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Abstract

Nanocomposite blend films were prepared by a simple casting method. Polyvinyl
propylene (PVP) and chitosan (PVP/chitosan) were used as a based material. Differ-
ent CuO nanoparticles concentrations were added to a specific blend film concentra-
tion of PVP/chitosan (80/20). The mechanism of the interaction between the blend
and the nanoparticles was studied by different characterization techniques. The
structure modification was confirmed by X-ray diffraction pattern due to the addition
of the nanoparticles, in addition, the complexation and the miscibility between the
nanoparticles and the blended composite was confirmed by UV—-Vis spectroscopy
and Fourier transform infrared spectroscopy is by the appearance of new peaks in
the spectrum. The band gap computation and optical characteristics show that the
addition of the nanoparticles decreases the crystallinity of the nanocomposites sys-
tem. The findings show that the surface morphology checked by scanning electron
microscopy shape and swelling rate behavior are affected by the integration of CuO
nanoparticles into the polymer blend matrix. From all the results, this work has a
great interest in wide bioapplications such as wound healing and food packing.
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Introduction

The uses of nanocomposite materials that combine inorganic and organic com-
ponents have attracted more attention nowadays. The incorporation of inorganic
materials within the polymeric matrix can enhance its properties [1-3]. Recently,
there is a wide range of biopolymers have been used as a platform for that pur-
pose within its matrix for wide applications such as the food industry as active
packaging material [2]. Natural polymers are good candidates due to their bio-
degradability and biocompatibility.

Chitin is deacetylated to produce chitosan, a naturally occurring polyamino-
saccharide, which after cellulose is the second-most prevalent polysaccharide [3,
4]. On its chains, it has a lot of NH, and OH groups that can act as coordination
and reaction sites. Considering that it is a polymer that dissolves in water, poly-
vinylpyrrolidone (PVP) is nontoxic with excellent transparency, biocompatibility,
and film-forming ability and it has been utilized in a broad range of areas, such
as medical, food, cosmetics, and health-related domains [5—7]. The best method
for creating novel multifunctional materials is through the use of mixed polymers.

The miscibility of chitosan and PVP in the films has been reported and it is
considered that carbonyl groups in the pyrrolidone rings of PVP interacts with
amino and hydroxyl groups in chitosan by forming hydrogen bonds and produc-
ing materials with novel characteristics [8§—11]. The rheological behavior of the
polymer or its composites under different conditions of preparation control the
quality of the material and improving the yield product [12, 13].

Combining inorganic particles with blended polymers is a smart move to
improve the material’s performance and enable the creation of cutting-edge
composite systems that improve the parent polymer’s performance. CuONPs, an
example of an ionic metal oxide nanoparticle (NPs), are highly intriguing antimi-
crobial agents because they have a lot of corners and edges, a lot of surface area,
and a lot of reactive sites [6, 14—16]. It has a wide range of potential physical
properties and combines readily with polymers to give composites unique phys-
icochemical features. With a specific dose, these nanoparticles with their large
surface areas and crystalline shapes can have antibacterial effects [17-20]. These
composite matrix can be used as well for the removal of the pollutants of water
based on the adsorption process and the swelling behavior of the composite man-
ner [21-23]. Copper oxide is commonly used as a nanofiller material in the con-
struction of polymer nanocomposites due to its specific properties, such as its
favorable electrical characteristics, low energy gap of 1.85 eV, and ease of manu-
facturing [24-28].

Composite materials composed of PVP, chitosan, and copper oxide nanoparti-
cles are being actively explored for diverse applications including antimicrobial
coatings, wound dressings, tissue engineering scaffolds, drug delivery, and bio-
sensors. The complementary properties of the components can lead to enhanced
performance compared to the individual materials. For instance, PVP can improve
the dispersion of copper oxide nanoparticles in the chitosan matrix and enhance
film flexibility. Chitosan provides antimicrobial effects and biocompatibility to
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the nanocomposites. However, there is still limited understanding on how the
interactions between PVP, chitosan, and copper oxide nanoparticles affect the
stability, morphology, mechanical strength, biocompatibility, and toxicity of the
composites [29-32].

In this investigation, the structural, optical, and morphological properties of a
PVP/chitosan blend implanted with various CuONPs ratios were examined. A sim-
ple casting method, which is a rapid and inexpensive solution to produce a nano-
composite matrix for the prepared samples. The prepared samples’ swelling behav-
ior was examined, and the results suggested using the product in industrial settings
such food packing.

Experimental section
Materials

Chitosan with a low molecular weight (Sigma-Aldrich, Mv=150,000-190,000 Da,
75-85% deacetylated) (deacetylation degree: C75%), and polyvinylpyrrolidone
PVP (Sigma-Aldrich, >99%), copper oxide nanoparticle prepared in liquid solution.
The received chemicals and solvents were all utilized as directed. Throughout each
experiment, ultrapure water was used.

Synthesis of PVP/chitosan nanocomposites blend films

Chitosan and polyvinylpyrrolidone blend matrix were synthesized by a simple cast-
ing process. In order to make chitosan solution, 0.2 g of chitosan powder was dis-
solved in 100 ml of deionized water and 2% acetic acid, followed by 3 h at 45 °C
of continuous stirring to create a homogeneous viscous solution. In the same man-
ner, to make the PVP solution, 0.8 g of PVP were dissolved in 100 ml of deionized
water. The two separated solutions were mixed and then they continued stirring for
2 h at 40 °C until complete homogeneity was observed. Copper oxide nanoparticles
with different ratios have been added to the PVP/chitosan blend mixture. The nano-
composite blends were sonicated using a dip sonicator then they were stirred till the
homogeneous distribution of CuONPs into the blend matrix was observed. Finally,
The resulting PVP/chitosan mixes, which contained various ratios of CuO nanopar-
ticles, were then placed into plastic Petri plates and dried for a further 36 h at 40 °C
in an oven. The schematic representation of the process is described in Fig. 1. The
blend films of nanocomposites were discovered to be 0.22 mm thick.

Nanocomposite blend films characterization

Surface morphology and composition. Scanning electron microscopy (SEM) Field
Emission Gun microscope, attached with EDX unit (Energy-dispersive x-ray anal-
ysis), operating voltage at 20 kV, and magnification 14 xto 1000,000 X were used
to examine the surface morphology of the samples. To minimize sample charging
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Fig. 1 Schematic representation for the preparation of PVP/chitosan blend nanocomposite films contain-
ing CuO NPs by casting method

effects brought on by the electron beam, a thin layer of gold plating was applied to
the sample’s external surface.

X-ray diffraction scans on a Cu K target with a secondary monochromator wave
were performed using a PANalytical XPert PRO XRD system (When the tube oper-
ated where A=1.540 at 45 kV-40 mA) (Holland). The Bragg angles are in the range
of (5-80). The various crystalline structures in pure and doped films are determined
using the peak locations in X-ray diffraction spectra.

Fourier transform infrared spectroscopy (FTIR) was used to analyze the speci-
mens’ vibrational mode absorption spectra were acquired for multiple films using a
single beam (Nicolet iS10, USA) spectrophotometer with a resolution of 2 cm™" and
a spectral range of (4000—400) cm™'.

UV/Vis spectroscopy was measured in the wavelength range of 200-800 nm with a
spectrophotometer (V-750, UV—Vis, JASCO, and Japan) to analyze the microstruc-
ture of the specimens and their optical properties. It comprises photon spectroscopy
in the UV-visible region, which uses visible light as well as contiguous near-UV
and near-infrared regions.

Swelling behavior

The swelling behavior was studied by taking pieces from the dried blend composi-
tions with (2 cm x 2 cm) and soaking them in different phosphate buffer solutions
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(PBS) at pH (4, 5, 6, 7, 8, and 9) for 24 h at 37 °C till the samples reached equi-
librium state of swelling. The swollen films are removed from the insertion media
by using filter paper to remove excess liquid from the surface of the samples and
weighed. The swelling behavior was studied by Eq. 1 every 2 h for measuring the
water uptake of the sample by using an analytical balance.

Ws — Wd

Swelli tio% = ————— x 100
welling ratio% wa @))

where W;: is the weight of the dried polymer at 60 °C and W is the weight of the
swollen samples in various PBS solutions at 37 °C.

Results and discussion
PVP/chitosan blend nanocomposite blend films by casting method

Nanocomposite blend films of PVP/chitosan matrix doped with copper oxide nano-
particles with different ratios were performed by a simple casting method to develop
nanocomposite systems for different applications. This method is simple, performed
under mild conditions, and can give a reproducible yield. Copper oxide nanopar-
ticles with different ratios have been added with the PVP/chitosan blend mixture
(80/20) as explained in Table 1. The nanocomposite blends were sonicated and they
continuous stirring till homogeneous distribution was attained. Finally, The result-
ing PVP/chitosan mixes, which contained various ratios of CuO nanoparticles, were
then placed into plastic Petri plates and dried for a further 36 h at 40 °C in an oven.
Table 1 provides a summary of the various blend matrix compositions created in
this work.

By using X-ray diffraction, the interaction and complexation between chitosan
and PVP were investigated. Figure 2 confirms the miscibility between the blend
through the broadening peaks which are characteristics of both polymers. However,
in the case of the blends of PVP/Chitosan doped with CuO nanoparticles, the inten-
sity of the peaks decreased gradually with the nanoparticle’s concentration till dis-
appeared at higher concentrations and only the diffraction peaks of CuONPs still
appeared [24].

Table 1 Samples with different

content of CuONPs Sample CuONPs wif%
PVP/chitosan (80/20) 0
Cul 2.5
Cu2 5
Cu3 7.5
Cu4 10
Cu5 12.5
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Fig.2 X-ray diffraction patterns of PVP/chitosan blend and PVP/chitosan nanocomposite films
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Fig.3 FTIR spectra of PVP/chitosan polymer blend and PVP/chitosan polymer blend loaded with
CuONPs, (The band’s shift is indicated by the position and direction of the arrowheads.)

The absorption interaction of the PVP/Chitosan polymer blend and the blend
samples containing different concentrations of CuONPs fillers were confirmed by
the FTIR spectrum as shown in Fig. 3. The spectrum shows a hydroxyl group (-OH
stretching) at 3340 cm™!. Chitosan’s spectra at 1652 cm™' showed absorption bands
that were attributed to (-C=0) secondary amide stretching. Another band, posi-
tioned at the C—H saccharide structure’s wagging vibration, is seen at 910 cm™' [33,
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34]. The results reveal that the position of the characteristic bands corresponding to
single polymers changed and shifted with the addition of the different concentra-
tions of CuO nanoparticles, this was explained by how the dopant and polymeric
mix matrix interacted. As the —OH and —-NH atoms stretched, the band at 3456 cm™!
shifted to 3335 cm™!. Furthermore, the strength and wavenumber of the strong
absorption band at 1666 cm™' and the band at 1558 cm™! changed as a result of
the hydrogen bonding between the carbonyl group of PVP and the NH, group of
chitosan [35]. On the other hand, a change in the intensity of the distinctive peaks in
the fingerprint region as well as a small alteration in the region 650-550 cm™! were
found following the addition of CuO nanoparticles, and it is related to the low con-
centration of CuO additives.

Optical characterization

Clarifying the electronic band structures and optical constants of crystalline and
non-crystalline materials requires research into their optical properties. The absorb-
ance of chitosan, PVP, PVP/chitosan blend, and the blend loaded with CuONPs,
scaled in the wavelength 200-900 nm as shown in Fig. 4. On the one hand, the PVP/
chitosan composites showed a maximum absorption peak at 225 nm that matched
then-7* transition of unsaturated bonds in the polymer mixture [36]. On the other
hand, PVP/chitosan blend films containing different contents of CuONPs have a
small shift toward higher wavelength. This change could be explained by intermo-
lecular hydrogen interactions between the copper ions and nearby hydrogen groups
in the polymer chain, or by hydrogen bonds between the C=0 of the mix and the
copper ions [34, 37]. A second peak that confirmed the complexation between the
polymer blend and the CuONPs filler was also present.
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The optical band gap (E,) in the high absorption area can be estimated using the
well-known relationship:

ahv = A(hv - Eg)n )

Where a a constant, the exponent # is: has values of 1/2, 2, 3/2, and 3, in accord-
ance with the permitted direct, permitted indirect, prohibited direct, and prohibited
indirect excitations and incident photon energy is hv [38—41]. Here, only the curve
associated with permitted indirect and direct excitation (n=2 and 1/2) is shown.
The Eg values that are derived from Eq. 2 and shown in Table 2 are a result of
the dependence of (ahv)* on hv, where the extrapolated intercept on the hv axis for
(ahv)* and (ahv)'? & hv plot yields the values.. The optical gap (Eg) of chitosan
film is about 4.35 eV which was increased to 5.13 eV for the polymer blend (PVP/
chitosan: 80/20). However, the addition of CuONPs with different ratios decreased
the values to reach about 2.4 eV and 2 eV for indirect and direct transition. The
electrical interactions between the CuO NPs and the host polar mix may be to blame
for this decrease in E, values [37, 38]. In Fig. 4, the amorphous region in the PVP/
chitosan blend increases with the addition of CuONPs which in turn affect the disor-
dering [42-45].

Surface morphology (SEM)

The morphology of the different formulations of the nanocomposite thin films of
both polymer and polymer/CuONPs prepared via the casting method was studied
employing scanning electron microscopy (SEM). The corresponding electron micro-
graphs for the nanocomposite thin films are presented in Fig. 5. It can be observed
that PVP/chitosan blend (control sample F1) is homogeneous with a smooth surface.
However, the PVP/chitosan containing CuONPs (samples F2, F3, and F4) show a
homogeneous distribution of the nanoparticles on the blend surface by generating
well-formed spherical particles with a certain roughness on the surface, the result of
the presence of copper oxide nanostructures embedded within the blend matrix that
is increased by raising the added values of the nanoparticles.

Table 2 Calculated values for

Eq, Epirect, a0 Ejyire for tested Samples By V) Ebirec Eindiec

samples Chitosan 53 438 435
PVP 5.04 4.87 4.87
PVP/chitosan 5.04 5.13 4.86
Cul 2.6 2.96 2.2
Cu2 2.5 2.72 2.25
Cu3 2.4 2.56 2.09
Cu4 2.36 2.55 2.12
Cu5 2.28 2.4 2
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F1: PVP/chitosan blend F2:PVP/chitosan/CuONPs
film (80/20) 2.5 wt%

F3:PVP/chitosan/CuONPs F4:PVP/chitosan/CuONPs
7.5 wt% 12.5 wt%

Fig.5 SEM photographs for PVP/chitosan, and PVP/chitosan/CuONPs with different content
Swelling ratio (SR)

The swelling of the resulting nanocomposite blend films was investigated in various
buffered phosphate media (pH=4, 5, 6, 7, 8, and 9). The associated data are shown
in Fig. 6 as a percentage of swelling degree with the pH. The values of the swell-
ing behavior of the samples calculated from Eq. (1). Every sample showed greater
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Fig.6 Swelling degree of PVP/chitosan containing different ratios of CuONPs at different pH

@ Springer



7476 Polymer Bulletin (2024) 81:7467-7479

Table 3 Calculated swelling

S 1 Swelling d %
degree at different pH ampies welling degree’o

pH4 pHS pH6 pH7 pH8 pH9

PVP/chitosan 960 875 810 763 745 719

Cul 905 845 800 760 735 705
Cu2 875 800 777 741 714 687
Cu3 855 795 754 725 697 670
Cu4 845 800 731 715 683 650
Cus 835 790 714 698 653 608

swelling at an acidic pH and less swelling at a basic pH. This behavior is mainly
governed by the dissolution nature of the chitosan matrix at lower pH which in turn
affects the swelling behavior of the blend and hence increases the value of the swell-
ing in comparison with the neutral case or at higher pH. Chitosan’s protonation of
its amino groups (-NH,) to ammonium ions (-NH;") is what caused the swelling
in acidic environments. Because there were more ionic groups (ammonium ions)
and charge repulsion at lower pH, additionally, osmotic pressure dropped while
swelling increased. As the pH increases toward basic media, the swelling behav-
ior changes from what it was in the acidic media, and this change is explained by
the dense network and compact structure that is brought on by more covalent and
physical crosslinks, which eventually results in fewer swelling. The results indicate
that by increasing the contents of CuONPs within the blend matrix, the swelling
behavior decreased dramatically, which in turn reflex the strong interaction between
the CuONPs and the PVP/chitosan blend matrix. which depends on the pH of the
medium that is based on the protonation/deprotonation of the interactions between
the polymeric layer and nanoparticles distribution within the polymer matrix
Table 3.

Conclusion

The PVP/chitosan nanocomposite films with various CuONPs content were pre-
pared via casting method. The process favored the homogeneous distribution of
CuONPs with some roughness on the blend surface, attributed to the higher number
of nanoparticles. The results indicated that surface area and the swelling behavior
of the compositions containing copper oxide nanoparticles depending on the pro-
tonation/deprotonation of interaction between the polymeric layer and nanoparticle
based on the pH of the media. The bio-nanocomposite film PVP/chitosan containing
copper nanoparticles recommended for a multifunctional biomedical and food pack-
aging applications.
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