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Abstract Polymers/ZnO nanocomposites have been
receiving great interest due to their wide range of applica-
tions in optical devices. So, there is an essential need to
enhance their optical properties. In this work, nanocom-
posites of four types of polymer and ZnO nanoparticles have
been prepared as flexiable foil by using the casting method.
Poly (methyl methacrylate) (PMMA), poly (vinylidene flu-
oride) (PVDF), polyvinyl alcohol (PVA), and polystyrene
(PS) are used as polymer matrix while different concentra-
tions of ZnO nanoparticles are used as filler. The analysis of
energy dispersive X-ray (EDX) is satisfied of the high purity
of as-prepared samples. UV-visible transmittance spectra
have shown low transmittance in UV region which is
inversely proportional with the concentration of ZnO
nanoparticles. Linear absorption coefficient (o) has shown
the presence of absorption edges. The energy gap is calcu-
lated, it is noticed that the optical band gap of all
nanocomposites are red shifted. The values of the energy gap
for all samples decreased with the increase of the weight
percentage of ZnO nanoparticles in nanocomposites. How-
ever, the decrement in nanocomposites samples is different.
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1 Introduction

Optical properties of nanocomposite have received much
attention because they are different from individual polymers.
They offer unexpected properties which greatly differ from
conventional materials [1]. The optical properties of
nanocomposites are certainly influenced by many factors such
as size of filler, size distribution, degree of dispersion, and
filler contents [2]. Zinc oxide (ZnO) is one of the most
attractive semiconductors due to a unique combination of
electrical and optical properties [3]. ZnO has a wide band gap
(3.37 eV), which makes it an efficient UV absorber with the
absorption edge of about 368 nm. The stability [4] of the
electron—hole pairs is constant even at room temperature due
to its large exiton binding energy (60 meV), which is much
larger than the room temperature thermal energy (26 meV).
Consequently, ZnO has become a promising material for
optoelectronic devices of short wavelength,especially UV
laser diode and light-emitting diodes.

The polymers used as the polymer matrix in this work are
poly (methyl methacrylate) (PMMA), poly (vinylidene flu-
oride) (PVDF), polyvinyl alcohol (PVA), and polystyrene
(PS). Polymethyl methacrylatea(PMMA) [5, 6] has the
unlimited care and significant attributes because of its unique
properties such as rigidity, hard, high transparency in the
visible region, low optical absorption, thermal capability,
electrical performance, excellent mechanical properties, low
cost,simple synthesis and low refractive index. It is a ther-
moplastic,so it can be designed into anything that we want.
PMMA has a high energy gap, which is around (5.75-6 eV)
[7]. PVDF has been the center of scientific interest. It is a
semi crystalline polymer which has a special feature that
distinguishes it from other polymers which is its uncommon
polymorphism. It shows five crystalline phases named o, J3,
v, 8, and € [8]. In the recent years, many studies have focused
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on the crystalline structure and the crystalline phases pro-
duced during the preparation of PVDF film. Most of those
studies are interested in the formation of B phase [8], and
sometimes y phase because they are very important to be
used as a piezoelectric material due to its high piezoelectric
activity. Despite few studies have been looking at the optical
properties of PVDF, there is a clear lack of details in those
studies. PVA has attractive properties like nontoxic, water
soluble polymer,strong film forming ability,good charge
storage capacity, high dielectric strength, and its optical and
electrical properties depend on the type of doping filler. In
addition to the important properties,it could function as a
high performance polymer matrix or template to contain
nanostructured materials [9, 10]. PS is an amorphous and
optically clear thermoplastic material which is flexible as a
thin films. It can be naturally transparent but can be colored
with colorants. PS is used as the host matrix because of its
ideal properties for investigating the optical properties of its
nanocomposite [3].

The greatest problem [11, 12] during the preparation of
polymer nanocomposites, is the homogenous and accom-
plishment of a uniform filler distribution inside the polymer
matrix. Usually, the preparation method of nanocomposites
and the interaction between the nanoparticles and the
polymer matrix are considered as the main effect param-
eters on that dispersion, besides the nature of solvent that is
used to dissolve the polymer [13]. The nanoparticles of
material has a high surface energy, so it has a tendency to
agglomerate or aggregate. This has been known from lit-
erature review which were referred to difficulty [11, 14, 15]
of achievement a good distribution of inorganic nanopar-
ticles in the polymer matrix. Different ways have been
applied to avoid the agglomeration and aggregation
[12, 14]. One of them is the preparation of the nanoparti-
cles of material independently then, they are mixed with
monomer solution and in situ polymerization is completed
[16, 17]. The second one way is represented by the des-
peration of the nanoparticles and dissolving the polymer in
the same suitable solvent separately, or in two different
solvents which are soluble in each other. After that,the
mixing of the two solutions together are done. This way
requires the modification of nanoparticle surface
[5, 17-19], which was done by different methods like using
organic carboxylic acids as modifiers such as oleic acid
[20]. In addition, the modification can be done when the
nanoparticles were coated and modified by polymer
[21, 22]. Furthermore, ultrasound treatment can be used to
break the nanoparticles aggregates; however,the duration
of sonication should be chosen carefully [22-24]. Las-
tly,the nanoparticles were precipitated in the polymer
matrix, which are in the form of bulk polymer or monomer
[15, 17, 25, 26]. In this method, the polymer matrix does
not offer a suitable fluid for the nanoparticles to aggregate

due to kinetic reasons. Previous literature has revealed that
the sonication is very effective in breaking up ZnO
aggregates. Hence ZnO nanoparticles cannot re-agglom-
erate again after sonication is stopped due to the entrap-
ment in the polymer [5]. So during the preparation of
nanocomposites in this work, ultrasound treatment was
used with a specific duration time which was determined
based on previous literature and lab experimental works to
avoid agglomeration and aggregation.

The value and nature of the energy gap (Eg) depend on
the linear absorption coefficient(a). To determine (Eg), one
can use the equation [27, 28]:

(ehv)™ = A(hv — Ey) (1)

where o is the linear absorption coefficient, v is the fre-
quency, h is Planck’s constant and Eg is the optical energy
band gap between the valence band and the conduction
band. A is a constant which depends on the transition
probability, m is an index that describes the optical
absorption process. Theoretically, it is equal to 2 for direct
allowed, 2/3 for direct forbidden, 1/2 for indirect allowed
and 1/3 for indirect forbidden transition [27, 29]. The value
of m decides the nature of the energy gap or transition
involved. Few literatures [30] revealed that determination
of index (m) depends on the value of absorption coefficient.
Another literature [31] indicated that estimation of (m) is
obtained from the slope of the graph between log (o) and
log (hv). However, in general, the graph between (othv)™
and photon energy (hv) is first plotted, then the value of
index m which gives the best linear graph is chosen [27].

By using Tauc’s plot, the value of the band gap (Eg) is
calculated from the graph of (athv) 2 versus (hv). The value
of Eg will be given by extrapolating the linear portion of
the curve to the hv-axis.

In this work, polymer/ZnO nanocomposit as a flexiable
foil have been successfully prepared by the casting method.
Four different polymers; PMMA, PVDF, PVA, and PS are
used as polymer matrix,in addition to different concentra-
tions of ZnO nanoparticles are used as filler. The compo-
sition of nanocomposites is examined. Then, the energy
band gap of samples are calculated. To the best of our
knowledge, there was no report published to describe the
preparation of polymer/ZnO nanocomposites as a flexiable
foils for that purpose.

2 Method and materials

Four different types of polymers were used as polymer
matrix; poly (methyl methacrylate) (PMMA), poly
(vinylidene fluoride) (PVDF) polyvinyl alcohol (PVA), and
polystyrene (PS). All of them were supplied by Sigma-
Aldrich Zinc Oxide (ZnO) was purchased from Sigma-
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Aldrich. It was used as a filler in polymer/ZnO. The size of
the nanoparticles was 50 < size < 100 nm.

2.1 Preparation of polymer/ZnO nanocomposites

Nanocomposites PMMA/ZnO were prepared in two steps;
firstly, the PMMA solution was prepared by adding chlo-
roform (CHCI;) to the (PMMA). Secondly, Zinc oxide
(ZnO) with concentrations of (0, 1, 3, 5, 10 and 15 wt%)
were added to the mixture of PMMA/chloroform. The
procedures of preparation was maintained in our previous
literature [32].

PVDF/ZnO nanocomposites were prepared using the
same procedures applied for the preparation of PMMA/
ZnO nanocomposites. PVDF was dissolved in DMF as
solvent using a magnetic stirrer (angular velocity of
400 rpm and time duration of 2 hrs at 60 °C). Zinc oxide
(ZnO) with concentrations(0, 1, 3, 5, 8 and 10 wt%) were
added to the mixture of PVDF/DMF. Then a sonicator was
used for 15 min to disperse the nanoparticles in the solu-
tion. After that, the solution was stirred at room tempera-
ture for 2 hrs by a magnetic stirrer (angular velocity
400 rpm) at room temperature to get a homogeneous
solution.

PVA/ZnO nanocomposites was prepared by the same
procedures used to prepare PMMA/ZnO nanocomposites.
Firstly, PVA solution was prepared by adding distilled
water (H,O) to the PVA. A magnetic stirrer (angular
velocity of 400 rpm and duration time 2 hrs at 70 °C) was
used to help it dissolve. Secondly, zinc oxide (ZnO) with
concentrations of (0, 1, 3, 5, 10 and 15 wt%) were added to
the mixture of PVA/water.

PS/ZnO nanocomposite was prepared by applying the
same procedures used to prepare PMMA/ZnO nanocom-
posites. Firstly, PS was dissolved in toluene to prepare PS
solution. Then it was stirred using a magnetic stirrer (an-
gular velocity of 400 rpm and time duration of 2 hrs at
60 °C). Secondly, zinc oxide (ZnO) with concentrations of
(0, 1, 3,5, 10 and 15 wt%) were added to the mixture of
PS/toluene. The same steps which used after adding ZnO
nanoparticles to mixture of PMMA/Chloroform was fol-
lowed when adding ZnO nanoparticles to PVA/water and
PS/toluene.

Casting technique was used to prepare foils like pure
polymer and like PMMA/ZnO, PVDF/ZnO, PVA/ZnO, and
PS/ZnO nanocomposites. Pure PMMA solution with
0 wt% ZnO and PMMA/ZnO solution was casted uni-
formly on a glass petri dish. Whereas each one of three
other pure polymer solutions and nanocomposite solutions
were casted uniformly on a ceramic petri dish at room
temperature. After few hours the film was pulled out easily
as flexible foil. Next, the foil was kept at room temperature
for one day for pure PMMA and PMMA/ZnO, and at 60 °C
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for one day for pure PVDF, PVDF/ZnO,pure PVA, PVA/
ZnO,pure PS and PS/ZnO to solidify. Later, the foils like
polymer/ZnO of four different types of polymer matrix
were collected.

2.2 Characterization of the samples

The linear transmittance spectra values as well the reflec-
tance values of the as-prepared samples were measured
using UV-vis spectrophotometer (PerkinElmer instru-
ments-Lambda 900 UV/VIS Spectrometer).

The chemical composition of the samples was evaluated
via electron diffraction spectroscopy EDX, ZEISS, Merlin
Compact which operated at an average distance of 8.5 mm
and an acceleration voltage of 15 kV. Prior to the analysis,
the sample was coated with a fine layer of platinum in order
to reduce the charging effect.

3 Results and discussion
3.1 The compositional of nanocomposites materials

To further confirm the composition of the existence ele-
ment in the sample, the energy dispersive X-ray (EDX)
survey scan was carried on the as-prepared samples and
shown in Fig. 1. The EDX of four different polymer/ZnO
nanocomposites was shown in Fig. 1. Figure 1a shows the
EDX spectra of PMMA/ZnO nanocomposites. There were
three elements detected on the sample denoted as carbon
(C), zinc (Zn) and oxygen (O) which emerged from the
carbon chain in PMMA structure and the dopant source.
Figure 1b shows the EDX spectra of PVDF/ZnO
nanocomposites. Four elements are shown in this fig-
ure which are carbon and fluorine elements that represent
the presence of PVDF structure, oxygen and zinc elements
in the compound (ZnO). Figure 1c shows the EDX spectra
of PVA/ZnO nanocomposites. Three elements are shown in
this figure which are carbon element that represents PVA
structure, the presence of oxygen element in the form of
polymer (PVA) and the compound of ZnO, besides zinc
element.

Figure 1d shows the EDX spectra of PS/ZnO
nanocomposites. The three elements shown are carbon
element which represents the presence of PS structure,
oxygen, and zinc elements in the compound (ZnO). This
result also suggests that the as-prepared samples used were
in high-purity condition.

3.2 UV-vis transmittance spectra

Figure 2 shows the UV-visible transmittance spectra of
pure PMMA, PVDF, PVA and PS in addition to the
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Fig. 3 Linear absorption coefficient spectra of nanocomposites foil like a PMMA/ZnO, b PVDF/ZnO, ¢ PVA/ZnO, d PS/ZnO

nanocomposites of PMMA/ZnO, PVDF/ZnO, PVA/ZnO
and PS/ZnO as flexible foils with different concentrations
of ZnO nanoparticles.

The pure PMMA showed high transparency in the vis-
ible region (approximately 90 %)but relatively lower in the
UV region (around 80 %). Meanwhile pure PVA showed
transparency around 85 % in the visible region and less
than it in the UV region. Pure PS showed transparency
approximately 80 % in the UV and visible regions. How-
ever pure PVDF showed the lowest transparency at UV and
visible regions of the four nanocomposites, it was around
15 %. The effect of adding ZnO nanoparticles to four
nanocomposites was clear; they have low transmittance in
the UV region that decreases with the increasing content of
ZnO in the nanocomposite. High concentration of ZnO
nanoparticles showed the lowest transmittance in all four
nanocomposites. These results are in accordance with
Anzlovar et al. and Khan et al. [12, 33] for PMMA/ZnO,
Indolia and Gaur [1] for PVDF/ZnO, Kumar et al. and
Mallika et al. [34, 35] for PVA/ZnO, and Jeeju et al. [3] for
PS/ZnO. The peak absorption of four nanocomposites was
observed at the range of 370-377 nm which indicates the
effect of polymer matrix. Although ZnO nanoparticles had
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lower absorption spectrum in the visible region, the
transmittance of polymer/ZnO for this spectral region
declined with the increasing of ZnO concentration due to
the smoothness of the surface that increases the reflectivity
and leads to low transmittance in the visible range.

3.3 Calculation of linear absorption coefficient (o)

The linear absorption coefficient (o) for as-prepared sam-
ples was calculated from [10]:
1. 1-R)

o=-1In

d T @)

where d is the thickness of the sample, which was determined
using a digital micrometre at different places in each film and
an average was determined; they were around 70 pm for
PMMA/ZnO, 30 pm for PVDF/Zn0,80-90 um for PVA/
Zn0O, and 100-120 pum for PS/ZnO. T is the transmittance and
R is the reflectance. The transmittance and the reflectance
were measured by UV-vis spectroscopy (i.e., the reflectance
was not obtained from the equation T + A+4R = 1 because it
measured as a separate parameter by using UV-vis spec-
troscopy itself that has the feature to measure values of R).
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Figure 3a shows the linear absorption coefficient (o)
spectra of PMMA/ZnO nanocomposites. They indicated a
small deference in the values of o between the UV and
visible regions. The values of o decreased with increasing
wavelengths in all samples, however it seemed to be
gradual. Figure 3b shows the linear absorption coefficient
(o) spectra of PVDF/ZnO nanocomposites. They show
decreasing value of (o) with increase the wavelength to
visible region. Figure 3c, d show the linear absorption
coefficient (o) spectra of PVA/ZnO and PS/ZnO
nanocomposites, respectively. In both types of nanocom-
posites, the value of o in the UV region was higher than in
the visible region.

Generally in all nanocomposites, the results showed that
o increased with the increase of ZnO nanoparticles con-
tained, especially in short wavelengths. This means that
there is a high probability of the transition to be directly
allowed to take place [36]. The presence of absorption
edges was observed, which is an indication of a good
degree of crystallinity of nanocomposite samples [28]. In
addition, o depends on the wavelength of light that is
actually being absorbed.

3.4 Calculation of energy gap (Eg)

Figure 4a demonstrates the relationship between (othv)?
and photon energy (hv) of PMMA/ZnO nanocomposites.
The optical energy gap of pure PMMA (0 wt% ZnO) is
equal to 5.08 eV. It can be clearly seen that the values of
the optical energy gap depend on the weight percentage of
ZnO nanoparticles. There is a decrease in the optical
energy gap of nanocomposites with the increase of ZnO
weight compared to pure PMMA, which is shown in Fig. 5.
The proportion of the energy gap with the weight per-
centage of ZnO nanoparticles is inversed. This is due to the
increase in the shift of the valence and the conduction
band. In addition, the enhancement of carrier—carrier
interaction due to the high concentration of carrier in
valence and conduction bands leads to a reduction in the
bandgap [37]. Besides that, the presence of unsaturated
defects caused an increase in the density of localized states
in the bandgap and then decreased the optical energy gap
[38]. The decrement of the energy gap is equal to 0.5 eV
with higher weight percentage of ZnO (15 wt%).
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Fig. 4 (chv)® and photon energy (hv) of polymer/ZnO nanocomposites a PMMA/ZnO, b PVDF/ZnO, ¢ PVA/ZnO, d PS/ZnO
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Figure 4b shows the relationship between (ochu)2 and
photon energy (hv) of PVDF/ZnO nanocomposites. The
optical energy gap of pure PVDF (0 wt% ZnO) is equal to
5.88 eV. As in PMMA/ZnO nanocomposites, the energy
band gap is directly proportional with the increase of the
weight percentage of ZnO nanoparticles, but the decrement
of the energy gap has a value with higher weight per-
centage of ZnO (15 wt%) in nanocomposites equal to
0.78 eV. These results correspond to the studies by Indolia
and Gaur [1] and Bhunia et al. [39].

Figures 4c, d demonstrate the relationship between
(ocht))2 and photon energy (hv) of PVA/ZnO and PS/ZnO
nanocomposites,respectively. The optical energy gap of
pure PVA and pure PS (0 wt% ZnO) is equal to 5.65 and
4.5 eV, respectively, while the values of the higher weight
percentage of ZnO (15 wt%) in nanocomposites equal to
4.75 and 3.9 eV respectively.

It was noticed that the optical band gap of the samples
were red shifted, and the comparison between all
nanocomposites is shown in Fig. 5. The highest energy gap
of pure polymer (0 wt% ZnO) is seen in pure PVDF as foil
which equals to 5.88 eV, while the lowest energy gap is
shown by pure PS as foil which equals to 4.5 eV. The
highest decrement is shown by PVA/ZnO nanocomposites,
while the lowest decrement is shown by PMMA/ZnO.

4 Conclusion
Flaxiable foils like polymer/ZnO nanocomposites,with
different concentrations of ZnO nanoparticles and four

differint types of polymers, were successfully prepared.
The composition of the existence elements of the as-
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prepared samples was satisfied by EDX. All nanocom-
posites showed low transmittance in UV spectrum due to
the behavior of ZnO nanoparticles. The linear absorption
coefficient (o) of the samples were calculated. They
depended on the wavelength of light that is actually being
absorbed. The optical enrgy band gap of pure polymer has
more value than polymer/ZnO nanocomposites for all dif-
fernt types of nanocomposites. The relation between the
energy gap with the weight percentage of ZnO nanoparti-
cles in nanocomposites is inversely proportional, also, the
optical band gap of nanocomposites is red shifted. The
amount of ZnO nanoparticles that is required to reduce the
value of energy gap in nanocomposite had different effect
depending on type of polymer matrix.
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