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Abstract The modern scientific community is very interested in using polymeric 
nanodielectrics in capacitors and other forms of improved energy storage devices. 
Hybridization of inorganic metal or metal oxide NPs as nanofillers with a high dielec-
tric constant and the polymer as a matrix with a high breakdown strength is funda-
mental in fabricating polymer nanodielectric films. Findings from this study show, 
for example, that a higher NP filler concentration results in a higher dielectric permit-
tivity and a lower dielectric loss in the nanodielectric film, making it an attractive 
candidate for use in the fabrication of high-voltage storage capacitors. This chapter 
provides a concise overview of the methods for preparing highly flexible polymer 
nano dielectrics with enhanced thermostability for the fabrication of electronic and 
microelectronic devices, including using various metal and metal oxide NPs as cores 
and a variety of polymer matrices as shells. 
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15.1 Introduction 

Nowadays, there is a continuous depletion of energy sources like fossil fuels world-
wide; hence there is a huge demand for the generation and storage of energy using 
renewable energy sources [1, 2]. Currently, most of the research development sectors
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focus on generating plenty of energy, particularly electrical energy using tidal, wind, 
and solar energy resources, etc. To store the generated electricity, there is a need for 
highly reliable and efficient energy storage devices such as capacitors [3–5]. In this 
regard, dielectric capacitors in energy storage devices are a better alternative than 
electrochemical capacitors and batteries because of their long lifetime, high power 
density with high-voltage tolerance capability, and higher cycling stability [6]. All 
these interesting characteristics associated with dielectric capacitors make them a 
promising material of choice for renewable energy storage and distribution systems 
[7]. Capacitors possessing high dielectric constants are much needed for cable insu-
lation, electrocaloric cooling, etc. Marketed dielectrics are generally polymer or 
ceramic-based [8]. Though ceramic dielectrics have their advantages, it has some 
limitations, such as high density, low breakdown strength with poor flexibility, low-
temperature tolerance capability, etc. [9, 10]. Thus, there is a need for another kind of 
material that will possess opposite characteristics to the traditionally used materials. 

In this connection, the scientific community suggested polymeric dielectrics as 
an alternative energy storage device. The associated properties, like high-voltage 
endurance with dielectric strength and low resistance with less dielectric loss, made 
dielectric polymers an incomparable material of choice for a wide range of electrical 
insulation and energy storage applications [8–11]. As for wire and cable insulation, 
the polymer coating protects the internal shielding and conductors from mechanical, 
external moisture, ultraviolet (UV), and ozone damage [4, 5]. For tape and capacitor 
insulation, polymer films/sheets work as fundamental building blocks that provide 
electrical current handling capability and electrical charge build-up barriers [12]. 
Polymeric core-shell devices containing nanofillers, generally known as nanodi-
electrics are highly advantageous and quite appealing for energy storage purposes 
and application in capacitors [13]. After many hits and trials, it was signified that the 
performance of metal or metal oxide-based NPs as nanofiller is more enthusiastic. 
Due to the small particle size and the high surface area of NPs [14–19], the bonding 
between polymer matrix and NPs is quite superior. Polymers with a strong polarizing 
tendency and exceptional effectiveness, such as poly (vinylidene fluoride) (PVDF), 
PVDF-based copolymers and terpolymers, and linear polymers like polyetherimide 
(PEI) and poly(methyl methacrylate) (PMMA), were chosen as a matrix for this 
application [5–7]. 

Moreover, it was verified that, for metallic/polymer NP dielectrics, field elec-
tron emission from metallic NPs under a high field tends to decrease the dielec-
tric breakdown strength and, thus, increase the electronic conduction [1–3]. The 
charming features associated with nanodielectrics include high energy density, high 
capacitance density, high voltage, high current handling capability, high thermal 
conductivity, high temperature, lightweight, and environmental reliability. The addi-
tion of nanofillers impressively increased the flexibility, dielectric constant, break-
down strength, and thermostability with low dielectric loss of the polymer matrix 
[20]. 

This chapter briefly summarizes the preparation and application of different metal 
or metal oxide-doped polymer-based nanodielectrics in different energy storage 
devices.
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15.2 Application 

In order to study its potential against HV insulating systems like HVDC cables, 
ZnO nanoparticles were selectively distributed on polyethylene (PE) mix and ther-
moelastic polymer (TPE) comprising polystyrene-b-poly(ethylene-co-butylene)-b-
polystyrene grafted maleic anhydride (SEBS-MA). The generated blended nanocom-
posites of PE/SEBS-MA/ZnO were analyzed and compared with a homopolymeric 
PE–ZnO nanocomposite for their mechanical and dielectric characteristics. Agglom-
eration of metal oxide NPs made them less compatible with the polyolefin matrix, 
leading to a compatibility problem. ZnO NPs were observed to be solely restricted 
inside the polymeric lattice and to be situated at the interface between SEBS-MA and 
PE, but in the case of SEBS-MA/ZnO and PE/SEBS-MA/ZnO, improved compati-
bility between SEBS-MA and the NPs occurred, resulting in good dispersion of the 
NPs. Additionally, PE/SEBS-MA/ZnO nanocomposites showed improved dielectric 
characteristics over PE/SEBS-MA nanocomposites because of the increased disper-
sion of ZnO NPs (unfilled blend). When compared with free PE/SEBS-MA, plane 
PE, and PE/ZnO nanocomposite, the blended nanomaterial showed reduced dielectric 
loss at higher power with temperatures 80 and 45 °C percent improved resistance to 
surface erosion value. Upon high loading of NPs, the blended nanomaterials exhib-
ited decreased breakdown strength than unfilled material. Moreover, the blended 
nanocomposites displayed high mechanical flexibility with low reduction value due 
to the quality dispersion of the NPs (Figs. 15.1 and 15.2) [21].

Go/Au (prepared by doping of Au on GO) and GO–Cu (prepared by doping 
of Cu over GO) integrated over poly vinylidene fluoride (PVDF)-based new and 
flexible nanocomposites were generated following the solution casting process. The 
presence of GO/Cu and GO/Au nanofillers increased the quantity of electroactive 
crystalline phases of PVDF. Low dielectric loss with high dielectric constant and 
a high content of electroactive phases made it a suitable candidate for fabricating 
over flexible high-performance nanodielectric materials like electronic devices and 
sensors. An increase in the concentration of the nanofillers leads to a rise in the elec-
troactive phase due to the presence of electrostatic interactions between the nanofiller 
and CH2–CF2 dipoles of PVDF, as confirmed by FTIR spectra. Along with this, it 
did not display any absorption band related to the non-polar α phase in the FTIR 
spectrum. For PVDF filled with 1% GO/Au nanofiller, the maximum value of the 
electroactive phase content was found to be 95% which was around 2.5 times greater 
than neat PVDF, as demonstrated through FTIR. Compared with GO/Cu, GO/Au-
based nanocomposites possessed an increased number of electroactive phases, which 
XRD determined. From capacitance, inductance, and LCR (resistance) measurement, 
nanomaterials exhibited increasing nanofiller content with high dielectric constant 
with low dielectric loss, which made it an interesting material of choice to fabricate 
over simple and flexible high-performance nanodielectric materials (Figs. 15.3, 15.4 
and 15.5) [22].
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Fig. 15.1 SEM of unmodified PE–SEBS-MA (a), PE–SEBS-MA/1 (b), PE–SEBS-MA/5 (c), 
and PE–SEBS-MA/10 (d) composites. Reprint and Copyright permission obtained from Elsevier 
publication [21] 

Fig. 15.2 Resistance to surface erosion through PE–ZnO as a function of PE–SEBS-MA–ZnO 
nanocomposites. Reprint and Copyright permission obtained from Elsevier publication [21]
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Fig. 15.3 FTIR spectra of neat PVDF and PVDF-based nanocomposites with different contents of 
GO–Au (a) and GO–Cu nanofiller (b). Reprint and Copyright permission obtained from Elsevier 
publication [22] 

Fig. 15.4 XRD spectra of pristine PVDF and PVDF-based nanocomposites with different content 
of a GO–Au and b GO–Cu nanofiller. Reprint and Copyright permission obtained from Elsevier 
publication [22]

Dielectric polymeric nanocomposite matrices were prepared by the embedment 
of molybdenum disulfide (MoS2) and polydopamine (PDA)–encapsulated hydrox-
ylated barium titanate (BTH) over [poly (arylene ether nitrile)] (PEN) matrix. 
The nanofillers, i.e., MoS2/PDA@BTH-1 were prepared through polydopamine 
deposition technology involving H-bonding interactions. The introduction of PDA 
contributed to the formation of nanocapacitor networks and multiple interfaces, 
enhancing interfacial polarization. Experimentally, it was found that the polymeric 
nanocomposite matrix exhibited a dielectric constant value of 17.3 at 1 kHz upon 
15 wt% MoS2/PDA–BTH-1 loading. The matrix also maintained low dielectric loss 
at the meant time. The plausible mechanism of the synergistic effect of MoS2/PDA– 
BTH-1 upon the enhancement of the dielectric properties of the composite matrix
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Fig. 15.5 Frequency dependence of dielectric constant and dielectric loss of pristine PVDF 
nanocomposites with different contents of GO–Au (a, c) and GO–Cu (b, d) nanofillers. Reprint 
and Copyright permission obtained from Elsevier publication [22]

was proposed, which was assumed that the dielectric constant value becomes stabi-
lized upon reaching 158 °C as suggested by temperature-permittivity data. Thus, the 
developed film could be used in capacitors up to a temperature 150 °C, which was 
quite higher than that of most polymeric capacitors. The high-temperature tolerance 
nature and high dielectric constant (k) value of the developed material made it a 
demandable material for application in embedded devices as well as electrostatic 
capacitors (Figs. 15.6 and 15.7) [23].

Polymeric nanocomposite films containing carboxymethyl cellulose (CMC)-
polyvinyl alcohol (PVA) (30/70 wt%) blend and Au NPs (0.36 wt%) as host polymer 
matrix were synthesized through the casting of aqueous solutions. The required Au 
NPs for synthesizing the polymeric matrix were successively generated from the 
leaf extract of Morus nigra (M. nigra). It was then irradiated under a nanosecond 
laser at a different time interval. The presence of functional groups in the CMC/PVA 
polymer interacted through H-bonding interactions, and simultaneously, the intensity 
of the spectral lines significantly increased upon irradiation and the addition of Au 
nanoparticles, as implied by FTIR. An increase in the absorbance intensity leading to 
a blue shift and appearance of SPK peak in the UV-Visible spectra confirmed the well 
dispersion of Au MPs upon the polymeric matrix. The TEM study confirmed that
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Fig. 15.6 Synthesis of MOS2–PDA–BTH-1 and MOS2–PDA–BTH-A–PEN nanocomposite film. 
Reprint and Copyright permission obtained from Elsevier publication [23] 

Fig. 15.7 SEM and TEM micrographs of BTH (a, b), MOS2 (c, d), PDA@BTH (e, f), and MOS2– 
PDA–BTH-1 (g, h) particles. Reprint and Copyright permission obtained from Elsevier publication 
[23]

laser irradiation reduced the particle size and spherical shape of Au NPs. It exhib-
ited high dielectric constant value and dielectric permittivity, making it a valuable 
material for further application in optoelectronic and electronic devices [24].
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Polymeric nanocomposite films were developed by the incorporation of different 
weight percentages of ZnO NPs upon poly (vinyl pyrrolidone) (PVP) and poly (ethy-
lene oxide) (PEO) blend matrix. The developed blended matrix was studied for its 
application in preparing next-generation microelectronic and optoelectronic devices. 
The structure and morphology of the nano polymeric film were studied using SEM, 
FTIR, XRD, etc. It was found that the incorporation of different amounts of ZnO 
NPs inside the polymer matrix significantly influenced the polymer-polymer, porous 
spherulite morphology, semicrystalline structure, and polymer-nanoparticle interac-
tions of the materials. UV-Vis spectra were used to determine the optical properties 
such as optical band gap, refractive index, Urbach tail energy, and ZnO surface 
plasmon resonance energy. Increasing the concentration of ZnO in the polymeric 
film decreased the optical band gap. DRS spectroscopy was used to study its impli-
cation in the flexible nanodielectrics from 20 Hz to 1 MHz. The permittivity of the 
complex was found to increase linearly up to 3 wt% ZnO loading with respect to 
an increase in temperature, then a slight decrease in the value was noticed at 5%. 
However, with increased temperature, the electrical conductivity and the dielectric 
relaxation time obeyed the Arrhenius manner. Experimentally, it was observed that 
the dielectric constant of the film increased upon loading of ZnO nanoparticles [25]. 

Dispersion of Fe3O4 NPs was carried out in one step over polyethylene oxide 
(PEO)/chitosan (CS) based nanocomposite using laser ablation at different time inter-
vals. The as-produced nanocomposite film containing PEO/CS/Fe3O4 was analyzed 
properly using XRD, SEM, TEM, FTIR, and UV-Visible spectroscopy. Also, the 
authors measured the nanofilm’s electrical conductivity and dielectric characteris-
tics. The crystallinity of the nanocomposite film gets enhanced by the fabrication and 
well interaction of the PEO–CS matrix with Fe3O4 NPs. The average particle size of 
the Fe3O4 NPs generated under laser ablation was found to be 45 nm. FTIR spectra 
also confirmed the stable interaction present in the PEO–CS–Fe3O4 nanocomposite 
film. The appearance of the bright spots over the surface of the sample in the SEM 
image confirmed the successive dispersion of the NPs over the nanocomposite film. 
The optical characteristic of the generated material was confirmed by the appear-
ance of an absorption peak at 218 nm, which shifted toward a higher wavelength 
region with respect to the rise in laser ablation time, also simultaneous decrease in 
the energy gap to 4.43 eV from 5.35 eV for direct transition and to 2.49 eV from 
4.91 eV for indirect transition. It was also studied that the electrical conductivity of 
the sample increased with a simultaneous increase in Fe3O4 NPs. PEO–CS–Fe3O4 

NPs achieved a high conductivity value of ∼8.47 × 10−6 S/cm at a laser ablation 
time of 20 min. The developed nanomaterial exhibited high electrical conductance, 
which can be applied in different electronics (Figs. 15.8 and 15.9) [26].

Dispersion of carbon fabricated Ni NPs was carried out over epoxy-based photore-
sist material (SU-8), doped over metal polymer composites (MPC), and used in-
depth high-voltage dielectric characterization. The integration of MPC involved three 
stages: deagglomeration, surface functionalization, and dispersion in a polymeric 
matrix following the sonochemical process. In the end, the MPC films were deposited 
over silicon wafers through spin-coating and finally used to fabricate metal–insu-
lator–semiconductor (MIS) capacitors. The dielectric permittivity was observed to



15 Metal Oxide Nanofiller-Introduced Polymer-Based Nanocomposite … 423

Fig. 15.8 XRD spectra of PEO–CS blend and PEO–CS–Fe3O4 blend at various laser ablation 
times. Reprint and Copyright permission obtained from Elsevier publication [26] 

Fig. 15.9 FTIR and UV-Vis spectra of PEO–CS and PEO–CS–Fe3O4 blend with various ablation 
times. Reprint and Copyright permission obtained from Elsevier publication [26]

be enhanced to approximately 116% with 0.32 loss at 5 kHz. The measured high-
voltage dielectric properties indicated the 2e− field mechanism without electrical 
aging or dielectric breakdown less than ±0.38 MV/cm. The developed wafer-scale 
film fabrication process of MPCs was quite reliable and can be applied to manufacture 
pleasant miniaturization of high-voltage capacitors [27].
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The increasing variety of uses for hybrid nanocomposites made from organic 
and inorganic elements has increased their popularity in recent years. The in-situ 
bulk polymerization method was utilized to synthesize [poly(methyl methacrylate)] 
(PMMA) and its binary and ternary nanocomposites using varying amounts of rGO 
and Fe2O3 NPs. PMMA; based ternary nanocomposites comprising 2:2 wt% of 
RGO:Fe2O3 NPs showed the greatest dielectric constant value up to 308 and also 
demonstrated a dielectric loss of 0.12 at 25 Hz, according to the results of the dielectric 
characteristics study conducted in the frequency range of 25 Hz to 1 MHz. The 
dielectric characteristics of ternary PMMA nanocomposites were predicted to be 
superior to those of binary nanocomposites containing only one interface, possibly 
as a result of the accumulation of a greater number of charges at the latter’s interface. 
The synergistic reduction in thermal resistance of together Fe2O3 NPs and rGO 
(2:2 wt%) compared with 2 wt% of PMMA–RGO and PMMA–Fe2O3-based binary 
nanocomposites at 1.04 W/m K and 0.98 W/m K, respectively, resulted in an increased 
thermal conductivity value of 2.04 W/m K in the ternary nanomaterials. Therefore, 
the ternary nanocomposite showed promise as a heat-control mechanism component. 
The nanomaterial spectra data indicated a robust interaction of the nanofillers with 
the PMMA matrix [28]. 

Cast synthesis was used to create bendable nanocomposite films using 
carboxymethyl cellulose (CMC), polyethylene oxide (PEO), and ZnO/GO NPs as 
nanofiller. Nanocomposite films were analyzed for their shape, crystallinity, and 
structure using XRD and FTIR spectra, which showed that ZnO/GO NPs inter-
acted effectively with the PEO/CMC mixture. The optical properties, including 
Urbach energy and energy band gap of the nanocomposite and pure PEO/CMC 
blend, were measured by UV-Vis spectroscopy. It was studied that increasing the 
weight percentage of ZnO–GO NPs decreased the energy band gap with an increase 
in the Urbach energy. AC-impedance spectroscopy was used to compute the ionic 
conductivity of the polymer nanocomposites. For PEO–CMC composite film, the 
calculated ionic conductivity was found to be ∼10–9 S/cm, which increased to 
∼10–7 S/cm by adding 8% ZnO–GO nanofiller at room temperature. Increasing the 
frequency increased the AC electrical conductivity; however, it reduced the values of 
ε' and ε'' of PEO–CMC and ZnO–GO nanocomposites. Surprisingly, increasing the 
concentration of ZnO–GO NPs increased the ε' and ε'' values of the nanocomposites. 
Hence, PEO/CMC nanocomposite films prepared by using 8 wt% ZnO–GO NPs with 
enhanced dielectric, optical, and electrical properties can further be employed for 
different industrial purposes like flexible energy storage devices, i.e., optoelectronic 
and electric devices [29]. 

(CMC/PAM)/Li4Ti5O12-based polymeric nanocomposite films were prepared by 
the fabrication of Li4Ti5O12 NPs with particle size <55 nm over a carboxymethyl 
cellulose/polyacrylamide (CMC–PAM) blend matrix involving a solution casting 
process. The optical, dielectric, structural, mechanical, and thermal properties of the 
nanocomposites were determined through various spectral studies. The existence 
of coordination and hydrogen bonds in the nanocomposite samples with increased 
CMC/PAM structural amorphous areas was revealed through FTIR and XRD. The 
absorption maximum of the nanocomposite samples was significantly enhanced by
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the reduction of the energy band gap which was determined by UV-Vis spectra. The 
inclusion of Li4Ti5O12 NPs, fine dispersion, and well interaction between the NPs 
and polymer enhanced the thermal stability of the CMC/PAM at a high temperature 
which was proved by the TGA study. Moreover, the addition of nanofillers improved 
the mechanical properties of the nanocomposite. Tuning of the dielectric param-
eters like modulus spectra and dielectric permittivity of the nanocomposite films 
can be achieved by tuning of Li4Ti5O12 NP content in the CMC/PAM blend which 
illustrates its novel applicability in the biodegradable polymer nanodielectrics. The 
advantageous features like the development of polymer electrolyte, optical band gap 
tuner, and controllable dielectric permittivity etc., associated with the nanocomposite 
made it a suitable material for application in high-density energy storing/advanced 
microelectronic devices [30]. 

Polymer-perovskite-based hybrid nanocomposites are highly demanding because 
their integration into electronic and optoelectronic devices enhances the physical and 
chemical properties of the target material. SrTiO3 NPs fabricated PVA–CMC-based 
nanocomposites were synthesized following the solution casting method. Increasing 
the content of SrTiO3 NPs decreased the degree of crystallinity of the nanocom-
posites, which was demonstrated through XRD, whereas it enhanced the optical 
characteristics of the material as studied by UV-Vis spectra. An FTIR spectrum was 
used to study the influence of the SrTiO3 nanoparticles upon the functional groups 
of the PVA–CMC hybrid system. SEM images confirmed a rise in the surface rough-
ness with respect to the increase in the NP content. The authors also examined the 
dielectric dispersion and relaxation characteristics of the prepared PNC films, which 
signified that the polymeric nanocomposites possessed a high value of dielectric 
constant with a low dielectric loss than pure PVA–CMC blend. Thus, the observed 
outcomes depicted its further potential attribution in advanced optoelectronic devices 
[31]. 

Nanocomposites containing poly (methyl methacrylate) (PMMA) matrix and 
SnO2, ZnO, and TiO2 as nanofillers were designed and synthesized by a sonicated 
suspension of NPs in polymeric solutions following the casting process. DRS, XRD, 
and UV-Vis techniques characterized the prepared nanomaterial well. The succes-
sive formation of the nanocomposite with appropriate composition was confirmed 
by XRD and SEM studies. The dielectric permittivity of the PNC was also demon-
strated. The band gap and the UV-Vis absorbance of the material were found to 
be tunable as characterized by UV-Vis. For a particular nanofiller concentration, 
maximum absorbance was displayed by PMMA/TiO2 films, and it was decreased for 
PMMA/SnO2 films. For equal PMMA/TiO2 composite composition, increasing the 
thickness of the material reduced the energy band gap with an enhancement of UV-Vis 
absorbance, as observed by the thickness study. For nanocomposites containing SnO2 

and ZnO as nanofiller, the high dielectric permittivity value was found to be directly 
proportional to the concentration of the respective nanofillers; however, for TiO2 NP-
containing films, a decrease in the permittivity value was noticed when compared 
with the host matrix film at 30 °C. Moreover, enhancing the experimental electric 
field frequency to 1 MHz from 20 Hz gradually decreased the permittivity of the 
nanocomposite. Hence, the associated versatile properties make the nanocomposite
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film a promising candidate for further application in the development of different 
advanced organoelectronic, nanodielectric insulators, and optoelectronic devices and 
to architect the coming generation of flexible electronic devices [32]. 

Polymeric nanocomposites (PNCs) are considered the key moiety present in 
the flexible type of advanced microelectronic devices based on polymer engi-
neering and technology. A three-phase hybrid nanocomposite consisting of SiO2 NPs 
dispersed over PNC films of poly (vinylidene fluoride)/poly (ethylene oxide) (PVDF– 
PEO) blend was designed, synthesized, and characterized through various spectral 
methods. Experimentally, increasing the concentration of SiO2 NPs decreased the 
relative fraction of PVDF β-phase crystals and degree of crystallinity and simultane-
ously modified the spherulitic morphology of the PVDF/PEO blend matrix. More-
over, the loading of 5 wt% SiO2 nanofiller enhanced the dielectric permittivity and 
improved the dielectric constant at a frequency range from 20 Hz to 1 MHz. The 
tunable dielectric and structural properties made them a suitable candidate for succes-
sive application in appealing polymeric nanodielectrics, including organoelectronic 
and energy storage devices [33]. 

Flexible dielectric nanocomposites with excellent energy storage properties make 
it an alternative choice able material for its potential application in electrostatic capac-
itors. With an intention to eliminate the inconveniences stimulated by the interfacial 
polarization of two different components in the nanocomposite, authors prepared 
PVDF–HFP/HfO2–BT nanocomposites by the fabrication of HfO2–BT NPs over 
poly (vinylidene fluoride-co-hexafluoropropylene) film following solution casting 
process. Due to the high resistivity and moderate dielectric permittivity nature of 
the HfO2, it acts as a buffering barrier. Its inclusion in the nanocomposite reduces 
dielectric mismatch between the P (VDF-HFP) matrix and BT NPs. The addition of 
nanofiller substantially enhanced the energy density (Ue) and breakdown strength 
(Eb) of the nanocomposite. The maximum Ue value of 10.7 J/cm3 was exhibited 
by P (VDF-HFP)–HfO2–BT nanocomposites at 450 MV/m, around 36% and 59% 
greater than that of nanocomposite filled by only BT nanoparticles and also that 
of pristine P (VDF-HFP). Additionally, it possessed a charge–discharge efficacy of 
72%, which was quite superior to the reported values. It is concluded that adding 
nanofillers containing a passivation layer might be an effective route to enhance the 
energy storage capacity of the flexible nanodielectrics [34]. 

Polymeric nanocomposites were prepared by the embedment of MWCNTs/Au 
NPs over PEO (polyethylene oxide) samples following the casting process. The inter-
action between the polymer and the nanoparticles was confirmed by FTIR spectra. 
Reduction in the crystallinity phase of PEO due to the incorporation of MWCNTS-
Au NPs as well as the semicrystalline nature of the nanocomposite was confirmed 
through XRD. MWCNTs having a diameter of 10–25 nm and the spherical shape of 
the NPs with 2–25 nm particle size was predicted by TEM analysis. The absorption 
maximum shifted toward the red region, which indicated the decrease in the energy 
band gap with good reactivity between the polymer matrix and the nanofillers, as 
calculated by Tauc’s relation. An increase in the thermal stability of the nanocom-
posite was predicted by TGA analysis. Dielectric spectroscopy was used to measure
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the dielectric and electric spectra of the samples, which suggested its favorable appli-
cation in the production of electroactive materials as well as for the preparation of 
electrical insulating polymeric nanodielectrics [35]. 

PEO/PMMA/MMT-based hybrid polymeric nanocomposite (HPNC) films were 
designed and synthesized by the dispersion of different composition ratios of organic 
(PEO and PMMA) and inorganic (MMT, montmorillonite) polymer blend matrices 
via solution-cast process followed by the melt-press method. The characteristics, 
properties, and structure of the polymer blend were analyzed by different spectral 
studies, i.e., SEM, XRD, DSC, dielectric spectroscopy, UV-Vis, etc. The authors also 
explored the influence of MMT nanofiller concentration and PEO/PMMA blend 
compositional ratio upon the degree of crystallinity, melting temperature of PEO 
crystallites, homogeneity, and variation in intercalated MMT structures, etc. It was 
demonstrated that the quantity of the constituents along with polymer–nanofiller, 
and polymer–polymer interphases in the HPNC and PB materials had a significant 
influence upon the UV-Vis absorbance with energy band gap, electrical conductivity, 
dielectric dispersion, and relaxation processes, and other optical parameters of the 
nanocomposites. Loading of MMT with PMMA blending enhanced the thermal 
stability of the PEO. It exhibited high dielectric permittivity in the lower frequency 
range, i.e., from 105 to 2 × 101 Hz, mostly due to the interfacial polarization that 
made them applicable in the flexible and tunable dielectrics [36]. 

5 wt% of different metal oxides (Al2O3, SnO2, TiO2, ZnO) NPs were used as 
nanofillers and were fabricated over PVDF/PEO (75/25 wt/wt%) blend considered 
as host to generate polymeric nanocomposite (PNC) films following casting process. 
The as-prepared nanocomposite films were successively characterized by XRD, 
FTIR, SEM, UV-Vis, DRS, etc. The influence of nanofillers upon the dielectric, 
optical, and structural properties of the polymeric blend was discussed. The pres-
ence of metal oxide nanoparticles significantly altered the spherulitic morphology 
of the polymer, created a huge number of micro- to nano-sized pores, and lowered 
the degree of crystallinity of the host matrix and also the β-phase content of the 
PVDF and crystalline phase of PEO. At ambient temperature, among the used metal 
oxides, Al2O3 NPs significantly enhanced the dielectric permittivity, whereas other 
nano inclusions altered the MWS relaxation and dielectric polarization processes of 
the PNC films in the frequency range from 20 Hz to 1 MHz. Additionally, Al2O3 

NPs exhibited high electrical conduction, and a considerably decreased value was 
noticed for ZnO nanoparticles containing PNC films [37]. 

PEO–PMMA–SiO2 and PEO–PMMA–SnO2-based nanocomposite films were 
prepared by blending SiO2 and SnO2 nanofillers over PEO/PMMA polymeric matrix 
under ambient temperature. Experimentally, it was confirmed that, with respect to 
the increase in the concentration of the nanofillers and the applied electrical field 
frequency, the dielectric permittivity of the films gets decreased to 2.8 from 3.4. They 
also explored the effect of various NP sizes and dielectric constants on the dielectric 
permittivity of the film. The results suggested a relatively low nanodielectric loss 
with a dipolar relaxation at high frequency; however, the radiofrequency electrical 
conductivity of the HPNCs was increased linearly to 10−4 S/cm from ∼10−8 S/ 
cm, and it was found to have not any connectivity with the concentration of the
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nanofiller. Hence, the film’s high dielectric and electrical properties made it a material 
of choice for the development of radiofrequency operative flexible-type electrical and 
electronic components and devices [38]. 

Hybrid nanocomposite films were prepared by the dispersion of the 5 wt% of 
different metal oxides NPs like Al2O3, ZnO, TiO2, or SnO2 over the PVDF/PEO 
blend matrix and were characterized by various spectral studies, including DSC 
and RF-IA. The degrees of the crystallinity of PVDF and PEO were measured 
over HPNC through DSC, which were found to be dependent upon the physical 
characteristics of metal oxide NPs. With respect to the increase in the radio wave 
electric field frequency to 109 Hz from 106 Hz, a nonlinear decrease in the dielec-
tric permittivity of the medium was observed. Among the NPs, Al2O3 exhibited a 
high dielectric permittivity value. The alternating current of the medium displayed 
linear progress with the frequency variation and was found not to have been influ-
enced by the concentration of the NPs. Hence, the high dielectric constant with 
permittivity value, high density, lower particle size, and high flexibility made it a 
promising material for application in different nanodielectric insulators and techno-
logically advanced radio frequency devices [39]. Highly functional core-shell NPs 
in the polymer (PVDF) were prepared using a cost-effective process and applied as 
nanodielectrics in different energy storage devices. For this Al NPs were chosen as 
the core NP, and a thin layer of Al2O3 worked as a capping shell and provided elec-
trical insulation to the prepared polymeric film. It also prevented the agglomeration 
of Al NPs. The resulting polymeric film exhibited high dielectric permittivity, low 
dielectric loss, and high energy storage capacity [40]. 

Nanocomposite films of PVP/PEO/MoO3 were prepared by casting MoO3 

nanoplates over PVP/PEO. XRD revealed that the addition of MoO3 NPs upon the 
PVP/PEO blend increased the amorphous domain of the PNC films. The favorable 
interaction between PEO and PVP via H-bonding and the miscibility was confirmed 
by DFT/FTIR study. Also, it indicated a co-coordinative interaction existing between 
the C–O–C group of PEO/C=O group of PVP with MoO3 NPs. Increasing the amount 
of MoO3 NPs decreased the optical band gap of the PNC films and enhanced the 
electrical conductivity, as adding NPs increased the number of charge carriers. They 
also explored the dielectric dispersion and relaxation process of the PNC films, 
which were explained mechanistically using a barrier hopping model. The relaxation 
process followed a non-Debye one [41]. 

BCZT-P (VDF-HFP)-based polymeric nanocomposites were synthesized using 
different volume concentrations of BCZT nanofiller and studied their dielectric 
energy storage efficacy. Sol-gel process was followed for the synthesis of BCZT 
nanopowder through the citrate precursor process. XRD and TEM analysis analyzed 
the structural and morphological properties. To get superior ceramic interface 
coupling, the surface of the nanopowder was functionalized by a different aromatic 
ligand, naphthyl phosphate (NPh), which was validated through XPS and TGA anal-
ysis. The dielectric constant value of ~155 was estimated for surface passivated BCZT 
NPs through the slurry technique; however, due to higher innate surface conductivity, 
the dielectric permittivity of pristine BCZT nanopowder could not be measured. The 
PNC films were dispersed by ceramic fillers via the solution casting method, which
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was examined by SEM. Nano BCZT/PVDF-HFP films modified by NPh ligands 
exhibited maximum energy storage capacity at 5% filler concentration than untreated 
nano BCZT-P (VDF-HFP) and even pure polymer films. 8.5 J cm−3 was found as 
the maximum energy storage density value at 10% filler concentration for the PNC 
films of thickness 10 μm [42]. 

15.3 Conclusion and Future Perspective 

In conclusion, this chapter puts the limelight on the significance of polymer nanodi-
electrics in the development of cost-effective and innovative high-voltage storage 
capacitors. Fabrication of metal or metal oxide NPs as nanofillers greatly increased 
the dielectric constant and dielectric permittivity of the polymeric film, which was 
rather difficult to attain with ceramic material. In some cases, the nanofiller func-
tionalization was done to achieve high dispersion quality and to get better interaction 
between the polymer and the nanofiller. It was also found to enhance the breakdown 
strength of polymeric material with low dielectric loss, thus providing stability by 
increasing the energy density of the film. Though the results are quite satisfactory, 
the research work still needs more polish. Rather than using the chemical prepara-
tion method of PNC films, the scientific community should adopt a greener and atom 
economical approach to designing and developing PNC films. Also, rather than using 
the metal or metal oxide NPs to fabricate over PNC films, people should use the one-
step functionalization of the polymer nanocomposite by a suitable functionalizing 
agent to attain flexibility and high dielectric constant value. 
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