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Abstract: In this work, the conventional casting method was utilized to synthesize nanocomposites
based on polyvinyl alcohol (PVA) and both zinc oxide nanoparticles (ZnO-NPs) and graphene oxide
(GO). ZnO-NPs have been synthesized by the co-precipitation method while GO with Hummer's
method. The synthesized nanocomposites were characterized by UV-vis spectroscopy. Films have been
abbreviated to contain different amounts of ZnO as follows: (2, 4, 6, and 8 wt%) and constant amount
of GO (2 wt.%) within the PVA matrix using an ultrasonic system to disperse ZnO and GO in the PVA
matrix completely. The synthesized nanocomposites were characterized optically by utilizing a UV—
Vis-NIR spectrophotometer. The addition of nanofiller to PVA increases the absorption of PVA. At the
same time, the optical band gap (for both direct and indirect transitions) was diminished as they depend
on the ZnO and GO concentration. PVA/ZnO and PVA/GO nanocomposites present good optical
properties. This confirmed that the synthesized ZnO and GO- substituted PAV can be utilized as a solid
polymer electrolyte in optoelectronic applications.
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1. Introduction

Recently, many scientific papers have been published to understand the behavior of
polymeric materials. It is especially in its nanocomposite form with nanomaterials such as
carbon nanotubes, graphene quantum dots, metals oxides, etc., with some characterizing
techniques used to understand the new behavior for this nanocomposite. Due to their trails,
optical properties were enhanced [1-4]. Polymer nanocomposites have a wide range of
applications due to their unique optical properties as nanomaterials present great promise. This
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behavior was confirmed by different spectroscopic techniques such as UV-vis
spectrophotometer [5, 6].

Farea M.O. et al. (2020) synthesized a polymer blend nanocomposite based on
polyethylene oxide and sodium alginate embedded with Au nanoparticles using the casting
method and studied their optical and dielectric properties [7]. Meanwhile, Heshmatpour F. et
al. (2021) synthesized a promising tissue engineering application based on nanocomposites of
nanohydroxyapatite and graphene oxide. The prepared nanocomposites were also modified
with a natural polymer such as chitosan and synthetic polyethylene glycol [8].

Some applications require certain adjustments to the polymer structure. This
reengineering is very troublesome with normal polymers, and thus synthetic polymers, such as
polyvinyl alcohol (PVA), polyvinyl chloride (PVC), and polyethylene oxide (PEO), are
broadly utilized [9-13]. Polyvinyl alcohol (PVA) is one of the most important synthetic
polymers due to its high thermal and mechanical properties [14-16]. The complexation of PVA
with other additives occurs due to hydroxyl groups in the PVA structure (i.e., hydrophilic)
which facilitate the dispersion process [17]. The hydrophilicity, water-solubility, non-toxicity,
biocompatibility of PVA makes it suitable for a wide range of applications, including
membranes, drug delivery systems, coatings, adhesives, fuel cells, and electronic devices [18-
20].

Pal, N. et al. (2021) synthesized a hybrid nanocomposite consisting of cellulose
nanocrystal-Ag decorated with reduced graphene oxide sheets through a one-step chemical
reduction process [21]. In comparison, Hurayra—Lizu et al. (2021) synthesized a
nanocomposite material based on Graphene Oxide (GO) and PVA by a facile solution
casting method [22]. Thus, the interaction of PVA with different nanofillers such as zinc oxide
(ZnO) and graphene oxide (GO) is responsible for such observable improvements due to the
presence of oxygenated functional groups. Accordingly, nanocomposites based on PVA
substituted with ZnO and GO individually were synthesized using the solution casting method.
The importance of these materials was realized when researchers discovered that their size
could affect the physicochemical properties of materials, such as their optical properties [23].

Among the different semiconductor materials, ZnO-NPs is a unique electron and
wurtzite n-type semiconductor of the broad forward optical band gap of 3.37 eV with high
binding energy of 60 meV at ambient temperature [24,25]. The high binding energy of excitons
in ZnO will allow it to perform exciton transitions even at ambient temperatures [26]. Because
ZnO exhibits similar properties to gallium nitride (GaN) in the short spectral range (green, blue,
UV), making it a potential candidate in different optoelectronic devices, biosensors, gas
sensors, photocatalysts, and photodetectors [27]. Recently, researchers focused attention on
preparing ZnO-NPs to remove organic dyes. Various methods can be utilized to synthesis ZnO-
NPs such as sol-gel [28], microwave [29,30], hydrothermal [31], co-precipitation [32], and
thermal decomposition methods [33].

On the other hand, oxygenated functional groups in the graphene oxide structure make
it easily dispersed in organic solvents, water, and various matrices. This is the main advantage
for combining nanostructures with polymeric matrices or ceramic ones to improve their
electrical, mechanical, and optical properties [34,35]. Thus, the major purpose of this study is
to focus on the good dispersion of ZnO-NPs and GO onto the PVA matrix and study the
synthesized nanocomposites optically using UV-Vis spectroscopy.
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2. Materials and Methods

PVA with a high molecular weight of 115x 103 g/mol was purchased from Export Lab
Company, India. Sodium hydroxide (= 97%), phosphoric acid (85%), potassium permanganate
(99%), and graphite powder were acquired from Fisher Chemical. Meanwhile, sulfuric acid
(96%) was acquired from Scharlau and hydrogen peroxide from PIOCHEM (30%). Deionized
(DI) Milli-Q water was used during this experiment.

UV-visible spectra of pure PVA, PVA/ZnO, and PVA/GO nanocomposites were
collected at room temperature in the 200-800 nm wavelength, using a Jasco V-630 (Japan)
spectrophotometer, Spectroscopy Department, National Research Centre, Cairo, Egypt.

The co-precipitation method was utilized to prepare zinc oxide nanoparticles (ZnO-
NPs). 1M of zinc acetate dihydrate was dissolved in 100 ml Deionized water at 70°C. In another
Peaker, 2M of sodium hydroxide was dissolved in 100 ml deionized water. Then dropwise
sodium hydroxide onto zinc acetate solution with vigorous stirring for 1lhr. The white
precipitate was separated from the solution by 1000 rpm centrifugation, washing three times
using deionized water. The obtained precipitate was dried in a drier overnight at 80°C and
finally calcinated at 500°C for 2hrs.

Hummer's method was utilized to syntheses GO nanoparticles. In one Peaker, H2SO4
and HsPO4 were mixed following the ratio of 9:1. In another Peaker, a mixture of 6 g KMnO4
and 1g graphite powder in an ice bath was prepared. Then the two solutions were mixed and
stirred for 12hrs at a temperature of 50°C. After cooling down the mixture (i.e., temperature =
25°C), it will be added onto the ice with 1ml of 30% H>0,. The precipitate was collected by
centrifugation at 10000 rpm, washed the first time with 200ml of 30% HCI, then washed several
times with DI water, then dried in a vacuum oven overnight at room temperature.

To dissolve PVA completely, water should be maintained at 100°C for 30 min before
adding PVA powder. Then, 0.5 gm of PVA was dissolved in 50 ml hot aqueous medium under
strong stirring for 1 hr until PVA completely dissolved and a white solution was obtained.
Next, ZnO-NPs were added to PVA solution with concentrations of 2, 4, 6, and 8 wt% as
presented in Table 1. The PVA/ ZnO solution was stirred for additional 2 hrs until ZnO-NPs
were dispersed completely within the mixture. The solution was cast in plastic Petri dishes and
left to dry in the air for 6 days.

Table 1. Composition of PVA nanocomposite films.

Sample PVA (gm) Zn0O (gm) GO(gm)
P1 0.50 0.00 0.00
P2 0.49 0.01 0.00
P3 0.48 0.02 0.00
P4 0.47 0.03 0.00
P5 0.46 0.04 0.00
P6 0.49 0.00 0.01

3. Results and Discussion

3.1. UV-Vis. results.

The UV-Vis. spectra of PVA and PVA/ZnO nanocomposites were recorded in the
range of 200-800 nm. The spectra of pristine PVA and that of PVA substituted with different
ZnO concentrations (0.01, 0.02, 0.03, and 0.04 g) are shown in Figure 1. The absorption of
PVA film increases with increasing the ZnO content in both regions (UV and visible regions),
where the PVA spectrum has one absorption band at 278 nm owing to m-n* transition
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corresponding to the C-C vibration. Figure 1 shows that the characteristic band of PVA was
shifted to a lower wavelength region due to the addition of ZnO. The intensity of the ZnO
characteristic band increases with increasing the ZnO content, and shifts to higher wavelength
regions of:374, 377, 380, and 380 nm for the PVA substituted with 2, 4, 6, and 8 wt% ZnO
NPs. This confirms the incorporation of ZnO into the PVA matrix as its position undergoes a
redshift and the formation of smaller particle sizes [36,37]. Meanwhile, the UV absorption
spectrum of the PVA/GO sample shows an absorption peak at 239 nm, which reflects the n-*
transition.

n : —D] —P2 P3
& —D4 P35 —DP§

Absorbance (a.u.)

300 400 500 600 700 800

Wavelength, nm
Figure 1. UV-Vis absorption spectra of pristine PVA, PVA with 2%, 4%, 6%, 8wt.% of ZnO, and PVA with
2% GO.

3.2. Optical absorption coefficient and bandgap energy results.

Equation 1 determines the absorption coefficient (o) as a function of wavelength, where
A is the absorbance at a specific wavelength and d is the sample thickness.

o= (2.303*A)/d (1)
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Figure 2. The dependence of the absorption coefficient on the photon energy for (a) Pure PVA and (b)
PVA/ZnO and GO nanocomposites.

The optical absorption coefficient was determined as a function of the incident photon
energy for pure PVA (Figure 2-a) and substituted PVA (PVA/ZnO and PVA/GO), as depicted
in Figure 2-b. From the Figure, the absorption edge of pure PVA has been shifted to the lower
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energy region with the increase of the ZnO-NPs. However, the difference between the
absorption edge of PVA/GO and that of PVA/ZnO is very large. Figure 2- a and b also shows
that as the photon energy increases, the absorption coefficient for all samples increases
gradually, and then a plateau is observed. Such an increase is linked to the indirect gap
semiconductors. The redshift of the absorption edge observed in all samples refers to the
bandgap energy decrease. This large shift in the absorption edge may be due to the formation
of charge transfer in PVA [38].

Based on Davis and Mott model, the optical bandgap energy can be determined near
the edge of fundamental absorption (300-800 nm) using the following equation:

(ahv)r=B(hv-EQ) 2

where, h is the plank's constant, v is the frequency, r is a constant varies according to the
transition type, B is a constant, and Eg is the optical bandgap [39,40]. Table 2 illustrates the
optical band gap values of pure PVA and that of PVA/ZnO nanocomposites. A graph of (athv)?
versus hv for pure PVA and that treated with ZnO near the absorption edge was presented in
Figures 3 and 4, respectively.

Table 2. Direct allowed optical band gap energy values for pure PVA and PVA substituted with 2, 4, 6, and
8wt.% ZnO and 2wt.% GO at room temperature.

Sample Edg: (eV) Edgz (eV) Edgs (eV)
P1 3.82 4.93 -
P2 3.11 2.48 451
P3 2.96 2.77 3.52
P4 2.94 2.72 3.48
P5 2.92 2.62 3.46
P6 3.17 4.93 -
1.0x10’ —-m ——————
PurePVA
8.0x10° | -
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Figure 3. The plots of (a/4v)? versus v for pure PVA.

The linearity in all curves present in Figures 3 and 4 indicates the existence of direct
allowed transitions. Extrapolating the linear part to the abscissa gives the corresponding
bandwidth Eg. It is clear from Figure 3 that the linear dependence of pristine PVA appears in
two regions, which represent two optical absorption edges as presented in previous work [41].
Films of PVA/ ZnO nanocomposites have three absorption edges and hence three band gaps.

On the other hand, for PVA substituted with GO (sample P6), the variation of (ahv)?
versus photon energy is depicted in Figure 5. The reduction of the PVA optical band gap with
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the addition of GO refers to the increase in the defects within the prepared sample of PVA/GO.
However, PVA/GO film has only two edges.
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Figure 4. The plots of (a/v)? versus kv for PVA substituted with 2, 4, 6, and 8wt.% of ZnO with the three
absorption shoulders, Eg; together with the inset figure that represents the Eg, and Egs.
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Figure 5. The plots of (akv)? versus av for PVA/GO film.

Each absorption shoulder is characterized by a large optical energy gap, Eg1 , and by
two smaller once Eq2 and Egz; all energy gaps are associated with the electron transitions from
the sub energy levels in the valence band to the minimum of the conduction band [42]. The
three direct band gaps decrease as the ZnO concentration increases, as shown in Figure 3.
Similarly, Table 3 shows the variation in the indirectly allowed energy gaps for pure PVA,
PVA/ZnO, and PVA/GO films. The indirectly allowed energy gaps are determined as presented
in Figures 6 and 7 for pure PVA and PVA/ZnO and PVA/GO nanocomposites, respectively.
The variations in the optical energy gap values present the importance of nanoparticles in
modifying the properties of the PVA because of the emergence of defect levels. The localized
state's density is proportional to the defect levels concentration and, subsequently, to the ZnO
amount. Increasing ZnO content can cause the localized levels to overlap and extend to the gap
[43]. This overlap can provide evidence of a decrease in the energy gap as the ZnO
concentration increases. The larger optical energy gap is associated with PVA, and its width
decreases due to the Zn ions. It is claimed that the smaller absorption shoulders (Eg2 and Eg3)
confirm the existence of another state that depends on the ZnO NPs concentration. However,
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only one absorption edge was observed in PVA substituted with larger than 2wt.% ZnO and
with GO.

Table 3. Indirect allowed optical band gap energy values for pure PVA and PVA substituted with 2, 4, 6, and
8wt.% ZnO and that with 2wt.% GO at room temperature.

Sample Edg: (eV) Edg: (eV)
P1 2.60 4.77

P2 2.64 2.90

P3 2.56 -

P4 2.54

P5 2.51

P6 4.36

80

Y
o

(eh)'* eV em™)"”

(=]
(=]

Energy (eV)
Figure 6. The plots of (a/v)Y? versus Av for pure PVA.
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Figure 7. The plots of (a/&v)*? versus hv for PVA substituted with 2, 4, 6 and 8wt.% ZnO and that with 2wt.%
GO.

4. Conclusions

This work presents the synthesis of PVA nanocomposite (PVA/ZnO and PVA/GO)
through the simple solution casting technique. The results showed that the absorption and the
absorption coefficient of pure PVA and PVA nanocomposites increase with increasing filler
content, which can exhibit a large surface area and good optical properties. Pure PVA possesses
an absorption band at 278 nm that reflects the n-n* transition with decreased intensity at higher
ZnO content. The results confirmed that pure PVA has two direct absorption edges while
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PVA/ZnO has three edges with respect to the electronic transitions between sub levels.
Furthermore, the energy gap values decreased with ZnO increases for direct and indirect
transitions. This recommended that PVA/ZnO nanocomposite can be used in optoelectronic
devices due to their lower bandgap.
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