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(110), (101), (200) and (211) crystal faces of rutile structure of SnO2 [20]. The anatase structure of TiO2 
was identified by the major diffraction peak at 2θ = 25.43° [39]. The XRD analysis of the bilayer 
samples S1, S2 and S3 showed diffraction peaks similar to SnO2 crystal structure and additional peak 
at 2θ = 25.4° corresponding to (101) crystal faces of anatase structure of TiO2 was detected for samples 
S2 and S3. The XRD analysis of the composite SnO2/TiO2 structure (S4–S6) revealed three major peaks 
similar to SnO2 (S0). The position of the major diffraction peak of multilayer oxides shifts slightly 
from 2θ = 26.78° (S6) to 2θ = 26.87° (S5) and 2θ = 26.91° (S4) with decreasing % vol. of TiO2. In addition, 
the average crystal size of all the samples based on the major diffraction peak was calculated by using 
the Scherrer formula (Equation (1)): ܦ ൌ ߚߣܭ cosሺߠሻ  (1) 

where D is the average size of nanocrystals, λ is the X-ray wavelength (1.5056 nm), β is the line 
broadening at half the maximum peak intensity (FWHM), K = 0.9 is a dimensionless shape factor and 
θ is the major diffraction peak position. The average size of SnO2 (S0) nanocrystals after the annealing 
process was found to be d = 7.87 nm. The characteristic size of nanocrystals for a multilayer SnO2/TiO2 
structure was found to be smaller, compared to pure SnO2: d = 4.87 nm (S4),  
d = 4.54 nm (S5) and d = 4.09 nm (S6). The crystal size of the TiO2 (S7) was calculated to be 4.21 nm. 
The smaller grain size of the composite oxides (S4–S6) could be an advantage for gas sensing 
properties. During the XRD analysis, samples S4–S6 showed no specific peaks correlated to TiO2 
crystal structure. However, a noticeable asymmetry, as well as a slight shift in the major peak of the 
multilayer structure in Figure 4c, may be attributed to the overlap of TiO2 and SnO2 peaks, caused by 
the small TiO2 nanocrystals present in the layer. 

 
Figure 4. XRD spectroscopy of the (a) samples S0–S3 and S7; (b) samples S4–S6; and (c) zoom in on 
the major peaks of the samples S4–S6. 

The morphology of samples S0–S7 was also studied by SEM (Zeiss Supra 35), as shown in  
Figure 5. All the samples demonstrated rough and porous polycrystalline structure with short neck-
like interconnections between the grains. It can be seen that the porosity of the samples S0–S3 was 
gradually decreasing with the increasing content of TiO2. The SEM software analysis was used to 
determine the average grain size of the samples S0–S7. The grain size of the pure SnO2 (S0) and 
SnO2/TiO2 (S1–S3) bilayer structures from SEM analysis were found to be in a range of 10–15 nm. 

The SnO2/TiO2 (S4–S6) multilayer structure also showed a slight decrease in porosity with 
increasing of TiO2 content from 5% vol. to 20% vol. The grain size of the multilayer SnO2/TiO2 
structures (S4–S6) was in the range of 5–10 nm. It was found that sample S4 has more uniform grain 
size distribution and higher porosity in comparison to the rest of the samples. The combination of 
small grains with high porosity of samples S4, S5 and S6 creates favorable conditions for catalytic 
reactions thanks to the large surface area and high number of active sites. 


