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Abstract

The PVA-PAAmM-CuNW nanocomposites were prepared by casting method at thicknesses (90) um with
different weight percentages (0.5, 1, 2 %.wt) of CUNW additives at a temperature of 70 oC. The structural,
optical properties, and dispersion parameters of nanocomposites were studied. The results of the optical
microscopy photos show good distribution of CUNW inside the polymer blends of the nanocomposite
films. According to scanning electron microscopy (SEM), the surface of PVA-PAAM-CuNW
nanocomposites had a homogeneous morphology that revealed a relatively soft surface. However, as
the ratio of CUNW in the polymer matrix increased, the surface's morphology changed and its roughness
increased. The results of the FTIR spectrum of the nanostructure showed that all the peaks, not most of
the absorbance bonds, remain at the same location of the wavenumber, refer to no chemical reaction
occurred between the PVA-PAAm and CuNW, while the chemical reaction accrued between the PVA and
PAAmM polymers. The results of the optical properties of PVA-PAAmM-CuNW nanocomposites showed that
the refractive index, absorption coefficient increase with the increases the concentrations of CuNW,
while the transmittance and energy gap decreased. The dispersion parameters such as; Eo, Ed, no, €a,
M-1, M-3 were calculated using the Wemple—DiDomenico model. The value of the energy gap estimated
by Wemple—DiDomenico calculations was consistent with the value of the optical energy gap obtained
from Tauc relation. From the studied properties, the prepared films were suitable for optical devices and
antibacterial application.
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1. Introduction

Polymer composites have received a lot of interest in the
past 10 years because of the potential applications they
could have in many different fields. Polymers have
garnered this level of attention due of their alluring
properties, such as flexibility, abundance, and low cost [1-
3]. Additionally, their ability to change their properties
makes them suitable for use in a variety of applications.
This objective can be accomplished either by combining
numerous homopolymers or by filling them with specific
substances to match certain applications. These include
uses in optoelectronics, solar energy, shielding, energy
storage, biotechnology, and medicine [4, 5]. Poly (vinyl
alcohol) (PVA) has been the focus of numerous
investigations due to their stimulating qualities. In
addition to optical properties, this material also possesses
a high charge-storing capacity, low cost, good mechanical
and commercial availability, and a high dielectric strength
[6]. Numerous researchers have studied the use of PVA as
fillers or in cross-linked goods, and it has also been
extensively used in nontoxic, safe, living tissues, etc [7, 8].
Polyacrylamide (PAAm) is an additional water-soluble
polymer with a variety of industrial applications [9]. The
applications may be advantageous due to the weak
tensile strength, poor pressure resistance, and absence of
lengthening [10]. The Copper Nanowire (CuNW) have
been examined through numerous intensive researches
that have led to the discovery of their use in many
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scientific, and industrial fields. the Cu nanomaterials
exhibited unique properties, containing thermal, optics,
mechanics [11]. Cu NW films can achieve high optical
transmittance with high electric conductivity [12, 13].

The aims work, preparation of (PVA-PAAmM-CuNW)
nanocomposite by using casting method and investigate
structural, Optical Properties and Dispersion Parameters.

2. Materials and Methods

2.1 Matrix material

Polyvinyl Alcohol (PVA)

The polymer was used as granular form, (PVA) was
supplied from (Panreac\Spain, Lnc) Barcelona Espana
(M.W = 18000-12000), with high purity (99.0%)

Poly Acrylamide (PAAmM)

The polymer was used in a white granular form soluble in
water, and Its molecular weight was (5x106 g/mol), with
high purity (99.99 %). It is manufactured by a company
(British Drug Houses (BDH)).

2.2 Additive nanomaterial

Copper Nanowire (CuNW)

Copper Nanowire supplier Houston USA, (Purity 99.5%,
Diameter 100 nm, Length 10 um).

2.Methods

Polymers nanocomposites films have been made by
combining 80% PVA in 50 mL of distilled water, in a glass
beaker equipped with a magnetic stirrer, the mixing
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process proceeded for 30 min to obtain more uniform
solution with temperature of 70 oC. Then 20% PAAmM
was added to the mixture under continuous stirring for
1h to get a mixture of more homogenous solution with
temperature of 70 oC. Then the temperature of the PVA-
PAAmM matrix was reduced to about 40 2C before adding
three ratios (0.5, 1, 2) wt.% of CUNW for 1 h of each case
to prepare PVA-PAAM-CuNW nanocomposite films as
shown in Table (1). Then the mixture was left in the glass
beaker for 24 hours. Each one of these ratios has been
casted in a petri dish (9 cm in diameter). The entire set is
placed in a dust-free room and the solvent is allowed to
slowly evaporate into air at room temperature for 7
days. Then it is peeled of the petri dish gently. The
thickness of these films was measured and found to be
within (90) um. The steps of the composite preparation

are shown in Figure (1).

PVA Powder

Figure (1): The practical diagram.

PVA PAAM CuNW
(gm) (gm) (gm)
0.8 0.2 0.0
0.796 0.199 0.005
0.792 0.198 0.01
0.784 0.196 0.02

3. Results and Discussion

3.1 Optical Microscopy (OM)

The morphological properties of the films have been
showed using OM at magnification power (100x). Figure
(2)  show the images of PVA-PAAM-CuNW
nanocomposites with concentrations of CuNW. These
pictures showed how evenly distributed CuNW was
throughout the blend-polymer composites, along with
good matrix homogeneity. The PVA-PAAmM-CuNW
nanocomposites were successfully synthesized using this
technique, as shown by the OM pictures. In compared to
the polymers blending films, the PVA-PAAmM-CuNW
nanocomposites films exhibited a significant change as
the CuNW ratio was increased. The contribution of CUNW
revealed numerous alterations in all of these films
without affecting their transparency. In addition, raising
the ratio of CuNW significantly improved the fine
dispersion, as shown in Figure (2.d). The results agree with
the results of the previous researchers [14].
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Figure (2): Photomicrographs of PVA-PAAm at 100X
magnifications with varying CuNW contents: (A) 0%, (B)
0.5%, (C) 1%, and (D) 2%.

3.2 Scanning electron microscopy (SEM)

Scanning electron microscopy was used to analyze the
surface morphology of the samples and the distribution of
CuNW within the polymer matrix. A SEM image of the
surface of films made of PVA-PAAm and PVA-PAAmM-
CuNW nanocomposites is shown in Figure 3. The
consistent morphology in figure (3)'s photos (A, B) reveals
a relatively soft surface. The PVA-PAAmM-CuNW
nanocomposites in figure (3) (C and D) changed in surface
morphology and roughness due to an increase in the ratio
of CUNW in a polymer matrix. The nanocomposite films
exhibit numerous CuNW that were finely dispersed
without aggregates and scattered widely throughout the
surface, which may be an indication of the occurrence of
a homogenous growth mechanism. The findings concur
with those of earlier researchers.

Figure (3): SEM images of PVA-PAAm with various
content of CuNW: (A) O wt.% (B) 0.5 wt.% (C) 1 wt.% and
(D) 2 wt.%.

3.2 Fourier transform infrared rays (FTIR)

As shown in Figure 4, the FTIR spectra of PVA-PAAmM-
CuNW nanocomposites with varied CuNW ratios and
thicknesses were acquired at room temperature in the
range (4000-500 cm-1). The functional groups generated
in composites showed distinctive regions of stretching
and bending vibrations in the spectra. From these spectra
it can be noted that the absorption peaks at about
(3280.51, 3285.54, and 3275.87) cm-1 were attributed
assigned to the stretching vibration of hydroxyl group
(OH) in the polymer matrix chain [15]. As for the
absorption peak at (2937.32) cm-1 were attributed to
methylene (C-H) stretching while the band (1732.75) cm-
1 were attributed to carboxyl acid (C=0) stretching [16].
Meanwhile, the functional groups at (1238.76, 1240.27)
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cm-1 of all them attributed to carbon dioxide (C-O)
stretching [17]. At (1084.75) cm-1, the peak is recognized
as (C-C) stretching vibration [18]. FTIR spectra shows a
shift in peak position as well as the change in shape and
intensity comparing with pure PVA-PAAm films also it can
be noticed that the peak at 3300 cm-1 which belong to
PVA polymer and represent the (OH) stretching vibration
bond, did not appear in these peaks, while the peaks
(3280.51, 3285.54, and 3275.87) cm-1 that belonged to
(OH) stretching vibration appeared. As well the peak at
1141 cm-1 which belong to PVA polymer and represent
the C-O stretching bond, while the peak 1323 cm-1 that
belongs to PAAm polymer did not appear in these peaks.
Instead the peaks (1238.76, 1240.27) cm-1 that
associated with C-O stretching appeared. There is a simple
shiftin the (C-H) stretching bond which represent PVA and
PAAmM polymer, that move and become at 2937.32 cm-1,
instead of the 2940 cm-1 and 2931 bond for the same
polymer which also goes back to (C-H) stretching. As well
there is a simple shift in the (C=0) stretching bond, which
represent PVA polymer that move and become at 1732.75
cm-1instead of the 1731 cm-1 bond for the same polymer
which also goes back to (C=0) stretching, and there is a
simple shift in the (C-C) stretching bond which represent
PVA polymer that move and become at 1084.75 cm-1
rather than the 1087 cm-1 bond for the same polymer
which also goes back to (C-C) stretching [19, 20].
Additionally, it is apparent that the transmittance
decreases as the amount of CUNW rises. As seen in figures
(4) asinthe images (B, C and D), the increased film density
results in more atoms and ions in the light path as well as
enhanced UV and IR absorption. The findings concur with
those of earlier researchers [21].
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Figure (4): FTIR spectra of PVA-PAAm with varying
concentrations of CuNW are shown in (A) O wt%, (B) 0.5
wt%, (C) 1 wt%, and (D) 2 wt%.

3.3 Optical Properties

The transmittance (T) was calculated utilizing equation
(1). Figure 5 depicts the transmittance spectrum of PVA-
PAAmM-CuNW nanocomposites as a function of
wavelength. It can be observed that the transmittance
increases with increasing wavelength and decreases with
increasing CUNW content. This has been made possible by
the addition of CUNW, which contains electrons with the
ability to absorb electromagnetic energy and move to a
higher level. Because there are no particles on (pure) film,
it has a high transmittance. Since there aren't any free
electrons present, it takes a lot of energy to transition and
break the bonds. The findings concur with those of earlier
researchers [22].
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Figure (5): Transmission of PVA-PAAm Blend and PVA-
PAAmM-CuNW Nanocomposites as a function of
wavelength.

The refractive index was calculated utilizing equation (2).
The variation of the index of refraction of PVA-PAAm-
CuNW nanocomposites as a function of wavelength is
depicted in Figure 6. The graphs demonstrate that the
refractive index increases with increasing weight percent
CuNW concentration in polymers and decreases with
increasing wavelength. This tendency is related to the rise
in the density of nanocomposites. The refractive index
values will rise when incident light interacts with a sample
that has a high refractive index in the UV region. The
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findings concur with those of earlier researchers [23].
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Figure (6): The refractive index (n) of PVA-PAAm Blend

and PVA-PAAmM-CuNW Nanocomposites as a function
of wavelength.

The absorption coefficient (a) was calculated utilizing
equation (3). Figure 7 depicts the absorption coefficient
(at) of PVA-PAAM-CuNW nanocomposites as a function of
wavelength. The energy of the input photon is insufficient
to shift the electron from the valence band to the
conduction band, which causes the absorption coefficient
to be lowest at long wavelengths (low energy), suggesting
a low chance of electron transition. The energy of the
input photon is sufficient to transfer one electron from
the valence band to the conduction band since absorption
increases at high energies, indicating a high likelihood for
electron transitions. The energy of the input photon
exceeds the forbidden energy gap, indicating that the
absorption coefficient helps determine the kind of
electron transition at high energies (a>104 ¢cm-1) when
the absorption coefficient values are large. It is
anticipated that direct electron transition would occur,
with electrons and photons maintaining their energy and
momentum. Whereas, when the absorption coefficient is
low ( a<104 cm-1) at low energies, it is envisaged that
indirect electron transition will occur and the electronic
momentum will be maintained with the aid of the
phonon. The findings concur with those of earlier
researchers [24].
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Figure (7): The absorption coefficient spectra of PVA-
PAAm Blend and PVYA PAAm-CuNW Nanocomposites
as a function of wavelength.

Equation (4) has been used to determine the allowed and
forbidden indirect transition band energy gaps. The
permitted indirect transition band gap was calculated
when r = 2, whereas the prohibited indirect transition
band gap was established when r = 3. Figure 8 shows the
correlation between the photon energy and the
absorption edge (hv)1/2 for PVA-PAAmM-CuNW
nanocomposites. We can determine the energy gap for
the permitted indirect transition by drawing a straight line
from the curve's top region to the (x) axis at the value
(hv)1/2=0 [25].

The table displays the results (2). It is evident that the
values of the energy gap decline as the weight
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percentages of CuNW rise. By increasing the CuNW
weight percent, the transition in this sample took place in
two stages and entailed the transfer of electrons from the
valence band to the local levels to the conduction band.
This was attributed to the production of site levels in the
forbidden energy gap. This behavior was attributed to the
heterogeneous nature of nanocomposites (i.e., the
dependence of the electronic conduction on the addition
of materials). The decrease in energy gap with increasing
CuNW is due to the development of electronic pathways
by CuNW in the polymer that make it easier for electrons
to move from the valance band to the conduction band.
The findings concur with those of earlier researchers [26].
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Figure (8): Plots of (whv)'”? vs photon energy (hv) for
PVA-PAAM-CuNW Nanocomposites, respectively.

3.4 Dispersion Parameters

Dispersion parameters are critical in many applications,
including optical communication and optical device
design. These parameters were introduced by Wemple—
DiDomenico according to the following equation [27]:

2 _ _ _EqEg
(n 1) - Eoz—(hv)z (5)

Where n is the refractive index, Ed represents the
dispersion energy, while Eo is the single oscillator energy
of the electronic transitions. A plot of (n2 - 1)-1 against
(hv)2, was used to estimate Eo and Ed which were
calculated from the slope (Eo Ed) -1and intercept (Eo /
Ed). The calculated values were listed in Table 3 showing
at films with a thickness of 90 um, we can see that as
CuNW increases, Eo and Eg decrease, while the other
parameters increase. The value of the average energy gap
can be calculated from the energy of the simple oscillator
by the approximation relation(Eo = 2Eg). The value of the
energy gap estimated by Wemple—-DiDomenico was in
agreement with the value derived from the Tauc relation.
The static refractive index (no) and static dielectric
constant can be calculated using the following relations
[28]
n2(0)=1+2L (6)
Eg

£, =n2(0) (7)
The following equations can be used to compute the
moments of the imaginary component of the optical
spectrum M-1 and M-3 of CuNW thin films [29, 30]:

2 _ M

Ef =3 (8)
2 _ M3y

E =, (9)
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Scanning Electron Microscopy data demonstrate that the
utilized  technique successfully produced novel
nanocomposites with homogeneous and fine dispersion.
The films have a homogeneous morphology that reveals a
relatively soft surface. We conclude that increasing the
CuNW ratio in a polymer matrix for PVA-PAAmM-CuNW
nanocomposites caused changes in surface morphology
and increased roughness. The FTIR spectra show a shift in
some bands and change in the intensities of other bands
compared to the PVA-PAAM-CuNW nanocomposite films.
The decrease in transparency can also be observed with
an increase in the CuNW. The indices of refraction and
absorption coefficient of PVA-PAAM-CuNW
nanocomposites increase as CuNW concentration rises,
while the transmittance and energy gap of indirect
transition (allowed) decreased. From the Wemple—
DiDomenico model, the dispersion parameters were
determined. The value of the energy gap obtained from
Wemple—-DiDomenico was comparable with the value of
the optical energy gap obtained from Tauc relation. From
the studied properties, the prepared films were suitable
for optical devices, solar cell and antibacterial application.
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