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Abstract 
 
The role of semiconductor in different electronic devices has been accepted 

by scientist group due to extraordinary properties of semiconductor. 

Chemical and gas sensing behaviour is one of the most important application 

of semiconductor based optoelectronic devices. The synthesis of ZnO, TiO2 

and SnO2 have been done for potential candidate as chemical and gas sensor. 

It has been observed that SnO2 based chemical sensor have better 

performance due to characteristic properties of SnO2. In the present study 

synthesis properties of SnO2 have been explored for gas and chemical sensor. 

The sensing performance of semiconductor can be improved by tuning the 

chemical composition, surface property, morphology of sensing layer, 

temperature and humidity. In this work attention has been given to the factors 

which play important factor to improve the sensing nature of device. The 

literature survey summarised in the table indicate the importance of dopant 

ion, synthesis method and morphology for enhanced efficiency of sensors.  

 

Keywords: SnO2, Chemical sensor, Gas sensor, Synthesis of SnO2, doped 

SnO2 

 

1 Introduction 
 

The semiconductor oxides in different morphology have been explored 

in last few decades for its potential application in solar cell, light detector, 

photocatalyst, memory devices, electronic devices and sensors [1], [2].  
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Among all gas sensors and chemical sensors based on semiconductor and 

doped semiconductor have been studied by different research group. A rich 

history of metal oxide-based gas sensors is available. Some metal oxide-

based report has been summarised in table 1. Mostly the oxide‟s exhibit large 

number of free electron and considered as wide band gap semiconductor 

material. The electronic properties of such materials can be tuned with the 

suitable dopant ions. The doping provides the possibility of tuning the 

concentration of charge carries which leads toward desired electronic 

behaviour. The conductivity change is a major factor for sensing nature of 

different gases. In addition to this, measurement of work function, mass, 

capacitance, optical property and interaction energy is suitable way to detect 

the sensing nature of materials [3], [4].    

 The literature revels the fact that, various oxide material is potential 

candidate for different types of gas and chemical sensor [5], [6]. Among all 

these transition metal oxides are most important because of their ability to 

have different electronic property due to partially filled d orbital. The outer 

valence shell of d orbital may have 0 to 10 electrons depending on individual 

transition element and their valency.  The d
0
 and d

10
 electronic configuration 

was found most suitable for gas sensing application. TiO2, V2O3 and WO3 

have d
0 

configuration while ZnO and SnO2 have d
10

 configuration.  In this 

study the SnO2 and doped SnO2 properties have been explored for sensing 

behaviour. There of number of applications of Tin oxide due to special 

optical, magnetic and electronic properties. The fig.1 indicates important 

applications of SnO2 nanostructured [7], [8].  

 
Figure 1 Applications of SnO2 Nanostructure in Different Area 
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The optoelectronic applications are due to optical absorption and 

emission property of SnO2 with availability of tuning band gap with the help 

of suitable dopant. The antibacterial, sensing and detection behaviour 

depends on various factors. 
 

Table 1 Some Metal Oxide 

 

S. No.  

Name of oxide 
Name of gas sensors 

1.  Cr2O3 Ammonia sensor 

2.  Mn2O3 Ethanol sensor 

3.  Co3O4 Acetone sensor 

4.  NiO NO2 gas sensor 

5.  SrO modified SnO2 N2O in air sensor 

6.  In2O3 Ethanol sensor 

7.  WO3 CO sensor 

8.  TiO2 CO and H2 sensor 

9.  V2O3-CuO2 Trimethylamine sensor 

10.  Fe2O3-ZnO NH3 gas sensor 

11.  Nb2O5 H2 gas  

12.  MoO3 NO, NO2 and CH4 sensor 

13.  Ta2O5 on polyaniline Liquid petroleum gas 

14.  La2O3 CO2 gas sensor 

15.  CeO2 NH3 gas sensor 

16.  Nd2O3 CO and ethanol gas 

sensor 

17.  Dy doped Al2O3 Hydrocarbon gas sensor 

18.  ZnO Alcohol sensor 

19.  MgO Vinyl acetate sensor 

20.  SnO2 Ethanol gas sensor 
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2 Structure and Properties of Tin Oxide (SnO2) 
 

Tin oxide/stannic oxide have chemical formula SnO2 and considered as 

wide band gap n-type semiconductor. It has rutile and tetragonal type of 

crystal structure with space group P42/mnm.  Some of the physical properties 

are, melting point: 1630
0
C, refractive index: 2.006, insoluble in water and 

odourless material [9], [10]. The crystal structure of material have lattice 

parameters, a=4.737Å , c=3.185Å and all angles are equal to 90
0
. The 

coordination geometry of Sn
4+

 and O
2-

 are octahedral and trigonal planer 

respectively. The basic crystal structure consists of 2 Sn surrounded by 6 

oxygen atom and 4 oxygen surrounded by 3 Sn atoms. The SnO2 exhibit 

unique properties such as wide band gap, deep conduction and valence band, 

high transparency, high mobility, excellent stability at harsh environment and 

feasibility of low temperature synthesis [11], [12]. The SnO2 can be easily 

synthesis in different nanostructure with specific synthesis routes. The 

synthesis methods used for SnO2 nanostructure has been summarised in table 

2.   
Table 2 List of Synthesis Method used in SnO2 Fabrication 

 

S. No. Composition Name of sensor 

1.  PbO doped SnO2 Methanol sensor 

2.  Sb doped SnO2 nanowire Ethanol sensor 

3.  Fe doped SnO2 nanomaterial Hydrogen sulphide 

sensor 

4.  LaOCl doped SnO2 nanofiber Carbon dioxide sensor 

5.  Pd doped SnO2 Liquified petroleum gas 

sensor 

6.  Ni and Zn doped SnO2 Carbon monoxide sensor 

7.  Co doped SnO2 thin film Hydrogen sensor 

8.  Li doped SnO2 thin film Oxygen sensor 

9.  Pt and SnO2 doped SnO2 Ammonia sensor 

10.  Ru doped SnO2 nanowire Nitric oxide sensor 

 

The above table show that various SnO2 morphology can be 

functionalised with the help of suitable synthesis route. The preparation of 

nanoparticles was mostly done with the help of sol gel and co precipitation 

method.  
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3 Synthesis of Tin Oxide  
 

In this section, the most common coprecipitation method for SnO2 

nanoparticles have been elaborated [13], [14]. In a typical synthesis process, 

the homogeneous solution of stannic chloride hydrated, PVP and sodium 

hydroxide should be prepared separately. The solution can be prepared by 

magnetic sitter under constant stirring around 1200 rpm at 80
0
C. The 

following flow chart indicates the typical synthesis of SnO2 by 

coprecipitation method. Figure 2 shows  Flow chart for synthesis of SnO2 by 

co-precipitation method 

 

 
 

Figure 2 Flow chart for synthesis of SnO2 by co-precipitation method 

 
3.1 Tin Oxide-Based Sensors: Sensing Mechanism 
 

The study of tin oxide-based sensors clearly indicated the role of SnO2 in 

gas and chemical sensors [15], [16]. The sensing mechanism have been 

explored by different group and it is quite controversial because of 

dependency on various factors. The change in the conductivity gives the best 

way to measure the gas sensing response of such sensors, which depends on 

trapping of electron at adsorb molecule. The band bending arises because of 

this  
 

 

•Preparation of Stannic chloride hydrate, NaOH and PVP solution 
in distilled water 

• After 1 hour PVP were added in Stannic chloride  with continuous 
stirring  

•After that homogeneous solution of NaOH was added drop wise  

•Then Precipitation phenomenon starts 

•filter the solution using Whatman-40 filter paper 

•washed the esidue several times by mild distilled water and 
ethanol 

•Dried in a hot air oven at 800C for 2 hours 

•Crushed using pestle and mortar and then calcined at 3000C  
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phenomenon. The trapping of negative charge due to oxygen related defects 

creates the increase in the band bending.  The basic mechanism is governed 

by presence of oxygen ions on the surface of the atoms. In the first step the 

oxygen adsorbed on the surface of metal oxides and then it attracts the 

electron from the conduction band and trapped these electrons on the surface 

of the molecules. Such trapping of electrons on the surface creates the 

surface charge layer. The band bending can be control by tuning the 

thickness of surface charge layer. In case of n type semiconductor, when 

thickness of depletion region is less than grain size of prepared sample, the 

sensing behaviour depend on reaction of O
-
 ions with sensing gas. When the 

gas exposer takes place on the surface, CO is oxidized by O
-
 and number of 

electrons in the system increases. The surface oxygen concentration, space 

charge layer thickness can be tuned by control over oxidation process. 

Finally, the change in the conductivity indicate the sensing behaviour of 

prepared sample. The sensing mechanism described here is based on report 

of C. 

 
3.2 Types of Sensors Based on Tin Oxide 
  

The are several gases are chemical which can be detected with help of 

SnO2 based sensors. The tin oxides-based sensors have important 

applications in air quality monitoring, sensing of harmful gases in the mines, 

LPG sensor for safety of house, sensing of gases coming out from exhaust 

and breathe analyzer. Some most important gas and chemical sensors are 

shown in figure 3. The sensing mechanism can be improved by tuning the 

concentration of dopant ions, defects and surface property of samples. The 

transition metal and rare earth elements are most preferred materials for this 

purpose.  
Table 3 pure and doped SnO2 for different gas and chemical sensors 

 

S. 

No. 

Composition Name of sensor 

1.  PbO doped SnO2 Methanol sensor 

2.  Sb doped SnO2 nanowire Ethanol sensor 

3.  Fe doped SnO2 nanomaterial Hydrogen sulphide sensor 

4.  LaOCl doped SnO2 nanofiber Carbon dioxide sensor 

5.  Pd doped SnO2 Liquified petroleum gas sensor 

6.  Ni and Zn doped SnO2 Carbon monoxide sensor 

7.  Co doped SnO2 thin film Hydrogen sensor 

8.  Li doped SnO2 thin film Oxygen sensor 

9.  Pt and SnO2 doped SnO2 Ammonia sensor 

10.  Ru doped SnO2 nanowire Nitric oxide sensor 
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Synthesis of tin oxide in low dimensional state has also be done for gas 

and chemical sensor. It was observed that one dimensional nanostructure 

such as nanorod and nanowire have better response for gas and chemical 

sensing nature. The literature suggests that variation of particle size, lattice 

strain, stress, defects concentration also play an important role to improve the 

sensing mechanism of tin oxide-based sensors. The sensitivity toward gas 

increases with reduction in particle size. The humidity sensors can also be 

fabricated by oxides materials. The basic mechanism of humidity sensors 

based on conduction of H+ and H3O
+
 after dissociation of OH

-
 ions. The 

adsorption of water molecule doesn‟t directly increase the number of 

electrons in the system. The following table indicated the pure and doped 

SnO2 based gas chemical sensors reported by different research groups.  
 

             

 
 

Figure 3 Tin oxides-based sensors 
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4 Conclusion 
 

This works is about sensing application of tin oxide.  The study reveals 

the fact tin oxide is suitable for sensing the small concentration oxidising and 

reducing gases by preparation of different nanostructure. The structural 

property must be checked before electrical characterisation for sensing 

mechanism. The table explained different metal oxide which have been used 

by different research group for sensing purpose. Crystal structure and special 

properties of SnO2 have been described. The effect of different synthesis 

rout has been tabulated in table 2. Fig1 indicates the general applications, 

while fig 3 indicate specific sensing applications of tin oxide nanostructure.  

The synthesis of tin oxide by sol gel has been elaborated with the help of 

suitable flow chart. The most important sensing mechanism has been 

described briefly, which is applicable for all types of sensors based of tin 

oxide. Table 3 confirm role of doped tin oxide for different gas and chemical 

sensors. The study will be useful for novice researcher to explore the sensing 

application of tin oxide.  
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