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In present investigation, Ficus religiosa leaf extract, as a reducing agent, was effectively used to synthesize cobalt oxide nanoparticles |
using a rapid, low-cost and eco-friendly approach. The green fabricated cobalt oxide nanoparticles were confirmed by microscopic and |
spectroscopic analytical technique such as ultra violet-visible (UV-Vis), Fourier transforms infrared (FTIR), X-ray diffraction (XRD),
dynamic light scattering (DLS) and zeta potential measurements. The surface area covered by the nanoparticles has been calculated using |
BET analysis, scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS) and transmission electron microscopy |
(TEM). The antioxidant activity of cobalt oxide nanoparticles was evaluated, revealing their effectiveness and indicating potential |
applications. |
|
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INTRODUCTION ounds, which are the components that facilitate nanoparticle
synthesis [13,14].

Being relatively cheap non-precious metal oxide and demon-
strating catalytic properties similar to platinum and palladium,
cobalt oxide has attracted research interest till date. P-type
semiconductor Cos;O4 NPs are the transition metal oxides that
exhibit many oxidation states, including Co*, Co** and Co**
[ 15]. Its spinel structure makes Co;O, NPs the most stable among
a variety of structures and are the promising candidate for a
large variety of applications in lithium-ion batteries, gas sensors,
supercapacitors, drug delivery agents, antimicrobial agents and
purification and photocatalysis [ 16-19]. Furthermore, the CosO4
NPs have been found to be economically viable in comparison
to other noble metals [20]. Cobalt oxide nanoparticles as thera-
peutic agents have been investigated in treating diseases related
to microbial infections, making them interesting candidates
for use in biomedical applications [21]. Compared to the anti-
biotics, CosO4 NPs had lesser side effects, a higher concen-
tration antibacterial, antifungal and antioxidant properties and
are non-toxic to the human body [22].

The synthesis of nanoparticles employs numerous appro-
aches that are extensively documented in the literature [1,2].
The use of harmful reducing and capping agents is inherent in
the physical and chemical methods used for producing nano-
particles of uniform size [3,4]. Plant mediated green synthesis
of metal oxide nanoparticles has attracted scientists and resear-
chers from harmful methods, due to their benign, non-toxic
nature and eco-friendliness [5,6]. Plant-based nanoparticles,
synthesized from different sources, have found major applica-
tion in targeted drug delivery and treatment of cancerous cells
[7-9]. As plants consist of different types of phenolic comp-
ounds and are responsible for the redox reaction and results in
the successful production of nanoparticles [10,11]. Various
phytochemicals in plants function as capping, stabilizing and
reducing agents, minimizing the agglomeration of nanoparti-
cles and conferring unique characteristics that regulate structural
morphology and stabilize the nanoparticle formation process
[12]. Plant-based nanoparticles possess several advantages, such
as their wide availability, safety and variety of biomolecular comp-
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Based on the literature survey, the green synthesis of cobalt
oxide nanoparticles using various plant extracts were reported
including the leaf extracts of Aspalathus linearis [23], Helianthus
annuus [24], peel extracts of Punica granatum [25] and fruit
extracts of Terminalia chebula [26]. However, there is no report
about the synthesis, characterization of cobalt oxide nano-
particles using Ficus religiosa leaves extract as a stabilizing
and reducing agent and also evaluated its antioxidant activity.

EXPERIMENTAL

The analytical grade chemicals and solvents used for the
synthesis of cobalt oxide nanoparticles were obtained and there-
fore, not conducted to any further purification. Chemicals were
procured from Kevin Laboratories, Chennai, analytical grade
cobalt nitrate hexahydrate (Co(NOs),-6H,0O, 98% purity), hydro-
chloric acid and sodium hydroxide.

Preparation of Ficus religiosa leaf extract: The fresh
matured leaves of F. religiosa were collected from the local
garden and washed thoroughly under running tap water and
then rinsed several times with double distilled water. The washed
leaves were cut into small pieces, air-dried for 5 to 10 days in
a shade and ground to a coarse powder using an electric blender.
The dried powder was stored in an air-tight container until use
again. A 10 g sample of leaf powder was mixed with 250 mL
of double distilled water, heated on a water bath for 30 min at
80 and 90 °C and cooled for 1 h. The supernatant was filtered
using Whatman No. 1 filter paper to remove any foreign material
and then centrifuged at 1200 rpm for 15 min. The resulting pale
brown solution was adjusted to pH 11 with 0.1 NaOH solution
and preserve for further use [27].

Synthesis of cobalt oxide nanoparticles: A freshly prep-
ared solution of Co(NOs),-6H,0 (0.1 M) was added wth Ficus
religiosa leaf extract dropwise in a 5:5 ratio for 30 min period.
As a cloud of particles appeared, a clear change of colour in
the solution indicated the presence of nanostructures formation.
The solution was further centrifuged and the residue so obtained
was dried in a hot-air oven for 24 h at 100 °C. Synthesized
cobalt oxide nanoparticles were kept in the muffle furnace at
350 °C for 4 h. Freshly synthesized cobalt oxide nanoparticles
thus kept in Amber vials and stored in air-tight containers were
ready for further characterization [28].

Characterization: The green synthesized cobalt oxide
nanoparticles was characterized by UV-visible spectroscopy
using Elico SL210 instrument in the spectral range of 200—
400 nm; FT-IR (Shimadzu-8400S spectrophotometer) spectra
was obtained using KBr method in the range of 4000-400 cm™.
The XRD analysis was conducted with Bruker D8 Advance,
X-ray powder diffractometer and the data were recorded in
the range of 20 values from 10 to 90° with a scanning rate of
4° min™' by using the Cu-Ko. radiation with a Ay of 1.54 A.
The BET technique was used to dentify the pore diameter,
specific surface area, pore volume, and size distributiom with
the help of Micromeritics instrument (model ASAP2020 Poro-
simeter). The morphological analysis for the surface was done
by SEM (JOEL-6390LA) and TEM (JEOL JEM2100 HR-
TEM) techniques. The DLS was carried out using Spectro scatter-
201 instrument in DMSO medium.

RESULTS AND DISCUSSION

UV-visible absorption studies: The UV-Vis spectra of F.
religiosa leaf extract and the green synthesized CoO NPs are
shown in Fig. 1. The absorption maximum observed at 234 nm
in the extract-theoretical spectrum has shifted to 301 nm, indi-
cating that the phytocompounds present in the extract reduced
the cobalt ions into CoO NPs efficiently. The small peak obser-
ved may be responsible for tiny organic molecules in the reaction
mixture. The UV data may support the characterization of plant
extract mediated cobalt oxide nanoparticles [29].

(a) FLE
(b) FLE CoO NPs

2.5 (a) 234 nm

2.0

—_
[6)]
1

Absorbance
-
<

0.5

0

» T x T ¥ T ¥ T ¥ T . T
200 300 400 500 600 700 800
Wavelength (nm)

Fig. 1. UV-visible absorbance spectra of Ficus religiosa leaf extract and
CoO NPs

By utilizing the Planck’s equation, the band energy gap
of CoO NPs from UV-Vis spectrum was calculated using the
following eqn. 1:

E, = %(eV) )]
where A is the absorption maximum wavelength (301 nm) and
the E, value of CoO NPs was found to be 4.12 eV [30].

FT-IR analysis: The FTIR spectrum of F. religiosa leaf
extract show peaks at the wavelength of 3329, 2215 and 1620
cm’ (Fig. 2a). A peak at 3329 cm™ is due to the stretching vibr-
ation of amino and hydroxyl groups (-NH and -OH). The band
in the region of 2215 cm is assigned to the stretching vibration
of C-H bands due to the presence of -CH,-CH3 groups in the
structure of leaf extract. The shouldered peak appeared at 1620
cm'’ is due to the stretching vibrations of carbonyl compounds,
which indicates the presence of fatty acids present in the leaf
extract.

In the FTIR spectrum of cobalt oxide nanoparticles (Fig.
2b), the broad peak at 3316 cm™ with decreased transmittance
observed because the cobalt metal ions reduce the various
-OH groups present in the alcohols. Similarly, the -C-H stretc-
hing vibration of alkyl deformation also reduced by cobalt ions.
Peak at 2021 cm™ denotes the C-H stretching of the H-bonded
alkane, whereas the peaks cantered at 1618 cm’ is due to
stretching and bending vibration of -OH group of the water
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Fig. 2. FT-IR spectra of (a) Ficus religiosa leaf extract and (b) cobalt oxide
nanoparticles

molecules. The peak at 971 cm™ is due to the stretching vibra-
tion of NO3, which may be due to the adherence of cobalt nitrate
salt, which was used as precursor material for the synthesis
procedure. The observed peak at 636 cm™ is represented with
Co-0 and O-Co-O stretching frequency confirmed the confi-
guration of cobalt oxide nanoparticles [31].

Structural analysis: The XRD pattern of biogenic CoO
NPs manifests a clear monoclinic structure whose characteristic
20 are 19.02°,31.32°,36.79°,44.90°, 59.42° and 65.37°, respec-
tively with respect to the planes (111), (220), (311), (222), (511)
and (440) (Fig. 3). All the diffraction peaks are matched with
the JCPDS card no. 073-1701 [32,33]. From the XRD results,
the diffraction peaks of synthesized CoO NPs along with other
unknown impurities were also observed and therefore their
crystallite values seem to be lower. The crystallite size of the
CoO NPs was calculated by using the Debye-Scherrer’s equation
[34]:
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Fig. 3. X-ray diffraction spectrum of cobalt oxide nanoparticles

where D represents the crystallite size; k represents the instru-
ment constant 0.89 for spherical nanoparticles; 0 is the diffrac-
tion angle; B denotes full width at half maximum (FWHM)
and A is the wavelength of the X-ray radiation (0.154 nm).

The average crystallite size of cobalt oxide nanoparticles
was found to be 35 nm. The highest diffraction peak assigned
to 311 crystal planes is about 36.79° positions. X-ray diffraction
analysis shows a number of peaks between 19.02 and 65.37°,
while the maximum intensity is located at 36.79° [35]. The
value of ‘d’ (the interplanar spacing between the atoms) was
calculated using Bragg’s equation:

nA = 2d Sin 6 3

where A is the 1.54 A wavelength of X-rays; n denotes order
of diffraction (n = 1); d represents distance between adjacent
CoO layers and 6 is a diffraction angel. The calculated results
are depicted in Table-1.

TABLE-1
STRUCTURAL PARAMETERS OF THE
BIOSYNTHESIZED COBALT OXIDE NANOPARTICLES

20 9 d—' FWHM Crystallite size D (nm)
spacing (D, nm) (average)
19.02 9.51 4.6623  0.1293 62.3068
31.32 15.66  2.8537  0.1885 43.7625
36.79 18.40  2.4404  0.3541 23.6424 34.97
44.90 2245 2.0171 0.3096 27.7673
59.42 29.71 1.5542  0.3075 29.7485
65.37 32.69 1.4262 04174 22.6154

Dynamic light scattering (DLS) and zeta potential: The
particle size distribution analysis of CoO NPs synthesized with
F religiosa leaf extract was determined by dynamic light
scattering method. The average particle size distribution for
synthesized CoO NPs was in the range of 400-640 nm (Fig. 4)
and larger than that measured using SEM. The larger particle
sizes obtained may be attributed to nanoparticle aggregation
and the formation of a hydrodynamic shell, as evidenced from
previous studies [36]. This could be due to excess leaf extract
used for the reduction of cobalt nitrate, corresponding to a faster
rate of nucleation and growth of nanoparticles, leading to some
of the particles forming smaller agglomerates. The graphs
depicted in Fig. 4, concluded that a majority of particles formed
were in the nanorange [37].

Zeta sizer and zeta potential spectra for dynamic light
scattering will be used to check the size and potential of cobalt
oxide nanoparticles in the prepared solution. The stable colloids
produced had zeta potentials in the range of 16.9 mV (Fig. 5).
The zeta potential distribution of CoO NPs with a good value
refers to the high stability of the solution [38].

BET surface area studies: Fig. 6 illustrates that the BET
analysis reveals the produced CoO nanoparticles possess a BET
surface area of 2.9106 m*/g. This findings suggest that the
spherical particles are indeed large in surface area and meas-
ured in nanometres [39].

Morphological studies: The SEM morphology of CoO
nanoparticles from their external appearance shows irregular,
random and cubo-hexagonal shapes with various degrees of
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Fig. 4. DLS plot for green synthesized cobalt oxide nanoparticles
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Fig. 5. Zeta potential measurement for green synthesized cobalt oxide
nanoparticles

openness or agglomeration at the magnifications of 2 um (Fig.
7a). The distribution of sizes for the average and particles was
determined from Gaussian fitting of the size distribution histo-
gram, as shown in Fig. 7d. The biogenic synthesized CoO nano-
particle sizes was ranged from 60 to 160 nm in diameter and
their average diameter was found to be 120 nm. Interacting
nanoparticles with large surface area and high surface energy
result in agglomeration [40].

20kV  X7,000 0095 14 39 SEI

2um

0.08F+-seremrens S H— R S ol

Y4 — A S S— A S—

............................................................................

_____________________________________________________________________________

o o o

o o o

= a &
Il 1 Il

1/[Q(P,/P-1)]

0.08F - frevmee S — S pooseeeeeens
0,024 eereerens NS SRR SRS S S

001§

T T T T T
0 0.01 0.02 0.03 0.04 0.05 0.06
Relative pressure (P/P,)

Fig. 6. BET plot of the nitrogen adsorption on the green synthesized cobalt
oxide nanoparticles

The EDX spectrum showed the development of intense
peaks of Co in the prepared nanoparticles (Fig. 8), which were
observed between 2-3 KeV and 6.5-7.5 KeV. From the weight
and atomic percentages, the elemental composition of biosyn-
thesized CoO nanoparticles indicates that cobalt is the major
element, comprising 84.52 wt.% and 59.71 at.%. Cobalt oxide
nanoparticles contained oxygen, which had a weight percen-
tage of 15.48% and atomic percentage of 40.29%. The generated
biosynthesized CoO nanoparticles are in their high purity form
and coincided with the earlier studies too [41].

HR-TEM-SAED analysis: The HR-TEM images of CoO
nanoparticles obtained with the SAED pattern from HR-TEM
studies are shown in Fig. 9a-d. The porous nanomaterials have
random distributions of particle sizes ranging from 160 to 300
nm, have irregular shapes and show poorly aggregated crystal-
line features [42]. HR-TEM image (Fig. 9b) shows the visible
lattice fringes and the interspacing was found to be 0.21 nm.
The particle size distribution in average sizes was calculated
using the Gaussian fitting of size histogram distribution (Fig.

(b)

80 100 120 140 160
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Fig. 7. SEM images of green synthesized cobalt oxide nanoparticles (a) and particle size histogram (b)
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N—————— 9d). The range of particle sizes for biogenic synthesized CoO
w nanoparticles was between 160-360 nm, with an average particle
o} K series 15.48 40.29 .
Co  Kseries 84.52 59.71 size of 220 nm.

The SAED patterns (Fig. 9c) consist of well-defined rings,
which could be indexed with a face-centered cubic cobalt
phase. This finding has also been substantiated by the X-ray
diffraction, which further agrees well with the EDAX spectra
showing peaks corresponding to cobalt and oxygen. There is
growing evidence to reflect the formation of polycrystals with
well-defined diffraction spots from the SAED pattern. This
observation is similar to previous report [43].

Antioxidant activities: The antioxidant activity of green
synthesized cobalt oxide nanoparticle was determined by using
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical assay and
keV FRAP (ferric ion reducing antioxidant power) assay.

(d)

Count (%)

0 1 1
160 180 200 220 240 260 280 300
Diameter (nm)

Fig. 9. (a) TEM image, (b) HRTEM image, (c) SAED pattern and (d) particle size histogram of green synthesized cobalt oxide nanoparticles
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DPPH radical scavenging assay: The effect of different
concentrations of CoO nanoparticles on DPPH radical anti-
oxidant is shown in Table-2. The DPPH activity of the cobalt
oxide nanoparticles was found to increase in a dose-dependent
manner. At concentrations 0.4 to 2.0 mg/mL, CoO nano-
particles showed a scavenging activity ranging from 10% to
38% with average ICs value, 2.735 mg/mL.

TABLE-2
DPPH RADICAL ACTIVITY
Con(cjzrgr;t;;n ot Average OD value Activity (%)
0.4 mg/mL 1.69 10.0592
0.8 mg/mL 1.52 16.5681
1.2 mg/mL 1.49 20.7101
1.6 mg/mL 1.43 29.5858
2.0 mg/mL 1.30 38.4615

Ferric ion reducing antioxidant power (FRAP): The
FRAP assay for the CoO nanoparticles was conducted at five
different concentrations ranging from 0.4 g/mL to 2.0 g/mL.
The FRAP assay measures the antioxidant activity by reducing
Fe** ions to Fe** ions by CoO NPs at 700 nm and the results
are presented in Table-3. The free radical scavenging activity
of CoO nanoparticles using F. religiosa leaf extract was much
lower when compared with the standard ascorbic acid.

TABLE-3
FERRIC ION REDUCING ANTIOXIDANT
POWER OF COBALT OXIDE NANOPARTICLES

Cobalt oxide Average OD value
nanopaﬂigles Cobalt oxide Standard drug
concentrations nanoparticle ascorbic acid
0.4 mg/mL 0.14 0.77
0.8 mg/mL 0.11 0.63
1.2 mg/mL 0.08 0.42
1.6 mg/mL 0.06 0.32
2.0 mg/mL 0.04 0.26
Conclusion

A green mediated synthesis of cobalt oxide nanoparticles
from Ficus religiosa leaf extract, where the leaf extract served
as a stabilizing and reducing agent was conducted and charac-
terized with various techniques such as UV, FTIR, XRD, DLS,
BET, SEM, EDX, TEM and SAED. From the UV-Vis analysis,
the surface plasmon resonance phenomenon was observed with
an absorbance peak at 301 nm. The average crystallite size
was estimated to be 35 nm. Appearance of single peak in DLS
plot confirms the high purity of the biosynthesized cobalt oxide
nanoparticles. BET analysis shows the surface area of the
cobalt oxide nanoparticle is 2.9106 m*/g. The SEM and TEM
images showed the surface morphology and particles size of
the cobalt oxide nanoparticles. In DPPH and FRAP assays,
cobalt oxide nanoparticles concentration increased antioxidant
activities also increased. The maximum and minimum radical
scavenging activity of these nanoparticles is 38.5% at 2 mg/
mL and 10.1% at 0.4 mg/mL.
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