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Abstract. Doping with graphene nanosheets has attracted significant interest from researchers to enhance the structure
and properties of nanomaterials because of graphene's unique properties and broad and essential applications. The study
aims to focus on the effect of functional groups of both polymers and nanomaterials to fabricate a new nanocomposite
consisting of poly (acrylamide) (PAAm) with poly (vinyl alcohol) (PVA) before and after the addition of graphene oxide
nanosheets (GO) and studying its structural and optical properties. The developed method (dissolving with water, mixing,
sonication, and casting) showed success in fabricating new nanocomposites for the first time by mixing these components
with a ratio of 4.5: 4.5: 1 as percentages (PAAmM: PVA: GO). Samples showed homogeneity of the polymer mixtures
with each other and the excellent dispersion of graphene oxide nanosheets in the new polymer nanocomposite as exhibited
by optical microscopy. The spectra of the Fourier infrared spectroscopy showed the strong interfacial interaction of the
two polymers in the polymeric mixture with GO nanoparticles as nanocomposites. Also, X-ray diffraction showed
shifting in some peak positions and increased crystallization of the polymers in the nanocomposites. The hanocomposites
showed a notable improvement in the optical properties due to doping the polymeric mixture with graphene oxide
compared with their blended polymers. The energy gap also significantly decreased after the contribution of graphene
oxide up to 136% and 900% for the permitted and prohibited direct transfers, respectively. These results exposed
promising nanocomposites for widespread applications such as solar cells.

Keywords: PAAm, PVA, GO, functional group, optical properties, bandgap nanocomposites.

INTRODUCTION

Nanocomposites based-polymer fabrication is impacted by several factors, such as interaction, loading
transfer homogeneity, functional group, partial size, and dispersion in the polymer matrix, etc. (1,2). The
Functional surface group of materials could bring significant importance to succeed in great improvements,
performance, and achieving new properties of the nanocomposites that are different from the original
component properties (3). In addition, it could bring stability to the nanomaterials after loading in the matrix
and could significantly improve the properties of polymer nanocomposites (4). Experiments investigation
have been carried out to achieve the homogeneity, good dispersion, interactions, and compatibility of nano-
fillers loaded in the nanocomposite matrix (5). Therefore, getting a homogeneous sample with good
interfacial interaction is essential to improve properties that apply the functional group in the matrix or
nanofillers (6). This important factor is not fully understood, and limited studies focused on or reported this
issue.

Nanotechnology has a wide range of technology that can significantly understand the interaction between the
materials (7). In contrast, nanotechnology is concerned with the technology used to administer material at
the atomic level to fabricate new nanomaterials with various properties (8). The surface area to volume ratio
is high in nanomaterials. Therefore the physicochemical qualities may vary depending on the shape and size.
Nanomaterials characterize different physicochemical properties by the nanoparticles such as graphene
nanosheets. Graphene is a thin carbon atom with a 2D network (9), optical transparency, and absorption
properties (10). The surface of graphene oxide (GO) is abundant in the functional groups (11) that turn GO
hydrophilic and capable of strong interactions. These functional groups are associated with better distribution
and acceptable interactions among the components in the matrix to form better nanocomposites (12). The
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unique features of GO make it very interesting in wide and several applications such as solar cells, nano-
electronics, sensors, supercapacitors, and medicine (13).

Polyacrylamide (PAAm) is a water-soluble polymer and does not resemble a monomer; non-toxic because
the proportion of nitrogen is 19.7%, and the percentage of hydroxyl groups is 3.6% (14). It is usually doped
to enhance the water viscosity (15). This polymer can be used in various applications, including water
treatment, mining, and oil recovery. Recently, it has been used in surface grafting polymerization (16). Also,
PAAmM is used as a thickening agent for materials, as flocculants, artificial corneas, and in the manufacture
of burns as tissue covering (14,15)

Luo, YL et al. (17) fabricated and characterized PVA/PAAM that loaded with the copper nanoparticles to
fabricated nanocomposites of hydrogels materials. Copper nanoparticles are well distributed in PVA - PAAmM
with a spherical architecture with a particle size ranging between (11.5) nm to (20) nm, characterized using
XRD and UV-vis spectroscopy. A complex interaction between Cu?* ions with -OH groups in PVA and amid
- carbonyl groups in PAAm is reported as an essential factor that impacts the results. B. C. Yadav et al. (18)
studied the fabricated of zinc (I1) nitrate-polyacrylamide (PAAm) film on a substrate for optoelectronic
application and humidity sensing. The findings and outcomes were also favorable. The sensor's sensitivity
was recorded at 1.813 W/ percent RH. The substance can be replicated 96 percent of the time that can be
stable for more than 14 days. Response and recovery times were recorded at (250) and (37) seconds,
respectively. These results are utilized as an optoelectronic humidity sensor and can be employed in remote
locations and unattended stations because of their optical properties. Biisra Osma et al. (19) considered the
impact of the GO and temperature on the swelling of PAAM-GO nanocomposites gel. The findings of this
work suggest that the fluorescence approach can be utilized to trace the kinetics of the PAAm-swelling GO
composite in water at various temperatures and GO content. This technique calculated the swelling time
constants and cooperative diffusion coefficients for composite gels made with PAAm and different GO
contents. It is important to note that the GO component may work as a multifunctional cross-linker, forming
more PAAmM- GO composite junctions and increasing crosslink density, lowering swelling power.

There are few studies on these polymers and their characterization. In addition, no study reported these
materials with graphene as nanocomposites. Therefore, this study focused on fabricated new samples loaded
with graphene oxide nanosheets. Also, the GO impacts on the structure and optical properties of (PAAmM-
PVA) blended polymers and (PAAmM-PVA/GO) nanocomposite films are exhibited. These polymers have
never been considered with graphene, or one of them is derivative.

EXPERIMENTAL PART

The Utilized Materials

Full details of raw materials are concise in Table (1).

TABLE 1. The details of used materials.

Raw materials Details Supplier Country
Polyvinyl alcohol (160 *10° g mol™*) Mw Dindori, Nashik,
(PVA) India
Polyacryl amide (5 to 30 10° g.mol*) Mw, Shenzhen sendi Biotechnology
(PAAM) (1.13 g/cm®), density, and (6- Co. Ltd,
8) PH Level. China
Graphene oxide (GO) Handmade, At the University of Sheffield The UK

by E. Al-Bermany (1).
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Sample Purification
Full details of sample purification were shortened in Table (2).

TABLE 2. The sample purification.

Sample Concentration wt. % Details

PVA PAAM GO  Polymer dissolved in distilled water after stirring
for 1/2 hour, then sonication for 15 minutes each
12 hours. This procedure was repeated for 72
PAAM-PVA 50 50 0 hours. Then GO was added to samples then
another 72 hours of mixing using the same
method. Finally, the samples were cast in a Petri
PAAM-PVA/GO 4.5 4.5 1 dish and dried under air for final films.

Characterization
Characterization details are illustrated in Table (3).

TABLE 3. Characterizations used.

Device Model Details Manufacturing
and Country
Fourier transforms infrared vertex 70 Measurements Bruker, Germany
spectroscopy range between
(FTIR) 4000 -500 cm™?
Optical microscope Model 73346, Magnification Olympus, Japan
(OM) Nikon
XRD Diffraction Xpert Phillips, Holland
UV-Visible spectrophotometer Shimadzu, Double Beam Phillips, Japan
UV-1800A°

RESULTS AND DISCUSSIONS

The samples' FT-IR spectra with IR region (4000-500 cm-1) were recorded, as exposed in Figure (1). The
FTIR spectrum of PAAM-PVA displayed several functional group peaks at 3285 cm of the hydroxyl (O-H)
group, 2940 cm of the methylene (C-H), 1715 cm™ carboxyl acid (C=0) stretch, 1644 cm™ of the amide
group, 1258 cm™* of the (O-H) hydroxyl group, and 1087 cm™ of the (C-O-C) epoxy group cm. The spectra
of the nanocomposites exposed the same polymer peaks within a shifting in the position peaks such as (2946
t0 2940, 1715to 1706, 1660 to 1650, and 1266 to 1258) cm-* respectively, compared to PAAM-PVA blended
polymer. This might be associated with the strong hydrogen interfacial interaction among the polymers
functional groups and GO functional groups, with other research findings (20,21).
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FIGURE 1. FTIR spectra of a) blended polymers and b) nanocomposite films.

Figure (2) demonstrates the XRD patterns of the sample films. Interestingly, these blended polymers
exhibited a different structure. The PAAmM-PVA spectra showed peaks at 26 = 32.08°, 45.79°, 56.93°, 66.66°
and 75.74° related to PAAm in agreement with the literature (20,22). The samples also display the minor
feature of the peak of PVA at 26 = 19.9°, in accord with the literature (23). The addition of GO in the PAAmM-
PVA/GO exhibited a slight shifting to higher values in the peak positions, such as 32.21° to 32.08° and from
45.79° to 45.91°, respectively, compared to PAAmM-PVA blended polymer.

Moreover, the intensity of the peaks changed after adding GO but did not affect the polymer structure in the
nanocomposite films in similar behavior to other literature (1). The XRD results were backed up by FTIR
results, revealing a strong connection between GO nanosheets and the matrix blended polymers.
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FIGURE 2. XRD patterns of sample films.

The crystalline size (D) was valued in (nm) using the Scherer equation (6).

KA
D= G )

Where K, B, FWHM, A, and 6 are factors average crystallite = ~0.9, the full width of the crystalline peaks
at half-maximum of the material, and X-ray incident wavelength (nm), and Bragg angle. The nanocomposite
results revealed an increase in crystallinity due to the contribution of the GO nanosheets compared with the
blended polymer, as shown in Table 4.
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TABLE 4. The average crystallite size of sample films.

Samples Peaks
1 2 3 4
PAAM-PVA 4.509 3.675 3.887 4.048
PAAM-PVA/GO 6.017 4.564 3.943 8.546

Figure (3) illustratesthe OM images sample films. These images displayed the smooth surface of the samples
that presented a fine homogenous between the blended polymer, as shown in Figure (3 a). Meanwhile, the
GO nanomaterials have an excellentdispersion in the polymer matrix of the PAAmM-PVA/ GO nanocomposite
films without any aggregation, as revealed in Figure (3 b).

FIGURE 3. The OM images of a) PAAm-PVA with the magnification (100 X) and b) PAAM-PVA/GO nanocomposite
with the magnification (40X).

Absorption (A) is the ratio between the light intensity (1) and the incident light (o) of a material (24).

A =14 2

Io

UV-irradiation of PAAmM-PVA and the PAAmM-PVA/GO nanocomposite in the wavelength region (200-1200)
nm in Figure (4). The cross-linked polymer peaks then explained the slow study behavior. Interestingly, the
PAAmM-PVA blended polymer has lower absorbance than the PAAmM-PVA/GO nanocomposite (17). The
transitions are shown absorption peaks in the wavelength region at 200 nm and 280 nm, resulting from the
m-7 transition of blended polymers and graphene oxide nanoparticles, respectively. GO nanosheets caused
an improvement in the absorbance of the material related to the ability of GO nanosheets that absorb 2.3%
for every single sheet over a broad wavelength range. These nanocomposite results could be suitable for
optoelectronic applications (25).
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FIGURE 4. Absorption spectra of blended polymers and nanocomposite films with the wavelength.

Figure (5) presents the absorption coefficient (o) with a photon energy of the PAAmM-PVA polymeric mixture
and the PAAmM-PVA-GO nanocomposite mixture that is considered using the Lambert bear equation (26).

a = 2303 A/t A3)

The absorption tends to improve gradually with increasing the photon energy, which indicates the electron
transitions were increased. Interestingly, the nanocomposite presented a higher adsorption coefficient
behavior than blended polymers. The incorporation of graphene oxide nanosheets is associated with an
enhanced absorption coefficient compared to the composite polymers. Moreover, blended polymer showed
the lowest absorption coefficient at higher photon energy than nanocomposite. Graphene has impressive and
unique optical transportation (27,28) with a substantial amount of the sp? hybridized and carbon backbone
structure that turns GO to a high planarity degree (29) with a large surface area (30). These unique properties
helped to this achievement.
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FIGURE 5. The coefficient of absorption with the photon energy of sample films.

Figure (6) displays the extinction coefficient (k) of the samples with the wavelength calculated from the
following equation (31,32).
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k= 4T (4)

Where, (A = 1.5406) A°, the wavelength straight of the Cu Ka. The extinction coefficient of the
nanocomposite improved compared to the blended polymer. Moreover, graphene oxide nanosheets can
change the composition of the host mixture (PAAmM-PVA), where GO showed a significant impact associated
with improving the absorption, thus enhancing the extinction coefficient. In addition, the absorption and
extinction coefficients have a related relationship according to equation (6). Also, this finding agreed with
other results in the works of literature (33).
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FIGURE 6. Extinction factor of blended polymers and nanocomposite films with the wavelength.

The dielectric constant (real and imaginary) was calculated for the samples using equations (6) and (7),
respectively (31).

E=&+ ¢ (5)
g = n?— k? (6)
g = 2nk @)

Where ¢, and &; mean the real and imaginary dielectric constant parts, respectively, Figure (7) shows a sharp
increase of the real dielectric constant (¢1) at lower wavenumbers. The nanocomposite results exhibited better
improvement and continued to increase instead of the effects of blended polymer that were reduced.

Figure (8) demonstrates the imaginary dielectric constant (g2) and the wavelength of the polymer blended
and nanocomposite (PAAM-PVA) (PAAM-PVA/GO); it was noticed from the results that the (g2) enhanced
with the increase in the wavenumber because the values of the imaginary dielectric constant depend on the
changes in the value of the coefficient of absorption (6). Meanwhile, adding GO graphene oxide nanosheets
should significantly improve the nanocomposite. This is because the growth of the electrical polarization in
the samples after adding the graphene oxide nanostructures also improved the real and theoretical dielectric
constants, consistent with the literature (34,35).
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FIGURE 7. The real dielectric constant of the blended polymers and nanocomposite films with the wavelength.
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FIGURE 8. The imaginary dielectric constant of the blended polymers and nanocomposite films with the wavelength.

Equation (8) was used to calculate the allowed and indirect optical energy gap by drawing the interception
of the extrapolated linear component with the photon energy at (ahv)" = 0 (24).

ahv = B (hv — Ej)" (8)

Where (B) is constant, (h) Planck’s constant, (v) frequency, (E,) phonon energy, and (r) the exponential
constant, which represent various values depending on the transition forms such as (1/2 or 3/2), or (2 or 3)
for allowed or forbidden direct, or indirect, respectively (31). The energy gap value of both transmissions
was considered by drawing the graph between (cthv)*? with the photon energy (hv), as exhibited in Figure
(9) and Figure (10), respectively. The photon energy axis (ahv=0) *? revealed the finding of the indirect
energy gap, where the values of the energy gap were reduced after the contribution of GO, where the
nanomaterials associated with the displacement of the absorption edge to low energies, where reduced the
energy gap designates the development of new local levels that is below the conduction band and above the
valence bands in the forbidden gap. Where the optical energy gap is affected by the prepared films'
preparation conditions and structure (6).
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FIGURE 9. The optical energy gap for the allowed direct transition (cchv)Y? with the photon energy of sample films.
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FIGURE 10. The optical energy gap of the forbidden direct transition of sample films with the photon energy.

Therefore, this behavior was significantly improved after adding GO nanosheets, as the energy gap of the
nanocomposites decreased to displayed values of less than 0.5 eV of the energy gap compared to the
polymeric mixture, as revealed in Table (5). At the same time, GO assisted in improving and outstandingly
reducing the energy gap values. As a result, the polymeric mixture was transformed into semiconductor
materials for nanocomposites. The bandgap showed a significant improvement of 136% for the allowed
transition and 900% for the prepared transition compared with the polymeric mixture.
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TABLE 5. The optical energy gap of samples.

Sample Code Direct Transition (eV)
Allowed Forbidden
PAAM-PVA 4.25 4
PAAM-PVA/GO 1.8 0.4

The refractive index (n) was found from the relationship (9) (32,36).

_14R [ 4R
T 1-R (1-R)

n _ KZ ]1/2 (9)

(R) is the reflectance. The change in the refractive index of the polymer blended and nanocomposite with
the wavelength is illustrated in Figure (11). In the ultraviolet region, the refractive index results in a sharp
increase in both samples. In contrast, in the visible area, the blended polymer values were gradually reduced
while the nanocomposite's behavior was progressively improved. Interestingly, the nanocomposite presents
outstanding ability and increases to adsorb the ray after loading the GO without loss in the optical
transparency of the nanocomposites (37). This finding is related to the unique properties such as high optical
transmittance in the visible spectrum of graphene nanosheets, in addition to the high mobility of the carrier
and high electric conductivity (38).
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FIGURE 11. The refractive index (n) of blended polymers and nanocomposite films with the wavelength.

CONCLUSIONS
The new nanocomposite was effectively fabricated and characterized, as shown by FTIR, XRD, and OM
images. FTIR shows a strong and strong interfacial interaction among blended polymers with the
nanosheets of GO. In addition, OM images of the samples exhibited suitable homogeneous and fine
nanomaterials dispersed without any aggregation or loss of transparency. The involvement of GO
showed a substantial improvement in the structural and optical properties compared to the blended
polymer film .The energy gap improved to 136% and 900% for the real and imaginary direct transfers,
respectively, after the loading of graphene oxide. This showed samples with high absorption and good
transparency that could be promising in solar cell applications.
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