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Electrochemical analysis on SnSeQ3/ZnSeO3; nanocomposite
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Nanocomposite SnSeO3/ZnSeOs has been synthesized by hydrothermal method. X-ray
powder diffraction confirms formation of SnSeOs/ZnSeO; nanocomposite. It exhibits an
interesting morphology of needle like nanorod structure. Thermal analysis reveals the
thermal stability, decomposition behavior and critical temperatures where significant weight
loss occurs. X-ray photoemission explains the role of the chemical state Sn, Zn, Se and O in
SnSe03/ZnSeOs. Electrochemical study has been made in both three electrode and two
electrode system. In three electrode system, cyclic voltammetry exhibits a bell-shaped curve
and the operational potential window is 0.8 V. The specific capacitance is 78.65 F/g for 5
mV scan rate. Chronopotentiometry shows quasi-triangular curves demonstrating the
behavior of pseudo capacitors. Specific capacitances of 72.02 F/g was delivered at 1 A/g
current density in 3M electrolyte of KOH. The plot of Nyquist for SnSeOs//ZnSeO; confirms
pseudo capacitor behavior. The series resistance Rs is low that is 0.78 Q and charge transfer
resistance is 0.42 Q. Symmetric SnSe03/ZnSeO; supercapacitor device that is, two electrode
system, is fabricated using 3M KOH electrolyte. Operational potential window is 1.5V.
Cyclic voltammetry curves of the device show excellent capacitive behavior. The symmetric
device produced specific capacitances of 39.37F/g, energy density 6.15 Wh kg! and power
density 374.99 kW kg! at 1Ag™! current density. The cell displayed 73.18% capacity
retention, indicating excellent electrode stability for approximately 5000 cycles at a current
density of 1 Ag™'. Nyquist plot suggests that the system is stable and exhibits capacitive

behavior.
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1. Introduction

The universe needs clean, renewable energy storage technology to maintain a pollution free

atmosphere. The production of energy storage devices with great efficiency, has garnered significant
interest owing to the growing need for renewable energy sources. Supercapacitors (SCs) are
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regarded as the most promising energy storage technology.

They are electrochemical capacitors that are a potential SCs new class of energy storage
devices in terms of power density, energy density, longevity, and safety tolerances. Recently, there
has been a significant focus on thin and flexible SCs in order to address the increasing need for
portable electronic gadgets. It is required to locate suitable electroactive materials and incorporate
them into certain device architectures for these applications. In order to improve the power density
and cycling stability of SCs, active materials with tubular or layered structures, as well as
hierarchical pores, can encourage charge transport and ion diffusion. Furthermore, energy storage
devices made of certain pseudocapacitive materials is influenced by their phase and composition. A
variety of nanostructured materials have been created, to produce SCs with desired qualities.

These materials include carbon nanotubes, graphene and its composites, layered hydroxides
and oxides, and metal-oxide hybrids. A two-dimensional metal chalcogenide is important functional
nanomaterials with distinctive electronic composition and physical properties, due to their special
geometric structures, variable composition, rich phase structure, and weak interlayer Van de Waals
coupling. Consequently, they offer an enormous material for flexible energy storage devices.
However, the only active materials utilized in flexible SCs are VS, nanosheets. Numerous bimetallic
selenides were investigated as potential materials for supercapacitor applications. Zinc selenide,
which has two distinct crystal structures of zinc blende cubic and wurtzite hexagonal, is used in
diode lasers and light emitting diodes. Tin selenide crystallizes into two primary phases of
orthorhombic SnSe and hexagonal SnSe;. Tin selenides, a layered metal chalcogenide, are narrow
band gap semiconductors that find applications as anode materials for solar cells, memory switching
devices, lithium ion batteries, and infrared optoelectronic devices. However, these materials
frequently run into phase or composition related problems during their synthesis. Nowadays, metal
oxides and conducting polymers are examined as materials for electrode in supercapacitors.
Conducting polymers lack mechanical strength and cycling stability, but metal oxides are readily
available, have a range of oxidation states, and have a high specific capacitance [1]. Materials with
imperfections can also be used for energy storage, batteries, photocatalysis, electrocatalysis, and
thermal catalysis. In nature, metal oxides are prevalent and chemically stable. They are inexpensive
and have distinctive electronic architecture.

The presence of imperfections favours the materials. Because, photo catalysis, energy
storage, and electro catalysis all significantly depend on oxygen vacancy [2-3]. It is interesting to
study oxy chalcogenides or for example selenite which includes oxygen. Despite these, there have
been no published investigations on the analysis of Zinc and Tin Selenites of super capacitors.
Therefore, in this paper the doping effect of Tin in place of Zinc is studied. In other words, the
nanocomposite SnSe03/ZnSeOsis synthesized and thorough study has been made and reported in
this paper.

2. Methods and materials

The nanocomposite SnSeO3/ZnSeO3 was synthesized by one pot hydrothermal technique
[4]. The sample is characterized by scanning electron microscopy (SEM), X-ray powder diffraction
(XRD), thermal analysis, electrochemical analysis and X-ray photo emission spectroscopy. The
England made OXFORD INCAPENTAXx3 model is used for recording EDAX, the Carel ZEISS
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EVO-18 model for recording SEM, Panalytical X'Pert Pro model for recording XRD with Cu Ka
radiation, Thermo Fisher Scientific's XPS device for recording XPS spectra using Al Ka radiation
(1486.6 eV), thermal analysis by NETZSCH make NJA-STA2500 Regulus model with Proteus
software in the temperature range of 30° to 800° C and Bio-Logic VSP potentiostat model for doing
electrochemical experiments.

The electrochemical performance of the synthesized SnSeO3/ZnSeO; electrode was
evaluated in a three-electrode cell arrangement. A mixture of SnSeOs/ZnSeOs, carbon black, and
PVDF was taken in a mortar and pestle and mixed well with a few drops of NMP solution (N-methyl
pyrrolidone) in order to evaluate the electrochemical performance of SnSeO3/ZnSeO;. This slurry
mixture was then applied to a 1 cm? Ni foam, which was then dried. In this work, 3M KOH
electrolyte was utilized. Here, platinum wire serves as the counter electrode, Ag/AgCl serves as the
reference electrode, and Ni foam coated with substance serves as the working electrode.

3. Results and discussion

3.1. XRD

Figure 1 depicts XRD of SnSeO3/ZnSeO3 nano composite. Indexing of Peaks are made.
Lattice parameters are a = 6.350 A, b=28.224 A, and ¢ = 5.852 A [4] for SnSeO;and a=5.14 A, b =
6.00 A, and ¢ = 7.81 A for ZnSeO; [5]. Both are of structure orthorhombic. Disappearance of alloy
peaks and peaks shifts confirmed the formation of nano composite SnSeO3/ZnSeOs [6].
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Fig. 1. XRD of SnSeQ3/ZnSeOs nanocomposite.
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Fig. 2. SEM image of SnSeQs/ZnSeO;z nanocomposite.

3.2. Surface morphological studies
Figure 2 depicts SEM picture of SnSeO3 /ZnSeO; at 10 KX magnification. It exhibits sharp
needle like nano rod structure.

3.3. Thermogravimeric analysis (TGA)

Figure 3 shows TGA curve of SnSeO; /ZnSeO;.The TGA curve represents the percentage
of weight remaining as the sample when heated. The x-axis corresponds to temperature (in degrees
Celsius), ranging from approximately 50°C to nearly 800°C [7]. The left y-axis shows TG (%),
indicating how much percentage of mass remains as temperature increases with values range from
65% to 100%. It has been observed that 3.16% mass change occurs around 200°C, 9.82% mass
change occurs around 350°C and a mass change of 24.36% occurs with temperature increase from
350°C to 800°C. The total mass change occurred is about 37.34% [8]. The differential thermo
gravimetric (DTG) curve represents the rate of weight loss per minute as a function of temperature.
Peaks observed in DTG curve are corresponding to temperatures where there is a significant change
in the rate of mass loss. These peaks indicate rapid weight loss associated with specific thermal
events such as decomposition and phase transitions etc. [9]. The TGA curve reveals the thermal
stability and decomposition behaviour of the sample. The DTG peaks highlight critical temperatures
where significant weight loss occurs. The overall pattern suggests multiple stages of decomposition
or volatilization [10-11].
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Fig. 3. TGA curve of SnSeQs3/ZnSeOs nanocomposite.
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3.4. Differential thermal analysis (DTA)
Figure 4 shows DTA curve of SnSeOs /ZnSeO;. The x-axis represents temperature in
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degrees Celsius (°C). The range extends from 0°C to 800°C. The y-axis represents heat flow in
microvolts per milligram (uV/mg). Heat flow indicates the energy exchange either absorbed or
released, during a thermal process. At lower temperatures upto approximately 100°C, the curve

remains relatively flat with minor fluctuations. This suggests no significant thermal events during
this range [12]. There are three peaks observed at 210> 250° and at 290°C. The peak at 210° likely
corresponds to a thermal event in the sample which may be due to phase transition, such as

crystallization or polymorphic transformation. It may also be due to chemical reaction due to the

occurrence of decomposition, oxidation etc.
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Fig. 4. DTA curve of SnSeQs3/ZnSeOsz nanocomposite.
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The peak at 250°C signifies a significant change. Suppose, if the sample contains crystalline

regions, this could be the melting point. It might also indicate other transitions such as glass

transition and recrystallization. The peak at 290°C could be another phase transition e.g., solid-solid
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transition or it may be any chemical reactions occur at this temperature. Beyond this peak, the curve
gradually slopes downward. This suggests an endothermic process where the sample absorbs heat
by melting or decomposition. The DTA graph provides insights into material behaviour under
varying temperatures. The exothermic peak reveals important transition points, which can be useful

for material characterization [13].

3.5. X-ray photo emission spectroscopy

Figure 5 shows tin 3d scan of SnSeOs /ZnSeOs. The peak at lower binding energy around
487.93 eV corresponds to the Sn 3ds,; orbital. It represents the energy required to remove an electron
from the 3d subshell of tin atoms. The position of this peak provides information about the chemical
environment of tin in the material. The peak at higher binding energy around 496.36 eV corresponds
to the Sn 3d;» orbital. Like the 3ds» peak, it also reflects the tin’s chemical state. The relative
intensity and separation between these two peaks can reveal oxidation states or bonding

configurations.

_2445nSe03/ZnSe03

496.36

Sn 3d Scan

500 495 490 485 480
Binding Energy (eV)

Fig. 5. Tin 3d scan of SnSeOj3 /ZnSeOs.
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Fig. 6. Zinc 2p scan of SnSeOs3 /ZnSeOs.
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The spectrum is relevant for analysing the surface chemistry of a specific material
SnSe03/ZnSeOs. This material could be a layered compound or a composite containing both tin
selenite and zinc selenite. The XPS peaks help to characterize the tin atoms in this compound [14].

Figure 6 shows Zinc 2p scan of SnSe03/ZnSeOs. XPS explains the role of the Zn chemical
state in SnSeO3/ZnSeOs. The peaks in the zinc scan corresponds to Zinc (Zn) at its 2p energy level.
The binding energy of the peaks provides information about the Zn oxidation state. The higher
intensity suggests a significant presence of Zn in the material. The Zn 2p peak corresponds to the
binding energy of zinc’s 2p electrons. It typically shows two spin-orbit components: Zn 2ps3; and
Zn 2p1p2. The Zn 2p3p peak is centred on 1022.95 eV. The Zn 2p.» peak is slightly higher in binding
energy 1045.89 eV. The spin-orbit splitting between these components (A metal) is approximately
22.94 eV [1]. It has been reported that Zinc oxide shows peaks at 1022.25 and 1045.31 eV [14-15],
confirming the existence of a Zn oxide matrix in the sample [16].

The Figure 7 depicts Se 3d spectrum confirms Se (II) presence by the occurrence of 3dsp
and 3dsppeaks at BEs of 56.39 and 60.43 eV with a split of spin-orbit 4.04eV, which is consistent
with literature for Se in a selenite (SeOs) state [17]. The position and shape of this peak provide
information about the chemical environment of selenium in the sample. The binding energy of each
sub peak provides insights into the oxidation state of selenium [17].
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Fig. 7. Selenium 3d scan of SnSeQj3 /ZnSeOs
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The most prominent peak in oxygen scan (Figure 8) occurs around 531.99 eV. This peak
corresponds to the oxygen s core level signal. The “1s” refers to the innermost electron shell of
oxygen atoms. The peak position provides information about the chemical environment of oxygen
in the material. Different chemical states such as oxides, hydroxides, or adsorbed species exhibit
distinct oxygen 1s peaks. It has been reported that metal oxides bonds exhibit peaks around 529 —

530 eV [14]. The oxygen 1s peak at binding energy 531.99 eV, suggesting the production of a metal
oxide bond that is oxides of Tin and Zinc [18].

3.6 Electrochemical performance in three electrode configurations

3.6.1 Cyclic voltammetry (CV)

Cyclic voltammetry plot of SnSeO3//ZnSeOs nano composite, exhibits a typical bell-shaped
curve as in Figure 9 and operational potential window of 0.8 V for various scan rates 5 mV, 10 mV,
25mV, 50 mV, 75 mV and 100 mV. The specific capacitance values obtained from CV plot are 78.65
F/g, 63.87 F/g, 50.85 F/g, 44.43 F/g, 40.94 F/g and 38.50 F/g. Specific capacitance reduces with
increasing scan rate as in Figure 10 due to electrode-electrolyte interaction [19-21].
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Fig. 9.CV curves SnSeOs /ZnSeQs.
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Fig. 10. Specific capacitance versus scan rate SnSeQO3 /ZnSeOs.



737

As the scan rate changes, the peak currents and potentials shift. The adsorption of cations
in the electrolyte on an electrode surface is the mechanism responsible for charge storage. The
electrostatic adsorption of ions is responsible for oxidation peak potential rise and reduction peak
potential fall with scan speeds 5, 10, 25, 50, 75, and 100 mV/s. It results from the redox reaction
governed by the kinetics of charge transfer. Due to insufficient ion intercalation into the dense centre
of the nanostructure, anodic peaks shift to higher potential and cathodic peaks to lower potential.
Redox peak shift indicates the electrode material's good rate capacity for supercapacitor applications
[22]. On observing the peaks in the curve, the anodic peak corresponds to oxidation representing
electron loss, while the cathodic peak corresponds to reduction representing electron gain. The
position of these peaks provides insights into the material’s redox behaviour. At slow scan rates, the
process is diffusion-limited controlled by mass transport. At fast scan rates, the process becomes
kinetics-limited controlled by reaction kinetics [23].

At slow scan rates, the electrochemical process is primarily influenced by mass transport.
The diffusion layer around the electrode grows more extensively. Consequently, the flux of electro
active species of ions or molecules reaching the electrode surface is considerably smaller. When the
scan rate is slow, the reactants that is, ions or molecules have sufficient time to diffuse to the
electrode surface. Slower scan rates allow more time for mass transport or diffusion of ions or
molecules to the electrode surface. However, this extended time doesn’t necessarily lead to higher
capacitance [24]. The limiting factor is how quickly they can move through the solution to reach the
electrode. The slower diffusion of ions results in lower charge storage capacity, the extended
diffusion time allows ions to accumulate near the electrode, as a result, the effective surface area for
charge storage increases when more ions are near the surface. Therefore, the specific capacitance
normalized by surface area tends to be higher. The current response that is, peak current is directly
related to the rate of mass transport. Diffusion-limited processes often exhibit well-defined,
symmetric peaks in CV curves. The system behaves closer to the diffusion-limited regime. At fast
scan rates, the electrochemical process becomes dominated by reaction kinetics. When the scan rate
is fast, the reactants don’t have enough time to fully participate in the redox reaction [25]. The
limiting factor is how quickly the electrons can transfer between the electrode and the reactants. At
faster scan rates, the diffusion layer remains thinner. The flux of species to the electrode surface
increases. Peak currents of both anodic and cathodic become larger. Faster scan rates enhance charge
transfer kinetics. The system behaves closer to the kinetics-limited regime. Rapid electron transfer
allows for higher charge storage capacity. However, the specific capacitance may decrease due to
limited time for ion diffusion. Peaks may appear sharper due to rapid electron transfer. The current
response of peak current is now influenced by the kinetics of the redox process [26].

3.6.2. Galvanostatic charge-discharge analysis (GCD)

Figure 11 illustrates chronopotentiometry (CP) analysis of charging and discharging at
current densities 1, 2, 3,4, 5 and 6 A/g for SnSe03/ZnSeOs in 3M KOH electrolyte. Quasi-triangular
CP curves demonstrate the behaviour of pseudo capacitors. The internal resistance of the electrode
material increases with an increase in current density [27-28].
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Fig. 12. Specific capacitance versus current density of SnSeQz /ZnSeQs from GCD.

In fact, the material-specific capacitance is proportional to the active surface area engaged
in electrode-electrolyte interactions. Specific capacitances of 72.02, 53.47, 48.78, 46.45, 45.59 and
43.86 F/g were delivered (Figure 12) for 1, 2, 3, 4, 5 and 6 A/g current densities in 3M electrolyte
of KOH, respectively, using SnSeO3/ZnSeOs. At low current densities, the charge transfer kinetics
dominate. The electrode reactions oxidation or reduction occur more slowly. The potential response
reflects this sluggish behaviour. At higher current densities, faradaic processes become more
significant. These involve reversible redox reactions at the electrode surface. Pseudo capacitance
contributes to the overall capacitance. If the supercapacitor material exhibits pseudo capacitance,
additional redox reactions occur. These faradaic processes contribute to the overall capacitance [29].
The plateau may be more pronounced if pseudo capacitance is significant. These reactions occur
faster at higher currents. Beyond a certain voltage, the capacitance reaches a plateau. Adding more
voltage doesn’t significantly increase the charge storage capacity. Faradaic reactions have limits,
and their contribution saturates [30]. The potential stabilizes due to the balance between charge
transfer and ion diffusion. At high currents, ion diffusion becomes challenging. The ions have less
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time to reach the electrode surface. Diffusion limitations affect the rate of charge storage. Specific
capacitance decreases at a high value of current densities. This imply that the trapping of ions
required for electrochemical behaviour, gets lacking and the activation sites are less for electrolytic
ions at interface of electrode-electrolyte [31].

3.6.3. Nyquist plot

Figure 13 illustrates a plot of Nyquist for SnSeO3//ZnSeO3 with expanded plot as an inset.
It shows semicircle with the Warburg region continues to extend, confirms pseudo capacitor
behaviour. A very small semicircle represents charge-transfer process. The series resistance Rs is
low that is, 0.78 Q and charge transfer resistance is 0.42 Q. The equivalent circuit model called
Randles circuit is drawn as an inset. It can be used to describe electrode processes when both kinetics
and diffusion are non-negligible. The solution resistance (RC2), a psuedo capacitor (C), the charge
transfer resistance, and Warburg element ZWAR containing information on the species' diffusion
coefficient are all included [32-35].
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Fig. 13. Nquist plot of SnSeQOs /ZnSeOs in three electrode system.

3.7. Fabrication of SnSeO3/ZnSeQs based Symmetric Supercapacitor Device

For a real-world application, a symmetric SnSeO3/ZnSeOs supercapacitor device (two
electrode system) is created using 3M KOH electrolyte. The total amount of active ingredient in the
device was about 6 mg. Here, a polyurethane foam separator was employed to keep the working
electrodes from coming into direct touch with one another. To assemble the device, two identical 1
x 1 cm* SnSe03/ZnSe0; Nickel foam electrodes with equivalent weights were placed face-to-face.
After being immersed in 3M KOH electrolyte, the separator Polyurethane foam was covered with
adhesive tape. Following cell assembly, a sandwich-like matrix with two symmetric electrodes was
created by injecting KOH electrolyte into the separator between the positive and negative electrodes.
For the purpose of creating a symmetric supercapacitor, the mass ratio of the positive to the negative
electrode was balanced based on the three electrodes' performance. The symmetric supercapacitor
device uses two identical SnSeO3/ZnSeO;3 /NF electrode materials as the cathode and anode.
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3.7.1. CV response of the device
Figure 14 illustrates the cyclic voltammetry performance of the symmetric supercapacitor

device at various scans, ranging from 5 to 100 mV/s. Operational potential window is 1.5V between
0and 1.5V.
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Fig. 14.CV curves SnSeQ3 /ZnSeO; device.
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Fig. 15.GCD curves SnSeQs /ZnSeO;s device.

The CV curves of all symmetric devices show excellent capacitive behaviour, performing
consistently even at high scan rates. Furthermore, because the total current is linearly proportional
to the scan rate, it is evident that it grows as the scan rate increases. Even at high scan rates, there
was no significant distortion of the cyclic voltammograms' form, suggesting that a sizable portion
of the SnSe03-ZnSeO; nanocomposite device electrode surfaces' inner region contributed to the
capacitance. These findings supported earlier research on SnSeO3/ZnSeOs electrodes measured in a
three-electrode cell configuration, which demonstrated the symmetric supercapacitor's superior
electrochemical reversibility. The shape of the CV curves showed a similar pattern with increased
scan speeds, suggesting high reversibility.
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3.7.2. Chronopotentiometry (CP)

Galvanostatic charging-discharging (GCD) experiments were carried out as shown in
Figurel5 to confirm the better electrochemical performance of the SnSeOs3-ZnSeO; symmetric
supercapacitor device using a current density varying from 1 to 6 A/g and a constant potential of 1.5
V. The electrode materials' discharge time is prolonged by the greater voltage of 1.5 V, which also
ensures good columbic efficiency and highlights the materials' enormous potential for energy
storage. Additionally, as a result of redox reactions, the charge-discharge curves show a slight
divergence from a linear shape. The figure 15 illustrates that all GCD curves are roughly
symmetrical and have a distinct plateau region that signifies low internal resistance faradaic
reactions for charge/discharge operations without any discernible internal ohmic (iR) drop [36-38].
At current densities of 1,2, 3,4, 5, and 6 Ag”, respectively, the symmetric device produced specific
capacitances of 39.37, 34.93, 28.66, 25.44, 24.58, and 22.29 Fg™' in 3M KOH. Rapid potential shifts
at higher current densities limit the ability of ions to permeate into the inner region of the electrode
surface by causing a decrease in specific capacitance. At lower current densities, a slower potential
change and more time for the ions to be adsorbed at the electrode surface translate into a greater
specific capacitance value. The estimated specific capacitance value was plotted against the current
density, as shown in Figure 16. Furthermore, the energy density and power density of
supercapacitors two critical parameters were determined. The symmetric supercapacitor
demonstrated a significant retention of energy density with an increase in power density [39]. Tablel
displays the specific capacitance, energy density, and power density from CP. The Ragone graph
depicted in Figure 17 contrasts the electrochemical supercapacitor's energy density and power
density, to evaluate a supercapacitor. It demonstrates how current density causes an increase in
power density and a decrease in energy density. Capacity to store charge is known as energy density.
A decrease in active surface area results in a rise in current density. Lower energy density at
increasing current densities is the consequence of this decrease in stored total charge. The charge-
discharge curve shape that is maintained at all sweep rates further validates SnSeOs/ZnSeO; as an
active material that can be used for energy storage.
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Fig. 16. Specific capacitance versus current density from GCD curves of SnSeQOs /ZnSeQj3 device.
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Table 1. Specific capacitance, energy density, and power density of SnSeOs3/ZnSeQs device.

Current Specific Energy Density | Power Density
Density(A/g) | Capacitance (F/g) | (Wh kg™) (kKW kg™)

1 39.37 6.150 374.99

2 34.93 5.460 749.99

3 28.66 4.480 1125.00

4 25.44 3.970 1500.00

5 24.58 3.840 1875.00

6 22.29 3.480 2250.00

3.7.3. Cyclic stability

A longer electrochemical cycle life is a critical need for supercapacitor devices. The cycle
life span of the SnSeO3/ZnSeO; positive and negative electrodes of the manufactured symmetric cell
was analysed for potential practical uses. The SnSeO3/ZnSeOs sample needed some time to reach
its maximum specific capacitance. After that, its wettability helped to increase ionic mobility at the
electrode-electrolyte interface, and in the end, the cell displayed in Figure 18, an impressive 73.18%
capacity retention, indicating excellent electrode stability for approximately 5000 cycles at a current
density of 1 Ag™.

3.7.4. Nyquist plot

A Nyquist plot with a slanting line and no semicircle typically indicates that the system has
no poles or zeros in the right-half plane (RHP). Poles in the RHP would cause the Nyquist plot to
encircle the origin that is forming a semicircle. No semicircle suggests that the system is stable since
no poles are in the RHP. The slanting line represents the contribution from the poles and zeros in the
left-half plane. If the system corresponds to a physical process such as electrical circuit or
mechanical system, this behaviour indicates stability [40-41]. Typically, Nyquist plots exhibit
semicircles due to the presence of poles and zeros in the system. A semicircle corresponds to the
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impedance response associated with a specific relaxation process such as charge transfer at an
electrode interface. The observed slanting line (Figure 19) suggests that there are no significant
relaxation processes such as capacitive behaviour within the probed frequency range. This behaviour
could be due to the absence of specific interfaces or surface reactions.
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Fig. 18. Cyclic stability of SnSeO;3 /ZnSeOs device.

300 z
: SnSe03/ZnSeO3

2504 Rs
1 Rg! ZW
2004 W

='150] Rs=1-38 ohm ,
g 4 RCt=2_17 ohm $nSe0y/ZnSeOy
N 100
I -
50+
] 246 810121416182
0- 7. (€)

0 100 200 300 400 500
Z.(Q)
Fig. 19. Nyquist plot of SnSeQOs /ZnSeOs device.

If this nano composite has a uniform conductivity throughout, it may result in a simple linear
response. The slanting line could indicate bulk conductivity that is electronic conduction within the
material [42-43]. The series resistance Rs is low that is, 1.38 Q and charge transfer resistance is 2.17
Q. The equivalent circuit model called Randles circuit is drawn as an inset.
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4. Conclusions

Nanocomposite SnSeO3/ZnSeOs has been synthesized by hydrothermal method. XRD
confirm the perfect formation of SnSeO3/ZnSeOs; nano composite. It shows an interesting
morphology of needle like nano rod. TGA curve reveals the thermal stability and decomposition
behaviour of the sample. The DTG peaks highlight critical temperatures where significant weight
loss occurs. The overall pattern suggests multiple stages of decomposition or volatilization. The
DTA graph provides insights into material behaviour under varying temperatures useful for material
characterization. XPS explains the role of the chemical state Sn, Zn, Se and O in SnSeO3/ZnSeO:s.
Electrochemical study was made in both three electrode and two electrode system. In three electrode
system, cyclic voltammetry plot of SnSeO3/ZnSeOs nano composite, exhibits a typical bell-shaped
curve and operational potential window of 0.8 V.

The specific capacitance values from CV plot are 78.65 F/g, 63.87 F/g, 50.85 F/g, 44.43
F/g,40.94 F/g and 38.5 F/g for various scan rates 5 mV, 10 mV, 25 mV, 50 mV, 75 mV, and 100 mV.
Chronopotentiometry (CP) analysis of charging and discharging shows quasi-triangular curves
demonstrate the behaviour of pseudo capacitors. Specific capacitances of 72.02, 53.47,0 48.78,
46.45, 45.59 and 43.86 F/g were delivered for 1, 2, 3, 4, 5 and 6 A/g current densities in 3M
electrolyte of KOH, respectively, using SnSeO3/ZnSeO3.The plot of Nyquist for SnSeOs3//ZnSeO3
confirms pseudo capacitor behaviour. The series resistance Rs is low that is, 0.78 Q and charge
transfer resistance is 0.42 Q. Symmetric SnSeO3/ZnSeO; supercapacitor device of two electrode
system is fabricated using 3M KOH electrolyte. It exhibits the operational potential window is 1.5V.

The CV curves of symmetric device show excellent capacitive behaviour. The symmetric
device produced specific capacitances of 39.37F/g, energy density 6.15Wh kg and 374.99 kWkg
at 1Ag"' current density. The cell displayed 73.18% capacity retention, indicating excellent electrode
stability for approximately 5000 cycles at a current density of 1 Ag™'. Nyquist plot suggests that the
system is stable and exhibits capacitive behaviour. Series resistance Rs is low that is, 1.38 Q and
charge transfer resistance is 2.17 Q.
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