T FREE;::
.

Diamond
UpenaAccess

Electrochemical and Photocatalytic Properties of
Green Nickel Oxide Nanomaterial Synthesized using
Plectranthus Amboinicus Plant Leaf Extract

N.B. Arun Kumar', ]. Sirajudeen’, H.P. Nagaswarupa?, C.R. Ravikumar?®*, M.R. Anil Kumar?,
H.C. Ananda Murthy**

1Department of Chemistry, Jamal Mohamed College, Tiruchirappalli 620020, Tamilnadu, India

2PG Centre, Department of Chemistry, Davanagere University, Davanagere 577001, Karnataka, India

SResearch Centre, Department of Chemistry, East West Institute of Technology, Bangalore 560091, India
“Department of Applied Chemistry, School of Applied Natural Science, Adama Science and Technology University,
P.O. Box 1888, Adama, Ethiopia

*Corresponding authors: E-mail: ravicr128 @gmail.com; Tel.: (+91) 9902284932 (C.R. Ravikumar)
E-mail: anandkps350@gmail.com; Tel.: (+251) 988683640 (H.C. Ananda Murthy)

DOI: 10.5185/amlett.2020.091559

RESEARCH ARTICLE

We report the successful synthesis of NiO nanomaterial by combustion method using Plectranthus
amboinicus plant leaves extract. The diffraction pattern and image analysis confirmed the FCC lattice
structure for green NiO nanomaterial (g-NONM) with spongy, agglomerated and porous nature. The average
energy band gap of g-NONM was found to be 4.10 eV. The electrode made of g-NONM exhibited excellent
stability in addition to its good reversibility. The g-NONM showed superior photo-decolarisation results for
AO dye solution with 33.95 % dye decolorization at 405 nm. The obtained rate constant k value of g-NONM
for AO dye is 0.002933 min-'. The prepared g-NONM electrode showed a minimum charge-transfer
resistance which is possibly due to its high conductivity as supported by electrochemical impedance studies.
The NiO electrode also exhibited very high alcohol sensing ability in alkaline medium as revealed during CV
measurement. The best part of the study was the fast reply (3 s) of the prepared electrode in sensing the
drugs at 1 mM concentration solution. In addition, g-NONM can be easily fabricated into stable electrode
material for supercapacitors applications. The results suggested that g-NONM can be an efficient and

cheaper material for photocatalytic, sensor and supercapacitor applications.

Introduction

The most considerable, pioneering and rapid growing
discipline in the field of science and engineering is
nanotechnology with its interdisciplinary knowledge
dependence on various scientific disciplines such as
physics, chemistry, biology, material science etc. The
progress in the field of nanoworld can happen only with the
mutual cooperation from experts from many specialized
areas of research. Synthesis and application of
nanomaterials in various sectors such as catalysis,
photocatalysis,  photovoltaics, electrocatalytic  and
biomedical fields has played significant role in the recent
advancement of nanoscience and  Technology.
Nanomaterials have very high surface to volume ratio due
to their small size. They can be classified based on their
shapes such as nanowire, nanorods, nanotube and
nanoflowers etc. [1].

Applications of metal oxide nanomaterials can be
found in many industries which produce food, cosmetics,
drug, biomaterial and so on [2]. The reason for diverse
applications of nanomaterials are due to their extraordinary
properties. The properties of metallic oxide nanomaterials
(MONMs) such as size, shape, surface effect, electrical and
magnetic properties [3,4] differ significantly from those of

their bulk materials and polysaccharide templated silica,
titania and zirconia hanocomposites [5-7].

Among many versatile MONMSs, NiO NM (NONM)
with multifunctional and tuneable properties found very
attractive to scientific community. NiO has a band gap
energy from 3.2-4.0 eV with high chemical stability.
NONM has been diversely applied because of its attractive
optical and electrical traits [8,9]. NONM was found to have
wide range of applications in many areas including
electrochemical and catalytic applications [10-12] in
addition to their biomedical applications due to anti-
inflammatory property [13].

Most of the physicochemical methods of synthesis of
NMs have number of harmful effects which restrict their
broad range of applications. The preparation of NMs by
chemical methods results in the development of various
poisonous components on the exterior of NMs [14].
Therefore, application of plant extracts to synthesize NMs
would be very viable, effective and beneficial. Bioactive
compounds of plants play the role of the reducing agents as
well as capping agents to yield more stable, efficient and
biocompatible nanostructures [15-18]. The plant identified
for this study is Plectranthus amboinicus. It is a semi-
succulent perennial plant in the family Lamiaceae.
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Common names of the plant in English include Indian
borage, country borage, Cuban oregano, French thyme,
Indian mint, Mexican mint, soup mint and Spanish
thyme. Plectranthus amboinicus is thought to have
medicinal properties. The aroma of the leaves can be
described as a pungent combination of the aromas of
oregano, thyme, and turpentine. The leaves are strongly
flavoured and used for stuffings of meat and poultry, beef,
lamb and game.

The present work was aimed to explore the green
combustion synthesis of NiO NM using Plectranthus
amboinicus plant leaves extract. The as-synthesised green
NiO NM (g-NONM) was characterized by using
PXRD, FT-IR, UV-DRS, TGA-DTA and SEM techniques
to evaluate its structural, chemical bonding, band gap
energy, thermal stability and morphological features.
Electrochemical techniques were also employed to evaluate
electrode stability and supercapacitance of g-NONMs. CV
and EIS techniques were employed to explore the
photocatalytic, sensor and supercapacitor applications of
g-NONM.

Experimental
Preparation of plant extract

The fresh leaves of Plectranthus amboinicus plant were
collected from the rural district of Bangalore, India.
The collected leaves were washed with deionized
water and shade dried for a period of 10 days. 100g
of the dried leaves were mixed with 250 mL of water in a
500 mL beaker and heated to 80°C for 10 minutes with
constant stirring and later cooled to room temperature.
The prepared plant extract was filtered using Whatman
filter paper No 1. The obtained plant extract was stored at
4°C for further use.

Synthesis of NiO NMs by green combustion method

The green NiO NM (g-NONM) was synthesised via
bio-mediated solution combustion method using
Plectranthus amboinicus plant leaves extract as a fuel. The
mixture of 1 gram of [Ni(NOs), 6H,O] and 0.5 mL of
Plectranthus amboinicus plant leaves extract was
positioned in a muffle furnace maintained at 320 + 10°C.
After boiling, a transparent gel was formed and later white
foam formed expanded to fill the vessel. Thereafter,
combustion of the mixture proceeded rapidly, leaving a
white coloured product with an extremely porous
structure. The complete combustion process occurred in
less than 5 min.

Preparation of carbon paste electrode for sensor study

A mixture of NONM, graphite powder and silicon oil
(ratio 15:70:15) was ground and allowed to settle for
about 30 min in agate mortar. The obtained carbon
paste was then filled into a Teflon cavity tube fabricated
by our group. The exterior of the filled carbon paste was
then smoothened by pressing gently on a weighing paper
[19].
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Fig. 1. A scheme of preparation of nickel mesh electrode.

Preparation of nickel mesh electrode for galvanostatic
charge-discharge study

A mixture of 75 % as synthesized NiO, 15% graphite and
10% PTFE solution was taken in an agate mortar and
ground for about 45 min, to get a paste.

In order to build up an electrical contact with the nickel
mesh and material, the electrode was squeezed at 20 MPa
after being covered with paste. A Teflon tape was applied
for successful protection of the anode and wire to acquire a
terminal with definite dimension of 2 x 1 c¢m? in area
(Fig. 1). Prior to its utilization, it was kept in 6.0 M KOH
solution for around 30 min to activate and acquire efficient
contact with the electrolyte [20].

Results and discussion
PXRD analysis

X-ray diffraction pattern of prepared g-NONM was
recorded using a Cu-Ko (A=1.5418 A) radiation at a scan
rate of 2° min~'. The scans were recorded in the 20
(diffraction angle) range from 10-80° [21,22]. The
synthesized material diffraction peaks in PXRD pattern
were well corresponding to face centred cubic (fcc) crystal
structure. Three characteristic peaks of NONM correspond
to planes with Miller indices (111), (202), and (222), as
shown in Fig. 2. The average crystallite size of the
nanoparticles was calculated by using Scherrer’s formula.
D=K\/Bcosd 1)
where D is a grain size, K is an empirical constant to 0.9
and A is the wavelength of the CU. Ka radiation. B is the
full width half maximum value and 6 is the angular
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component of the peak position. The average crystallite size
of NONM was found to be 41.8 nm, as calculated from
(111) plane [23,24].
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Fig. 2. The PXRD Pattern of g-NONM prepared by Plectranthus
amboinicus plant leaves extract.

FTIR studies

The FTIR spectrum of g-NONM (Fig. 3) exhibited the
absorption bands in the range between 4000 and 500 cm™™.
The strong band near 3642.7 cm? corresponds to O-H
stretching. The band near 1132 cm is due to C-H wagging
mode of vibration [25].
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Fig. 3. The FTIR spectrum of g-NONM prepared by Plectranthus
amboinicus plant leaves extract.

The C=0 starching vibration appeared at 1626.3 cm™.
The band at 3642.7 cm™ corresponds to —OH stretching
of water molecules. The weak band at 2928 cm?
and 24245 cm? are assigned to the C-H symmetric
stretching vibration. The spectrum contains one broad band
at 609.5 cm? which is characteristic of the stretching
vibration hydroxyl group, hydrogen-bonded to Ni-O.
The IR bands at 1048 cm® could be attributed to -C-O and
—C-0O-C stretching [26]. All these peaks in the FTIR
spectrum confirm the presence of biomolecules at the
surface of g-NONM.
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Fig. 4. The UV-DRS reflectance spectra of g-NONM Nanoparticles (inset;
Energy Band gap of g-NONM).

UV-DRS studies

The UV-DRS reflectance spectrum of g-NONM is recorded
with a Shimadzu 3600 UV-Visible NIR spectrophotometer
and is shown in Fig. 4. The absorption edges are located at
350 nm for g-NONM which shows that the photo response
is in the range of UV light.

Kubelka-Munk equation was used to calculate band
gap energy of g-NONM,

F(R) = (1-R)Y2R @)

where R is the absolute reflectance of the sample and F(R),
the so-called Kubelka—Munk function

Utilizing the reflectance information of the absorption
coefficient, the range shows a strong band around 350 nm
which can be ascribed to the g-NONM excitons transition
because of surface defects, the peak is ascribed to the
transition progress from the valence band to the conduction
band in the g-NONM semiconductor.

The d-d transition is forbidden as indicated by
Laporte's standards, but due to spin—orbital coupling, it is
feebly permitted. The acquired band gap value, 4.2 eV is
acceptable and inside the qualities revealed in the writing
[27]. Powder samples were stacked into a quartz cell and
UV-DRS range was recorded in the scope of 200-800 nm
[28].

TGA-DTA analysis

The TGA-DTA curves containing 3 endothermic peaks for
the synthesized g-NONM is depicted in Fig. 5.

The first peak at around 119 °C corresponds to the loss
of adsorbed water molecules, with 2% weight loss. The
second peak observed at 320 °C is related to the
endothermic nature of nickel oxide. The third endothermic
peak at around 400 °C is attributed to the decomposition
and intercalated anions with a corresponding weight loss of
8.89%. Weight loss observed in the temperature range
between 450 °C and 650 °C can be attributed to the loss of
intercalated anions. Thus, TGA study showed that g-
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NONM has significant amount of adsorbed-intercalated
H.O molecules. These H,O molecules contribute to the
enhanced electrochemical behaviour of electrodes [29-32].

T T T T T T T 95

TGA

T
0 200 400 600 800
Temperature

Fig. 5. TGA-DTA curves of g-NONMs.

SEM analysis

The morphology of the g-NONM was characterized by
using SEM [33] technique. SEM image of the g-NONM is
shown in Fig. 6.

Fig. 6. The SEM micrograph of g-NONM.

The result showed an agglomerated porous shape.
The particles are aggregated with irregularly shaped
morphology with porous nature having a diameter of
200 nm.

The mechanisms of formation of end product g-
NONM involves two criteria i.e., reaction system and
parameters. The green fuel act as a hydrolysis agent to
generate OH ions along with Ni?* to form Ni(OH) based
on reaction systems and parameters, which produce crystal
growth [34,35]. The particles of g-NONM were
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characterized by quite a uniform size with a visible small
porosity.

Photo decolorisation of Acid orange (AO) dye

Photocatalytic investigation of the prepared g-NONM were
conducted to survey the decolarisation execution at room
temperature for the degradation of Acid Orange (AO) dye.
The dye concentration of 20 ppm under UV-light
illumination with 60 mg of optimum material dose was
used. The photo decolarisation of AO dye for prepared
g-NONM is presented in the Fig. 7, with proof of
UV-Visible absorption spectra. The g-NONM shows
predominant photo-decolarisation results for AO dye
solution which were stretched around 33.95 % dye
decolorization appeared in Fig. 7 at 405 nm.
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Fig. 7. Absorbance spectra of Acid Orange (AO) for g-NONM under UV
light irradiation.

Rate constant k values of g-NONM for AO are
0.002933 min~!. Thus we report that g-NONM exhibited
enhanced photocatalytic activity for the degradation of AO
dye. The increased photocatalytic activity is believed to be
due to efficient separation and migration of photogenerated
electron-hole pairs. Appearance of the absorption edge in
the visible light range was caused by altered synthetic
method and may also be due to exterior morphology of
prepared g-NONM [36].

Table 1. Rate constants and Kinetic studies of g-NONM under UV light
irradiation for the decolorization of Acid Orange (AO).

20 PPM AO+ 60mg NiO + UV

© |AAM - VBRI Press

t c c/c0 log c/co -log c/co %D
0 20 1 0 0 0
15 18.007  0.90035 -0.04559 0.045589 9.965
30 18.056 0.9028 -0.04441 0.044408 9.72
45 17.444 0.8722 -0.05938 0.059384 12.78
60 16.99 0.8495 -0.07084 0.070837 15.05
75 16.606 0.8303 -0.08076 0.080765 16.97
90 14.28 0.714 -0.1463 0.146302 28.6
120 13.21 0.6605 -0.18013 0.180127 33.95

Rate 0.002937
Adv. Mater. Lett. 2020, 11(9), 20091559 [4 of 6]
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Electrochemical impedance analysis

Fig. 8 shows cyclic voltammograms (CVs) recorded for
g-NONM at 5 various scan rates (10, 20, 30, 40, and
50 mVs—1) in 6 M KOH electrolyte. The CVs were
recorded as per the procedure followed from our earlier
work [37-39]. During the CV scans indicated that the
reaction of Ni*#/Ni*3 is reversible at the g-NONM electrode.

Nyquist plot and equivalent circuit (inset of Fig. 8(d))
of the g-NONM electrode is given in Fig. 8(d). The charge-
transfer resistance Rct is a direct measure of the diameter
of the semicircle arc on the real axis [40-43]. The EIS data
was obtained from the Nyquist plots.
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Fig. 8. (a) Cyclic voltammogram of g-NONM (b) AC impedance curve of
g-NONM (c) Proposed equivalent circuit of g-NONM (d) Cyclic
voltammogram of g-NONM detection of alcohol concentration range 1-4
mM.

The galvanostatic charge-discharge curves (Fig. 9)
were recorded for g-NONM at a current density of 5 Ag-1
for 1500 cycles. g-NONM electrode exhibited good cycling
stability.
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Fig. 9. Galvanostatic Charge-Discharge curve of g-NONM (a) First five
cycles (b) 500th Cycles (c) 1000th cycles and (d) 1500th cycles.
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Fig. 10. AC impedance curve of g-NONM before and after 1500 charge-
discharge cycles.

Fig. 10 reveals the electrochemical impedance spectra
of NiO electrode before and after charge-discharge
subjected to 1500 cycles. After 1500 cycles of charge-
discharge, no drastic change in resistance of the electrode
was observed as confirmed by AC impedance graph [44].
Thus g-NONM electrode is believed to exhibit greater
stability even after charge-discharge behavior. The
prepared g-NONM electrode showed a minimum charge-
transfer resistance which is possibly due to its high
conductivity as supported by electrochemical impedance
studies. Therefore, g-NONM can act efficiently as better
material for photocatalytic, sensor and supercapacitor
applications.

Conclusion

The green NiO nanomaterial (g-NONM) was productively
prepared by an eco-friendly route using Plectranthus
amboinicus plant leaves extract as a fuel. The synthesized
material diffraction peaks in PXRD pattern confirmed the
face entered cubic crystal structure for g-NONM. SEM
analysis indicated the porous and agglomerated nature for
g-NONM. The energy band gap of g-NONM was found to
be 4.10 eV. The g-NONM showed superior Photo-
decolarisation results for AO dye solution with 33.95 % dye
decolorization at 405 nm. The prepared NiO electrode
showed a minimum charge-transfer resistance which is
possibly due to its high conductivity as supported by
electrochemical impedance studies. The high alcohol
sensing ability was observed for g-NONM electrode in
alkaline medium as revealed by CV studies. The study
concludes that g-NONM can be an alternative, cheaper and
better ~material for  photocatalytic, sensor and
supercapacitor applications.
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