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A material that composed a components either nanoscale or nano-sized and have improved dielectric
characteristics is called a nanocomposite material for dielectric applications. Dielectric materials can sustain
an electric field with little energy loss since they are non-conductive. This study examined in detail the optical,
morphological, and structural characteristics of materials made of tin dioxide/graphene oxide (SnO2/GO), with
an emphasis on the potential uses of these materials as dielectrics. The crystalline nature of the materials was
revealed by using X-ray diffraction (XRD) to clarify the structural properties of the produced nanocomposites.
This was done in a systematic manner. For the purpose of enhancing dielectric characteristics, morphological
investigations using scanning electron microscopy (SEM) reveal a well-dispersed and linked structure. A
significant defect density is discovered in the composite, and the energy dispersive X-ray spectroscopy (EDX)
spectrum's exclusive Tin (Sn), carbon (C), and oxygen (O) content confirms the originality of the sample. The
optical properties of the nanocomposites were studied using photoluminescence (PL) measurements, and
ultraviolet-visible spectroscopy (UV-Vis) of the nanocomposite revealed a 3.7 eV energy of the band gap that is
consistent with SnO. The tiny high fault density and grain size are in charge of the dielectric constant's
observable increase. The synthesized SnO2/GO nanocomposite shows promising properties use in dielectric
applications.
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1. INTRODUCTION

Dielectrics have better power density and great rate
capacity, which makes them popular materials for
electric power systems, and contemporary gadgets use
electrical energy storage. Due to its rapid
charge/discharge velocity, extremely high density of
power, and extended cycling life, the capacitor with
dielectric properties is currently one of the greatest
auspicious options when compared to other types of
battery storage such as magnesium-based rechargeable
ion batteries, zinc ion batteries and lithium. Even though
batteries have greater capacity for both charging and
discharging, their use is restricted in certain locations
due to environmental contamination caused by the
chemical elements of recharged ion batteries [1].
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Materials with low dielectric loss and a high dielectric
constant are used in parallel plate capacitors as the
insulating substance. Many different materials have been
considered for use in integrated capacitor applications. In
the past, capacitors were made of ferroelectric materials
with a high dielectric constant and persistent dipole
moment. However, the high processing temperatures
required for these materials above 600 °C have hindered
their widespread applicability in high-charge storage
applications. Polymeric materials are suitable substitutes
because of their low processing needs. However, reduced
dielectric constants limit the widespread use of polymer-
based materials [2]. The use of nanoparticles within a
dielectric matrix to improve certain qualities that are
essential for electronic components is the process of
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creating nanocomposite materials for dielectric
applications. Polymers such as epoxy or polyimide,
ceramics like barium titanate or lead zirconate titanate
(PZT), and metal oxides like titanium dioxide or zinc
oxide are used matrix. These nanocomposites show
enhanced mechanical robustness, thermal stability, and
strong dielectric properties [3]. Effective energy storage
technologies such as solar cells, batteries, and
supercapacitors have shown their worth in real-world
uses. In light of recent advancements in supercapacitors,
batteries, and solar cells for energy storage, current
situations using polymers or composites of polymers are
discussed. In large-energy-density supercapacitors, where
a significant amount of energy is collected at high
discharge rates, the electrode of the capacitor is made
possible by recent advancements in high mesoporous
carbon produced by the pyrolysis of polymers [4-6]. In
this study [7], we examine nanocomposite materials'
optical, morphological, and structural characteristics for
dielectric applications.

The rest of the paper's organization as follows: a
literature review 1s presented in section 2, the
methodology is described in section 3, the result and
discussion in section 4, and section 5 describes the
conclusion of the paper.

2. LITERATURE REVIEW

The article [8] emphasized the difficulties dielectric
polymers provide for cable/wire insulation and capacitors.
The main technological strategies for improving the
dielectric strength of polymers and nanocomposites are
also outlined, including film surface coating, filler-
polymer interface technology, and the integration of
nanoparticles into polymers. Interface innovations are
receiving more attention, they include the inorganic
coatings of polymer films, the core-shell systems' logical
design, and the wuse of fillers that are thermally
conductive and low-dimensional. Materials based on
polymers are starting to show up as possible parts for
high-energy storage systems. The research [2] described
the creation of flexible, powerful composites using
solution casting and modified carbon nanofibers (CNF)
based on polyaniline (PANI) and poly vinyl alcohol (PVA).
PANI/CNF/PVA composite film was used to create a
metal-insulator-metal (MIM) capacitor with a large
dielectric constant. The study [9] introduced a novel kind
of one-dimensional photonic crystals that include layers
of dielectric and nanocomposite components based on
graphene. This layer of the nanocomposite is made of
dielectric host material containing graphene
nanoparticles. The characteristics of the photonic band
gap in the visual and infrared ranges are examined using
the transferred matrix approach, the Maxwell-Garnett
equation, and the Kubo formula. The article [10]
suggested using chitosan (CS) as a potent agent chelating
and a great template for the manufacture of
nanoparticles of metal oxide. Using various methods,
Adding 10 %wt of MgO produced the CS-MgO
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nanocomposite film in comparison to CS. Several of the
primary CS characteristic spikes were displaced in the
FTIR as a result of their interactions with MgO,
particularly with the NH2andOHcollections. Additionally,
SEM graphs demonstrated a distinct alteration in the
morphological exterior of CS. Environmentally friendly
materials are also a focus of current research [11], in
addition to increasing energy density. Because polymer
composites have so many uses, they are recognized as
technically indispensable materials. Because of their
exceptional dielectric characteristics, zinc oxide (ZnO)
based polymer nanocomposites have been the subject of
much investigation.

Using XRD, rGO and Al-doped ZnO's structural
characteristics were confirmed. After Al was added to the
Zn0O lattice, a Wurtzite structure devoid of impurities
phase was seen. The nanocomposite's morphological data,
which shows the ZnO nanoparticles doped with Al to
become distributed across the rGO sheet, was shown
using a field emission scanning electron microscope
(FESEM). They looked at the resulting composite's optic
and dielectric characteristics [12]. The prepared samples'
composition, surface appearance, and microstructure
have been examined. The presence of rGO sheets and
crystalline cubic MgO nanoparticles was verified by XRD
analysis. The graphene sheets had the spherical MgO
nanoparticles evenly distributed, as seen by an SEM. An
examination using UV visible spectroscopic revealed a
red shift in the absorbance curve that was depending on
wavelengths [13]. The study [14] used an ex-situ casting
technique to study synthetic nanocomposite (NCP) made
of cadmium sulfide (CdS) nanoparticles (NPs) and
Makrofol polycarbonate (PC). To create the NPs in the
context of a stream of nitrogen gas, the procedure was a
thermalized technique. The Rietveld refining of X-ray
data revealed the cubic and hexagonal structures of the
CdS. The work [15] Polyethylene oxide and polyvinyl
pyrrolidone (PVP) mix matrix polymer nanocomposite
(PNC) films integrated with nanoparticles of ZnO were
synthesized and described as possible candidates to be
used in the next microelectronic and optoelectronic
devices. The structural characteristics of utilizing these
PNCs were examined by XRD, FTIR spectroscopy, and
SEM. Using polyvinyl alcohol (PVA), Cs, and titanium
oxide (TiOz), the research [16] attempted to produce
PVA/Cs/TiO2 flexible nanocomposite sheets for energy
storage applications. An analysis was conducted between
100 Hz and 5 GHz to investigate the effect of TiOz on the
PVA/Cs' electrical impedance, permittivity, energy
economy and conductivity.

3. METHODS AND MATERIALS

In this section, we discuss about the nanocomposite
material's measurements, sample, and preparation of the
SnO2 composite.

3.1 Material Synthesis

Tin dioxide nanoparticles and graphene oxide sheets
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are combined to create SnO2/GO composites. When two or
more components are combined, their unique qualities
are frequently increased, which improves performance in
a variety of applications, including sensors, batteries, and
catalysis. Figure 1 depicts the Synthesis of the material.
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Fig. 1 — Synthesis of the material

3.2 Specifications

Using SEM and XRD, the structural features and
surface morphology of the produced examples were
assessed. The purity of the material was confirmed by the
use of EDX, Raman spectroscopy, and FTIR methods for
chemical structure and molecular bond examinations.
Electrochemical impedance spectroscopy (EIS), cyclic
voltammetry (CV), and Charge discharge (CD)methods
were used to examine the electrochemical characteristics.
Additionally, the SnO2/GO nanocomposite's dielectric
characteristics were examined.

4. RESULT AND DISCUSSION

In this section, we discuss the properties of
nanocomposite materials in terms of structure,
morphology, and optics for dielectric applications.

4.1 Structural Analysis

The XRD of the SnO2/GO composite and pure SnO:2
nanoparticles is shown in Figure 2. Compared to SnOsg,
the nanocomposite's peak intensities are lower, and its
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widths are wider. Because of the GO sheets, which
eventually lessen the supply of SnO2 precursors, the
composite's expanded peaks clearly demonstrate the
decreased SnO: size of the particles. XRD data confirms
that the structure is stressed because of the reduction in
SnOz size. In the SnO2/GO nanocomposites, the
cohabiting stages of SnO2 and GO are visible in the XRD
spectrum. The formula developed by Debye Scherer
yields the respective estimated average crystallite sizes
for SnO2 and Sn02/GO.
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Fig. 2 — XRD pattern of the SnO2/GO Nano composite and plain
SnO2

The nanocomposite SnO2/GO's Raman spectra are
exposed in Figure 3(a). Alg, D, and G bands, respectively.
The D and G bands are claimed belong to GO, but the
Alg band is associated with SnO2. With improved
crystallization, the strength of the Alg band rises. Small
SnOsznanoparticles are thought to be the cause of the
Alg's breadth. When studying carbon-based materials,
the bands D and G of GO may be changed to reflect the
thickness of defects and the size of the grain of the
carbon. Since graphite has an E2g mode, the peak located
at 1587 cm ~ 1 is recognized to the G band. Because of the
2D lattice's sp? hybridized carbon atoms, the E2g
vibrational mode develops.Fourier-transform infrared
spectroscopy (FTIR), as seen in Figure 3(b), was used to
determine the function of groups and bonds of chemicals.
The vibrational spectrum of pure SnOz shows two
primary peaks: the anti-symmetric vibrates of Sn—O—Sn
are responsible for one peak at 613 cm~-1, while the
hydroxyl group is responsible for the second peak at
3451 cm~1. The environment's humidity is the reason for
the incorporation of the water molecule.

4.2 Morphology Analysis

Using a FE-SEM, a SEM study was conducted to
examine the composite's surface morphology, as shown in
Figure 4. The spherical SnO:z incorporated nanoparticles
between GO sheets and have edges that curve, as seen in
Figures. 4(a). The SnO2 nanoparticles' dispersion inside the
GO sheets is well shown by the magnified position of (a).
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Fig. 4 - (a) Surface SEM image of SnO:z and (b) EDX of SnO2/GO
nanocomposite

This improves the durability and surface area of GO
sheets, which is beneficial for electrochemical purposes.
The sample's EDX is shown in Figure 4(b), which
provides information on the material's concentration and
chemical makeup. Sn, C, and O are the elements that
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have been found. Figure 4(b) shows the percentages of
weight and elemental atoms. According to the EDX data,
the composite is made of GO and SnOs.

4.3 Optical Properties of Sn02/GO

Fig. 5 displays the UV-Vis spectrum of the Nano
composition SnO2/GO. According to the aforementioned
spectra, the band gap energy is 3.84 eV. In comparison to
pure SnO2 nanoparticles, it confirms that the carrier
concentration of the GO is higher. Therefore, by adding
impurities, the band gap of SnOz2 may be adjusted. The
movement of SnO2/GO's optical band gap into the visible
large frequency region demonstrates the material's
viability for optoelectronic devices.
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Fig. 5 - Spectra of UV-Vis Absorption of SnO2/GO
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Fig. 6 - (a) Electrochemical  assessment of  SnOo/GO
nanocomposite, (b) Nyquist plot of Sn02/GO, (¢) Charge

discharge curves for galvanostatic systems

Using the CV method, the material's capacity to store
charge was investigated. The SnO2/GO nanocomposite's
cyclic voltammogram is shown in panel (a) of Figure 6. It
is noted that the voltammogram is rectangular in form,
has large peak currents and that the redox mechanism
implicated is reversible. The patterned nano-sized SnOs
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surface on GO exhibits a pseudo capacitance, which
contributes to the improvement of capacitance. In Table 1,
the anodic and cathodic currents that correlate to the peak
values of redox capacities are shown in the panel.

CONCLUSION

To conclude, the examination of SnO2/GO nanocomposite
materials' structural, morphological, and  optical
characteristics has yielded important information on their
prospective use as dielectric materials.In accordance with the
outcome, the creation of a SnO2/GO nanocomposite with a
rutile tetragonal structure was validated by XRD.A well-
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Marepia,

SIKUU CKJIAZIA€TBCS 3 HAHOPO3MIPHUX KOMIIOHEHTIB Ta Mae IIOKPAIleHl [i1eJIeKTPUIHI

XapaKTepUCTUKH, HA3UBAETHCS HAHOKOMIIO3UTHIM MaTepiajioM IS JleJIEKTPUYHUX 3acTocyBaHb. JlienexkTpryani
MaTepiajM MOKYTh IIJTPUMYBATH eJEKTPUUYHE II0Jie 3 HEBEJMKMMH BTPATAMU €Heprii, OCKIJIbKKM BOHHM He
HPOBOAATE. Y IOCTIIKEHH] OeTAJbHO POSITJIAHYTO ONTHYHI, MOP(OJIOTIUYHI Ta CTPYKTYPHI XapaKTEePUCTUKN
MarepiasiB, BUTOTOBJIEHHX 13 miokcmmy oJsioBa/okcuay rpadeny (Sn0O2/GO), 3 HArogocoM Ha MOTEHIIMHOMY
BHKOPHMCTAHHI IIMX MaTeplaiiB aAK miedexkrpukis. Kpucerasmiuma mpumpoma MarepiamiB 0Oyjia CHCTEMATHYHO
IOCIIIKEeHB 3a JOIIOMOI0I0 METOAY peHTTeHiBehbKol audpakriii (XRD) misa yrouHeHHS CTPYKTYPHUX BJIACTABOCTEH

OTpUMAaHHUX HAHOKOMIIO3HUTIB.

3 MeTOK TMOKPAIIEHHS IieJIeKTPUIHUX

XapPaKTePUCTUE  MOPQOIOriuHL

IOCIIIKeHHs 3a JOIOMOIOK CKAHYIUOol eseKTpoHHOI Mikpockomii (SEM) BuasisgooTh moOpe AucmepcHy Ta
OB’A3aHY CTPYKTYpPY. ¥ KOMIIO3WUTI BUABJICHO 3HAYHY IILIBHICTD HepeKTIB, a eKCKIO3UBHUN BMICT 0JI0Ba (Sn),
Byremo (C) 1 xucuio (0O) B CIeKTpl eHEeproJIuCIiepCifiHol peHTreHiBChKoi crekrpockomi (EDX) miarsepmxye
OPUTIHAJIBHICTE 3pa3ka. ONTWYHI BJIACTHBOCTI HAHOKOMIIO3UTIE JIOCIKYBAJIN 34 JIOIMOMOIOI0 BHUMIPIOBAHD
doromominecnenii (PL), a ymprpadioneroBa cmerrpockormiss (UV-Vis) HAHOKOMIO3UTY BHSIBHJIA EHEPIiio
3aboponenoi 3oum 3,7 eB, mo BigmoBimae SnO. Bumcoka muriyibHicTh HeBesuKuX gedeKTIB 1 po3mip 3epHA
BIJIMIOBIIAIOTH 34 TIOMITHE 30LIBINIEHHSA TieJeKTpuyHol mpoHukHOCTI. CuHTesoBammit HamoxoMmosuT Sn0/GO
JIEMOHCTPYE IEePCIEKTUBHI BJIACTUBOCTI BAKOPUCTAHHS B JIIeJIEKTPUYHUX 3aCTOCYBAHHSAX.

Knrouosi cnosa: Hawmoxommosur, [Hiokcunm omoBa/oxcupn rpadery (Sn02/GO),

CraHyoua eJIEeKTPOHHA

mikpockomisa (SEM), Mopdouioriss, Ourura, Crpykrypa, lienexkrpur, Perarreniscera audpariis (XRD).
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