhanced surface 
to volume ration of the nanosize particles are 
responsible for the much enhanced response of the 
film to benzene vapours. 

The enhancement in the response of relative 
change in resistance of SnO2 film with nano clusters 
to benzene vapour is considerably high as shown in 
Table 1.  
 
 

Table 1. Response of SnO2 film with nano clusters, ITO 
and SnO2 thin films to benzene vapours at 1000 ppm. 

 
Sensors Response in % 

(Relative change in 
resistance/ppm) 

SnO2 thin film 47.89  
ITO thin film 2  
SnO2 nanoclusters 179.35  

 
 
3.3. Comparison of ITO, Cr/ITO Films  

and SnO2 Film with Nanoclusters 
 
In order to enhance the performance of the ITO 

sensor, as reported by us [18], the sensors with thin 
promoting layers of Cr deposited on the top of the 
surface was fabricated and tested for the detection of 
benzene. The concentration of benzene vapours was 
1000 ppm.  

It can be observed from the Fig. 7 that Cr/ITO 
sensor when operated at 483 K shows enhanced 
relative change in resistance than ITO film without 
any promoting layer and operated at room 
temperature. However, the response of the tin oxide 
film with nano cluster is much higher than Cr/ITO 
film even at room temperature.  

 

 
 

Fig. 7. Comparison of performance of ITO thin film, tin 
oxide nano cluster film at room temperature with Cr/ITO 

at elevated temperature for benzene detection. 
 
 

4. Conclusions 

SnO2 films sensors with nano clusters were 
fabricated by chemical vapour transport (CVT) 
technology. Films showed stability against 
temperature variation. The sensing characteristics to 
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benzene were studied. The sensors respond well to 
the benzene vapours in the concentration range of 
333 – 1000 ppm. Very high sensitivity was found at 
room temperature (303 K). The variation of the 
resistance of ITO and SnO2 thin films with benzene 
vapours were also studied and a comparison of the 
response of the three types of sensors was studied. 
Tin Oxide films with Nano clusters showed 88 times 
more sensitivity.  
A comparison of performance of ITO thin film, tin 
oxide nano cluster film at room temperature with 
Cr/ITO at elevated temperature for benzene detection 
was also taken up and the tin oxide nano clusters 
show enhanced sensitivity at room temperature 
among the sensors studied. 

 
 
Acknowledgements 

 
The grant of an Interdisciplinary Project and a 

Research fellow through DST-PURSE Programme of 
Sardar Patel University to Dr. V. S. Vaishnav are 
gratefully acknowledged.  

 
 

References 
  

[1]. A. TschÖpe, J. Y. Ying, and H. L. Tuller, Catalytic 
redox activity and electrical conductivity of non-
stoichiometric cerium oxide, Sensor and Actuators B, 
Vol. 31, 1996, pp. 111–114. 

[2]. Jing Li, Dan Powell, Stephanie Getty, Yijiang Lu, 
Nano sensors and devices for space and terrestrial 
applications, Caneus, 1-9. 

[3]. Dongfang Yang, Nanocomposite Films for Gas 
Sensing, Advances in Nanocomposites - Synthesis, 
Characterization and Industrial Applications, Chapter 
37, Dr. Boreddy Reddy (Ed.), 2011. 

[4]. P. Ménini, F. Parret, M. Guerrero, K. Soulantica,  
L. Erades, A. Maisonnat, and B. Chaudret, CO 
response of a nanostructured SnO2 gas sensor doped 
with palladium and platinum, Sensors and Actuators 
B, Vol. 103, 2004, pp, 111–114. 

[5]. M. R. Vaezi, S. K. Sadrnezhaad, Gas sensing 
behavior of nanostructured sensors based on tin oxide 
synthesized with different methods, Mater. Des.,  
Vol. 28, 2007, pp.  515–519. 

[6]. D. J. Rickerby, and M. C. Horrillo, Crystallite size 
distributions and lattice defects in r.f. sputtered 
nanograin TiO2 and SnO2 films, Journal of 
Nanostructured Mater., Vol. 10, 1998, pp. 357–363. 

[7]. G. Sberveglieri, G. Faglia, S. Groppelli, P. Nelli, and 
C. Perego, Oxygen gas sensing properties of undoped 

and Li-doped SnO2 thin films, Sensors and Actuators 
B, Vol. 13, 1993, pp. 117–120. 

[8]. A. Dieguez, A. R. Rodriguez, J.R. Morante, J. 
Kappler, N. Barsan, and W. Copel, Nanoparticle 
engineering for gas sensor optimisation: improved 
sol–gel fabricated nanocrystalline SnO2 thick film gas 
sensor for NO2 detection by calcination, catalytic 
metal introduction and grinding treatments, Sensors 
and Actuators B, Vol. 60, 1999, pp. 125–137. 

[9]. N. L. Wu, L. F. Wu, Y. C. Yang, and S. J. Huang, 
Spontaneous solution sol-gel process for preparing 
tin oxide monolith, J. Mater. Res. Vol. 14, 1996,  
pp. 813–820. 

[10]. P. Rajaram, Y. C. Goswami, S. Rajagopalan, and V. 
K. Gupta, Optical and structural properties of 
SnO2 films grown by a low-cost CVD technique, 
Mater. Lett., Vol. 54, 2002, pp. 158–163. 

[11]. V. S. Vaishnav, P. D. Patel, and N. G. Patel, Induim 
tin oxide thin film sensor for detection of volatile 
organic compounds, Materials and Manufacturing 
Processes, Vol. 21, 2006, pp. 257-261.  

[12]. N. G. Patel, P. D. Patel, V. S. Vaishnav, Indium tin 
oxide (ITO) thin film gas sensor for detection of 
methanol at room temperature, Sensors and Actuators 
B, Vol. 9, Issue 1, 2003, pp. 180-189. 

[13]. K. L. Chopra, R. C. Kainthla, D. K. Pandya, A. 
P. Thakoor, in Physics of Thin Films, Academic 
Press, London, 1982, pp. 167. 

[14]. C. D. Lokhande, A chemical method for preparation 
of metal sulfide thin films, Mater. Chem. Phys., Vol. 
28, 1991, pp. 145-149. 

[15]. R. S. Wagner, W. C. Ellis, Vapor–liquid–solid 
mechanism of single crystal growth, Applied Physics 
Letters, Vol. 4, 1964, pp. 89–90. 

[16]. Benzene Application Note: Monitoring Benzene and 
Choosing an Appropriate Monitor for Personal 
Protection and Compliance with Exposure Limits, 
http://www.reasystem.com 

[17]. Kasper, Dennis L. et al, Harrison's Principles of 
Internal Medicine, 16th ed., McGraw-Hill 
Professional, 2004, p. 618. 

[18]. Robert S. Porter, Merck Manual, Home Edition, 
‘Overview of Leukaemia’, Merck and the Merck 
Manuals, 
http://www.merckmanuals.com/home/blood 
_disorders/leukemias/overview_of_leukemia.html 

[19]. Smith, Martyn T., Advances in understanding 
benzene health effects and susceptibility, Ann Rev 
Pub Health 31, 2010, pp. 133–148. 

[20]. Ming-TsunKe, Mu-Tsun Lee, Chia-Yen Lee, and 
Lung-Ming Fu, A MEMS-based benzene gas sensor 
with self heating WO3 sensing layer, Sensor, Vol. 9, 
2009, pp. 2895-2906. 

[21]. V. S. Vaishnav, S. G. Patel, J. N. Panchal, 
Development of ITO thin film sensor for detection of 
benzene, Sensors & Actuators B, Vol. 206, 2015,  
pp. 381-388. 

 
___________________ 

 
 
 
 
 
 

2015 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 


