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Abstract 

Graphene-based polymer composites are gaining interest as a modish class of substance that holds promising angles on diverse applications. In this work, Graphene Oxide (GO) And NiO based Polyvinyl Alcohol (PVA) nanocomposites (PVA-GO-NiO) have been prepared by employing a facile solution casting method. Low concentrations of GO nanofiller (1 %, 3%, 5%, and 7%) were used and the result of the use of them over the distinct substantial characteristics of the nanocomposites was evaluated. The different features of the as-synthesized nanocomposites such as electrical, structural, chemical, and thermal properties were identified by UV-vis spectroscopy, Fourier transform infrared spectra (FTIR), and Photoluminescence spectroscopy respectively. FTIR study shows improved interaction between the GO nanofiller and PVA matrix. The incorporation of GO and NiO was found to reduce the energy band gap of the synthesized composites. The band gap of the PVA-GO-NiO composites decreases with the increasing of metal oxide which is useful for supercapacitance performance.
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[bookmark: _Toc142562744][bookmark: _Toc160707373]Background of the research 
Polymer composites are now widely available due to their efficient production and application, especially with the rapid development of nanotechnology.  Polymers and polymer composites are attractive scientific fields because of their capacity to produce unique features such as optical, optoelectronic, and high dielectric constants for applications such as sensors, supercapacitors, and photocatalysts[1–5]. They are showed extremely vulnerable to chemical or electrochemical oxidation or reduction because of their extensive conjugative  system. The electrical and optical properties of such polymers could be accurately changed by carefully managing the oxidation and reduction process, which is frequently reversible in nature. Switching from a highly insulating state through semiconducting to a highly conducting state with improved thermal stability allows for systematic control of the characteristics. Conducting polymers can therefore be thought of as macromolecules since they have a fully conjugated sequence of bonds and a backbone that can be charged positively or negatively through oxidation or reduction[6–9].Among polymers, Polyvinyl alcohol (PVA) has received a lot of curiosity from researchers because of its good film-forming qualities, nontoxicity, biodegradability, outstanding mechanical properties, eco-friendliness, and optical Transparency [10–12]. Its surface has many hydroxyl groups, allowing it to generate strong intramolecular and intermolecular hydrogen bonds, giving it exceptional tensile strength and excellent acid and alkali corrosion resistance [13–15]. In general, by using the solvent casting process, PVA film with interesting functions can be synthesized (12). By this synthesis technique, researchers are introducing various dopant [12]materials to prepare composites with PVA and modulate the properties, such as morphology, optical property, thermal stability, photocatalytic activity and so on. The usage of metal oxides, such as In2O3, CuO, MgO, and other metal-based compounds, such as CaF2, has also been discovered to impact the physicochemical, morphological, optical, thermal, and sensing properties of PVA ([6,16,17].  As a result, the addition of metal oxides can significantly alter the properties of PVA for application purposes. In this context, we have proposed that the incorporation of metal oxides (for example, GO and NiO) onto PVA may be an appropriate option for application as a supercapacitor.  The incorporation of GO and NiO nanoparticles in the PVA matrix enhances its electrochemical performance. GO provides a large surface area and high electrical conductivity, enabling efficient charge storage, while NiO nanoparticles contribute to increased capacitance [18].
[bookmark: _Toc142562745][bookmark: _Toc160707374]PVA (Polyvinyl alcohol): 
PVA is water soluble synthetic polymer known for its excellent film forming and adhesive properties. It is a biodegradable polymer; we advocate using graphene oxide to enhance the mechanical and functional properties of PVA. Carbon-based nanomaterials such as carbon nanotubes and graphene possess excellent electrical and thermal conductivity, are light weight, have an outstanding surface area, and have superb mechanical properties.



Figure 1:  Chemical structure of PVA.
[bookmark: _Toc160707375]Reasons for selecting polyvinyl alcohol (PVA) as a prime matrix.

The good binding capacity   PVA to GO and large surface area acquired using GO as filler in PVA matrix. There are reports showing the necessity of nanostructured electrode materials on account of their ability to provide high charge/discharge rates [37]. Comparison shows that use of bonders and additives reduces the energy density of bulk material-based electrodes [38, 39]. Structure, morphology, specific surface area, and electrical conductivity of electrode material strongly influence the performance of super capacitors [7, 40]. So, electrochemical properties may vary according to the morphological modifications. Nanofibrous morphology acquired via electrospinning method is known to be the best among all nanostructures because of its high porosity, large surface area, and better electron mobility [41]. 
1. PVA films are mechanically robust, which makes them suitable for use as a solid electrolyte or separator in supercapacitors, providing structural stability to the device.
2.PVA can be easily cast into thin films, making it suitable for use as a binder or matrix material for electrode fabrication.
3.PVA exhibits high water absorption capacity, which can facilitate the transport of ions in the electrolyte, leading to improved charge storage capacity.
[bookmark: _Toc142562746][bookmark: _Toc160707376]Graphene oxide:
GO is one of the most suitable nanoparticles to enhance the hydrophilicity of the membrane. Deposition of GO film on any substrate can be possible and then it can modify into conductor. Because of the high surface area of GO, it can be a potential candidate as electrodes in supercapacitors, battery, capacitors, and solar cells. Owing to the oxygen functionalities, GO can simply disperse in any organic solvent, water, and different matrixes because of its hydrophilic nature. Graphene oxide itself has a relatively large band gap compared to pristine graphene due to the presence of oxygen functional groups. When composite materials are formed by combining GO with other substances like PVA and NiO, the interactions between the components can lead to changes in the electronic structure and properties of the composites. 
	







Figure 2:  Chemical Structure of graphene Oxide (GO)








[bookmark: _Toc142562747][bookmark: _Toc160707377]Nickel Oxide:

In recent times, nickel oxide (NiO) has risen to prominence as a highly promising transition-metal oxide (TMO) due to its favorable attributes such as cost-effectiveness, widespread availability, and clearly defined electrochemical characteristics. Its applications span diverse fields including electrochemical capacitors, batteries, catalysis, and electrochromic films. Notably, a compelling avenue of exploration has emerged wherein NiO is combined with graphene or its derivatives, resulting in innovative composites that exhibit synergistic effects and exceptional electrochemical capabilities.
Chemical structure of Nickel Oxide  
[image: Crystal structure of the NiO thin film. | Download Scientific Diagram]




	

Figure 3: Chemical structure of Nickel Oxide

	

[bookmark: _Toc142562748][bookmark: _Toc160707378]Supercapacitor
Supercapacitors, which are considered energy storage devices, demonstrate exceptional features such as extremely high capacitance, significant power density, and extended cycling capabilities. To meet the requirements of supercapacitor materials, it is essential to possess characteristics such as a large specific surface area, mechanical and chemical stability, and cost-effectiveness  [18,19]. To achieve these properties, the integration of polymers with metal oxides is commonly employed, leading to enhanced or novel characteristics for application in supercapacitors. Supercapacitors often have higher energy densities and can hold hundreds or thousands of times more charge than traditional dielectric capacitors. The energy density of these devices is often lower than that of batteries and fuel cells. 
[bookmark: _Toc142562749][bookmark: _Toc160707379]Literature review:
Nanocomposites and composite films can be created in a variety of methods. To prepare composite films/polymer composites, various methods have been used. Traditionally, monomer polymerization and inorganic nanoparticle synthesis were done independently, and then the polymer and inorganic nanoparticles were physically mixed to make composites. Metal oxide nanoparticles and their composites have received a great deal of attention in recent decades due to their practical uses in electrochemistry, photonics, catalysis, cancer therapy, photocatalysis, and medicinal applications.
MM R. Khan et al. [20] synthesized and characterized PVA-ZnO-Al2O3 composites films. These synthesized films were prepared by the addition of different amounts of ZnO and Al2O3, by solvent casting method. Thermogravimetric analysis (TGA) data showed the thermal stability of PVA-ZnO- Al2O3, could be greatly improved by the incorporation of ZnO and ALOs into the system. The glass transition temperature (Tg) was increased for the composite samples using ZnO and Al2O3.Differential scanning calorimetry (DSC) measurements revealed that the melting temperature (Tm) of PVA-ZnO-Al2O3, composite films are significantly higher than PVA. The synthesized films showed better photocatalytic degradation ability over PVA.
A. Lagashetty et al. [56] developed a route to synthesized metal oxides dispersed polyvinyl alcohol nanocomposites (PVA-FeO, PVA-NIO, PVA-ZnO, PVA-CuO) by solvent casting method. Increase in crystallinity of amorphous polyvinyl alcohol and decrease in crystallinity of inserted metal oxides was confirmed by X-ray diffraction (XRD) Formation of composites was confirmed by the change in morphology of nano composites compared to inserted metal oxide nanoparticles by scanning electron micrograph (SEM).
Kajal Kumar Dey et al.[21]prepared PVA nanocomposites comprising of nanoparticles of CuO and their various physicochemical properties were evaluated. CaU with its impressive array of mechanical, optical, dielectric, and hydrophilic properties as well as environmental friendliness is expected to augment the properties of the PVA matrix. The strong interaction between the polymer matrix and the nano fillers was confirmed via XRD and FT-IR investigations.

S Gandhi et al.[22]synthesized and characterized nano sized NiO and its surface catalytic effect on poly (vinyl alcohol). The NiO nanoparticle was synthesized by ultrasound assisted one pot method. And then it was mixed with poly (vinyl alcohol) to form the composite. The influence of the composition on structural modification of the composite was evaluated. The particle size and morphology of NiO nanoparticle was confirmed by HRTEM. The synthesized PVA-nanocomposite underwent hydrolytic oxidation reaction assisted by the effect of nanosized NiO particles. The nanosized NiO particle altered the structure of PVA in an aqueous medium by the thermolytic and hydrolytic oxidation reactions and in such a way the NiO nano particles exhibited their surface catalytic effect on PVA backbone.
R. Anbarasan et al.R[23] synthesized structurally modified polyvinyl alcohol with two different types of chemicals under nitrogen atmosphere in the presence of Sb2O3, as a catalyst at 80 C in an aqueous medium. An FT-IR and NMR spectrum confirmed the structural modification of PVA. DSC and TGA counseled the thermal properties of structurally modified PVA.
Shadpour Mallakpour et al.[24] studied the production of polyvinyl alcohol/Al2O3: nanocomposites of various compositions through ultrasound-assisted technique. The nanocomposites were prepared by mixing a colloidal solution consisting of Al2O3 nanoparticle with a water solution of polyvinyl alcohol and the hybrids firms with different contents of inorganic phase were obtained after solvent evaporation.
Parastoo Ahmadpoor et al.  [25]studied the effect of PVA nanofibers diameter and nanosized TiO2 on optical properties as reflectivity of light and color of a nanostructure assembly consisting polyvinyl alcohol and titanium dioxide (PVA/TiO2) composite nano fibers prepared by electron spinning technique: The PVA/ TiO2 composite spinning solution was prepared by incorporation of TiO2 as inorganic optical filler in PVA solution as an organic substrate using ultra-sonication method. The morphological and optical properties of collected composites nano fibers were highlighted using scanning electron morphology (SEM) and reflective spectrophotometer (RS). The reflectance spectra indicated the less reflectance and lightness of composite with higher nanofiber diameter.
Tae Hwan oh et al [26] showed that PVA /Zirconium oxide (ZrO2) composite nanofibers with a skin- core structure were prepared and the effect of ZrO2 particle content on uniform web formation was investigated. PVA/ZrO2, skin-core nanofibers with higher content of ZrO2: can be used for medical use such as embolization coil, which should be detected in vivo experiment.
Sarabjit Singh et al. [27]showed that electro spun ZrO2; fibers have been prepared by heat treating the composite fibers of PVA and zirconium-n-prop oxide precursors, Acetic acid and nitric acid stabilized sol of Zr-n-prop oxide was used to make electro spun fibers of PVA/Zr-n-prop oxide. Good quality bead free composite fibers with cylindrical nature were obtained for large range of electrospinning process parameters. Composite fibers prepared from acetic acid stabilized electro spun solution show non- beaded behavior and process diameter in the range of 130-440 nm. Fibers have been characterized by XRD, SEM and AFM measurements. Tetragonal to monoclinic phase transformation takes place during the heat treatment of composite fibers up to 1050 1C without morphology degradation.
Peri-Jung Lee et al.[28] introduced a PVA based material where PVA was added to a zirconium oxynitrate solution to form a polymer complex solution and then coated on stainless-steel substrates and heat treated to produce a thin film. The film was synthesized to improve the physicochemical properties and biocompatibility of stainless steel which was used in medical applications and characterized by various surface analysis techniques, electrochemical corrosion experiments, and biocompatibility assays, Increased PVA contents yielded higher film thickness, which were correlated with the resulting solution viscosities. The PVA- ZrO2: based composite coatings on stainless steel substrate resulted in enhanced corrosion protection and displayed excellent adhesion and hydrophilicity in addition, the PVA/ZrO2 based composite coatings improved the biocompatibility of the stainless- steel substrates compared with the coating without PVA.
Tapas Kumar Kundu et al.[29]reported sol-gel synthesis of ZnO nanoparticles in support of PVA molecules. PVA molecules offer plenty of active OH and a metal ion-polymer complex is formed via a kind of ligand reaction:
PA Sreekumar et al.[30]reported the result of the studies based on nano titanium dioxide (TiO2) on the morphology, thermal, and the mechanical properties of 1:1 starch/PVA composites. The degree of crystallinity of the starch/PVA blends increases with increase of the amount of nano TiO2: as determined by differential scanning calorimeter and X-ray diffraction techniques.



[bookmark: _Toc142562750][bookmark: _Toc160707380]Objectives of the research:

· To synthesize PVA-GO-NiO composites film via simple solvent casting method.
· To observe possible incorporation of GO and NiO into PVA.
· To observe the variation of thermal properties of prepared composites.
· To identify the morphological behavior of PVA-GO-NiO.
· To apply the composite   for supercapacitor application.













[bookmark: _Toc142562751][bookmark: _Toc160707381]Experimental:

[bookmark: _Toc142562752][bookmark: _Toc160707382]Reagents
The source of all chemicals will be used in this study are given in the following table:
	      Chemicals 
	  Source

	1. Polyvinyl alcohol (PVA)
2. Graphene oxide (GO)
3. Nickel Oxide (NiO)
	Merck, Germany 
Merck, Germany 
Merck, Germany  




[bookmark: _Toc142562753][bookmark: _Toc160707383]Apparatus and Instrument
Thermometer, Magnetic hot plate, Oven, Petri dishes, Volumetric flask, Beaker, Round bottom flasks, Measuring cylinder, Sonicator, FTIR spectrometer, UV-visible spectrometer, PL spectrometer.
[bookmark: _Toc142562754][bookmark: _Toc160707384]Methodology
[bookmark: _Toc142562755][bookmark: _Toc160707385]Synthesis techniques: 
To measure the effects of synthesis approaches on the yield will be obtained by varying synthesis methodology. Different batches of PVA-GO-NiO will be synthesized according to the procedure reported in the literature. Constant amount of PVA will be mixed with GO-NiO according to their weight percent (wt.%) GO-NiO content M (wt.%) will be calculated using the following equation.
                                       M(wt.%) =
Where ma and mb are weight of the dopant materials (GO-NiO) and the blend PVA respectively.



[bookmark: _Toc142562756][bookmark: _Toc160707386]Synthesis of PVA-GO-NiO composites 
The PVA-GO-NiO composite films synthesized from metal oxides nanoparticles and PVA. The polymer was dissolved in boiling water and its concentration was kept constant in all synthesis. Then an adequate amount of GO-NiO mixture was added to this PVA solution. This solution was stirred for about one hour at about 55° C. After this, the solution was sonicated for about 30 minutes at room temperature. Then the solution was stirred again for about five hours to evaporate the solvent. As a result, we get a stable PVA-GO-Ni solution. Then the solution was cast in a glass petri dish and dried at room temperature for 24 hours. The mixture was kept for gelation under 90% sealed condition to avoid the formation of pore samples by rapid evaporation of solvent. 
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Figure 4 Schematic representation of synthesis of composites film.

[bookmark: _Toc160707387]Result and Discussion 

The synthesized composites will be characterized by following techniques:
[bookmark: _Toc142562758][bookmark: _Toc160707388]Fourier Transfer Infrared (FTIR) Spectral Analysis

FTIR spectra provides information regarding the origins of the interaction between the GO, NiO and PVA matrix, and it also reveals the functional groups involved in the synthesis of the PVA-GO-NiO composite film throughout many synthesis batches. All the corresponding characteristics FTIR peaks of PVA films were given in Table 1. In the PVA spectrum, a broad and strong absorption is observed at 3000–3600 cm-1, peaking at 3437 cm-1 were observed. Such a peak corresponds to the symmetrical stretching frequency of O-H bonding, originating from the intermolecular and intramolecular hydrogen bonds in PVA. The peak found at 2950 cm-1 is assigned to the C–H stretching vibrations of CH2 skeleton. A weak absorption band at 1068cm-1 is assigned to stretching vibration of C-O bond and the bands at 1435 and 1320cm-1 appeared for the bending and wagging vibrations of CH2 groups respectively. 

[bookmark: _Ref160703388]Figure 5 : FTIR spectrum of PVA, GO, NiO and PVA-GO-NiO (7%)

The FTIR spectrum of GO in  Figure 6: FTIR spectra different percentage of PVA-GO-NiO, shows a broad peak appeared at 3444 cm-1 in the high frequency area attributed to the stretching mode of O-H bond, reveals the presence of hydroxyl groups in graphene oxide. The band observed at 1650 cm−1 was assigned to the carboxyl group. The peak at 1350 cm-1 arises from the C-OH group. The peak at 1225 cm-1 denotes C-O-C stretching and the peak at 1056 cm-1 corresponds to the vibrational mode of the C-O group. In this spectrum we also observed that NiO showed its characteristics peat at 650 and 513 cm-1 for the Ni-O bond frequency [31]. 


[bookmark: _Ref160703332][bookmark: _Ref160699710]Figure 6: FTIR spectra different percentage of PVA-GO-NiO


Similar characteristics peaks of PVA are also visible for all the PVA-GO-NiO composite samples; however, the frequency of the symmetrical stretching vibration of the −OH group shifted to a higher wave number (3465 −3498 cm−1) than that of the PVA film. Such a shifting indicates the insertion of GO and NiO particle into PVA which had a significant influence on the bonding interactions within the PVA structural   framework. The possible mode of interaction between GO, NiO and polymer can be the hydrogen bonding between −OH group of PVA and the Oxygen (O) in GO and NiO. The probable hydrogen bonding pattern is shown in Figure 6: FTIR spectra different percentage of PVA-GO-NiO. The modification of spectra of the symmetrical stretching vibration of hydroxyl group for all PVA−GO-NiO composite samples shifted to a higher wave number (34065−3485 cm−1) than that of the PVA film Figure 5. The position appears to be shifted because of the slight elongation of the O−H bond because of its hydrogen bond formation with the sulfur of ZnS. All these results designate the incorporation of GO and NiO in the PVA structure[32–34].

[bookmark: _Ref160702878]Table 1 FTIR spectral data of PVA-GO- NiO
	
Peak designation 
	Peak value of corresponding samples (cm-1)

	
	PVA             GO                   1%                  3%                5%               7%

	OH stretching 
	3437
	3441
	3468
	3498
	3471
	3465

	C-H stretching
	2950
	2960
	2924
	2928
	2930
	2934

	C=O stretching
	-------
	  1650
	1720
	1725
	1743
	1756

	C=C stretching
	-------
	-------
	1652
	1645
	1650
	1546

	C-O stretching
	1068
	1077
	1056
	1047
	1046
	1065

	CH2 bending, wagging
	1435,1320
	1350
	1250
	1350
	1378
	1409

	NiO
	--------
	-------
	674
	658
	689
	680



[bookmark: _Toc142562759]






[bookmark: _Toc160707389]UV- Visible Spectroscopic Analysis

The interaction of NiO and GO nanoparticles with PVA in PVA−GO-NiO composite films and their corresponding band gap were computed through UV−vis studies. The composite films demonstrate an absorption band around 310-320 nm. On the other hand, GO absorbed light around 290 nm [35]. Such differences of the absorption band between GO and its composite with PVA and NiO can be attributed to the bathochromic shift or red shift of PVA.That implies the strong interactions between them. The band gap of all samples was computed using the following equation. When the percentage of GO and NiO are increased in the PVA matrix, the absorbance also increased which indicated that the formation of PVA-GO-NiO polymer films. We could not see any absorption band for pure PVA in the range (200-700). The absorption band of PVA is about 189 nm, which is well established[36].
Figure 7: Uv-visible spectra of the a) composites and PVA b) GO graphene oxide c) NiO(nickel oxide) ).


	

	


	
	




By plotting the absorption coefficient against photon energy and fitting the experimental data to the Tauc equation, we calculated the band gap energy of the material. The band gap energy represents the energy difference between the highest occupied energy state (valence band) and the lowest unoccupied energy state (conduction band) in a semiconductor material. It is a fundamental property that governs various electronic and optical behaviors of the material, such as its conductivity and optical absorption properties.
The equation is typically given as:
                                      
 E = the absorption coefficient as a function of photon energy.
   = constant.
Eg​ = the band gap energy of the material
n is an exponent that depends on the nature of the optical transition (often taken as 2 for direct band gap materials)
	

	





                       [bookmark: _Ref160670126]Figure 8: Determination of band gap (Eg) using Tauc's Equation a) GO and b) NiO




	










	

	


		




	



[bookmark: _Ref160670271]Figure 9 : Determination of band gap (Eg) using Tauc's Equation a) PVA b)PVA-GO-NiO 7% ,b)PVA-GO-NiO 5%, 
c) PVA-GO-NiO 3% and d)PVA-GO-NiO 1%

The band gap of graphene oxide (GO) was found around 2.73 eV and the band gap for NiO nanoparticle was 3.49 eV which is represented in Figure 8 [37,38]. However the Band gap of the compounds can be changed by adding high dielectric constant materials, which in turn influences the energy storage capacity of the supercapacitor. We calculated the direct band gap energy of PVA using Tauc’s equation without any Go and NiO in Figure 9 , we found the value around 5.66 eV. By adding GO and NiO into PVA matrix we noticed that decreasing the band gap PVA-GO-NiO composites. Which is shown in figure Figure 9. The band gap of composites decreases because graphene oxide contains oxygen-containing functional groups such as hydroxyl and epoxide groups, which can interact with the polymer matrix of PVA. These interactions can modify the electronic structure of PVA, leading to a change in its bandgap. Additionally, the presence of π-electron delocalization in graphene oxide can influence the electronic properties of the composite material[37,39].

Figure 10 : Percentage GO-NiO Vs direct band gap.


Table 2 Relation between band gap and % percentage of composites added in PVA.
	Sample
	Direct band gap (eV)

	PVA
	5.66

	PVA-GO-NiO (1%)
	5.61

	PVA-GO-NiO (3%)
	5.60

	PVA-GO-NiO (5%)
	5.54

	PVA-GO-NiO (5%)
	5.39








[bookmark: _Toc160707390]Photoluminescence property

The interaction between GO and NiO into PVA matrix can be ascertained by PL measurements. Figure 4 shows the room-temperature PL spectra of PVA and PVA−GO-NiO composite films at an excitation wavelength of 340 nm. PVA exhibited a sharp PL emission in the visible region of 330−380 nm, peaking at 357nm in. Such an emission can be attributed to the π* → n electronic transition of the −OH groups for isotactic, syndiotactic, and atactic modes of PVA, which likely depends on their spatial arrangement within the PVA molecules. In the case of PVA−GO-NiO composites, two prominent peaks observed at 418 nm and 455 nm can be attributed to the transitions in syndiotactic (s) and isotactic (i) PVA, respectively in Figure 11. Thus, a red shifting of peak emission is observed for composite samples compared to PVA, which reveals broadband blue emission. These results evidenced the incorporation of NiO and GO into PVA, and such a presence of GO comprehensively reorder the delocalized π -electrons to the OH groups in the PVA backbone. These results are consistent with the previous reports[36].

	

	





[bookmark: _Ref160670675]Figure 11: PL spectra of a) PVA and PVA-GO-NiO


[bookmark: _Toc160707391]Conclusion
Poly (vinyl alcohol) PVA-GO-NiO composite films have been successfully prepared by the addition of different compositions of NiO and GO using a simple solvent casting method. The data obtained by FTIR measurement show the possible incorporation oxides (NiO and GO) in PVA. The interaction of metal oxide with PVA is further confirmed by the UV-Visible measurement, indicating the bathochromic shift of the absorption peaks of composite samples. By using Uv-visible spectroscopic data we determined the band gap of the polymer composites. The band gap of the PVA-GO-NiO composites decreases with the increasing of metal oxide which suitable for supercapacitance performance.  The host polymer and metal oxides interactions were also supported through PL. studies, where the enhanced luminescence property of composite films was observed compared with the PVA.
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