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Abstract: In this work we report the synthesis, microstructure, electric properties and sensing 
performance of (Sn0.2Ti0.8) O2 (ST) powder, were prepared by wet chemical method. Thick films were 
prepared by screen-printing technology. Structural and electrical analyses were performed and the 
results have been correlated. The pure ST film shows good response (S=12.6) to Cl2 at 350 0C for gas 
concentration 400 ppm and CuO-modified ST film improves the selectivity and sensitivity and 
maximum response (S=50.2) was found to H2S gas at 400 0C for same gas concentration. The 
characterization of the films was done by XRD, SEM and TGA. Crystallite size, surface area, Electric 
properties and gas sensitivity of the films were measured and presented. Copyright © 2012 IFSA. 
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1. Introduction 
 
The principle of operation of the most frequently used chemical sensors for hazardous gases such as 
CO, Cl2 and H2S involves a change in the surface resistance of the n-type metal oxide upon exposure 
to a specific gas. As far as the active element of the device is concerned, SnO2 has by far surpassed 
other metal oxides, mainly due to its high sensitivity to the reducing atmosphere [1–4]. However, 
generally recognized poor selectivity and low thermodynamic stability of SnO2 at elevated 
temperatures have given rise to the search for new active materials. The renewed interest in TiO2 as a 
sensing medium stems from its remarkable resistance to reduction [6]. Mixed oxide compounds, such 
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as isostructural solid solutions of SnO2–TiO2, seem to be promising candidates for gas detection [7]. 
Complex oxide systems may benefit from the combination of the best sensing properties of their pure 
components. Despite numerous studies [8, 9] of the crystallographic structure and thermodynamic 
properties of SnO2–TiO2, the present knowledge of the material parameters seems to be rather limited. 
 
Among the metal oxides, tin dioxide and titanium dioxide, due to their chemical and electrical 
properties, are particularly appealing both for basic research and for a wide variety of possible 
applications [10, 11]. Tin dioxide is the most common material in gas sensing, but it is widely used as 
transparent conductor and in heterogeneous catalysis; titanium dioxide is used as a photocatalyst, in 
solar cells, as an optical coating, in gas sensing, etc. Tin dioxide and titanium dioxide are both wide-
gap semiconductors, showing several similarities in structural as well as in electronic properties. 
However, they exhibit also some peculiar differences, such as electrical conductivity and gas sensing 
behavior. The gas sensing mechanism in all polycrystalline n-type semiconductors is generally 
ascribed to the Schottky barrier formation at gas-semiconductor interface, leading to a negative surface 
charge accumulation, typically O− ions. The variation of the height of the intergranular barrier is the 
result of surface chemical reactions with environmental gases leading to electrical conductance 
modifications. The two materials differ in gas sensing behavior, being TiO2 much less reactive versus 
reducing agents than SnO2; however the mechanism of sensing seems to be common. The operation 
temperature of the two materials is very similar, in the range of 400–600 0C, which are typical of 
surface interaction mechanism, and not bulk one. Usually, mixed metal oxides and solid solutions have 
been considered for the superior performances shown in comparison to the single oxides [12-16]. In 
this context, we attempted to join advantages of the better characteristics of both materials: high gas 
sensitivity for SnO2 and lower influence by humidity for TiO2, and to overcome their disadvantages: 
poor selectivity for SnO2 and high resistivity and the polymorphic transition with temperature 
accompanied by exaggerated grain growth for TiO2 [17]. 
 
The goal of this paper is the synthesis of (SnxTi 1-x)O2 (ST) materials for x=0.2. More specifically, we 
aim at better information on: (i) the effectiveness of wet chemical method for preparing powders with 
controlled stoichiometry, x= 0.2 (ii) electronic properties and their changes in contact with reducing 
gases. Scanning Electron microscopy (SEM), X-ray diffraction (XRD) and specific surface area 
measurements were adopted to analyze the morphology, the crystalline structure and the mean grain 
radius. Finally, electrical measurements (electrical properties and gas sensing properties) have been 
performed. 
 
 
2. Experimental 
 
2.1. Powder Preparation 
 
(SnxTi1-x)O2 (x=0.2) solid-solution was obtained via wet chemical method starting from the 
stoichiometric solution of Pure (99.9 %) AR grade SnCl2 · 2H2O and TiCl3. (Sn0.2Ti0.8)O2 solution 
([Sn]:[Ti]=1:4) was synthesized by adding drop by drop TiCl3 into solution of SnCl2 mixed with water. 
For stoichiometry, the whole process was carried out by maintaining the solution under soft stirring at 
the temperature of 50 0C. The resulting colloids were sintered at 1000 0C for 10 h. Then this powder 
ground in an agate pastle–mortor to ensure sufficiently fine particle size [18, 19]. 
 
 
2.2. Paste and Thick Film Preparation 
 
The thixotropic paste was formulated by mixing the resulting ST fine powder with a temporary binder 
as a mixture of organic solvents. The ratio of the inorganic to organic part was kept at 75:25 in 
formulating the paste. 
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The thixotropic paste was then used to prepare thick films. The paste was screening printed [20-22] on 
a glass substrate in a desired pattern (1.5 cm x 0.5 cm). The films were fired at 550 0C for 30 min. in 
air atmosphere to remove the residual. 
 
 
2.3. Gas Sensing System 
 
The sensing performance of the sensors was examined using a ‘static gas sensing system’ [23]. A D.C. 
constant voltage was applied across the film using two electrodes and current was measured by using 
digital picoammeter. To heat the sample up to required operating temperatures the heater was fixed on 
the base plate. A thermocouple was connected to a digital temperature indicator. A gas inlet valve was 
fitted at one of the ports of the base plate. The required gas concentration inside the static system was 
achieved by injecting a known volume of test gas using a gas-injecting syringe. Air was allowed to 
pass into the glass dome after every gas exposure cycle. 
 
 
3. Materials Characterization 
 
3.1. X-ray Diffractogram 
 
Fig. 1 depicts an XRD pattern of ST powder. X-ray diffraction analysis of this powder was carried out 
in the 20-80 deg (2θ) range using Cu-Kα (with λ= 1.54Å, 40 kV, 30 mA) radiation. The observed 
peaks match well with the reported ASTM data confirming the polycrystalline tetragonal pervoskite 
phases. The higher peak intensities of an XRD pattern are due to the better crystallinity. We can 
observe that the sample included rutile TiO2 phase and casseterrite SnO2 phase. Smaller intensity of 
SnO2 peaks due to less percentage of it in (Sn, Ti) O2 powder. 
 
 

 
 

Fig. 1. XRD pattern of pure ST powder; (1 1 0), (1 0 1) and (2 1 1) Bragg reflections are compared  
with the positions of the same peaks related to pure SnO2 (solid line) and pure TiO2 (dashed line). 

 
 
3.2. Calculation of Structural Parameters of the ST Films 
 
The Detailed knowledge of crystallite size and shape in a finely divided powder often helps to 
correlate many physical properties of a system undergoing transformation in a solid state reaction. The 
average crystallite size was determined based on XRD peak broadening using the Scherrer equation 
[24-26]. 
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where D is average crystallite size,   is the broadening of the diffraction line measured at half 
maximum intensity (FWHM), λ is wavelength of the x- ray radiation and θ is the Bragg angle. 
 
The specific surface area of ST thick films was calculated using BET method by using the following 
equation [27]: 
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where d is the diameter of the particles, ρ is the density of the particles. 
 
 
3.3. Microstructure SEM 
 
Fig. 2 depicts the SEM images of (a) pure ST film, (b) CuO-modified ST film (10 min) and (c) most 
sensitive CuO-modified ST film (20 min). The modified film consists of voids and a wide range of 
particles with particle sizes ranging from 150 to 250 nm distributed non-uniformly. The CuO-modified 
film (with dipping time of 20 min) consists of uniform smaller particles associated with larger ones. 
These particles could be attributed to CuO particles. CuO grains may reside in the intergranular 
regions of ST. Thus effective surface area was expected to be increased explosively. 
 
 

  
 

(a) 
 

 
(b) 

 
 

(c) 
 

Fig. 2. SEM images of (a) Pure ST, (b) CuO-modified (10 min), and (c) CuO-modified (20 min). 
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3.4. Elemental Analysis 
 
The elemental composition, of Sn, Ti, O associated in the sensor element, was carried out using EDS 
(EOL, JED-2300, Germany) is represented in Table 1. Modified ST films are observed to be more 
oxygen deficient than the pure ST film. This oxygen deficient would promote the adsorption of 
relatively large amount of oxygen species favorable for higher gas response. From elemental analysis 
(Table 1) of ST films, Cuo-modified ST film for 20 min. was observed to be more oxygen deficient. 
 
 

Table 1. Elemental analysis of unmodified and CuO-modified ST films. 
 

Dipping time (min) 
Element (wt %) 

0 10 20 30 
Sn 14.56 18.74 17.06 12.57 
Ti 50.07 55.99 58.55 60.57 
Cu 0.00 0.19 0.82 1.61 
O 35.37 25.08 23.57 25.25 

 
 
3.5. Structural Parameters and their Analysis 
 
Table 2 shows the crystallite size, particle size and specific surface area of the samples. The grain size 
is calculated using the Scherrer formula (eq. 1) and XRD data of the calcinated powders. The average 
particle size was estimated from the SEM images of ST samples and specific surface area from eq.(2). 
The structural characteristics are summarized in Table 2. One can see that the modified ST film  
(20 min.) is characterized by the small grain size (24.16 nm) and large active surface area (14.63 m2/g). 

 
 

Table 2. Structural characteristics of Sn0.2Ti0.8O2 (ST) thick films. 
 

Sample 
Crystallite(Grain) Size, 

D nm ( XRD) 
Particle Size, 
d nm (SEM) 

Specific Surface 
Area in m2/g 

Pure 33.11 500 5.85 
Mod (20 min) 24.16 200 14.63 

 
 
3.6. Thermal Stability of Pure and Cupricated ST Sample 
 
Thermogravimetric analysis (TGA) of samples was carried out using Mettler Toledo Star System - 851 
under same condition in static air. The Fig. 3 shows the TGA profiles of pure and cupricated ST films. 
 
It can be concluded from the figure that the cupricated ST was more stable than pure ST. The weight 
loss in pure is more than cupricated sample for the temperature range 100 0C to 400 0C and there was a 
continuous gain in weight of the cupricated sample after 400 0C, while the weight of pure sample 
decreased up to 750 0C .The increase in weight of the surface cupricated sample (as compared to pure 
ST sample) can be attributed to the adsorbed oxygen content. The copper oxide on the surface 
cupricated sample would form misfit regions between the grains of ST and could act as efficient 
catalysts for oxygenation. 
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Fig. 3. TGA of pure ST and cupricated ST. 
 
 
3.7. Thickness Measurement 
 
The thickness of the thick films was measured by using the Taylor-Hobson (Talystep, UK) system. 
The thicknesses of the films were observed in the range from 75 to 85 m. The reproducibility of the 
film thickness was achieved by maintaining the proper rheology and thixotropy of the paste. 
 
 
3.8. Thermoelectric Power Measurements 
 
Semiconductivity of all ST samples was confirmed by measuring thermolectromotive force of the ST 
thick film samples. It was observed to be all samples was n-type material. 
 
 
4. Electrical Properties 
 
4.1. Electrical Conductivity 
 
Fig. 4 represents the variation of conductivity with temperature of ST thick film. The conductivity of 
these films goes on increasing with increase in temperature, indicating negative temperature coefficient 
(NTC) of resistance. This shows the semiconducting nature of the films. 
 
 

 
 

Fig. 4. Variation of Log of conductivity with 1000/ T 0k in air of pure and cupricated ST thick films. 
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4.2. Electrical Properties 
 
Fig. 5 shows the I-V characteristics of ST thick films for different Sn and Ti molar concentration in air 
atmosphere. The linearity in the graphs indicates the ohmic nature of the silver contact. 
 
 

 
 

Fig. 5. I-V Characteristics of pure and cupricated ST (x=0.2) thick films. 
 
 
5. Sensing Performance 
 
5.1. Sensing Characteristics 
 
The response (S) to the gas is defined as: 
 

S =∆R/ Ra = (Ra − Rg) / Ra, 
 
where Ra is the ST sensor resistance in air and Rg is the resistance in the test gas at a given temperature 
[28]. 
 
The ability of a sensor to respond to certain gas in the presence of other gases is known as selectivity. 
 
The time taken for the sensor to attain 90 % of the maximum change in resistance on exposure to the 
test gas is the response time. The time taken by the sensor to get back 90 % of the original resistance is 
the recovery time. 
 
 
5.2. Gas Sensing Performance of Pure and CuO-Modified ST Thick Films 
 
Fig. 6 illustrates the sensitivity variation ST sample as a function of operating temperature. Sensitivity 
measurements were performed at temperatures higher than 100 0C. At lower temperatures the electrical 
response to the test gases was low because elevated temperatures are required to change the oxidation 
state and conductance of ST sample. 
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(a) 

 
(b) 

 
Fig. 6. Variation of gas response as a function of operating temperature for different gases  

of (a) pure ST film, and (b) CuO-modified ST film (20 min.) 
 
 
Some features can be drawn from these figures: 
1) Each of the curves shows a maximum of the sensitivity corresponding to an optimum operating 

temperature of the sensor element. Pure and modified ST films, the sensitivity maximum appears at 
350 0C and 400 0C respectively. Therefore, the sensors have need of thermal excitation to response 
to the investigated gases. 

2) There are large differences in the sensitivity values to various gases of the pure and modified 
samples. Pure ST film shows a good response to Cl2 and CuO- modified ST film shows response to  
H2S (Fig. 6). Fig. 6 (a) and (b) shows the variation of gas response of pure ST and CuO modified 
films (fired at 550 0C) to various gases with operating temperature. The pure ST film shows good 
response (S=12.6) to Cl2 at 350 0C for gas concentration 400 ppm and CuO-modified ST film 
improves the selectivity and sensitivity and maximum response (S=50.2) was found to H2S gas at 
400 0C for same gas concentration. It is clear from the data of elemental analysis that the modified 
films are observed to be more oxygen deficient and also more specific surface area (14.63 m2/g) of 
ST film (dipped 20 min). This oxygen deficient and more surface area would promote the 
adsorption of relatively large amount of oxygen species favorable for higher gas response. 

 
 
5.3. Variation of Sensitivity with Dipping Time 
 
Fig. 7 depicts the variation of gas response with dipping time. The film dipped for 20 min showed 
highest gas response (50.2). The highest gas response could be attributed to the optimum wt% of CuO 
(0.82 wt %) and its uniform dispersion on the surface of the ST film. The number of oxygen ions 
adsorbed on this film would have been largest as compared to other CuO-modified films. The larger 
the number of oxygen ions adsorbed the faster and quicker would be the oxidization of H2S gas. This 
would increase the conductance of the film drastically, giving higher response. 
 
 
5.4. Selectivity of Cupricated ST Film to Various Gases 
 
The ability of a sensor to respond to a certain gas in the presence of other gases is known as selectivity. 
Fig. 8 shows the bar diagram indicating the selectivity of the pure and cupricated ST films. It is found 
that the cupricated sensor was highly selective to H2S gas against NH3, CO, H2, Cl2, LPG, CO2 and 
ethanol gases. Selectivity of film would be improved due to surface modification. 
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Fig. 7. Variation in gas response to H2S with dipping time. 
 
 

 
 

Fig. 8. Selectivity of pure and modified ST film for different gases. 
 
 

6. Discussion 
 
The gas sensing mechanism belongs to the surface controlled type [20] which is based on the change 
of the electrical conductance of the semiconducting material upon exposure to different gases. The gas 
sensitivity is a function of grain size, surface state and oxygen adsorption. The surface cubricateded 
films can be looked upon as the small particles of copper oxide distributed along the grain boundaries 
of ST. 

 
The H2S gas is reducing in nature. On exposure of H2S gas on the cupricated STfilm, the sensor 
resistance decreases suddenly giving higher sensitivity. It can reduce CuO into CuS which are metallic 
in nature and is more conducting. This can be represented as: 
 
 CuO + H2S         CuS + H2O (1)
 
Upon subsequent exposure of sensor to air ambient at elevated temperature, sulphides got oxidized and 
could be recovered back to oxides as 
 
 2CuS+ 4O2   2CuO + 2SO3 (2)
 
When oxygen is adsorbed on the surface of ST, abstracting electrons, and thus an increase in potential 
barrier at the grain boundaries. When reducing gas such as H2S is adsorbed between the grains of ST, 
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the potential barrier decreases as a result of oxidative conversion of the H2S gas. H2S reacts with 
adsorbed oxygen ions as: 
 
 H2S + 3O-             H2O + SO2 + 3e- (3)
 
With this reaction, many electrons could release to thick film surface. This could make the Schottky 
surface barrier decrease; with the depletion layer thinner; consequently, the electrical conductance of 
the thin film increases. More gas would be adsorbed by the thin film surface; consequently, the gas 
sensitivity was enhanced. Increase in operating temperature causes oxidation of large number of H2S 
molecules, thus producing very large number of electrons. Therefore, conductivity increases to a large 
extent. This is the reason why the gas sensitivity increases with operating temperature. However, the 
sensitivity decreases at higher operating temperature, as the oxygen adsorbates are desorbed from the 
surface of the sensor [29]. Also, at higher temperature, the carrier concentration increases due to 
intrinsic thermal excitation and the Debye length decreases. This may be one of the reasons for 
decreased gas sensitivity at higher temperature. 
 
 
7. Summary and Conclusions 
 
1. The sensing mechanism of the ST was the “surface-controlled gas-sensing mechanism-(adsorption - 

desorption of oxygen)”. 
2. (SnxTi1-x )O2 (ST) for x=0.2 were prepared by wet chemical method. 
3. Pure ST film has a good response to Cl2 gas and CuO-modified ST film has a good response to H2S 

gas at optimum working temperature of 350 0C and 400 0C respectively. 
4. Modified film was selective and sensitive to H2S can be the film having maximum active surface 

area and smallest grain size compared to pure film. 
5. The pure ST film shows good response (S=12.6) to Cl2 at 350 0C for gas concentration 400 ppm and 

CuO-modified ST film improves the selectivity and sensitivity and maximum response (S=50.2) 
was found to H2S gas at 400 0C for same gas concentration. It is clear from the data of elemental 
analysis that the modified ST film is observed to be more oxygen deficient, smaller grain size and 
more specific surface area (14.63 m2/g). This film could be more selective and sensitive to H2S. 
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