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Nanostructured SnO2 thin films were prepared using Electron 
Beam-Physical Vapor Deposition (EB-PVD) technique. Then Ag 
nanoparticles synthesized by laser-pulsed ablation were sprayed on 
the films. In order to form a homogenous coat of SnO2 on the glass 
surface, it was thermally treated at 500°C for 1 h. At this stage, the 
combined layer on the substrate was completely dried for 8 h in the 
air at room temperature right after the Ag colloidal NPs were 
sprayed on the tin oxide layer. The crystal structure and surface 
morphology of thin film were studied by X-ray diffraction (XRD), 
electron diffraction x-ray (EDX), transition electron microscopy 
(TEM) and scanning electron microscopy (SEM). The average 
crystallite size of SnO2 nanoparticles estimated by XRD was about 
9 nm. On the other hand, the SnO2 NPs with 6 nm size were 
distributed by the TEM image. The thickness of SnO2 –Ag layer 
was measured about 2.48 µm. 
 

1. Introduction 

SnO2 based on thin film has been extensively 
studied as gas resistive sensors because of its 
good sensing abilities that are not available 
from other metal oxides from both scientific 
and practical points of view [1]. Nowadays, 
alcohol sensors are highly demanded for 
applications including food industry, breath 
analysis and environmental monitoring. Much 
effort has been devoted to exploring excellent 
sensing materials for ethanol detection, from 
conventional metal oxide thin or thick films  
[2–4] to recently novel one-dimensional 
nanostructures including nanorods [5,6], 
nanowires [7] nanobelts [8], and nanotubes [9]. 

SnO2 sensors have many advantages over other 
sensors, such as high sensitivity at low gas 
concentrations, low operation temperature, 
simple design, and low cost of tin sources. 
However, other problems such as low 
selectivity and low stability are associated with 
SnO2 sensors. These disadvantages may be 
overcome by using suitable additives, mainly 
noble metals such as Ag, Pt, Pd, Au, and Ru 
[10, 11]. 

A variety of techniques has been used to 
deposit tin oxide (SnO2) thin films, including 
spray pyrolysis [12], chemical vapor deposition 
[13], ion-beam assisted deposition, sputtering 
[14], and sol-gel methods [15]. Among these 
methods, EB-PVD offers many desirable  
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Fig. 1. Flowchart of the experiment design process 

 
characteristics such as flexible deposition rates 
(1 nm/min up to 100 nm/min, depending on the 
material, desired microstructure, and property 
performance), dense coatings, strong 
metallurgical bonding, tailored composition, 
columnar and polycrystalline microstructure, 
and high thermal efficiency [16]. 

In this work SnO2 thin film was prepared 
using the EB-PVD method. Moreover, after 
annealing, the uniform clusters began to grow 
on the SnO2 film surface which had been 
coated smoothly on the glass with addition of 
Ag NPs. 
 
2. Experimental  
2. 1. Materials and equipment 
An amount of Tin chloride (SnCl2·2H2O, 
99.8%, Merck), sodium hydroxide (NaOH, 
99.8%, Merck), ethanol (C2H5OH, Merck, 

99.99%) and deionized water were used to 
synthesize the pure nanosized SnO2 particles. A 
high-intensity ultrasonic probe (Misonix 
S4000, Ti horn, 20 kHz, 100 W/cm2, USA) and 
a flat-bottomed Pyrex glass vessel (total 
volume of 150 ml) were used for the ultrasound 
irradiation. Also, Au plate (1×1×1 cm3) and  
Q-switched Nd:YAG laser (wavelength: 1064 
nm, repetition rate: 10 Hz, pulse duration: 10 
ns, and fluence 5 J·cm−2) were used to produce 
Ag-NPs colloidal NPs. Finally, the Vecco EB-
PVD instrument with a pressure of 5 × 10-6 
Torr was used for SnO2 deposition 

The flow chart in fig 1 illustrates the 
experiment design process: 
 
2. 2. Synthesis of nano SnO2 via 
sonochemical method 
NaOH was dissolved in deionized water and 



Mo. Ganjali et al, Journal of Advanced Materials and Processing, Vol.2, No. 2, 2014, 13-20 15 
 
 

the solution (1 M, 50 ml) was added drop-wise 
to an aqueous SnCl2·2H2O solution that was 
dissolved in ethanol (0.25 M, 50 ml) within 
about 30 minutes at a synthesis temperature of 
30o C. The reactions between SnCl2 and NaOH 
to form nanosized SnO2 particles are as 
follows: 
SnCl2+ 2NaOH→Sn(OH)2+2NaCl [1] 
Sn(OH)2+Drying→SnO2 [2] 
Sonication of the solution was performed by a 
Misonix Model S-4000 sonicator through direct 
ultrasonic irradiation by an immersed Ti alloy 
ultrasonic horn in the solution. 

SnO2 nanoparticles were prepared by this 
procedure under the specified conditions with 
an electric power of the sonicator set at 80 W 
and temperature set at 30 ◦C. 

During the sonochemical reaction, it was 
observed that the color of the slurry changed 
gradually from colorless (before the reaction) 
into white. These changes of color in the 
solution occurred as SnO2 nanoparticles were 
prepared. Finally, precipitated particles were 
collected, filtered and washed carefully with 
methanol and double distilled water to remove 
the by-products. All the prepared samples were 
dried in the air at room temperature for 48 h 
and then heat-treated at 500 ◦C for 1 h to obtain 
crystalline Tin oxide nanoparticles. 
 
2. 3. Synthesis of Ag colloidal NPs by pulsed 
laser ablation method 
Ag NPs preparation was carried out by pulsed 
laser ablation method. It has successfully been 
reported in our published work with the same 
experimental condition and optical parameters 
[17]. 

Briefly, laser beams were focused on the 
surface of the silver plate with fluence of 5 
J/cm2 at the wavelength 1064 nm. It should be 
noted that silver particles prepared by laser 
ablation in acetone were stable and free from 
any precipitates for at least 24 months (without 
adding any surfactants or other additives). 

For generation of smaller Ag nanoparticles 
with narrow and Gaussian size distribution the 
ablation was uniformly performed for 30 min 
after removing the bulk silver target from the 
solution by the same experimental setup 
mentioned above. 

The effect of laser irradiation was 

investigated by measuring optical absorption 
spectra and TEM images of the colloids taken 
by transmitting electron microscopy 
(LEO912AB) with a spectrometer Cary 500 
scan. 
 
2. 4. Preparation of SnO2 thin film by  
EB-PVD 
In this research, glass surfaces used as 
substrates for SnO2 deposition were cleaned 
with ethanol and then rinsed in deionized water 
and air-dried. Pressed nanopowder SnO2 was 
used as target. The substrate temperature was 
fixed at 80 °C. The Vecco EB-PVD instrument 
with a pressure of 5 × 10-6 Torr was used for 
SnO2 deposition. After deposition, the thin film 
was observed by SEM (VEGA\\TESCAN) 
working at 25 keV beam energy. Considering 
the formation of homogenously coated SnO2 on 
the glass surface, it was thermally treated at 
500 °C for 1 h. At this stage, the combined 
layer on the substrate was completely dried for 
8 h in the air at room temperature right after the 
Ag colloidal NPs had been sprayed on the tin 
oxide layer. Morphology and chemical 
characterization of the deposited film were 
analyzed with an SEM (VEGA\\TESCAN) 
equipped with an EDX. 
 
2. 5. Characterization 
The crystal structure and the SnO2 NPs size 
were verified by an X-ray diffractometer 
(Philips PW 3710, Netherlands), using Cu Kα1 
radiation (λ=1.54 A°). The samples were 
examined in the 2θ range from 20°-60° at a 
scanning speed of 0.04 second/step and a step 
size of 0.02° in 2θ. 

Morphology of the samples was determined 
by using transmission and scanning electron 
microscopies (TEM; ZEISS, Germany and 
SEM; VEGA\\ TESCAN Czech Republic). 
TEM samples were prepared by dispersing a 
few drops of SnO2 on carbon films supported 
by copper grids, and SEM samples were 
prepared by dispersing a thin layer of the 
powders on aluminum grids while the surface 
of each specimen was coated with a thin layer 
of gold before SEM examination. The SEM 
analysis was performed at 15 kV. The particle 
size measurements were carried out by using an 
Able Image Analyzer v3.6 [20]. 
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Fig. 2. XRD patterns for SnO2 NPs synthesized by sonochemical method 

 

  
Fig. 3. TEM micrograph of powder prepared by 

sonochemical method 
Fig. 4. UV/vis spectra of Ag nanoparticles colloid in 

acetone solution 
 

3. Results and Discussion 
3. 1. SnO2 NPs 
Fig. 2 shows the XRD patterns of the SnO2 NPs 
synthesized by sonochemical method. The  
X-ray diffraction peaks of SnO2 NPs for  
2θ = 26.8o, 34.05o, 38.12o, 51.9o and 58.25o are 
assigned to (110), (101), (200), (211) and 
(002), respectively. These results comply with 
the standard SnO2 XRD pattern of the JCPDS 
lines [9]. All diffraction peaks can be readily 
indexed to tetragonal SnO2 NPs. No other 
peaks such as Sn or any other Sn based oxide 
were observed, which indicates the high purity 
of the samples. The diffraction peaks are 
markedly broadened, which indicates that the 
crystalline sizes of samples are very small. 

Due to the spherical shape of the NPs, the 
average grain size was calculated through the 
Scherer formula [18]: 
D = 0.9λ/β cos θ [3] 

where D is the average crystallite size, λ is the 

X-ray wavelength (1.5418 A°), β is FWHM of 
the peak, and θ is the diffraction peak position. 
The crystallite size of the samples was 
calculated from the SnO2 (211) reflection 
located at 51.9◦ for different sonicating 
temperatures. So, the average crystallite sizes 
of SnO2 particles determined from Scherrer’s 
equation are about 9 nm, which is consistent 
with the TEM image (Fig. 3). On the other 
hand, the SnO2 NPs with a size of 16 nm were 
distributed according to the TEM image [20]. 
 
3. 2. Colloidal Ag nanoparticles 
The UV-vis absorption spectra have been 
proved to be quite sensitive to the formation of 
silver colloids because silver NPs exhibit an 
intense absorption peak due to the surface 
plasmon excitation that describes the collective 
excitation of conduction electrons in a metal 
like Ag [19]. 

Fig. 4 represents the absorption spectra of the 
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Fig. 5. a) TEM micrograph and b) size distribution of the Ag colloidal nanoparticles prepared by Laser-

pulsed ablation method in acetone 
 

 
A  

B 
Fig. 6. (a) SEM image of the SnO2 thin films after spraying the Ag colloidal nanoparticles, (b) the 

corresponding EDX spectra for SnO2-Ag film 
 

 
Fig. 7. Cross-section of the SnO2 thin films after 

spraying the Ag colloidal nanoparticles 
 

Ag nanoparticles produced in acetone solution. 
The absorption spectrum peak of 
homogenously-produced, uniform silver 
particles by laser-pulsed ablation method is 
around 400 nm. 

The electron micrograph of Ag nanoparticles 
obtained by TEM is shown in Fig. 5. The 

spherical shape of the particles observed by 
TEM is consistent with the optical absorption 
peak around 400 nm originated from surface-
plasmon excitation. 
 
3. 3. SnO2 thin film 
Fig. 6(a) shows the SEM image of SnO2-Ag 
film and fig. 6(b) shows the corresponding 
EDX spectra. It is clear from fig. 6(a) that the 
finite size grains are uniformly distributed on 
the surface of the film. The chemical 
composition in fig. 6(b), deduced from the 
EDX measurements, shows major peaks for the 
bulk substrate material Sn, Ag, and oxygen, 
and indicates that the film is composed merely 
of SnO2-Ag. Also, a quantity of Cu is present in 
EDX. The presence of Cu might be due to the 
use of the Cu tape to attach the samples to the 
SEM platform. Fig. 7 shows the cross-section 
image of SnO2-Ag film, respectively. From  
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fig. 6(a) it is clear that the film is dense and 
exhibits granular structure with a thickness of 
~2.48 µm. 
 
4. Conclusions 
Nanocrystalline Tin oxide (SnO2) was 
synthesized from a suspension containing 
SnCl2·2H2O and aqueous NaOH with the aid of 
ultrasonic irradiation for 30 min. SnO2 thin film 
was deposited on glass substrates by electron 
beam method. Then the colloidal Ag NPs 
synthesized by laser-pulsed ablation method 
were sprayed on the SnO2 film. The structure 
and microstructure evaluations confirm that the 
synthesized films are nanostructured in nature 
and the thickness of SnO2/Ag layer is about 
2.48 µm. 
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