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ABSTRACT 
 

Silver nanoparticles filled polyvinyl alcohol (PVA) were prepared by casting method using water as a 
solvent.  X-ray diffraction (XRD), Fourier transform infrared spectra (FTIR), scanning electron microscopy (SEM) and 
ultraviolet-visible (UV–Vis.) were used to characterize the prepared nanocomposites. X-ray results indicated the 
formation of Ag-nanoparticles with FCC phase within the PVA polymeric matrix. Scanning electron micrscopy 
shows that the prepared Ag-nanoparticles were dispersed and nearly uniform in diameter within the polymeric 
matrix. UV–Vis. absorption spectra were used to study the confined growth process of PVA-capped Ag-
nanoparticles. The absorption showed a shift towards higher wavelength with increasing filler content. 
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INTRODUCTION 
 

Recently, the synthesis and characterization of nanostructured materials have attracted 
much attention not only because of their unconventional properties depending on 
dimensionality, but also due to their size-dependent properties and great potential for many 
technological applications such as solar cells for photoelectric conversation, optical switching, 
and transistors for electronic switch [1–6]. 

 
Polyvinylalcohol (PVA) is an important polymer, because of its unique physical and 

chemical properties and it continued to attract many researchers, over the years [1]. This 
polymer can be made in powder, film and fiber forms. It is a semi-crystalline polymer that arises 
from the role of OH group and the hydrogen bonds [2-4]. It is also recognized as one of the very 
few vinyl polymers soluble in water with a high transparency and a good flexibility. It is used 
industrially for emulsification, sizing and adhesives, in biomedical materials as drug-delivery 
system and membranes. PVA can also be used in medical applications such as artificial blood 
vessels, artificial intestines, and contact lenses. It had been noted as a medical material due to 
its compatibility to the living body [5, 6].  

 
Silver nanoparticles are being used in numerous technologies and incorporated into a 

wide array of consumer products that take advantage of their desirable optical, conductive, and 
antibacterial properties. Silver nanoparticles are used to efficiently harvest light and for 
enhanced optical spectroscopies including metal-enhanced fluorescence (MEF) [7, 8] and 
surface-enhanced Raman scattering (SERS) [9] 

 
The aim of the present work is to introduce a new class of polymer filled nanoparticle 

with a simple method of preparation and unique optical properties suitable for sensing 
behavior. 

 
EXPERIMENTAL 

 
Sample Preparation and composition 

 
PVA (in the form of fine powder supplied by BDH molecular weight 14,000) was 

dissolved into distilled water in a glass beaker at constant temperature ranging from 60 - 70 ºC. 
Pretreated silver nitrate solution was added drop by drop (one drop/second) using a burette 
while the temperature was maintained between 60 ºC and 70 ºC and with continuous stirring 
for about 6 hours. The mixture then casted on a glass dish and kept in a dry atmosphere at 
333K. Nitric acid is evaporated and small particles of metal Ag is capped in PVA polymer 
molecules. Final color of the films obtained depends upon the concentration of silver added. 

 
Synthesis of silver nanoparticles based on a wet chemical method will employed were 

silver nitrate (AgNO3) is dissolved in aqueous media and splits up into a positive silver ion (Ag+) 
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and a negative nitrate ion (NO-3) and ions have to be reduced by receiving an electron from a 
donator according to the following equation 1;  

 

Ag+
(aq) + e-  Ag(s)     (1) 

 
Equation 2 illustrates the reduction of (Ag+) in a solution of ethanol. After the silver germ has 
been formed it starts to grow and continue the growth until the equilibrium between the final 
nanoparticles and the (Ag+) of the solution is reached.  

 

2Ag+
(aq) + C2H5OH + H2O  2Ag(s) + C2H5O-2 + 3H+  (2) 

 
Further control of the synthesis of silver nanoparticles can be obtained with the use of a 

stabilizer. 
 
X-ray diffraction 

 
X-ray diffraction (XRD) scans were obtained using PANalytical X`Pert PRO XRD system 

using Cu K radiation (where,  = 1.540 Å, the tube operated at 30 kV, the Bragg’s angle (2) in 

the range of 5-50).  
 
Scanning electron microscopy 

 
Morphology and surface characteristics were studied using scanning electron 

microscope using (SEM Model Quanta 250 FEG FEI company, Netherlands) attached with EDX 
Unit (Energy Dispersive X-ray Analyses), with accelerating voltage 30 K.V., magnification 14x up 
to 1000000 and resolution for Gun. 1n). Surface of the samples was coated with a thin layer of 
gold (3.5 nm) by the vacuum evaporation technique to minimize sample charging effects due to 
the electron beam.  
 
Fourier Transform Infra-Red Spectroscopy  

 
FT-IR absorption spectra were carried out using the single beam Fourier transform-

infrared spectrometer (FTIR-Mattson 5000). FT-IR spectra of the samples were obtained in the 
spectral range of 4000 – 400 cm-1. 
 
Ultraviolet and visible Analysis (UV/Vis.) 
 

UV/Vis. absorption spectra were measured in the wavelength region of 200-900 nm 
using spectrophotometer (T80+, UV/Vis. spectrometer, PG Instrument Ltd.) to retrace the 
structural changes due to different concentration of fillers and their optical properties. 
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RESULTS AND DISCUSSIONS 
 
Fourier transform infrared analysis 

 
Fourier transform infrared (FTIR) spectroscopy has been proven to be a very powerful 

technique to study the internal structure of polymeric materials and intermolecular interaction 
between the polymeric material and filler. 

 
Figure (1) shows FT-IR transmittance spectra of pure PVA and Ag-PVA nanocomposite 

films recorded at room temperature in the region 4000-400 cm-1. 
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Fig 1: FTIR absorption spectra of pure undoped and silver nano-particle doped PVA films. 

 

The spectra exhibited characteristic bands of stretching and bending vibrations of the 
functional groups formed in the prepared films. FT-IR absorption bands positions and their 
assignments of the prepared samples are listed in Table (1). 

 
From the spectra, the broad band at about 3300 cm-1 is assigned to the stretching 

vibration of hydroxyl group (OH) of PVA, which may be due to the intermolecular or 
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intramolecular type of hydrogen bonding of the polymer and the nanoparticles. The band 
corresponding to CH2 asymmetric stretching vibration occurs at about 2930 cm-1. 

 
The peaks at 1710 and1652 cm-1 have been attributed to the C= O, C= C stretching 

mode. It is remarkable that, the present double bonds segments are considered as suitable 
sites for polarons and/or bipolarons [10, 11] 

 
The absorption peak at 1240 cm-1 has been assigned to the wagging (CH) group. The 

band at about 1105 cm-1 corresponds to C–O stretching of carbonyl groups present on the PVA 
backbone .While The absorption band at about 962 cm-1 is assigned to out-of-plane rings C–H 
bending . 
 

Table 1: Band assignment of IR vibrational modes 
 

Wavenumber (cm
-1

) Band assignment Ref. 

3300 OH stretching 18, 21 

2930 CH2asymmetric stretching 10, 17, 20, 21 

1652 C= C stretching 21 

1710 C= O stretching 10, 20, 21 

1429 Symmetric bending of CH2 10, 19, 21, 23 

1326 (CH+OH)  bending 10, 19, 21 

1241 wagging of (CH) 21, 23 

1105 CO stretching 10, 17, 18, 19, 21, 23 

963 Out-of-plane rings CH bending 17 

845 CC stretching vibrations 10, 21 

663 wagging mode of (OH) groups 21 

481 bending mode of (CO) 21 

421 Wagging of (CO) 21 

 
The CC stretching vibrations of the moderate absorption planar zig zag carbon back 

bone is observed at 845 cm-1. A broad moderate and weak band is observed at 663 cm-1   which 
is assigned to the wagging mode of (OH) groups. The weak bands at 486 and 426 cm-1 are 
assigned to the bending and wagging modes of CO group.  

 
Change in the IR spectrum of the Ag-PVA nanocomposite was observed for the band 

peaking at 1326 (cm-1). These changes are more pronounced for the Ag-PVA nanocomposites 
with higher content of inorganic phase. Therefore, the decrease in the ratio between the 
intensities of this band and the band at 1429 cm-1 upon incorporation of the Ag nanofiller 
indicates decoupling between the corresponding vibrations due to interaction between Ag 
nanoparticles and the OH groups originating from the PVA chains. This result is in agreement 
with previously reported data [12-16]  
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All these data support the idea of complexation between Ag metal and polymer matrix 

via polymer complex of an intermediate state according to the following equation; 
 

Ag+ + e- (from PVa molecule)  [Ag+-PVA]- (complex)  Ag + PVA- 
 
The result support the proposal of Longenberger and Mills [24] that Ag metal forms via a 

polymer complex of an intermediate state Agq+ (q<1). Oxidation of PVA through this reaction 
disrupts the Ag+-PVA complex structure. 
 
UV-Vis. absorption and optical studies 

 
Fig.2 shows UV-Vis. absorption spectra of pure and silver filled thin polymeric film. The 

absorption spectra (Fig. 2) show tunability of surface plasmon resonance of Ag-nanoparticles 
films with (λmax 420–460 nm) at different concentrations which caused by a collective excitation 
of the conduction band electrons of the nanoparticle. 
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Fig 2: UV–Vis. spectra of pure and different concentration Ag-nanoparticle doped PVA. 

  
Surface plasmon resonance peak increase depends upon particle size, shape of the 

particle, refractive index of surrounding medium and dielectric properties. Also a peak at 210 
nm appear, in undoped PVA due to n→π* transitions [25], shifts gradually towards the higher 
wavelength side with increasing concentration of Ag-nanoparticles as dopant. This shift in the 
absorption edge can be correlated to the change in optical band gap [11], as an effect of 
dispersion of Ag-nanoparticles in PVA matrix. 
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It is clear that, the band gap energies (Eg) obtained in the present work are decreased 
with increasing Ag-nanoparticles content. This indicates that there are charge transfer 
complexes arose between the PVA and Ag-nanoparticles [12]. 

 
Measurement of the absorption spectrum is the most direct method to investigate the 

band structure of materials. In the absorption process an electron is excited from a lower to 
higher energy state by absorbing a photon of known energy. The changes in the transmitted 
radiation can decide the types of possible electron transitions. Fundamental absorption refers 
to band-to-band or exciton transition. The fundamental absorption shows a sudden rise in 
absorption, known as absorption edge, which can be used to determine the optical band gap 

(Eg = h c/). Absorption is expressed in terms of a coefficient  (absorption coefficient), which 

is defined as the relative rate of decrease in light intensity. The absorption coefficient  was 

calculated from the absorbance (A). Where  = 2.303 A/x and x is the sample thickness. 
  

Absorption coefficient for amorphous materials can be related to the energy of the 
incident photon as follows [25]: 

 

(h) =  (h-Eg)
r   for  h > Eg.    (1) 

(h) = 0   for h < Eg.    (2) 
 

Where  is a constant, Eg is the optical energy gap and r the exponent that can takes the 
value 1, 2, 3, 1/2 and 3/2, depending on the nature of the electron transitions responsible for 
the optical absorption. It is well known that r takes the value of 1/2 in case of direct electronic 
transition across direct energy gap in the k space and 2 in case of indirect electronic transition 
across indirect energy gap.  Davis and Shalliday [26, 27] reported that near fundamental band 

edge, both direct and indirect transitions occurs and can be observed by plotting (h)2 and  

(h)1/2 versus photon energy (h). 
 

Fig. 3, 4 show Tacu’s plot of the (h)2 and  (h)1/2 as a function of photon energy (h), 
as an example for the base glass. The same procedure was used for the remaining doped 
glasses, to calculate its optical energy gap; these obtained values are listed in table 2.  
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Fig 3: Tacu’s plot of the (h)
2
 as a function of photon energy (h) 

 
Table 2: Relation between doping level and optical energy gap for pristine and filled PVA 

 

Doping level (wt%) Optical energy gap (eV) 

Direct Indirect 

0.00 5.45 5.50 

1.00 5.40 4.60 

2.00 5.35 4.38 

5.00 5.25 3.55 

10.0 3.80 3.50 

15.0 3.75 3.42 
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Fig 4: Tacu’s plot of the (h)
1/2

 as a function of photon energy (h) 

 
The values of direct band gap and indirect band gap are listed in Table 2. It is clear from 

Table 2 that the direct band gap and indirect band gap values showed a decrease with increase 
in doping level. This decrease may be attributed to the formation of defects in the polymeric 
matrix. These defects produce the localized states in the optical band gap. These overlaps are 
responsible for decreasing energy band gap when FL is increased in the polymer matrix [18]. In 
other words, the decrease in the optical gap results in an increase in the degree of disorder in 
the films. These results are supported by the data obtained from XRD studies in the present 
work. 
 
X-ray diffraction (XRD) 

 
Fig.5 shows the XRD of pristine PVA films and films that doped with Ag-nano particle 

with different filling level (FL) namely 1, 2, 5, 10, and % by wt. The diffraction pattern of 

undoped PVA indicates a diffraction peak at 2 = 19.4, as is clearly depicted in Fig. 4. This band 
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can be assigned to the partially crystalline nature of PVA polymer molecules, which may be as a 
result of strong inter-molecular and intramolecular hydrogen bonding between the PVA chains 
[23]. Further, it is evident from the same figure that new peaks at nearly 32 and 46 are 
generated after doping, which may be assigned to the Face-centred-cubic (fcc) structure of 
embedded Ag metal particles corresponding to h k l parameters (111) and (200). 

 

5 10 15 20 25 30 35 40 45 50 55 60

FL (wt%)

1
1

1

2
0

0

In
te

n
s
it

y
 (

a
.u

.)

2 degree

0.0%

1.0%

2.0%

5.0%

10.0%

15.0%

 
 

Fig 5: x-ray diffraction pattern for pristine and Ag-nano filled PVA films. 

 
Scanning electron microscopy (SEM). 

 
Scanning electron microscopy (SEM) was utilized to study the morphological property of 

polymeric films before and after doping with silver nanoparticles with different filling levels. Fig. 
6.a shows the morphology and surface nature of base PVA film prepared by casting technique. 
The surface of pristine samples was smooth and there is no evidence for any texture without 
any texture. Fig. 6(b-f) shows SEM images of filled PVA films, the nanoparticles from all 
formulations displayed nearly spherical shapes and did not show any aggregations except in the 
highest concentration (15%).  

 
There was no obviously difference amongst different formulations of nanoparticles. The 

distinct spherical nanoparticles could be observed, both single nanoparticle and multi-
nanoparticles. The particles were closed and sorted out well from each other without adhesion 
or cohesion. The surface was relatively smooth. The result showed that the difference in FL had 
no significant influence on the nanoparticles morphology.  
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Fig 6: (a-f) scanning electron micrograph of pristine and Ag-nanoparticles filled PVA films. 

 
CONCLUSION 

 
Ag-PVA nanocomposites with different filling level were prepared using casting 

technique. XRD and SEM micrographs revealed uniform dispersion within the PVA matrix and 
that Ag particles are in nanometer size domain. XRD pattern shows also a decrease of the 
content of crystalline PVA phase with the increase of the content of inorganic phase. FTIR 
measurements indicated interaction between Ag nanoparticles and PVA chain over OH groups 
and support x-ray results for the decrease of crystalline PVA phase with the increase inorganic 
filler content. 

 
The optical band gap as a result of doping has been found to be reduced significantly. 

The doping of silver nanoparticles forms the trap levels, rich in charge carriers. All these data 
support the idea of complexation between Ag metal and polymer matrix. 
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