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ABSTRACT

Transition metal oxide nanocrystalline materials are playing major role in energy storage application in this scenario. Nickel

oxide is one of the best antiferromagnetic materials which is used as electrodes in energy storage devices such as, fuel cells,

batteries, electrochemical capacitors, etc. In this research work, nickel oxide nanoparticles were synthesized by combustion

route in presence of organic fuels such as, glycine, glucose and and urea. The prepared nickel oxide nanoparticles were cal-

cined at 600oC for 3 h to get phase pure materials. The calcined nanoparticles were preliminarily characterized by XRD,

particle size analysis, SEM and EDAX. To prepare nickel oxide electrode materials for application in supercapacitors, the

calcined NiO nanoparticles were mixed with di-methyl-acetamide and few drops of nafion solution for 12 to 16 h. The

above slurry was coated in the graphite sheet and dried at 50oC for 2 to 4 h in a hot air oven to remove organic solvent.

The dried sample was subjected to electrochemical studies, such as cyclic voltammetry, AC impedance analysis and

chrono-coulometry studies in KOH electrolyte medium. From the above studies, it was found that nickel oxide nanopar-

ticles prepared by combustion synthesis using glucose as a fuel exhibited resulted in low particle diameter (42.23 nm). All

the nickel oxide electrodes have shown better good capacitance values suitable for electrochemical capacitor applications.

Keywords: Nickel oxide nanoparticles, combustion route with different organic fuels, physical characterization, electro-

chemical studies, electrochemical capacitors
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1. Introduction

One of the major challenges, the world recently
facing is energy consumption and demand. To meet
the energy requirements of this modern generation,
an ideal energy storage device is needed at present to
provide high energy in short time. Especially, the
device should store more power and deliver high
energy output for various applications. Among all
other energy storage devices, electrochemical capaci-

tors exhibit high power density than other electro-
chemical devices, such as batteries, photo-voltaic
devices, etc. and high energy density than conven-
tional capacitors because of unique charge storage
mechanisms.

Depending on the charge storage mechanisms, the
electrochemical capacitors can be categorized into
two types, (i) electrochemical double-layer capaci-
tors, mainly focusing on carbon materials in which
the capacitance evolves from the charge separation at

*Corresponding author. Tel.: +091-422-2614485

 E-mail address: drsamson@karunya.edu

DOI: http://dx.doi.org/10.5229/JECST.2015.6.1.16

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativ

ecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,

provided the original work is properly cited.

Research paper

Journal of Electrochemical Science and Technology



17 G. Srikesh and A. Samson Nesaraj

the electrode and electrolyte interface; and (ii)
pseudocapacitors, mainly concentrating upon con-
ducting metal oxides and polymers which utilize the
charge transfer pseudo-capacitance arising from
reversible Faradaic reaction occurring at the elec-
trode surface within the active electrode materials
[1]. The electrode material is a main component in
electrochemical capacitors because it determines the
electrochemical performance of any full scale com-
mercial ultra capacitors [2]. The common electrode
materials which are recently use in electrochemical
capacitors are carbon, transition metal oxides and
conducting polymers. Nanostructured materials are
gaining a great interest due to their wide applications
in various fields such as lithium-ion batteries [3-5],
ion exchange membranes [6], catalysis supports [7-
10], solar cells [11] and supercapacitor electrodes
[12-17]. 

Transition metal oxide nanocrystalline materials
have been studied by several researchers due to their
excellent properties. Transition metal oxides such as
nickel oxide [18-19], ruthenium oxide [20-22], man-
ganese oxide [23-25], cobalt oxide [26-28], etc. have
been studied by various groups to obtain high spe-
cific capacitance and high charge/discharge ability in
electro-chemical capacitors. Among the transitional
metal oxides available, nickel oxide is an attractive
material in various applications such as gas sensors
[30], magnetic materials [31-33], catalysis [34], elec-
trochromic applications [35] and electrode material
[36-45] in electrochemical devices. In this research
work, nickel oxide nanoparticles have been prepared
by combustion route using different organic fuels,
viz., glycine, glucose and urea. It was reported that
organic fuels can play an efficient role in the wet
chemical synthesis of nanocrystalline materials hav-
ing uniform particle size distribution and excellent
morphological characteristics [29]. The prepared
nickel oxide materials were systematically character-
ized by XRD, particle size analysis, SEM and
EDAX. After the preliminary characterization, the
nanomaterials were utilized to fabricate electrodes
and subjected to electrochemical studies, such as,
cyclic voltammetry, AC - impedance analysis and
chrono-coulometry studies. The obtained results
were discussed and presented in this research article.
Also, the effect of fuels in the performance character-
istics of nickel oxide electrode for application in elec-
trochemical capacitors is correlated and reported.

2. Experimental

2.1 Synthesis and physical characterization of

nickel oxide nanoparticles

The synthesis of nickel oxide nanoparticles was
carried out by using combustion route. The nickel
nitrate (98%, Loba chemie), glycine (98%, Spec-
trum), glucose (99%, Merck) and urea (99.5%,
Merck) were as used without any further purification.
Nickel oxide nanoparticles have been prepared by
solution combustion route using glycine, glucose and
urea as fuels.

In a typical experiment, stoichiometric amounts of
nickel nitrate (2.9 g) was dissolved in a minimum
quantity of distilled water (approximately, 20 mL)
along with appropriate quantity of glycine (0.83 g) or
glucose (0.75 g) or urea (0.99 g). The organic com-
pounds are acting as a fuel and a complexant during
the reaction. The complexation of metal ion by the
fuel molecule increases the solubility of metal ions in
solution. A stoichiometric composition denotes a fuel
to metal nitrate ratio at which the fuel can react com-
pletely with the metal nitrate in the mixture, in such a
way that no residual fuel or nitrate remains in the
product materials. Based on propellant chemistry, the
stoichiometric compositions of the redox mixtures
for the combustion were calculated using the total
oxidizing (O) and reducing (F) valencies of the com-
ponents which serve as the numerical coefficients for
the stoichiometric balance, so that the equivalence
ratio, Φc(i.e., O:F = 1) is unity and the energy
released by the combustion is maximum. Based on
the propellant chemistry, the species, Ni2+, C and H
are considered to be reducing species with corre-
sponding valencies +2, +4 and +1. Elemental oxygen
is considered to be an oxidizing species with valency
-2. The valency of nitrogen is considered to be zero
[29]. Based on these considerations, nickel nitrate
will have oxidizing valency of -10. The fuels such as,
glycine, glucose and urea should have the reducing
valencies of +9, +6 and +25 respectively. The mixed
solution metal nitrate and fuel was heated in a mantle
at 50 - 70oC and the volume was reduced as half.
Afterwards, the resulting clear solution was intro-
duced into a muffle furnace maintained at 600oC. Ini-
tially the solution boils and undergoes dehydration
followed by decomposition with evolution of large
amounts of gases (N2 and CO2). The mixture then
froths and swells, forming a foam which ruptures
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with a flame and glows to incandescence. During the
incandescence the foam further swells to the capac-
ity of the crucible. The gases evolved not only helped
to yield fine-particles of NiO but also help to dissi-
pate the heat which inhibits sintering of the product.
Thus, combustion reaction was completed within a
few seconds, giving rise to a dark green coloured ash
material that easily crumbled into powders. The
flame persisted for about 1 minute. The foam was
them lightly ground in glass mortar with pestle to
obtain fine nanoparticles. The method exploits an
exothermic, usually very rapid and self-sustaining
chemical reaction between the metal nitrate and
organic fuel which is ignited at a temperature much
lower than the actual phase transformation tempera-
ture. Its key feature is that the heat required to drive
the chemical reaction and accomplish the compound
synthesis is provided by the reaction itself and not by
an external source. The stoichiometric redox reac-
tions between nickel nitrate and glycine or glucose or
urea to produce nickel oxide can be represented by
the following theoretical equations.

To prepare NiO by combustion technique with gly-
cine as a fuel: 

Ni(NO3)2 + 1.11 NH2CH2COOH
→ NiO + 2.22 CO2 + 1.555 N2+ 2.775 H2O

To prepare NiO by combustion technique with glu-
cose as a fuel: 

Ni(NO3)2 + 0.42 C6H12O6

→ NiO + 2.52 CO2 + N2 + 2.52 H2O 

To prepare NiO by combustion technique with urea
as a fuel: 

Ni(NO3)2 + 1.66 NH2CONH2

→NiO+ 1.66 CO2 + 2.66 N2+ 3.32 H2O

Stoichiometric mixtures are reported to produce
maximum energy in propellant systems. The mecha-
nism of the combustion reaction is quite complex.
The parameters which influence the reaction include
type of fuel, fuel-to-oxidizer ratio, use of excess of
oxidizer, ignition temperature and water content of
the precursor mixture. In general, a good fuel should
react nonviolently, produce nontoxic gases, and act as
a complexant for metal cations. Complexation

increases the solubility of metal cations, thereby pre-
venting preferential crystallization as the water in the
precursor solution evaporates. However, the redox
mixtures containing metal nitrates and organic fuel
undergo a smooth combustion reaction to yield the
fine metal oxides. Calcination of as-synthesized pow-
der was carried out in silica crucibles at 600oC for 3
hours in air to remove the deposited carbon and unre-
acted organic residues and to get phase pure material.

The powder XRD study was carried out using a
Shimadzu XRD6000 X-ray diffractometer at a scan
speed of 5 deg/min using CuKa radiation. The crys-
tallite sizes have been calculated by Scherrer’s equa-
tion [40]. The equation is mentioned below (1).

(1)

where ‘D’ is the crystalllite size, ‘C’ is the numerical
constant (~0.9), ‘λ’ is the wavelength of x-rays (for
CuKα radiation, λ = 1.5418 Å), ‘β ’ is the effective
broadening taken as a full width at half maximum
(FWHM) (in radians), ‘θ ’ is the diffraction angle for
the peak. The theoretical density (Td) was calculated
using the equation (2).

(2)

where ‘z’ is the number of chemical species in the
unit cell, ‘M’ is the molar mass of the single chemical
species corresponding to chemical formula (gmol-1),
‘V ’ is the unit cell volume (Å3) and ‘NA’ is the
Avogadro’s number (6.022 × 1023 mol-1). 

The particle size of the powder was measured
using a Malvern particle size analyzer (Malvern
Instruments, Worcestershire, UK) using triple dis-
tilled water as medium. The morphology of the parti-
cles and percentage of elements present in the
samples (EDAX) were studied by means of JEOL
Model JSM-6360 scanning electron microscope
(JEOL Ltd., Tokyo, Japan). 

2.2 Fabrication of nickel oxide electrodes and

their electrochemical characterization 

To fabricate the nickel oxide electrode materials,
the calcined individual nanoparticles (prepared by
using three organic fuels) were mixed separately with
di-methyl-acetamide (99% purity, Loba chemie) and
few drops of nafion (5 wt.%, Sigma Aldrich) solu-
tion. Then, the mixture was stirred in a magnetic stir-
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rer for about 12 to 16 h to ensure homogeneity. The
slurry was then coated with a doctor’s blade on a thin
graphite (having specific area of 1×1 cm2) sheet. The
fabricated electrodes were then dried at 50oC for about
2 to 4 h in order to remove the organic solvents present
in the micropores of the electrodes. The weight of the
active material present in each electrode samples was
measured which was found to be around 0.005 g. The
electrochemical studies such as cyclic voltammetry,
AC impedance analysis and chrono-coulometry stud-
ies were carried out with three electrode system hav-
ing the fabricated electrode as a working electrode,
platinum wire as a counter electrode and saturated
calomel electrode as a reference electrode in KOH
(1 M) electrolyte medium. The specific capacitance
(C) of the individual electrode from cyclic voltamme-
try can be calculated from the following equation (3).

(3)

where ‘I’ is the current in A which is calculated
from using the following formula (4):

(4)

‘dV/dt’ denotes the scan rate in mVS-1 and ‘m’ is
the mass of the electrode [26,42,46]. From imped-
ance studies, the specific capacitance (C) [equation 5]
can be derived from the imaginary part (Z") of the
impedance as per the literature [34].

(5)

where ‘ω ’ denotes the angular frequency of the
applied AC-signal. Based on the charge / discharge

phenomena from chronocoulometry analysis, the spe-
cific capacitance for the electrode materials was mea-
sured on a single step process from the equation (6)

(6)

where ‘Q’ is the charging current (in coulombs) and
‘V’ is the applied voltage (in volts). 

3. Results and Discussion

3.1 XRD studies

Figure 1 (a, b and c) shows the XRD pattern for the
NiO nanoparticles prepared by combustion tech-
nique using three organic fuels, glycine, glucose and
urea respectively. The obtained sharp peaks in the
XRD patterns show the crystalline behavior of the
materials due to high temperature heat treatment car-
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Figure 1. XRD pattern obtained on NiO nanoparticles
prepared by combustion technique using three organic
fuels, glycine (a), glucose (b) and urea (c).

Table 1. Crystallographic parameters obtained on nickel oxide nanoparticles

Sample Organic Fuel
Crystal 

structure
Unit Cell

parameter ‘a’ (Å)
Unit cell volume

(Å3)
Crystallite size

(nm)
Theoretical density

(g/cc)

Standard NiO
(JCPDS 

No. 71-1179)
--

Cubic
(F.C.)

4.178 72.92 -- 6.80

NiO Glycine
Cubic
(F.C.)

4.185 73.29 28.20 7.10

NiO Glucose
Cubic
(F.C.)

4.196 73.87 27.20 7.04

NiO Urea
Cubic
(F.C.)

4.181 73.08 28.06 7.09



Synthesis and Characterization of Phase Pure NiO Nanoparticles via the Combustion Route using Different 20

ried out 600oC. The obtained XRD patterns were
compared with the reported standard JCPDS data for
NiO (JCPDS card No: 71-1179). The XRD patterns
obtained for NiO (calcined at 600oC for 3 h) reveal the
formation of well-crystallized single phase face cen-
tered cubic (FCC) geometry as reported [18]. The
XRD peaks of the all the samples are identical with
each other. The XRD patterns of each sample exactly
agree with the JCPDS data without any collateral
peaks, indicating high purity of the prepared samples.
The ‘d ’ values agreed well with the standard values.
The lattice parameter is calculated from 2θ peaks in
the X-ray diffraction pattern. The crystallite size of the
particles, determined with Scherrer’s formula, was
found to be in the range of 11-23 nm. Theoretical den-
sity values were also agreed well with the reported

data. The crystallographic parameters obtained on
nickel oxide nanoparticles are indicated in Table 1.

3.2 Particle size measurements

The particle size patterns of the NiO nanoparticles
prepared by combustion technique using organic
fuels, such as, glycine, glucose and urea respectively
are shown in Figure 2 (a, b and c). For all the mea-
surements, 0.001 g of NiO was sonicated in 30 mL
triple distilled water for about 10 minutes and after
which the sample was subjected for particle size anal-
ysis. The particle characteristics data obtained on
nickel oxide nanoparticles particles is indicated in
Table 2. From the particle size data (Table 2), it was
found that the materials prepared by combustion
route using glucose as a fuel resulted in lower particle

Figure 2. Particle size distribution curves obtained on NiO nanoparticles prepared by combustion technique using three
organic fuels, (a) glycine, (b) glucose and (c) urea.

Table 2. Particle characteristics data obtained on nickel oxide nanoparticles 

Sample Organic Fuel

Peak 1 Peak 2 Average 
particle size

(nm)% Intensity
Diameter

(nm)
% Intensity

Diameter
(nm)

NiO Glycine 98.9 417.9 1.1 5560 480.2

NiO Glucose 100 55.71 -- -- 42.23

NiO Urea 97.9 104.9 2.1 4424 73.82
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size when compared with the samples prepared by
other organic fuels. The presence of particles with
larger size may be due to the agglomeration effect
because of the high temperature calcination process.

3.3 Scanning electron microscope studies

The SEM photographs of the NiO nanoparticles
prepared by combustion technique using organic
fuels, such as, glycine, glucose and urea respectively
are shown in Figure 3 (a, b and c). From the SEM
photographs, it was understood that all NiO grains
are spherical in shape. From the figures, it was found
that the grains are present in the range of 70-130 nm,
76-115 nm and 86-180 nm respectively for the sam-
ples prepared by the combustion route using three
fuels glycine, glucose and urea. However, the pres-
ence of bigger grains in the samples may be due to
the high temperature treatment procedure adopted in
this research activity. 

3.4 Energy dispersive spectroscopy (EDAX) studies

The energy dispersive spectra (EDAX) obtained on
nickel oxide nanoparticles is reported in Figure 4 (a,
b and c). EDAX spectra of the samples show peaks
for Ni and O only and not for any other impurities in
the samples. The chemical composition data obtained

on NiO by EDAX analysis is given in Table 3. The
data confirmed the presence of nickel and oxygen in
all the samples. From the EDAX data, it was found
that the atomic percentage of nickel is varied between
50-58% and for oxygen is 41-50%. The variation in
the percentage of elements (Ni and O) may be due to
the experimental conditions adopted for the prepara-
tion of nickel oxide nanoparticles.

3.5 Cyclic voltammetry studies

The cyclic voltammetry studies were performed
using nickel oxide electrode as working electrode and
calomel / platinum wire as reference and counter
electrodes respectively in 1 M KOH electrolyte
medium [44]. The CV studies were performed with
the scan rate of 1 mVS−1 with and the potential range

Figure 3. SEM photographs obtained on NiO nanoparticles prepared by combustion technique using three organic fuels, (a)
glycine, (b) glucose and (c) urea.

Table 3. Chemical composition data obtained on nickel
oxide nanoparticles by EDAX analysis 

Samples Atomic % of elements 

NiO (Prepared with glycine)
Ni - 58.43
O - 41.57

NiO (Prepared with glucose)
Ni - 52.36
O - 47.64

NiO (Prepared with urea)
Ni - 50
O - 50
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of 0 to 0.3 volts. The cyclic voltammograms obtained
on the NiO electrode are indicated in Figure 5 (a, b
and c). The electrochemical reaction of NiO with the
electrolyte can be written as follows:

(7)

Here  represents the electric double

layer formed by the hydroxyl ion, and NiO-OH rep-
resent the product formed by the cathode reaction
involving the hydroxyl ion [41]. It was found that the
observed cyclic voltammograms for all the samples
resulted in nearly rectangular shape which may be due
to faradaic current [42]. As shown in the curves, there
is a pair of strong redox peaks due to a result of the
Faradaic reactions of the NiO. It is well known that the
Faradaic reaction of the NiO electrode materials will
proceed according to the following reaction [43].

(8)

One quasi-reversible electron transfer process is
visible in every curve, indicating that the measured
capacitance is mainly based on redox mechanism
[43]. Besides, the integral area of the CV loops is
maximal for the sample prepared with glucose fuel,
but minimal for the sample prepared with urea fuel.
Also, the shape of the CV curves indicates that the
current can quickly reach a plateau value after rever-
sal of the potential sweep. Further, this may be due to
the adsorption or desorption of ions according to the
applied potential effectively within the electrical dou-
ble layer at the electrode surface by the electrostatic
force. The specific capacitance values calculated for

NiO OH
–

+ NiO↔ OH
–

NiO OH–+||

NiO OH
–

||

NiO OH
–

+ NiOOH e
 –

+↔

Figure 4. The energy dispersive spectra (EDAX) obtained on NiO nanoparticles prepared by combustion technique using
three organic fuels, (a) glycine, (b) glucose and (c) urea.

Figure 5. Cyclic voltammograms obtained on NiO
electrode in 1 M KOH (a) NiO prepared with glycine fuel,
(b) NiO prepared with glucose fuel and (c) NiO prepared
with urea fuel.
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the samples based on cyclic voltammerty are indi-
cated in Table 4. From the data, it was found that the
sample prepared with glucose fuel exhibited better
characteristics than the other samples. The remark-
able enhancement in the specific capacitance of the
NiO electrodes can mainly be attributed to their spe-
cific surface area and smaller pores, which provide
effective diffusion channels for the electrolyte ions
leading to an improved pseudocapacitive perfor-
mance as reported [45]. 

3.6 Impedance spectroscopic analysis

The impedance studies were performed using
nickel oxide electrode as working electrode and
calomel / platinum wire as reference and counter
electrodes respectively in 1 M KOH electrolyte
medium. The impedance studies were done with the
amplitude of 5 mVS−1 and in the frequency range of
1 to 100 mHz. The Nyquist plots obtained on NiO
electrode are indicated in Figure 6 (a, b and c). In
Figure 6, Z' and Z" indicate the real part and the
imaginary part of the impedance. Fitting of the mea-
surement data was performed with the Zview soft-
ware. The impedance data of the nickel oxide
electrode materials is fitted with the equivalent cir-
cuit indicated in Figure 7. In Figure 7, the symbol

 referred as constant phase element, 
referred as resistor and  referred as Warburg
resistance. From the Nyquist plots, it was found that
the semicircles were appeared at high frequency
range in all the three electrodes studied. In the high-
to-medium frequency region on semicircle related
to Faradaic reactions can be discovered, which
should be attributed to the charge transfer resistance
at the electrode/electrolyte interface [26,47]. The
plots indicated in Figure 6 consists of semicircles
and incline straight lines which could be repre-
sented by three distinct regions within the studied

frequency range. A pure capacitance behavior (Cdl)
is represented in low frequency region in which a
drastic increment of the imaginary part with an
almost vertical line is observed. A slope close to 45o

in the middle frequency range indicates the exist-
ence of Warburg impedance (W) involving the dif-
fusion characterist ic of  the electrolyte into
electrodes. It is believed that ion adsorption process
becomes more active as the frequency decreases
due to there is ample of time for the electrolyte spe-
cies to enter to the deeper region of the of the
porous structure of the electrodes. In the high fre-
quency range, semicircles are observed in the plots
and this corresponded to the charge-transfer process
at the electrode / electrolyte interface [40]. Therefore,

Table 4. Specific capacitance (F/g) calculated for nickel oxide electrodes by various electrochemical methods

Working
Electrode

Specific Capacitance (F/g)

Cyclic Voltammetry Impedance Spectroscopy Chronocoulometry Average

NiO 
(Prepared with glycine)

266.8 303.03 359.36 309.73

NiO 
(Prepared with glucose)

295.6 291.74 302.88 296.74

NiO 
(Prepared with urea)

121.29 243.6 557.28 307.39

Figure 6. Nyquist plots obtained on NiO electrode in 1 M
KOH (a) NiO prepared with glycine fuel, (b) NiO prepared
with glucose fuel and (c) NiO prepared with urea fuel.

Figure 7. Equivalent circuit, used to fit measurement data
obtained on nickel oxide electrode materials.
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the appearance of solution resistance or electrolyte
resistance (Re) and the particle resistance (Rp) in
the system resulted in semicircle of the Nyquist plot
at high frequency region. The specific capacitance
values calculated in the low frequency region of the
Nyquist plots based on impedance analysis for the
samples are indicated in Table 6. From the data, it
was found that the electrode prepared with glycine
as a fuel exhibited better characteristics than the
other samples. 

3.7. Chronocoulometry studies

It is one of the classical technique frequently used
in electro analytical chemistry. As, its name implies,
choronocoulometry is the measurement of charge
(coulombs) as a function of time (Chrono). The chro-
nocoulometry studies were performed using nickel
oxide electrode, calomel / platinum wire as reference
and counter electrodes respectively in 1 M KOH
electrolyte medium. The chronocoulometry studies
were carried out in the voltage range of 0 to 0.25 V in
1 M KOH solution. The chronocoulometry curves
obtained on the NiO electrode are indicated in Figure
8 (a, b and c). The specific capacitance values calcu-
lated for the samples based on chronocoulometry
analysis are indicated in Table 6. From the data, it
was found that the electrode prepared with urea as a
fuel exhibited better characteristics than the other
samples. However, the capacitance value obtained
for NiO electrodes prepared with urea fuel is found to
be different from other techniques. 

From the electrochemical characterization of NiO
electrode materials, the nanoparticles prepared by
combustion route have resulted in good capacitance
values applicable for electrochemical capacitors.
Also, it was found that that specific capacitance
obtained for the NiO electrode prepared with glucose
as organic fuel exhibited a uniform specific capaci-
tance values measured in all the three electrochemi-
cal techniques. This may be due to lower particle size
and better stability of the electrode samples in the
operating conditions.

4. Conclusions

Wet chemical synthesis of nickel oxide nanoparti-
cles by combustion technique using three organic
fuels, viz., glycine, glucose and urea is reported in
this research article. The powder XRD data of the
samples is well matched with the reported JCPDS
data. Particle size data inferred the presence of nano-
particles along with few larger sized particles in the
samples. The surface morphological analysis con-
firmed the presence of spherical shaped nanoparticles
in the samples. The presence of atomic elements such
as Ni and O in the required percentage is confirmed
by EDAX data. The electrochemical studies such as,
cyclic voltammetry, impedance analysis and
choronocoulometry studies carried out on the nickel
oxide electrodes revealed better characteristics for all
the samples. However, among the three systems stud-
ied, the nickel oxide nanoparticles prepared by com-
bustion route using glucose as an organic fuel
resulted in stable capacitance values. All the three
samples studied are suitable for electrochemical
capacitor applications. 
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