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The current paper explores the preparation of PVA nanocomposites by doping with zinc oxide (ZnO) nanoparticles using the
method of coagulation and solvent casting technique. The dopant zinc oxide nanoparticle is prepared by simple precipitation
method and is confirmed by the X-ray diffraction (XRD) studies. The XRD studies explore that the average particle size of the
synthesized nanoparticles is 55 nm and show that the crystallinity factor of PVA nanocomposites is influenced by the interaction
occurring between the PVA main chain and the ZnO nanoparticle. The FTIR spectroscopy suggests that the formulation of
complexes occurring between the dopants and the PVA main chain is due to inter or intra molecular hydrogen bonding.
UV-vis spectra explore the dramatic decrease in the optical energy gap of nanoparticles doped polymer composites and the
variations of Urbach energy (𝐸u) related to crystallinity for various dopant concentrations. The mechanical properties of the PVA
nanocomposites were explored using universal testing machine (UTM) that reflects that, for 𝑥 = 15% doping concentration, there
is an increase in the tensile strength, stiffness, and Young’s modulus, whereas, for 𝑥 = 7.5% concentration, the percentage total
elongation at fracture is found to be the maximum.The morphological behavior and homogenous nanoparticle distribution in the
composites were examined by scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDAX).

1. Introduction

In the present generation, nanoparticles of transition metal
oxides (TMOs) are the main areas of materials research
due to their wide applications in many areas. In spite of
these TMOs, zinc oxide nanoparticles are used in numerous
applications like UV absorption, antibacterial treatment, and
so forth [1–4]. Nowadays, doping of ZnO nanoparticles into
a basic polymer matrix shows a very significant role for
improving the physical parameters of the compositematerials
having very unique potential applications in various fields
[5–7]. These nanoparticles generally tend to form a complex
with the polymer chain and thereby increase the physical
parameters of the polymer composites. In recent years,
polyvinyl alcohol (PVA) is used as a basic polymer because
of its unique properties such as good chemical stability,

biodegradable, eco-friendly, electrical, and optical properties,
and hydrophilicity [8, 9]. The significant feature of PVA is its
semicrystalline nature that is the presence of both crystalline
and amorphous regions causing crystal-amorphous interfa-
cial effects which increases the physical properties. These
crystal-amorphous regions are well separated by an interme-
diate degree of ordering causing the PVA macromolecule to
produce numerous crystalline and amorphous phases.

In this current paper, initially, zinc oxide (ZnO) nanopar-
ticles are prepared by precipitation method and then doped
into the PVA matrix by coagulation technique to prepare the
polymer nanocomposites by utilizing simple solvent casting
method. The crystalline and morphological properties were
investigated using X-ray diffraction (XRD), FTIR, scanning
electron microscopy (SEM), and energy-dispersive X-ray
spectroscopy (EDAX).The information regarding the optical
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properties and Urbach energies of the films is studied using
UV/visible spectroscopy. The mechanical properties were
investigated using universal testing machine (UTM).

2. Experimental Techniques

2.1. Preparation of ZnO Nanoparticles. The nanoparticles of
ZnO were synthesized according to Nejati et al. [10]. The
NaOH and Zn(NO

3
)
2
⋅6H
2
O chemicals were procured from

Sigma Aldrich, Germany. The required solution of NaOH
is prepared by dissolving 40 gm of NaOH in one liter of
deionizing water and is heated up to 80∘C with continuous
stirring kept at 1000 rpm in temperature controlled mag-
netic stirrer, kept for 1 hour. For this prepared solution, a
250mL solution of 0.5M Zn(NO

3
)
2
⋅6H
2
O was added and

the reaction mixture was further kept at constant stirring
rate of 1000 rpm for two hours keeping the temperature
at 80∘C. The precipitated solution formed from the above
reaction was separated using a centrifuge to obtain ZnO and
the obtained residue is washed several times with deionized
water until all the traces of NaOH are removed.The obtained
ZnO nanopowders were then dried at 90∘C and kept in
oven for about 8 hours and the yield was about 92%. The
crystalline structure and morphology of ZnO nanopowder
were evaluated by XRD and SEM.

2.2. Preparation of Pure and Doped PVA Nanocomposites.
PVA (Mowiol 10-98) compound of fully hydrolysed gradewas
procured commercially from Sigma Aldrich, Germany, and
used as basic polymericmatrix.The PVAused as a basic poly-
mer compound has molecular weight 𝑀

𝑊
= 61000 g/mol

with degree of polymerization 𝑃
𝑊
= 1400, having bulk den-

sity of 0.4–0.6 g cm−3. A polymer nanocomposite films are
prepared by mixing a mass𝑊

𝑑
of the dopant (nanoparticles)

in a mass 𝑊
𝑝
of the polymer. Thus, the percentage weight

fraction (𝑥%) of the dopants is evaluated by the following
equation:

𝑥% =
𝑊
𝑑

(𝑊
𝑑
+𝑊
𝑝
)

× 100. (1)

About “𝑥” weight percentage zinc oxide nanoparticles
(ZnO), where 𝑥 = 0%, 1%, 5%, 7.5%, 10%, 14%, and 15%
weight, were taken and dispersed separately each in 5mL
of distilled water taken in beaker and sonicated by probe
ultrasonicator for 10 minutes. A 6 g of solid PVA is made to
dissolve in 100mL of distilled water, kept at constant stirring
rate of 1000 rpm for one hour simultaneously, heating the
mixture at 90∘C until the polymer dissolves completely to
form a clear viscous solution.The PVA solution achieved was
divided into six equal parts and each part of viscous solution
of prepared PVAwas treated by adding “𝑥” weight percentage
of ZnO nanoparticles, where 𝑥 = 0%, 1%, 5%, 7.5%, 10%,
14%, and 15% weight concentrations dispersed in distilled
water and ultrasonically sonicated by probe ultrasonicator
for 20 minutes to make homogenous distribution of ZnO
nanoparticles in PVA matrix. The polymer viscous solution
was then allowed to cast into a polymer composite film using
a clean Petri dish and the solvent is dried in air for three days

at room temperature. Later, the composite films were peeled
off from the Petri glass plate and placed in vacuumdesiccators
for further characterization. The thickness of the obtained
polymer nanocomposite films was investigated using dial
thickness gauge (Mitutoyo, Japan) by taking three trials at
different places and mean thickness of the film was found in
the range between 100 and 150 𝜇m.

2.3. Physical Measurements. The X-ray diffraction spectra of
the different polymer composite were investigated to study
regarding crystalline parameters samples by using a Bruker
D8 Advance X-ray diffractometer having Ni filter and CuK𝛼
radiation of wavelength 𝜆 = 1.5406 Å using a graphite mon-
ochromator. The scanning was performed with scanning
speed 2∘/min in the 2𝜃 range 10–80∘. Fourier transformation
infrared spectroscopy (FTIR) studies of the pure and doped
PVA composite films were examined using JASCOFTIR 4100
type A spectrophotometer in the wave number range 400–
4000 cm−1 having a resolution of 4 cm−1. The information
about the energy gap and other optical studies of the PVA
nanocomposites was determined using JASCO V-630 UV-
visible spectrophotometer taken in thewavelength range 190–
1100 nm. The investigation of mechanical parameters like
tensile strength, percent elongation (%), and modulus of
elasticity was carried out using universal testing machine
(LLOYDLRX Plus-5 KN, London, UK).Themechanical tests
were performed according to ASTM D-882 standard test
(ASTM, 1992) and the results were analyzed usingNEXYGEN
Plus software. Polymer composites of rectangular shape of
dimension 25×100mmwere used for the determination of all
mechanical parameters.The nanoparticles distribution in the
PVAmatrix and surfacemorphological behavior were known
using JEOL JSM-6380LA scanning electron microscopy
(SEM) and energy-dispersive X-ray spectroscopy (EDAX).

3. Results and Discussion

3.1. XRD Studies of Pure ZnO, Pure PVA, and ZnODoped PVA
Samples. The XRD spectrum is taken in the 2𝜃 range from
10 to 80∘, showing the peaks related to ZnO nanoparticles.
The numerous crystalline peaks observed at 2𝜃 = 32.33,
35.15, 36.93, 48.49, 57.66, 64.23, 67.67, 69.35, 70.46, and 74.29
degrees resemble ZnO nanoparticles (ICSDCollection Code:
154490 and International Center for Diffraction Data, JCPDS
5-0664). Apart from this, no extra peaks of impurity were
observed in the spectrum portentous and the high purity of
ZnO was obtained during synthesizing as shown in Figure 1.
The average particle size of prepared ZnO nanoparticles can
be evaluated by the first approximation of Debye-Scherrer
formula [11]:

𝐷 =
0.9𝜆

𝐵 cos 𝜃
, (2)

where𝐷 is the average size of the particles,𝜆 is thewavelength
of X-ray radiation used, 𝐵 is the full width at half maximum
intensity of the peaks, and 𝜃 is the diffraction angle.

The average particle size “𝐷” evaluated from Debye-
Scherrer formula for the prepared ZnO nanoparticles is
55 nm.
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Figure 1: X-ray diffraction peaks of Pure ZnO nanoparticles, PVA
doped ZnO composites, and pure PVA films.

Further, the XRD spectrum explores the semicrystalline
nature of the pure PVA as well as ZnO doped PVA nanocom-
posite films. In case of pure PVA, a broad intense peak
observed at scattering angle (19∘ < 2𝜃 < 20∘) represents
the “𝑑” spacing value 4.57 Å for pure PVA.The occurrence of
semicrystalline nature of PVA is mainly because of the exis-
tence of strong intermolecular hydrogen bonding between
PVA molecules. After doping, the widening of crystalline
peaks obtained at the range 2𝜃 = 19∘ < 2𝜃 < 22∘ implies
that the particle size decreases. This decrease in the particle
size is mainly because of the interaction occurring between
main chain of PVA and ZnO nanodopants. The diffraction
peaks are also confirmation of ZnO nanoparticles and the
formation of composites.

The crystallinity is nothing but the weight fraction of the
crystalline percentage of a polymer.The physical characteris-
tics of any polymer are generally dependent on the crystalline
parameters. The XRD spectrum determines the crystallinity
factors of these composites:

Crystallinity % =
(total area of crystalline peaks)
(total area of all peaks)

× 100.

(3)

The value of percentage crystallinity for PVA/(𝑥) ZnO for
𝑥 = 0% is found to be 56.86%, whereas, for 𝑥 = 15%, it is
65.36%. This change in crystallinity signifies the structural
regularity occurring in the main chains of the polymeric
molecules on doping.

3.2. FTIR Analysis of ZnO Doped PVA Nanocomposites. The
FTIR spectral analyses of pure and ZnO nanoparticles doped
PVA composites were explored and are presented in Figure 2.
From the FTIR data, an intense broadband was observed at
the wave number range 3624.55 cm−1, representing the O–H
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Figure 2: FTIR spectra of PVA/(𝑥) ZnO nanocomposites for (a) 𝑥 =
0wt%, (b) 𝑥 = 1wt%, (c) 𝑥 = 5wt%, (d) 𝑥 = 7.5wt%, (e) 𝑥 =
10wt%, (f) 𝑥 = 14wt%, and (g) 𝑥 = 15wt%.

stretching vibration associated with PVA molecule [12, 13].
It is observed that after the action of ZnO nanoparticles
dispersing in the PVAmatrix the FTIR spectra exhibit several
irregular shifts related to corresponding bands with change in
intensities of pure PVA as presented in Table 1. The irregular
shifts indicated in the spectrum are mainly because of the
orderly arranged hydroxyl groups of the polyvinyl alcohol
chain accomplished by forming stable complex compounds
or else bonding with certain substances. This intimates us
regarding the extensive interaction of PVA and with ZnO
nanoparticles. The observed variations may also link with
defects generated by the charge transfer reaction existing
between the PVA chain and the ZnO nanodopant. These
justifications strengthen the interaction occurring between
the doped Zn ions and PVA acetyl group (as presented in
Schemes 1 and 2).The shifts in acetyl C–O stretching and also
in CH

2
of PVA molecules support the existence of chemical

interaction occurring between Zn and PVAmatrixes through
intra-/intermolecular hydrogen bonding existing between
them. The complex modification that occurred within the
PVA molecules with ZnO can be understood as represented
in Scheme 1. The dopant added also adjusts the wagging,
bending, skeletal, and out of plane vibrations related to PVA.
The vibrational peak observed in the wave number range
800–600 cm−1 signifies the Zn–O indicating the formation of
complex with the PVA matrix.

3.3. UV-Visible Spectroscopy Studies. The UV/visible spec-
trum for various concentrations of the composite samples
was detected. The spectra of pure and ZnO nanoparticles
dispersed PVA are presented as given in Figure 3. It is well
known that pure PVA absorbs the radiation strongly in the
wavelength region 200–400 nm [14, 15]. Figure 3 signifies the
shift in both absorption bands and the band edges towards
the higher wavelengths with different absorption intensities
for different concentrations of doped PVA samples. These
absorption band shifts give an idea of the formation of inter-/
intramolecular hydrogen bonding existing between Zn ions
with the adjacent OH groups of the PVA main chain. The
increase in absorption is mainly due to the increase in ZnO
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Table 1: Asymmetrical shifts observed in FTIR spectra of doped PVA nanocomposites.

Sl. number Sample
C–O

stretching of acetyl group
cm−1

CH2
vibrations
cm−1

C–H
asymmetric stretching vibration

cm−1

C–H
symmetric stretching vibration

cm−1

1 Pure PVA 1151.29 1479.13 2996.84 2878.24
2 PVA/1% ZnO 1150.96 1479.14 2997.13 2881.13
3 PVA/5% ZnO 1149.46 1479.15 2996.14 2879.72
4 PVA/7.5% ZnO 1149.09 1478.68 2998.13 2879.12
5 PVA/10% ZnO 1149.01 1473.12 2996.08 2878.2
6 PVA/14% ZnO 1151.14 1480.13 2996.18 2877.8
7 PVA/15% ZnO 1150.73 1480.05 2997.01 2877.6

ZnZn
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Figure 3: UV-visible spectra of pure and ZnO nanoparticles doped
PVA composites.

concentration causing more and more inter-/intrahydrogen
bonding. This can be enlightened more by using Beer’s law
which states that the absorption of radiation is directly
proportional to the number of absorbing molecules in the
sample. The shift witnessed in the absorption edge of the
doped PVA composites is essentially due to the variation
in crystalline parameters which in turn changes the energy
band gap. Equation (4) represents the relation between the
absorption coefficients 𝛼 with photon energy

𝛼 =
2.303𝐴

𝑑
, (4)

where 𝐴 is absorbance and 𝑑 is the thickness of composite
sample.

It is well known that classical Tauc’s expression relates
absorption coefficient 𝛼 and the optical band gap 𝐸

𝑔
. From

the UV-visible spectra, the optical energy band gap is deter-
mined by transforming the spectra into Tauc’s plots using the
frequency-dependent absorption coefficient as given byMott
and Devis [16, 17]:

𝛼 (]) =
𝛽 (ℎ] − 𝐸

𝑔
)
𝑟

ℎ]
,

(5)

where𝛽 is a constant and the exponent 𝑟 is an empirical index
which is equal to 2 for indirect allowed transition in the quan-
tum mechanical sense responsible for optical absorption.

The linear behavior of curve obtained by plotting of the
product of absorption coefficient and photon energy (𝛼ℎ])0.5
versus the photon energy (ℎ]) at room temperature signifies
the indirect allowed transition.The linear portion of the curve
is further extrapolated to a point (𝛼ℎ])0.5 = 0, providing the
optical energy band gap 𝐸

𝑔
value for the pure as well as for

the doped PVA films (Figure 4). Hence, indirect transition
can be assumed between the valence and conduction bands.
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Figure 4: Optical energy band gap of pure and doped PVA nano-
composites for various doping concentrations.
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Figure 5: Variation of the optical energy band gap of the pure and
ZnO doped PVA composites.

The values of𝐸
𝑔
calculated for various dopant concentrations

of the composite samples are presented in Figure 5. It is
very clear from Figure 5 that as the dopant concentration
increases the band gap value decreases. The decrease in the
optical energy gap (𝐸

𝑔
) values is due to the presence of

local cross-linking that occurred within the noncrystalline
phase of the composite polymer. This increase in the local
cross-linking further increases the degree of ordering in PVA
backbone and thereby decreases the energy gap values. Same
observations are observed in XRD spectra, indicating the
interaction of ZnO nanodopants with the main chain of
PVA molecule and tending to form complex through intra-/
intermolecular hydrogen bonding. This complex formation
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causes the microstructural variation occurring between the
nanoparticle and the basic polymer matrix. This change in
microstructural leads to the decrease of the energy band gap
𝐸
𝑔
of the polymer composites (Figure 5).
The crystalline or amorphous nature of prepared polymer

composites is elucidated by using optical absorption data. In
the composites, the absorption of radiations generally takes
place if ℎ] ≤ 𝐸

𝑔
, signifying the presence of the tail states

in the forbidden gap which is very close to the energy of the
mobility edge.The Urbach energy (𝐸u) which determines the
crystalline or amorphous nature of the composite is related
to the absorption coefficient 𝛼(]) at higher wavelength in the
spectrum or else at low absorption levels as follows [18]:

𝛼 (ℎ]) = 𝛼
0
exp(ℎ]
𝐸u
) , (6)

where 𝛼
0
is a constant and 𝐸u is called Urbach energy. It is

well known that the value of 𝛼
0
generally depends only on

the optical energy gap value.TheUrbach energy𝐸u interprets
the disorder that occurred in the system that is generally
understood by the thickness of the tail of localized states
in the forbidden band gap. The Urbach rule for any sample
signifies the exponential dependence of 𝛼(]) on energy of
photon (ℎ]). The values presented in Table 2 are the Urbach
energy (𝐸u) obtained by plotting the graph of exponential
dependence of 𝛼(]) versus energy of photon (ℎ]) and the
linear region of curve is fitted by least square fit technique.
It is very clear from the table that as ZnO nanodopants
concentration increases, the values of 𝐸u increases. The
mobility perception is responsible for the observed variations
occurred in Urbach energies in case of doped polymer
composites [17]. These nanodopants induce an additional
defect states and formation of complex inside the polymer
matrix. Generally, the nanoparticle doping concentration
increases the density of localized states, creating more and
more additional defects. Thus, the increase in the additional
defects overlaps and extends the mobility gap. Hence, these
defects overlap and complex formation enhances the Urbach
energy when ZnO dopant increases in the polymer matrix.
Hence, the value of Urbach energy (𝐸u) obtained interprets
the semicrystalline structure of ZnO nanoparticles doped
polymer composites. Correspondingly, the occurrence of
sharp XRD peaks also authenticates the crystalline nature of
ZnO doped PVA composites.

3.4. Mechanical Studies of Pure and Doped PVA Samples.
Mechanical properties of the polymer nanocomposites were
performed using universal testing machine (UTM). It com-
prises two metallic grips for griping both ends of the
specimen film in order to study the mechanical properties
like tensile strength, Young’s modulus, and so forth. The
lower grip is held fixed, whereas the upper grip is moved
up with a constant speed. An electrically driven automatic
speed controller, kept above, controls the speed of the upper
grip. All mechanical measurements were carried out at room
temperature in air. The tensile strength, Young’s modulus
(modulus of elasticity), and percentage of elongation are used
to assess the physical properties of doping of nanoparticles

Table 2: The deviation of Urbach energies of PVA doped with dif-
ferent doping concentrations of ZnO nanoparticles.

Sl number ZnO doping concentration
(wt%)

Urbach energy
(eV)

1 Pure PVA 2.47
2 1 3.22
3 5 3.78
4 7.5 4.68
5 10 5.17
6 14 6.93
7 15 7.96
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Figure 6: Stress-strain curves of PVA/(𝑥) ZnO with (a) 𝑥 = 0wt%,
(b) 𝑥 = 1wt%, (c) 𝑥 = 5wt%, (d) 𝑥 = 7.5wt%, (e) 𝑥 = 10wt%, (f)
𝑥 = 14wt%, and (g) 𝑥 = 15wt%.

on polymer matrix through a comparison of experimental
results.

The mechanical properties of doped polymer composites
generally depend on the intermolecular forces, interaction,
and complex formation with the dopant, chain stiffness, and
molecular symmetry of the individual polymer [19]. From
Table 3 and Figure 6, it is very clear that PVA/(𝑥) ZnO, where
𝑥 = 15wt%, exhibits high tensile strength. The mechanical
behavior is also affected by the degree of crystallinity and
the surface morphology of the crystalline material. It was
found that degree of crystallinity was high for 𝑥 = 15%
and crystallinity of a polymer increases with the degree of
crystallinity increases because of the secondary bonding also.
Further, for this reason, the stiffness (elastic modulus) and
strength of the polymer nanocomposite also increase. On
the other hand, ductility declines as crystallinity increases.
Hence, for 𝑥 = 15% weight concentration, the maximum
stiffness value was found to be 9.8261 kN/m. The maximum
percentage elongation at fracture in PVA nanocomposite is
observed for 𝑥 = 7.5wt% doping concentration.Thus, a high
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Table 3: Mechanical properties of pure and ZnO nanoparticles doped PVA films.

Sl number Sample Tensile strength
(MPa)

Stiffness
(kN/m)

Young’s modulus
(MPa)

Percentage total
elongation at fracture

1 PVA/0wt% ZnO 2.901 5.3490 45.330 92.53
2 PVA/1 wt% ZnO 6.964 5.8880 90.585 221.50
3 PVA/5wt% ZnO 7.096 6.9059 74.658 214.55
4 PVA/7.5 wt% ZnO 8.331 8.3994 86.148 295.21
5 PVA/10wt% ZnO 9.825 5.3474 82.267 251.9
6 PVA/14wt% ZnO 11.375 5.1376 70.864 263.99
7 PVA/15wt% ZnO 12.517 9.8261 196.523 195.74
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Figure 7: SEM image of (a) ZnO nanoparticles and (b) PVA doped ZnO nanoparticles.

ordering of the ZnO nanodopants in the PVA matrix, shared
with intense hydrogen bonding between the nanodopants
and congealing of the PVA polymer chains, leads to highly
effective load transfer between nanodopants and the polymer.
The results indicate that the addition of the ZnO with weight
percentage 𝑥 = 15% increases the tensile strength, stiffness,
and Young’s modulus.

3.5. SEM and EDAX Studies. The scanning electron micros-
copy (SEM) is used to study the influence of nanoparticles
on doping into the polymer matrix through the detection
of phase separations and interfaces. Figures 7(a) and 7(b)
show the SEM photograph of ZnO nanoparticles and doped
polymer nanocomposite. The observed SEM images of pre-
pared ZnO nanoparticles structures are found in the form of
flakes. The SEM photograph of prepared films explores the
homogenous distribution of nanoparticles in the PVAmatrix.
The investigation of surface morphology of the PVA/(𝑥) ZnO
polymer composite films shows some aggregates or chunks

randomly distributed on the film upper surface. The results
specify that somenanosizedZnOparticleswould have tended
to form small aggregates while dispersing in the PVApolymer
matrix. The average particle size of dispersed ZnO nanopar-
ticles in PVA composite found in the SEM photograph is very
near to that of ZnO particle size calculated from the XRD
data.

The chemical composition and homogenous percentage
distribution of PVA doped with ZnO polymer composite
film is studied using energy-dispersive analysis of X-rays
(EDAX). An EDAX spectrum of synthesized ZnO nanopar-
ticles taken confirms the presence of ZnO in the region as
shown in Figure 7(a). In order to analyze the EDAX spectra,
first the doped polymer nanocomposites films were sputter-
covered by gold particles in order to oppose the artifacts
produced on the upper surface due to charging (Figure 8).
Figure 7(b) and Table 4 explore that the distribution of nano-
particle ZnO dopants is uniform and confirms the presence
of ZnO in the composite film.
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Table 4: Percentage distribution of nanosized ZnO dopants in the
composites.

ZAF method standardless quantitative analysis
Fitting coefficient: 0.3319

Element (keV) Mass% Error% At% K
C K 0.277 44.17 0.12 61.06 24.8175
O K 0.525 33.57 0.28 32.77 32.9757
Zn K 8.630 24.26 0.89 6.16 42.2067
Total 100.00 100.00
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Figure 8: EDAX spectra of ZnO doped PVA nanocomposites.

4. Conclusions

The results achieved with the investigated PVA doped with
ZnO polymer nanocomposites prepared by coagulation mix-
ing and solution casting method allow us to draw the follow-
ing conclusions.

(i) The XRD analysis shows that the synthesized ZnO
nanoparticles have average particle size of 55 nm.

(ii) The interpretation of nanocomposites XRD spectra
explores the interaction of dopants by complex for-
mation with the PVA matrix causing the structural
variations which changes the crystallinity.

(iii) The FTIR spectrum reveals the interaction occur-
ring between Zn ions and OH group of PVA back-
bone through intra-/intermolecular hydrogen bond-
ing forming a complex.

(iv) The UV-visible spectral studies showed the opti-
cal energy gap of ZnO nanoparticles doped PVA
decreases and for 𝑥 = 15% the value of 𝐸

𝑔
= 2.756 eV.

(v) The value of Urbach energy (𝐸u) increases with ZnO
doping concentrations explores the crystalline nature
of ZnO nanoparticles doped polymer composites.

(vi) The mechanical studies indicate the microstructural
variations and the addition of ZnO nanostructures
for 𝑥 = 15% weight doping concentration increase
the tensile strength, stiffness, and Young’s modulus,
whereas, for 𝑥 = 7.5% weight doping concentration,
the percentage total elongation at fracture increases.

(vii) The scanning electron microscopy images show the
ZnO flake nanoparticles, its homogenous distribu-
tion, and the compatibility occurring between the
nanoparticles with the PVA matrix.

(viii) The corresponding EDAX spectrum confirms the for-
mation of the composite and explores the elemental
compositions of prepared ZnO nanoparticles doped
in basic PVA matrix.
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Nedeljković, V. Djoković, and A. S. Luyt, “Fabrication and
characterization of silver-polyvinyl alcohol nanocomposites,”
Chemistry of Materials, vol. 15, no. 26, pp. 5019–5024, 2003.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

High Energy Physics
Advances in

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Fluids
Journal of

 Atomic and  
Molecular Physics

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in  
Condensed Matter Physics

Optics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Astronomy
Advances in

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Superconductivity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Statistical Mechanics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gravity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Astrophysics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Physics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Solid State Physics
Journal of

 Computational 
 Methods in Physics

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Soft Matter
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Aerodynamics
Journal of

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Photonics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Biophysics

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Thermodynamics
Journal of


