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Current study combined zinc oxide nanoparticles (Nano-ZnO) with a polymer mixture to
improve their optical, structural, and antibacterial efficacy along with maintaining
biocompatibility and sustainability. Nano-ZnO might be uniquely added to the polymer
mix to enhance the blend's physical and antibacterial properties. Nanomaterials (NCs)
during the loading procedure, three distinct Nano-ZnO concentrations were enclosed in
polyvinyl pyrrolidone (PVP), polyethylene glycol (PEG), and polyvinyl alcohol (PVA).
Doping improved the optical characteristics; there was a drop in the forbidden indirect
photonic energy gap from 4.9 to 4 eV and a decrease in the allowed indirect photonic
energy gap from 5 to 4 eV. Utilizing X-ray diffraction (XRD), scanning electron
microscopy (SEM), and UV visible, the produced films were examined. According to the
SEM pictures, the Nano-ZnO were evenly distributed throughout the polymer mixture,

with a few weak aggregation.

1. INTRODUCTION

The research issue revolves around the necessity to create
nanocomposite materials that include ZnO nanoparticles,
while ensuring a balance between optical, textural, and
antibacterial  characteristics, along with maintaining
biocompatibility and sustainability. Recent developments in
the biomedical and pharmaceutical areas have been greatly
aided by creating adaptable biomaterials that may be custom-
made to satisfy even the most demanding needs [1]. These
biomaterials have been made with great control, starting with
the polymer synthesis stage and continuing through the
materials production and final property design stages [2, 3].

Among the most often utilized polymers in the biological
sciences is PVA. Moreover, PVA offers three interesting
properties for a polymer meant to be utilized as a delivery
system: low protein adsorption, strong surface stability, and
low chelation, hence lowering cell adherence in contrast to
other hydrogels [4, 5]. Because of all the previously mentioned
properties, PVA is projected to be extensively used in many
biomedical applications, including wound bandages [6].

Since its discovery, Polyvinylpyrrolidone (PVP) has been a
popular polymer with many interesting characteristics. Among
the remarkable physical and chemical properties that make it
fit as a biomaterial in many critical medical and nonmedical
applications (inks, coatings, paper, ceramics, adhesives,
membranes, electrical and optical uses, medicine and
pharmaceutical industry, textiles and fibres, photography and
lithography, institutional and industrial and home), are
chemical stability, nontoxicity, biocompatibility, good
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solubility in water and many organic solvents, and affinity to
complex hydrophobic and hydrophilic substances [7-10].

PVA, PVP, and PVA/PVP-based biomaterials have a well-
documented history in various commercial, industrial, food,
pharmaceutical, biotechnological advanced biomedical, and
utilizations. These applications are attributed to their high
mechanical characteristics, strong biocompatibility, and
biodegradability [11].

The most biocompatible synthetic polymer substance is
polyethene glycol. Its uses in medical devices are constantly
being explored, in addition to their widespread usage in
medicine for long-term and synergistic benefits. Polyethene
glycol material can be widely used in various surgical
operations equipment materials for anti-adhesion, anti-leakage,
hemostasis treatment, and adhesion of wounds because of its
advantages of low immunogenicity, nontoxicity, good
biocompatibility, and solubility [12-14].

Nanomaterials have drawn more attention recently because
of their special qualities, which make them attractive for a
range of industrial and medicinal uses. Because of their
remarkable physical and chemical features, such as their
antibacterial activity, high thermal stability, and unique optical
and electrical qualities, zinc oxide nanoparticles (ZnO NPs)
stand out among these materials [15, 16]. The low toxicity and
biodegradability of ZnO nanoparticles is its essential
characteristics. For adults, zinc dioxide (Zn2+) is an essential
trace element that plays several roles in metabolism (a daily
intake of around 10 mg is advised), The developed
nanocomposite materials containing ZnO NPs can
significantly enhance product performance across various
fields, including Biomedical Applications: These materials
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can be used in antibacterial coatings for sterilization

applications, wound dressings, and medical devices, such as
smart band [17-24].

absorption spectra both before and after adding ZnO NPs were
shown concerning wavelengths. Figure 1 shows that the low
magnitudes in the visible and near-infrared regions of this
absorbance spectrum are caused by the insufficient energy of
the incoming photons to interact with and transmit atoms at a
high wavelength. The absorbance rose at low wavelength
magnitudes because of an interaction between the incoming
photon and the mix. The optical absorbance spectrum was

2. EXPERIMENTAL WORK

This work uses Nano zinc oxide particles as filler and

polyvinyl pyrrolidone (PVP), polyethene glycol (PEG), and
polyvinyl alcohol (PVA) as a matrix. Distillation water was
used to dissolve the polyvinyl alcohol, polyethene glycol, and
polyvinyl pyrrolidone (50 weight per cent polyvinyl alcohol,
25 weight per cent polyethene glycol, and 25 weight per cent
polyvinyl pyrrolidone). In the polymer matrix, the Nano Zinc
oxide was added in different weight percentages: 0, 0.02, 0.04,
and 0.06 as shown in Table 1. The nanocomposites were
prepared using the casting procedure. We used Zinc
nanoparticles with a particle size of 20 nanometers and a purity
0f99.9 from SAT Nano Technology Material Co., Ltd.

improved by loading ZnO NPs into the polymeric blend; this
may have been caused by the uniform dispersion of ZnO NPs
inside the polymer blends.

With an increase in wavelength, there is a decline in
absorbance, a typical behavior for nanomaterials such as ZnO
that possess a significant bandgap. Higher absorption is
observed at shorter wavelengths within the UV spectrum,
while absorption in the visible range diminishes progressively.
When high-energy photons are absorbed, ZnO affects

electronic transitions, exciting electrons from the valence band
into the conduction band.

As the wavelength increased, the coefficient of absorption

(o) magnitudes fell for produced films. The NCs (o) were
determined using [25]:

Table 1. PVA/PEG/PVP/ZnO weight percentages

PVA (gm) PEG (gm) PVP (gm) ZnO (gm)
0.5 0.25 025 - a=2.303(A/t) (D
0.6 0.2 0.2 0.02
0.7 0.15 0.15 0.04 As seen in Figure 2, the magnitudes of (a)) rose when ZnO
0.8 0.1 0.1 0.06 NPs increased. Since the coefficient of absorption magnitudes

were less than 10* cm™* the possibility of indirect transitions

The absorbance for nanocomposites was calculated using a increased.

spectrum  measuring device of the Double-Beam
Spectrophotometer (UV-1800) type produced by the
Shimadzu company in Japan, with a wavelength range of 190
to 1100 nm. The Pert High Score (2008) X-ray diffractometer
examined the crystal structure.

3. RESULTS AND DISCUSSIONS
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Figure 2. The coefficient of absorption a(cm)-1 as a
wavelength function (nm) for (PVA/PEG/PVP/ZnO)
nanocomposites

The nanocomposite's extinction of absorption (k) has been
calculated using [26]:

k = oaM4n 2)

Figure 1. The absorbance as a wavelength function of . .
(PVA/PEG/PVP/ZnO) nanocomposites For pre_:pared. films, _ (k) increases  as the ZnO NP
concentration rises. Figure 3 illustrates the (k) of

The PVA/PEG/PVP blend's optical characteristics and
those of its additives with (0, 0.02,0.04, and 0.06) wt.% from
ZnO nanoparticles were investigated in the wavelength range
of 190-1100 nm. The PVA/PEG/PVP polymer blend's

PVA/PEG/PVP with varying ZnO NP weight percentages.
The Taue model [27, 28] has been utilized to determine the

direct and indirect optical energy gap of the
(PVA/PEG/PVP/Zn0O) nanocomposites films:
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ahv=B (hv-Eq %" + Epp)" (3)

where, Epn.: phonon energy, is (-) once phonon absorption, and
(+) once phonon emission.
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Figure 4. The energy gap for the indirect allowed
transition (ahv)"? as a photon energy function of
(PVA/PEG/PVP/Zn0O) nanocomposites

Figure 4 and Figure 5 present the allowed and forbidden
indirect optical energy gaps. Eg is represented by the straight-
line extrapolation of photon energy at zero (¢hv)¥? and (ahv)*?,
respectively. The fact that the energy gap magnitudes decrease
as ZnO NP concentration increases shows that the films were
semiconductors. An important feature that can impact a variety
of applications, particularly in photocatalysis, optoelectronics,
sensors, and transparent conductive films, is the decrease in

the optical energy band gap with increasing ZnO nanoparticle
(ZnO NP) concentration.

Antibacterial tests

Bacterial suspensions of Acinetobacter baumannii and E.
coli to a final concentration of 1.5 x 103 CFU/mL. Suspensions
were adjusted to a 0.5 McFarland standard and standardized
with physiological saline. A sterile cotton swab was used to

91

(r = 2) for the indirect allowed transition.
(r = 3) for the indirect forbidden transition.
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Figure 5. The energy gap for the indirect forbidden
transition(ahv)'? as a photon energy function of
(PVA/PEG/PVP/ZnO) nanocomposites

distribute the bacterial inoculum uniformly throughout the
Mueller-Hinton agar plates. To be evaluated, test samples
were placed on an agar surface. For a full day, the plates were
incubated at 37°C. Following incubation, the inhibition zones
surrounding the loaded samples were examined to determine
the antibacterial activity.

For determining the (PVA/PEG/PVP/ZnO) NCs
Antibacterial tests, sample organisms consisting of Gram-
negative (G—) bacterial offspring involving E. coli (E.c) and
Acinetobacter baumanii (AB), as well as Gram-positive (G+)
species like Staphylococcus aureus (S.a) and Streptococcus
pyrogens (SP). In 5 mm of DMSO soup, the bacterial kinetics
of (PVA/PEG/PVP/ZnO) NCs were seen to develop with
different doping of ZnO NPs. The outcomes demonstrated the
nanocomposite's (PVA/PEG/PVP/ZnO) definite inhibitory



action against the two varieties of positive bacteria. Following
a 24-hour incubation period at 37 degrees, a variation was
noted in the impact of varying nanocomposite concentrations
on the inhibition of individual positive bacterial species. The
effects of the nanocomposite ranged from 6 to 20 mm in

inhibition diameters, as Table 2 illustrates. The results also
demonstrate an increase in inhibition diameters with

increasing nanoparticle addition for both Streptococcus
pyogenes (SP) and Staphylococcus aureus (S.a.), as seen in
Figures 6, 7 and 8.

Figure 6. Antibacterial activity of (PVA/ PEG /PVP/ZnO)

nanocomposites for pure and 0.02 wt.% against various
pathogenetic bacterial strains
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Figure 7. Antibacterial activity of (PVA/ PEG /PVP/ZnO)
nanocomposites for 0.04 and 0.06 wt.% against various
pathogenetic bacterial strains
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Figure 8. The inhibition zone diameter of (A) S. pyogens, (B) S. aureus vs. NPs-ZnO doped PVA/PEG/PVP weight
percentage

Table 2. The inhibition zone diameter of E. coli (E.c), Acinetobacter baumanii (AB), Staphylococcus aureus (S.a) and
Streptococcus pyrogens (SP), ZnO NPs doped PVA/PEG/PVP weight percentage

. . Substrate
S. aureus S. pyrogens E. coli A. baumanii Concentrations
Pure
6 9 0.02
10 14 0.04
15 20 0.06
Table 3. Experimental XRD data for (PVA/PEG/PVP/ZnO) nanocomposites
Average G.S Dislocation G.S Average FWHM FWHM dhkl Exp 20 (ki) Substrate
(nm) Density (8) (nm) (rad) (rad) (A9 (Deg.) Concentration
5 56 1.79E-03 2.36 220 3.4188 43 2049  (100) pure
' 1.30E-04 8.76 ’ 0.984 1.99 45809 (201)
3.20E-04 5.59 1.44 4.663 19.0  (100)
36.5 2.11E-04 6.89 0.91 1.20 2.7965 32.0 (200) 0.02%
1.06E-06 97.1 0.09 1.845 493  (024)
1.25E-06 89.6 0.09 4.464 19.9  (100)
3.15E-04 5.64 1.44 3.750 23.7  (012)
1.21E-06 90.9 078 0.09 3.229 276  (111)
424 1.35E-04 8.61 ’ 0.96 2.782 321 (200) 0.04%
1.17E-06 92.5 0.09 2.567 349 (110)
1.32E-04 8.72 0.96 2.444 36.7  (110)
3.69E-04 5.20 1.68 1.844 494  (024)
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1.13E-04 9.42 0.96 161 571 (122)
2.38E-04 6.49 144 1.456 634  (300)
8.74E-07 107 0.09 1364 688  (208)
0.000503 4.458321 1.808 4549 19494 (100)
5.62E-06 42.16889 0.196 2791 32082 (200)
1.17E-06 9253167 0.09 2567 34914 (110)
0.000132 8.714155 0.96 2458 36522 (110)
3.21E-05 17.66248 0.492 1.9 47817 (018)
4.27E-05 15.30819 0.602 0.5904 161 56958 (211)
4567 0.000238 6.479953 1.44 1468 63277 (125) 0.06%

5.25E-05 13.80567 0.6888 1401 66681 (300)
5.13E-05 13.9656 0.6888 1366 6865 (301)
8.65E-07 107.4955 0.09 13667 696  (400)

8E-07 1118303 0.09 125 75756 (331)
7.74E-07 1136383 0.09 1223 7807 (420

Meanwhile, nanocomposites did not significantly inhibit
Acinetobacter baumanii (AB) and E. coli (E.c.) negative
bacteria at any dose. The bacterial cell wall's structure affects
the ZnO nanoparticles' antibacterial action. Gram-positive
bacteria possess a thick cell wall comprising many
peptidoglycan layers; in contrast, the cell wall of Gram-
negative bacteria is complicated. The outside packs a thin
layer of peptidoglycan membrane. For bacteria that are Gram-
positive, ZnO nanoparticles engage with the cell wall's outer
layers, which have many pores, making it an easy path for the
Zinc oxide nanoparticles to enter cells and promote the leaking
of the internal components, ultimately leading to the demise of
the cell [28-32]

SEM images

As seen in Figure 9, the SEM was also used to examine the
morphology and surface fraction of the NCs films. An SEM
picture of a uniformly morphological, homogenous polymer
surface is shown in Figure 9 (A). Zinc oxide nanoparticles
caused the surface's composition to shift. As seen in Figure 9
(B, C, and D), this would suggest a homogenous development
process free from aggregations. ZnO NPs' size on NC surfaces
was assessed using SEM images. Nano-ZnO particle sizes
varied within a 500-nanometer range.

Figure 9. SEM photomicrographs for (PVA/ PEG
/PVP/ZnO) nanocomposites (A) for pure, (B) 0.02wt.%, (C)
for 0.04wt.%, (D) for 0.06wt.%
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X-ray diffraction (XRD)

Figure 10 presents the XRD peaks of the PVA/PEG/PVP
polymer mix with and without varying ZnO NPs contents.
Two peaks on the PVA/PEG/PVP XRD chart (20 =20.49° and
20 = 45.8099 show the polymer blend's semi-crystalline
character.

Using the information from the obtained diffraction pattern,
we can calculate the average grain size using Scherer's
equation and the rate at which the crystals grew inside the
crystal lattice. Next, we can calculate the exposure amount for
the characteristic peaks (j3), which depends on the width of the
middle of the peak (FWHM), which is measured in radial units
(rad). Finally, the granular size is calculated using Eq. (4) [33]:

GS = (0.94 1) / B rwHM. cosD 4)

The sharpness of the PVA/PEG/PVP peak increased with
ZnO NPs, which may result from their interactions. The XRD
peaks indicate that doping improved the polymer blend's
crystallinity. The PVA/PEG/PVP doped with ZnO NPs
exhibits a cubic structure. We notice an increase in the grain
size measurement with the increase of added ZnO NPs, which
matches the results of the SEM photomicrographs. The
experimental XRD data for (PVA/PEG/PVP/ZnO)
nanocomposites shown in Table 3.

Intensity

Figure 10. XRD for (PVA/ PEG /PVP/ZnO) nanocomposites
(A) for pure, (B) 0.02wt.%, (C) for 0.04wt.%, (D) for 0.06wt.%

4. Conclusions

The casting approach effectively created the



PVA/PEG/PVP polymer mix with and without ZnO NPs. As
ZnO NP concentration rose, so did the optical and extinction
of absorptions, while the optical energy gap decreased. There
was a drop in the forbidden indirect photonic energy gap from
4.9 to 4 eV and a decrease in the allowed indirect photonic
energy gap from 5 to 4 eV. Following loading, there was a
significant increase in the inhibitory zone diameters of
Streptococcus pyogens (SP) and Staphylococcus aureus (S.a.).
The ZnO NPs were effectively dispersed throughout the mix
with a few faint agglomerations. They increased the grain size
measurement with added ZnO NPs according to the SEM
pictures and XRD. The peaks of XRD emerged as the blend's
semi-crystalline structure.

ZnO nanoparticles that are evenly distributed throughout a
matrix may sustain a large surface area, which improves light
absorption and scattering and results in better optical
characteristics including uv absorption and
photoluminescence, and more surface area is available for
contact with bacterial cells when ZnO nanoparticles are
scattered evenly. Better antibacterial action is made possible
by the particles' increased ability to pass through cell
membranes.

The surface modification of the nanoparticles or optimization
of the blending process might be altered to further enhance
dispersion and lessen aggregation.
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NOMENCLATURE
A Area
t Time
k Extinction of absorption
B Material-dependent constant
v Frequency of the photon
Egert Optical bandgap energy
Eph Phonon energy
h Planck’s constant
GS Grain size

Greek symbols

o Absorption coefficient

A Wavelength

B FWHM Full width at half maximum (FWHM) of a
peak in spectral analysis

cos Part of diffraction or scattering equations





