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The PVA polymers doped with coarse-grained graphene nanosheets (CGNS) with 

different concentrations (3, 6, and 9 wt.%) were prepared by the pulsed laser ablation 

technique. The Fourier-transform infrared (FTIR) spectroscopy, optical microscopy, x-

ray diffraction (XRD), and UV-visible spectrophotometry were used to study the 

structural and optical characteristics of the prepared PVA-CGNS nanocomposites. 

When the concentration of CGNS is increased, the absorbance, index of refraction, and 

imaginary and real dielectric constants increased while the transmittance and energy 

band gap decreased. The allowed indirect energy gap decreased from 4.54 to 4.257 eV 

and the forbidden indirect energy gap decreased from 3.79 to 2.89 eV. The results are 

encouraging to use this nanocomposite for radiation shielding, spectroscopic devices, 

and other applications. 
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1. Introduction  

Nanotechnology research & development is now 

prioritized as one of the most active topics in almost 

all technological fields [1,2]. Polymer 

nanocomposites need to get more attention since they 

are more effective. This explains how the nanofillers 

affect the mechanical, structural, and other properties. 

However, the nanofillers are lighter and require fewer 

reinforcements than other matrix components [3]. As 

a result, several research have centered on designing 

and simulating various components to improve the 

mechanical properties of various nanocomposite 

materials [4,5]. Abdullah et al. [6] used a simple 

solution approach was used to create a 

PVA/Graphene nanocomposite. As the amount of 

graphene in the sample increased, the transparency of 

the nanocomposite samples decreased. Pei et al. [7] 

improved the mechanical and physical properties to 

get over the drawbacks of existing modification 

techniques utilizing polymer and nanomaterials, 

graphene and polyvinyl alcohol (PVA) were mixed in 

a single process to modify a composite cementitious 

material. Li et al. [8] used a proprietary continuous 

needle-free a dynamic linear electro-spinning method 

for manufacturing large-scale nanostructures 

composed of carbon-nanotubes (CNT), graphene 

(Gr), polyvinyl alcohol (PVA), and sodium alginate 

(SA) produced nanofiber membranes. Cobos et al. [9] 

used ascorbic acid (L-AA) to in-situ reduce graphene 

oxide (GO) dispersed in a PVA solution to obtain a 

polymer filled with uniformly dispersed graphene 

(GS) sheets. The fabrication of (vinyl alcohol) 

(PVA)-based nanocomposite films is described as an 

environmentally friendly reducing agent. They 

argued the moisture barrier is improved by GS and 

nanocomposite films' resilience to water via 

decreasing PVA's water absorption and water vapor 

permeability [10]. The PVA polymer was selected for 

this study due to a number of factors, including its 

safety and chemical inertness. Various image and 

non-imaging microelectronics and sensors can be 

used with it, according to previous statements [11]. 

PVA is frequently combined with other polymer 

substances, including bio-polymers and other 

hydrophilic polymers. Improvements are made to the 

chemical, structural, and physical properties of the 

polymeric matrix by the inclusion of an inorganic 

material [12].  Carbon hexagons are arranged in a 

single layer to form graphene, which also contains 

electron clouds and C-C bonds that have undergone 

sp2 hybridization. Because of their intriguing 

structure, unique physical characteristics, and 

potential future uses in technical fields, thin flakes 

consisting of several layers of carbon atoms, such as 

single-layer graphene, can be extremely important in 

engineering [13]. Kadhm and Abbas [14] have 

prepared pure zinc and coordinated copper 

nanomembranes and coatings on NiO with different 

concentrations (1, 3, 5%) at a temperature of 298 K, 

and their combination at 5% were formed on a glass 

substrate by a sol-gel process. Optical properties of 

Zn doped NiO, Cu, and nano NiO were investigated 

over the wavelength range of 300-800 nm, with 

increased transmittance value of 94% in visible-NIR 

region [15]. The production of poly(vinylalcohol) 

(PVA) with different RGO loading ratios (1, 1.5, 2 

wt.%) was described. The nanocomposites were 

prepared using a solution mixing process and an 

evaporative casting approach. The impact of 

frequency in the 100 Hz to 1.5 MHz range on 

temperature-dependent dielectric characteristics was 

the main subject of this investigation. 

The goal of this work is to use pulsed laser 

ablation technique to prepare thin film PVA-CGNS 

nanocomposites with varied concentrations of 

(CGNS) nanosheets. The produced nanocomposites 

are next characterized and studied in terms of 

structural and optical characteristics. 
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2. Material and Methods  

The graphite powder of 5g and purity of 99.98% 

supplied by Interchimiques SA from France was 

sued. After using ethanol to clean it, a hydraulic 

piston was used to compress the cylinder at a pressure 

of 20 MPa, 2 cm wide, 2 mm thick, and then 

strengthened by annealing at temperature of 450°C 

for 4 hours. A graphite plate was cleaned with fresh 

paper, then rinsed with ethanol and distilled water to 

eliminate the debasements. A 0.5g of PVA (density 

of 1.18 g/cm3, glass temperature of 75°C, and 

molecular weight of 18000 g/mol) has been heated to 

50°C using a magnetic stirrer in 30 ml of distilled 

water for 30 minutes. The produced graphite plate 

was inserted into a glass jar with 5 ml of PVA solution 

buried 2 mm below the liquid surface on a bracket. 

Then, a Q-switched Nd:YAG laser with pulse 

duration of 10 ns, repetition rate of 6 Hz, and peak 

energy of 80 mJ at wavelength of 1064 nm was sued. 

The number of pulses was 300. The optical properties 

of the colloid were determined using a Shimadzu 

1800 UV-Visible-NIR spectrophotometer in the 

spectral range of 200-1100nm. Scanning electron 

microscopy (SEM) and Fourier-transform infrared 

(FTIR) spectroscopy were used to introduce the 

morphology and structural characteristics of the 

prepared samples. The samples were prepared as thin 

films on a silicon wafer using the spin coating process 

for 20 s at a speed of 500 rpm. 

 

3. Results and Discussion  

The results and discussion of the structural and 

optical measurements for PVA-CGNS 

nanocomposites are presented herein. The effect of 

varying concentration of additive nanoparticles 

(CGNS) was studied by the optical microscopy. 

Figure (1) shows optical microscope images 

(40X magnification) of PVA and PVA-CGNS 

nanocomposites with varying CGNS concentrations. 

These images demonstrated the excellent 

homogeneity of the matrix and good dispersion of 

graphene into the PVA polymer. They revealed that 

the PVA-CGNS nanocomposites were successfully 

synthesized utilizing this approach. In compared to 

polymer (PVA) films, PVA-CGNS nanocomposites 

films showed a significant alteration when the CGNS 

concentrations was increased. 

The optical properties of PVA-CGNS 

nanocomposites can be studied to identify the impact 

of adding CGNS nanoparticles on the optical 

properties of PVA polymer. The types of electronic 

transitions are also described in this section, along 

with methods for calculating energy gaps, absorption 

coefficients, extinction coefficients, and other optical 

constants. 

The absorption spectra of a nanocomposite (PVA-

CGNS) are shown in Fig. (2) as a function of the 

wavelength of incident light. These spectra 

demonstrate that the absorbance of all films is 

maximum around the fundamental absorption edge 

(310nm), then decreases in the visible and NIR 

regions. The absorption of the film is typically 

decreasing with increasing wavelength. This 

phenomenon can be explained as follows. The photon 

will transmit when incident photons lack the energy 

to interact with atoms at long wavelengths. As the 

wavelength is decreased and the absorbance 

increases, the incident photons will interact with the 

material [16,17]. 
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Fig. (1) Microscope images (40X) for PVA polymer and PVA-

CGNS nanocomposites: (A) for PVA, (B) for 3wt.% CGNS, (C) 

for 6wt.% CGNS, (D) for 9wt.% CGNS 

 

 
 

Fig. (2) Absorption spectra of PVA polymer and PVA-CGNS 

nanocomposite as a function of wavelength 

 

The transmission spectra of the PVA polymer and 

PVA-CGNS nanocomposites are shown in Fig. (3). 

These spectra depict the total sample transmittance at 

about 240 nm, the increase becomes approximately 

constant, and beyond 260 nm, the increase becomes 

almost constant. The results clearly show that the 

CGNS cause to decrease the transmittance. The 

CGNS contribution ratio in the matrix was increased 

to improve this behavior, where the increase in 

nanomaterial amount (concentration) might increase 

light absorption and decrease transmission for the 

same reason. At 600nm, the results showed a 9%, 

17%, and 21% decrease in transmittance with 

increasing the CGNS ratio to 3, 6, and 9%, 

respectively. 

In order to determine the energy gap (Eg) of the 

prepared samples, Tauc’s relation is used as [18]: 

𝛼ℎ𝜈 = 𝐵[ℎ𝜈 − 𝐸𝑔]
𝑟
   (1) 

Here α is the absorption coefficient determined from 

the absorbance, B is a constant, hv is the photon 

energy, r=2 for allowed indirect transitions and r=3 

for forbidden indirect transitions 

Figure (4) depicts the absorption coefficients of 

PVA polymer and PVA-CGNS nanocomposite films 

as a function of photon energy. The behavior of 

absorption coefficient indicated a constant increase 

with increasing photon energy up to 4.7eV. This 

might be related to the electron's lower transition, 

where the input photon energy was insufficient to 

transfer an electron from the valence band to the 

conduction band. In contrast, the coefficient of 

absorption beyond 4.7eV shows a sharp increase in 

all sample because of the strong transitions of 

electrons to the conduction band. The results revealed 

that increasing the concentration of CGNS in the 

nanocomposites up to 3, 6, and 9% improved the 

absorption coefficient at 4.5eV by about 106, 205, 

and 445%, respectively. 

 

 
 

Fig. (3) Transmission spectra of PVA polymer and PVA-CGNS 

nanocomposite as a function of wavelength 

 

 
 

Fig. (4) Variation of absorption coefficient (α) for PVA blend 

and PVA-CGNS nanocomposite with photon energy 

 

The following equation was used to determine the 

index of refraction (n) for PVA and PVA-CGNS 

blends: 

𝑛 = [1 + 𝑅
1

2] [1 − 𝑅
1

2]    (2) 

Figure (5) shows the relationship between the 

absorption edge (αhv)1/2 with photon energy (Eph) for 

allowed indirect transition as the linear part of the 

curve is extrapolated to intersect the x-axis to 

determine the value of optical energy gap as 

(αhv)1/2=0. 

Figure (6) shows the relationship between the 

absorption edge (αhv)1/3 and photon energy for PVA-
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CGNS nanocomposites. The optical energy gap 

clearly decreases as the weight percentage of 

polydopamine nanoparticles is increased. This is due 

to the formation of inter-band levels within the optical 

energy gap [19]. Hence, the transition occurs in two 

phases in this situation, as a result of increasing the 

weight percentage of CGNS nanoparticles, the 

conduction band receives electrons that have moved 

from the local levels of the valence band. 

 

 
 

Fig. (5) Variation of (αhυ)1/2 with photon energy for PVA blend 

and PVA-CGNS nanocomposites 

 

 
 

Fig. (6) Variation of (αhυ)1/3 with photon energy for PVA blend 

and PVA-CGNS nanocomposites 

 

The two parts (real ε1 and imaginary ε2) of the 

dielectric constant (ε) are calculated using the 

following equations: 

𝜀1 = (𝑛2 − 𝑘2)    (3) 

𝜀2 = 2𝑛𝑘    (4) 

Figure (7) depicts the extinction coefficient (K) of 

the PVA and PVA-CGNS nanocomposite films as a 

function of wavelength. The extinction coefficient of 

nanocomposites was higher in the UV region. This 

characteristic was caused by high absorbance of all 

nanocomposites. The same behavior is observed in 

the visible-NIR regions. These findings showed that 

the addition of CGNS nanosheets significantly 

improved the behavior of the nanocomposites, 

especially at higher ratios of the CGNS employed in 

this study, which showed an overall improvement in 

the outcomes when compared to other 

nanocomposites [20] as well as with increasing 

wavelength, as clearly shown in Fig. (7). The results 

indicated that increasing the weight percentage of 

graphene oxide in the nanocomposites by 3, 6, and 

9% led to considerable improvements in extinction 

coefficients of up to 49%, 317%, and 715% at 600nm. 

 

 
 

Fig. (7) Extinction coefficient as a function of wavelength for 

PMMA-PVA blend and PMMA-PVA/PDA nanocomposites 

 

The variation of index of refraction with 

wavelength for PVA and PVA-CGNS 

nanocomposites are depicted in Fig. (8). The index of 

refraction of nanocomposites increased as a result of 

the addition of GO nanosheets. This behavior may be 

explained by making nanocomposites denser. The 

results revealed that adding GO to the nanocomposite 

at concentrations of 3, 6, and 9% led to substantial 

improvements in the index of refraction up to 22%, 

36%, and 49% at 600nm. 

 

 
 

Fig. (8) Variation of the index of refraction with the wavelength 

for PVA blend and PVA-CGNS nanocomposites 

 

The imaginary and real parts of the dielectric 

constant of PVA and PVA-CGNS nanocomposite 

films vary with wavelength, as seen in figures (9) and 

(10). These data demonstrate that the real and 

imaginary dielectric constants were enhanced as the 

concentration of CGNS nanosheets was increased. 

This occurs as a result of the increase in electrical 

polarization of the nanocomposites. The findings 

indicated that increasing the concentrations of CGNS 

by 3%, 6%, and 9% in the nanocomposite at 600nm 

will increase the values of real and imaginary 
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dielectric constants for by 23%, 69%, 203% and 51%, 

89%, 119%, respectively. 

 

 
 

Fig. (9) Variation of real part of dielectric constant for PVA 

blend and PVA-CGNS nanocomposites with wavelength 

 

 
 

Fig. (10) Variation of the imaginary component of the dielectric 

constant for PVA blend and PVA-CGNS nanocomposites with 

wavelength 

 

4. Conclusion 

The PVA-CGNS nanocomposite was prepared by 

pulsed laser ablation technique with different 

concentrations of CGNS nanosheets (3, 6 and 9 

wt.%). The absorption of UV light was increased with 

increasing the concentration of GGNS nanosheets in 

the nanocomposite, which makes these films suitable 

for several applications, for instance as low-cost UV 

protection, solar radiation shields, industry of 

sunglasses to protect the human eye, and as packaging 

for energy storage. Fundamental absorption edge and 

optical band gap for both allowed and forbidden 

indirect transition showed decrease with increasing 

GGNS weight percentage. 
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