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Abstract 

Silver nanoparticles coated with a uniform, thin shell of tin dioxide were synthesized via a 
remarkably simple route, where the reduction of Ag+ to Ag0 and the deposition of SnO2 on 
the surface of silver crystallites took place stepwise. The prepared dispersions of coated 
nanoparticles displayed a surface plasmon band, which was red-shifted with respect to that of 
bare Ag. TEM images confirmed the formation of core-shell structure. Introduction of these 
composite nanoparticles into PVA matrix resulted in a polymeric nanocomposite, thin films 
ofwhich were investigated structurally by TEM and STM.  
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Introduction 
Polymer matrix based nanocomposites with embedded nanoparticles have become a prominent area of current 
research and development in both nanotechnology and polymer territory.Polymer nanocomposites (PNCs) are 
formed by dispersing different functional nanoparticles with exceptionally higher specific surface area as 
compared with the micrometer particles into a polymer matrix and have attracted many researchers to explore 
their potential applications as high-performance materials [1-5]. Compared to the metal-based nanocomposites 
and conventional polymer composites (with a filler size larger than 100 nm), PNCs have unique physical, 
chemical, and biological properties, such as lightweight, flexible, ductile, increased tensile strength, larger 
toughness, improved electrical/thermal conductivity, and enhanced clarity [6-9], which are essentially different 
from those of the components taken separately or physically combined properties of each component. In 
addition, the properties of the PNCs could be further tailored by the filler materials, filler loadings, surface 
functionalities of the fillers, and the nature of the polymer matrix.  

On the other hand, core-shell nanoparticles have recently been the focus of a lot of scientific efforts because 
of the combination of different properties in one particle based on different compositions of the core and the 
shell.The interest of such nanosystems relies mostly on the combination of the properties of the two (or more) 
materials involved, with the important feature that one of the materials (the shell) will determine the surface 
properties of the particles, while another (the core) is completely encapsulated by the shell, so that it does not 
contribute to surface properties at all but can be mainly responsible for other (optical, catalytic, magnetic, etc.) 
properties of the system. 

In this study, we prepared a polymeric nanocomposite by embedding novel core-shell structured Ag@SnO2 
nanoparticles into poly(vinyl alcohol) (PVA) matrix. The polymer matrix serves as the binder between 
nanoparticles and any desired substrate as well as a protective agent for nanoparticles against coagulation. 
Structural investigations were carried out for thin films of these polymer nanocomposite via TEM and STM 
analyses. 

Experimental 
The following analytical grade chemicals were used without further purification: AgNO3 (Merck), NaBH4 
(Merck), tri-sodium citrate (Merck), sodium stannatetrihydrate (Aldrich) and PVA (MW=72000, Merck).  
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The Ag-SnO2 core-shell nanoparticles were synthesized by using a simple hydrothermal method according 
to the procedure reported elsewhere [10]. Details of a typical experiment are as follows. 97 mL of deionized 
water was placed in a 250 mL glass beaker in an ice bath. One millilitre of 1 mM silver nitrate followed by 1 
mL of 100 mM sodium borohydride and 1 mL of 34 mM tri-sodium citrate were added to the above beaker 
under vigorous stirring. A transparent bright yellow color was observed immediately due to the formation of the 
silver colloid. This colloid was aged for few hours at room temperature. The pH of a 20 mL aliquot of prepared 
1 mM silver colloid was increased to 10.5 by the addition of 0.1 mM sodium hydroxide solution. This colloid 
was transferred to a 50 mL conical flask and placed in a water bath at 60 °C. This solution was stirred 
vigorously for 5 min followed by the rapid addition of fresh sodium stannatetrihydrate solution (1 mL, 9 mM). 
Afterwards, the solution was heated to 60 °C for 10 minutes in a water bath and then maintained at 60 °C with 
rapid stirring for 1 h. This process was repeated to obtain large amount of colloid.A 2.0 wt.% PVA aqueous 
solution was prepared in water bath at 80 °C and core-shell nanoparticles were added dropwiseto this solution 
under constant stirring for 1 hour. Afterwards, the mixture was ultrasonicated to ensure the homogenous 
dispersion of nanoparticles in the polymer matrix. This solution was used to deposit film on silica glass substrate 
by employing a dip-coating technique.The UV-Vis absorption spectra were taken by a UV–visible double beam 
spectrometer (UVD-2950, LaboMed). The morphology of the nanoparticles and nanoparticle films was 
investigated by transmission electron microscopy (TEM, LEO 912AB). Surface analysis was conducted through 
scanning tunneling microscopy (NAMA-STM Model SS2, NATSYCO, Iran). 

Results and Discussion 
Fig. 1shows the UV–Vis absorption spectra of the Ag colloid and Ag-SnO2 nanoparticle solution during the 
deposition process of tin dioxide. The surface plasmon (SP) band of the Ag nanoparticles was red-shifted from 
400 to 410 nm after a 1 hour reaction time. The solution changed from a bright yellow to an intense straw 
yellow color. A growth in the absorption intensity is also evident, which, along with the displacement of the 
peak position, is attributed to the increase in the refractive index of the surrounding medium due to the 
deposition of SnO2 shell over Ag nanoparticles. 

 
Fig. 1:   UV-Vis absorption spectra of the Ag colloid and Ag-SnO2 core-shell nanoparticles colloids. A 10 
nm red-shift in the peak position and an increase in the absorbance of nanoparticles is observed due to 
shell formation. 

Fig. 2 shows the UV-Vis absorption spectrum of Ag@SnO2/PVA nanocomposite thin film heat treated at 
120 °C. A significant blue-shift of the surface plasmon band to 300 nm is observed, which can be attributed to 
the decrease in the refractive index of the surrounding medium due to the introduction of nanoparticles into 
polymer matrix. Moreover, in comparison with the Ag@SnO2 nanoparticles, the absorbance of the polymer 
nanocomposite film was enhanced.  
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Fig. 2: UV-Vis absorption spectra of Ag@SnO2/PVA nanocomposite film heat treated at 120 °C. 

The morphology of the synthesized Ag@SnO2 core-shell structure nanoparticles and Ag@SnO2/PVA 
nanocompositeswas examined by TEM (Fig. 3 and Fig. 4). Fig. 3 shows TEM images of the Ag@SnO2 
nanoparticles synthesized at 60 °C with a reaction time of 60 min. The core Ag particles are about 12-20 nm in 
diameter, and resultant core-shell structure of the Ag@SnO2 nanoparticles is clearly observed in this image. The 
thickness of SnO2 shell is about 5 nm.  

 
Fig. 3: TEM image of Ag@SnO2nanoparticles. 

The distribution of nanoparticles in polymer matrix can be observed in Fig. 4. This image shows that the 
polymer matrix leads to homogenous distribution of nanoparticles and prevents them from agglomeration. 

 
Fig. 4: TEM image of Ag@SnO2/PVA nanocomposite film. 
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Surface analysis of the nanocomposite film was conducted through scanning tunneling microscopy. Fig. 5 
shows the 2D and 3D STM images of the surface of Ag@SnO2/PVA nanocomposite film heat treated at 120 °C. 
The images revealed that the core-shell nanoparticles were well-dispersed in the polymer film. Moreover, the 
nanoparticles size distribution on the surface of the film was turned out to be homogenous. Estimation of 
nanoparticles size on the surface of film from STM data gave the size range of 10-15 nm which is in near 
accordance with TEM results. 

 

Fig. 5: 2D (left) and 3D (right) STM images of the surface of nanocomposite film heat treared at 120 °C. 

 

Conclusion  
In summary, Ag@SnO2/PVA core-shell nanoparticle thin films were fabricated on glass substrate by using a 
simple dip-coating technique. Investigation of the morphology of core-shell nanoparticles with TEM has 
confirmedthe core-shell structure. TEM images showed that the polymer matrix has served as a protective agent 
for nanoparticles against coagulation. Well-dispersed core-shell nanoparticles were observed on the film surface 
in STMimages. Core-shell nanoparticles exhibited surface plasmon band at 410 nm,while Ag@SnO2/PVA 
nanocomposite showed an intense absorption peak around 300 nm. Such Ag@SnO2 core-shell nanoparticles thin 
films may have potential applications in surface plasmon based optical filters. 
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