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Abstract. Undoped SnO2 thin films prepared by spray pyrolysis method reveal polycrystalline nature with 
prominent peaks along (110), (101) and (211) planes. All the films are nanocrystalline with particle size lying 
in the range of 3⋅14–8⋅6 nm calculated by DS formula. Orientation along plane (200) decreases continuously as 
molar concentration of SnO2 increases. Dislocation density along plane (110) also decreases as molar concen-
tration increases except 0⋅4 M SnO2 thin film. Scanning electron microscopy image of the films contain jelly 
structures along with agglomerated clusters of particles. SnO2 synthesized successfully, which confirms by 
Fourier transform infra-red spectroscopy. The optical transmittance spectra of 0⋅2 M SnO2 thin film shows 
transmittance about 50–60% transmission in visible and near infrared region with a sharp cut off in the  
ultraviolet region. The transmission decreases in visible and near infrared region as molar concentration  
increases. Broad UV emission at 398 nm is observed in photoluminescence spectra of the films along with a 
blue emission, when excited at 250 nm wavelength. Emission intensity randomly changed as SnO2 molar con-
centration increases. When excited at 320 nm, one UV and two visible peaks appeared at 385, 460 and 485 nm, 
respectively. 
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1. Introduction 

Rutile type SnO2 is an important semiconductor because 
of its dipole forbidden direct band gap of 3⋅6 eV at  
room temperature (Vijayalakshmi et al 2008; Rozati and 
Shadmani 2010). The study of SnO2 transparent conduct-
ing oxide thin films are of great interest due to its unique 
attractive properties like high optical transmittance, uni-
formity, nontoxicity, good electrical, low resistivity, sta-
bility to heat treatment, mechanical hardness, piezoelectric 
behaviour and its low cost. SnO2 thin films have vast  
applications as window layers, heat reflectors in solar 
cells, flat panel display, electro-chromic devices, LEDs, 
liquid crystal displays, invisible security circuits, various 
gas sensors, etc. For many of these applications, it is  
advantageous to use tin oxide in thin film form and this 
can be accomplished in different ways (Elam et al 2008; 
Vadivel et al 2011; Zhang et al 2011). 
 The advancement in nanostructured oxides has attracted 
new interest in exploiting these materials as components 
for nano scale light emitting devices (He et al 2006). Be-
sides other material properties, photoluminescence (PL) 
properties of SnO2 can be manipulated by varying the 
size, defects such as tin interstitials or oxygen vacancies, 
which act as radiative centres in luminescence process 

(Jeong et al 2003; Morais et al 2006). Thin films of SnO2 
can be prepared by many techniques, such as chemical 
vapour deposition, sputtering, sol–gel spin coating,  
reactive evaporation, pulsed laser ablation, screen print-
ing technique, spray pyrolysis, etc. Among these techni-
ques, spray pyrolysis is the most convenient method 
because of its simplicity, low cost, ease to add dopants 
and facility to vary the film properties by changing compo-
sition of precursor solution. In addition, this method is 
promising for high rate and mass production capability  
of uniform large area coatings in industry (Zhang et al 
2011). 
 However, the PL origin is not clear due to its sensiti-
vity to surface states (Xiang et al 2008). The PL spectrum 
of SnO2 shows the red and blue emission for nanorods, 
nanoribbons, nanoparticles, etc. (Her et al 2006; Moon et 
al 2007). The particle size of the nanocrystalline SnO2 is 
small enough to increase the active surface of the parti-
cles and materials (Chen et al 2009; Torabi and Sadrne-
zhaad 2011). Very few reports have been published 
regarding the UV emission of SnO2, especially for nano-
materials (Gu et al 2003; Liu et al 2006). In this investi-
gation, SnO2 thin films were deposited with various molar 
concentrations because PL is also sensitive to surface 
states. 
 Here, we have deposited thin films by spray pyrolysis 
method. Structural properties are studied by X-ray di-
ffraction (XRD) and Fourier–transform infrared (FT–IR) 
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spectroscopy. Morphological properties are studied by 
scanning electron microscopy (SEM). The transmission 
and photoluminescence (PL) spectra have been recorded 
to analyse optical properties. 

2. Experimental 

2.1 Thin film preparation 

In the present work, the precursor solution has been pre-
pared for obtaining pure SnO2 films by dissolving pre-
determined amount of tin chloride (SnCl4⋅5H2O) in 
methanol and diethanolamine to form 0⋅2, 0⋅4, 0⋅6 and 0⋅8 
molar solutions. The mixture is then magnetically stirred 
at 40 °C for half an hour to get a homogeneous solution. 
All the solutions are aged for one month to achieve 
proper viscosity and stability. The films are prepared by 
spray pyrolysis method of all the precursor solutions. 
Prior to film deposition, the slides of glass substrates 
were properly cleaned in an ultrasonic cleaner using 
methanol, acetone and de-ionized water. 
 The experimental set-up of spray pyrolysis contains 
glass atomizer for spraying the precursor solution. The 
substrates are kept on hot iron plate which is already  
attached with thermocouple and temperature controller to 
maintain the required temperature. The precursor solution 
to be sprayed is introduced in the solution container 
which is connected to the liquid inlet of the atomizer by a 
tube which has a solution flow controller. Compressed air 
used as carrier gas, is let into the gas inlet of the atomizer 
after passing through a pressure gauge. 
 First, for the preparation of thin films by spray pyroly-
sis, 10 mL volume of the precursor solution of each sam-
ple, one at a time is transferred to the solution container. 
The distance between nozzle and the substrate is set at 
25 cm and the flow rate is 1 mL/min. The substrate tempe-
rature is maintained at 450 °C to obtain good quality 
films. Post deposition annealing of the films are done at 
450 °C for 4 h. In this way, first four samples are prepared: 
0⋅2, 0⋅4, 0⋅6 and 0⋅8 M SnO2 thin films. Here, these sam-
ples prepared by spray pyrolysis method are referred as 
samples 1, 2, 3 and 4, respectively. 

2.2 Characterizations 

The XRD spectra of all the samples recorded by Phillips 
X’pert PW3020 diffractometer using CuKα radiation 
(λ = 1⋅54056 Å) are presented for structural analysis of 
the samples. The SEM images of all the thin films are 
taken by scanning electron microscope (Model-430, LEO 
Cambridge, England). FT–IR spectra of all the thin films 
are recorded on the Bruker Alpha spectrometer to deter-
mine the formation of polyaniline. Then, the optical trans-
mission spectra of the films are recorded with UV-Vis 
spectrophotometer (Model no. V-670 Jasco). Photolumi-

nescence spectra are recorded with photoluminescence 
spectrophotometer (LS-55, Perkin Elmer fluorescence 
spectrometer) at two excitation (λexc) wavelengths of 250 
and 320 nm. The incident excitation density is controlled 
by using calibrated neutral density filters in front of the 
spectrometer slit. The slit widths for emission spectra 
recording have been chosen as 10 nm. The excitation 
source is a 20 kW xenon discharge lamp. The light beam 
used for excitation is focused on the film surface in circu-
lar area of diameter ~ 5 nm. 

3. Results and discussion 

3.1 XRD studies 

The XRD spectra of all the samples recorded by Phillips 
X’pert PW3020 diffractometer using CuKα radiation 
(λ = 1⋅54056 Å) were presented for structural analysis of 
the samples. The XRD patterns of the as-prepared  
samples 1, 2, 3 and 4, i.e. 0⋅2, 0⋅4, 0⋅6 and 0⋅8 M thin 
films are shown in figure 1. Four peaks along (110), 
(101), (200) and (211) planes are clearly observed which 
indicate that the films are polycrystalline in nature. How-
ever, intensity of the peak along (200) plane is very small 
in 0⋅2 M thin film which decreases as molar concentra-
tion increases and vanishes for higher molar concentra-
tion. All the diffraction lines are assigned to tetragonal 
rutile crystalline phases of tin oxide. No characteristic 
peaks of impurities were observed. 
 Using the back ground noise level as a reference, the 
(hkl) orientation parameters γ(hkl) is calculated from the 
relative heights of (110), (101), (200) and (211) reflection 
peaks using the following expression and are given in 
table 1 (Srivastava et al 2011) 
 
 

 

Figure 1. XRD spectra of samples 1, 2, 3 and 4. Images (a), 
(b), (c) and (d) correspond to samples 1, 2, 3 and 4, respectively 
i.e. SnO2 thin films of 0⋅2, 0⋅4, 0⋅6 and 0⋅8 M precursors. 
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Figure 2. Williamson–Hall plots of samples 1, 2, 3 and 4. Images (a), (b), (c) and (d) correspond to 
samples 1, 2, 3 and 4, respectively i.e. SnO2 thin films of 0⋅2, 0⋅4, 0⋅6 and 0⋅8 M precursors. 

 
 

 

Figure 3. Comparison of particle size calculated by DS for-
mula along each plane (110), (101), (200) and (211) and WH 
plot of all samples. 
 
Table 1. Orientation parameter γ(hkl) of samples 1–4. 

 Orientation parameter (γ) 
 

Sample (110) (101) (200) (211) 
 

1 0⋅380 0⋅319 0⋅115 0⋅183 
2 0⋅394 0⋅312 0⋅108 0⋅184 
3 0⋅360 0⋅352 0⋅108 0⋅178 
4 0⋅418 0⋅326 0⋅092 0⋅161 

( )
( )

(110) (101) (200) (211)

.hkl
hkl

I

I I I I
γ =

+ + +
 (1) 

From the table, random orientation of samples is obvious. 
Orientation parameter is maximum for (110) plane of 
each sample and minimum for (200) plane. Orientation 
parameter decreases for plane (200) as molar concentra-
tion of SnO2 increases. 
 The particle size in the samples is estimated using  
Debye Scherrer’s formula (2) (Misra et al 2009). 

DS ,
cos

k
t

λ
β θ

=  (2) 

where tDS is particle diameter, k the Scherer constant and 
is taken equal to 1, λ the wavelength of X-rays, β the 
full-width at half-maximum (FWHM) of X-ray diffrac-
tion peaks in radians. Particle size for all the samples 
along each crystallographic plane as determined by DS 
formula, is summarized in table 2. All the films are 
nanocrystalline with particle size lying between 3⋅14 and 
8⋅6 nm. 
 

3.1a Williamson and Hall analysis: In order to distin-
guish the effect of crystallite size-induced broadening and 
strain-induced broadening of FWHM of XRD peaks, the 
Williamson and Hall (WH) plot has been performed and 
shown in figure 2. 
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Table 2. Particle size as determined by DS formula and WH plot and strain in samples  
1–4. 

 Particle size (tDS) in nm 
 

Sample (110) (101) (200) (211) tWH (nm) Strain (ε0) 
 

1 4⋅63 6⋅28 4⋅65 6⋅07 4⋅44 –1⋅32 × 10–2 
2 3⋅28 4⋅30 5⋅25 4⋅57 3⋅15 –2⋅51 × 10–2 
3 8⋅60 7⋅10 4⋅18 7⋅06 8⋅91 7⋅40 × 10–3 
4 3⋅14 3⋅85 3⋅33 7⋅60 2⋅09 –6⋅05 × 10–2 

 
 

 

Figure 4. Variation of dislocation density with molar concen-
tration along (110), (101), (200) and (211) plane. 
 
 
 The particle size and strain are obtained by comparing 
trend line with (3) (Misra et al 2009). 

WH

cos 2 sin ,
C

t

λβ θ ε θ= +  (3) 

where tWH is the particle size, ε the strain and C the co-
rrection factor which is taken as 1. The strain and the 
particle size thus determined are summarized in table 2. 
 Here, the strain is of compressive nature for all the 
samples which is indicated by its negative sign except 
sample 3, i.e. 0⋅6 M SnO2 thin film. Therefore for all the 
samples, the particle size obtained from DS formula 
nearly matches with that obtained by WH plot as shown 
in figure 3. 
 The dislocation density (δ), which represents the amount 
of defects in the film, is calculated using (4) (Khan et al 
2011). 

2
DS

1
,

t
δ =  (4) 

where tDS is particle size calculated using DS formula. 
The calculated values of dislocation density (δ) are ran-
domly vary between 10⋅12 × 1014 and 92⋅53 × 1014 lines/ 

m2 for all the samples along each plane and is shown in 
table 3. Dislocation density decreases along plane (110) 
and (211) as molar concentration increases except for 
sample 2, i.e. 0⋅4 M SnO2 thin film as shown in figure 4. 

3.2 SEM studies 

The study of surface morphology of SnO2 thin films  
deposited by spray pyrolysis method has been carried out 
using scanning electron microscope (Model no. LEO-430, 
Make-LEO Cambridge-England). In figure 5, images (a), 
(b), (c) and (d) present SEM of the samples 1, 2, 3 and 4, 
respectively, which is prepared by spray pyrolysis method. 
As can be seen in the figure, jelly structures are formed 
along with agglomerated clusters of particles. With increase 
in molar concentration, the network of jelly seem to expand 
due to lack of cohesion among the film particles. 

3.3 FT–IR studies 

The FT–IR transmission spectra of samples were taken 
with the help of FT–IR spectrometer (Model Alpha 
Bruker) as shown in figure 6. The Sn–O–Sn vibration 
appeared in the range of 400–700 cm–1 as the result of 
condensation reaction (Patil et al 2003; Singh et al 2012). 
The peaks around 539 cm–1 are assigned to the asymme-
tric Sn–O–Sn stretching mode of the surface-bridging  
oxide formed by the condensation of adjacent surface 
hydroxyl groups. The spectra changes can be easily  
attributed to changes in size and shape of the SnO2 parti-
cles (Gu et al 2003). The absorption peaks are appeared 
in the region of 750–850 cm–1 due to Sn–O stretching 
vibration in all the samples. The peaks around 1356 cm–1 

are appeared due to symmetric and asymmetric stretching 
vibrations of the SnO2 film (Amalric-Popescu and Bozon-
Verduraz 2001). The absorption peaks in the region of 
1600–1700 cm–1 are attributed to vibration of hydroxyl 
due to the fact that SnO2 retained certain adsorbed water 
(Fang et al 2008). 

3.4 Optical transmission 

The optical transmission of the samples is investigated in 
the range of 300–900 nm using UV–Vis spectrophotometer
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Figure 5. SEM images of samples 1, 2, 3 and 4. Images (a), (b), (c) and (d) correspond to 
samples 1, 2, 3 and 4, respectively i.e. SnO2 thin films of 0⋅2, 0⋅4, 0⋅6 and 0⋅8 M precursors. 

 

 

Figure 6. FT–IR spectra of samples 1, 2, 3 and 4. Curves (a), 
(b), (c) and (d) correspond to samples 1, 2, 3, and 4, respec-
tively i.e. SnO2 thin films of 0⋅2, 0⋅4, 0⋅6 and 0⋅8 M precursors. 

 

Figure 7. Transmission spectra of samples 1, 2, 3 and 4. 
Curves a, b, c and d correspond to samples 1, 2, 3 and 4, respec-
tively i.e. SnO2 thin films of 0⋅2, 0⋅4, 0⋅6 and 0⋅8 M precursors. 
 
 

Table 3. Dislocation density of samples 1–4. 

  Dislocation density (δ) × 1014 (lines/m2) 
 

Sample (110) (101) (200) (211) 
 

1 46⋅64 25⋅31 46⋅11 27⋅09 
2 92⋅53 53⋅99 36⋅26 47⋅81 
3 13⋅51 19⋅80 56⋅96 20⋅01 
4 10⋅12 67⋅25 89⋅78 17⋅30 

 
 
(Model no. V-670 Jasco) as shown in figure 7. The mea-
surements are taken in the wavelength scanning mode for 
normal incidence. Transmission spectra show 50–60% 
transmission in visible and near infrared region with a 
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sharp cut off in the ultraviolet region for sample 1, i.e. 
0⋅2 M thin film. The transmission decreases in visible and 
near infrared region as molar concentration increases and 
reaches up to 10–15% transmission. 

3.5 PL studies 

PL spectra were recorded at two excitation wavelengths 
250 and 320 nm as shown in figures 8 and 9, respecti-
vely. PL spectra of same samples show broad UV and 
low intense visible peaks about at 398 and 476 nm,  
respectively, when excited at 250 nm. This is similar to 
 
 
 

 

Figure 8. PL spectra of samples 1, 2, 3 and 4 at excitation 
wavelength of 250 nm. Curves a, b, c and d correspond to sam-
ples 1, 2, 3 and 4, respectively i.e. SnO2 thin films of 0⋅2, 0⋅4, 
0⋅6 and 0⋅8 M precursors. 

 
 
 

 

Figure 9. PL spectra of samples 1, 2, 3 and 4 at excitation 
wavelength of 320 nm. Curves a, b, c and d correspond to sam-
ples 1, 2, 3 and 4, respectively i.e. SnO2 thin films of 0⋅2, 0⋅4, 
0⋅6 and 0⋅8 M precursors. 

the result reported by Gu et al (2003). When excited at 
320 nm, one UV and two visible peaks appeared at 385, 
460 and 485 nm, respectively. Both UV and visible peaks 
shift towards lower value when excited at 320 nm com-
pared to peak position in spectra at excitation wavelength 
250 nm and a new peak in visible region at 485 nm was 
found. Peaks in the UV and visible region do not shift, 
but there is a random change in their intensities for both 
excitation wavelengths. Since the energy of excitation 
and emission both are lower than the band gap of SnO2 
(Eg = 3⋅56 eV), therefore emission seems not due to the 
direct recombination of a conduction electron in the 4p 
band of Sn and a hole in the 2p valence band of O.  
A weak peak at 3⋅13 eV emitted from undoped SnO2 at low 
temperature, and room temperature, is reported by Kim  
et al (2000). They have related the origin of both the 
peaks to defects or to defect levels associated with oxy-
gen vacancies or nanocrystal grains or tin interstitials 
resulting from the nano-size of the SnO2 thin film. Emi-
ssion intensity of both the peaks at excitation wavelength 
320 nm diminishes by increasing the molar concentration 
of SnO2. The reason behind this decrement of intensity 
may be molar concentration variation or particle size  
reduction or both as nanosize dependent PL is reported 
by Lee et al (2004). 

4. Conclusions 

In brief, SnO2 films of various molar concentrations are 
prepared by spray pyrolysis method. XRD spectra reveal 
polycrystalline nature of the films. Three major peaks 
along (110), (101) and (211) planes are clearly seen, 
which indicate the tetragonal rutile structure. The particle 
size calculated by DS formula lies between the ranges 
3⋅14 and 8⋅6 nm. The particle size calculated by DS for-
mula and WH plot are nearly same. Surface morphology 
is studied by scanning electron microscopy. SnO2 has 
been successfully synthesized from hydrated tin chloride 
and its formation is confirmed by FT–IR study. Trans-
mission spectra show 50–60% transmission in visible and 
near infrared regions with a sharp cut off in the ultravio-
let region for sample 1, i.e. 0⋅2 M thin film. It decreases 
as molar concentration increases. PL spectra of same 
samples show broad UV and low intense visible peaks 
about at 398 and 476 nm, respectively, when excited at 
250 nm. When excited at 320 nm, one UV and two visible 
peaks appeared at 385, 460 and 485 nm, respectively. 
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