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Abstract

This work aims to fabricate of PVA-GO new bionanocomposites films. The effect GO NPs on structural,
morphological, optical features of PVA was investigated. The XRD and FTIR patterns demonstrated the presence of
suitable peaks and shifts for the prepared composite material. These nanocomposites were then used to prepare artificial
leather. The series of PVA/GO hydrogels with a fixed PVA ratio and varying the GO content at 0.1, 0.05, 0.025, and
0.012 wt% were prepared. We used a multiple freeze-thaw method to ensure the formation of a homogeneous porous
structure, followed by ultrasonic treatments to disperse and distribute the GO within the polymer matrix. Samples were
cured before and after cutting at room temperature, and the self-healing rate was measured through tests and monitoring
the time course of shear strength and bond density. The preparation process focused on selecting the appropriate
nanomaterial concentration to match the quality of the prepared leather in terms of durability, elasticity, and self-healing
or repairing rate. This was done using ultraviolet-visible (UV-Vis), Fourier transform infrared (FTIR), optical
microscopy, and atomic force microscopy (AFM). The results showed that a concentration of 0.05% was the most
suitable for preparation. This study represents a careful attempt to determine the optimal break-even point between the
amount of GO available to build sufficient dynamic bonds and the ease of movement of the PVA chains; the optimal

ratio provided the highest healing rate.
Keywords: Graphene, Nanooxide, Nanostructures, Thin films, Graphite, Optical properties

Introduction

In the last 2 decades, graphene oxide (GO) has
topped the list of the most researched 2-dimensional
materials due to its unique combination of a large
specific surface area and a variety of functional groups
(hydroxyl, epoxide, carboxyl), giving it an exceptional
ability to interact with polymer matrices and modify
their mechanical and electrical properties [1]. GO is
prepared using the conventional modified Hummers
method, in which graphite is oxidized with a mixture of
concentrated sulfuric acid and potassium permanganate
under carefully controlled temperature and addition

rates, followed by washing and ultrasonic shock to

separate nanosheets and trap oxygen groups on the
surface. Critical reviews have shown that controlling
the degree of oxidation and particle size of the graphite
introduced into the process is key to adjusting the
density of functional groups and the homogeneity of
sheet distribution, enabling smooth integration of GO
into polymeric networks without forming agglomerates
that reduce the effectiveness of dynamic bonding [2].
Subsequent studies have demonstrated the adaptability
of Hummers® method by using environmental
accelerators such as hydrogen peroxide or reducing the

acid washing steps, thus mitigating the environmental
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impact and enhancing the material’s yield without
compromising its purity or the abundance of its
functional groups [3].

The importance of GO in the field of smart
artificial skin manufacturing stems from its ability to
enhance the self-healing and sensory function of the
composite [4]. In the hydrogel structures used as the
basis for this type of artificial skin, GO sheets act as
multi-connecting sites that create an interconnected
network that increases the tensile and stretching
resistance, while simultaneously enabling the rapid
rebuilding of hydrogen and electrostatic bonds after the
structure is torn or scratched [5]. A recent review of
electronic skin interfaces showed that incorporating
GO into flexible polymer matrices provides the
material with a wide sensing range in response to
pressure and stretching, with a recovery efficiency
exceeding 80% of its original properties within a few
minutes, without the need for chemical stimuli or
external energy. The work published in ScienceDirect
also demonstrated that hydrogels embedded with GO
strips show promising potential for tissue engineering
and regenerative medicine applications, providing a
supportive network that adapts to cellular growth and
spontaneously restructures after mechanical damage
without causing toxicity to the surrounding
environment or biological tissues [6].

The combination of high-quality GO preparation
and controlled distribution within flexible hydrogels
forms the basis for developing artificial skins capable
of mimicking the biological performance of skin,
achieving a delicate balance between durability,
elasticity, and self-healing ability [7-11]. There are
different types of graphene oxide synthesis methods
[12,13]. The nanocomposites were fabricated to
employ in various applications [14,15]. This work aims
to fabricate of PVA-GO new bionanocomposites films.

The effect GO NPs on structural, morphological,
optical features of PVA was investigated. The PVA-
GO fabricated bionanocomposites may be utilized in a
variety of biological and nanoelectronics applications.
The research will also examine the relationship
between GO concentration and healing efficiency,
using FTIR spectroscopy to analyze the nature of the
bonds, SEM and OM techniques to assess
morphological distribution, and capacitive tensile tests
and electrical conductivity measurements before and
after healing to assess functional performance.

Materials and methods

Graphite rods were used with concentrated
sulfuric acid (HCI) 98% as well as sodium nitrate
(Na;NO3) 97% and potassium permanganate (KMNO4)
99.5% with hydrogen peroxide (H202) 80% extra
pure, and Poly(vinyl alcohol) 99%.

Preparation of nano-graphene oxide

Graphene oxide nanoparticles were prepared by
adding 23 mL of concentrated sulfuric acid to a 1000
mL beaker placed in an ice bath. Zero point five g of
graphite powder was then slowly added to the acid
solution for 10 min. 0.025 g of sodium nitrate was then
added to the mixture for 15 min. After an hour, 1.5 g of
potassium permanganate was added very slowly
[16,17]. The mixture was then left on a magnetic stirrer
for 24 h at 35 °C. 250 mL of distilled water was added
to the mixture and left for 1 h to homogenize the
solution. 32% hydrogen peroxide was then added to
remove any remaining potassium permanganate
[18,19]. The mixture was left to cool for half an hour,
and then the product was washed with sulfuric acid and
deionized water [20,21]. It was stored overnight in a
desiccator that contains a silica gel. As shown in

Figure 1.
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Figure 1 The schematic diagram for the synthesis process of the of nano-graphene oxide.

Artificial leather preparation method agents, including 0.3 g of sodium borate and 0.3 g of

To create the artificial leather, polyvinyl alcohol acetic acid, were then added. Five mL of glycerol was
was dissolved in an aqueous solution at 90 °C for 1 h. then added to increase elasticity [20,21]. The mixture
Various concentrations of Nano graphene oxide were was then left on a magnetic stirrer for half an hour, and
then added, at ratios of 1:1, 1:2, 1:3, and 1:4, to the the hydrogel was poured into dishes as shown in
nano graphene oxide solution. The mixture was left on Figure 2.

a magnetic stirrer for 1 h to homogenize. Crosslinking

GO at ratios
1:1,1:2,1:3,1:4 @H Na2}1;4—07\
-

At 90°C for 1 hour

Figure 2 The schematic diagram for the synthesis process of artificial leather.
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Self-healing test of synthetic leather

The self-healing test of synthetic leather was
conducted at room temperature (25 °C) by making an
incision in the selected sample using a sharp scalpel
blade. The repair process was monitored visually and
by using an Optical microscopy and atomic force
microscope to observe the healing process. The time it
took for the sample to fully heal (disappear the
incision) was recorded [22,23].

12/21/2024 HV  mag
2:58:06 PM 30.00 kV 50 000 x ETD 7.99¢-3 Pa 8.7 mm

det pressure = WD 2 pm

Figure 3 Prepared nanostructure and nano size.

FTIR spectrum

The structural properties of the nanomaterial
were measured by FTIR as represented in Figure 4.
We observe a broad O-H band (~3200 - 3600 cm™),
graphite shows almost no absorption in this band
because graphite contains no free hydroxyl groups
[25]. Nano-GO, on the other hand, exhibits a broad
band around 3300 cm™ due to the stretching vibrations
of the -OH (hydroxyl) and -COOH (carboxyl) groups,
indicating the presence of bound water and hydroxyls
on the oxide surface [26]. We observe a carbonyl C=0

inspect f 50-FEI Comp

Results and discussion

Morphology of surfaces

The prepared nanostructure was measured using a
scanning electron microscope (SEM) as showed in
Figure 3, which displays structures resembling
wrinkled sheets or folded sheets, as well as an uneven
surface and clear wrinkles, which is a natural feature of
The showed that the

preparation maintained relatively large sheet sizes, and

graphene oxide. images
the presence of overlapping sheets and wrinkles
indicates the success of the oxidation and partial
drawing process. It also indicates a local thickness or
the size of small in Figure 3(b), clustered flakes,
which indicates the presence of a clear nanostructure
[24].

.jn "
! N )

12/21/2024)  HV mag det  pressure = WD - 4 um
2:59:20 PM 30.00 kV 25 000 x ETD 7.99e-3 Pa 8.7 mm inspect f 50-FEI Comp{

peak (~1700 - 1720 cm™), Graphite does not exhibit a
clear peak here. Nano-GO, on the other hand, exhibits
a strong peak at ~1698 cm’, indicating the stretching
vibrations of the carbonyl group (-C=0) in a carboxylic
acid or aldehyde, confirming the oxidation of the
graphene structure. Epoxide C-O-C vibrations (~1220
cm™') Graphite exhibits no absorption at this location.
Nano-GO exhibits a peak at ~1220 cm™ due to C-O-C
vibrations (epoxide bridges) in the graphene oxide
structure [27]. Alcoholic C-O vibrations are also
present (~1050 - 1100 cm ™). Graphite exhibits no clear
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peak, Nano-GO exhibits absorption at ~1050 cm™ due
to C-O vibrations in alkoxyl groups (C-O-H). C-H
bands and other elements (<900 cm™) Both samples
exhibited faint peaks at 800 - 900 cm™ due to out-of-
plane C-H vibrations in some impurities or interference
with the device spectrum [28]. Since graphite is the
pure crystalline form of carbon and does not contain

150

oxygen functional groups, its spectrum is almost flat
without functional peaks. Since the 2" spectrum is rich
in oxygen peaks of -C-O-H-, -C-O-C-, -C=0, OH
groups, which confirms the success of the graphite
oxidation process and its conversion to nano-graphene
oxide [1,29].
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Figure 4 FTIR for (A) Graphite and (B) Nano-GO.

Figure 5 shows the FTIR spectra for PVA-nano
graphene oxide nanostructures. The black (pure)
spectrum is the spectrum of pure PVA, showing
distinct peaks such as: OH stretching (at ~3300 cm™),
CH stretching (at ~2900 cm™), C=0O or C-O stretching
(at ~1730 and ~1240 cm™), and C-O-C or C-C
vibrations (at ~1090 - 1000 cm™). Upon the addition of
graphene oxide (GO), clear changes appear in the
position and intensity of some peaks, indicating an
interaction between the GO functional groups (such as
OH, COOH, C=0) and the PVA groups. Changes in
the bonds may occur [1,30,31]. The disappearance or
splitting of some peaks indicates a modification in the
structural composition of the compound. Depending on

the concentration, when the GO concentration
increases from 0.025% to 0.12%, some peaks tend to
shift or increase in intensity. The peak around 3300
cm (OH stretching) becomes wider or moves,
indicating a change in hydrogen bonding. Peaks in the
1000 - 1500 cm™ region exhibit new overlaps,
indicating the presence of graphene oxide. We
conclude that the FTIR spectrum confirms the
successful incorporation of nano-graphene oxide into
the PVA matrix. At 0.025 and 0.05% GO, clear
changes are evident compared to pure PVA [32]. The
main peaks shift or change in intensity (especially
around 3300, 1700, and 1000 cm™). Good interaction
is observed without significant spectrum distortion. We
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conclude that the optimum concentration of nano-
graphene oxide is between 0.025% and 0.05% by
weight. 0.05% by weight is likely to be preferable
because it shows a clear interaction with PVA and does

not cause significant spectrum distortion [33,34]. It
also retains the basic chemical structure of PVA while
enhancing its properties. Therefore, it was chosen for
the self-healing test.

Transmittance (a.u.)

3B5 gl

T I : I
4000 3500 3000 2500

Wavelength (cm™)

Figure 5 FTIR spectra for PVA-nano graphene oxide nanostructures.

XRD patterns

Figure 6 shows the XRD test for graphite and
nano-graphene oxide. We notice a sharp, intense peak
at ~26° 20. This peak is characteristic of graphite (d-
spacing ~ 0.34 nm) and represents the (002) plane in
the graphite crystal structure, a clear indication of the
regular stacking of carbon layers. There are also
several additional crystalline peaks at ~44°, 54°, 77°,
and 90° 20 [35]. These small peaks could be due to
intercalary planes in the graphite crystal or to minor
mineral impurities in the sample. The low background
and slight diffusion indicate a high purity of the sample
and a well-formed crystal structure. This spectrum
corresponds to pure crystalline graphite (graphite
powder) before any oxidation or reduction process. The
secondary peaks correspond to higher order planes in
the carbon crystal [36]. In the 2" XRD spectrum B, we

notice the absence of the characteristic graphite peak
(~26° 20), meaning the absence of a crystalline
graphite structure, and the presence of a faint, broad
peak at ~10° - 12° 26. This broad peak indicates larger
interlayer spacing (d-spacing =~ 0.8 - 0.9 nm), a
characteristic feature of graphene oxide (GO) and
confirms the presence of -OH/-COOH groups between
the layers. Oxygen and water groups enter between the
layers, increasing the distance between them [37]. The
high background and broad diffusion indicate a quasi-
amorphous or alternating short-range structure, similar
to that of non-thermally denatured GO films.
Therefore, this spectrum corresponds to nano-GO after
oxidation (before any thermal reduction steps) [38]. A
2" diffraction maximum is noticed at 20 = 43°,
indicating the short-range stacking of graphitic layers
[39].



Trends Sci. 2026; 23(2): 11365

7 of 19
B000
7000 - Graphite
6000 -
= 5000 -
s
2 4000
‘n
& 2000 -
= i
2000 -
1000_\J‘\,J A T I A
0 -
20 40 &0 a0
20 (deg)
(A)
800
Go NPs
600 -
= 1
=
=" 400
Wl
S
=
200
D Ll 1 1
20 40 60 80
26 (deg)
(B)
Figure 6 XRD test for (A) graphite and (B) nano graphene oxide.
Characterizations (ahv)'"= C(hv - Ey) )
The optical characteristics of PVA-GO
nanostructures  films were tested by using where r = 2 and 3 denote permitted and prohibited
spectrophotometer  (UV-18000A-Shimadzu).  The indirect transitions, C is constant, hv is the photon’s
absorption coefficient (o) is given by [40]: energy, and E, is the energy gap.
The extinction coefficient (k) is determined by
a =2303A4/1 (D using the following formula [42]:
wherever: A represents the absorbance and 1 is the path _ (3)
4T

length. One way to compute the energy gap is by [41]:
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There the wavelength of the incident photon is
denoted by A. The dielectric constants (€) is separated
into 2 portions real (g;) and imaginary (g;) are
computed by utilizing formulae [43]:

g =n%—k? 4)
& =2nk 5)

The optical conductivity (0 op) is determined by
[44]:

Oop = — (6)

Optical microscopy

The distribution of GO nanoparticles within the
PVA medium and the self-healing ability were
examined using optical microscopy (OM) is showed
Figure 7. All samples were measured at 40 X
magnification. Figure 7(A) represents pure PVA
without any graphene oxide additions. The surface
appears largely homogeneous and almost uniform in
color (closer to green in the image shown due to the
lighting/lensing used) [45]. The absence of GO
nanoparticles means that the surface structure is free of
the agglomerations or dark spots characteristic of
graphene. Figure 7(B) represents this sample with the
highest percentage of nano-graphene oxide (0.1%)
[46]. We notice more pronounced agglomerations or
grains compared to the other samples, due to the higher
graphene oxide concentration. The overall color tends
toward yellow/dark green, which may be related to the
accumulation of GO layers in certain areas. Typically,
the higher the GO percentage, the greater the potential
for nano-aggregates to form, which appear as spots or

dark areas under the microscope. Figure 7(C) has a
medium graphene oxide concentration (0.05%). We
notice a less clumped distribution than at the 0.1%
concentration, but there are still some scattered spots
throughout the sample. The overall color tends toward
yellowish green, perhaps less dark than the 0.1%
sample because of the lower amount of GO. Overall,
the surface texture will appear more homogeneous than
the previous sample, but there are still visible signs of
GO [47]. Figure 7(D) at this lower concentration
(0.025%) typically shows fewer nanoclumps, or appear
as scattered dark spots. The overall color becomes
lighter, leaning more toward light or pale green, due to
the lower amount of GO [48]. The film surface appears
smoother and more homogeneous, with fewer dark
spots compared to samples at higher concentrations.
Figure 7(E) shows the lowest percentage of graphene
oxide (0.012%). We observe a high degree of
homogeneity in the sample, with very few dark
agglomerates or spots. The color tends to be light green
or even translucent, reflecting the small amount of GO
distributed within the PVA Some fine dark dots may
appear, but these are much fewer compared to higher
concentration. Thus, we conclude that the higher the
percentage of nano-graphene oxide added to the PVA,
the more dark aggregates appear under the microscope,
and the darker or yellower/greener the color [48]. At
very low GO concentrations, the sample tends to be
more homogeneous in shape and color, with very
limited agglomeration. At low content, the NPs are
propagated in the polymer matrix as a clusters form.
With rising NPs content, the NPs shaped a network of
pathways within the medium of polymer material [49-
55].
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Figure 7 Optical microscopy for (PVA-GO) films: (A) pure, (B) 0.012%, (C) 0.025%, (D) 0.05%, and (E) 0.1%.

Figure 8 represents a 3D AFM (Atomic Force
Microscopy) analysis of the sample surface, clearly
showing changes in surface roughness before and after
self-healing [56].

Figure 8(A) (roughest and highest) shows sharp,
heterogeneous peaks and prominent clusters,
representing the condition after damage or scratching
has occurred in the material. The high roughness
indicates tears or separations in the polymer network.
The GO or PVA network has not yet been able to heal
[56]. Figure 8(B) (less rough surface) shows the peaks
decreasing, and the surface distribution is more

uniform. This represents the initial self-healing stage,

where the material begins to “fill the gaps” caused by
damage by rearranging the hydrogen bonds between
the GO and PVA. Self-catalyzation by moisture or heat
activates the chain movements in the polymer [57].

Figure 8(C) (nearly flat surface) shows a very
uniform surface distribution, with low, diffuse peaks.
This represents the final condition after self-healing.
The surface has been restored to almost its original
state. This indicates that the GO (0.05%) ratio was
ideal for efficient reaction and the polymer network
was reconfigurable and gaps were closed without
significant external interference. This process took half
a minute at 25 °C [58].
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Figure 8 3D AFM (Atomic Force Microscopy) analysis of the sample surface showing changes in surface roughness
before (A) and after self-healing (B), and (C) half a minute at 25 °C.

Figure 9 shows the optical microscope
measurement. Figure 9(A) shows a polymer sample
after it has been intentionally scratched or cut and
subsequently undergoes self-healing. Dark and light
areas can be seen in clear contrast, with the brightest
areas (yellow/orange) representing arcas where the
polymer structure has been cut, while darker areas may
indicate areas not affected [59].

Figure 9(B) the polymer begins to fill the void or
crack created by the scratch. The golden/yellow color
may indicate areas partially healed by the self-healing
mechanism. The surface morphology shows uneven
distribution of the restorative material; some areas
appear relatively homogeneous, while others appear
lumpy or uneven in thickness, which may reflect

different stages of the self-healing process or its

incompleteness. Figure 9(C) demonstrates the success
of the self-healing process, with the scratch edges
merging and a large portion of the boundaries between
the crack areas disappearing. The brighter colored
areas often indicate the occurrence of re-cohesion or
re-formation of the chemical bonds (covalent/non-
covalent bonds) responsible for the repair process. The
concentration of the nanomaterial (graphene oxide)
played a role in the repair mechanism, as its
distribution and homogeneity affect the repair
efficiency. Therefore, these images demonstrate the
relative success of the self-healing mechanism of the
polymer sample; the contrasting color and the
disappearance of parts of the scratch indicate the
initiation or completion of the repair process in a

relatively record time [59,60].

Figure 9 Optical microscope measurement for (A) scratch area, (B) partial healing, and (C) complete healing.
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UV-visible radiation measurement

Figure 10 shows the UV-Vis absorption
spectrum of a polyvinyl alcohol (PVA) sample
incorporated with different ratios of nano-graphene
oxide (GO). The spectrum ranges from 220 to 1020
nm. High absorption at lower wavelengths (220 - 300
nm). All samples exhibit high absorption in this region,
which is common due to the presence of m - ©* bonds
in GO, especially in unsaturated C=C bonds. The
higher the GO ratio (from 0.012 to 0.1) [58]. The
higher absorption across the entire spectrum. This
indicates that GO contributes significantly to the
improvement of light absorption due to the presence of
oxidized functional groups and the large surface area of

graphene and rising the charges carriers numbers inside

1.5

Absorbance(a.u)

0.5

I S T T Y Y A A Y

210 310 410

nanocomposites. The sample containing 0.1% GO
exhibits the highest absorption, meaning that graphene
has a strong light absorption effect, especially in the
UV range. The pure PVA sample exhibits the lowest
absorption, indicating that PVA does not contain many
UV- and V-absorbing groups and therefore
incorporates GO within PVA significantly improves
absorption [60-66]. The spectrum indicates that there is
good interaction and integration between GO and PVA.
The regular and gradient spectrum with increasing GO
concentration indicates a homogeneous distribution of
GO within the polymer matrix, which means that the
properties of the artificial leather (such as mechanical
or sensory) will be uniform across the surface [58].

510 610 710 810

Wavelength(nm)

Figure 10 Variation of absorption spectrum for PVA-GO films with wavelength.

Figure 11 illustrates the effect of graphene oxide
(GO) addition on the light transmittance of a given
material in the spectrum from 220 to 1100 nm. The
results show that increasing the GO concentration
results in a decrease in transmittance, especially at
short wavelengths, due to the high light absorption
capacity of NPs related to increase of charges carriers

[59,67-70]. Controlling optical transmittance is
important in the process of preparing artificial skin.
GO also contributes to mimicking the function of
natural skin in protecting against harmful rays, making
it a useful component in the development of smart
artificial skin [56].
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Figure 11 Effect of adding nano-graphene oxide on transmittance for PVA.

Figure 13 shows the behavior of extinction
coefficient (k) for PVA-GO films with wavelength.
The increasing of graphene oxide concentration leads
to increase in the (k) values due to enhance the
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3.E-04 ]
3
3E-04 ]
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5.E-05 ]

0.E+00 |
210 310 410

absorption [71,72]. This is useful for radiation
shielding or photoreactive applications and can be
exploited to tune the performance of the artificial skin
as needed [73].

—+—Pure

—a—C=0.012

510 610 710 810

Wavelength(nm)

Figure 13 Behavior of extinction coefficient (k) for PVA-GO films with wavelength.

Figure 14 represents the variation of real
dielectric constant for PVA-GO films with photon
wavelength. It is observed that & increases
significantly with increasing GO concentration, with
the sample with a 0.1% GO concentration showing the
highest absorption value compared to the pure sample,
and rising the density of film [74,77]. This behavior

indicates that the incorporation of NPs into the polymer
matrix significantly enhances the material’s absorbance
in the ultraviolet and visible regions. This is attributed
to the electronic structure of graphene oxide and its
high ability to absorb light due to its presence of
oxidized functional groups and localized energy states

[78,79]. A gradient in values is also observed with
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increasing GO concentration, supporting the hypothesis
that the optical properties of the material can be

controlled by adjusting the GO ratios, which is

€4

promising for artificial skin and flexible electronics
applications that require tunable optical response.

410

510 610

Wavelength(nm)

Figure 14 Variation of real dielectric constant for PVA-GO films with photon wavelength.

Figure 15 represents the imaginary dielectric
constant behavior versus wavelength for PVA-GO
films. The pure sample shows a significant decrease in
& with increasing wavelength, indicating weak optical

absorption. By adding GO, the & value increases and
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4 —+—Pure
: —a—C=0.012
] ——C=0.025
2.E-03 |
1.E-03 |
o™ |
w ]
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becomes more stable. The increase in € upon adding
GO means improved optical absorption [80,81], which
is useful in artificial leather to mimic the optical and
thermal properties of natural skin, such as UV

protection and sensitive response to light and heat.

510 610 710 810

Wavelength(nm)

Figure 15 Imaginary dielectric constant behavior versus wavelength for PVA-GO films.
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Figure 16 shows the energy gap values for PVA-
GO films. The energy gap of PVA reduces with rising
of GO NPs. This shift means that the indirect energy
gap (Eg) decreases—from about 4.4 eV in the pure
hydrogel to about 2.4 eV at 0.10 wt% GO loading—
due to the GO layers introducing new electronic states
into the PVA band [82,83]. This decrease allows the

hydrogel to absorb a wider spectrum of visible and

32

28

24

20

16

12

(ahu)'?(cm1.eV)'?2

infrared light, generating a photothermal effect that can
be exploited to activate self-healing. It also enhances
the conductivity necessary for sensing pressure or
temperature. In this way, it becomes possible to fine-
tune the properties of artificial skin—photoprotection,
electrosensitivity, and thermal activation—simply by
adjusting the GO content in the hydrogel [84].

-
N
w

Eon(eV)

Figure 16 The indirect energy gap for (PVA-GO) nanostructures.

Conclusions

In the present work, fabrication of PVA-GO
bionanocomposites films was investigated. The
structural, morphological, and optical properties of
PVA-GO bionanocomposites films were studied.
Results established that the PVA absorbance was
augment at UV/spectra when rising the GO NPs
content make of 0.1 wt.%, these performances make
the PVA-GO films are considerable and promising for
nanoelectronics and biomedical applications. The
indirect allowed energy gap reduced from 4.4 to 2.4 eV
with growing content of GO NPs to 0.1 wt.%. The
optical factors of PVA were improved with growing
GO NPs content. Finally, the attained results showed
the PVA-GO bionanocomposites films are promising

nanostructures for biomedical and nanoelectronics

applications.
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