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The PVA-PAAmM-PEG polymer blends and their corresponding nanocomposite films
were synthesized using the solution casting method, with carbon nanotubes (CNTs)
added in varying concentrations of 0.005 g, 0.010 g, 0.015 g, and 0.020 g. Structural
characterization was carried out through FTIR spectroscopy, which revealed that the

interactions were predominantly physical, indicating the absence of new chemical bonds
or interatomic interactions. SEM analysis confirmed this finding by demonstrating a
uniform dispersion of CNTs within the polymer matrix. Through the evaluation of their
absorption spectra over the 200-800 nm wavelength range, the optical properties were
investigated. The results indicated a progressive increase in optical absorption with
higher CNT concentrations. Concurrently, the optical band gap was observed to decrease
from 4.8 eV to 3.6 eV. The refractive index similarly exhibited increasing levels of CNT
incorporation. Both the dielectric constant and dielectric loss were found to increase with
higher CNT concentrations, while they showed a decrease with higher applied electric
field frequencies. On the contrary, AC conductivity demonstrated enhancement with
increasing frequency, particularly at 102 Hz. Additionally, the antibacterial properties of
the nanocomposites were tested against Escherichia coli (E. coli), revealing augmented
antibacterial activity as the CNT concentration increased. This highlights the potential
application of these nanocomposites in antimicrobial technologies.
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1. INTRODUCTION into natural and synthetic categories. Natural polymers include

substances such as proteins, cellulose, starch, and rubber.

Nanocomposites hold significant relevance within the realm
of polymer nanomaterials due to their unique and highly
adaptable physicochemical properties [1]. Advances in this
field primarily concentrate on optimizing interfacial
interactions and achieving a uniform dispersion of nanofillers
throughout the polymer, matrix—crucial factors for enhancing
the overall functionality and performance of these materials
[2]. The augmentation of polymer characteristics is closely
tied to the inclusion of nanomaterials, which markedly boost
the functional capabilities of nanocomposites [3].

Polymeric nanocomposites have garnered substantial
attention from researchers because of their remarkable
properties, including a high strength-to-weight ratio, superior
corrosion resistance, cost-effectiveness, and adaptability for
forming intricate shapes [4]. To enhance fundamental
attributes, including mechanical robustness, electrical
conductivity and thermal conductivity, various nanoscale
fillers are incorporated into these materials. The success of
these enhancements relies on the careful selection of fillers—
ranging from fibers to different particulate types—based on
the specific requirements and desired application
improvements [5]. Polymers themselves are broadly divided
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Conversely, synthetic polymers encompass a wide range of
materials like polyvinyl chloride (PVC), nylon, polyethylene,
polypropylene, polyester, polycarbonate, among others. Each
polymer type offers distinct advantages, making them well-
suited for diverse industrial and technological applications [6].

Polyvinyl alcohol (PVA), a water-soluble and
biodegradable polymer, is derived from the hydrolysis of
polyvinyl acetate and is readily degradable by organic
organisms [7]. Its biocompatibility and non-toxic attributes
have established PVA as a material of significant interest
within the biomedical field, particularly in the development of
drug delivery systems, highlighting its relevance across
various biological applications [8]. This lightweight, highly
crystalline polymer exhibits an abundance of hydroxyl (-OH)
groups, which confer distinctive physical and chemical
properties, notably its capacity for film formation [9]. The
molecular architecture of PVA comprises a carbon backbone
with hydroxyl groups bonded via methylene carbon atoms.
These hydroxyl groups serve as both hydrogen bond donors
and acceptors, enhancing PVA's suitability for synthesizing
polymer blends and composites [10]. Owing to its adaptability
and broad scope of utility, PVA has been rigorously studied
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for a diverse range of applications, encompassing
electrochemical devices, sensors, medical apparatuses, and
fuel cells [11]. Its exceptional properties encompassing high
mechanical strength, outstanding resistance to corrosion, and
superior thermal stability—distinguish it from conventional
polymers [12].

Polyacrylamide (PAAm) is a highly adaptable hydrophilic
polymer recognized for its broad utility across numerous
industrial sectors. Over recent years, PAAm and its derivatives
have garnered considerable research interest due to their
exceptional durability under significant molecular stress,
water solubility without the generation of harmful byproducts,
and inherently non-toxic nature. PAAm copolymers,
synthesized with various hydrophilic monomers and metal
salts, are extensively utilized in industries such as mining,
water treatment, and other process-driven operations [13]. One
of PAAm's key roles is its capacity to enhance the viscosity of
aqueous solutions, polyamide-based systems, and fixed acrylic
materials. Structurally, the polymer is defined by amine and
carboxyl functional groups along its dry chains, which
facilitate extensive hydrogen bonding between polymer
strands. This bonding contributes to the development of robust
polyamide networks, thereby boosting material stability,
mechanical strength, and overall performance. While PAAm-
based products offer numerous advantageous properties, they
are often hindered by relatively low tensile strength,
insufficient compressive resistance, and limited elongation
[14].

Polyethylene glycols (PEG) constitute a class of highly
versatile polymers obtainable in both liquid and solid states,
characterized by the chemical formula H{OCH>CH),OH [15].
To enhance their elasticity, additional polymers are frequently
integrated into their composition. The inclusion of a plasticizer
plays a key role in further improving flexibility by reducing
intermolecular forces within the polymer chains, thereby
decreasing molecular rigidity. Without the presence of
plasticizers or complementary polymers, PEG alone lacks the
necessary properties for film production [16]. As a water-
soluble thermoplastic, PEG possesses a uniquely flexible
structure based on C—O-C bonds. It is notable for its excellent
the compound exhibits notable solubility in both aqueous and
organic media, demonstrating pronounced hydrophilic
properties nature, crystallinity, and self-lubricating features.
These attributes make PEG a highly preferred polymer with
broad applications, particularly in essential fields such as solid
polymer electrolytes used for sensors and batteries [17].

Carbon nanotubes (CNTs), a distinct carbon allotrope, are
defined by their tubular structures formed from sheets of
graphite. Celebrated for their extraordinary properties, CNTs
have become highly significant in both nanotechnology and
pharmaceutical sciences. Their diameters range within the
nanometer scale, while their lengths can stretch to several
millimeters, offering a wide variety of electronic, thermal, and
mechanical attributes. These specific properties are shaped by
parameters such as diameter, length, chirality, twisting
configuration, and wall morphology. With an impressive
surface area, as well as notable stiffness, strength, and
durability, CNTs have garnered considerable interest in
pharmaceutical research and applications [18].

Carbon-based nanofillers, known for their ability to
optimize material performance even at very low
concentrations, stand out in the field of polymer enhancement.
Among these, polymer composites infused with CNTs and
graphene have achieved widespread application across various
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scientific and technological disciplines. These fillers
significantly elevate the functional properties of polymer
matrices, tailoring them to meet specialized requirements [19].
Graphene, in particular, has captured significant attention due
to its extraordinary qualities [20]. Sourced from natural
graphite, it also offers a more economical option compared to
CNTs [21]. Lakouraj et al. [22] developed conductive and
corrosion-resistant films using multicomponent aniline-
carbazole polymers with the addition of carbon nanotubes. The
developed films exhibited improved mechanical properties,
corrosion resistance, and good thermal properties. The
electrochemical properties of the films were studied using
various techniques, and the results demonstrated corrosion
resistance and low wear rate. Mi et al. [23] reported that
polypropylene (PP) composites with carbon nanotubes
(CNTs) were prepared using different methods to provide
varying shear strengths. The effects of CNT doping and
distribution on the mechanical and electrical properties of
these composites were studied. The results showed an increase
and improvement in the mechanical and electrical properties.
Nassar et al. [24] prepared polyvinyl alcohol (PVA)
nanocomposites with carbon nanotubes (CNTs) at different
concentrations. The thermal, electrical, and morphological
properties of the various composites were studied using
various techniques. The nanocomposites were found to exhibit
diverse distributions and enhanced thermal and electrical
properties. In this research, we will create advanced PVA-
PAAm-PEG: CNT nanocomposites, comprehensively analyze
their structural, optical and electrical properties, and finally
evaluate their antibacterial capabilities.

2. EXPERIMENTAL PART

The polymers used in this study include polyvinyl alcohol
(PVA) with molecular wight of 18,000 grams/moles and an
purity of 99.0%, derived from Pareek (Barcelona, Spain);
Polyacrylamide (PAAm), with the molecular weight of 5 % 10
g/moles and purity of 99.99%, was supplied by the British
Drug House (BDH); And polyethylene glycol (PEG) was
obtained from the reagent world, With a molecular weight of
6000 and a purity level of 99.8%, all polymers were utilized in
granular form. The nanomaterials used as additives were
CNTs (90% purity, 100 nm diameter, and 10 um length)
incorporated in varying percentages.

3. PREPARATION
NANOCOMPOSITES

OF PVA-PAAm-PEG: CNT

Polymer -nanocomposite films were made dissolving 40%
Polyacrylamide (PAAM). In a glass beaker containing 60 ml
of distilled water, equipped with a magnetic stirrer for
thorough mixing. The solution was stirred vigorously at 90°C
for 45 min to ensure the formation of a homogeneous mixture.
Then 40% polyvinyl alcohol (PVA) was introduced in the
PAAM solution, and continued stirring for one hour at the
same temperature to ensure homogenous solution mixture.
Next, 20% polyethylene glycol (PEG) was incorporated into a
polymer matrix, and the mixture was allowed in front of an
hour at 90°C. The temperature of the PVA-PAAmM-PEG matrix
was adjusted to approximately 25°C as a preparatory step for
incorporating various weight ratios of carbon nanotubes
(CNTs). Specifically, four formulations with CNT ratios of



0.5, 1.0, 1.5, and 2.0 were sequentially introduced, each
undergoing a mixing process of one hour to fabricate the PVA-
PAAmM-PEG-CNT nanocomposite, as outlined in Table 1. To
enhance the dispersion and overall properties of the
nanocomposite, ultrasonication was employed—a widely
utilized method for ensuring homogeneous distribution of
CNTs within solvent systems. This technique generates
significant mechanical forces within the solvent, producing
cavitation bubbles that effectively facilitate CNT dispersion.
The ultrasonication procedure was conducted for a duration of
3 minutes using water as the solvent medium for
nanocomposite preparation. They cast each of these ratios
within a 5-centimeter diameter Petri dish to create the films
and the complete setup is kept in a clean, dust-free
environment, allowing the solvent to gradually evaporate at
room temperature over a period of seven days. Once this
process is complete, the film is gently removed from the petri
dish.

Table 1. Summarized the preparation of PVA-PAAmM-PEG
and PAAmM-PVA-PEG:CNT nanocomposites

Smples PVA PAAm PEG o
No. ® ®) @ NTCOD
1 0.4 0.4 0.2 0.0
2 0.398 0.398 0.199 0.5
3 0.396 0.396 0.198 1.0
4 0.394 0.394 0.197 1.5
5 0.392 0.392 0.196 2.0

4. DISCUSSION AND RESULTS

The Fourier transform infrared (FTIR) test was used to
determine changes in the bonds and the formation of new
bonds in the PVA-PAAmM-PEG blend. Figure 1 represents the
FTIR of PVA-PAAmM-PEG:CNT nanocomposites with
varying ratios of CNT. Spectra were recorded at room
temperature, in a range from 4000-500 cm™. The observed
spectra show the characteristic bands of stretching and
bending vibrations of the functional groups present in the
composites. In particular, 3290.92 and 3292.57 cm™' around
absorption peaks were assigned to the hydroxyl (O-H)
stretching vibration in a polymer matrix [25]. The peaks
displayed on 2895.29, 2893.09, 2890.43, 2891.25, and
2891.20 cm™ were held responsible for methylene (C-H)
stretching mode, while the bands at 1732.71 and 1733.16 cm™
were attributed to carboxylic acid (C=0) stretching [26]. In
addition, absorption systems at 1240.67, 1240.68, 1240.61,
1240.40 and 1239.69 cm™ were identified as carbon dioxide
(C-O) stretching [27]. The peaks of 1090.50, 1099.82,
1107.07, and 1101.25 cm™ are recognized as carbon-carbon
(C-C) stretching vibrations [28]. In particular, FTIR spectra of
nano-composites revealed a shift in peak position and
variation in shape and intensity compared to pure PVA-
PAAm-PEG films. Especially because of interest was the
characteristic hydroxyl (O-H) tensile tape close to 3300 cm,
usually associated with PVA, absent. Instead, the region
performed tops of 3290.92, 3292.57 and 3292.87 cm™,
attributed to (OH) stretching vibrations, are observed. In
addition, the peak observed at 1141 cm™!, associated with the
PVA polymer, signifies the C-O stretching bond. Interestingly,
1323 cm, the expected peak, usually associated with the
PAAm polymer, was absent in these spectra. Instead, several
peaks were detected at 1240.67, 1240.68, 1240.61, 1240.40
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and 1239.69 cm™, indicating (C-O) stretching [29, 30]. A
significant change in the C -H stretch area is also clear, which
represents the contribution from both PVA and PAAm
polymer. The observed peaks are located at 2895.29, 2893.09,
2890.43, 2891.25, and 2891.20 cm™, rather than the typical
2940 cm™ and 2931 cm™ bands commonly linked to the same
polymer. These peaks also correspond to (C-H) stretching
vibrations. Furthermore, a distinct shift is observed in the
(C=0) stretching bond, indicating the presence of the PVA
polymer. This shift leads to peaks at 1732.71 and 1733.16
cm™!, rather than the usual 1731 cm™ bond associated to the
same polymer, which is also attributed to (C=0) stretching.
Additionally, there is a similar shift in the (C-C) stretching
bond for the PVA polymer. The newly observed peaks appear
at 1090.50, 1099.82, 1107.07, and 1101.25 cm™, rather than
the standard 1087 cm™ bond typically associated with (C-C)
stretching as noted in these studies [30, 31]. There is a clear
reduction in transmittance as the concentration of CNT
increases. Higher film density leads to a greater concentration
of atoms and ions along the light path. which intensifies
absorbance within the UV and IR regions. This behavior is
depicted in Figure 2 and the associated images (B, C, D, and
E). FTIR analysis suggests that no chemical reaction occurs
between the carbon nanotubes (CNT) and the polymeric blend.
Instead, the interaction appears to be a result of purely physical
blending. This interpretation is supported by the absence of
specific bonds associated with the nanocomposite and the lack
of additional peaks in the IR spectra. These conclusions are
consistent with previous research findings [32].

Transmittance (%)
»| o
%
\'.
L e
\
J

32¢0.92
289529

=
©
=]
=
o~

T1090.5

T

3500

T
3000 2500

T T
4000 2000 1500 1000

Wavenumber (cm™)

Figure 1. FTIR spectra of PVA-PAAm-PEG:CNT with
various content of CNT: (A) 0 wt.% (B) 0.5 wt.% (C) 1 wt.%
(D) 1.5 wt.% and (E) 2 wt.%

Figure 2 presents scanning electron microscopy (SEM)
micrographs of PVA-PAAmM-PEG blend films and PAAm-
PVA-PEG:CNT nanocomposite films captured at a
magnification of 7000x. Micrographs labeled A and B
illustrate a smooth, uniformly distributed morphology
characterized by a relatively soft surface texture. In contrast,
the micrographs labeled C, D, and E exhibit discernible
alterations in surface morphology alongside an increase in
surface roughness proportional to the rising CNT content
within the PAAm-PVA-PEG:CNT nanocomposite matrix.
The nanocomposite films display well-dispersed CNTs
without visible signs of aggregation, indicating a homogenous
growth mechanism. SEM analysis further reveals that the



CNTs integrated into the nanocomposite surface possess
average dimensions of approximately 339.7 nm. The findings
are consistent with the optical microscopy images.

Figure 3 illustrates the ultraviolet-visible absorption spectra
of PVA-PAAm-PEG:CNT nanocomposites containing
varying concentrations of CNTs, documented across the
wavelength spectrum of 200-800 nm at ambient temperature.
The spectra unequivocally demonstrate that all samples exhibit
substantial absorbance in the ultraviolet (UV) region.
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Figure 2. SEM images of PVA-PAAm-PEG:CNT with
various contents of CNT and magnifications (A) 0 wt.% (B)
0.5 wt.% (C) 1 wt.% (D) 1.5 wt.% and (E) 2 wt.%
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Figure 3. The absorbance spectra as a function of
wavelength of PVA-PAAmM-PEG blend and PVA-PAAm-
PEG:CNT nanocomposites

The spectra clearly indicate that all samples exhibit
significant absorption in the ultraviolet (UV) region, whereas
absorbance significantly diminishes in the visible range. This
optical behavior can be explained by the interaction dynamics
between incident photons and the material. At longer



wavelengths in the visible spectrum, the photon energy is
insufficient to engage with the material's atomic structure,
thereby allowing photons to traverse the film with minimal
absorption. In contrast, as the wavelength decreases and nears
the material's fundamental absorption edge, photon energy
becomes adequate to induce enhanced interactions with the
material, resulting in a substantial increase in absorbance.
Furthermore, the absorbance intensifies with the progressive
increment of CNT content. This augmentation is attributed to
the higher capacity of free electrons in the nanomaterials to
absorb incident light more effectively. The findings align
closely with previously reported results [33], reinforcing the
consistency of these observations.
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Figure 4. The relative error as a function of concentration of
PVA-PAAm-PEG blend and PVA-PAAmM-PEG:CNT
nanocomposites

Figure 5. The standard deviation as a function of
concentration of PVA-PAAm-PEG blend and PVA-PAAm-
PEG:CNT nanocomposites

The statistical analysis illustrated in Figure 4 and Figure 5
highlights the absorption spectrum, revealing clear and
consistent trends in absorbance, absorption coefficient, energy
gap, and refractive index as the concentration of CNT
increases. Notably, the data shows a rise in both standard
deviation and error percentage, as shown in Table 2,
emphasizing the pronounced impact of CNT on the optical
properties.
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Table 2. The standard deviation and relative error values
in PVA-PAAm-PEG:CNT nanocomposites

Sample %Error StdDev
Pure 0 0.4503
0.005CNT 19.84541 0.6698
0.01CNT 30.50729 0.4495
0.015CNT 61.79583 0.6635
0.02CNT 66.20241 0.6335

The absorption coefficient of the polymer mixture and its
corresponding nanocomposite films was determined in the
high absorption region near the fundamental absorption edge,
applying Lambert-Beer's law [34]. This relationship is given
by:

a=2303% (1)

In this formula, (A) represents the sample's absorbance,
while (t) denotes its thickness. Figure 6 illustrates the
relationship between the absorption coefficient (o) and photon
energy for the PVA-PAAm-PEG polymer mixture,
incorporating varying concentrations of carbon nanotubes
(CNTs). The plot reveals that at lower photon energies, the
absorption coefficient remains at minimal levels, indicating a
lower probability of electron excitation. This result is
primarily attributable to the inadequate photon energy required
to elevate electrons from the valence band to the conduction
band.
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Figure 6. Relationship between the absorption coefficient
and energy of PVA-PAAm-PEG blends and PVA-PAAm-
PEG:CNT nanocomposites

Conversely, as photon energy increases, the absorption
coefficient escalates sharply. Signifying a higher likelihood of
electron excitation. Such behavior occurs when photon
energies surpass the ccminant, ensuring conservation of both
energy and momentum between photons and electrons. At
lower absorption coefficient values (o < 10* cm™) associated
with reduced photon energies, indirect electronic transitions
dominate. This regime relies on phonon interactions to
maintain electron motion conservation, showcasing a
fundamentally different excitation mechanism. These
observations are consistent with earlier studies and are in
agreement with established findings reported in this research
[35].



The energy band gaps of the films were determined utilizing
the Tauc relation, as expressed in Eq. (2) [36, 37]. This
formulation incorporates the relationship:

ahv = B(hv — Eg°P* + E )" )

Here, Epn represents the phonon energy, with the negative
sign (-) corresponding to phonon absorption and the positive
sign (+) signifying phonon emission. The parameter (1),
known as the exponential constant, varies based on the nature
of the electronic transitions: (r = 2) is applicable to allowed
indirect transitions, while (r = 3) pertains to forbidden indirect
transitions. When (r = 2), the calculation yields the energy
band gap for an allowed indirect transition, whereas for (r =3),
it corresponds to a forbidden indirect transition [30].

Figure 7 illustrates the relationship between the square root
of absorption edge, (ahv)"? and photon energy for PVA-
PAAmM-PEG:CNT nanocomposites. By extrapolating a
straight line from the upper region of the curve to intersect the
x-axis at (ahv)"? = 0, the energy band gap for allowed indirect
transitions was determined [38]. The resulting values are
summarized in Table 3.

The research indicates that the energy band gap diminishes
with an increase in the weight percentage of CNT. This
decrease can be ascribed to the emergence of localized states
within the forbidden energy gap. The electronic transition
process transpires in two phases: electrons are elevated from
the local levels of the valence band and subsequently ascend
to the conduction band as the CNT content increases. This
behavior underscores the heterogeneous characteristics of
nanocomposites, wherein electronic conductivity is contingent
upon the incorporated materials. Increased CNT
concentrations establish conductive pathways within the
polymer matrix, enhancing electron transfer from the valence
band to the conduction band. Thus, this explains the decrease
in energy band gap with the augmentation of CNT
content. These results align with previous research in this study
[39].
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Figure 7. Optical energy gap of the allowed indirect
transition with the energy of PVA-PAAm-PEG:CNT
nanocomposites

The refractive index (n) is determined using Eq. (3) [40]:

_ R+1

4R - k2
n= 2T
(R-1)2 R-1

3)
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Figure 8 shows how the refractive index varies with
wavelength for the PVA-PEG: CNT nanocomposite. The
findings indicate an increase in the refractive index as the
weight fraction of the polymer matrix rises. This data is largely
attributed to the density of nanostructures due to the addition
of carbon nanotubes (CNTs). Furthermore, the optical
properties of the material, particularly regarding light
transmission, are significantly improved, especially in regions
where the refractive index is higher within the ultraviolet (UV)
spectrum. These insights are consistent with previous research
findings [41].

Table 3. The energy gap values corresponding to the allowed
indirect transition in PVA-PAAmM-PEG:CNT nanocomposites

Allowed Indirect Transition

Samples (V)
PVA-PAAm-PEG 4.7
PVA-PAAmM-PEG 0.5% 45
CNT ’
PVA-PAAmM-PEG 1% CNT 43
PVA-PAAmM-PEG 1.5% 41
CNT ’
PVA-PAAmM-PEG 2% CNT 3.5
2.2 1 = pure
e ().005 CNT
2 1 0.010 CNT
= e 0,015 CNT
5 18 1 ———0.020 CNT
2
o 1.6 -
2
(%)
814\
o
1.2 -
1 TT T T T T T T T [ T T T r [T T T T [ T T T T T T T 11 rrrr
200 300 400 500 600 700 800 900
wavelength (nm)

Figure 8. The refractive index (n) as a function of
wavelength of PVA-PAAmM-PEG blend and PVA-PAAm-
PEG:CNT nanocomposites

The dielectric constant is calculated using the following Eq.
(4) [42]:

&=Cpd/e A 4

Here, Cp represents the capacitance of the material, d refers
to the thickness (120 um), and A refers to the area (1 cm?).

Figure 9 showcases the dominant dielectric constant values
for PVA-PAAmM-PEG and its nanocomposite films containing
varying concentrations of carbon nanotubes (CNTs) at 0.5%,
1.0%, 1.5%, and 2.0% wt.%. The measurements were
performed as a function of applied electrical field frequency.
The data indicate that, across all samples, the dielectric
constant decreases with increasing frequency.

The data reveal a consistent trend across all samples: the
dielectric constant diminishes as frequency increases. This
phenomenon occurs because vacuum charges fail to adapt
swiftly to fluctuations in the electric field, resulting in reduced



dielectric constant values and diminished vacuum charge
polarization. Additionally, at elevated frequencies, ions are
unable to respond promptly to changes in the electric field,
thereby lowering their influence on the dielectric constant. In
such conditions, electron polarization emerges as the dominant
factor driving the dielectric response, further contributing to
the observed decrease in the dielectric constant. Conversely, at
lower frequencies, space charge polarization plays a more
significant role in the overall dielectric response.

The highest dielectric constant values recorded at 100 Hz
are as follows: 0.40 for 0.5 wt% CNT, 0.46 for 1.0 wt% CNT,
0.53 for 1.5 wt% CNT, and further increments up to 0.70 for
2.0 wt% CNT. These findings underscore the enhanced energy
storage capability of the material, as evidenced by the
increasing dielectric constant with higher CNT concentrations
under external electric fields.
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()
07 ——1wt.%
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Dielectric Constant

0.2 4

1.E+04
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1.E+02 1.E+06

Figure 9. Variation of dielectric constant Wavelength of
PVA-PAAmM-PEG Blend and PVA-PAAmM-PEG:CNT
nanocomposite with frequency at RT
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Figure 10. Effect of CNT concentrations on dielectric
constant of PVA-PAAm-PEG Blends at 100Hz

Figure 10 illustrates the variation in the dielectric constant
as a function of CNT concentration at a frequency of 100 Hz.
The results demonstrate a upward trend in dielectric behavior
with increased CNT content in the nanocomposite films. This
enhancement is primarily attributed to the interfacial
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polarization effects occurring within the nanocomposites
under an alternating electric field. Additionally, the greater
availability of charges introduced by the presence of CNTs
contributes significantly to the rise in dielectric constant
values, thereby improving the material's electrical
performance and energy storage capabilities [43].

Dielectric loss represents the electrical energy dissipated
within a material due to an applied electric field, which is
converted into thermal energy. The dielectric loss for
nanocomposites is calculated using the following Eq. (5) [44]:

g=¢D 5)

0.60
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Figure 11. Variation of dielectric loss of PVA-PAAmM-PEG
Blend and PVA-PAAm-PEG:CNT nanocomposite with
frequency at RT
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Figure 12. Effect of CNT concentrations on dielectric loss of
(PVA-PAAmM-PEGQG) blends at 100Hz

The dependence of dielectric loss on the electric field
frequency for carbon nanotubes (CNTs) embedded in (PVA-
PAAm-PEG) blends at room temperature (RT) is depicted in
Figure 11. The results indicate that the dielectric loss of the
nanocomposites decreases as the frequency of the applied
electric field increases for all samples. This trend is attributed
to the reduced contribution of space charge polarization at
higher frequencies. Among the samples, nanocomposite films
containing 2 wt.% CNTs exhibit the highest dielectric loss,
recorded at 0.49, at a low frequency of 102 Hz.



Similarly, Figure 12 highlights a correlation between the
dielectric loss of CNT-based nanocomposites and nanoparticle
concentration, showing an increase in dielectric loss with
rising nanoparticle content. This phenomenon is ascribed to
the enhanced availability of charge carriers within the
material. Comparable behavior has been documented in the
study [45].

The A.C. electrical conductivity (6A.C) of nanocomposites
is determined using the Eq. (6) [46]:

cac=2naféDes,

(6)
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——1 wt.%
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Figure 13. Variation of A.C. electrical conductivity of PVA-
PAAm-PEG Blend and PVA-PAAmM-PEG:CNT
nanocomposite with frequency at RT
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Figure 14. Effect of CNT nanoparticles concentrations on
A.C. electrical conductivity of (PVA-PAAm-PEG) blend at
100Hz

The variation of A.C. electrical conductivity with the
frequency of the electric field is illustrated in Figure 13 for
carbon nanotubes (CNT) embedded within PVA-PAAmM-PEG
blends at room temperature (RT). The results indicate a
substantial increase in A.C. conductivity as the frequency of
the applied electric field rises for all samples. This behavior
can be attributed to the polarization of space charges at lower
frequencies and the hopping mechanism of charge carriers
[47].
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Additionally, Figure 14 highlights the conductivity of the
PVA-PAAm-PEG blends at a frequency of 102 Hz, which
shows a proportional increase with the rising weight
percentage of CNT. Incorporating nanoparticles into the
nanocomposite composition enhances conductivity by
boosting the number of charge carriers. This effectively
reduces the material's resistance, consequently increasing its
A.C. electrical conductivity. Similar findings have been
reported in the study [48].

5. ANTI-BACTERIAL ACTIVITY APPLICATION

Nanoparticles are emerging as a promising alternative to
conventional antibiotics due to their ability to deliver broad-
spectrum antibacterial effects even at low concentrations. This
study investigates the antibacterial efficacy of nanocomposites
incorporating PVA-PAAmM-PEG blended with varying
amounts of carbon nanotubes (CNTs) at concentrations of 0,
0.5, 1.5, and 2 wt.%. The experiments were conducted using
Escherichia coli strain ATCC 25922, a prominent standard
strain for evaluating antibacterial activity. Bacterial samples
were grown on LB agar plates and incubated at 37°C for 24
hours under strictly controlled conditions using a temperature
regulator. To prepare the bacterial suspension, sterile saline
was utilized to achieve a uniform concentration equivalent to
the 0.5 McFarland standard. Antibacterial activity was
determined through the disk diffusion method, where disks
impregnated with the antibacterial agent were placed on the
agar medium. After a 24-hour incubation period, the inhibition
zones were measured to assess effectiveness. Observations
revealed substantial variations in inhibition zone sizes between
bacteria exposed solely to the polymer blend and those treated
with its nanocomposite formulations, as illustrated in Figure
15. These findings strongly highlight the enhanced
antibacterial potential of nanocomposites over their pure
polymer counterparts.

I
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Figure 15. Images for inhibition zones of PVA-PAAm-PEG
blend and PVA-PAAm-PEG:CNT nanocomposites on E. coli

While the pure polymer blend exhibited no antibacterial
activity, the incorporation of nanoparticles into the polymer
matrix markedly improved bacterial resistance inhibition. The
findings highlight that nanocomposite films demonstrate
substantial efficacy in inhibiting *E. coli* growth. This
enhanced antibacterial activity is primarily attributed to the
generation of reactive oxygen species (ROS), which induce
oxidative stress through reactive oxygen radicals. ROS, such
as hydroxyl radicals (-OH) and superoxide radicals (O%),



inflict damage on bacterial DNA and proteins, thereby
compromising bacterial viability [49, 50]. Furthermore, the
interaction between nanoparticles within the nanocomposites
and bacterial cells initiates electromagnetic processes that
facilitate oxidation, leading to rapid bacterial extermination.
This effect is a result of the positively charged nanocomposites
interacting with the negatively charged bacterial membranes
[51, 52]. Such findings underscore the significant potential of
these materials for advancing biosensor technologies and
developing highly effective antibacterial disinfectants,
offering promising avenues for future research and practical
applications.

6. CONCLUSIONS

The PVA-PAAmM-PEG:CNT blend was successfully
synthesized through the casting method. Optical microscopy
demonstrated a uniform and highly integrated dispersion of
nanomaterials across the films, ensuring structural
consistency. FTIR analysis revealed notable shifts in specific
bands and changes in intensity compared to the PVA-PAAmM
blend film, signaling strong molecular interactions. Scanning
electron microscopy (SEM) provided intricate details about
the compatibility between polymer components and
nanomaterials, while also offering a closer examination of the
surface morphology of the PVA-PAAm-PEG:CNT
nanocomposite films. Notably, an increase in CNT content
was associated with reduced permeability levels. The optical
properties, including absorbance, absorption coefficient, and
refractive index, exhibited a rise with higher CNT
concentrations. Simultaneously, the optical energy gap
decreased progressively from 4.7 eV to 3.5 eV as the CNT
content increased. Regarding electrical characteristics, the
dielectric constant and dielectric loss of the nanocomposites
showed consistent growth with increasing CNT levels but
displayed a decline at higher applied electric field frequencies.
Conversely, A.C. conductivity exhibited a significant boost
with elevated electric field frequencies across all samples. This
improvement in conductivity was particularly prominent at
102 Hz when using higher CNT weight proportions, attributed
to an increased number of charge carriers. In addition, the rise
in nanoparticle content within the PVA-PAAm-PEG:CNT
films contributed to an expanded inhibition zone diameter
against Escherichia coli, indicating heightened antibacterial
effectiveness and broadening its potential for antimicrobial
applications. These properties make PVA-PAAmM-PEG:CNT
blends versatile, with applications spanning a wide range of
industries, including automotive, aerospace, electronics, and
medical devices.

7. SUGGESTION FOR FUTURE WORK

- Study the effect of PVA-PAAmM-PEG:CNT blends on
living cells to determine their safety and effectiveness.

- Improve the properties of PVA-PAAm-PEG:CNT
blends by modifying their composition or adding other
materials.

- Expand the application of PVA-PAAmM-PEG:CNT
blends to other fields, such as the electronics industry
and renewable energy.
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