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BiOI microsquares was prepared by using hexamine as surfactant through solvothermal approach and
used as electrode material for high performance supercapacitor. The crystalline structure and morphol-
ogy of the BiOI were characterized by X-ray diffraction (XRD), field emission scanning electron micro-
scopy (FE-SEM) transmission electron microscopy (TEM) and X-ray photoelectron spectroscopy (XPS)
analysis. The electrochemical performance was investigated by using cyclic voltametry (CV) and galvano-
static charge-discharge studies (GCD) using 6M KOH solutions. BiOI electrode exhibits highest specific
capacitance of 706 Fg~! at a current density of 2 Ag~'. This material retained 55% initial capacitance at
a higher current density of 10 Ag~! indicating its better rate performance.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The growing demands for portable electrochemical energy stor-
age devices have been provoked on past few decades [1]. Among
the different kinds of electrochemical energy storage devices
supercapacitors have attracted tremendous attention all over the
world owing to their high power density, fast charge-discharge
capability, and long service life [2]. Based on their energy storage
property, supercapacitors can be classified into electrical double-
layer capacitor (EDLC) and pseudocapacitor [3]. Due to the fast
and reversible redox properties, pseudocapacitor electrode materi-
als possess superior energy density and specific capacitance when
compared to EDLC type [4]. In general, high conductivity, good
redox reversibility, environment compatibility is the characteris-
tics of a better pseudocapacitive electrode material. Generally,
various forms of ruthenium based electrodes exhibits excellent
capability to provide higher specific capacitance, but high cost
and toxicity makes it unsuitable for commercialization [5]. There-
fore, searching for a low cost pseudocapacitor material has been
the prime focus in the supercapacitor research. Recent literatures

* Corresponding author.
E-mail address: vlvelu7@gmail.com (S. Vadivel).

http://dx.doi.org/10.1016/j.matlet.2017.08.137
0167-577X/© 2017 Elsevier B.V. All rights reserved.

revealing that bismuth based materials could be used in several
energy storage devices including supercapacitors and lithium ion
batteries due to their fast reversible redox properties [6]. In this
context, recently our group reported various bismuth based
materials like Bi,Ss3 [4], Bi,O3 [5] and BiPO,4 [6] for supercapacitor
applications. In this present work, BiOI is utilized as a pseudoca-
pacitor electrode for the first time. According to the previous
literatures, it was proven that BiOI serves as an efficient material
for antimicrobial agent and photocatalysts only [7] etc. However
to the best of our knowledge there is no report for BiOl employed
as supercapacitor electrode material.

2. Experimental detail
2.1. Material synthesis

In a typical solvothermal synthesis of BiOl, 1 mmol of Bi (NO3)3
-5H,0 and 0.5 mmol of hexamine were dissolved in 30 mL of
ethylene glycol under magnetic stirring. Afterward, 10 mL of KI
solution (1 mmol of KI dissolved in water) was added drop wise
into the previous solution. The above mixture was transferred into
a 100 mL Teflon-lined autoclave and placed in furnace at 140 °C for
16 h and then cooled to room temperature naturally. After cooling
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Fig. 1. (a) XRD patterns of the BiOI (b) N2 adsorption isotherm and the corresponding pore size distribution (inset) of BiOl.
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Fig. 2. (a, b) FESEM images of BiOI at different magnifications (c, d) TEM images of BiOl and the corresponding SAED pattern (inset) of BiOl.

the resultant product was washed several times with acetone, and
dried at 60 °C overnight.

2.2. Material characterizations and electrochemical measurements
The XRD pattern of the BiOl sample was recorded using X-Pert

Pro Pan analytical X-ray diffractometer. TEM analysis was per-
formed on a JEOL JEM 2100.microscope. FESEM images were taken

with a Zeiss EVO18 electron microscope. The N, adsorption-
desorption studies were measured by using a Quanta chrome ASiQ
win instrument. The XPS was analyzed by Ms. Omicron 1000 X-ray
photoelectron spectrometer. The working electrode was prepared
by mixing of 75 wt% BiOIl 15 wt% of carbon black and 10 wt% of
polytetrafluoroethylene (PTFE). The mixture was homogenously
mixed by few drops of ethanol and the resulting mixture was
coated uniformly into the stainless steel electrode and dried at
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60 °C. All the electrochemical experiments were carried out using a
standard three electrode system using CHI660D electrochemical
workstation using 6M KOH as electrolyte. The specific capacitance
(Fg~') values were obtained by using following relation [6].

I x At
m x AV (1)
where I (A) is the current density, At (s) is the discharge time, Av is

the potential window and m (g) is the mass of the electrode active
material (1 mg).

Specific capacitance = Fg!

3. Results and discussion

The phase purity and structure of the BiOl was confirmed by XRD
analysis. Fig. 1(a) shows that all the diffraction peaks are well
indexed to the (002), (101), (102), (110), (111), (103),
(004), (200), (201), (114), (212), (213), (204), (220),
(222),(302), (310) planes of the standard data for BiOI (JCPDS
card no: 10-0445) which confirms the formation of the tetragonal
BiOI structure [8]. The N, adsorption-desorption isotherms of the
BiOI (Fig. 1b) reveals a type IV isotherm, representing the
mesoporous characteristics of the synthesized materials. The BiOIl
microsquares exhibits the surface area of 32.5 m? g~! with average
pore size of 3.5 nm (mesoporous type), which are beneficial to
enhance the electrochemical performance of the BiOI because they
can provide more diffusion pathways for the ion transport, and
offers more active sites for the interaction between electrode and
electrolyte [9].

The surface morphology of the synthesized BiOI microsquares
was analyzed using FE-SEM and TEM analysis. The FE-SEM images
of BiOI microsquares synthesized using hexamine as stabilizing
agent was represented in Fig. 2(a, b). The BiOIl sample was com-
prised of uneven square shaped structure with average length of
2.5-4 um. The average edge thickness of BiOl is 1 pum respectively.
To obtain more structural information about the synthesized sam-
ples, TEM analysis was carried out. Much similar to FE-SEM images,

= BiOI survey scan
(a) Bi 4f

- 13d

=
g
z O1ls
‘z

=
S
=

1000 800 600 400 200 0

Binding Energy (eV)
(c)

)

g

:.

z

=

“

E

T T T
531 534 537

Binding Energy (¢V)

T
528

T
525

540

111

the square shaped morphology was quite maintained (Fig. 2c, d)
during the ultrasonication process for sample preparation for
TEM analysis. The SAED patterns of the BiOI micro square sample
(inset Fig. 2d) confirms the polycrystalline nature and the corre-
sponding ring type exemplifies the BiOI crystals were oriented in
different directions.

The XPS survey spectrum in (Fig. 3a) indicating that no peaks of
elements other than Bi, O and I in the sample, a proof of the high
purity of the BiOI microsquares. The peaks observed at 159.2 and
164.5 eV in Fig. 3(b) ascribed to the Bi 4f 7, and Bi 4f 5, spins
which confirms the oxidation state of bismuth in the sample is
Bi3*. The two broad peaks centered at 619.1 and 630.9 eV are
ascribed to I 3dsj, and I 3d3), spin (Fig. 3¢) indicating the oxidation
state of I is —1. The O1s spectrum shows the prominent peal at
530.5 eV (Fig. 3d) which is originated from the lattice oxygen of
metallic oxide (Bi-O) [10].

Electrochemical performances of BiOl microsquares were eval-
uated at different scan rate between the potential window —1.0
and OV using three electrode system. The distinct redox peaks
observed from CV curves in Fig. 4a reveals that the capacitive
behavior of the BiOI is due to the oxidation/reduction reactions
of Bi and Bi** which is pseudo capacitive in nature. The redox peaks
at —0.49 V and —0.83 V for the BiOI is mainly due to the redox reac-
tions of metallic bismuth into Bi**. The small peak around -0.61 V
is due to the oxidation of untransformed Bi form BiOI matrix [11].
The shape of CV curves are maintained even at high scan rates
which further confirms the better pseudo capacitive behavior
and the fast diffusion of ions into the BiOl. The CV curves are quite
consistent with previous report by Tong et al. [12] Fig. 4(b) indi-
cates the non-linear galvanostatic charge-discharge curves which
shows the ideal pseudocapacitive behavior of BiOI and agrees qui-
etly with the CV studies. The specific capacitance values are deter-
mined using the equation (1) are 706, 448, 408, 396, 389 Fg~!
(Fig. 4c) at 2, 4, 6, 8, 10 Ag~! respectively. As presented from
Fig. 4(c) the specific capacitance value decreases with increase in
current density is due to insufficient access time for electrolyte

Bi 4f 55
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Bid4f 5,5
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e Bi 4
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T T T T
159 162 165 168
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T T
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Fig. 3. (a) XPS survey spectrum of BiOI and high-resolution XPS of (b) Bi4f, (c) O1s and (d) I 3d.
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Fig. 4. (a) Electrochemical performance of BiOI (a) CV curves at a different scan rates (b) charge-discharge studies at a different current densities (c) Variation of specific
capacitances of with respect to current density (d) Cyclic stability test for BiOI electrode.

ion into the electrode active material at higher current densities.
There is nearly 55% of capacitance retention even when the current
density is increased by 5 times. This BiOI electrode holds 78% of
capacitance after 1000 cycles and retails 36% of after 5000 cycles
(Fig. 4d) suggesting the better cyclic stability. This fading of capac-
itance is due to the volumetric stress produced due to ion interca-
lation during cycling process [13]. This volumetric change is
confirmed by SEM, XRD and XPS measurements after 5000 cycles
Figs. (S1-S4).

4. Conclusion

In summary, BiOl microsquares have been synthesized by
solvothermal approach using hexamine as surfactant. As an elec-
trode material for supercapacitors, BiOl exhibits high specific
capacitance and good rate capability due to high surface area and
superior redox behavior of the material. This present study
demonstrates that the square shaped BiOI is a promising alternate
electrode material for high-performance supercapacitors in near
future.
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The nanosheets interconnected highly porous Co,Ni; 4O (0.025< x< 0.1) was successfully
synthesized via hydrothermal route. The effect of Co on the structural, morphological and
electrochemical properties of NiO has been examined for supercapacitor (SC) application.
Scanning electron microscope (SEM) images display the formation of porous networks.
Scanning transmission electron microscope (STEM) images confirm the arrangement of
nanosheets leads to flower like porous networks. CogosNigesO exhibits the maximum
specific capacity of 582 C g * (161.67 mA h g %) at a specific current of 1 A g*. Galvanostatic
charge discharge (GCD) analysis reveals the maximum energy density of 39.54 W h kg*
with the power density of 17.11 kW kg™', and observed cyclic stability is 96% even after
1500 continuous charge/discharge cycles for Cog osNip 95O.

Supercapacitor © 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
Nickel oxide
Hydrothermal
- system due to its special features like higher power density,
Introduction —di i
faster charge—discharge process and longer lifespan

Global warming, climate change and the decreasing avail-
ability of fossil fuels force the society to more concentrate
about sustainable and renewable resources. As a result, we are
giving greater attention to renewable energy production ie.
Energy from sun, wind etc ..., as well as the development of
electric vehicles or hybrid electric vehicles with low CO,
emission. The sun does not shine during the night and wind
does not blow on demand, this situation leads to think about
advanced energy storage systems such as batteries and elec-
trochemical capacitors (ECs) [1]. ECs, have been considered as
one of the most promising candidates as energy storage

* Corresponding author.

E-mail address: purushoth_gri@yahoo.co.in (K.K. Purushothaman).

https://doi.org/10.1016/j.ijhydene.2017.09.115

compared to batteries [2,3]. Intensive research works have
been dedicated around the globe to investigate the possible
electrode materials such as hydroxides [4,5], metal oxides
[6—8] and polymers [9,10]. Among different kinds of transition
metal oxides, ruthenium dioxide (RuO,) has been considered
as a most promising electrode material because of its multiple
redox states and good electrical conductivity [11,12]. The high
cost and toxic nature of this noble material restricts its use in
commercial supercapacitors [1].

The battery type Faradaic electrode materials (nickel oxide,
cobalt oxide) are attract the attention of researchers due to its

0360-3199/© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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importance in hybrid supercapacitors or supercapattery
(supercapacitor + battery) applications [13—16]. NiO has been
widely investigated as electrode material for energy storage ap-
plications like lithium-ion batteries and supercapacitors due toits
high theoretical capacity of 290 mA h g~ * for one electron reaction
in alkaline electrolyte [16—23]. In order to enhance the energy
storage capacity and cyclic stability much more efforts has been
devoted to the controlled synthesis of various NiO nano-
structures [24—28]. Despite the great progress, the capacity is still
far below to its theoretical value and the cyclic stability is also not
very much satisfactory. To overcome this issue some of the
foreign element may added with NiO. Tang et al [29] studied the
charge storage behavior of hierarchically porous Ni—Co oxide.
Zheng et al [30] prepared the cobalt doped NiO hexagonal nano-
platelets for energy storage applications. NiO/graphene com-
posite has been prepared and analyzed for possible hybrid
supercapacitor applications [31—33]. Herein we report a simple
and cost effective route to fabricate Co doped NiO nanostructures.
The effect of Co on the structural, morphological and electro-
chemical properties of NiO has been studied and discussed.

Experimental section
Synthesis of Co doped NiO

Analytical grade Nickel nitrate, Cobalt nitrate, SDS (sodium
lauryl sulphate) and urea were purchased and used without
further purification. In the typical synthesis process 0.1081 g
of SDS was dispersed in 50 ml double distilled (DD) water and
stirred continuously for 30 min. 0.4253 g of Ni(NOs),.6H,0 and
0.0104 g of Co(NO3),.6H,0 (corresponds to 2.5 wt % of Co) was
dissolved in 15 ml of DD water. 0.1801g of urea was dissolved
in 10 ml separately. The two solutions were added slowly to
SDS solution. The resultant solution was stirred at room
temperature for 3 h and finally transferred to a 100 mL Teflon
lined stainless steel autoclave. The autoclave was kept at
160°C for 24 h and finally allowed to cool at room temperature.
A solid green product was obtained by centrifugation. This
product was repeatedly washed with ethanol and double
distilled water. CoxNi; O has been obtained by annealing the
green powder at 300 °C for 2 h in an atmosphere of air. The wt
% of nickel nitrate and cobalt nitrate has been varied to pre-
pare 2.5 wt%, 5.0 wt %, 7.5 wt % and 10.0 wt % of Co doped NiO.
The products were finally named as CDN1, CDN2, CDN3 and
CDN#4 respectively. For example CDN1 would correspond to
the 2.5 wt % of Cobalt doped NiO.

Material characterization

The morphological studies and elemental analysis of the
samples were made using scanning electron microscope with
Energy dispersive X-ray spectrometer (EDS). (SEM, JSM-6390-
JEOL) and scanning transmission electron microscopy
(STEM, FE-QUANTA). X-ray diffraction (XRD) patterns were
recorded using PANAlytical XPERT- PRO x-ray diffractometer
with CuKa radiation. Brunauer—Emmett—Teller (BET) analysis
and pore size distribution was obtained from the desorption
plot by Barrett—Joyner—Halenda (BJH) method using Micro-
meritics (ASAP 2020 V3.00 H) system.

Electrochemical testing

The working electrode has been prepared as follows. Typi-
cally, the electroactive material, Activated Carbon, and pol-
y(tetrafluoroethylene) (PTFE) were mixed in a mass ratio of
85.0:10.0:5.0 (total mass is 1 mg) with few drops of ethanol to
form homogeneous slurry. Then the slurry was coated onto
nickel foam (area of 1 cm?) and dried at 80 °C for 8 h. For
electrochemical testing, a beaker-type three-electrode cell
was fabricated using the Co doped NiO coated on Ni foam as
working electrode, platinum wire as counter electrode, Ag/
AgCl as the reference electrode and 2 M aqueous KOH solution
as an electrolyte. Cyclic Voltammetry (CV), Galvanostatic
Charge-Discharge (GCD) and Electrochemical Impedance
Spectroscopy (EIS) measurements were carried out using
Electrochemical Workstation (CHI 660D, USA). The cyclic vol-
tammetric analysis was performed for different scan rates in
the potential range of 0—0.55 V. The galvanostatic charge
discharge measurements were carried out in the potential
range of —0.15 V to 0.4 V for different current densities. EIS
measurements were made between 0.01 Hz and 100 kHz with
the amplitude of 5 mV.

Results and discussion
Structural and morphological studies

The crystal structure, phase and purity of the samples have
been analyzed using powder X-ray diffraction (XRD) mea-
surement. Fig. 1 shows the XRD patterns of Co doped NiO
nanostructures, which exhibits a predominant well crystal-
line phase and consistent with the peak positions in the
literature [34—38]. All the samples shows three significant
diffraction peaks at 37.2°, 43.4° and 62.9°, which is attributed
to the (111) (200) and (220) reflections of NiO with cubic
structure and the planes coincide with the standard NiO pat-
terns (JCPDS 78-0643). The same type of result was reported by
Xiao [39] et al. for CouNi; 4O nanorods synthesized via Bio
inspired method.

The morphological information of Co,Ni; ,O was revealed
from SEM and STEM analysis (Fig. 2). Initially the nanosheets
are formed due to the presence of an anionic surfactant [40].
The Co doping leads to the formation of flower like
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Fig. 1 — XRD patterns of CDN1, CDN2, CDN3 and CDN4.
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Fig. 2 — SEM images of (a) CDN1, (b1) CDN2, (c) CDN3 (d) CDN4 and STEM image of CDN2 (b2).

nanosheets interconnected porous structure upto 5 wt % of Co
doping (Fig. S1.), further increase in the Co doping level leads
to breaking of flower like structure and the formation of in-
dividual nanosheets. STEM image (Fig. 2 b2) confirms that
the nanosheets are the basic building blocks for the
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Co-1.98%

interconnected network structure. Energy Dispersive X-ray
Spectroscopy analysis was employed to determine the
elemental composition in the samples. Fig. 3 shows the EDS
spectra and the composition of elements present in the CDN1,
CDNZ2, CDN3 and CDN4.
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Fig. 3 — EDS patterns of (a) CDN1, (b) CDN2, (c) CDN3 and (d) CDN4.
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Electrochemical behavior

To explore the potential application of the CoNi; O, the
samples were characterized by CV, GCD and EIS measure-
ments. Fig. 4 shows the CV curves of CDN1, CDN2, CDN3 and
CDN4 at different scan rates in the potential range of 0—0.55 V.
The cyclic voltammogram shows well resolved redox peaks,
which confirms the specific capacity arises due to surface
redox reaction and not governed by pure electric double layer
capacitance. Further, with an increase of the scan rate from 3
to 20 mV s~ %, the anodic and cathodic peaks are shifted to-
wards higher and lower potentials respectively. This is mainly
due to the limitations of the ion diffusion rate to satisfy
electronic neutralization during the redox reaction.

The sample CDN2 exhibits the pre-dominant cyclic
behavior due to the interconnected nanosheets network with
excellent porosity [41]. The porous network provides excellent
paths for mobilization of ions. Surface area is one of the key
factors for the electroactive materials in supercapacitor ap-
plications. The specific surface area and porous nature of the
CDN2 was investigated by nitrogen adsorption/desorption
study (Fig. S2). The nitrogen adsorption isotherm of CDN2
shows type IV isotherms with H3-type hysteresis loop (p/
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Po > 0.4), which confirms the presence of mesopores [42] with
the specific surface area of 130.44 m? g~*. The pore size dis-
tribution of CDN2 is shown in Fig. S2 (inset). The CDN2 ex-
hibits mesoporous nature with a broad peak in the range of
2.4—28.1 nm. This may facilitate the ion movements and en-
hances the energy storage behavior of CDN2. At lower scan
rates, the ions utilizes both inner and outer surface of the
active material, which leads to increase in charge storage ca-
pacity, while at higher scan rates the ions are accessed only by
outer surface [43]. Schematic representation of ion insertion
and deinsertion process takes place in the nanosheets
assembled porous structure is shown in Fig. 5.

GCD measurements were carried out at different current
densities within the potential window of —0.15 to 0.4 V to
estimate the specific capacity, energy density, power density
and cyclic stability. Fig. 6 shows the GCD curves of CDN1,
CDN2, CDN3 and CDN4. The specific capacity (Cg) [44] was
calculated using

I x At _
9= mx36 (€8

Where I (A) is the discharge current, At (s) is the discharge
time and m (g) is the mass of the active material (working
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Fig. 4 — Cyclic Voltammograms of CND1, CDN2, CDN3 and CDN4 at different scan rates.
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Fig. 5 — Schematic illustration of ion insertion/deinsertion.

electrode). The calculated Cg values for the samples CDN1,
CDN2,CDN3 and CDN4 are531Cg ' (147.5mAhg"),582Cg*
(161.67 mAh g%, 482 C g ' (133.89 mA h g ') and 400 C g*
(111.11mAh g ') at 1A g 'respectively. Among these samples
CDN2 shows higher specific capacity compared to other
electrodes. Niu et al [45] reported the specific capacity of
~212 C g (530 F g 1) for NiO/C at a current density of 1 A g~
The specific capacity of ~412 C g~ (909 F g') at a current
density of 1 A g~! was reported by Xiao et al [39] for Co,Ni; O
nanocomposites prepared via hydrothermal route. Li et al [46]
reported the maximum specific capacity of ~248 C g™ * for
nickel oxide/manganese dioxide core-shell nanosheet arrays.
NiO nanoflake coated CuO flower core—shell nanostructures
revealed the maximum specific capacity of 112 C g~* [47].
CDN2 shows enhanced specific capacity while comparing

0.5
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with other works. This high capacity is attributed due to the
facile interconnected nanosheets with excellent porosity,
which provides better paths for electrolyte ion access. Fig. S3.
Shows the plot of specific capacity as a function of current
density. The increase in current density results in higher IR
drop, which leads to fading of specific capacity in hierar-
chically interconnected CDN2.

Energy density and power density are the crucial factors,
which decide the commercial usage of the electrode material.
The energy density and the power density were calculated
using the following equations [44]:

t(V min)
Eintyp =1 V(tydt (Whkg?)
t(V max)
E;
Esintp = m?a‘t/g
V2 -1
Prax = grer  (Wke')

Where Einyp is the discharge energy density, Esinyp is the
specific energy density, m is the mass of electrodes, ESR is the
equivalent series resistance, V is the potential, Ppax is the
maximum power density and I is the specific current. CDN1,
CDN2, CDN3 and CDN4 exhibits the specific energy density of
35.76, 39.54, 33.57 and 28.58 W h kg~ with the power density
of 11.55,17.11, 11.49 and 9.53 kW kg ' at the current density of
1 A g ' respectively. CDN2 exhibits maximum specific energy
density, which is in the range of metal hydride batteries [48].

Cyclic performance is an important characteristic of an
electrochemical capacitor for practical applications. The cy-
clic stability of the CDN2 was evaluated by continuous charge/
discharge cycles between —0.15 to 0.4 V at a current density of
5 A g ! (Fig. 7). CDN2 electrode shows 96% capacity retention
after 1500 cycles. Wang et al. [49] reported 8% loss after 500
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Fig. 6 — Charge/discharge curves of CDN1, CDN2, CDN3 and CDN4 samples at different current densities.
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continuous charge/discharge cycles at a current density of
2 A g’1 for Cox Niy O nanostructures. MnO,—NiO hybrid
nanoarrays exhibit 3.6% loss after 1500 continuous charge/
discharge cycles [50]. These reports suggest that CDN2 is a
permissible electrode material for hybrid supercapacitors
with excellent cyclic stability.

200

Electrochemical impedance spectroscopy is an important
method to analyze the electrochemical performance of the
electrodes. Fig. 8a shows the Nyquist plot. The Nyquist plot for
CDN1, CDN2, CDN3 and CDN4 was recorded in the frequency
range of 0.01 Hz—100 kHz at a potential of 0.4 V. The imped-
ance spectra comprised of one semicircle at high-frequency
region (inset of Fig. 8a) and the straight line at low-
frequency region. The modified Randles circuit is shown in
Fig. 8b where the Ry stands for solution resistance of the
electrochemical system and internal resistance of the elec-
trode materials, R.; denotes Faradic charge transfer resis-
tance, Cp & Cp denotes the ideal polarizable capacitance and
the double layer capacitance, Ry denotes the leakage resis-
tance. The slope of 45° portion of the curve is due to the
Warburg resistance. The solution resistance of the CDNI,
CDN2, CDN3 and CDN4 are 6.08, 5.53, 5.82 and 6.05 Q respec-
tively, while the R values are 6.56, 4.42, 6.58 and 7.93 Q
respectively.

The Faradaic charge transfer resistance is a well-known
limiting factor of specific capacity [51]. CDN2 exhibits lower
charge transfer resistance and it facilitates the transportation
of ions during electrochemical reactions. Improved ion
transport and the depressed polarization may be attributed
due to the substantial decrease in charge transfer resistance

150

60 80 100 120

Z'lohm

Fig. 8 — (a).Nyquist plot of CDN1, CDN2, CDN3 and CDN4 samples at 0.4 V; inset shows the high frequency region of CDN2. (b)

Equivalent Randles circuit.
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[52]. CDN2 electrode has notably low Ry, which significantly
increases the energy density and specific capacity.

Conclusion

Hierarchical Co doped NiO nanostructures have been syn-
thesized via simple and cost effective hydrothermal method.
5 wt % of Co doped NiO exhibits the maximum specific ca-
pacity (585 C g~ "), energy density (39 W h kg™") & power den-
sity (17.11 kW kg%). The porous networks improve the
supercapacitive performance by providing excellent paths for
ions. The lower charge transfer resistance and excellent cyclic
stability of 5 wt % of Co doped NiO shows its ability to serve as
a potential candidate for hybrid supercapacitor applications.
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