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Abstract: 

SnO₂–TiO₂ composite materials were synthesized and investigated for their potential application in CO₂ gas 

sensing. The structural and electrical properties of the prepared composite were studied to evaluate its sensing 

characteristics. Incorporation of TiO₂ into SnO₂ modified the electrical conductivity and surface interaction 

with CO₂ molecules, influencing sensor response. The results demonstrate that the SnO₂–TiO₂ composite 

exhibits promising characteristics for developing sensitive, stable, and efficient CO₂ gas sensors. 

P4(40SnO₂:60TiO₂) sensor exhibited the highest sensitivity of approximately 1.33 at 2500 ppm CO₂. 
   

Keywords: SnO₂; TiO₂; SnO₂–TiO₂ composite; CO₂ gas sensor; Gas sensing; Electrical characterization; 

Sensitivity; Semiconductor metal oxide. 

  

I. Introduction: 

Carbon dioxide (CO2) is an important atmospheric gas whose increasing concentration has created significant 

concerns in environmental monitoring, industrial processes, indoor air-quality control, and safety applications. 

Reliable detection and continuous monitoring of CO2 therefore require sensing materials that provide adequate 

sensitivity, stability, rapid response, and simple operation. Conventional analytical techniques can provide 

accurate gas analysis but are often associated with high cost, complex instrumentation, and limited portability. 

Semiconductor metal oxide (SMO) gas sensors have consequently attracted considerable attention because of 

their low cost, compact structure, ease of fabrication, and suitability for continuous monitoring [1-2]. 

Tin oxide (SnO2) is an n-type semiconductor widely investigated for gas-sensing applications because of its 

high electrical conductivity, chemical stability, and sensitivity to surface reactions. However, the sensing 

performance of pristine SnO2 can be influenced by operating temperature, surface characteristics, humidity, and 

limited selectivity. Titanium dioxide (TiO2) is another chemically stable semiconductor with useful surface and 

catalytic properties. Combining TiO2 with SnO2 can modify the surface chemistry, electrical conductivity, 

defect concentration, and interfacial charge-transfer behavior of the sensing layer. Such interactions can 

influence adsorption [3-4] of CO2 molecules and consequently alter the electrical resistance of the sensor. In the 

present study, an SnO2–TiO2 composite was synthesized and its structural and electrical characteristics were 

investigated to assess its potential for CO2 gas sensing applications. 

 

 

 

II. Experimental   
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 A.  Synthesis of SnO2 Nanoparticles: 

GR-grade chemicals (99.99% purity) were obtained from SD Fine, India. SnO₂ nanopowder was synthesized 

using stannous chloride dihydrate (SnCl₂·2H₂O). About 2 g of the precursor was dissolved in 100 mL 

deionized water, followed by the addition of approximately 4 mL ammonia under continuous magnetic stirring. 

The mixture was stirred for 25 min and allowed to settle for 10–14 h to form a white precipitate. The precipitate 

was filtered and washed several times with deionized water. Activated carbon (0.27 g) was added, and the 

mixture was dried at 80 °C for 24 h, powdered, and calcined at 700 °C for 7 h [5]. 

 

B.  Synthesis TiO2 Nanoparticles:  

TiO₂ nanoparticles were synthesized through the sol–gel method using a suitable titanium precursor. The 

precursor was dissolved in an appropriate solvent under continuous magnetic stirring to obtain a homogeneous 

solution. A controlled amount of hydrolyzing agent was then added gradually with constant stirring, resulting in 

the formation of a stable sol. The sol was aged to promote gel formation and subsequently dried to remove the 

solvent. The obtained xerogel was ground into fine powder and calcined at an appropriate temperature to 

produce crystalline TiO₂ nanoparticles.  

 

C.  Preparation of thick films:   

The screen-printing technique [6] was employed to fabricate thick films of pristine SnO₂, TiO₂, and their 

composites with different compositions. A thixotropic printing paste was prepared by thoroughly mixing the 

calcined nanopowders with an organic vehicle containing ethyl cellulose as a temporary binder and suitable 

solvents, including butyl carbitol acetate and terpineol. The inorganic powder and organic vehicle were 

maintained in a 75:25 ratio. The prepared pastes were screen-printed onto thoroughly cleaned glass substrates to 

form uniform thick films [7].  

The printed layers were dried at 90–100 °C for 1 h to eliminate the organic constituents. Silver electrodes were 

subsequently applied to the film surface for electrical measurements and heated at 70 °C for 30 min to ensure 

proper drying and adhesion. The fabricated SnO₂–TiO₂ composite samples were then used for electrical and 

CO₂ gas-sensing investigations. 
 

Table 1:  Sensor codes 

Sr. No. Sensor codes Layers 

1.  P1 SnO2 

2.  P2 80SnO2: 20 TiO2 

3.  P3 60SnO2: 40 TiO2  

4.  P4 40SnO2: 60 TiO2 

5.  P5 20SnO2: 80 TiO2 

6.  P6 TiO2 

 

 

III. Results and Discussions:  

A.  XRD (X-ray Diffraction) Study:  

The XRD patterns [8-9] confirm the crystalline nature of SnO₂–TiO₂ composites, with characteristic reflections 

of tetragonal rutile SnO₂ and tetragonal anatase TiO₂. Pure SnO₂ exhibits prominent peaks near 26.6°, 33.9°, 

37.9°, and 51.8°, corresponding to the (110), (101), (200), and (211) planes. TiO₂ shows anatase reflections, 

particularly around 25.3°, 37.8°, 48.1°, and 53.9°. The composite patterns retain reflections from both phases, 

confirming their coexistence without major structural transformation. Increasing TiO₂ content enhances 

anatase-related reflections. This phase combination can modify surface defects, interfacial charge transfer, and 

adsorption sites, thereby influencing CO₂ adsorption and the electrical response of the gas sensor.  
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Fig. 1 : XRD pattern of SnO2+
 TiO2 composites 

 

Table 2: Average crystallite size of SnO2, TiO2 and their compositions 

Sensor  

Codes Chemical Composition 

of SnO2: TiO2 (mole %) 

Maximum 

Intensity 

Peak Position 

(2θ) degree 

FWHM 

(2θ) degree 

Average 

Crystallite 

Size (D) in 

nm 

P1 SnO2 26.60 0.93 14.7 

P2 80SnO2: 20 TiO2 26.60 0.92 11.0 

P3 60SnO2: 40 TiO2  26.62 0.74 9.90 

P4 40SnO2: 60 TiO2 25.35 0.56 8.78 

P5 20SnO2: 80 TiO2 25.32 0.94 9.76 

P6 TiO2 24.50 0.70 19.33 

The crystallite-size data show that incorporating TiO₂ into SnO₂ progressively reduces the average crystallite 

size, from 14.7 nm for pure SnO₂ (P1) to 8.78 nm for P4 (40SnO₂:60TiO₂). The smaller crystallite size of P4 

can be particularly beneficial for CO₂ gas sensing because it provides a higher surface-to-volume ratio and a 

greater number of surface-active sites for gas adsorption. The SnO₂–TiO₂ heterointerface can also promote 

interfacial charge transfer and enhance modulation of electrical resistance during CO₂ adsorption. Thus, the 

fine crystallite structure of P4 is expected to facilitate stronger surface interaction with CO₂ and contribute to 

improved sensing performance [10].  
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B.  SEM Study:  

 

Fig. 2: SEM Pictures of P1 to P6 sensors 

The SEM [11-12] micrographs reveal significant morphological changes with TiO₂ incorporation into SnO₂. 
Among the prepared composites, P4 (40SnO₂:60TiO₂) exhibits a highly porous and interconnected surface with 

numerous open pores and fine grains. This porous morphology provides a larger effective surface area and 

more active sites for CO₂ adsorption. Enhanced gas diffusion through the interconnected pores facilitates 

greater gas–surface interaction, improving charge modulation and potentially contributing to the enhanced CO₂ 
sensing response of P4.  The porosity, particle size and morphology are listed in table 3.  

 

Table 3:  Particle size and morphology of P series. 

Sample 

Code  

Composition 

(SnO₂:TiO2) 

Porosity Particle 

Size (nm) 

Morphology 

P1 SnO2 Very low                      60–100                   Low dense 

P2 80SnO2:20 TiO2 Low                      50–80                   Dense 

P3 60SnO2:40 TiO2  Moderate                 40–60                   Loosely  

P4 40SnO2:60 TiO2 Very High                20–40                   Open, sponge-like 

porous network 

P5 20SnO2:80 TiO2 High (slightly 

reduced) 

30–50                   Polymer-dominant, 

smoother with 

embedded particles 

P6 TiO2 Comparatively low                      70–110                   Slightly low dense 
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C.  Sensitivity measurement:  

Sensitivity [13-15] or response of the sensors is measured in terms of change in resistance [16-17] in the 

environment of CO2 gas with respect to the resistance of the sensor in air surrounding.  

Mathematically, sensitivity is expressed as: 

g a

a a

R  - R R
S  =  = 

R R

   
   
   

 

Where,  Rg = sensor resistance in presence of gas 

 Ra = sensor resistance in the environment of air.   

The fabricated sensors showed maximum variations in the resistance at room temperature i.e. 300 K, therefore, 

the sensivityvity was determined at room temperature.    

 

Fig. 3: Variation of sensitivity of P1 to P6 sensors at Room Temperature  

The sensitivity response (Fig. 3) of SnO₂–TiO₂ sensors varies significantly with CO₂ concentration. Pure SnO₂ 

(P1) shows a gradual increase in sensitivity, reaching about 0.65 at 2500 ppm, whereas TiO₂ (P6) exhibits the 

lowest response of approximately 0.50. The composite sensors demonstrate enhanced sensitivity [18-20], with 

P2, P3, P4, and P5 reaching nearly 0.81, 1.17, 1.33, and 1.03, respectively, at 2500 ppm. Among all 

compositions, P4 (40SnO₂:60TiO₂) exhibits the highest sensitivity. This improvement can be associated with 

its smaller crystallite size, increased surface-active sites, and SnO₂–TiO₂ interfacial interactions, which 

promote CO₂ adsorption and electrical resistance modulation [21-22]. 

 

IV. Conclusion: 

The SnO₂–TiO₂ composite sensors demonstrated improved CO₂ sensing performance compared with the 

individual SnO₂ and TiO₂ sensors. Among the investigated compositions, P4 (40SnO₂:60TiO₂) exhibited the 

highest sensitivity of approximately 1.33 at 2500 ppm CO₂. Its superior performance is associated with the 

smallest crystallite size (8.78 nm) and very high porosity with an open, sponge-like network and 20–40 nm 

particles. These features provide increased surface-active sites and facilitate CO₂ diffusion and adsorption. In 

addition, SnO₂–TiO₂ interfacial interactions promote charge transfer and resistance modulation, making P4 the 

most responsive composition in this study at room temperature.  
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