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ABSTRACT

In the present research work, an Ag: NiO nanocomposite was synthesized through a biomediated solution
combustion method using Tulsi leaf extract. The confirmation of the Composite material was done by XRD, DRS,
SEM, EDAX, TEM, and TGA spectral methods. The XRD reveals that the average crystallite size of Ag: NiO NC is
~ 30 nm. The SEM clearly shows a hexagonal shape and an average particle size of about 85 nm. The TEM images
show that Ag diffraction spots typically correspond to the FCC structure, while NiO shows diffraction rings/spots
consistent with its cubic structure. The energy band gap value for Ag: NiO NC of 3.84 eV is confirmed by DRS
spectra. The TGA shows good heat stability and 90.81% of residue formation with a calcination temperature of Ag:
NiO NPs developed even after 400 °C. The prepared composite was used for the photodegradation of Fast Orange
Red (FOR), showing a maximum absorption at 495 nm with 74.59% degradation under UV light irradiation. The
Ag: NiO NC was also used for Cyclic Voltammetric (CV) studies, exhibiting a surface redox mechanism of Ni** to
Ni**, which emerged at -0.01 V (cathodic) and -0.30 V (anodic) at 10 mV/s in 1 M KOH solution. The GCD shows
good specific capacitances of 380.4 F/g at a current density of 5 A/g. The Ag: NiO NC shows outstanding cycle
stability, retaining 94.5% of its starting value after 3000 cycles. This suggests that the electrode is appropriate for
use in supercapacitors.
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INTRODUCTION
The discharge of particular industrial pollutants like drugs, paint, textiles, leather, food, and so many other
industries toxic materials to the aquatic environment has demanding the importance of control,
monitoring, and removal of these toxic materials due to their non-biodegradable behavior, they cause a
variety of illnesses that affect the entire biota. To provide a safe and healthy atmosphere, organic effluents
must be removed.! Photocatalysis, which aims to produce an affordable and environmentally friendly
catalyst with adequate mineralization capability, has been increasingly popular in recent decades,
especially in addressing energy and pollution issues.?> Since the mineralization process is typically not
allowed by the bandgaps of the various semiconductors, its applications are comparatively limited.
Therefore, by altering the semiconductors, new types of photocatalysts having significant activity in the
presence of UV light must be developed. Several forms of metal oxides, including TiO,, Co304, AgO, and
NiO, have been employed for the photochemical mineralization of hazardous substances throughout the
past few decades.>!* All of these photocatalysts do, however, have significant drawbacks, such as (i)
reduced light transmittance, (ii) nanoparticle aggregation, and (iii) reduced surface area. Therefore,
additional synthesis innovation is needed to improve the photocatalytic efficiency. The organic dye
pollutants cause various health disorders in human beings and mainly affect the central nervous system,
the brain, and the liver due to their persistent toxicity and non-biodegradability.!! Therefore, it is
necessary that wastewater effluents containing dyes be treated immediately before being released into the
environment. Fast Orange Red is a synthetic dye commonly used in textiles and biological staining,
particularly in histology.'? Like many azo dyes, it is known for its vibrant color and ability to bind to
various materials. However, Fast Orange Red and similar dyes can pose environmental challenges due to
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their persistence in water and soil systems, making their degradation a significant area of interest.
Improper disposal of dyes like Fast Orange Red can cause water pollution and affect aquatic animals, and
potentially affect humans due to their toxic and carcinogenic breakdown products. Therefore, developing
effective degradation methods is essential for reducing their environmental impact. Various technological
facets are being investigated in the vast field of nanoscience. Over the past few decades, research has
concentrated on nanocomposite (NC) materials since they blend unique features. Supercapacitors and
batteries are currently receiving more attention in the creation of new technologies to address energy-
related issues.'*!* Nanocomposites are widely researched in the fields of energy and catalysis because
they combine the characteristics of their component materials. The development of high band gap energy
(Eg) semiconductors with eminent properties is driven viz TiO,, ZnO, NiO, SnO,, etc., which are
presently showing more attention due to their large applications.!>!® Metal oxide (MO) semiconductors
are extensively used in various applications, such as emission control, hybrid solar cells, UV shields,
LEDs, temperature control paints, gas-sensing devices, photocatalysis, piezoelectric devices, and
supercapacitors.!”?* Semiconducting materials need to be utilized more often in order to restore our
damaged atmosphere and sustainably develop technology. The new world of electronic base technologies
requires the development of sophisticated electronic characteristics that are both satisfying and
advantageous.”® The supercapacitor is an efficient energy-storage component for the production of high-
power appliances in next-generation energy-storage systems.?® Over the past few years, metal
nanostructures have been the subject of numerous studies. Particularly, the combination of metal
nanoparticles (MNPs) with oxide systems has drawn attention due to its potential in a variety of fields,
such as photocatalysis, sensing, biomedical research, catalysis in different supercapacitors,
transformations, etc.?”?® As a significant metal oxide, NiO has a wide range of uses due to its
advantageous qualities, including fuel cell composite anodes, solar cells, gas sensing, electrochromic
coatings, dye-sensitized photocathodes, smart windows, energy storage systems, and supercapacitors etc.
230 Nickel oxide (NiO) is a semiconductor material characterized by a wide band gap and notable
catalytic, optical, and electronic properties. Nickel-based systems exhibit several advantages, including
high theoretical capacitance (2584 F/g for NiO), cost-effectiveness, environmental compatibility,
excellent chemical and thermal stability, and abundant availability, making them promising candidates for
electrode materials. However, NiO faces challenges such as low inherent conductivity, sluggish reaction
kinetics, and a limited number of electrochemically active sites, primarily confined to the surface,
contributing to its pseudocapacitive behavior. Consequently, exploring strategies to enhance NiO's
conductivity using nanocomposite (NC) structures could provide deeper insights into its functional
potential.

Silver nanoparticles are also gaining interest because of their numerous scientific and economic uses as
well as their special physical, chemical, and biological characteristics, such as their high electrical
conductivity.’'*? Additionally, research has shown that Ag nanostructures have remarkable catalytic
properties for reducing organic dyes.** Because of their effectiveness and affordability, Ag-NPs have been
thoroughly investigated as a catalyst in industrial applications.>* There have also been reports of studies
on Ag NPs improving the electrochemical stability of electrode materials.>> The previous investigation
has examined the impact of Ag loading on graphene-based nanocomposites' supercapacitor
performance.’® Investigating Ag-incorporated NiO systems' electrochemical and catalytic properties
would be fascinating. In our present study, we have chosen Ag-NiO (Silver-Nickel Oxide) composites for
the photocatalytic and supercapacitor applications due to gaining attention their enhanced photocatalytic
and supercapacitor properties compared to their components. Both Ag and NiO contribute to the overall
photocatalytic and supercapacitor efficiency by combining their respective strengths.?”® NiO is a p-type
semiconductor with a band gap ranging from approximately 3.4 to 4.0 eV, primarily enabling light
absorption in the UV region. However, its photocatalytic efficiency is hindered by the high recombination
rate of electron-hole pairs. Incorporating Ag nanoparticles into NiO can effectively reduce the
composite's band gap, enhancing its performance. The surface plasmon resonance (SPR) effect of Ag
extends light absorption into the visible spectrum, thereby improving photocatalytic activity under
sunlight or visible light. Additionally, in the Ag-NiO composite, a Schottky junction is established
between Ag (a metal) and NiO (a semiconductor), which promotes electron transfer from NiO to Ag,
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further boosting photocatalytic efficiency. This prevents recombination of electron-hole pairs, allowing
more electrons to participate in redox reactions, thus improving photocatalytic efficiency. Ag-NiO
composites have demonstrated effective degradation of organic pollutants, including dyes and phenols,
due to the synergistic interaction between Ag and NiO. This interaction facilitates the generation of
reactive oxygen species (ROS), such as hydroxyl radicals (*OH) and superoxide anions (O:"), which play
a crucial role in the pollutant degradation process.”’ The Ag-NiO composite shows promising
performance as a material for supercapacitors due to its combination of high electrical conductivity from
Ag and high pseudocapacitive behavior from NiO.*’ This hybrid structure leverages the strengths of both
components, resulting in enhanced electrochemical performance. NiO is known for its excellent
pseudocapacitive properties due to redox reactions at the surface of the material. NiO can undergo
reversible Faradaic reactions (involving charge transfer), leading to high specific capacitance. Ag
nanoparticles enhance the conductivity of the composite by providing efficient electron pathways, which
improve the overall charge storage and discharge rates. The incorporation of Ag nanoparticles enhances
the specific capacitance of the Ag-NiO composite. While NiO alone exhibits low intrinsic electrical
conductivity, which can hinder its performance in supercapacitors, the addition of Ag nanoparticles
effectively improves the composite's electrical conductivity, leading to better electrochemical
performance. Ag acts as a conductive network that facilitates faster electron transport during charging and
discharging, reducing internal resistance (equivalent series resistance, ESR). The synergistic interaction
between NiO and Ag results in enhanced charge storage capacity.*! The high surface area provided by the
composite structure, combined with the high electrochemical activity of NiO and the excellent
conductivity of Ag, results in faster ion/electron transport and better utilization of active materials.*' The
Ag: NiO nanocomposite was synthesized through a biomediated solution combustion method using Tulsi
leaf extract. The confirmation of the Composite material is done by various spectral investigation
methods. The photodegradation of Fast Orange Red (FOR) shows a maximum absorption observed at 495
nm with 74.59% degradation under UV light irradiation. The Cyclic Voltammetric (CV) studies exhibit a
surface redox mechanism of Ni?* to Ni**, which emerged at -0.01 V (cathodic) and -0.30 V (anodic) at 10
mV/s using 1 M KOH solution. The GCD confirms good specific capacitances of 380.4 F/g at a current
density of 5 A/g. The Ag: NiO NC shows outstanding cycle stability, retaining 94.5% of its starting value
after 3000 cycles. This suggests that the electrode is appropriate for use in supercapacitors.

EXPERIMENTAL
Materials
All the Chemicals are obtained from Sigma Aldrich with analytical reagent (A.R.). They are Tulsi leaf,
Nickel nitrate (Ni(NO3),.6H,0), Silver Nitrate (AgNOs), Fast Orange Red, 0.1 M KOH, and double-
distilled water.

Synthetic Route for the Preparation of Ag-NiO Composite

The Ag: NiO NC was synthesized by burning an extract of Tulsi leaf in a biomediated solution
combustion chamber. A magnetic stirrer was used to aggressively mix 1 mL of Tulsi leaf extract with
stoichiometric quantities of Ni(NO3),.6H>O and AgNOs in a beaker for 10 to 15 minutes, and then placed
in a pre-heated muffle furnace at 450 = 10 °C to get a gel that turns to a white powder. As the reaction
commenced within the volume, a flame emerged on the foam's surface and rapidly propagated
throughout, resulting in the formation of a white powder with an exceptionally porous structure. Ag-NiO
composites were developed using a method that could tolerate high temperatures and self-propagate.>*
The whole process was completed in under five minutes. The final products were used for structural and
other studies after being further calcined for 3 hours at 600 °C.

Characterization

The structural analysis was conducted using a Shimadzu X-ray diffractometer (CuKa, 1.541 A) with a
scan rate of 2° per minute for PXRD measurements. Functional group identification in the synthesized
materials was carried out using a Shimadzu IR Affinity-1S FTIR spectrometer within the 4000-400 cm™
range. The three-dimensional morphology, polycrystallinity, and interplanar spacing were examined using
a JEOL JEM-2100 transmission electron microscope (TEM) operating at an accelerating voltage of up to
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200 kV with a LaBs filament. Diffuse reflectance spectroscopy (DRS) measurements were performed
using a Shimadzu UV-Vis spectrophotometer (Model 2600) within the 200 800 nm wavelength range.
Electrochemical impedance spectroscopy (EIS) experiments were carried out using a CH Instruments
Electrochemical Analyzer (Model 608E) with a three-electrode configuration.

w Ni(NO,),.6H,0 Il AgNO,
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Scheme-1: Schematic Diagram for the Preparation of Ag-NiO Composite

Photocatalytic Analysis

The purpose of the photocatalytic investigation for the developed Ag-NiO composite was to degrade the
FOR dye when exposed to ultraviolet light. A 50 mg portion of the photocatalyst was dispersed in 250
mL of a 20 ppm dye solution and exposed to UV light under standard conditions. The Ag: NiO
nanocomposite (NC) catalyst was placed in a circular glass reactor. A 400-W mercury vapor (Hg) lamp
emitting at 250 nm was used to irradiate the reaction mixture, following magnetic agitation to ensure
uniform dispersion. The research was carried out in a Pyrex glass beaker. The resultant mixture was
exposed to ultraviolet light in an oxygen atmosphere for 120 minutes. Every 15 minutes during the
reaction, 5 mL of the sample solution was extracted, and the UV-visible absorption spectra were recorded
in the 200-800 nm range. Ag-NiO composite's photocatalytic activity was evaluated by the degradation of
an aqueous solution of FOR***, The % of degradation was studied by the following eq.-1.

Percentage Degradation = [(Co-C.)/Cc] X100 (D)

Where Cy and C. are the dye concentrations at times t seconds.
Further, C/Co values were also investigated by eq.- 2.
log(C-Co) = -K ()

Where k is the first-order rate constant. The first-order kinetics was a linear relationship between log C/C,
and K.

Preparation of the Working Electrode

The working electrode was prepared by using graphite powder, prepared nanocomposite, and binder
(PTFE) in an agitated mortar in the ratio of 60:20:20%. A paste of composite material is formed. For the
enhancement of electrical conductivity, nickel mesh was attached with an active material, and it was
compressed for 5 min at 30 MPa. The electrolytic mobility was enhanced by immersing the prepared
electrode in a 1 M KOH solution for 40 minutes.$
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RESULTS AND DISCUSSION

XRD Analysis

X-ray diffraction (XRD) is an effective, non-destructive technique for analyzing the phase composition,
crystal structure, and orientation of solid, liquid, and powdered materials. The XRD pattern reveals five
distinct peaks at 20 values of 37.27°, 43.40°, 63.07°, 75.55°, and 79.52°, corresponding to the reflection
peaks from the (111), (200), (220), (311), and (222) planes, confirming the formation of cubic crystal NiO
(JCPDS card no. 00-047-1049), as shown in Fig.-1. Additionally, Fig.-1 shows peaks that correspond to
the (111), (200), (220), and (311) planes of face-centered cubic Ag (JCPDS card no. 00-087-0719). The
XRD analysis confirms the crystalline nature of the Ag: NiO nanocomposite (NC), with no additional
peaks, indicating that only NiO and Ag are present. The data successfully confirms the synthesis of the
Ag: NiO NC. The Scherrer equation was used to estimate the average crystallite size of the Ag: NiO NC,
which was found to be approximately 30 nm.
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Fig.-1: XRD Spectra of Ag: NiO NC
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SEM Analysis

SEM analysis was used to quantify the physical features and investigate the surface morphology and Ag
distribution throughout the NiO surface. NiO surfaces have a porous flower-like shape, as seen in Fig.-2,
and loading Ag into the pores of NiO does not substantially alter its morphology. The SEM image in Fig.-
2 showed that NiO nanostructures had a hexagonal shape and an average particle size of about 85 nm.
The above results show that these are compositions of Ag and NiO.

Fig.-2: SEM Image of Ag: NiO NC

EDAX Analysis

The chemical composition of a sample was measured by the EDAX method. The presence of Ag in the
modified NiO nanoparticle, together with the fundamental components Ni and O, is confirmed in Fig.-3.
Ag's existence across the NiO host structure's surface is strongly supported by the occurrence of different
signals that correspond to these elements. The elemental mapping for Ni, O, and Ag in Fig.-3 indicates
the presence of the corresponding Ag: NiO NC.*
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Fig.-3: EDAX Spectra of Ag: NiO NC

TEM Analysis

TEM was used to obtain profound insights into the structure and morphology of the developed materials.
The TEM image in Fig.-4(a-b and ¢) confirmed the presence of two phases, i.e., NiO and Ag, in 5 um and
500 nm magnifications, revealing structures that were face-centered cubic and cubic. Lattice fringes
between 0.21 and 0.24 nm in spacing are visible in the TEM picture in Fig.-4(a-b), which corresponds to
the (200) and (111) planes of NiO and Ag, respectively.** The effective synthesis of Ag: NiO NC is
confirmed by the microscope results, which agree well with the XRD data. The TEM image clearly shows
the highly agglomerated particle structure, a characteristic of products that are produced by combustion.
The SAED pattern is characterized by a unique ring Fig.-4(d). The diffraction spots or rings that
correspond to both the Ag and NiO phases, confirming their crystalline nature. Ag diffraction spots
typically correspond to the FCC structure, while NiO shows diffraction rings/spots consistent with its
cubic structure.

10 nim L \

Fig.-4: (a-c) TEM Analysis of Ag: NiO NC in Various Magnifications, (d) SAED Spectral Analysis

DRS Analysis (UV)
Figure-5(a) shows the absorbance in the UV region of Ag: NiO NC. The energy band gap was calculated
by using eq.-3.

E =hc/A 3)

(a)

254

Reflectance %
2
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Band gap =3.84 eV
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Fig.-5: (a) UV Spectra of Ag: NiO NC, (b) Energy Bandgap of Ag: NiO NC

The UV spectra clearly show that the Ag: NiO NC exhibits a band gap value of 3.84 eV for consistent
with previous research on Ag-NiO.* Figure-5(b). The absorbance edge of the Ag: NiO nanocomposite
(NC) was observed at a lower energy. The unique characteristics of the Ag: NiO NC are attributed to the
interfacial electrical interaction between Ag and NiO. Specifically, the electron-electron repulsion in NiO,
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facilitated through O 2p orbitals, increases the valence band potential of NiO, resulting in a reduction of
the overall band gap.*

TGA Analysis
The thermal stability of the synthesized Ag: NiO nanocomposite (NC) was evaluated using
thermogravimetric analysis (TGA) under a nitrogen atmosphere, with temperatures ranging from 20 to
800 °C, as shown in Fig.-6. The figure reveals two stages of weight loss, with a gradual decrease in
weight from the initial temperature up to 800 °C. The total weight loss observed was 8.86%. The first
weight loss of 3.71% occurred between ambient temperature and 190 °C, corresponding to the
evaporation of water molecules during crystallization, which is linked to a small endothermic peak at 145
°C. The second weight loss of 5.15% occurred between 190 and 800 °C, indicating the decomposition of
organic molecules present in the synthesized material during the green synthesis process. Broad
endothermic peaks between 140 and 800 °C were attributed to the decomposition of nitrate compounds in
the precursor material. After these two stages of weight loss, the TGA curve shows no further significant
weight reduction, indicating the Ag: NiO nanocomposite's excellent thermal stability and 90.81% residual
mass. Based on the TGA analysis, the study confirms the use of 400 °C as the calcination temperature for
the synthesis of Ag: NiO nanocomposites, consistent with the literature on the calcination temperatures
for Ag: NiO nanoparticles.

Residue 90.81%

300 400 o, 500 600 700 800
Temperature (©C)

Fig.-6: TGA Spectra of Ag: NiO NC
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Photocatalytic Activity

The photocatalytic properties of the synthesized NC were demonstrated using an anionic organic dye. The
PCA of the Ag: NiO NC was assessed by the time interval of 0 to 120 minutes for the photodegradation
of FOR, with a maximum absorption observed at 495 nm in the UV region Fig.-7’. The Fig.-7 clearly
shows that as the period increases, the absorption value decreases, confirming that the catalytic role is
important for the degradation of the FOR dye under UV light.
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Fig.-7: Photocatalytic Activity of FOR Degradation Under UV Light Irradiation
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Fig.-8: (a and b) Percentage of Degradation vs Time

1626
SYNTHESIS AND CHARACTERIZATION OF Ag: NiO NANO COMPOSITE Ramasubbaiah Vusenappagari and Behara Dilip Kumar



RASAYAN J. Chem.
Vol. 18 | No. 3 |1620-1634| July-September | 2025

Figure-8(a and b) shows an increase in percentage of degradation from 0 to 120 min of UV exposure; the
photodegradation rate of FOR dye increased to 74.59% in UV. This demonstrates that when exposed to
UV light, Ag: NiO NC has stronger photocatalytic behavior as a catalyst in the degradation of FOR dye.

Kinetic Studies

The kinetics modeling was carried out using 50 mL of dye solution with a beginning concentration of 2.2
x 10 mol. L', The thin film was then contacted following regular intervals of irradiation at room
temperature. This kinetics method was analyzed by the pseudo-first-order equation.*® The Ag: NiO NCs
PCA progressively increases under UV light irradiation, reaching after 120 minutes. The C/Co
equilibrium values showed that pristine NiO had a much lower C/Co value than Ag: NiO NC, indicating
that the inclusion of silver dopants enhanced photocatalytic performance Fig.-9(a and b). These results are
in line with earlier research showing a link between higher photocatalytic activity and lower optical band
gap energies.” In this study, the electrical interaction among NiO and dye molecules was improved as a
result of the band gap reduction.
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Fig.-9: Kinetic Studies of Ag: NiO NC

Charge transmission from the catalyst to the Fermi level of the dye molecules was made easier by a
smaller band gap, which improved the transfer of charge from the valence band to the conduction band.
As a result, the catalyst's surface experienced an increase in dye molecule adsorption, which improved the
efficiency of degradation.* The obtained results show that the photocatalytic degradation of FOR is
considerably influenced by the addition of Ag dopant to NiO thin films. The kapp values increase as the
Ag dopant content increases in the context of FOR deterioration.
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Fig.-10: The Plot of Pseudo-First-Order Kinetics of Ag: NiO NC

This implies that photocatalytic activity is enhanced by the presence of Ag in the NiO lattice, resulting in
a faster rate of degradation. A decrease in the band gap is the cause of this increase in the rate constant.*’
More electron and/or hole trapping sites are made available by the addition of Ag ions, which improves
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FOR degradation and increases the production of reactive oxidative species. These results advance our
knowledge of the fundamental chemistry behind the use of doped semiconductor materials for the
photocatalytic destruction of organic contaminants. Figure-9(c) illustrates a clear decrease in the
concentration of FOR dyes (C/Cy) with increasing irradiation time. After 120 minutes of photo irradiation,
a decrease in the dye concentrations of FOR from 1.0 to 0.49 was observed. The half-life period of Ag:
NiO NC was 39.05.

The dye degradation rate was also used to assess the Ag: NiO NC catalyst's photocatalytic performance.
The degrading reaction's pseudo-first-order kinetics was shown as a straight line from a plot of C/Cy v/s
time in Fig.-10. A rate constant (ki) of 0.00342 min !(R? = 0.9541) for FOR was observed from a slope of
the graph.

Mechanism

The degradation of FOR dye occurs through a photocatalytic process triggered by light, which involves
several chemical reactions. Initially, the surface of the Ag-NiO photocatalyst becomes coated with the
FOR dye. When dye molecules are brought close to light, they undergo excitation and generate pairs of
electrons, producing a highly active species on the Ag-NiO photocatalyst's surface. The oxidation and
reduction processes involve both electrons and holes. Holes oxidize water molecules, generating hydroxyl
radicals, while electrons reduce molecular oxygen, forming superoxide radicals. When these hydroxyl and
superoxide radicals interact with the FOR dye, they break the chemical bonds within the dye Scheme-2.
Equations 4—and 10 illustrate the proposed reaction mechanism for the degradation of FOR dye mediated
by the Ag: NiO NC photocatalyst.

0;

AGNIONC i phihhh P

h* ol Fast Orange Red dye

mﬁm
H,0 J

Scheme-2: Graphical Representation of Photo-Degradation of FOR Dye

Ag:NiO NC + hv — Ag:NiO NC (ecs” + hys") 4)
H,O + H* — OH* + H* (5)
OH- + h" — OH* (hydroxyl radical) (6)
0, + ¢ — Oy* (superoxide anion) @)
O+ H"— OH* ®)
FOR + OH* — Oxidation Product 9)
FOR +h" — Oxidation of FOR (10)

Electrochemical Investigation
The electrochemical response of the Ag: NiO NC electrode in a 1 M KOH electrolyte was evaluated using
Galvanostatic Charge-Discharge (GCD), Electrochemical Impedance Spectroscopy (EIS), and Cyclic
Voltammetry (CV). A three-electrode system was employed for the electrochemical measurements.
Figure-11(a) presents the CV curves of the Ag: NiO NC electrode at different scan rates of 10, 20, 30, 40,
and 50 mV/s, with the voltage window spanning from 0.6 to -0.6 V (vs. Ag/AgCl). The data indicate that
the use of an Ag: NiO NC electrode produced a unique behavior. The increase in scan rate is shown by
the redox peak, which emerged at -0.01 V (cathodic) and -0.30 V (anodic) at 10 mV/s. This redox
behavior was thought to be caused by the reduction (cathodic, discharging) of NiOOH to NiO and the
oxidation (anodic, charging) of NiO to NiOOH.*!
The CV curves clearly show a pair of strong redox peaks related to the Faradaic redox reactions
associated with the surface redox mechanism of Ni** to Ni**, which exhibits the electrode's
pseudocapacitance characteristics. The following is a description of the potential redox reaction.*!

NiO + OH— <> NiOOH + e—
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It is clear that the appearance of CV curves does not significantly alter as scan rates increase, indicating
the high-rate performance, rapid electron conduction in the Ag: NiO NC network topologies, and good
kinetic reversibility of the Ag: NiO NC electrode. The peak currents for oxidation and reduction
enhanced in a linear fashion using the square root of the scan rate vs I, (Fig.-11(b)), characterized by y
=0.007(uM)+0.0060, R*= 0.9368.
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Fig.-11: (a) The CV Studies of the Prepared Electrode and its Variation in the Scan Rate. (b) Calibration Curve

Galvanostatic Charge—Discharge
Figure-12(a) displays the GCD curves of the Ag: NiO NC electrode at varying discharge current densities
of 1,2, 3,4, and 5 A/g. The pseudocapacitive behavior of the Ag: NiO NC electrode is further confirmed
by the nonlinear charge-discharge curves. The specific capacitances (C, F/g) were calculated using the
following eq.-11.%

CA =IAt/AAv (1)
Where the discharge current, discharge time, electrode material mass, and voltage interval are denoted by

I (A), At (s), m (g), and Av (V), respectively. Table-1 displays the Ag: NiO NC electrode's computed
specific capacitances.
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Fig.-12: (a) GCD Curves of Ag: NiO NC Electrode at Current Densities Varying from 1 to 5 A/g. (b) Specific
Capacitance vs Current Density Plot

Table-1: Specific Capacitance Vs Current Density

Current density (A/g) Specific Capacitance (F/g)
1 380.4
2 354.5
3 329.1
4 291.2
5 244.4

The direct growth of Ag: NiO NC electrode materials on the nickel foam substrate with lower resistance
and the distinctive Ag-doped NiO structure of networks are thought to be the causes of this outstanding
electrochemical performance. In particular, the direct growth of Ni foam electrode materials prevents the
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"dead surface" and facilitates effective charge exchange. Electrochemical performance is enhanced by
these interconnected Ag: NiO NC network structures, which contain huge amounts of superfine
nanowires that are highly conductive to promote the diffusion of electrolyte ions and carry electrons. The
electrolyte penetration inside electrode materials may be facilitated by the mesoporous structure of Ag:
NiO NC. Furthermore, the conductivity of the Ag: NiO NC electrode material is improved by Ag doping.
The Ag: NiO NC electrode's specific capacitance change at various current densities is shown in Fig.-
12(b). The comparatively adequate active substance and ionic rate of diffusion involved in the faradaic
redox mechanism at higher current densities are responsible for the observed increase in specific
capacitance with increasing current density. Investigating the electrode's long-term cycle stability is
essential for supercapacitor practical applications.

EIS Analysis

The purpose of the EIS was to measure the Ag: NiO NC's charge efficiency Fig.-13. In an EIS plot, the
resistance of the galvanic system (Rs) is represented by the intercept of the curve on the real Z axis at
high frequencies, while the charge-transfer resistance (Rct) is indicated by the diameter of the semicircle.
At lower frequencies, the slope of the curve reflects ion diffusion. The Nyquist plot for the Ag: NiO NC
electrode exhibited a low charge-transfer resistance, suggesting strong conductivity, as shown in Fig.-13.
As reported in previous studies, the Ag: NiO NC electrode demonstrated reduced Rct and Rs, which is
attributed to the insertion of Ag, providing a fast electron transport pathway that enhances the
electrochemical reaction performance.*
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Fig.-13: Nyquist Plot of Ag: NiO NC (insert an equivalent circuit)

Improved electrochemical charge storage performance was demonstrated by the Ag: NiO NC. It was
thought that the addition of Ag to the synthesized NC would provide quick electrical channels for
electrochemical performance.” This is explained by the reduction in internal resistance of the Ag: NiO
NC electrode.* The superior electrical conductivity of Ag due to its metallic character promotes
improved transport of electrons in Ag-NiO NC. The electron journey between NiO and the current
collector was thought to be improved by this. Ag NPs' conductive channel contributes to increased charge
efficiency, higher material usage, and ultimately improved electrochemical performance by advancing
redox processes.*

Stability Analysis

The GCD curves for an Ag: NiO NC electrode at a current density of 5 Ag™! are shown in Fig.-14. In a
potential range of 0 to 0.8 V, the electrode was monitored over 3000 cycles in relation to Ag/AgCl. The
purpose of the research was to ascertain how durable the electrodes were. When compared to the other
electrodes, the Ag: NiO NC electrode exhibits superior cycle stability as shown in Fig.-14.

A series of 25-cycle CV scans were performed on the Ag: NiO NC sample at a scanning rate of 50 mVs™!
to comprehend the electrode stability of the developed oxides (Fig.-15(a)). There is no discernible
variation in the anodic and cathodic peak positions of the electrode with increasing cycles, indicating
good electrode stability. Figure-15(b) displays the Ag: NiO NC electrode's 3000 continuous charge-
discharge evaluation at a high current density of 5 Ag™'. As the number of cycles increases, the specific
capacitance value remains constant until 2300 cycles, after which it slightly decreases at 2800 cycles and
then nearly stays the same for the remaining cycles. The synthesized Ag: NiO NC electrode has

1630
SYNTHESIS AND CHARACTERIZATION OF Ag: NiO NANO COMPOSITE Ramasubbaiah Vusenappagari and Behara Dilip Kumar



RASAYAN J. Chem.
Vol. 18 | No. 3 |1620-1634| July-September | 2025

outstanding cycle stability, retaining 94.5% of its starting value after 3000 cycles. This suggests that the
electrode is appropriate for use in supercapacitors.

uuuuuuuuuuuuuuuuuuuuuu
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Fig.-15: (a) CV Scans of 25 Cycles, at a Scanning Rate of 50 mVs™" (b) Number of Cycles of Ag: NiO NC
Electrodes at a Current Density of 5 Ag™!

CONCLUSION

The Ag: NiO nanocomposite was synthesized through a biomediated solution combustion method using
Tulsi leaf extract. The confirmation of the Composite material is done by various spectral investigation
methods. The XRD shows the average crystallite size of Ag: NiO NC is ~ 30 nm. SEM shows a
hexagonal shape with an average particle size of 85 nm. The TEM images show that Ag diffraction spots
typically correspond to the FCC structure, while NiO corresponds cubic structure. The energy band gap
value for Ag: NiO NC of 3.84 eV is confirmed by DRS spectra. The TGA shows good heat stability and
90.81% of residue formation with calcination temperature developed even after 400 °C. The
photodegradation of Fast Orange Red (FOR) shows a maximum absorption observed at 495 nm with
74.59% degradation under UV light irradiation. The Cyclic Voltammetric (CV) studies exhibit a surface
redox mechanism of Ni?*" to Ni**, which emerged at -0.01 V (cathodic) and -0.30 V (anodic) at 10 mV/s
using 1 M KOH solution. The GCD confirms good specific capacitances of 380.4 F/g at a current density
of 5 A/g. The Ag: NiO NC shows outstanding cycle stability, retaining 94.5% of its starting value after
3000 cycles. This suggests that the electrode is appropriate for use in supercapacitors.
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