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Films of SnO₂-ZnO nano composites were produced by spray pyrolysis (SP) on a glass substrate that had 
been heated to 250 °C. Utilising a solution mixture of AR grade zinc acetate dehydrate and tin chloride 
dehydrate in deionised water with varying concentrations of tin chloride dehydrate (while maintaining 
a concentration of 0.05 M for zinc acetate dihydrate), the effect of thickness on structural, 
microstructural, and electrical properties on thin films was investigated. In order to determine the 
crystal structure, surface morphology, microstructural properties, and elemental composition of the 
produced thin films, various analytical techniques, including XRD, SEM, TEM, and EDAX, were used. 
Thickness of deposited SnO₂-ZnO films was calculated and found to be 190 nm, 231 nm and 361 nm with 
respect to the samples S1, S2 and S3. As the thickness increases, the FWHM value goes down and texture 
coefficient (TC) goes up which means that the films are more crystalline. The grain size was found to be  
between 29 and 35 nm. TEM images show that the average grains are nanocrystalline. The SnO₂-ZnO 
nanocomposites films were seen to be the n-type material. Average grain size and texture coefficients 
were found to rise with film thickness, while micro stain, standard deviation, and activation energy 
values decreased. The findings are examined and analysed. 
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1. Introduction 

Nowadays, there is a lot of interest in using different self-organising 
processes to create metal oxide thin films on surfaces as nanocomposites. 
These materials are employed in molecular electronics and sensors. These 
nanocomposites have unique optical, chemical, mechanical, and electrical 
characteristics [1]. 

The energy band gaps of ZnO and SnO2 are 3.4 and 3.6 eV, respectively, 
making them broad direct band gap semiconductors [2]. The 
recombination of electron-hole couples is also shown to be effectively 
slowed by differences in their band gap widths. In applications involving 
solar cells, this characteristic subsequently boosts photo catalytic activity 
[3]. In order to couple and produce ZnO and SnO2 nanocomposites, 
numerous researchers used a variety of synthesis techniques, such as ball 
milling, micro emulsion, partial solid-state reduction, and co-precipitation 
[4,5] and thus garnered a lot of interest. Because of their extensive use in 
photoluminescence, transparent semiconductors, photo catalysts, 
piezoelectricity, gas sensors, UV light emitting devices, varistors, and 
optical devices, ZnO thin films are significant materials [6-10].  

Tetragonal in structure, SnO2 is an n-type semiconductor [11-14]. 
Among the most promising materials for gas sensors is this one. 
Nonetheless, the manufacture of semiconductor gas sensors directly 
affects their physical and sensing features, such as particle size, sensing 
film shape, and film thickness [15-20].  

In this work, spray pyrolysis was used to create SnO2-ZnO 
nanocomposites films. Microstructural properties, surface morphology, 
and crystal structure were investigated using transmission electron 
microscopy (TEM), scanning electron microscopy (SEM), and X-ray 
diffractogram (XRD). Utilising an energy dispersive spectrophotometer 
(EDAX), the composition of the elements was examined. Using two probes, 
electrical conductivity is measured. To identify the type of material, 
thermoelectric power setup (TEP) is utilised.  
 

 

2. Experimental Methods 

The spray pyrolysis method for creating SnO2-ZnO nanocomposites 
films is depicted in Fig. 1. The spraying chamber, spray nozzle (gun), 
carrier gas compressor, heating system and temperature indication make 
up the setup. 
 

 
Fig. 1 System of spray pyrolysis 

 
Zinc acetate dihydrate (Zn (CH3COO)2.2H2O) and tin chloride dehydrate 

(SnCl2.2H2O) were sprayed as a starting material to create SnO2-ZnO 
nanocomposite films. AR grade zinc acetate dihydrate and tin chloride 
dehydrate solution mixed in deionised water with varying concentrations 
of tin chloride dehydrate (0.025, 0.050, and 0.075 M) while maintaining 
the concentration of zinc acetate dihydrate (0.05 M). In order to prepare 
SnO2-ZnO thin films, a few droplets of hydrochloric acid (HCl) were added. 
As a result, homogenous and well-adherent SnO2-ZnO nanocomposite thin 
films were formed. Details about the creation of SnO2-ZnO 
nanocomposites are provided elsewhere [21]. The obtained SnO2-ZnO 
nanocomposites film samples were annealed at 550 °C for one hour and 
were designated as samples S1, S2, and S3, respectively. The 
concentrations of solutions needed to create SnO2-ZnO nanocomposites 
films are listed in Table 1. 
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Table 1 Concentration and reactant amounts of spraying solutions 

Sample ID Concentration of Zn 

(CH3COO)2.2H2O (M) 

Concentration of 

SnCl2.2H2O (M) 

Reactants 

S1 0.025 0.050 SnO2:ZnO 

S2 0.050 0.050 SnO2:ZnO 

S3 0.075 0.050 SnO2:ZnO 

 

3. Results and Discussion 

3.1 Thickness Thin Film Measurement 

A micro gravimetrical approach [22] was used to quantify the film 
thickness while taking the bulk zinc oxide and tin oxide densities into 
account. The films were placed on sanitised glass slides whose mass had 
already been established. The amount of deposited SnO2-ZnO was 
determined by weighing the substrate once again after the deposition. 
Thickness was calculated and found to be 190 nm, 231 nm and 361 nm 
with respect to the samples S1, S2 and S3 using the following relation by 
measuring the deposited film's surface area while accounting for its 
specific weight, T= MSnO2-ZnO /A*w *104, where, A is the surface area of the 
film [cm2], MSnO2-ZnO is the quantity of the deposited tin oxide zinc oxide and 
w is the specific weight of SnO2-ZnO. 
 
3.2 Properties of Structures 

3.2.1 X-Ray Diffraction Study 

In order to understand the structural, microstructural, and electrical 
characteristics of SnO2-ZnO nanocomposite films, structural 
characterisation is crucial. The X-ray diffractogram of SnO2-ZnO 
nanocomposite films are displayed in Figs. 2(a-c) which were obtained 
between 2θ values of 20 and 80 degrees. 
 

 

 

 

Fig. 2 X-ray diffraction patterns SnO2-ZnO nanocomposites S1-S3. 

 
All of the films were nanocrystalline in nature with a mixed phase of 

tetragonal (SnO2) and hexagonal (ZnO), according to the XRD data. As the 
layer thickness increases, plane's intensity (002) also increases. It is 
caused by an increase in film thickness rather than structural alterations 
in the films [23]. SnO2 diffraction peaks (+): (110), (200) match standard 
JCPDS data (Card No.05-0467) of SnO2, while ZnO diffraction peaks (*): 
(100), (002), (102), (110), (103) match standard JCPDS data (Card No. 36-

1491) of ZnO. Using Scherer’s formula [1], the samples' average crystallite 
sizes were determined to be 27-33 nm, respectively, showing their 
nanocrystalline nature. 

Table 2 displays the XRD parameters recorded for samples S1, S2, and 
S3, including 'd' values, full width at half maximum values of the films, and 
average grain size, reflecting the compositional variation of Sn in ZnO (S1 
to S3). As the thickness increases, the FWHM value goes down, which 
means that the films are more crystalline [24]. Fig. 2 also shows that the 
amount of crystallinity goes up from S1 to S3. This means that the sample 
(S3) gets more crystalline as it gets higher. Table 4 shows that the average 
grain size gets bigger as the thickness gets bigger. 

 
Table 2 XRD parameters recorded for samples S1, S2, and S3 

hkl 

plane 

2θ 

degree 

d values FWHM Grain size 

S1 S2 S3 S1 S2 S3 S1 S2 S3 

110 26.59 3.3242 3.3241 3.3240 1.123 1.100 0.996 17 19 21 

100 31.79 2.6112 2.6211 2.6210 0.665 0.660 0.656 28 30 34 

002 34.46 2.4015 2.4013 2.4012 1.442 1.439 1.437 16 19 36 

101 36.29 1.7905 1.7904 1.7903 0.567 0.561 0.557 29 32 34 

200 37.96 1.505 1.504 1.503 1.342 1.340 1.336 18 21 24 

110 56.62 1.2106 1.2104 1.2101 0.421 0.417 0.413 31 33 36 

103 62.88 1.1239 1.1236 1.1232 0.312 0.310 0.307 34 37 39 

112 67.98 0.569 0.567 0.560 0.289 0.286 0.265 36 37 39 

 
3.2.2 Texture Coefficient and Standard Deviation for Thin Films of SnO2-ZnO 

Nanocomposite 

Table 3 displays the texture coefficient (TC) of SnO2-ZnO 
nanocomposite films. As the thickness of the film increases for samples S1, 
S2, and S3, the texture coefficient (TC) for different planes keeps going up, 
but the standard deviation value keeps going down, as shown in Table 3. 
The formula for the texture coefficient (TC) and standard deviation is used 
as per Moholkar et al. [25]. One possible reason for this is that as the 
concentration of the solution goes up, more Sn is added to the film. 
 
Table 3 shows the texture coefficient and standard deviation for samples S1-S3 

hkl 

plane 

Texture coefficient Standard deviation 

S1 S2 S3 S1 S2 S3 

110 1.44 1.71 1.97 10.22 10.09 9.66 

100 0.87 0.916 1.03 8.6 8.45 8.36 

002 2.71 2.78 2.83 9.65 9.56 9.40 

101 1.10 1.22 1.61 7.66 7.52 7.45 

200 1.53 1.60 1.70 9.71 9.68 9.54 

110 0.47 0.50 0.53 5.69 5.63 5.49 

103 0.57 0.62 0.66 4.13 3.90 3.86 

112 0.23 0.27 0.29 5.26 5.12 5.09 

 
3.2.3 Microstructural Specifics and Examination for SnO2-ZnO 

Nanocomposites Thin Film 

The main reasons for the broadening of X-ray diffraction line profiles 
are the instrument's non-ideal optics, wavelength dispersion, and 
microstructural flaws in the crystals. Microstructural line broadening can 
be categorised into size broadening and strain broadening. Size 
broadening happens because domains are surrounded by stacking faults, 
twins, or other flaws that diffract incoherently with each other. Strain 
broadening occurs due to a fluctuating displacement of atoms relative to 
their reference lattice positions. The SnO2-ZnO thin film that was made up 
of nanocrystals. On the other hand, lattice strain broadening happens 
when the displacement changes cause the peaks of X-ray diffraction lines 
to shift [26]. Non-uniform tensile and compression strain, on the other 
hand, causes diffraction lines to broaden (microstrain). So, the effects of 
grain size and microstrain are linked in the way that peaks broaden, which 
makes it hard to tell them apart. The Williamson–Hall method assumes 
that both grain-size and microstrain-broadened profiles are Lorentzian 
[27, 28]. From this premise, a mathematical correlation was formulated 
between the integral breadth (β) and the volume of the weighted average 
grain size (D) as specified in the equation, 
 

βcosθ/λ = 1/D + ε(sinθ/λ) 

where, β = full width at half maxima of peak measured in radian; θ = 
diffraction angle; λ = wavelength of X-ray; D = grain size and ε = 
microstrain. 

The slope of the plot between β cos θ/λ and sin θ/λ shows microstrain, 
and the inverse of the intercept of the y-axis shows grain size. The 
Williamson-Hall plot of SnO2-ZnO nanocomposites [29] thin films made 
from different concentrations of Sn solution in ZnO is shown in Fig. 3. It 
was shown that as the concentration of the Sn precursor solution 

(a) 

(b) 

(c) 
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increases, the grain size rises from 27 nm to 33 nm. As the films get thicker, 
the microstrain values go down, which means that the microstrain in the 
film is tensile (Fig. 4). It goes down as the thickness of the films goes up, 
which means that thicker films are more relaxed. This means that films 
that are thicker have better crystallinity [24]. 
 

 
Fig. 3 Variation of βcosθ/λ with sinθ/λ 

 

 
Fig. 4 Change in microstrain with film thickness 

 
3.3 Study of Microstructure 

3.3.1 Scanning Electron Microscope (SEM) 

Fig. 5 shows SEM images of SnO2-ZnO nanocomposites. The scanning 
electron microscope can see nanoparticles in the film even when it is 
magnified to "30E+3." Figs. 5(a-c) illustrate the spherical morphology of 
the particles in the SnO2-ZnO nanocomposite thin film. In Fig. 5(c), a mix 
of spherical and cubic grains are seen, which indicates that SnO2-ZnO 
nanocomposites thin film is forming. The grain size was found to be 
between 29 and 35 nm. 
 

  

 
Fig. 5 SEM images of SnO2-ZnO nanocomposites thin film sample S1, S2 and S3 
 

3.3.2 Transmission Electron Microscope (TEM) 

Fig. 6(a) displays the TEM image of the SnO2-ZnO film (Sample S2) 
acquired through the scratching of the thin film. The powder was mixed 
with ethanol. The powder was held in a copper grid. TEM images show that 
the average grains are nanocrystalline, which means they are less than 8 
nm in size and have a shape that is almost spherical. Fig. 6(b) shows the 
electron diffraction pattern of sample S2. It shows ring patterns that are 
spotty but continuous, with no extra diffraction spots or rings of secondary 
phases. This shows that the SnO2-ZnO nanocomposite films are very 
crystalline. 

  
Fig. 6 TEM image (a) and electron diffraction (b) pattern of SnO2-ZnO film (S2) 

 
3.4 Electrical Characteristics 

It has been confirmed that SnO2-ZnO nanocomposite films were either 
p-type or n-type semiconductors by measuring the thermoelectric power 
of the thin film samples. The SnO2-ZnO nanocomposites films were seen to 
be the n-type material. 

Fig. 7 shows how log(σ) changes with the temperature at which it is 
used. It is noted that the conductivity of each sample rises as the 
temperature rises. The rise in conductivity with rising temperature may 
be due to the negative temperature coefficient of resistance and the 
semiconducting properties of SnO2-ZnO nanocomposite films. There are 
reports [30, 31] that activation energy changes with thickness. 
 

 
Fig. 7 log(σ) changes with respect to temperature (°C) 

 
The activation energy calculated from the slopes of line for sample S1, 

S2 and S3. As films thickness goes on increasing, activation energy 
decreases. The variation of activation energy with thickness is presented 
in Table 4. The conductivity studies on films show that all the films exhibit 
two activation energy at different temperature regions. It was shown that 
as film thickness increases, average grain size from XRD and SEM 
increases, but activation energy decreases for SnO2-ZnO nanocomposites 
films. Conductivity was given by relation, 
 

                                     σ = σo exp (- ΔE/kT) 

where, σ = conductivity, σo = conductivity constant, k= Boltzmann constant 
and T= Temperature. 
 
Table 4 Measurement of film thickness grain size and activation energy 

Sample  Thickness 

(nm) 

XRD - Average 

crystalite size (nm) 

SEM - Average 

grain size (nm) 

Activation Energy (ΔE) 

30 OC 150 OC 

S1 190 27 29 0.27 eV 0.31 eV 

S2 231 31 32 0.23 eV 0.29 eV 

S3 362 33 35 0.17 eV 0.21 eV 

 

4. Conclusion 

The deposition conditions are ideal for making SnO2-ZnO 
nanocomposite films. The structural analysis via XRD indicates the 
emergence of a mixed phase comprising tetragonal and hexagonal 
structures. The findings indicates that as the film thickness increases, the 
texture coefficient and grain size rise, while the values of microstrain, 
standard deviation, and activation energy decrease. Microstructural 
characteristics affirm that the synthesised SnO2-ZnO nanocomposite films 
exhibited a nanocrystalline structure. The SnO2-ZnO films' electrical 
conductivity goes up as the temperature goes up, which shows that they 
are semiconductors. 
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