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Abstract

Coordination Polymers (CPs) are an intriguing choice and have lately been
acknowledged as attractive materials to be utilized for supercapacitor
application. In this report, we prepared a layered Co-CP by utilizing a slow
diffusion technique. Further, Co-CP was well characterized using SC-
XRD, displayed excellent pseudocapacitor behavior with excellent specific
capacitance (Cs) around 1092 F g at 1.5 A g, and sustained its cyclic
retention at 98% over 6500 GCD cycles. The electrolytic study was
performed utilizing three different electrolytes (NaOH, KOH, LiOH), and
further evaluated the electrochemical performance of the Co-CP in
different electrolytic concentrations (3M, 5M, 7M of NaOH).
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Chapter 1

Introduction

The search for renewable energy sources has become increasingly
important as the need for sustainable energy sources rises as a result of
massive CO> emissions and the rapid decline in the availability of non-
renewable fuel sources.! But there are a number of challenges with
renewable energy, energy storage being the major one. The utilization of
renewable sources is challenging due to their intermittent nature and
reliance on the weather, which doesn't affect non-renewable energy.?
Therefore, developing more efficient and adaptable energy storage
technology is necessary. This encouraged the researchers to elevate the
effectiveness of pollution-free energy storage systems.®> Because of this,
there has been an increase in interest in storage systems with high power
and energy densities.* Consequently, encouraging the applied science of

energy storage has broadly developed as an intriguing future.>®

1.1 Supercapacitors

Being a prominent candidate for energy storage, the supercapacitor is
progressively spreading and one can predict that soon they will be the
biggest slice of the cake.” Contrary to batteries, they do not offer high
energy density but possess high capacitance and low internal resistance,
which batteries don’t offer.® Compared to batteries, they provide a thousand
times power over a volume and can be charged and discharged in split
seconds.® Their reversible process of charge storage provides them high
cyclic stability, where they can hold out against millions of cycles, unlike
batteries which are only capable of a few thousand.® Along with these
characteristics, they also show an extensive thermal range that can reach up
to —40 °C.%° Intriguing applications for supercapacitors include fuel cells

and low-emission electric vehicles, but they are also widely employed in



consumer electronics and medical technology.t*3

1.1.1 Types of Supercapacitors

Supercapacitors have been classified on the basis of physiochemical
processes accountable for the energy storage mechanism®41° as:

1) Electric double-layer capacitance (EDLC)

2) Pseudocapacitors

3) Hybrid capacitors

In EDLC charge storage occurs electrostatically, like conventional one.
Here channel for the charge storage is the accumulation of charge on the
electrode/electrolyte junction and no transfer of charge occurs between
them.?® Due to the double layer, which results in reducing the separation
between the electrodes while increasing the surface area, EDLCs attain
more energy density.”18 It also shows high reversibility in charge storage
owing to the non-Faradaic process and therefore materials like graphene®®,
carbon nanotubes?, and activated carbon?* are used due to their non-
Faradaic charge storage mechanism.?> However, in the case of
pseudocapacitors, reversible redox reaction occurred through the Faradaic
process at the electrode/electrolyte junction for storage, where transfer of
charge takes place.?? Metal oxides/hydroxides(e.g. Co304, Ni(OH)z) 2324
because of their high specific capacitance and lower resistance, often used
for the pseudocapacitors.?® Conducting polymers (e.g. polypyrrole)? also
offer appealing choices due to their redox process of charging and
discharging. But in the case of hybrid capacitors, both EDLC and
pseudocapacitor type materials are used to assemble.?” Consequently, it
benefitted from both materials and therefore offers higher energy density
without any decrease in cyclic stability in comparison to other
supercapacitors. Based on the electrode configuration used, hybrid
capacitors are further categorized into composites, asymmetric, and

battery-type. 28



Still, EDLCs show inferior performance when one talks of energy density
and specific capacitance and on the other hand pseudocapacitor owing to
their rapid oxidation-reduction process exhibit poor rate performance and
power density. Therefore, it becomes crucial to develop new alternatives
for electrode material to ameliorate the electrolytic performance. Electrode
material must have characteristics like elevated conductivity, steadiness
over a wide range of temperatures, and inertness towards chemicals and
corrosion. It should provide a large specific surface area and should be

inexpensive and environmentally safe.?%-32

1.2 2D Coordination Polymers for Supercapacitor
Application

Over the past few years, encouraging research on two-dimensional (2D)
materials, which includes MXene,®® Covalent organic frameworks
(COFs),* B4C,%* C3N4,* Coordination Polymers (CPs),* and layered
metal oxides/hydroxides®3" are competently explored. Among these 2D
CPs is an intriguing choice and have lately been acknowledged as attractive
materials to be utilized for supercapacitor application on account of their
tunable porosity, extensive surface area, and their flexibility to host a
number of guest molecule. It is comprised of metal clusters and organic
linkers and thus provides distinguished physical and chemical properties
and shows tunable characteristics that include magnetism, luminescence,
and conductivity. Also, their synthetic procedure also involves
straightforward reaction pathways. Its properties can be tailored for a
specific application by squarely controlling the size, shape, and
composition of the synthesized CP. An attractive feature of constructing
CPs with mixed linkers to produce 2D layered or 3D scaffolds is there due
to their extensive use in the fields of energy or gas storage, sensing, and

catalysis.>840



1.3 Electrolytic Effect on Supercapacitor Application

The performance of CPs for supercapacitor applications can be enhanced
using several strategies and the most intriguing among them is the selection
of the electrolyte since cations possessing high charge density can render
increment in the capacitance while the working window of voltage depends
on the electrolyte taken where higher the cations’ redox potential, more will
be the potential window.*!42 So, the choice of electrolyte becomes vital for
the supercapacitor application. Many elements need to be examined
including conductivity, stability under the working circumstances, mobility
of the ions, and viscosity, etc.*?

Each electrolyte has its own strength and weakness. Among liquid
electrolytes, which are most often used for energy storage applications,
organic and ionic electrolytes possess a wide working potential window
which results in a high value of energy density. But their low conductivity
and high viscous nature result in capacitors that show moderate capacitance
and exhibit poor power rates.** In contrast, aqueous electrolytes, which are
inexpensive and environmentally safe, exhibit good charge propagation
and power rates, high ionic conductivity, and low viscosity, therefore
exhibiting high capacitance and better power rates.**#® Aqueous
electrolytes are further divided among acidic, basic, and neutral
electrolytes. Each of these is widely explored for the supercapacitor

application.*’



Chapter 2

Review of Past Work

Recently Cobalt-based CPs have intrigued researchers owing to their
distinctive structural and electrical properties. Shao et al.*® prepared
nanorod-like Co-MOF via solvothermal synthesis and displayed Cs around
414.5 F gtapplying 0.5 A g™ using a 3M KOH electrolyte and displayed a
retention rate of 113% over 30000 cycles. The prepared device provided
12.0 Wh Kg! energy density and 258.1 W Kg™! power density. Kang et
al.*® reported Cs of 726 F g using a Ni-MOF which exhibited 94.6%
cyclic stability over 1000 cycles and displayed 16.5 Wh Kg™! energy
density. Ma et al.*® reported a Ni/Co-based nanoscale CP with a Cs of
1160.2 F gt and a retention rate of 66% over 7000 cycles. Dian-Durzan et
al.> synthesized mesoporous carbon from Co-MOF and Cobalt-based CP
which exhibits 330 F g Cs at 1 A gt using a 6M KOH electrolyte and 98%
capacitance retention after 3000 cycles. The device displays 9.1 Wh Kg™!
energy density and 700 W Kg~' power density. Hong et al.> via a one-pot
solvothermal reaction synthesized Ni-Co/Graphene oxide composite with
a retention rate of 99.6% after 300 cycles and a Csof 447.2 F g*. Moreover,
various studies utilize electrolytic cation’s effect on supercapacitor
application to escalate the performance of the material. In this regard,
Houpt et al.> utilizing composites of MoS; Nanosheets, CNTs, and ZIF-8,
prepared an electrode material and explored its electrochemical kinetics
using LiCl, NaOH, KCI, and KOH where the composite exhibited best
charge storage with KOH. Kumar et al.>* synthesized CNS0.15 and
explored its efficacy in distinct electrolytes where sulfide displayed better
efficacy NaOH. In our recent work, involving Ni-CP®°, an analogous trend

was reported.

In this report, we have synthesized Co-CP employing a slow diffusion

method. Synthesized Co-CP when utilized for supercapacitors application

5



laid out excellent performance. It displayed Cs of 1092 F g at 1.5 A g*
where it maintained a retention rate of 98% after 6500 GCD cycles. Further
for the optimization of the prepared CP to disclose the electrochemical
effects, we utilized aqueous electrolytes, where NaOH, KOH, and LiOH
were used. Our research, when compared to the earlier, is found to be more
acceptable since the synthesis was carried out at room temperature with
safe and sound conditions. Further, its unordered appearance allowed
improved interaction and more sites for the electrochemical reaction. Also,
using the single material approach for the electrode material not only offers
a cut in the production cost but provides a handy fabrication of the device.



Chapter 3

Experimental Section

2.1 Materials

Every single one of the reagents was purchased commercially and put to
use without being purified. The following items were acquired from Finar
and Merck  Chemicals: Co(NOz3)2.6H20, DABCO  (1,4-
diazabicyclo[2.2.2]octane), 5-Hydroxyisophthalic acid, NaOH, KOH,
LiOH, N,N-dimethylformamide (DMF), and methanol. Additionally,
deionized water was used in order to prepare the electrolyte for the

application.
2.2 Synthesis of Co-CP

In a typical procedure, 5 mL of DMF solution (solution 1) was utilized to
dissolve 54.63 mg (0.3 mmol) of 5-Hydroxyisophthalic acid and 33.65 mg
(0.3 mmol) of DABCO. The obtained solution was then gently poured (1
mL) into a tiny crystallization tube with a micropipette. Co(NO3)26H.O
(0.3 mmol, 87.30 mg) was further dissolved within 5 mL of pure methanol
in a different tube (solution 2). Besides, a buffer was prepared taking equal
amounts of DMF and methanol and followed solution 1 in the
crystallization tube. Then solution 2 was cautiously placed over the buffer.
The tube was made airtight using parafilm and subsequently placed in
normal conditions. After a week, rose-pink-colored Co-CP crystals began
to appear on the tube wall. The obtained crystals were separated and left to

dry out naturally.
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Figure 1. Schematic Representation of Co-CP
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2.3 Electrochemical Measurement
The primary techniques applied for assessing the Co-CP as an electrode
material were potentiostatic cyclic voltammetry (CV), galvanostatic
charge-discharge (GCD), and electrochemical impedance spectroscopy
(EIS). At room temperature, a standard three-electrode system was used to
conduct the electrochemical study where Pt-wire counter electrode, silver
chloride reference electrode, and for working electrode, carbon cloth (CC)
was utilized. To continue further analysis and serve as the working
electrode, 400 pg of Co-CP was dissolved in 1 mL of ethanol, then
sonicated for an hour before it was drop-casted on carbon cloth and air-
dried at room temperature.
For the calculation of Cs (F g*) of our coordination polymer, we utilized
the GCD technique where we used the following relationship;>®

C.= IXAt 1)

m X AV

Where I/m, At, and AV are depicting the current density, time during the

discharge cycle of GCD, and potential window of the GCD respectively.



Chapter 4

Characterization

The slow diffusion technique was employed in this work to synthesize the
rose pink crystals of Co-CP by reacting Co(NO3)..6H>O with the mixed
ligands 5-Hydroxyisophthalic acid and DABCO (1,4-
diazabicyclo[2.2.2]octane) at room temperature. This reaction is depicted

in Figure 1.

4.1 PXRD Analysis: The 26 range of 5-80° opted for the XRD probe in
order to establish the crystalline nature and purity of the synthesized Co-
CP (Figure 2a). It was discovered that synthesized Co-CP was displaying
similar characteristics peaks in XRD that correspond to the simulated one.
The XRD analysis confirms the synthesized Co-CP’s crystalline nature by
revealing no impurity peaks. The synthesized Co-CP's organized molecular

structure promotes electrochemical performance by increasing the rate of
120
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Figure 2. (a) PXRD Spectra and (b) TGA Curve of Co-CP

electron transport.>’

4.2 TGA Analysis: To ascertain Co-CP’s thermal stability,

thermogravimetric analysis was performed in the N, atmosphere where the

weight loss at the initial stage (Figure 2b) can be attributed to the



evaporation of non-coordinated water and DMF molecules that reside in
the cavity of the coordination polymer. Further weight loss between 150-
250° C was observed due to residual solvent. We observe a ~25 wt.% loss
around 300 due to the breakdown of the organic ligands and decomposition
of the framework between 400-450° C which concludes that our CP

possesses excellent thermal stability. %8>

4.3 FT-IR Analysis: To investigate the bonding and composition of the
Co-CP, IR spectra were taken. In Figure 3a, the broad peak around 3200
cm? corresponds to the v(O-H) stretching vibrations and confirms the
presence of a deprotonated hydroxyl group of carboxyl.%° The strong peaks
at 1660.5 cm™ and 1373.5 cm™ are due to the symmetric v(COO") and
asymmetric vas(COQO’) modes of coordinated carboxylate while the strong
peak at 1546.2 cm™ represent the characteristic vas(COO") stretching modes
of carboxylate group.5! The observed peaks at 2963.7 cm?, 1279.1 cm™,
1101.8 cm, and 1050.5 cm™ correlates to the v(C-H), v(C-N), v(C-C), and
v(C-N) stretching vibrations respectively.®® The peak around 780.4 cm™* is
attributed to the stretching vibration of Co—O—H in the Co-CP.%? Further in
the fingerprint region, the in-plane vibrations of the benzene ring were

observed at 713.7 cm'* respectively.®3

Elements

(a) (b)

2963

1660

1546

Transmittance (%)
1279

1373
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71

{780

4000 3200 2400 1600 800
Wavenumber (cm”)

Figure 3. (a) FT-IR Spectra and (b) EDS of Co-CP
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4.4 Energy dispersive spectroscopy (EDS) Analysis: (EDS) was
also exploited to determine the elemental composition of the produced Co-
CP in order to establish the authenticity of the XRD results. (Figure 3b) For
C, O, N, and Co, the wt.% were determined to be 46.8, 34.8, 9.4, 9.6, and
0.6 along with Al and Au peaks which were used for the analysis.

4.5 BET Analysis: The N, adsorption/desorption technique was
employed for the Co-CP (Figure 4) to determine surface area and pore size
using the BET method where BET surface area and pore diameter were
found to be 169.8 m? g and 3.829 nm, respectively. Aggregates of plate-
like particles produce slit-shaped pores responsible for the type III
hysteresis.®* These findings support the use of plate-like CP in providing a

substantial area to improve comprehensive performance.®®

= 90 0.06

= Adsorption —_ |

E 804 I]_;:sorll:ttion (a) E‘t 0'05- (b)

z 70] 2 0.04]

I £ 0.03

i £ 0.02]

g S0 S 0.01 b Pore Diameter = 3.820 nm

§ 404 0.00-

0.0 02 04 0.6 08 1.0 0 100 200 300

P/Py Pore Diameter (nm)

Figure 4. (2) BET Isotherm and (b) Pore Size Distribution of Co-CP.

4.6 FE-SEM Analysis: For supercapacitor applications, surface
morphology is an important variable. Thus, SEM images were obtained to
better visualize the surface morphology of Co-CP where aluminum (Al)
was used as substrate and for coating, gold (Au) was utilized. The
observed SEM images (Figure 5) exhibit characteristic layered or plate-
like surface appearance. For electrochemical processes, a disordered
framework might create substantial sites and improved interactions.® I.d

suggests the possibility of more accessible sites for the flow of ions toward

11



the electrode surface, thereby providing a more efficient route for the

reaction.

Figure 5. (a-c) FE-SEM Images of Co-CP

12



Chapter 5
Structural Description of Co-CP

(a) (b)

(d)

® Co
[ X¢
®o0
oN

Figure 6. (a-b) Structure of Co-CP, (c) Ball and stick model, (d) View along the
c-axis.

As shown in Figure 6a, the Co-CP unit is composed of Co(ll) ion, 5-
Hydroxyisophthalic acid molecule, and DABCO molecule. It is clear from
Figure 6b that in a molecular unit of Co-CP, the Co(ll) ion is coordinated
by four O-atoms, among which 3 were part of two 5-Hydroxyisophthalic
acid units and the remaining one contributed through water molecules, and

2 N-atoms coordinated were part of two DABCO units.

The 1D layer is formed when adjacent Co(ll) ions are connected by
monodentate and bidentate 5-Hydroxyisophthalic acid, respectively
(Figure 6¢). In Figure 6c, the one-dimensional network is linked through
DABCO and thus provides a 2D framework.

In order to connect the resulting 2D frameworks, the oxygen atom of the
carboxyl group in one framework and the coordinated water molecule in
the other generate hydrogen bonding. Therefore, a 2D layered model is

formed, as seen in Figure 6d, emphasizing Co-CP's porosity.

13



Table 1 Crystallographic Information of Co-CP

Crystal Name Co-CP
Space group P21/m

a 10.3390(4)
b 7.18111(3)
c 13.8946(6)
o 90

B 91.287(3)
0% 90

volume 1031.35
7,7 4,0
R-factor 5.29

14




Chapter 6

Electrochemical Performance

6.1 Electrolytic Effect on Co-CP Performance

By using the three-electrode method predominantly
for cyclic voltammetry (CV)  and  galvanostatic  charge-discharge
(GCD), the energy storage properties of the Co-CP as an
electrode material for the supercapacitor application were investigated
(Figure 7-9). The potential window was taken between 0 to 0.54 V for 1M
of NaOH, KOH, and LiOH, where CV was recorded at various scan rates
(5,10, 20, 30, 40, 50, 70, 100 mV s™) and GCD at distinct current density
(1.5,2,3,4,5,6,7,8,9,and 10 A g2).

(a) 8] = (b) 06
_ 61 —20mvs'—70mv s’ .
E 4] ——30mVs'——100mVs’ ~
= <04
E " z 0.3
o] L
Cosl £ 0.2
-4
6 0.0
0.0 0.1 0.2 0.3 04 05 0.6 "0 100200 300 400 500 600 700
Potential (V Vs Ag/AgCl) Time (s)
©) 800
7 7007 l\
% 600 u
£ 500 \
£ 400!
: A
S 300 "~
g “E
Z 200 .
-3
“ 100

0 2 4 6 8 10

Current Density (A grl)

Figure 7. (a) CV Curve at different Scan Rates (b) GCD Curve at different Current
Densities (c) Variation of Specific Capacitance vs Current Density for Co-CP at
1M NaOH
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Figure 8. CV Curve at different Scan Rates (b) GCD Curve at different Current
Densities (c) Variation of Specific Capacitance vs Current Density for Co-CP at
1M KOH

LiOH, KOH, and NaOH exhibit greater electrochemical performance as
demonstrated by the CV plot, and on comparing the area under the curve,
the performance order was found to be NaOH > KOH > LiOH. The ionic
radii (rion) and hydrated ionic radii (rin) of the ions give a firm footing for
understanding the trend displayed by Co-CP in all three electrolytes. The
rin follows the trend, Li* > Na > K. Since solution resistance is
proportional to the rin, Li* experience it the most, therefore, exhibits low
specific capacitance and a moderate rate of charging. However, the ionic
radii have a greater impact than hydrated ionic radii when we talk of K*and
Na* ions.>* Respective rion for K*and Na* ions is 0.138 nm and 0.102 nm
where a larger rion 0f K™ ions lead to a lower circulation over the electrode
surface, compared to Na* ions. Since the capacitance amount and rate of

charging and discharging predominantly rest upon both the factors, i.e., rin

16



and rion, therefore the order of the specific capacitance for the electrolytes
comes out as 1M NaOH (706 F g1) > 1M KOH (625 F g*) > 1M LiOH
(405 F g). Further, for 1M NaOH, from the CV plot, the obtained redox

peaks confirm the pseudocapacitive behavior of the synthesized material.®’

The effect of scan rate was also noted where the area enclosed by the CV
plot increased as we increased the scan rate. This behavior was observed
due to the decline in the size of diffusion layer® which results in the
increase of peak current.>

0.6
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Figure 9. CV Curve at different Scan Rates (b) GCD Curve at different Current
Densities (c) Variation of Specific Capacitance vs Current Density for Co-CP at
1M LiOH

To determine the charge storage capacity of the Co-CP electrode, we
exploited the GCD technique where the pseudocapacitive behavior of our
Co-CP was confirmed with the nonlinear curve obtained in the GCD and
the superior Coulombic efficiency of the active material is apparent to the

GCD's symmetrical charging/discharging time. The discharge curve

17



displays a quick decrease in the potential corresponding to the solution's
internal resistance, and another smaller potential decline that occurs due to
the capacitive nature of our pseudocapacitive material.®® The ohmic drop
enables better performance at lower current densities, while at higher
current densities, the performance declines to owe to slow reaction kinetics,
since high current density prevents the material from ardently
participating in the reaction.

Table 1. Cs of Co-CP in various electrolytes.

Current Density Specific Capacitance (F g*)
(Ag?)
1M NaOH 1M KOH 1M LiOH

1.5 706 625 420

2 585 509 315

3 471 388 207

4 417 333 148

5 349 286 120

6 306 244 99

7 278 219 91

8 246 192 89

9 222 182 83

10 183 165 74
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Figure 10. (a) Nyquist Plots and (b) Cyclic Stability Curves of Co-CP

To evaluate the impedance, diffusion Kinetics, and charge transfer
phenomenon of our Co-CP,” electrochemical impedance spectroscopy
(Figure 10a) was recorded for 1M NaOH, KOH, and LiOH. EIS was carried
out in the frequency range between 0.1 Hz-100,000 Hz, where obtained
semi-circular curve at the high-frequency region corresponds to the
impedance offered by the solution and the diffusion kinetics. The intercept
of the semicircle along the real axis attributes to the resistance offered by
the solution (Rs) while charge transfer impedance (Rc) can be calculated
by evaluating the slope over the imaginary axis by the straight line.”* The
low-frequency region where the straight line is observed corresponds to the
Warburg impedance (Zw) which often provides us with the resistance
between the electrode and electrolyte interfaces.’> Here, due to the
combined effects of the ri and rin, Similarity in the nature of the Nyquist plot
of different electrolytes was observed” and the low value of Rs for the
NaOH is in favor of the better performance displayed by Co-CP in the
NaOH.

The capacitance retention rate (Figure 10b) of the electrode material was
determined using GCD, where over 6500 cycles were conducted to
determine the practical application of Co-CP. It exhibited an impressive

rate of retention and persisted at 98%.
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6.2 Concentration Effect on Co-CP Performance

To study the effect of electrolyte concentration of Co-CP, CV and GCD
were again performed and compared at various concentrations of NaOH
(1M, 3M, 5M, and 7M) (Figure 11-13) where CV was recorded at various
scan rates (5,10, 20, 30, 40, 50, 70, 100 mV s!) and GCD at distinct current
density (1.5, 2, 3,4,5,6,7,8,9, 10 Ag?)

(@) 20 Smvs' 40mv s’ (b) 0.6 ——15Ag
10my s’ 50 mv s 0.5 —2Ag'
15 0mvs’ 70mv s’ P —3Ag"
E < 0.4 ——4Ae
bt = —S5Ag
g £03 —ag'
z < —7Ag
O = 0.2 —8Ag'
9Ag’
0.1 10Ag"
- 5 T T T T T T 0.0 . T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 200 400 600 800
Potential (V Vs. Ag/AgCl) Time (s)
() g90] =
Y] ||
=
2 700-
3
2’__ 600+
™~
& n_
Z 5004 "~
g L
< |
% 400

RN
Current Density (A g7)

Figure 11. CV Curve at different Scan Rates (b) GCD Curve at different Current

Densities (c) Variation of Specific Capacitance vs Current Density for Co-CP at
3M NaOH

Figure 1la, 12a, and 13a, displays the CV curves for the various
concentrations, where, it is evident that as we increase the NaOH
electrolyte concentration, the area under the CV plot also climbs. The CV
curve that failed to display clear redox peaks at low NaOH
concentration (1M) appears to be defining the redox peaks clearly as the
NaOH electrolyte concentration was increased, while the gap between the

redox peak declined. The behavior is attributed to the adsorption of almost
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all of the ions of the electrolyte at high-area junction, which results in the
starvation of the free electrolyte and also increases the internal resistance.
A shift in the oxidation and reduction peak was observed as we increased
the scan rate in the voltammogram where the oxidation peaks shift to a
higher potential while the reduction peaks to a lower potential. This
phenomenon can be contributed to the Faradaic redox processes taking
place at the electrode/electrolyte interface.”™
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Figure 12. CV Curve at different Scan Rates (b) GCD Curve at different Current
Densities (c) Variation of Specific Capacitance vs Current Density for Co-CP at
5M NaOH

Figures 11b, 12b, and 13b display the GCD profile of the Co-CP at various
concentrations. Since specific conductivity plays a vital role in determining
the electrochemical performance as specific capacitance is directly
proportional to the conductivity. Since an increase in the concentration of
the electrolyte results in improved conductivity, therefore the increase in

the specific capacitance can be attributed to the increase in the
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conductivity.”® Hence, our trend of specific capacitance follows 7M NaOH
(1092 F g!) > 5M NaOH (947 F g) > 3M NaOH (817 F g%) > 1M NaOH
(706 F g*), which can be seen in Table 2. In the GCD profile, it was
observed that the discharge time decreases with increasing current density.
This behavior can be attributed to the decrease in ion diffusion as we
increase current flow.”’
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Figure 13. CV Curve at different Scan Rates (b) GCD Curve at different Current

Densities (c) Variation of Specific Capacitance vs Current Density for Co-CP at
7M NaOH
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Table 2. Cs of Co-CP various Concentrations of NaOH.

Currfent Specific Capacitance (F g?)
Density

(Ag?) 1M NaOH 3M NaOH |5M NaOH |7M NaOH
1.5 706 817 947 1092
2 585 772 830 1030
3 471 685 712 912
4 417 625 673 854
5 349 583 629 809
6 306 547 584 766
7 278 518 556 727
8 246 487 529 698
9 222 463 496 652
10 183 441 481 633
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Table 3. Recent Work on Supercapacitors Application using CP or MOF-based

Electrodes
Sr | Material Electrolyt | Curre | Specific | Cyclic Energy Power Ref.
No. e nt capacita | Stability | density density
densit | nce - KW g
vA . (kwhg?) | (kW g?)
gl (Fg?)
1 Co, N-doped | 6M KOH 1 330 98%, 9.1 700 59
CP 3000
cycles
2 Ni- 6M KOH 1 954 80.25%, 17.13 750 .
MOF/rGO 4000
cycles
3 Ni-MOF 1M KOH 1 1024.4 49%, 13 - K
nanosheets 5000
cycles
4 Ni-Co-MOF | 3M KOH 1 827.9 - 29.1 800 80
5 Zn(tbip) 6M KOH 0.5 369 96%, 12.5 7200 81
derived 2000
porous C cycles
6 rGO/ZIF-8 1M KOH 1 336 96%, 11.7 500 82
10000
cycles
7 Ni- 6M KOH 1 630 95.7%, 16.5 250 83
BPDC/GO-3 10000
cycles
8 Ni-MOF 1M KOH 1 1024 49.1%, 14.6 400 i
5000
cycles
9 Ni-C/Ni- 6M KOH 2 672 57% 17.8 350 84
BDC
10 | Co-CP ™ 15 1092 98% over THIS
6500 WORK
cycles
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Chapter 7

Conclusion

In conclusion, we prepared a layered Co-CP at room temperature and
characterized it with SC-XRD and other analytical techniques. 1092 F g*
of specific capacitance at 1.5 A g™ was delivered by Co-CP in a 7M NaOH
and sustained cyclic retention of 98% over 6500 cycles. The
electrode/electrolyte junction's quick ion transport channels allowed this
electrochemical behavior. The outcomes are then contrasted using three
different electrolytes where, owing to the integrated consequences of rion
and rin, Co-CP demonstrated superior results in NaOH. A further effect of
concentration was determined using 3M, 5M, and 7M NaOH where with
an increase in the concentration resulted in the increase of Cs value. As a
result, this work offers a handy room temperature synthesis of a non-
additive material for the electrochemical study of supercapacitor

application.
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