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optical properties and application
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Abstract

Graphene oxide nanosheets (GO) bring more interest in the tunable bandgap and enhanced the optical properties of

nanocomposites. The developed method successfully mixed the PMMA- dissolved in dimethylformamide (DMF) with

PVA dissolved in distilled water (DW) and DMF. New (PMMA-DMF)-(PVA-DW-DMF)/GO nanocomposite was success-

fully fabricated with various loading ratios of GO nanosheets for the first time. Several factors were applied to get fine

desperation and homogeneous using the acoustic-solution casting method. Optical Microscope (OM), Fourier-transform

infrared spectroscopy (FTIR), X-ray diffraction (XRD), and UV–visible spectrophotometer were applied to investigate

the structure and optical properties of the PMMA-PVA-GO nanocomposite. The OM images confirmed the fine

homogenous matrix and GO distribution in the nanocomposites. FTIR spectra exhibited the most functional group

of polymers and GO in the nanocomposites and strong interfacial interaction between the GO and matrix as confirmed

by the shifting in the XRD patterns of the PMMA. The optical properties results of the PMMA-PVA/GO nanocomposites

revealed an improvement up to 400% of the absorbance, 337% of the absorption coefficient, 51% of the refractive index,

210% of the real and 125% of the imaginary dielectric constants in terms to increase the GO concentrations, whereas

the reduction in the transmittance and energy bandgap results of allowed and forbidden indirect transition were

exhibited up to 9 and 16.4%, respectively. These results could grow for better and wide applications such as radiation

shielding, specific optoelectronic applications, and filters ultraviolet also could use in landfilling the chemical, nuclear, and

radioactive waste.
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Introduction

Nanocomposites are an essential topic of polymer-

nanomaterials that have been developed and demon-

strate distinct physicochemical properties.1,2 The inter-

facial interactions and fine dispersion of nanofiller with

the polymer in the nanocomposites are considered the

most important factors that result in impartment

improving in the properties of nanocomposites,3–5

where the properties of polymers improve and hence

this has achieved, a lot of applications depend upon the

contribution of the nanomaterial in the polymers.6,7

Recently, one of the best potential nanofillers is gra-

phene8,9 which has the best mechanical properties,10

high conductivity,11,12 transparency13 and tunable the

bandgap,14 etc. These unique properties make gra-

phene an excellent applicant to use in many substantial

applications, for instance, transparent electronics,15

solar cells8 as well as sensors,16 etc.
PMMA is a transparent polymer, durable, and envi-

ronmentally stable, etc. These features make it a good
candidate to use in a wide-ranging of applications, for
instance, vehicle appliances, commercial aquariums,
lenses for glasses, and TV screens, etc..17 Moreover,
It is the preferred material by researchers and engineers
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for outdoor applications, additionally, PMMA has
easily hydrolyzed ester groups that make it a poor resis-
tance to several chemicals.18 Therefore, researchers
reported blend PMMA with several materials to
improve its properties. They use different methods, pol-
ymers and nanofillers for modifying the electrical19

mechanical,20 thermal stability21 and other properties2

of PMMA for use in a wider range of applications,
whereas only two investigations22,23 focused on the
optical properties of PMMA-PVA blend. On the
other hand, poly(vinyl alcohol) (PVA) is a synthetic
polymer, odorless, translucent, tasteless, or cream-
colored granular powder.24 PVA has good properties
that are distinguished from other polymers such as
strength, corrosion resistance, and good thermal stabil-
ity.19 It contains a carbon chain backbone fastened to
methane carbons with hydroxyl functional, which is
considered the source of hydrogen bonding that helps
to form polymer mixtures.25,26 Many researchers have
investigated the PVA use as fillers or cross-linked prod-
ucts, also it has been widely applied to manufactured
nontoxic, harmless and living tissues, etc. as a thermo-
plastic polymer.27,28 Additionally, nanoparticles could
physically entangle or chemically bound with PVA.29 It
is widely used in making paper and textile industries in
the manufacture of membranes resistance to oxygen in
the coating photographic film.30 Therefore, PVA is
used to improve the cross-linked between PMMA
and graphene nanosheets as well as to improve other
properties of the nanocomposites in these
investigations.

Many studies2,22,23,31–33 reported very interesting
results when PMMA with PVA polymers were com-
posed together as blended polymer or with other nano-
particles. Linking these polymers together with
graphene has not been addressed before to the best of
our knowledge. Therefore, this study aims to investi-
gate the new combination, which could bring signifi-
cant attention and open new approaches for several
applications. Where Yakuphanoglu and Erten23

reported the preparation of PMMA-PVA thin films
applying UV-VIS spectrum measurements to study
the refractive index behavior. Chloroform was used
to dissolve both polymers under stirring for 48 h at
room temperature. The results presented the same pat-
tern of the real dielectric constant (Er) and imaginary
(Ei) part, whereas the values of the Er are higher than
Ei. At high frequency, the results were close to both
dielectric constant e1(1) and e1(2). Tripathi et al.22

used the solution casting technique to blend PMMA
and PVA and characterized their optical properties.
Where PMMA was dissolved in benzene and PVA
was dissolved in distilled water. The addition of the
PVA of the PMMA matrix modified the optical prop-
erties of PMMA in the matrix and vice versa was right.

They studied the impact of ratio on these polymer
properties. FTIR results presented a modification in
positions and intensity of the most peak that could
provide strong evidence of good interaction and mod-
ification of the bond between these polymers. The edge
of absorption was shifting to higher energies and
bandgap. The findings confirmed the significant effect
of the concentration of polymers as functional proper-
ties of polymers.

Other researchers2,31,32 reported the contribution of
graphene on the range of the properties of the PMMA
or PVA but all these investigations studied these poly-
mers in terms of the difficulty of mixing these polymers
together according to their solvent’s. It is hard to get a
homogenous matrix without aggregation. The informa-
tion about mixing these two polymers still needs more
investigation to reduce the knowledge gap about blend-
ing these materials. Zhao et al.31 described the purifi-
cation of graphene-based PVA composites to develop
the properties of the composite, such as mechanical and
thermal properties. SDBS solution was used to disperse
the GO using sonication. The GO/PVA composites
were homogeneous dispersion. Mechanical properties
of the samples exhibited improvements, such as up to
150% and 10 times the higher tensile strength and
Young’s modulus, respectively. This was achieved in
terms of the contribution of 1.8% vol from graphene
in the matrix. Yang et al.2 reported the preparation of
PMMA/graphene and GO applying self-assembly
methods. The incorporation of both graphene and
GO nanosheets provided an important reinforcement
for the composites. This contribution was presented
with a rise in the value of the PMMA results, such as
the modulus of storage as well as the glass transition.
Recently investigation32 reported the preparation of
PMMA/GO nanocomposite and PMMA/GO-Fe3O4
for adsorption and removing the malachite green
(MG) dye. The adsorption is exothermic in nature
form the calculation values of the Gibbs energy
(DG�), entropy (DS�), and enthalpy (DH�). The results
showed that 35min was the best contact time to adsorb
the MG dye on both nanocomposites from the aqueous
solution.

Despite all the above studies, only a few stud-
ies2,31–33 reported the effect of graphene on only
PMMA or PVA separately. This is the first investiga-
tion that has reported the effect of GO on the success-
ful preparation of PMMA-DMF with PVA-DW-DMF
nanocomposites using the developed mixing-sonication-
acoustic method. Where the fine homogeneous mixture
got between the polymers and fine dispersion of the
GO in the matrix. The PVA was used with a low
loading ratio to improve the properties of PMMA
and increased the cross-linked between PMMA and
graphene nanosheets as well as to improve other
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properties of the nanocomposites in this investigation.
These nanocomposites have characterized the effect of
graphene oxide nanosheets on some of the optical
properties using FTIR, OM, UV–visible spectropho-
tometer, and using to absorption the radiation for
shield application.

Experimental part

Materials

Polymethyl methacrylate (PMMA) with a (20,000–
18,000 g/mol) molecular weight with 213�C melting
point and 99% purity was purchased from Tuttlingen
Company. The poly (vinyl alcohol) with molecular
weight (18,000–12,000 g/mol), melting point of 230�C,
and 99% purity was provided by the Panreac
Company, Spain. Sodium nitrate (NaNO3), graphite
powder (�39 mm), potassium permanganate
(KMnO4), hydrochloric acid (35%), sulfuric acid
(H2SO4) (analytical grade, 99.5%), and hydrogen per-
oxide were supplied by Sigma-Aldrich, UK.

Synthesis of graphene oxide

GO nanosheets was predicated by our group that
described in details in the previous publications,34,35

where the size of GO nanosheets was between
94.49 nm to � 2mm of the surface area and 0.700 nm
of the thickness as presented in Figure 14(e), (f), and
(h) and Figure S1(d), respectively. For more details, see
the SI for the full characterizations of the GO
nanosheets.

Purification of the nanocomposites. The various ratio of
PMMA-DMF and PVA-DW/DMF was applied to
get the appropriate methods to mix these two polymers

with different solvents. We reported the methods that
accessed not only mixed two of these polymers with
their different solvent but also got a fine homogeneous
matrix with good GO dispersion and without any
aggregation. First, 1 g of PVA was dissolved in 50ml
DW under stirring for 1 h 80� 3�C, meanwhile,
PMMA was dissolved in DMF with 6 g in 50ml
(DMF) using a magnetic stirrer for 3 h at 80� 3�C.
At the same time, GO nanosheets were dispersed in
DMF with 0.09–0.27wt.% in 50ml using a magnetic
stirrer and sonication bath as an acoustic solution
method for good dispersion of GO in the solvent. All
these steps were carried out separately before mixing
the materials. Secondly, after the complete dissolve of
the PVA in DW, 10ml of DMF were added to 30ml of
PVA-DW solution then were mixed using magnetite
stirrer for 0.5 h at 80� 3�C for better homogenous.
Thirdly, 5ml PVA-DW-DMF were added to 25ml of
PMMA-DMF solution and mixed for 4 h using a mag-
netic stirrer at 80� 3C� and the polymers matrix was
fine homogenous during this time. Then the tempera-
ture of the PVA-PMMA matrix was reduced to about
35� 3�C before adding three ratios of GO-DMF to
prepare three nanocomposites. After the addition of
GO, the mixing-sonication methods were applied.
Where the mixing of the PVA-PMMA/GO matrix
was continued for another 3 h then it was sonicated
for 15min and repeat this procedure four times to get
fine homogenous and dispersion of GO in the polymers
matrix. Figure 1 and Table 1 demonstrate the summa-
rization of the fabrication method.

Characterization. Nikon – 73346, Optical Microscope
(OM) with light intensity and automatically controlled
camera and different magnification that was used to
characterize the samples and supplied from Olympus.

Figure 1. Schematic of synthesis of GO, PM-PV1, and PM-PVGO nanocomposites.
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Vertex 701 Fourier transforms infrared (FTIR) spectra

from Bruker Company, Germany, were used to char-

acterize the nanocomposites in the region between 4000

and 400 cm�1. Shimadzu UV-1650, UV-visible spectro-

photometer from Phillips a Japanese company has

characterized the nanocomposites in the range between

200 and 1100 nm wavelengths. CO60 with five MCI

activity was used to characterize the influence of the

ratio of GO in the nanocomposites for shielding appli-

cations. The source was placed away 3 cm from the

detector of the Geiger counter, meanwhile, the samples

were pleased away 2 cm from the radiation source.

XRD diffraction device type (SHIMADZU 6000)

made by the Japanese company was used to character-

ize the crystal structures of all samples. Scanning elec-

tron microscopy (SEM) made by FEI Company type

Inspect F, which was used to characterize the nano-

composites at voltage 10 kV.

Theoretical part

The ratio between the intensities of the absorbed light

(IA) and the incident light (Io) of materials can be

defined as the absorbance (AÞ that is given in the fol-

lowing equation (11)

A ¼ logT (1)

From the below relationship, the transmittance

spectra (T) is calculated11

T ¼ IA
I0

(2)

From the Lambert bear formula, the absorption

coefficient (a) (cm)�1 is considered36

a ¼ 2:303 A=t (3)

The thickness (t) of the samples, allowed and pro-

hibited indirect of the optical energy gap of PMMA-

PVA and PMMA-PVAGO nanocomposites were

calculated using formula4 from both the interception
of the extrapolated linear part beside the energy of
the photon (ht) at (ahv)1/n¼ 037

ahv ¼ B hv� Eg

� �n (4)

where (B) is a constant, ðvÞ is the frequency, (h) is
Planck’s constant, ðEg Þ is the phonon energy, and (n)
is the constant of the exponential, which depends on
the transition type; r could represent in many values as
1/2 and 3/2 or 2 and 3 for the direct allowed and for-
bidden or indirect allowed and bidden, respective-
ly.38,39 The index of refractive (n) is calculated
according to the equations as well as the coefficient
of extinction (k)38

n ¼ 1þ R

1� R
þ 4R

ð1� RÞ2 � K2

" #
(5)

K ¼ ak
4p

(6)

where (k) and (R) are the wavelength of (Cu Ka) with
line (1.5405) Å and the reflectance, respectively. At
optical frequencies, it is characterized by the waves of
the light, where the electronic polarity is considered as
dominating above all other remaining polarization
types. Equations (7) to (9) are used to characterize
the constant of both real and imaginary dielectric39,40

e ¼ er þ eið Þ (7)

er ¼ n2 � k2ð Þ (8)

ei ¼ 2nkð Þ (9)

where ðeÞ; ðerÞ and ðeiÞ mean the dielectric constant,
the real part, and the imaginary part of the dielectric
constant, respectively. Formulation10 was applied to
calculate the radiation attenuation. The counted
number (N) was recorded during the same time and

Table 1. The purification method of samples.

Sample ID

Concentration (wt. %) Total time (h)

Drying methodPVA PMMA GO Sonication Mixing

GO 0 0 100 0.4 4 Freeze drier

PM-PV1 4 96 0 0 4 40� 3�C under air

PM-PVGO2 3.91 0.09 0.45 12

PM-PVGO3 3.82 0.18 1 12

PM-PVGO4 3.73 0.27 1.15 12
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(x) is the thickness of the sample, (No) means the radi-
ation particle number that is counted without any
absorber with certain time duration, (m) means the
coefficient of attenuation of gamma radiation. The

scattering form of the sides reduces the absorption by
Lambert law41

N ¼ Noexp
ð�lxÞ (10)

Results and discussion

Figure 2 illustrates the FT-IR spectrums of GO,
PMMA-PVA blend, and PMMA-PVA/GO nanocom-
posites. It was recorded in the range (4000–500) cm�1.
In Figure 2(a), the FT-IR spectrum of GO shows a
broadband peak at 3220 cm�1 that is associated with
the hydroxyl groups (O–H) stretching vibrations. The
peak at 1723 cm�1, an adsorption functional group

matched to the stretching carbonyl groups (C¼O).9

At 1604 cm�1, this peak is recognized as a skeletal
ring (C¼C). It is a stretching vibration functional
group of the sp2 carbon domain as un-exfoliated GO
sheets. Meanwhile, the functional groups at 1374 and
1040 cm�1 are associated with epoxy (C–O–C) and
(C–O) groups,32 respectively.

The PMMA-PVA blend spectra in Figure 2(b) pre-
sented several peaks such as, 1646, 1604, 1361, and
between 1260 and 1000 cm�1 that were attributed to
(CH2), (C–H) stretching, (O–H) bending, and (C–O)
(ester bond) stretching vibration. These functional

peaks were related to functional groups peaks of both
PMMA,42 and PVA43 net. The contribution of the GO
has presented a new functional peak in the nanocom-
posites, as displayed in Figure 2(c) to (e). Where the
samples observed new strong bands at 2904, 1604, and
887 cm�1. Additionally, it revealed an increase in the
intensity of other peaks with the increase of the contri-
bution of GO in the nanocomposites. Moreover,

increasing the ratio of the GO to 0.27wt%, which is
the highest ratio in this investigation, resulted in shift-
ing in functional peaks of PM-PVGO4 up to 10 cm�1

to most functional groups in addition to increase the
intensity peaks because the addition of the nucleating
agent PMMA-PVA/GO.

From the infrared spectra, it can be noticed that the
intermolecular interaction of the carbonyl group in
PMMA with the OH group in PVA.20 These results
present the significant modification of PMMA made
by PVA compared to PMMA in agreement as reported
in the literature.44 Additionally, the variation of (GO)

nanoparticles ratio causes some significant changes and
strong interfacial interaction in the spectrum of
PMMA-PVA. This can be related to the fact that the

formulation of the hydrogen bonds between the O-H in

the GO and the C¼O in the PMMA-PVA. Also, this

could be related to the charge coming to the other

atoms that being separated from the C¼O function

group. The property of C¼O with a double bond led

to a reduction of the absorption and shifted the func-

tional peaks to the low wavenumber.45

Figure 3 shows the XRD patterns of GO, PM-PV1,

PM-PVGO2, PM-PVGO3, and PM-PVGO4 nanocom-

posites. A strong diffraction peak at 2h¼ 11.1� is pre-

sented in the XRD spectra. This peak with (002)

diffractions is considered to GO nanosheets with inter-

layer spacing 0.79 nm that was calculated from the

Bragg equation. The GO peak was shifted from

the at 2h¼ 26.5� of graphite, this shifting confirmed

the oxidation of flakes and produced of GO nanosheets

in agreement with the literature,2,46 also see Figure 1S.

Figure 2. FTIR spectra of (a) GO, (b) PM-PV1, (c) PM-PVGO2,
(d) PM-PVGO3, and (e) PM-PVGO4.

Figure 3. XRD patterns of GO, PM-PV1, and PM-PVGO
nanocomposite.
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PM-PV1 pattern exhibited two broad peaks at

2h¼ 14.1� and 30�, which are related to (111) and

(112) diffractions that related to the PMMA in agree-

ment with the literature.2,47 Both patterns of the GO at

2h¼ 11.1� and PVA at 2h¼ 19.8� were located in the

wide and high-intensity pattern of PMMA that

between 7� and 23�. Therefore, the peaks of GO and

PVA could overlap with PMMA and also the full des-

peration of GO nanosheets in the matrix illustrated

clearly in the OM images or because of orientation,

in agreement with the literature,48 that makes it is dif-

ficult to present in the XRD patterns even in the sam-

ples. Whereas, the influence of increasing the ratio

loading of GO nanosheets in the matrix presented shift-

ing in peaks of the PMMA. Where the PMMA peak

slightly shifted from 2h¼ 14.1�–14.2�, 15�, and 16.1�

with the increase of the loading ration of GO nano-

sheets from 0wt% to 0.09, 0.18, and 0.27wt% in the

matrix of the PM-PVGO2, PM-PVGO3, and PM-

PVGO4, respectively. This shift could refer to the incre-

ment of interplanar crystal spacing and observed the

volume expansion in the macro.49 The XRD finding

has supported the finding of the FTIR spectra that

showed a strong interaction between the nanosheets

and matrix, also it significant showed that the GO

nanosheets did not affect the crystal structure of the

polymers in the nanocomposites in strong agreement

with the literature.11,49 Where the interplanar d-spacing

was calculated from the position of the (111) peak

using the Bragg equation50

nk ¼ 2dsinðѲÞ (11)

where (n), ðkÞ; (d), and (hÞ mean the integer, the wave-

length of the incident X-ray, d-spacing, and angle

between the incident beam and scattering plane, respec-

tively. Meanwhile, the crystallite size (D) was estimated

from the Scherrer formula51

D ¼ Kk

bcos hð Þ (12)

where (K) and (bÞ are the shape factor for the average

crystallite (�0.9), and the full width of materials peak

at half-maximum (FWHM). The d-spacing and crystal-

lite size of PM-PV1 and PM-PV/GO nanocomposite

are demonstrated in Table 2. In Table 2, the results

of the nanocomposites revealed only a slight reduction

of the d-spacing because of the contribution of GO

nanosheets. Meanwhile, the same behavior was exhib-

ited with the average crystallite size of nanocomposites

that also slightly decreased compared to the blended

polymer PM-PV1. In general, the optical properties

of samples were positively influenced by their crystal-
linity and crystallite size.

Figure 4 displays the optical absorbance in the range
(300–1100 nm) wavelength of PMMA-PVA blend and
PMMA-PVA/GO nanocomposites. All the measure-
ments were carried out using a spectrophotometer
with a double-beam of the films at room temperature.
Figure 4 reveals that the value of all samples displays
high absorbance in the region of ultraviolet in compar-
ison with the PM-PV1 film. The blend of the PM-PV1
film absorbance about 0.6 from the photons at 260 nm.
Where, at these energies, the donor electrons were exci-
tations to the conduction band, where absorbing a
photon of known energy by the electron resulted excit-
ing in these electrons from a lower to higher energy
level. Besides, the results showed a high absorbance
photon by the samples at the UV region. This led to
attribute enough energy of these photons to interact
with atoms. In the absorbance spectra, the fundamen-
tal absorption could indicate the excitation transition
or the band, where the types of possible transitions of
the electron can understudy from the changes in the
transmitted and absorbed.52 Additionally, the absor-
bance was enhanced by increasing the contribution
ratio of the GO nanosheets. Interestingly, the contribu-
tion of the GO nanosheets raise the absorption of the
photon to greater than 1, this means, more than 90%
of the photons were absorbed by the nanocomposites.
Where graphene nanosheets have high absorbance for
each nano-flack could reach 2.3% of the light over a
broad wavelength range, which makes it suitable for
specific optoelectronic applications.53 Where graphene
increased the absorption of the incident light by free
electrons. Here the interaction between materials with
incident photon will present. The increase in the nano-
particle concentration with fine distribution in the
matrix was responsible for the increase in the charge
carrier’s number54 in agreement with finding results
reported in the literature.54,55 GO has many chemical
reactive sites with free energy in the polymer chains,
which has led to strong hydrogen bond interaction
between the polymer and GO nanosheets. The hydro-
gen bond is considered another factor in increasing the
absorption in the nanocomposites.56 Whereas, in the

Table 2. Summarized the lattice spacing, FWHM ðb), diffraction
angle, and the average crystallite size of PM-PV1 and PM-PV/G
nanocomposite.

Samples d-Spacing (A) b (�) h (�) D (A)

PM-PV1 0.627 10.05 7.05 7.96

PM-PVGO2 0.622 10.9 7.1 7.34

PM-PVGO3 0.589 11.05 7.5 7.24

PM-PVGO4 0.549 11.1 8.05 7.22
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visible region, all nanocomposites value illustrated low
absorbance. Where this could be related to the incident
photons cannot interact with atoms because it does not
have enough energy at a high wavelength, as well as the
photon, was transmitted.57 At 600 nm, the presented
results indicated a significant improvement in absor-
bance up to 150, 280, and 400% with the increase of
concentrations ratio of GO by 0.09, 0.18, and 0.27wt.
% in the nanocomposites, respectively. These findings
align with the literature.14,43 Additionally, GO has
many chemically reactive sites with free energy in the
polymer chains that led to strong hydrogen bond inter-
action between the polymer and GO nanosheets. The
hydrogen bond is considered another factor that
increases the absorbing ratio of the light.

Figure 5 demonstrates the transmittance (T) spec-
trums with the wavelength of the PM-PV1 and PM-
PVGO nanocomposites. The figure indicates that the
transmittance for all samples has increased rapidly with
an increasing wavelength around 240 nm and the
increase was almost steady after 260 nm. The findings
were clearly showing the contribution of the GO
reduced the light transmittance. This behavior was
increased by increasing the contribution ratio of the
GO in the matrix, where increasing the nanomaterials
could lead to increasing the absorbance of light and
reducing the transmittance for the same reason.58 At
600 nm, the results displayed a reduction in transmit-
tance results to 10, 18, and 23% with increasing the
ratio of GO up to 0.09, 0.18, and 0.27wt.%, respective-
ly, in the polymer matrix.

The absorption coefficient a of PM-PV1 and
PM-PVGO nanocomposite films with the energy of
the photon is shown in Figure 6. The behavior of the
absorption coefficient exhibited steady growth in

the values with increasing the energy of photon until

the value at 4.8 eV. This could be related to the lower

transition of the electron, were in this area, the incident

photon energy was not enough for moving the electron

toward the conduction band from the valence band.

Whereas, after 4.7 eV, the coefficient of absorption

showing a rapid increase of all sample results due

to the great transitions of the electron for the conduc-

tive band.
At (4.5 eV), the results indicated a significant

enhancement in absorption coefficient up to 116, 212,

and 337% with increasing the contribution of graphene

oxide concentrations in the nanocomposites up to 0.09,

0.18, and 0.27wt.%, respectively.
Figures 7 and 8, illustrate the absorption edge for

the allowed (aht)1/2 and forbidden (aht)1/3 indirect

transition respectively, of PM-PV1 and PM-PVGO

with the photon energy. The intercept of the extrapo-

lated linear part was used to estimate these values at

(aht) n¼ 0. At the value (aht)1/2¼ 0, and to calculate

Figure 4. The absorbance spectra with the wavelength of PM-
PV1 and PM-PVGO nanocomposite.

Figure 5. The transmittance spectrum with a wavelength of
PM-PV1 and PM-PVGO nanocomposite.

Figure 6. The coefficient of absorption with the energy of a
photon of PM-PV1 and PM-PVGO nanocomposite.
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the energy gap, drawing a straight line from the upper

part of the curve in Figure 7 to the (x) axis for the

allowed indirect transition as well as the same proce-

dure was followed to estimate the forbidden indirect

transition in Figure 8.
At (4.8 eV), the results exhibited an important

improvement in the energy gap values of the allowed

and forbidden indirect transition up to 45, 73 and 9%

and 13, 20 and 27% of the samples respectively, with

the rise of the GO ratio contribution by 0.09, 0.18 and

0.27wt.% in the nanocomposites. The results of the

energy gap of both allowed and forbidden indirect

transitions were reduced up to 9% as well as 16.4%,

respectively, as shown in Table 3, where the contribu-

tion of GO presented a significant effect on the tunable

bandgap as well as increasing the loading ratio of

GO.14 This led to an important reduction in the

values of the energy gap of nanocomposites.

Figure 9 illustrates the refraction index curves of

PM-PV1 and PMMA-PVA/GO nanocomposites with

the wavelength. The refractive index of the samples

improved with the incorporation of GO nanosheets in

the nanocomposites. This behavior may be attributed

to the increase in the density of nanocomposites. At

600 nm, the results displayed significant enhancements

in of refraction index up to 24, 39, and 51% with the

contribution of graphene oxide increasing the concen-

trations up to 0.09, 0.18, and 0.27wt.% in the

nanocomposites.
The variation in the real and imaginary dielectric

constant with the wavelength of the PM-PV1, and

PM-PVGO nanocomposite films are illustrated in

Figures 10 and 11, respectively. These figures show

that both parts real and imaginary dielectric constants

were improved by increasing the ratio of the concen-

tration of GO nanosheets. This is attributed to the

increase in electrical polarization in the nanocompo-

sites. At 600 nm, the results exhibited the improving

the real and imaginary dielectric constant for two

parts were increased up to 25, 71, and 210%, and 53,

92, and 125% respectively, with increasing the concen-

trations of graphene oxide by 0.09, 0.18, and 0.27% in

the nanocomposites.

Figure 8. Optical energy gap for the forbidden indirect transi-
tion with the photon energy of PM-PV1 and PM-PVGO
nanocomposite.

Table 3. Summarized the optical energy gap of PM-PV1 and
PM-PV/G nanocomposite.

Samples

Indirect transition (eV)

Allowed Forbidden

PM-PV1 4.58 4.25

PM-PVGO2 4.4 3.91

PM-PVGO3 4.25 3.65

PM-PVGO4 4.18 3.55

Figure 9. Refractive index with a wavelength of PM-PV1 and
PM-PVGO nanocomposite.

Figure 7. Optical energy gap for the allowed indirect transition
with the energy of a photon of the PM-PV1 and PM-PVGO
nanocomposite.
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Figure 12 demonstrates the coefficient of extinction
(K) with the wavenumber of the PM-PV1 and PM-
PVGO nanocomposite films. Where, at the UV
region, the extinction coefficient of nanocomposites
displayed higher values. This behavior of the extinction
coefficient resulted from the high absorbance of all
nanocomposites. Also, the same behavior was pre-
sented in visible and near-infrared regions. These
results presented a significant improvement in the
behavior of the nanocomposites due to the incorpora-
tion of the GO nanosheets, especially the higher ratio
of the GO used in this investigation that demonstrated
a general improvement in the results in
comparison with other nanocomposites as well as
with increasing the wavenumber as clearly shown in
Figure 12. At 600 nm, the results indicated important
enhancements in of extinction coefficient up to 51, 321,
and 732% with the increasing concentrations of gra-
phene oxide by 0.09, 0.18, and 0.27wt.% in the
nanocomposites.

Figure 13 shows the optical images of PMMA-PVA
and PMMA-PVA/GO nanocomposites with different
concentrations of GO at magnification power �40.
These images illustrated the fine homogeneity of the
matrix with a good distribution of GO into the
blend-polymer composites. The OM images exhibited
a successful preparation of the PMMA-PVA/GO nano-
composites using this method. In comparison among
the polymers blending films with PMMA-PVA/GO
nanocomposites films, a notable modification with
increasing the ratio of the GO was noticed. The con-
tribution of GO exposed many changes in all these
films without any aggregations or effect on the trans-
parency of the films. Additionally, the fine distribution
considerably got better with the increase of the ratio of

Figure 10. The real dielectric constant with the wavelength of PM-PV1 and PM-PVGO nanocomposite.

Figure 11. The imaginary dielectric constant with the wave-
length of PM-PV1, PM-, and PM-PVGO nanocomposite.

Figure 12. The extinction coefficient with the wavelength of
PM-PV1 and PM-PV/GO nanocomposite.
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the GO, especially in the sample PM-PVGO4, as illus-

trated in Figure 13(d) in agreement with other authors

finding.11,59

Scanning electron microscope is used to investigate

the surface morphology of samples and the dispersion

of (GO) in the polymers matrix. Figure 14 shows an

SEM micrograph of the surface of the (PMMA-PVA)

blend and (PMMA-PVA/GO) nanocomposites films.

Image (a) in Figure 14 exhibits the blended polymers

that found a uniform morphology revealing a rather

soft surface. In Figure 14(b) to (d), the increase of

the nanosheets ratio of graphene oxide in a polymer

matrix for the (PMMA-PVA/GO) nanocomposites

led to changes in the morphology of the surface. The

nanocomposites films showed many GO nanosheets
that were fine dispersion without aggregates with

good distribution and spread densely on the surface,

this may be indicating the occurrence of a homoge-

neous growth mechanism. The results agree with opti-

cal microscopy images and results from previous

investigations.60 The SEM images (e, f, and h) in

Figure 14 illustrated the measurements of GO size

that were between a few nanometers to few microns.
The contribution of GO in the nanocomposites illus-

trated the reduction of the transmission radiation of

the nanocomposites as shown in Figure 15. Figure 15

displays the ratio between the radiation attenuation

(N) as (N/N0) with the number of radiation particles

which is counted during a certain time (No) versus the

increasing concentrations of GO nanosheets. Where a

significant reduction was exhibited with increasing the

ratio of GO in the nanocomposites.
PM-PV/GO nanocomposite with a higher ratio of

GO reduction increasing the reduction of the value of

the (N/N0) ratio as a result of increasing the GO con-

centration in the nanocomposites compared with PM-

PV1. Where, the GO nanosheets reduced the transmis-
sion radiation of gamma-ray as well as is responsible to

increase in the gamma radiation of coefficients attenu-

ation, where the gamma rays shielding has required

materials with large amounts of mass, high density,

and high atomic numbers, which are exhibited better
shielded due to increasing the total GO nanosheets per

area in the gamma rays path. This probability for

absorption passed gamma-ray through the nanocom-

posites leads to an exponential decrease of intensity.

These results show a promising ability for these sam-
ples to absorb ionizing radiation that opens the wide

application in ionizing radiation absorption, such as

making suits and special glasses for workers in labora-

tories containing this type of radiation. Moreover, it

could be used as an important component material in
the mixture of light concrete that uses in landfilling the

chemical nuclear and radioactive waste to increase their

effectiveness in absorbing radiation and other impor-

tant applications in this field.

Figure 13. The images of the optical microscopy with a magnification of (40�) of (a) PM-PV1, (b) PM-PVGO2, (c) PM-PVGO3, and
(d) PM-PVGO4.
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Conclusions

The contribution of GO nanosheets exhibited a strong
interfacial interaction that was formed with polymers
in the polymer matrix nanofillers as presenting using
FTIR and the shifting in the XRD peaks. The contri-
bution of GO illustrated a significant enhancement in
the optical properties. This improvement significantly
increases with increasing the loading ratio of GO nano-
sheets in the nanocomposites even at the loading ratio.
The fabricated of the new nanocomposites was success-
fully achieved with a homogenous and fine dispersion
of the GO nanosheets in the matrix. Most of the optical
properties such as the absorbance, coefficient of
absorption, dielectric constant (real and imaginary),
and refractive index of PMMA-PVA/GO

Figure 14. SEM image of (a) PM-PV1, (b) PM-PVGO2, (c) PM-PVGO3, (d) PM-PVGO4 nanocomposite, and (e, f, and h) present the
nanosize calculation of GO in nanocomposites.

Figure 15. The ratio between the radiation attenuation (N)
with the number of radiation particles (No) as (N/No) and the
coefficient of attenuation of gamma radiation with GO ratio of
PM-PV1 and PM-PV/GO nanocomposites.
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nanocomposites exposed improving due to the signifi-

cant contribution of GO nanosheets. The energy gap of

the allowed and forbidden indirect transition of

PMMA-PVA/GO), also was improved by decreasing

the values even with low ratio concentrations of GO

nanosheets in the nanocomposites. These nanocompo-

sites were prepared first for the first time and the results

presented a good ability of the nanocomposites to

adsorb the radiation. Therefore, it presented a could

absorption for gamma-ray and could use as a radiation

shielding application as well as, it could be promising

for other applications such as filters ultraviolet, solar

cell, specific optoelectronic applications, light diffu-

sion, automotive industry, and smartphones.
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