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Abstract 

The solution-cast method was used to synthesize magnesia (MgO) nanoparticles filled 

poly(vinyl alcohol) (PVA) and poly(vinyl pyrrolidone) (PVP) blend matrix (80/20 wt %) based 

polymeric nanocomposite (PNC) films (i.e., [PVA–PVP]–x wt % MgO; x=0, 0.06, 0.3, 0.6, 

3.1, and 6.25). Most of these PNC materials structures are amorphous, according to an X-ray 

diffraction investigation. The blend surface was smooth and homogeneous under SEM, 

confirming PVA and PVP compatibility. MgO loading, on the other hand, enhanced the surface 

roughness. According to optical investigations, the films transmittance, Urbach's energy, and 

energy bandgap decreased as the Mg+2 -ions increased. Tensile strength has also improved from 

5.92 MPa to 10.65 MPa, while Young's modulus has enhanced from 51.16 to 166.4 MPa. From 

100 Hz to 1 MHz, the dielectric and electrical spectra of these films were measured. Due to the 

nanoconfinement effect, it has been determined that the dispersion of MgO nanoparticles in the 

PVA–PVP blend matrix dramatically increases the dielectric permittivity. With increasing 

frequency, the dielectric permittivity of these PNC films decreases while the ac electrical 

conductivity increases. When the temperature of a PNC film is raised, a nonlinear rise in 

dielectric permittivity is seen, and the dc electrical conductivity of the film follows the 

Arrhenius law. The nonlinear I-V curves improve with increased Mg+2 ion concentration. The 

developed and engineered unique high-performance flexible nanocomposites in the field of 

advanced functional materials for usage in next-generation optoelectronic, gas sensors, and 

microelectronic devices were ascribed to the studied properties of the PNC films.  
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Introduction 

           

        Hybrid polymer nanocomposites are a unique form of material with specific physical and 

chemical characteristics. Due to their tangible potential for a wide range of applications in 

environmental solutions and treating numerous environmental challenges, these 

nanocomposites have lately piqued researchers' interest. The complicated interaction between 

nanoparticles and polymer metrics is the most challenging feature of PNCs [1,2]. Large specific 

surfaces are produced as a result of the small dimensions, emphasizing the relevance of the 

polymer-nanoparticle interactions [3]. To accomplish mechanical, thermal, dielectric, optical, 

and electrical characteristics, it is essential to investigate the interpolation process between 

nanoparticles and polymer bases [4,5].  

Because of its high melting point, low erosion rate, non-toxicity, and outstanding 

biocompatibility, nano-sized MgO has recently attracted a lot of interest [6–9]. Furthermore, 

its optical band gap is 4.5 eV, compared to 7.8 eV for bulk MgO's regular structure [8-10], 

which improves its UV blocking ability and photocatalytic activity [7]. Because of its large 

surface area, nano sized MgO is more efficient in wastewater treatment [10]. Ceramics, aircraft, 

foundry, optoelectronic materials, transparent fillers, antimicrobial agents, fire retardants, and 

electrochemical biosensors all use it as a protective layer [11,12]. 

      MgO nanostructures with various morphologies have been produced using a variety of 

techniques. Heat treating a magnesium carbonate/poly (methyl methacrylate) composite [7] 

and flame spray pyrolysis [13] were used to synthesize MgO NPs with a size of 42 nm. A sol-

gel method was also used to produce MgO thin films with a honeycomb-like structure [9]. 

Because of their unique features and possible technological uses, one-dimensional 

nanostructures have gotten a lot of interest. MgO nano-belts were made using a DC arc plasma 

jet chemical vapor deposition approach [14], while MgO nanofibers were made using a 

hydrothermal method [15].  

             Biodegradable, biocompatible, non-toxic, and easy-to-process synthetic polymers, 

such as poly(vinyl alcohol) (PVA) and poly(vinyl pyrrolidone) (PVP), have a wide range of 

biomedical, engineering, and technical uses [16,17]. When using the solution casting process, 

these polymers are water-soluble and produce very optically clear films. PVA film offers 

outstanding features such as great flexibility, elasticity, and chemical resistance, but PVP film 

is sometimes too weak to withstand technical treatment such as bending or stretching. These 

polymers films have a low permittivity and good electrical insulation; thus, they're widely 
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employed as a flexible dielectric material in the production of organic thin-film transistors and 

optoelectronic devices [18,19]. Because the hydroxyl (–OH) and carbonyl (C=O) functional 

polar groups present in the chain backbone of PVA and PVP, respectively, from strong 

interactions with a variety of inorganic nanofillers, these hydrophilic polymers are commonly 

used as binders and capping agents in the preparation of advanced composite materials [20-

22]. The design and characterization of PVA and PVP blends have received a lot of attention 

over the last two decades in order to improve the potential uses of these materials in biomedical, 

electronics, and electrical engineering [23]. Polymer blending is a cost-effective and efficient 

green chemistry method for creating innovative polymeric materials with the qualities of pure 

polymers; however, the processing processes employed to make the blend can dramatically 

affect the final product's physicochemical properties. Mixing distinct characteristics of 

polymers to make a unique polymer blend material is often only viable if the blended polymers 

are highly miscible. Many spectroscopic, thermophysical, structural, and morphological 

research on the PVA–PVP blend have determined that these polymers form a compatible blend, 

or a thermodynamically miscible pair, in all mixing combinations. The creation of hydrogen 

bonds between the – OH and C=O groups of PVA and PVP in their blend solution, resulting in 

a highly compatible solution cast blend film over the whole compositional ratio range [24]. In 

addition to biomedical applications, blends of PVA–PVP with various additives have been 

established as an advanced polymer composite matrix for a variety of technological and 

engineering applications, including electrical insulators [25], gas sensors [26], and 

optoelectronics devices [27]. 

            The dielectric constant and the dissipation factor are two dielectric parameters, with the 

dielectric constant being the most generally employed to characterize the material's dielectric 

characterization. Changes in a dielectric material's characteristics as a function of temperature, 

and frequency give crucial information for understanding its relaxation behavior [16]. 

Electronic packaging is more appealing to low-conductivity-strength materials. Because of 

their flexibility, controlled dielectric permittivity, and superior dielectric breakdown strength, 

the resulting polymer-based composites are thought to be potential candidates for capacitors 

and charge-storage applications [28,29]. Electrolytes with better conductivity and chemical 

stability are needed to increase the performance of energy storage devices such as batteries, 

supercapacitors, solar cells, and fuel cells [30,31]. As a result, scientists are developing a novel 

polymer structure with increased ionic conductivity and mechanical stability. Polyvinyl 

alcohol, Polyvinyl pyrrolidone, Polyvinylidene fluoride, Polyethylene glycol, 

Polyvinylchloride, Polyacrylonitrile, and Polyvinyl sulfone are currently popular solid polymer 
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electrolyte materials (SPEs). Ionic conductivity and electrochemical stability are common 

transport features seen in SPEs [32,33].  

         Using a sol-gel process and a solution casting method, MgO NPS and PVA-PVP/MgO 

nanocomposite films were produced at varied weight ratios in the current work. 

Characterization methods such as X-ray diffraction (XRD) and scanning electron microscopy 

(SEM) were used to investigate the structural features of the samples. As a result, the optical, 

mechanical, dielectric, and electrical conductivity performance of varistors are investigated in 

this study. 

2 Materials and Characterizations 

2.1 Experimental Conditions Synthesis 

2.1.1 Materials and films preparation 

 The source material and chelating agent utilized were magnesium acetate tetrahydrate 

(Mg(CH3⋅COO)2⋅4H2O, MW =  214.45; Nova Oleochem Limited, India) and citric acid, 

C6H8O7 (MW=192.124; LOBA Chemie, India). PVP/PVA films were prepared using PVA 

[CH2CH(OH)]n , (MW = 125000) from Alpha Chemica and PVP [C6H9ON]n (MW = 40000) 

from Research-lab Fine Chem. The MgO and nanocomposite films were made with double-

distilled (DD) water as a solvent. 

2.1.2. Preparation of samples 

The following procedure was used to make MgO nanoparticles using the sol-gel technique. To 

begin, dissolve 5 g of high-grade Mg (CH3⋅COO) 2.4H2O and 5 g of Citric acid in 50 mL DD 

water for 2.0 hours with magnetic stirring. The resulting sol was baked for 12 hours at 80 oC, 

then cooled to 60 oC before stirring for another 45 minutes to get the gel. The gel was aged at 

room temperature for 15 hours (RT). Finally, MgO NPs were obtained by calcining the gel at 

550 oC for 4.0 hours. The solution cast technique was used to make PVA/ PVP films with an 

80 wt% PVA and 20 wt% PVP composition. 1.6 g PVA was dissolved in 60 mL DD water at 

60 oC with continuous stirring until a clear and homogenous solution was formed. After that, 

0.4 g PVP was dissolved in 40 mL DD water and mixed with the PVA solution at room 

temperature. We found that PVA/ PVP ratio of 80:20 produced more flexible and homogeneous 

films during the preparation procedure. The combined PVA/PVP solution was then agitated at 

room temperature for another 30 minutes. To avoid agglomeration, the needed masses (0.0, 

0.06, 0.3, 0.6, 3.1 and 6.25 wt %) of MgO NPs were added to the PVA/ PVP solution under 

continuous stirring for 1.0 h at RT, then the solutions were mixed for 5 minutes with an 

ultrasonic at 110 watts.  To verify that all solvent residues were eliminated, the finished mixture 
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was placed on Petri plates and dried for 4 days at 40oC in the oven. In the host PVA/PVP 

polymeric blend, the wt % of MgO NPs is calculated as follows: 𝑥𝑤𝑡. % =  𝑤𝑑𝑤𝑑+𝑤𝑝  𝑥 100%, 

 

where 𝑤𝑑  denotes the weight of the MgO NPs and 𝑤𝑝 denotes the weight of the PVA/PVP 

polymeric blend. 

2.2 Device Characterizations 

        To establish the polymeric nanocomposite crystallographic structure of the films, X-Ray 

patterns are documented using a diffractometer Lab XRD-6000 Shimadzu using Cukα 

Monochromatic radiation technique. The materials were examined using a scanning electron 

microscope (SEM) model (JSM-6360) that operated at 20 kV and used surface morphology. 

JASCO spectrophotometers V-570 at wavelengths between 190 and 2500 nm were used to test 

the absorbance A(λ),  and transmittance T(λ) of investigated polymeric composite films in the 

UV–Vis and NIR regions. The AC electrical conductivity/dielectric characteristics were 

measured using an automated LCR meter (FLUKE-PM6306 Model). At different temperatures 

ranging from 30 oC to 130 oC, measurements were made in the frequency range of 100 Hz–1 

MHz.  Before the measurements, two copper plates were put between the samples as an ohmic 

contact. For PVA-PVP/ MgO polymeric nanocomposite films, the values of capacitance (C), 

resistance (R), and loss tangent (tanδ) at each excitation frequency were measured. The 

nonlinear current (I)-voltage (V) relationship was also examined using the same device. Tensile 

testing was performed on PVA-PVP/MgO films to determine their mechanical properties. For 

stress-strain measurements, a tensile testing machine was employed (AMETEK, USA). The 

extending force was measured using a microprocessor-connected digital strength gauge 

(Hunter Spring ACCU Force II, 0.01 N, USA). A gearbox and a homemade engine connection 

were used to control the strain rate. The accuracy of the strain measurement was about 0.1 mm. 

Throughout the experiment, the elongation rate was kept at 6 mm/min. 

 

3. Results and discussions 

3.1. XRD and SEM measurements 

       XRD was used to evaluate the structural characteristics of the MgO NPs generated, as 

shown in Fig.1(a). The observed distinctive diffraction peaks in the MgO diffractogram are 

consistent with previous findings [6,23,34], which established the well-crystallized cubic MgO 

(periclase) structure of its nanoparticles. After calcination at 550 oC, the XRD pattern of 

synthesized MgO contained 2θ values at 37.68o, 42.54o, and 62.64o,which matched to the (111), 

(200), and (220) planes, respectively (JCPDS Card No.45-0946). The existence of cubic MgO 



6 

 

(periclase) alone, with high crystallinity, was indicated by these strong diffraction peaks. These 

results are consistent with those of previous researchers [35] and indicate the purity of produced 

MgO NPs, as no peaks linked to Mg, Mg(OH)2, or any other contaminants can be seen. The 

presence of prominent peaks implies crystalline MgO with a cubic structure (periclase). 

Scherer's formula [36] was used to determine the crystallite size (D) of MgO in nanometers: 𝐷 = 𝑘𝜆𝛽 cos 𝜃                                                                                                                            (1) 

where K is Scherer's constant, equals 0.9, λ is the X-ray source's wavelength, β is the half-

maximum peak width (in radians), and θ is the angle of the corresponding peak (in radians). D 

had an average value of 30 nm.  

Indeed, S. elgamal [23] used sol. gel to produce MgO nanoparticles and discovered that D = 

14.29 nm. The solvent mixed spray pyrolysis process was used by Nemade and Waghuley [36] 

to synthesize MgO nanoparticles, and they discovered that D = 9.2 nm. Based on the XRD 

pattern observed for MgO NPs measuring 18.4 nm that were synthesized using the sol-gel 

process, Gh. Mohammed et al.[6] found Mg(OH)2 in PVA/PVP blend  

Fig. 1b shows the XRD patterns for the pure PVA-PVP (80%-20%) blend and blends including 

0.06, 0.1, 0.3, 0.6, 3.1, and 6.25 wt% MgO NPs. The pure PVA–PVP blend (Fig. 1b) shows a 

diffraction peak at 19.68° and 40.55°, which is due to the PVA semi crystalline polymer [37]. 

This data demonstrates that there is a wide range of intermolecular hydrogen bonding between 

the functional groups (–OH···O=C) of PVA and PVP in their blend, resulting in massive 

destruction of PVA crystalline domains and a significant reduction in blend diffraction peak 

intensity. Furthermore, all the individual MgO peaks were absent from the composite, 

indicating the presence of polymer–nanoparticle interactions in the films. The average 

crystallite sizes D for nanocomposite films are estimated using Scherer's formula [36] Eq.1. 

Table 1 reveals that the average crystallite diameters D increase with increasing dopant 

concentrations, indicating a microstructural variation within the polymer matrix, indicating that 

PVA-PVP crystallites were ordered in nanocomposite films. The strain (ε), and dislocation 

density (δ) of the particles were calculated via the following formula and refining the data of 

the samples. 𝜖 =  𝛽 cos 𝜃4  ,                                                                                                                         (2) 

        𝛿 = 1𝐷2                                                                                                                         (3) 

With increased MgO NPs in the films, these parameters decrease, reflecting the minuscule size 

of MgO nanoparticles as shown in Table1. The inter-planar distance (d) was determined using 

Bragg's Eq.4 [38]. 
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𝑑 = 𝑛𝜆2𝑠𝑖𝑛𝜃 ,                                                                                                                    (4) 

With increasing MgO loadings, the inter-planar distance is observed to be slightly affected. 

The findings are consistent with earlier researchs [6, 23,36]. 

The crystalline fraction (Xc) and its difference with dopant content is given in Table1 

by using the relation[38]. 

XC = AcrystallineAcrystalline+KAamorphous ,                                                                                 (5) 

Acrystalline and Aamorphous are the areas of crystalline and amorphous halo reflections, respectively, 

and K is constant and equal to unity. Due to the development of dopant aggregates or clustering 

of MgO nanoparticles inside the (PVA-PVP) blend matrix, which enhances the amorphicity in 

the nanocomposites, the crystallinity of the polymer nanocomposites is clearly decreasing with 

the amount of MgO NPs, as shown in Table.1. Complex formation owing to interference clearly 

affects molecular mobility, resulting in molecular entanglement or a reduction in polymer 

crystallization. Non-crystalline areas with randomly folded polymer chains are related to these 

crystalline regions. As a result of the charge transfer, MgO nanoparticles can fill the interstitial 

spaces between the polymer chains and bind them via hydrogen bonds. 

        SEM is a valuable tool for determining how MgO NPs interact and distribute in polymer 

chains. Fig. 2a showed the spherical nano-MgO with a diameter of 35.75 nm; and uniform 

spherical nano-MgO agglomerated and stacked with each other [39]. Fig. 2(b)–(e) show 

photographs of the surface morphology of the MgO NPs dispersed blend nanocomposite film. 

A smooth, impurity-free surface characterizes pure blend film, as shown in Fig. 2(b). Fig. 2(c) 

shows that there are particles on the surface of the blend film with 0.6 wt% MgO NPs doping, 

indicating the presence of small interactions of MgO NPs with the chains, whereas higher MgO 

NPs percentages (3.1, and 6.25 wt %) reveal some agglomerated zones of MgO nanoparticles 

with a uniform and homogeneous distribution over the entire surface of the film. The presence 

of a hydroxyl group in the structure of nanocomposites, which is important for the attachment 

of MgO NPs to the polymer matrix and hence for the stability of the nanocomposites, causes 

the cluster size to rise as the concentration of MgO increases. When the number of MgO NPs 

increases, a big cluster forms, which affects the characteristics of the films, as seen in Fig. 2d 

and e. Thus, morphological investigations show that MgO NPs are well disseminated within 

the blend matrix, forming clusters, and no phase separation occurs [6,40]. 
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3.2. Stress-strain behaviour of MgO/PVA-PVP polymeric films. 

     Mechanical factors play a major role in film quality and applicability. The stress-strain 

curves of MgO/PVA-PVP films at room temperature with a strain rate of 5x10-3 sec-1 are 

presented in Fig. 3. The computed mechanical properties of MgO/PVA-PVP polymeric 

nanocomposite films were exhibited in Table.2. The MgO content had a significant impact on 

the mechanical properties of composites. Fig. 3a shows common stress-strain curves. (PVA-

PVP) films were flexible, with high elongation at break and low strength. The yield strength 

and tensile strength at break of MgO / (PVA-PVP) nanocomposite films rose significantly 

when the MgO content was increased [41,42]. As demonstrated in Fig. 3b, Young's modulus 

rose significantly as MgO increased. The MgO /(PVA-PVP) nanocomposite films had better 

tensile strength and elongation at break than pure (PVA-PVP) film, as illustrated in Fig. 3c. 

The tensile strength of the composite film with 6.25 wt % MgO rose from 5.92 MPa for neat 

(PVA-PVP)  film to 10.65 MPa. With increasing MgO, however, the equivalent elongation at 

break of the MgO /(PVA-PVP) composite films increased[43,44]. These findings indicate that 

the MgO nanofillers provided significant reinforcement to the composite films. MgO, being an 

inorganic filler with a high modulus, can be employed as reinforcing nanofillers in polymeric 

composites [45]. The interactions between the filler and matrix might be greatly enhanced after 

effective (PVA-PVP) imbedding on MgO nanofillers, which would enable stress transfer under 

external strain. 

3.3 The optical analysis of PVA–PVP /MgO polymeric nanocomposite films. 

Fig. 4a displays the variation in absorbance for (PVA–PVP/MgO) nanocomposites as a 

function of the wavelength. The figure reveals that the absorbance of all nanocomposites 

samples raises in the UV region due to the excitement of electrons from the valance band to 

the conduction band at these energies, as well as the high absorbance of nanocomposites 

samples in the UV region due to the photon energy sufficient to interact with atoms. The 

varieties of potential electron transitions are decided by changes in transmitted and absorbed 

light. The essential absorbance spectra indicate the shift from one band to another [46,47]. Due 

to the insufficient energy of incoming photons to interrelate with atoms, the absorbance of 

nanocomposite samples is low in the near-infrared and visible ranges. The occurrence of an 

electronic transition from n to π* coupled to a carbonyl bond (C = C) via the host polymer 

network results in a modest shoulder peak at 288.74 nm for all extant polymeric samples in the 

UV region [48].   Films doped with MgO showed an increase in absorption rate measured over 

the full spectrum. The increased absorption activity is a result of MgO NPs interacting with the 
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polymer network by forming new intermolecular bonds throughout the whole polymer 

backbone network via OH anions. This causes a modification as a result of additional defects, 

resulting in the development of new bandgap levels when the MgO -dopant concentration is 

increased [49]. Due to the establishment of intermolecular hydrogen bonds between Mg+2 ions 

and the adjacent OH groups of the PVA and PVP major chains, the absorption band changes. 

Because the gap between the valence and conduction bands is greater in the polymer blend, it 

has a low absorbance [47]. The absorption of the (PVA–PVP) blend rises as the number of 

MgO NPs increases. As shown in Fig. 4a, the rise in absorption values for polymer films with 

higher MgO concentrations from 0.06 wt% to 6.25 wt% coincides with a decrease in 

transmittance values. As demonstrated in Figs. 4 a&b, the absorbance increases and the 

transmittance reduces as the concentration of MgO NPs increases. This is due to the 

accumulation of nanoparticles as the number of charge carriers and concentration increases [6]. 

The optical absorption spectra are a major source of determination the optical band gap energy 

in crystalline and amorphous materials. The principal absorption corresponding to the 

excitation of an electron from the valence band to the conduction band may be utilized to 

estimate the optical bandgap value. The samples bandgap, Eg, may be determined using Tauc's 

question [50]: 

 𝛼ℎ = 𝐵(ℎ − 𝐸𝑔)𝑚 ,                                                                                                         (6) 

where B, hυ, and Eg are constant, photon energy, and optical energy gap, respectively. 𝛼 is the 

absorption coefficient considered using the formula [47]: 𝛼 = 2.303 𝐴𝑏𝑠.𝑡 , where t is the 

thickness of the film and m = 1/2 for direct and 2 for indirect allowed transitions. To determine 

the transitions and define the band edges, which includes graphing (αh)1/2 and (αh)2 values 

with respect to (hν) values presented in Fig. 5. (a,b). Table 3 shows the results of extending the 

linear component of the plots 5(a &b). Because of the development of energy levels with 

increasing the doping contents in the films, the Eg(ind) (indirect bandgap) and Egd (direct 

bandgap) of the films were lowered from 4.83 eV to 4.02 eV . and from 5.26 to 4.96 for Eg(ind) 

and Egd, respectively.  [6, 46,51]. Due to the interaction of PVA-PVP chains and (Mg)+2 -ion 

contents, these defects are the primary source of charge transfer complex (CTC)-generation 

complex charging. These defects are responsible for the bandgap localized states, which 

correspond to disorder levels in expanded samples. PVA -PVP/ MgO [6], (PVA–MgO–SiC) 

nanocomposites [46], and PVA- PEO/ MgO [51], polymeric nanocomposite films have all 

demonstrated this behavior. The rise in density of localized states in the bandgap is related to 

the generation of new energy levels (traps) from the HOMO to the LOMO, resulting in a 
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reduction in Eg values. The absorbance values in Fig. 4a was used to compute the absorption 

edge energy Ea values for these films. Tauc's Eq. (7) used to calculate the Eg(T) values of photon-

absorbing materials [52]. 

               𝜔2𝐴 = (ℎ𝜔 − 𝐸𝑔)2                                                                                   (7) 

The angular frequency of photons incident is equal to 2πν = 2πc/λ, while λ is the wavelength 

of photons incident at velocity c is equal to 𝜔. For these films, Tauc's plot (A1/2/λ versus 1/λ) 

was used, see Fig 6a. Extrapolating these line segments of the curves to determine band gap λg 

using the following relation yielded the values of Eog(T): 𝐸𝑔(𝑇) = ℎ𝑐 𝜆𝑔⁄                                                                                                            (8) 

The estimated Eg(T)  values of the PNC are also shown in Table 3. This Eg(T) values are seen to 

be in the middle of the Egd and Egind values for these PNC. 

The extended tail for decreasing photon energy below the band edge may be expressed in 

absorption spectra by[53] 

𝛼 = 𝛼𝑜𝑒 ℎ𝜈𝐸𝑈 ,                                                                                                                   (9) 

where 𝛼𝑜 is the constant, (ℎ𝜈) is the photon energy, and (EU) is the Urbach's energy, which 

would be the width of the band tails for localized states in the bandgap. As illustrated in Fig. 

6b, the EU values were computed by taking the reciprocal gradient of the linear parts of the 

ln(α) against hυ plot (6b). As the amount of MgO nanoparticles increased, the EU values raised 

from 1.015 eV to 3.58 eV. This finding supports the XRD findings, which show that EU is 

caused by the material disorder, which leads to the tail in the valence and conduction bands 

[54]. 

3.4. Complex permittivity spectra and dielectric polarization behavior 

Eqs. (10&11) were used to calculate the real 𝜀1  and dielectric loss 𝜀2 parts of the complex 

permittivity   𝜀∗ = 𝜀1 − 𝑗𝜀2  for PNC films as a function of frequency[55]; 𝜀1 = 𝐶𝑝𝑡𝜀𝑜𝑎,                                                                                                                   (10) 𝜀2 = 𝜀1𝑡𝑎𝑛𝛿,                                                                                                           (11) 

     The capacitance, sample thickness, free space permittivity, and pellets area are represented 

by Cp, t, εo, and A, respectively. Fig. 7 shows the spectra of complex dielectric permittivity (𝜀1 

and 𝜀2) and dielectric loss tangent  tan 𝛿 , tan 𝛿 =  𝜀2 𝜀1⁄  of (PVA–PVP)–MgO films at 30 oC, 

as well as (PVA–PVP)/ 6.25 wt %MgO films with temperature variation. These spectra show 

that the 𝜀1 values of PNC films reduce as frequency increases, which is a frequent feature of 
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PNC materials [54-56]. The 𝜀1 values of these materials nonlinearly decline with the rise in 

frequency from 100 Hz to about 100 kHz, and then slowly approach a steady-state value near 

1 MHz, as shown in Fig. 7a. With the rise in frequency in the lower-frequency range (i.e. 100 

Hz–1 kHz), a sharp decrease in 𝜀1values have been observed. Fig.7a indicates that when the 

frequency of the alternating field rises, the proportionate increase in 𝜀1 values of PNC films 

decreases. Interfacial polarization (IP), also known as Maxwell–Wagner–Sillar (MWS) 

polarization process [24]. The IP effect cannot synchronize with fast reversible changes in the 

ac field at higher frequencies [24,55], so its contribution to dielectric polarization is negligible, 

and the observed 𝜀1 values are primarily ascribed to the dipolar reorientation and electronic 

polarization processes of these films. The dielectric dispersion of PVA-PEG-PVP-MgO films 

[57] and the PVA/PVP blend matrix-based nanocomposite films [16] are similar to these 

findings. The MWS effect refers to the build-up of charges at the interfaces of distinct 

permittivity and conductivity elements of composite dielectric material, resulting in the 

development of micro capacitors across the material's volume. Due to the large contribution of 

such micro capacitors to dielectric polarization, there is a rise in 𝜀1 values at low frequencies, 

The frequency dependent 𝜀1 values of nanocomposite material are also governed by the dipolar 

sizes, density, and arrangement of these dipoles, in addition to the MWS contribution. The drop 

in 𝜀1value with increasing frequency in PNCs can also be related to the rate of dipole 

orientation in the direction of a time-varying applied electric field [58,59]. 

 The dipolar groups in solid polymer dielectrics can orient themselves in the direction of low-

frequency electric fields, but it becomes more difficult for larger dipolar groups to orient 

themselves with the relatively fast time-varying electric fields of higher frequencies, and thus 

the 𝜀1 values of such materials decrease sharply as the frequency in the low-frequency region 

increases. This might be one of the reasons for a significant fall in 𝜀1 values of the (PVA–

PVP)/MgO films as frequency increases. There is a steady and very tiny drop in the 𝜀1 values 

of the examined PNC nanodielectrics in the frequency area (f >100 kHz), and their 𝜀2values 

exhibit a slight  alteration over the same frequency range (see inset of Fig. 7a). The PVA–PVP 

blend films frequency dependent 𝜀1 and 𝜀2 values were obtained to be in accord with previously 

published results [58,59].  

   In comparison to the pure PVA–PVP blend film, the 𝜀1 and 𝜀2  and tan 𝛿 values of MgO 

dispersed in these PNC films are high across the whole frequency range (see Fig. 7b). It might 

be because MgO  has a higher permittivity than PVA- PVP film. Furthermore, the current study 

shows that when the MgO nanoparticles are dispersed in the PVA–PVP blend matrix, the 

increase in 𝜀2 values of the pure PVA–PVP blend is relatively low compared to the MgO NPs 
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incorporated PNC films at low frequencies, implying that the contribution of MWS polarization 

effect increases. Previous dielectric investigations on pure PVA films [24, 58] and PVP films 

[60] show that there is no indication of any relaxation process in these films that can be 

evaluated in the frequency range 100 Hz–1 MHz. In the experimental frequency range of 100 

Hz–1 MHz at 30 °C, the 𝜀2  and tan 𝛿 spectra of the pure PVA–PVP blend, as well as the MgO 

dispersed PNC films of this blend (Fig. 7a), show no dielectric relaxation peak. 

The 𝜀1 and 𝜀2 values of the PNC films were plotted versus wt % MgO, at fixed frequencies, in 

Fig. 8a to obtain insight into their MgO concentration-dependent behavior. The dispersion of 

MgO in the PVA–PVP blend increases the 𝜀1 values by a significant amount. This relationship 

between PNC film 𝜀1 and 𝜀2 values and MgO concentration suggests that when MgO NPs 

engage with the PVA–PVP structure, parallel dipolar ordering of the –OH and C=O functional 

groups is considerably enhanced. As a result, these findings suggest that loading MgO NPs into 

PVA–PVP blend matrix (80/20 wt%) can provide the best tunable dielectric properties and can 

be used as low loss nanocomposite materials. 

The temperature-dependent dielectric behavior of a PNC film containing 6.25 wt% MgO was 

examined. At temperatures of 30, 50, 70, 90, 110 and 130 °C, the 𝜀1 and 𝜀2  and tanδ spectra 

of (PVA–PVP)–6.25 wt % MgO film are shown in Fig. 8b. The frequency dependent 𝜀1 values 

in the low and high-frequency areas, respectively, show non-linear and linear dispersion. 

Furthermore, when the frequency of the ac field decreases, the 𝜀1 values increase with the 

increase in temperature across the whole frequency range, and this increase enhances. The 

thermally induced dielectric polarization behavior of the PNC film is confirmed by its increase 

in permittivity as the temperature rises. As the temperature rises, more free volume is created 

in the flexible solid dielectric matrix, promoting parallel dipolar re-ordering and therefore 

increasing dielectric polarization in polymeric dielectric materials. [55, 56]. These findings 

further support the PNC films temperature-tunable dielectric characteristics in the 30–110 °C 

temperature range. 

The real and imaginary parts of the electric modulus spectra M*(ω) can be obtained from the 

complex permittivity ε*(ω) using the relation[55,59]        𝑀∗ =  𝑀′ + 𝑖𝑀" ,                                       𝑀∗ =  1𝜀∗ =  𝜀′𝜀′2+𝜀"2 + 𝑖 𝜀"𝜀′2+𝜀"2,   where 𝑀′and 𝑀" are the real and imaginary parts of the electric 

modulus, respectively. After removing the contributions of the electrode polarization (EP) 

effect, electrode-dielectric contact, electrode material, and adsorbed impurity effects from the 

total polarization of a material, the M*(ω)  spectra are well suited for analyzing the bulk 

properties of composite dielectric material [55]. At 30 °C, the electric modulus of (PVA–PVP) 

/MgO nanocomposites is shown by the real part 𝑀′ (ω) and loss part 𝑀" (ω) spectra in Fig. 9a. 



13 

 

In the lower frequency range, the 𝑀′ values of these PNC materials quickly rise with increasing 

frequency, whilst the 𝑀" spectra reveal a relaxation peak assigned to the MWS relaxation 

process [61,62], which was not seen in the M" spectra of a pure blend of PVA – PVP film 

[61,62]. Only one relaxation peak is detected in this investigation, which may be attributed to 

either the MWS relaxation process or the PVA and PVP main chains cooperative mode motion 

(α-relaxation) caused by the miscible blend. Because the modulus spectra of pristine PVA do 

not exhibit such relaxation in the experimental frequency range [63], the relaxation peak in the 𝑀" spectra of PVA–PVP blend may be attributed to the MWS process, but there is also a high 

probability that this peak is due to the existence of α-relaxation, as these two mechanisms have 

been observed superimposed on each other in PNC materials [64]. The primary goal of this 

research is to see how MgO concentration affects the dielectric and electrical properties of 

organic-inorganic composites. Essentially, several types of micro-environments are formed in  

the PVA–PVP blend matrix, which are related to hydrogen bonding between the PVA–PVA 

chains in the crystalline and amorphous phases, and the PVA–PVP chains in the amorphous 

phase, as well as at the amorphous–crystalline interface [60]. The accumulation of charges at 

these interfaces supports the observed 𝑀" peak, which corresponds to the MWS relaxation 

process. 

 In addition, the MWS process is expected to take place owing to the existence of MgO 

nanofiller in the PNC films. In addition, because the mobility of charges accumulated at 

heterogeneous interfaces is influenced by polymer chain segmental motion, the MWS 

relaxation process is influenced by polymer chain dynamics. In comparison to the pristine 

PVA–PVP blend film, Fig. 9a shows that the MWS relaxation peak of MgO dispersed PNCs 

shifts to the high-frequency side. The presence of inorganic nanofiller in the polymer matrix 

enhances MWS dynamics [24]. Fig. 9b shows the  𝑀′ and 𝑀"  spectra of (PVA–PVP)–6.25wt% 

MgO film at several temperatures. The 𝑀′ values of the PNC film decline with increasing 

temperature at a fixed frequency, as shown in the figure, whereas the 𝑀"   values of the PNC 

film increase with increasing temperature at variable frequency "As the temperature of the film 

increases, the intensity of the MWS relaxation peak increases and gradually shifts towards the 

high-frequency side, which is a common distinctive of polymeric nanocomposites [58].  

      AC and DC electrical conductivities 

The nature of ion dynamics can be accurately obtained based on the well-known universal 

power low of Jonscher by calculating the frequency exponent(s) as follows [55]: 

.( ) ( ) ( 0)ac total ac dc        ,                                                                     (12) 
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𝜎𝑎𝑐(𝜔) = 𝐵𝜔𝑆,                                                                                                                 (13) 

where ω, t, B, s and σdc are the angular frequency, the thickness of films, constant, the frequency 

exponent, and the DC conductivity of the polymeric films. 

    Fig. 10 (a&b) depicts the (ac) electrical conductivity 𝜎𝑎𝑐(𝜔)spectra of PVA-PVP-/ MgO 

films at 30 °C and the PVA-PVP-6.25 wt % MgO film with temperature change. The 𝜎𝑎𝑐 value 

of the PVA-PVP film is on the order of 10–9 S/ m at 100 Hz, as revealed in Fig. 10a, and there 

is a two-order-of-magnitude increase at the same frequency when 6.25 wt % MgO is dispersed 

in the PVA-PVP matrix. When the temperature of the PVA-PVP -6.25 wt% MgO film is 

increased from 30 to 130 °C, the 𝜎𝑎𝑐 values increase by nearly one order of magnitude (Fig. 

6b). Furthermore, the 𝜎𝑎𝑐 values improve at a rather high pace with increasing frequency up to 

around 100 kHz, after which the rate of increase slows down. The semicrystalline structure of 

the host matrix causes conductivity dispersion in PVA-PVP matrix-based PNC films, as 

previously observed [24,55]. Due to the polymer–nanoparticle electrostatic interactions, a rise 

in the number of free charges and/or the development of some beneficial charge conductive 

paths is revealed by the enhancement of these materials 𝜎𝑎𝑐 values. 

The linear fit of low-frequency 𝜎𝑎𝑐 data for electronic conduction (σdc) and the power law fit 𝜎𝑎𝑐(𝜔) = 𝜎𝑑𝑐 + 𝐴𝜔𝑠 of high-frequency 𝜎𝑎𝑐 data were used to estimate the direct current (dc) 

electrical conductivity σdc of these materials and  s values  for the PVA-PVP -6.25 wt% MgO 

films with its temperature variation (see Table 4). The σdc values rise as the temperature of the 

PNC film rises, as can be seen from this table. The s values of the polymeric films were noticed 

to be less than unity (s = 0.78, 0.71, 0.66, 0.64, 0.56, and 0.48 at 30, 50, 70, 90, 110, and 130 

oC, respectively), indicating that charge transport in these composite materials takes place via 

the correlated barrier hopping (CBH) model, which is a common feature of disordered 

materials [24].  

Fig. 10c  depicts the Arrhenius behavior of the temperature-dependent σdc values of the (PVA–

PVP)–6.25 wt % MgO film. Using the relationship, 𝜎𝑑𝑐 = 𝜎𝑜 exp (𝐸𝜎 𝑘𝐵𝑇⁄ ), where 𝜎𝑜, 𝑘𝐵 and 

T are a pre-exponent factor, Boltzmann’s constant in eV (8.617 x 10-5 eV K-1) , and the 

temperature in absolute scale, respectively.  The conductivity activation energy Eσ of the PNC 

film was calculated from the slopes of the Arrhenius plot. The determined 𝐸𝜎 value of 0.517 

eV emphasis the hopping conduction mechanism for a.c. conduction for all samples due to the 

comparatively low values of 𝐸𝜎. [24, 58, 59], so the examined PNC materials might be used as 

a basic matrix in the creation of nanocomposite solid polymer Electrolytes (SPE) materials due 

to their low 𝐸𝜎 value [24]. 
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   3.5.   I–V characteristic curve of PVA -PVP/ MgO nanocomposites. 

 

        In order to protect electronic circuits and equipment from overvoltage, nonlinear resistors 

(varistors) based on nanocomposite polymeric materials are often utilized. This type of device 

promotes two objectives: the first is to better understand the electrical behavior of nanostructure 

composite devices, and the second is to apply the investigated resultant behavior of the 

fabricated device to electrical circuits like power saving, power limiting, and voltage level 

stabilizer domains. A novel material based on a polymer with a low threshold voltage and a 

larger value of ρ is needed nowadays [63]. The adaptive mobility of charge carriers that develop 

by doping may be used to derive the conductivity type of polymeric materials. The mobility of 

charge carriers that develop through doping (negative or positive) leads to electric charge over 

the chains of polymer which causes the electronic conductivity of polymers. The conductivity 

was observed to increase depending on the mobility of the carriers [65]. At room temperature, 

Fig. 11(a&b) shows the current (I) flowing through the PVA-PVP and its MgO nanocomposites 

versus the applied voltage (V). The corresponding electric current increases when the applied 

potential difference arises. Furthermore, as the MgO-contents increase, so do the current 

values. The I-V characteristics of the films at low applied voltage (V) follow Ohm's law. There 

is an increase in current (I) in the doped samples as the applied voltage (V) is increased, which 

starts slowly and then accelerates.  

The coefficient (ρ), which measures the nonlinearity of varistors, may be calculated using the 

following expression [66]:  

  𝜌 = 𝑑( 𝑙𝑛𝐼)𝑑(𝑙𝑛𝑉)                                                                                                                       (14) 

If ρ is equal to one, the material exhibits linear behavior or ohmic conduction. Most PNCs, 

according to the literature, act nonlinearly [23, 67]. Fig.11 (c&d) displays the relationship 

between the ln I and ln V, which was used to analyze nonlinearity in the films studied. As is 

clear, ρ is the slope of these lines, and their values are presented in Table 5, ranging from 0.5 

to 1.63, supporting the nonlinearity behavior. By adding additional MgO NPs, the ρ value rises. 

As shown in Fig.11 (c&d), loading MgO NPs raises I values.  

         The I–V characteristics' nonlinear performance was noticed and may be explained by two 

factors. To begin with, when the applied voltage exceeds the nominal voltage (or breakdown 

voltage), the material's resistance drops sharply, causing an increase in conductance and current 

above the 100 V threshold that controls the barrier height and allows more charges to jump 

between levels than the current flow across the junction, resulting in increased current values. 

The second explanation is that the additional MgO content forms physical contact networks 
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within the polymer matrix, which could result in an increase in the current [23]. Another 

important consideration is that the addition of MgO creates localized traps in the energy 

bandgap, resulting in a decrease in Eg and an increase in current. As a result, the bandgap 

between the valence band and the conduction band is greatly decreased, making it easier for 

electrons to jump from the valence band to the conduction band. The polar O-2 terminated MgO 

NPs contributes significantly to the increase in current, so, MgO NPs have the potential to form 

"charge transfer complexes (CTCs)," which lower the barrier height between trapping sites 

[68]. These CTCs promote polarization and hence charge mobility, resulting in an increase in 

I. This behavior suggests that the existing flexible films with a high MgO NPs content might 

be useful as nanocomposite materials in a varistor device. This behavior is consistent with that 

observed in PVA-PVP doped with Mg ions. 

4 | Conclusions 

This paper reports on the structural, morphological, optical, mechanical, dielectric, and 

electrical characteristics of (PVA–PVP)–x wt% MgO polymeric nanocomposite films. Because 

of the high miscibility of the PVA–PVP blend (80/20 wt%), these films are largely amorphous, 

and there is an enhancement in polymer–nanoparticle interactions as the MgO level in the films 

rises. With increasing MgO concentration, the optical energy bandgap (direct and indirect) of 

these PNC films decreases, whilst the films' absorbance (optical density) rises. The Urbach's 

tail energy grows dramatically as the MgO content in the PNC films increases.  The tensile 

strength increased by 100%, while Young's modulus increased by 300%, revealing that the 

(PVA–PVP) blend and MgO NPs successfully complexed and interacted. The temperature-

dependent dielectric and electrical investigation of the (PVA–PVP)–6.25 wt% MgO film 

verifies the Arrhenius behavior of dielectric relaxation and electrical conductivity, as well as a 

linear rise in dielectric permittivity across the temperature range 30–130 °C. The PNC film has 

substantially lower activation energy than unity. Nonlinear behavior in the I-V curve  observed 

in films with greater dopant content of MgO NPs. The multifunctional characteristics of these 

MgO dispersed high-performance PNC materials verify their practicability as potential 

candidates for next-generation flexible optoelectronics, gas sensors, base matrix for ion-

conducting nanocomposite solid polymer electrolytes, and electrical insulator for 

microelectronic devices, as evidenced by the structural, morphological, optical, dielectric, and 

mechanical properties. 
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List of Tables 

 

Table.1: XRD Data for MgO / PVA- PVP nanocomposite films. 

 

Samples 𝟐𝜽° 𝒅, (Å) 𝑫, (𝒏𝒎) 𝜹, (Ao) Strain, (ε) Xc, (%) 

 

Pure PVA-PVP 19.77 4.489 3.73 7.168 x10-2 9.28 x10-3 24.68 

0.06  wt% MgO 19.48 4.555 3.52 8.06 x10-2 9.84 x10-3 26.17 

0.3  wt% MgO 19.73 4.498 4.03 6.14 x10-2 8.59 x10-3 22.85 

0.6  wt% MgO 19.33 4.590 3.64 7.51 x10-2 9.50 x10-3 25.25 

3.1  wt% MgO 20.27 4.379 4.05 6.07 x10-2 8.54 x10-3 22.74 

6.25 wt% MgO 19.68 4.509 4.636 4.65 x10-2 7.47 x10-3 19.88 

 

 

 

 

 

 

Table. 2: Mechanical characteristics of MgO / (PVA-PVP) nanocomposite films. 

Samples 
Young's modulus Y, 

(MPa) 

Elongation at break, 

(𝜺 %) 

Tensile Strength (T.S) 

(MPa) 

Pure PVA-PVP 51.1668 39.3 5.92 

0.06  wt% MgO 54.339 43.7 6.7 

0.3  wt% MgO 73.8964 52.69 7.7 

0.6  wt% MgO 87.4587 59.58 7.95 

3.1  wt% MgO 99.5781 75.26 9.44 

6.25 wt% MgO 166.4063 81.4 10.65 
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Table 3: The indirect and direct band gap, the band tails energy of  Urbach’s, for (PVA–PVP)/ 

MgO polymeric nanocomposite films. 

 

Samples Eg  (eV) 

Indirect 
Eg (eV) 

Direct 

Eg(T) Eu, (eV) 

Pure PVA-PVP 4.83 5.26 5.0344 1.015476 

0.06  wt% MgO 4.8 5.2 4.9104 1.124872 

0.3  wt% MgO 4.78 5.17 4.8484 1.20754 

0.6  wt% MgO 4.72 5.15 4.7864 1.301643 

3.1  wt% MgO 4.67 5.13 4.7492 1.482646 

6.25 wt% MgO 4.02 4.96 4.5384 3.5891 
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Table 4: Values of dc electrical conductivity σdc and their corresponding fractional exponent s  

for the (PVA–PVP)–6.25 wt% MgO film at different temperatures T. 

Temperature σdc (S/m) S 

30 oC 5.1 x 10-9 0.78 

50 oC 3.38 x 10-8 0.71 

70 oC 9.58 x 10-8 0.66 

90 oC 1.86 x 10-7 0.64 

110 oC 2.66 x 10-7 0.56 

130 oC 3.66 x 10-7 0.48 

 

 

 

 

Table 5: The values of the nonlinear exponent parameters of the as-prepared polymer 

nanocomposites 

Samples ρ1 ρ 2 

Pure PVA-PVP 0.50519 0.98638 

0.06  wt% MgO 0.85264 1.00135 

0.3  wt% MgO 0.70611 1.11983 

0.6  wt% MgO 1.01244 1.10453 

3.1  wt% MgO 1.16666 1.63453 

6.25 wt% MgO 1.25466 1.34255 
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Fig. 1. (a) XRD patterns obtained for the MgO NPs and (b)  for PVA/ PVP (blend), and the 

blends loaded with 0.06, 0.3, 0.6, 3.1 and 6.25 wt% MgO NPs. 

 
(a) Pure MgO NPs 

  
(b) Pure PVP/PVA (blend) (c) 0.6  wt % MgO 

  

(d )  3.1   wt % MgO (e) 6.25  wt % MgO 

Fig.2 : SEM micrograph of (a) nano-MgO. (b) pure PVA/PVP blend and PVA-PVP/ MgO 

nanocomposites with  (c) 0.06 wt %, (d) 3.1 wt%,   and (e)  6.25 wt% of MgO  NPs. 
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Fig.3: (a) The representative stress–strain curves, (b) Young's modulus , and (c) Tensile 

Strength  of MgO/(PVA– PVP) nanocomposite films. 
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Fig.4: (a) Absorbance, and (b) Transmittance plots vs. λ for different nanocomposite 
samples. 
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Fig. 5:  Plots of (a) (αhυ)1/2, and (b) (αhυ)2 versus (hυ) for PVA-PVP/MgO nanocomposite 

films.  
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Fig.6: (a) A1/2/λ versus 1/λ, and (b) the Urbach energy plot (lnα vs incident photon energy) 
for the prepared samples.      
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Fig. 7: Frequency dependent dielectric constant 𝜀1,  dielectric loss 𝜀2 , and tanδ of (a) 
(PVA–PVP)/MgO nanocomposite films at 30oC, and (b) (PVA–PVP)– 6.25 wt% MgO –
nanocomposite film at various temperatures. 
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Fig.8: Plots of 𝜀1 and 𝜀2 values (a) C60 concentration dependent of (PVA– PVP)– MgO 

nanocomposite films at 30oC and (b) (PVA–PVP)–6.25 wt% MgO nanocomposite film at 

various temperatures at several frequencies.  

 

 

 

 

 

 

 

 

 

 

 

 



35 

 

2 3 4 5 6

1.2

1.4

1.6

1.8

 PVA-PVP blend

 0.06 wt% MgO

 0.3 wt%   MgO

 0.6wt%    MgO

 3.1 wt%   MgO

 6.25 wt% MgO

(a)

M
' X

1
0

-2

log f, (Hz)

2 3 4 5 6
0.0

0.4

0.8

1.2

1.6

2.0

    30 oC

    50 oC

    70 oC

    90 oC

  110 oC

  130 oC

M
ʹ x

10
-2

log f, (Hz)

(b)

2 3 4 5 6
0.0

0.5

1.0

1.5

2.0

2.5

3.0
 PVA-PVP blend

 0.06 wt% MgO

 0.3 wt%   MgO

 0.6wt%    MgO

 3.1 wt%   MgO

 6.25 wt% MgO

M
''
X

1
0

-3

log f, (Hz)

2 3 4 5 6
0.0

0.5

1.0

1.5

2.0

2.5

3.0

    30 oC

    50 oC

    70 oC

    90 oC

  110 oC

  130 oC

M
ʹʹ 

x1
0-

3

log f, (Hz)

Fig.9: Frequency dependent real part M 'and loss part M" of complex electric modulus of             

(a) (PVA–PVP)/MgO nanocomposite films at 30oC, and (b) (PVA–PVP)– 6.25 wt% MgO 

–nanocomposite film at various temperatures.  
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Fig. 10: Frequency dependent ac electrical conductivity (a) (PVA–PVP)/MgO 

nanocomposite films at 30oC, (b) (PVA–PVP)– 6.25 wt% MgO –nanocomposite film at 

various temperatures,  and (c) Arrhenius plots of the dc conductivity σdc of (PVA–PVP)–
6.25 wt% MgO polymeric nanocomposite film. 
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Fig. 11: Variation of current (I) -voltage (V) plots and the corresponding ln(I)-ln(V) plots 

of MgO / (PVA- PVP) polymeric nanocomposite films. 

 

 

 

 

 

 

 

 


