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Table 4. Response and recovery time of sensors S0–S6 to 10 ppm of H2S. 

Sample Number Response Time T90 (s) Recovery Time T90 (s) Concentration (ppm) Temperature (°C) 
S0 3.7 5.6 10 225 
S1 3.5 2.8 10 200 
S2 3.3 2.5 10 200 
S3 3.7 2.9 10 250 
S4 3.0 2.4 10 150 
S5 3.2 2.4 10 150 
S6 3.9 2.7 10 150 

Besides excellent sensitivity, quick response and recovery time (Table 4), hybrid sensors also 
demonstrate superior selectivity to hydrogen sulfide. In our experiments, hybrid sensors were 
capable of detecting hydrogen sulfide in complex gas mixtures, such as natural gas, which is not 
typical for metal oxide sensors. The illustration of cross-sensitivity studies on hybrid sensors is shown 
in the Figure 8. Figure 8a shows the response amplitudes of sensors S5 (multilayer structure) and S2 
(bilayer structure) to various gases at different concentrations. Figure 8b shows the response of sensor 
S5 to sub-ppm concentrations of H2S diluted in pure methane. We attribute this remarkable selectivity 
of hybrid layers to high catalytic activity of SnO2/TiO2 hybrid structures relative to H2S at relatively 
low temperatures. Maximum sensor response for bilayer and multilayer structures was achieved at 
200 °C and 150 °C respectively, which is substantially lower than the optimum activation temperature 
of pure tin dioxide sensor (300 °C). It is related to a lower activation temperature for oxidation of 
hybrid catalyst, compared to tin dioxide. 

 
Figure 8. Response amplitudes of sensors S5 (multilayer structure) and S2 (bilayer structure) to 
various gases (a); Response of sensor S5 to sub-ppm concentrations of H2S diluted in pure methane (b). 

Because of that, the energy of active sites on the surface is not enough to overcome the activation 
barrier of combustibles, ethanol and carbon dioxide, which provides a natural cut-off for all the 
catalytic reactions except for the H2S decomposition and oxidation. 

The major factor that determines chemical sensitivity of a metal oxide sensor is its catalytic 
activity toward the analyte of interest. Nanoscale titanium dioxide is a very reactive catalyst for the 
Clauss process and interacts with hydrogen sulfide more efficiently than tin dioxide. Multiple reports 
show that materials demonstrate the maximum of their catalytic activity in the nanoparticle form, 
which is related to maximization of the surface area and the number of active sites (reaction centers). 
In our experiments, both double layer and multilayer-type sensors demonstrated maximum 
sensitivity at a certain optimum volume percentage of titanium dioxide in the tin dioxide layer. The 
pure tin dioxide sensor demonstrates moderate sensitivity and no selectivity to hydrogen sulfide. 
Additionally, a long time of recovery after the exposure is evidence of a relatively low catalytic 
reaction rate. With an increase of titanium oxide content in the hybrid layer, sensitivity increases 
dramatically and recovery time drops to a few seconds. Sensors demonstrate the highest sensitivity 
and the fastest recovery at 10% vol. of titanium oxide. Further increase of titanium oxide content 
causes the decline of sensor performance, which is associated with agglomeration of titanium 
nanoparticles into larger grains and reduction of their catalytic activity. Substantial increase in 


