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The content of TiO2 in the hybrid structure was found to be a crucial parameter that determines 
sensor performance. Both types of hybrid oxide structures (bilayer and multilayer) demonstrated 
decline in sensitivity for high contents of TiO2 in the layer. A thick (20 nm) compact layer of TiO2 
deposited over the SnO2 layer (S3) affected the layer porosity and caused a decrease in sensor 
response due to the lack of SnO2 surface exposure to ambient air even at a higher temperature (300 °C). 
The bilayer structure of SnO2 with 20 nm of TiO2 coating demonstrated very low resistance over the 
temperature range 100–350 °C, compared to the other bilayer samples with thinner TiO2 coating. 
Increasing content of TiO2 within the multilayer structure (S6) from 10% to 20% decreased the 
sensitivity of the sensor. The sensor S6 with 20% vol. of TiO2 demonstrated low resistance over the 
temperature range 100–350 °C and lower sensitivity compared to the other complex oxides with 
lower TiO2 concentration. 

Sensors S2 (bilayer) and S5 (multilayer) demonstrated the highest sensitivity to H2S in their 
groups due to the optimized content of TiO2. The bilayer sensor (S2) demonstrated the highest 
resistance in ambient air among all the sensors (S0–S6), which is an indication of the maximum 
depletion of carriers in the catalytic layer.  

The superior response of the multilayer oxide sensors (S4 and S5) compared to the rest of the 
sensors, was attributed to the optimal content of TiO2 uniformly distributed through the volume of 
the catalytic layers affecting the morphological, electrical and catalytic properties of the sensor. 
Multilayer structures demonstrated smaller average crystal size after the annealing, higher porosity 
for 5 and 10% vol. of TiO2 and the highest surface roughness across all the sensors. 

Based on our studies over a wide temperature range, the pure unmodified SnO2 sensor 
demonstrated relatively poor H2S detection capabilities, compared to hybrid (multilayer or bilayer) 
SnO2/TiO2 structures. Also, multilayer structures respond better to hydrogen sulfide exposures, than 
bilayer structures. We relate this phenomenon to the balance between the catalytic activity of the 
layer and conversion of this catalytic activity into a measurable signal through the charge transfer. 
The catalytic activity is determined by the surface area of the interactive layer, grain size and structure 
and by the number of reaction centers (active sites) in the individual grains. The charge transfer that 
converts catalytic activity into a measurable signal is determined by the oxygen-induced depletion 
region underneath the oxide surface and by the multiple heterojunctions between the grains. When 
these factors are balanced, they amplify each other, which was observed in the multilayer oxide 
structures. In the bilayer structure, the surface depletion was remarkable (even higher than in the 
multilayer oxides), but the catalytic activity suffered because of the uncontrolled growth of TiO2 
grains and their agglomeration, which substantially reduced their catalytic activity. 

Response and recovery times were found from the sensor response to 10 ppm of H2S under 
optimal temperature conditions for each sensor (Table 4). Sensors S2 and S5 demonstrated shortest 
time for the sensor’s response resistance to reach 90% of its steady state value (Figure 7). 

 
Figure 7. Sensor response of S5 multilayer structure (a) and S2 bilayer structure (b) to different 
concentrations of H2S (from 2 ppm to 20 ppm). Calibration curves Response vs. Concentration for 
sensors S0–S6 (c). 

  


