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titanium oxide content, overcoming its percolation threshold and formation of a continuous titanium 
dioxide matrix creates an extremely inert film with no catalytic properties and extremely poor 
electrical conductivity. 

The enhanced sensitivity of a hybrid layer can be better understood considering charge transfer 
between the grains. The effects of molecular interactions at the surface of metal oxides, and the 
corresponding changes in their electrical transport properties, has been broadly discussed in 
literature. A generalized model of sensing is shown in Figure 9. At high temperatures (150 °C–500 °C), 
intrinsic n-type SnO2, once exposed to the ambient air, dissociates and ionizes atmospheric oxygen. 
The process involves adsorption of O2 molecules, which then trap electrons from the near-surface 
region of the semiconductor:   22 OeO  or   OeO 222 . The response to hydrogen sulfide 

arises from its oxidation and the corresponding stripping of O− from the surface of SnO2. This, in turn, 
releases “trapped” electrons back into the bulk. These “released” electrons reduce the width of the 
depletion layer, concomitant with a reduction in surface band bending, causing an increase in 
conductance of the SnO2. Consistent with the n-type properties of SnO2, the Claus process results in 
peaks in conductance, which corresponds to electron charge transfer back into  
the bulk. 

 
Figure 9. Electronic grain structure of a single-oxide SnO2 layer in ambient atmosphere (a) and upon 
exposure to hydrogen sulfide (b). 

The two components of the SnO2/TiO2 hybrid layer are both n-type semiconductors, but they 
differ significantly in their work function and electron affinity. The work function and electron 
affinity of TiO2 are both around 4.2 eV while the work function of SnO2 is around 4.4 eV and its 
electron affinity is about 0.5 eV larger than that of TiO2. The Fermi energy level of TiO2 is higher than 
that of SnO2 because of its smaller work function so electron transfer occurs from the conduction band 
of TiO2 to the conduction band of SnO2. TiO2 and SnO2, when crystallized under rutile structure, show 
very close lattice parameters, favoring the coupling and the heterostructure growth. The formation 
of the heterojunction and migration of free electrons from the TiO2 side to the SnO2 side leads to a 
discontinuity in the conduction band and formation of the energy barrier at the interface [40]. 

The effects of charge transfer on chemical sensitivity of a hybrid SnO2/TiO2 layer are shown in 
Figure 10. In the steady state condition, the formation of an electron-enriched zone at the tin dioxide 
side of the interface enhances oxygen adsorption in this region [18,41]. Additionally, it leads to a more 
substantial depletion of titanium dioxide grains and formation of contact potential at the SnO2/TiO2 
boundary. This way the multilayer grain structure of SnO2/TiO2 layer amplifies trapping of free 
electrons at the surface, makes the composite layer depletion more extensive and leads to a larger 
reduction in conductance due to oxygen adsorption, compared to a single-oxide SnO2 layer. From 
our experiments, changes in resistance upon exposure to hydrogen sulfide are much higher for a 
multilayer heterogeneous system, compared to a single-oxide homogeneous system. This is because 
in a heterogeneous system more oxygen is available for catalytic surface reactions and more free 


