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INTRODUCTION

Nanotechnology has gained remarkable attention over time.
It is a multiphase solid material in which dispersion phase
material, which dispersed in a matrix material is in nanoscale
[1-3]. So, it forms by dispersing a nanomaterial into other distinct
materials. The importance of this material is that two compo-
nents have a very small interaction between the individual
components having unique structures over an extended scale
at a nonmetric level. The phases might be a solid, a liquid or
combination of both. Moreover, the nanocomposites used to
exploit towards producing homogeneously large-grained consti-
tuents resulting conservative bulk composite or materials with
useful new properties. In recent years, metal nanoparticles are
widely used in various potential fields such as sensing, opto-
electronics, catalysis, lubrication, electromagnetic interference
shielding, solar cells, water treatment, etc. due to possession of
interesting physical and chemical properties quite different
from those in the bulk material [4-11].
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The addition of nanofillers show incredible upgrading in
the properties of the polymer. The use of nanofillers lowers
the content loading on the polymer matrix than that of the use
of microfillers [12]. For the study of their uses in different
fields various researches have been carried out for the synthesis
of a large number of polymeric nanocomposites. Different types
of polymers (such as polyaniline, polyvinyl alcohol (PVA),
polyethylene (PE), polyvinylidene fluoride (PVDF), polyvinyl
chloride (PVC), polyamide, etc.) are encumbered with several
types of nano fillers like Cu2O, FeO, ZnS, CdS, graphene oxide,
etc. for the development in structural, optical, mechanical and
electrical properties of polymer nanocomposites (PNCs) [12,
13]. Wang et al. [14] reported that using a simple and practical
approach, one can synthesize polymer composites where PVA
is the matrix and grapheme acts as reinforcing agent. PVA/Cu2O
PNCs films were set up by light of γ-ray [15]. They found that
such PNCs film can be utilized for the radiation location and
individual dosimeter in country areas and low monetary nations.
Saini et al. [16] used PVA grafted silicon carbide nanocrystals
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for the improvement of the properties of PVA. By a hydro-
thermal process, PVA based iron sulfide, cobalt and nickel
nanocomposites were also prepared as reported by Qian et al.
[17]. Krkljes et al. [18] reported the Ag-PVA polymeric nano-
composites loaded with various Ag-contents and γ-radiations
was utilized to decrease silver particles in the presence of PVA
arrangement in water.

In this work, silver nanoparticles (AgNPs) were obtained
from the raw fruit extract of Bakul tree (Mimusops elengi).
The extract was acted as a stabilizing agent as well as reducing
agent in aqueous medium.  The prepared silver nanoparticles
were further utilized in the preparation of Ag-PVA polymeric
nanocomposite films.

EXPERIMENTAL

Fruit extract: The raw fruits of Mimusops elengi (10 g)
were collected from the local orchid area, washed thoroughly
and placed in a beaker in 100 mL deionized water. The beaker
covered with watch glass was then placed in a hot plate contain-
ing magnetic stirrer at 80-85 ºC for 1 h and 20 min. The aqueous
extract was filtered using Whatman filter paper No. 42 (2.5
µm) and kept in a refrigerator 10-12 ºC.

Synthesis of AgNPs: Aqueous extract (5 mL) in a beaker
was placed on the hotplate at 75 ºC with magnetic stirrer follo-
wed by the addition of silver nitrate solution dropwise. Five
samples were prepared by adding 0.05, 0.1, 0.15, 0.2 and 0.25
mL of silver solution. The colour of the solution was changed
to brown due to formation of silver nanoparticles.

Development of Ag-PVA PNC films: Nanofluids consis-
ting of different amount i.e. 0.5, 1.0, 1.5, 2.0 and 2.5 mL were
added to a fixed volume of PVA solution. For the development
of PNCs, the nanofluids in petri dishes were kept at 90 ºC for
10 h for complete evaporation of the solvents and finally kept
for characterization.

The optical absorption analysis was conducted in an ultra
violet spectrometer or UV-Visible spectrometer (Perkin-Elmer
Lambda 750 spectrophotometer) in the range of 200-900 nm.

The FTIR analysis was conducted in the range of 4000-400
cm-1 using Perkin-Elmer Model: Spectrum-65. The crystalline
structures of silver nanoparticles were studied as a wide angle
with the help of an X-ray diffractometer (Make: Philips; model:
PW-1710). The diffracted data were noted using a filtered
monochromatic radiation of CuKα having the wavelength (λ)
range 0.15405 nm over a Ni filter. The data were collected
with a computer, which was bordered over the diffractometer,
at a scanning speeds of 0.05º/s in applied current 20 mA and
applied voltage of 40 kV. The range of the diffraction angle,
which is denoted as 2θ wide-ranging from 10º to 100º. In a
crystalline phase, the average crystallite size (D) can be studied
from the peak-thicknesses in the characteristic XRD peaks
using the formula derived by Debye-Scherrer [19]. The field
emission scanning electron microscopic (FESEM) images of
discriminatory samples of polynanocomposite films were taken
at discriminatory scales of magnifications of some of samples
[20] (make: The Oxford model Leo1550 VP-SEM). The images
were taken at an augmented voltage range of 2 to10 kV. The
thermal analysis were conducted by heating 10 to 30 mg of
sample (powder or pieces of films) in an aluminum pan over
300 to 900 K under a pure argon atmosphere (make: Perkin-
Elmer, Model: DT-40, Shimadzu Co. Japan).

RESULTS AND DISCUSSION

UV-visible studies: At room temperature, the UV-visible
optical absorption spectra in the range of 200 to 900 nm were
studied to authenticate the development of AgNPs in the PVA-
Ag PNC films. The absorption spectra of five poly nanocom-
posite film samples consisting of (a) 0 mm, (b) 10 mm, (c) 20
mm, (d) 30 mm and (e) 50 mm AgNPs, respectively are shown
in Fig. 1a. Two types of absorption bands were detected tin
the UV spectrum. One type of band is weak band; which is
found at 199 nm from n→π* electronic transition of the PVA
polymer [21,22]. Another broad found near 465 nm is attri-
buted to SPR band. For PVA without AgNPs, no SPR band is
detected. From Fig. 1b, it is observed that with increasing the
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Fig. 1. (A) UV-visible absorption spectra of PVA-Ag PNCs containing (a) 0 mm, (b)10 mm, (c) 20 mm, (d) 30 mm and (e) 50 mm Ag NPs;
(B) SPR band of PNCs consisting of (a) 0 mm, (b) 10 mm, (c) 20 mm, (d) 30 mm and (e) 50 m Ag NPs
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contents of AgNPs, the intensity of SPR band increased [23-
26]. It is obvious that with the increase in the silver content,
definitely there will be a decrease in the absolute number of
PVA molecules, which form particle size to increase. Also, near
199 nm, the intensity of band increased with increasing the
content of nanoparticles. It clearly recommends that nano-
particles helps the PVA molecules to absorb UV-light strongly
in the lower wavelength region.

FTIR analysis: The interfacial interaction between AgNPs
and PVA was studied using FTIR spectroscopy. The FTIR
spectra of five films consisting of different amount of AgNPs
in PVA nanocomposite films are shown in Fig. 2. The various
FTIR bands of neat PVA polymer shows bands at 3450, 3080,
2895, 1535, 1470, 1510, 1360, 1195 and 684 cm-1. A relatively
broad and intense band appeared between 3500-3200 cm-1 due
to O-H stretching vibration indicates the presence of polymeric
association of the free hydroxyl groups and bonded O-H stret-
ching vibration. Whereas the bands at 1550-630 cm-1 suggests
that O-H plane bending motion is coupled strongly with other
molecular motions [27]. The symmetric CH2 stretching bands
of CH2 group a different absorption band occurred at 2877
cm-1 [28-30]. Also, the intensity of some selective vibrational
band (C-H2 bending) has increased drastically at 1475 cm-1 in
presence of AgNPs. The carbonyl group is appeared at 1692
cm-1 [31] and at 1146 cm-1, the C-O stretching vibration of the
ether group takes place [31,32]. These bands originate in the
spectra tells that PVA is present in the polymer nanocomposite
films.

FESEM analysis: The morphology, size distribution and
size of the AgNPs were examined using FESEM images. The
FESEM images (5 µm and 500 nm) of PVA-Ag PNCs films
no AgNPs (3a-b); 20 mm AgNPs (3c & d) and 50 mm AgNPs
(3e & f) containing 3.0 g/L PVA are shown. In Fig. 3a-b, no
particle linkage is found, since films contained only PVA and
THF solution. In Fig. 3c-d, the particles were interconnected
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Fig. 2. FTIR spectra of five PVA-Ag PNCs films consisted of (a) 0 mm,
(b) 10 mm, (c) 20 mm, (d) 30 mm and (e) 50 mm AgNPs

i.e. AgNPs were crosslinked by PVA polymer. The particles
are needle shaped and their average diameter lies in 400-600
nm, however the sizes are not uniformly distributed. In Fig.
3e-f, certain pores and nanoparticles were of non-spherical in
shape and some needle like shapes are found.

XRD studies: The diffraction patterns were verified using
a filtered monochromatic radiation of CuKα of λ = 0.15405
nm through a Ni filter by casting the samples on the Si plate at
a scanning angle (2θ) of 100º to 1000º scanning speed of 0.05
m/s and voltage of 40 kV to current 20 mA. The average
particle size (D) of AgNPs has been determined by using the
Scherrer formula, D = 0.89λ/βcos θ. The XRD pattern of neat
PVA displays that PVA is crystalline in nature in THF and has
only α-phase. At 21.9º, the peak from (110) plane recommend
the development of α-phase and no other peak from NPs was
observed [33]. A sample containing AgNPs, the peak at 24.3º
is from (208) plane of β-phase. The peaks which were observed
at 36.21º, 42.73º, 64 and 50.54º matched well with a cubic
phase of Ag (Fig. 4). These peaks correspond to the (117),
(118) and (138) peaks of crystallite fcc AgNPs present in the
PVA matrix [34-36]. From the XRD pattern of AgNPs
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Fig. 3. FESEM image (5 µm and 500 nm) of PVA-Ag PNCs films containing (a & b) 0.0 mm (c & d) 20 mm and (e & f) 50 mm AgNPs
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Fig. 4. XRD patterns of selective samples containing 0.0 mm, 20 mm and
50 mm AgNPs

without PVA, no change in the X-ray diffraction pattern was
observed. This recommends that the crystalline nature of AgNPs
are not concerned by PVA.

Thermogravimetric analysis: Fig. 5 shows the dissimi-
larity of weight loss (%) in contrast to temperature for neat
PVA and PNC films. From the thermograms, it is observed
that samples were thermally stable in the temperature ranges
55-450 ºC. PVA starts degrading (Tonset) at 435 ºC and continued
up to 650 ºC. For PNC films, the degradation temperature  statr
484 ºC for a PNC film containing 50 mm AgNPs. This is due
to formation of cross-linked structure between AgNPs and PVA
polymer and thus thereby exhibit high strength. The FTIR and
XRD studies also suggested that the formation of highly polar
β-PVA phase in the PNC film helps in the enhancement of
packing of nanoparticles in PVA medium and thereby incre-
asing the thermal stability [37].
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Conclusion

The synthesized silver nanoparticles from the Mimusops
elengi extract of raw fruits as capping aagent and hydrazine

as a reducing agent were incorported in order to develop the
poly(vinyl alcohol)-silver nanoparticles nanocomposite (PNC)
films. The UV-visible and X-ray diffraction analyses confirmed
the formation of AgNPs in the film. The FTIR revealed the
interaction occured between silver nanoparticles and PVA
polymer. Thermal study suggested that the presence of nano-
particles helps in increasing the thermal stability of PNC films.
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