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The current study investigates the enhancement of the structural, morphological, and antibacterial properties
of a nanocomposite material composed of chitosan (CS) and polyethylene oxide (PEO). The improvement is
achieved through the incorporation of silver nanoparticles (AgNPs) at varying concentrations of 1%, 3%, and
5%. A variety of analytical techniques were applied. The XRD, FE-SEM, and FTIR investigations revealed
that the introduction of AgNPs induced substantial alterations in the crystallinity of the material, the
characteristics of its surface, and the behavior of functional groups within the polymer matrix. The changes
observed in these parameters underscore the influence of AgNPs on the fundamental properties of the CS/PEO
blend. To further characterize the nanocomposites, Zeta Potential analysis was performed. This technique
provides important information about the stability and surface charge characteristics of the nanocomposites,
which in turn allows for a better understanding of the dispersion and distribution of nanoparticles within the
polymer matrix. Antibacterial tests demonstrated enhanced inhibition against Staphylococcus aureus and
Escherichia coli, particularly in AgNP-containing films. The combined effects of chitosan and AgNPs
contributed to strong antibacterial performance, especially against Gram-positive bacteria.

improved biocompatibility together with

1 INTRODUCTION

Material science  benefits greatly from
nanotechnology since it allows scientists to alter
polymer characteristics for creating new materials.
The ratio between surface area and volume makes
nanotechnology-based composites both thermally
and electrically stable which makes them more
efficient at reduced cost [1], [2]. Multiple studies
explore nanocomposites that use synthetic polymers
combined with metal oxide and carbon filler
nanomaterials for enhancing multiple functional
properties [3], [4].

Chitosan obtains its nature as a biodegradable

biocompatible polymer from chitin through
deacetylation. The many functional groups in
chitosan strengthen structure while enhancing

biological functions which results in its efficient
antimicrobial properties. The medical sector
frequently employs chitosan as an effective material
because this compound achieves low toxicity
alongside its capability to develop films and
hydrogels and nanoparticles [5]-[10].

The properties of chitosan nanoparticles (CNPs)
become more useful for biomedical and
environmental applications because they show

antimicrobial activity and membrane penetration
capabilities [11]-[13]. PEO features versatility as a
stretchable non-toxic substance because it dissolves
well in water through hydrogen bond interactions that
unite with chitosan into a single homogeneous
material that demonstrates better physicochemical
behavior. PEO demonstrates ideal properties for
medical uses because it matches human tissue
composition so it finds applications in wound
dressing and drug delivery systems [5], [14]. The
casting method functions as a common approach to
develop nanocomposite systems which exhibit
improved structural and optical properties [15].
Nanotechnology integration into polymers resulted in
the development of nanocomposites that boost
biomedical materials' properties and support complex
medical applications [16]. The materials achieve
outstanding  properties  regarding mechanical
performance combined with strength and durability
alongside wear resistance characteristics thus
providing  high  effectiveness for medical
implementations and engineering applications [2],
[17] and [18]. Additionally, several polymer blends
have shown antibacterial potential when reinforced
with metal oxide or silver nanoparticles [19]. Among
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nanomaterials, metallic nanoparticles (1-100 nm)
possess unique physical and chemical properties,
such as high catalytic activity, making them valuable
in research on microbial resistance to antibiotics [20],
[21]. Silver, copper, and zinc are commonly used as
antimicrobial agents, with studies showing that silver
nanoparticles (AgNPs) demonstrate the highest
effectiveness against Streptococcus mutans [22].
Additionally, AgNPs exhibit strong antimicrobial
activity against bacteria, fungi, and viruses, renewing
interest in their medical applications, particularly
against resistant strains [23].

This study investigates the structural and
antibacterial properties of chitosan/PEO
nanocomposite  films reinforced with silver
nanoparticles. XRD, FE-SEM, AFM, FTIR, EDX,
zeta potential analysis, and antibacterial testing were
employed to assess the impact of AgNP concentration
to emphasize their potential for biomedical
applications.

2 EXPERIMENTAL WORK

2.1 Materials

Chitosan (>90% purity, 30-50 nm) was obtained
from Nanochemazone, Polyethylene oxide (PEO)

Chitosan powder

Lt
L] ¥

(Mw = 3,000,000 g/mol, >98% purity) was purchased
from Cheng Du Micxy Chemical Co., Ltd., and silver
nanoparticles (AgNPs) (10-20 nm, >99.9% purity)
were supplied by Sky Spring Nanomaterials. Acetic
acid (=99.7% purity) was used as a solvent and
deionized distilled water to ensure the purity of the
sample.

AFM test was conducted to analyze the initial
surface morphology and roughness of the raw
materials, which include chitosan, polyethylene oxide
(PEO), and silver nanoparticles (AgNPs).
Measurements were performed at a scan size of 2.0 x
0.2 pm. Table 1 indicates that the PEO powder
demonstrated the greatest surface roughness (Rq =
25.72 nm), signifying a markedly uneven structure.
Conversely, chitosan powder exhibited a more
uniform shape (Rq = 1991 nm). AgNPs
demonstrated the lowest Rq value (12.78 nm),
indicating their nanometric scale and reasonably
uniform distribution, as illustrated in Figure 1. The
average particle sizes determined via AFM line
analysis were 48.18 nm for chitosan, 78.88 nm for
PEO and 38.87 nm for AgNPs, thereby affirming the
nanoscale characteristics of the materials.

PEO Powder

Figure 1: AFM images of chitosan, PEO, and AgNPs powders at 2.0 pm/div magnification.
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Table 1. AFM roughness parameters and average particle
sizes of raw materials:

Max Average
Rq Rp Rv . Particle
Sample Height .
(nm) | (nm) | (nm) Size
(nm)
(nm)
Chitosan | 19.91 | 39.38 37.20 61.3 48.18
PEO 2572 | 7225 | 5159 | 991 78.88
AgNPs 12.78 | 19.03 21_41 32.4 38.87
2.2 Methods of Preparation
The  chitosan/polyethylene  oxide (Cs/PEO)

composite augmented with silver nanoparticles
(AgNPs) was synthesized via the solution casting
technique. One gram of chitosan was dissolved in 100
milliliters of 1% acetic acid and agitated at 300
revolutions per minute for six hours at ambient
temperature. PEO (1 g) was independently dissolved
in 100 mL of distilled water at 50°C. The PEO
solution was incrementally incorporated into the
chitosan solution while maintaining continuous
agitation until a uniform mixture was achieved. Silver
nanoparticles  (AgNPs) were integrated at
concentrations of 1%, 3%, and 5%, thereafter
subjected to ultrasonic treatment (120 W, 1 hour) to
guarantee uniform dispersion. The finished solution
was deposited into 14 cm Petri plates and desiccated
at ambient temperature for 5 days; the preparation
methods are illustrated in Figure 2.

e o
PEO cs

CS/PEO

solution
1 == s N\

=
Ultrasonic path solution casting
——( - —

CS/PEO/AgNPs
AGNPs film
Dried

Figure 2: Schematic representation of the preparation
process of chitosan/PEO/AgNPs nanocomposite films.

2.2.1 Characterization Techniques

Structural, and  morphological, properties were
analyzed using multiple techniques such as XRD
(Philips XPERT-PRO) to determine crystallinity and
phase composition (Cu-Ka, 10°-80°), EDX
confirmed elemental composition, and the presence

of AgNPs, FTIR (Shimadzu IR Affinity) was used to
identify functional groups in the range of 4000—400
cm™!, Zeta Potential measurements (Horiba SZ-100)
were conducted to evaluate the surface charge and
colloidal stability at 25°C, The agar disk diffusion
was used to identify the antibacterial activity against
S. aureus and E. coli. The tested sample was loaded
on the well, and bacterial cultures were placed on
Mueller-Hinton agar plate. Measurement of
inhibition zones was done after a 24 hours incubation
at 37 o C. Distilled as the negative control water was
used.

3 RESULTS AND DISCUSSION

3.1 XRD Analysis

Figure 3 displays the XRD patterns of chitosan (Cs)
(S1), polyethylene oxide (PEO) (S2), Cs/PEO mix
(S3), and Cs/PEO combined with varying
concentrations (1, 3, 5) % of silver nanoparticles
(AgNPs) (S4, S5, S6) accordingly. The diffraction
peaks at 20 =10.5° and 20.1° signify an orthorhombic
structure, with supplementary peaks corroborating
the semi crystalline characteristics of
chitosan [24]-[26]. In contrast, PEO had specific
peaks at 20 = 19.2°, 21.0°, 23.3°, and 26.3°,
signifying its monoclinic crystalline structure,
accompanied by smaller peaks at 27.1° [27]. The
XRD pattern of the Cs/PEO blend exhibited peaks
from both constituents, hence affirming effective
synthesis. The peak at 20 = 23.1°, linked to PEO,
diminished in intensity and widened, signifying
hydrogen bonding interactions between Cs and
PEO [28]. The crystallite size (D) for the (111) peak
was determined using the Debye-Scherrer
equation [29] (D=KA/B Cos0), where K is a constant
(0.91), A represents the X-ray wavelength (0.154 nm),
B denotes the full width at half maximum (FWHM),
and 0 signifies the diffraction angle. The mean
crystallite size of AgNPs rose from 15.8 nm (S4) to
21.6 nm (S5) and 25.7 nm (S6), signifying improved
crystallization with increased AgNP concentrations,
and a decrease in FWHM from 0.52° to 0.32°. The
peak at 20 = 32.004° indicates potential surface
crystallization on AgNPs resulting from polymer-
nanoparticle interactions, a process documented in
prior nanocomposite research [30].
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Figure 3: XRD patterns of all samples, including pure
chitosan, pure PEO, chitosan/PEO blend, and chitosan/PEO
blend with 1%, 3%, and 5% AgNPS.

3.2 FTIR Analysis

Figure 4 presents the FTIR spectra of chitosan (Cs),
PEO, their blend (Cs/PEO), and Cs/PEO reinforced
with different AgNP concentrations.

In the chitosan spectrum, a broad peak at 3360—
3285 cm™ corresponds to —OH and —NH stretching
vibrations, indicating strong hydrogen bonding.
Peaks at 1645 cm™ (C=0) and 1534 cm™ (N-H)
confirm the presence of amide structures [25], [31].

The PEO spectrum exhibits a strong absorption
peak at 1094 cm!, attributed to C-O-C ether
stretching, along with weak absorptions around 2872
cm!, corresponding to C—H stretching vibrations,
characteristic of PEO [26]. In the Cs/PEO blend, a
slight shift and intensity reduction of the 3360-3285
cm' band indicates hydrogen bond formation
between chitosan and PEO. Additionally, peaks at
164595 cm™ (NH) and 1119.48 cm™ (C-O-C)
confirm structural interactions within the blend [1].

Upon silver incorporation (S3-S6), spectral
changes were observed, particularly in the 4000—1000
cm™' range. While the 4000-3000 cm™ region
remained stable, the 3000-1500 cm™ range showed
variations in C—H (2900 cm™) and C=0 (1650 cm™)
peaks, indicating silver interactions. The most
significant changes occurred in the fingerprint region
(1500-1000 cm™), where increased silver content
enhanced C-O (1000-1200 cm™) intensity,
suggesting direct interactions with oxygen-containing
groups. The results suggest that silver modifies the
molecular structure by interacting with oxygen-
containing groups while maintaining the composite’s
fundamental structure, consistent with previous
studies like Mahmoud et al. (2019) [19], [32].
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Figure 4: FTIR spectra of all samples, including pure
chitosan, pure PEO, chitosan/PEO blend, and chitosan/PEO
blend with 1%, 3%, and 5% AgNPS, showing the
characteristic functional groups and interactions.

3.3 Energy Dispersive X-Ray
Spectroscopy (EDX) Results

The elemental composition of the polymeric samples
was analyzed using energy-dispersive X-ray
Spectroscopy (EDX) to identify the presence of key
elements and confirm the structural integrity of the
prepared composites.

The EDX spectrum of S1 (Fig. 5), representing
pure chitosan, confirmed its organic nature as it
primarily consists of carbon (C) and oxygen (O). This
composition aligns with the well-documented
molecular structure of chitosan, which mainly
consists of polysaccharide chains containing carbon,
oxygen, and nitrogen [33].

In addition, trace amounts of aluminum (Al) and
silicon (Si) were detected, likely originating from the
natural mineral content in crustacean shells used as
raw material. Previous studies have reported the
persistence of these elements despite the
demineralization steps during preparation [34].

In sample S3 Figure 6, characterized by an equal
mixture of chitosan and PEO, EDX analysis indicated
elevated concentrations of carbon (56.17%) and
oxygen (38.80%), underscoring the organic
composition of the polymeric structure. Nitrogen is
derived from chitosan, whereas the oxygen
concentration is indicative of both components'
contributions. A minimal quantity of chlorine was
also identified, presumably due to the processing
procedure. The results demonstrate the effective
amalgamation of both polymers and the
establishment of a stable composite structure.
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Figure 5: EDX spectrum and elemental composition of S1 ) -
(Cs). Figure 7: EDX spectrum and elemental composition of S6

(chitosan/PEO blend with 5% AgNP.

EDX analysis of sample S6 Figure 7 confirmed
the presence of silver at 7.52 wt%, indicating the
successful incorporation of silver nanoparticles into
the polymer matrix. The carbon and oxygen contents
remained stable, suggesting that the polymer structure
was not significantly affected. The nitrogen content
(3.96%) was within the expected range.
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Figure 6: EDX spectrum and elemental composition of S3

(chitosan/PEO blend).
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Figure 8: Zeta potential curves of the selected samples (S1, S2, S3, and S6).
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3.4 Zeta Potential Analysis

The surface charge of the prepared films was
evaluated using Zeta Potential measurements at 25 °C
using a Horiba SZ-100 as in Table 2 and Figure 8.
The chitosan membrane (S1) exhibited a high
positive Zeta Potential of 80.2 mV, attributed to the
protonation of amino groups, indicating excellent
stability in acidic environments [35]. In contrast, the
PEO film (S2) showed a significantly lower value
(30.8 mV), consistent with its neutral chemical nature
and known tendency to screen surface charges,
thereby reducing electrostatic interactions [36].

Table 2: Zeta Potential values of the selected membrane
samples.

Samples Zeta Potential (Mv)
S1 80.2
S2 30.8
S3 55.7
S6 34.0

The CS/PEO blend (S3) showed an intermediate
value (55.7 mV), suggesting enhanced intermolecular
interaction and partial retention of chitosan’s surface
charge. This can be attributed to hydrogen bonding
between —NH and —OH groups of chitosan and the
ether oxygen in PEO [28].The nanocomposite film
containing 5% AgNPs (S6) exhibited a reduced Zeta
Potential (34.0 mV), which may be attributed to
nanoparticle agglomeration or surface charge
masking by the polymer matrix. This observation
agrees with previous reports suggesting that at higher
AgNP concentrations, particles tend to aggregate,
reducing the active surface area and weakening
electrostatic interactions [37], [38].

Despite the lower surface charge, it is reported
that chitosan-AgNPs systems can retain some
positive charge due to protonated amino groups,
which contributes to their antibacterial potential [39].

3.5 Antibacterial Activity Analysis

The antibacterial properties of the chitosan/PEO-
AgNPs solution were evaluated using the agar well
diffusion method, showing a concentration-
dependent effect. According to Table 3, inhibition
zones ranged from 6.5 mm (lowest concentration) to
26 mm (highest concentration), confirming their
effectiveness.

When tested against Staphylococcus aureus, S6
exhibited the highest antibacterial activity, with an
inhibition zone of 26 mm at 100% concentration,
consistent with previous findings reporting that

Cs/Ag NPs maintain strong antibacterial effects even
at low concentrations [40]. S3, S4, and S5 also
showed inhibition zones exceeding 23 mm,
reinforcing the bactericidal effect of silver
incorporation Figure 9.

Table 3: Antibacterial activity of chitosan/PEO
nanocomposite solution against Staphylococcus aureus
(Gram-positive) and Escherichia coli (Gram-negative)
bacteria, represented by the inhibition zone (mm) at
different concentrations.

Samples A B ¢ D £
control | 12.5% | 25% | 50% | 100%

S1 6 6.5 11 14.5 19

S2 6 8.6 12.7 14 17
S aures S3 6 8 9 20.9 23.7

S4 6 12 19.5 24

S5 6 11 16 21 23

S6 6 10 20 26

S1 6 9 12 14 18

S2 6 11 12 13 17

E coli S3 6 10.5 14 15 18

S4 6 8 13 17 20

S5 6 9 9.5 16 22

S6 6 8 11 17 21

Against Escherichia coli, antibacterial efficacy
was lower, with S5 showing the highest inhibition
zone (22 mm at 100%), likely due to the outer
membrane barrier of Gram-negative bacteria, which
limits nanoparticle penetration, as previously
reported Figure 10 [41], [42].

CS/PEO/1%Ag
NPs(S4)

CS/PEO/3%Ag
NPs(S5)

CS/PEO/5%Ag
NPS(S6)

Figure 9: Antibacterial activity of chitosan, PEO, and
chitosan/PEO nanocomposite films with different silver
nanoparticle  concentrations against Gram-positive
Staphylococcus aureus bacteria, showing the inhibition
zones for each sample.
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CS/PEO/1%Ag
NPs(S4)

CS/PEO/3%Ag
NPs(S5)

CS/PEO/5%Ag
NPS(S6)

Figure 10: Antibacterial activity of chitosan, PEO, and
chitosan/PEO nanocomposite films with different silver
nanoparticle  concentrations against Gram-negative
Escherichia coli bacteria, showing the inhibition zones for
each sample.

The observed antibacterial properties a direct
correlation ~ was  observed  between  silver
concentration and inhibition zone size, with increased
silver content enhancing bacterial inhibition, as
confirmed by previous studies reporting that higher
silver content promotes antimicrobial ion
release [40], [41].

The potential of silver-based nanocomposites has
been confirmed, particularly against Gram-positive
bacteria, while further modifications are still required
to improve their efficacy against E. coli. The
importance of continued research on long-term
stability and interactions in medical applications has
also been highlighted in previous studies [40], [43].

4 CONCLUSIONS

Incorporating silver nanoparticles (AgNPs) into the
chitosan/PEO composite improved their structural
integrity and antibacterial efficacy. XRD analysis
confirmed the semi-crystalline nature of the blend and
verified AgNPs incorporation through distinct
diffraction peaks, including those corresponding to
silver, while EDX verified silver presence and
increasing Ag content with concentration. FTIR
revealed strong chitosan-PEO hydrogen bonding,
with spectral shifts indicating AgNP-polymer
interactions. With spectral shifts indicating chemical
interactions between AgNPs and polymer. Zeta
potential analysis demonstrated significant variations
in surface charge, reflecting changes in colloidal
stability and electrostatic interactions due to AgNPs
addition, where Antibacterial activity shows
improved inhibition zones against Staphylococcus

aureus and E. coli, with stronger effects on Gram-
positive bacteria, confirming the synergistic
antimicrobial effect of chitosan and AgNPs. The
antibacterial ~ response  depended on  both
concentration and strain. S6 (5% AgNPs)
demonstrated the most potent suppression of
Staphylococcus aureus, while S5 (3% AgNPs)
exhibited the greatest antibacterial efficacy against
Escherichia coli. The results indicate that AgNP-
reinforced CS/PEO composites are viable options for
biomedical applications, including antimicrobial
wound dressings. Future investigations must

prioritize the assessment of long-term stability,
cytotoxicity, and in vivo biocompatibility for clinical
application.
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