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Figure 5. SEM images of the crystalline structure of samples S0–S7: (a) SnO2 (S0); (b) SnO2/TiO2 bilayer 
structure 30 nm + 5 nm (S1); (c) SnO2/TiO2 bilayer structure 30 nm + 10 nm (S2); (d) SnO2/TiO2 bilayer 
structure 30 nm + 20 nm (S3); (e) SnO2/TiO2 multilayer 5% of TiO2 (S4); (f) SnO2/TiO2 multilayer 20% 
of TiO2 (S5); (g) SnO2/TiO2 multilayer 50% of TiO2 (S6); (h) TiO2 (S7). 

Sensor Performance Characteristics 

The sensors’ (S0–S7) performance characteristics were first investigated over a wide temperature 
range of 100–350 °C for exposures to 10 ppm of H2S in synthetic air (Figure 6). The optimized 
temperature conditions for H2S detection were found for each sensor S0–S6 (Table 3). The pure TiO2 
(S7) sample did not show any noticeable response to 10 ppm of H2S over the temperature range 100–
350 °C. The bilayer SnO2/TiO2 structure (S2) demonstrated a much higher response of  
1.88 × 103 to 10 ppm to H2S gas at lower temperature of 200 °C compared to pure SnO2 (S0) sensitivity 
of 1.31 × 102 at 225 °C. The highest sensor response to 10 ppm of H2S of 1.06 × 104 was observed for 
SnO2/TiO2 (S5) composite structure at an even lower temperature of 150 °C. It was demonstrated that 
SnO2/TiO2 multilayer material has superior sensitivity toward H2S at lower temperatures. The sensor 
performance characteristics of the SnO2 based sensor with 10% vol. of TiO2 (S5) was found to be more 
efficient compared to the other results from previous reports (Table 1). 

 
Figure 6. (a) Sensors resistance in air under different temperature conditions 100–350 °C; (b) resistance 
of the sensors in the presence of 10 ppm of H2S as a function of temperature; and (c) various responses 
of sensors toward 10 ppm of H2S over the temperature range. 

Table 3. Optimum operational parameters of sensors S0–S6 upon exposure to 10 ppm of H2S. 

Sample R Air (Ω) R Gas (Ω) R Air/R Gas Temperature (°C) 
S0 1.10 × 106 8.43 × 103 1.31 × 102 225 
S1 2.53 × 107 2.64 × 104 9.55 × 102 200 
S2 2.50 × 108 1.85 × 105 1.88 × 103 200 
S3 8.93 × 104 1.17 × 103 7.60 × 101 250 
S4 6.90 × 106 6.99 × 102 9.87 × 103 150 
S5 9.39 × 106 8.82 × 102 1.06 × 104 150 
S6 3.21 × 105 6.65 × 102 4.83 × 102 150 


