Research Journal of Chemistry and Environment

Vol. 29 (9) September (2025)

Res. J. Chem. Environ.

Electrochemical oxygen evolution on fabricated
Ni/Nio.5C0..-0,in alkaline medium

Awasthi Minakshi and Lal Basant*
Department of Chemistry, Institute of Applied Sciences and Humanities, GLA University, Mathura-281406, INDIA
*basant.lal@gla.ac.in

Abstract

The Nio3Co02704 was prepared by the low temperature
sol-gel route wusing span-60 as precursor for
electrochemical formation of oxygen in alkaline
medium. The prepared oxide was characterized by the
FTIR, P-XRD and SEM techniques to ensure their
formation, structure and morphology. The oxide
electrode was fabricated on nickel support and tested
for their electrochemical activity by the cyclic
voltammetry and the Tafel polarization techniques. The
cv curve of oxide electrode exhibited a couple of redox
peaks, one cathodic peak (Epa = 168 mV) and another
anodic peak (Epa = 550 mV). The electrocatalytic
activity for OER was tested by the Tafel polarization
technique. Investigation showed that Nio.3C02704 was
found to be highly electrode for OER with the Tafel
slope value 128 mV dec® and current density (j) of 50
mA cm at 379 mV oxygen over potential and the OER
followed first order reaction kinetics with respect to the
change in [OH] concentration.

The temperature-dependent parameters such as
electrochemical activation energy (Ea) and standard
entropy of reaction (AS2*) were also determined for
the OER and their respective values are ~27 kJ
mol™and -303 J deg™*mol™. A highly negative value of
entropy of reaction suggests the involvement of
adsorption phenomenon in OER.

Keywords: Sol-gel synthesis, Oxide roughness factor,
Cyclic voltammetry, Tafel polarization, OER.

Introduction

Environment and energy are the two most important
concerns in the current scenario®. According to
International Energy Outlook 2021 published by Energy
Information Administration (EIA), 15% more energy is
projected to be needed in 2050 compared to 2023, due to
increase in population and modernisation in developing
countries®.

However, most of the energy comes from the fossil fuels that
have limited and non-sustainable resources. The use of the
fossil fuels is also responsible for the air pollution, global
warming and other health issues*’. The increasing energy
demand and its impact on environment impelled to find
energy resources that are renewable and can be efficiently
used as substitute of fossil fuels®*®. There are many
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alternative renewable energy resources like solar energy,
wind energy but hydrogen is one of the efficient substitutes
for energy production.

Hydrogen’s potential to become a clean fuel can be credited
because of the electrolytic splitting of water as it accounts to
be one of the most promising methods®. Also, the
performance of electrocatalysts plays a major role to
determine the efficiency of this water splitting which would
hence play an important role in reducing the energy barrier
for the hydrogen evolution reactions and the oxygen
evolution reactions. So, considering these points, the
transition metal-based compounds have drawn significant
attention because of their abundance, low cost and excellent
catalytic properties®.

For hydrogen evolution reactions (HER) and oxygen
evolution reactions (OER), nickel cobaltite which is a mixed
metal oxide, has proven to be a very effective electrocatalyst
for both of them more specifically in the alkaline media*32,
What makes this metal a perfect choice is its perfect
amalgamation of electronic, structural and chemical
properties that in turn enhances its electrolytic activity,
stability and durability. Also, for the optimal charge transfer
and its reaction Kinetics, we have the spinel structure of
nickel cobaltite that provides a stable framework for the
active sites®. Another factor that makes this metal a suitable
and an ideal option for the sustainable electrochemical
applications is the mutual interaction occurring between
nickel and cobalt ions, thereby enhancing the overall
performance of nickel cobaltite3®.

It is very important to understand the fundamental
mechanisms underlying its catalytic activity as well as the
strategies undertaken to improve its performance in the
alkaline media which is crucial for practical implementation.
The objective of this research paper is to investigate the
electrocatalytic properties of synthesised nickel cobalt oxide
nanoparticles in oxygen evolution reaction in alkaline
medium. There are various methods for the synthesis of
nickel cobalt oxide depending on the desirable properties
and application of the nano particles namely, sol-gel
method?131920 co-precipitation method® 7153 hydrothermal

method?%3 electrodeposition method*1218:21,28,34,36
microwave assisted flame pyrolysis® and green
methods?6:24,

In the current study, the nickel cobalt oxide nanoparticles are
prepared by economical sol -gel method using Span-60 and
cobalt (Initrate as precursors. The prepared nickel cobaltite
nanoparticles were characterised by X-Ray diffraction,
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Scanning electron microscopy and Fourier Transform
Infrared spectroscopy. The electrochemical properties and
activity are studied by the Tafel slope measurement and
cyclic voltammetry.

Material and Methods

Synthesis: The nickel doped cobalt oxide were prepared by
sol-gel method?. The method involved addition of cobalt
(IDnitrate hexahydrate (ACS, AR, Sigma Aldrich >98%)
and nickel (Initrate hexahydrate (ACS, AR, Sigma Aldrich
>98%) to the molten Span-60(CDH, India). The mixture was
then dried to give gel, which was then calcined in a Muffle
furnace for five hours at 350°C to produce the desired spinel
oxide.

Characterisation: The characterisation of the Nio3C02704
prepared by the sol-gel method using Span-60 was done by
Fourier Transform infrared (FTIR) spectroscopy and X-ray
diffraction (XRD) method. The FTIR was done on
IRSPIRIT-T Shimadzu spectrometer and powder XRD was
done with Cu-Ka radiation in the range of phase angle 20 to
80° at wavelength (A = 1.54059 A) The morphology and the
particle size were investigated by Scanning Electron
Microscopy (SEM) using Zeiss Scanning electron
microscope.

Electrochemical characterisation: To study the
electrochemical properties, the electrode of the Nig3C02704
was prepared by repeated coating of oxide slurry in triton X-
100 to one side of nickel plate pre- treated by HCI and rinsed
by acetone ultrasonically followed by washing with double
distilled water and then sintered at 300°C in an electrical
furnace for one hour to have oxide loading of ~ 5 mg/cm?. A
flattened end of the copper wire was joined at the back side
of nickel plate using silver paste and mounted with Araldite
(epoxy resin) leaving an exposed area of about 0.5 cm?. It
was done to maintain the electrical connect. The
electrocatalytic properties of the prepared electrode were
investigated  in a single compartment Pyrex glass cell
consisting three electrodes system having a working
electrode (Ni/oxide  electrode), a  counter electrode
(graphite rod) and a reference electrode (Hg/HgO/IMKOH
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(0.098V vs NHE)) using the CHI electrochemical work
station.

Results and Discussion

FT-IR Analysis: The two peaks in FTIR at 560 and 605
cm? is due to the characteristic stretching vibrations of
metal-oxygen (Ni-O and Co-O) spinel structure of
cobaltite’s having tetrahedral and octahedral sites.
Moreover, an additional absorption at 477 cm? is a
characteristic absorption of nickel oxide and the variation
can be due to doping of nickel*”. The broad peaks at 3525
and 1620 cm™ are caused by the stretching and bending
vibrations of hydroxyl group of water molecules and a small
peak at 2462 cm? is due to adsorbed atmospheric carbon di-
oxide.

XRD Analysis: The crystallite size of Nip3C0,704 was
investigated by the powder XRD in the range of phase angle
(20) from 20 to 80°at A = 1.54059 A. Figure 2 depicts the
XRD powder pattern indicating the formation of nano-sized
crystalline nickel cobaltite exhibiting the peaks at (111),
(220), (311), (400), (111), (511) and (440) in agreement with
previous works! and matched with JCPDS file no. 76-1802.
The crystallite size was calculated with the help of Debye
Scherrer equation:

S KA
" Bcosd

where S is crystallite size, 8 is Braggs angle in radians, f is
full width at half maximum (FWHM) in radians of the most
intense peak and K is the Scherrer constant. The calculated
value of crystallite size of nickel cobaltite prepared by sol-
gel method was found to be 10 nm that was comparatively
lower than previous synthesis'?

SEM Analysis: The surface morphology of Nig3C02704
synthesised by sol-gel method was investigated by
conducting Scanning electron microscopy at different
modifications (10000X, 25000X and 50000X) as shown in
figure 3.
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Fig. 1: FTIR spectra of nickel-doped cobalt oxide (Nig3C0270.) prepared at 350°C
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Fig. 2: XRD of nickel substituted cobalt oxide (Nig3C02.704) prepared at 350°C

Fig. 3: FE SEM of Nio3C02-0; at different magnifications: (2) X 10000 (b) X 25000 and (C) X 50000

According to the SEM image, the oxide nanoparticles are
agglomerated in granular shape with particle size ranging
between = 13-24 nm.

Cyclic Voltammetry: Figure 4 depicts the cyclic
voltammogram of fabricated electrode of nickel substituted
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cobalt oxide (Nio3C02704) vs Hg/HgO noted between
potential range 0 to 0.7 V at the scan rate of 20 mVsec™ at
25°C in 1M KOH. The voltammograms showed redox
reaction at the interface of electrode with an anodic peak
potential range (Epa= 550 mV) and corresponding cathodic
peak potential range (Epc= 169 mV), AE,= 381 mV and
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formal redox potential (E° = 359 mV). The peak potential
values correspond to the redox process'*?° Ni(OH), + OH~
< NiOOH + H0 + e~. The voltammogram also revealed
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is irreversible.
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that the ratio of peak currents at the anodic and cathodic
peaks is greater than unity, indicating that the redox process
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Fig. 4: Cyclic voltammogram of Ni/Nio3C02704 for OER in 1M KOH at 25°C.
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Fig. 5(a): Cyclic voltammograms of Ni/Nip3C02704 electrode at various scan rates in 1M KOH at 25°C
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Fig. 5(b): Plot of Charging current density vs scan rate for the Ni/Nio3Co0270s electrode.
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Roughness Factor: The roughness factor (Rf) of the
prepared nickel cobaltite was studied by conducting the
cyclic voltammetry at different scan rates like 12, 20, 40, 60,
80 and 100 mVsec? at 25°C in 1 M KOH solution in
potential regions between 0.06 and 0.1 V to avoid
interference from Faradic reaction as shown in figure
5(a).The double layer capacitance (Ca) was calculated from
the slope of the straight line curve between log j and the scan
rate) shown in figure 5(b) and its value was 22580 uFcm.
The roughness factor (Rf) is important to study the
electrochemical performance of the electrode and it was
calculated from Cgq values, assuming the Cq of smooth oxide
surface!’ to be 60 uFcm2. The resultant value of Rr was
found to be ~376 and electrochemical surface area (ECSA)
of the oxide electrode was also estimated as ~226 cm?.

0.75
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Electrocatalytic Characterisation: The electrocatalytic
performance of fabricated nickel cobaltite electrode for
oxygen evolution reaction was analysed from the Tafel
polarisation that was recorded at the scan rate of 0.5 mVs*
in 1M KOH at 25°C (Figure 6). The Tafel slope value from
the polarisation curve of nickel cobaltite electrode was found
to be 128 mVdec and current density at 650 mV is 35 mA
cm?2. The polarization curve of fabricated -electrode
indicated higher electrocatalytic activity for oxygen
evolution reaction than the cobatite obtained by other
different methods, such as spray pyrolysis CozO4 film coated
on CdO glass and Ti?%2" and sol-gel method Co304 film on
graphite polyisobutylene®. High catalytic activity is most
probably due to the synergistic effect of nickel and cobalt
ions and also higher oxygen voids in oxide matrix.
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Fig. 6: Tafel polarization curve for oxygen evolution on Ni/C027Nip304 in 1M KOH at 25°C
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Fig. 7: Log j vs log [OH] plot for oxygen evolution on Ni/Co2.7Nip304 at E = 0.65 V
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Fig. 8: Arrhenius plot for oxygen evolution on Ni/Coz7Nig30sat E = 0.65 V

Order of Reaction: The order of reaction was determined
by the Tafel polarisation curve recorded at different
concentrations of KOH (0.25,0.5,0.75.1.0 and 1.5 M) with
constant ionic strength of the medium (u= 1.5) at 25°C. The
order of reaction of the oxide electrode was calculated from
the slope of log J vs log [OH] plot (figure 7) keeping the
potential constant (0.65V). The order of reaction was
approximately one that confirmed similar mechanism for the
electrochemical evolution of oxygen on the electrode surface
as indicated by Lal and other coworkers!®17,

Activation Energy: The kinetic parameters like apparent
electrochemical activation energy at reversible potential
(AH?Z*), standard electrochemical activation energy at
applied potential (AHZ?) and standard entropy of reaction
(ASZ7) of the nickel doped cobalt oxide electrode were
calculated from the Tafel plot recorded at various
temperatures in 1M KOH solution (Figure 8). The standard
electrochemical activation energy(AHZ) was calculated
from the slope of log j vs 1/T in the Arrhenius plot and was
found to be 27.278 kJ mol-*. The values of electrochemical
activation energy at reversible potential (AH2*) and
standard entropy of reaction (ASS) were 38.7 kJ mol* and
-303 J deg® mol! respectively. The negative value of
entropy of the reaction indicates the presence of adsorption
phenomenon in the oxygen evolution reaction at the surface
of electrode.

Conclusion

The current investigation includes the preparation of nickel
doped cobaltite by sol-gel route with the help of span-60
which has been used as a precursor. IR, XRD and SEM
analyses have been used for the formation of the spinel phase
of oxide. Also, this method of using Span-60 sol-gel is

https://doi.org/10.25303/299rjce010017

established to be the cheaper method of production of oxide
electrocatalysts for the evolution of oxygen reaction in the
alkaline medium.

Hence the cobaltite which is prepared by this method, has a
higher electrocatalytic activity as compared to the oxides
that are obtained by other conventional high-temperature
methods and therefore, the present study suggests them as
beneficial candidates for the electrocatalytic applications
and energy storage devices.
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