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Abstract

In the current research, silver nanoparticles (AgNPs) were mixed with a polymer blend to enhance
their optical and electrical properties and antibacterial efficiency. A novel approach via introducing
AgNPs into the polymer blend could improve the physical and antibacterial characteristics of the
nanocomposites (NCs). In the loading process, two different amounts of AgNPs were respectively
encapsulated with polyvinyl alcohol (PVA), polyacrylamide (PAAm) and polyethylene oxide
(PEO) polymeric blend via casting method. The prepared films were characterized by X-ray, optical
microscope (OM), scanning electron microscopy (SEM), Fourier transformation infrared (FTIR) and
UV/Visible. The OM and SEM images showed that the AgNPs were well diffused inside the polymer
blend with some weak aggregations. The optical properties were enhanced after doping. The NCs
films absorbed UV-ray at (A=220 nm). The indirect energy gap decreased after loading from 3.80 to
3.10 eV but the direct energy gap decreased from 4.25 to 3.75 eV. The AC electrical properties were
studied in the frequency range between 100 Hz to S MHz. The dielectric constant and loss of NC films
were decreased with the increase of AgNPs, while the electrical conductivity increased. The inhibition
zone diameters of Escherichia coli bacteria increased with the increasing of AgNPs contents.
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approaches, based on either novel biomaterials or on
enhancing the biological features of the existing ones

Introduction

AgNPs has been famous as an antibacterial (ANB)
factor for centuries. It has been reported that AgNPs
and hybrid Ag NCs are efficient biocides versus
various types of fungi, bacteria, and viruses via
releasing Ag” which can inactivate the bacteria cells
through damaging the membrane of cell and replication
capability of DNA. Nanomaterials and nanotechnology
are of much interest for the development of new ANB

[1]. Currently, in a sustainable and eco-friendly driven
approach, many studies are directed to design both
clinically and environmentally safe nanomaterials for
ANB applications. Hybrid polymer NCs are a novel
type of material with unique physical and chemical
properties. These NCs have recently attracted serious
research attention due to their tangible potential
for a wide range of applications in environmental
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solutions and the resolution of many environmental
aspects [1]. The dynamic interface between NPs
and polymer basis is the most challenging aspect of
NCs [2]. Hybrid polymer NCs bring a novelty of
several type of materials with unique physical and
chemical properties [1, 2]. These NPs have nano
dimensions, large specific area and energy sites in the
surfaces are formed that underline the importance of
polymer-nanoparticles interactions [3-5]. Through,
numerous studies have offering that AgNPs with small
average grain size are eligible for the ANB control
system, due to the strong cell permeation and high
fixed surface area [6, 7]. However, there are two
significant challenges for AgNPs in utilizations: NPs
agglomeration and nanomaterial recapture, which
would lead to missing the ANB efficiency of AgNPs
[8]. The AgNPs doped polymeric blends have been
studied by several researchers [9-18]. PVA is water
soluble polymer (WSP) from vinyl polymer classes.
PVA is derived from poly(vinyl acetate). It's usually
used in coatings for photographic films, cosmetics,
antibacterial and medical applications. It has a different
viscosity grades [19-22]. PAAm is another WSP, has
a wide ranges of industrial and medical applications.
The major applications of PAAm are flocculants
in water treatment, paper manufacture, mining, oil
recovery, absorbents and gels for electrophoresis.
The applications of PAAm are useful as a result of
mechanical properties of vulnerable tensile strength
[23-25]. It has a great ability to fool water and produce
colloidal solution which makes it a good filter for
forming gel polymer electrolyte. The electrical
conductivity of PAAm is greater than (10> S-cm’
') at room temperature (RT) [26, 27]. PEO has a
major applications in flocculants of water treatment,
manufacture of papers, mining, oil recapture,
absorbents and electrophoresis gels [28]. The optical
properties of AgNPs are highly conditioned on the
nanoparticle diameters [29]. The smaller diameter of
Ag almost absorbs light and has peaks around 400 nm
then, the dispersion extends to red-shifting [30]. The
solution casting way is established on the Stokes’ law
principle. In this way, the pre-polymer and polymer
are equally incorporated and make soluble in the
appropriate solution. The polymer being the basis
phase dissolved easily soluble in the solution, while
the NPs scattered in different solution or same solution
[30]. The essential aim of this research is to study
the effect of AgNPs on structural, optical, electrical
characteristics and ANB efficiency of PVA/PAAm/
PEO polymer blend.

Experimental
Materials

PVA (Mw ~18000 and 99% assay purity) was
purchased from (DIDACTIC), PAAm (Mw over
5000k and 99.9% purity) was purchased from (CDH),
PEO (Mw ~6k and 99.8% purity) was supplied from
(Reagent World) and AgNPs was purchased from (Sky
Spring Nanomaterials, Inc.) with an average grain size
about (20-30) nm and assay purity of (99.95%).

Syntheses of NCs

The (60:20:20) wt./wt.% of PVA, PAAm and PEO
was separately dissolved in (35 mL) distilled water as
an polymer blend. The mixture was thereafter stirred
for 2 hrs. via a magnetic stirrer for 60 °C. The polymer
blend solution was casted and left to dry for a week via
casting method. In the doping process 0, 0.02 and 0.04
AgNPs were respectively added to the polymer blend
solution, as offered in Table 1. To homogenize these
PNCs, stirring was made for 45 min. The thicknesses
of PNCs films were computed by digital micrometer to
be between 0.080 and 0.095 cm.

Table 1 PVA/PAAmM/PEO)/AgNPs weight percentages

PVA PAAmM PEO AgNPs
60 w.t.% 20 w.t.% 20 w.t.% w.t.%
0.600 0.200 0.200 0.00
0.588 0.196 0.196 0.02
0.576 0.192 0.192 0.04

Characterization

The X-ray diffractometer type pert high score (2008)
was used to investigate the crystal structure nature. A
Nikon Olympus (73346) was used to show the OPM
images. The chemical bonds were investigated by
Bruker (vertex 701) spectrophotometer. The ultra-
violet/visible properties were studied by double beam
Shimadzu (1800) spectrometer. The AC electrical
characteristics were measured by LCR meter, Hi
TESTER, HIOKI (3532-50).

Results and Discussion
X-ray diffraction

Figure 1 offers the X-ray diffraction peaks of PVA/
PAAm/PEO polymer blend without and with different
AgNPs contents. The X-ray diffraction chart of PVA/
PAAmM/PEO shows just one peak refer to the semi
crystalline nature of polymer blend at (26 = 20°). The
AgNPs showed a significant decrease in the sharpness
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Fig. 1 The XRD pattern of PVA/PAAm/PEO and AgNPs doped
PVA/PAAm/PEO.

of peak of PVA/PAAm/PEO. This is may be due to the
interaction which occurred between them. The AgNPs
appear at 20 = 40°. The X-ray diffraction peaks show
that the crystallinity of polymer blend was enhanced
after doping. The AgNPs doped PVA/PAAm/PEO has
face center cubic structure.

OPM and SEM images

Figures 2 and 3 represent the OPM and SEM images
of AgNPs doped (PVA/PAAm/PEO) at magnification
power of 100X. From Fig. 2, part-A shows that the
polymer blends have acceptable and homogenous
dissolving, while the parts B and C in same Figure
show the diffusion of AgNPs on the surface of
blends. There is some weak agglomerations appeared
in the part B and C, due to the interactions among

Fig. 2 Photomicrograph images (100X) ofNCs: (A)
PEO:0.04w.t.% AgNPs.

AgNPs. The morphology and surface fraction of the
NCs films were also investigated using the SEM, as
shown in Fig. 3. Figure 3(A) displays a SEM image
of a homogeneous polymer surface with uniform
morphology. The changes of the composition of
the surface were happened by AgNPs. This could
indicate that the occurrence of a homogeneous growth
mechanism without aggregations, as shown in Fig.
3(B). In SEM images, the size of AgNPs was measured
on the surface of NCs. The particle sizes of AgNPs
were ranged in nanometer dimensions.

FTIR spectrums

Figure 4 shows the FTIR spectrums of PVA/PAAmM/
PEO after and before loaded with AgNPs in the
wavenumber range between 4000-400 cm™. From the
Figure, can be notice that the functional groups appear
as, the alcohol/phenol O-H stretch appeared in (3274.27
cm™), vinyl ether C-O stretching appeared in (1242.31
cm™), aromatic C-H bending appeared in (695.68
cm™) and primary alcohol C-O stretching appeaed in
(1085.39 cm™). These peaks referred to the interfacial
physical interactions were happened among the mixed
materials. The intractions created a novel physical
characteristics [31].

Optical properties
The optical properties of PVA/PAAmM/PEO blend
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Fig. 3 SEM photomicrographs of (A) PVA/PAAm/PEO:0.02w.t.% AgNPs and (B) PVA/PAAmM/PEO:0.04w.t.% AgNPs.
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Fig. 4 FTIR spectrum of (A) PVA/PAAmM/PEO and (B) (PVA/
PAAmM/PEO)/AgNPs.

and its additives with (0, 0.02 and 0.04) w.t.% from
AgNPs were studied in the wavelength range between
190 to 1100 nm. The absorption spectra of PVA/
PAAmM/PEO polymer blend before and after adding
AgNPs as a function of wavelengths were presented
in Fig. 5 part A. From the figure, noticed that the
absorbance spectrum of the prepared films has a
maximum wavelength (A,,,) in the absorption edge of
(200 nm). This absorbance spectrum has a low values
in the visible and near IR region, this is because the
incident photons do not have enough energy to interact
with atoms at a high wavelength and thus transmitted.
At low wavelength values, There is an interactions
happened between the incident photon and the blend

100+

B (o)) o]
(=) o o
T T T

Absorbance A

N
o
T

therefore, the absorbance increased [32]. The loading
of AgNPs to the polymeric blend clearly enhanced the
optical absorbance spectrum, this is maybe because
the homogeneous diffusion of AgNPs in the polymer
blends [33]. The transmittance spectrums were offered
in part B of the same figure. The transmittance values
were decreased with the increasing of wavelength. The
part C in the same Figure represents the reflectance
spectrum. The reflectance values increased with
the increasing of AgNPs, but decreased with the
wavelengths. This is due to the increasing of density.
The refractive index values were calculated by [34] :

q= 1R
1R )
The absorption coefficient (o) values decreased with

the increasing of wavelength for prepared films. The (o)
of the NCs was calculated by [35]:

a=(2.303A)t ©)

The extinction coefficient (k) of nanocomposite has
been determined from [36]:

k = al/4n 3)

In general, we can observe that (k) increase with
the increasing of AgNPs for prepared films. Figure 6
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Fig. 5 (A) Absorbance vs. wavelength of (PVA/PAAmM/PEO)/Ag, (B) Transmittance vs. wavelength of (PVA/PAAm/PEO)/Ag and (C)

Reflectance vs. wavelength of (PVA/PAAmM/PEO)/Ag.
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Fig. 6 The refractive index vs. wavelength of NCs films, (A) Real part of RI and (B) Imaginary part of RI.

shows that the (n and k) of (PVA/PAAmM/PEO) with
different weight percentage of AgNPs. The (o) values
increased with the increasing of AgNPs and energy (hf)
as shown in Fig. 7. The values of absorption coefficient
were less than (10* cm™), This induces a rise in the
likelihood of indirect transitions.
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Fig. 7 The absorption coefficient spectrum vs. wavelength of
(PVA/PAAM/PEO)/Ag NCs.

The indirect and direct optical energy gap of (PVA/
PAAmM/PEO)/Ag NCs films were determined by Tauc
model [36]:

ohv =~ B(hv - E)" “4)

where (B) is a constant, (n) is a transition sort. The
indirect and direct optical energy gaps were offered in
Fig. 8. The extrapolation straight line of photon energy
at zero (¢hv)"? and (ahv) ? respectively represent E,.
The decreasing of energy gap values with increasing of
AgNPs illustrate the films were semiconductors.

Electrical properties

The dielectric constant (¢) of NCs was defined by
[37]:

4501 (A)
400 —— PVA-PAAM-PEG
350L —— PVA-PAAM-PEG-2%Ag
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3001
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Fig. 8 Tauc plot for (A) indirect and (B) direct optical energy
gap.
¢=CJ/C, %)
where C, and C, are parallel and vacuum capacitance.

The dielectric loss (¢”) was given by [37]:
e"=¢D (6)
where D is dispersion coefficient of NCs.

Figures 9 and 10 show that the variations of
dielectric constant and dielectric loss with frequency
(f) at RT. From these figures, it is obvious that both
dielectric constant and dielectric loss have high values
at lower frequency, due to the nature that dipole
moments have ample time in these zones to order

http://www.nanobe.org



Nano Biomed. Eng., 2022,Vol. 14, Iss. 2

19
150 The electrical conductivity was computed by [41]:
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?5%14.4 where o is the angular frequency.
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Fig. 10 Dielectric loss vs. frequency of (PVA/PAAM/PEO)/Ag
NCs.

themselves in the direction of the applied electric field.
In addition, charge carriers are accumulated in the
electrode and electrolyte mode due to space charge
polarization. The electrode and electrolyte moderator
accumulate charge carriers. The dielectric constant
and dielectric loss decrease monotonically and reach
constant value as the frequency increases. This change
in the dielectric parameter relates to the fact that the
frequency increases the decreases in the polarization of
the space charge and that more ions cannot be spread
in the direction of the applied electric field because
the dielectric properties are less involved in the charge
carriers. The non-Debye sorting behavior of polymer
electrolytes is emphasized by this update. The dipole
moments are therefore unable to follow up the field
differentiation at higher frequencies due to defective
time [38]. The dielectric constant and dielectric loss
values decreased with the increasing of AgNPs.
This is may be because the increasing of electrical

conductivity due to the increasing of charge carriers
[39, 40].

frequency. The figure demonstrates that this activity
can be assigned to the interfacial polarization of the A.C
electrical conductivity that increases as the frequency
rises. As Ag NPs increase, electrical conductivity
increases, which is also due to an increase in the
density of the charge carrier in the polymer blend [41].
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Fig. 11 A.C. electrical conductivity vs. frequency of (PVA/
PAAm/PEO)/Ag NCs.

Antibacterial tests
Gram-negative (G—) bacterial progeny Escherichia
coli was select as the sample organisms for estimating
AECBE of the (PVA/PAAm/PEO)/Ag NCs. The
growth of bacterial kinetics of (PVA/PAAmM/PEO)/
Ag NCs with various AgNPs doping was observed
in 5SmL LB soup. As offering in Figs. 12 and 13, a
growth retard was appeared versus Escherichia coli.
The kinetics of growth was investigated based on
the magnitude of optical densities at 500 nm and the
result finds that the growth retard follows the order
as (matrix/0 Ag) < (matrix/0.02 Ag) < (matrix/0.04
Ag)< (matrix/0.06 Ag). Thus, the doping of AgNPs in
the NCs is a crucial factor for AECBE [42, 43]. The
AECBE of the films was tested to be applied to the
uses as a new characteristic and to be obeyed by other
applications. Oxidative stress reasoned by ROS may
be the key mechanism which caused the NPs to be
AECBE NCs. ROS reflects radicals such as super oxide
radicals (O,), hydroxyl radicals (-OH) and hydrogen
peroxide (H,0,), and single oxygen (O) could be the
reason which the DNA and bacteria’s protein were
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Fig. 12 The inhibition zone diameter of E. coli vs. AgNPs doped
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Fig. 13 The activity of NCs films against E. coli bacteria.

inhibited. The current AgNPs could have created ROS,
leading to the inhibition of most pathogenic bacteria
[18, 43]. The results were compared with [44-50].

Conclusions

The PVA/PAAmM/PEO polymer blend without and
with AgNPs was successfully prepared by the casting
method. The X-ray diffraction peaks appeared a
semi-crystalline nature of polymer blend. The crystal
structure of AgNPs doped polymer blend was FCC.
The images of OPM and SEM showed that the AgNPs
were well diffused inside the blend with some weak
agglomerations. The optical coefficients increased
with the increasing of AgNPs and wavelength except
for the transmittance spectrum and optical energy
gap. The absorption coefficient edges decreased
with the increase of AgNPs and energy. The indirect
optical energy gap values decreased from 3.80 to 3.10
eV, but the direct decreased from 4.25 to 3.75 eV.
The dielectric constant and loss decreased with the
increasing of frequency. The AC electrical conductivity
increased with the increasing of AgNPs and frequency.
The inhibition zone diameters of Escherichia coli
bacteria clearly increased after loading.
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