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Green Synthesized of Co30s+ Nanoparticles and Their Structural,
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Abstract: The current investigation successfully synthesised Co3z04 nanoparticles through a combustion method that
employs a sustainable and economical approach, utilising the leaf, stem, and root extracts of the Eichhornia crassipes
plant along with urea. The phytochemicals found in the plant extract functioned as natural capping and stabilising
agents, facilitating the formation of Co0z04 nanoparticles under meticulously controlled conditions. The Rietveld
refinement of XRD patterns substantiated the synthesis of cobalt oxide nanoparticles exhibiting a cubic crystal
structure. The elastic behaviour of Co304 nanopatrticles, influenced by various components of Eichhornia crassipes,
exhibits notable variation. The elastic moduli of Co3sO4 nanoparticles enhanced with stem are measured at 176.58,
65.91, and 183.40 GPa, representing the highest values when compared to those of Coz0O4 nanoparticles enhanced
with leaf and root. Among the samples examined, the one enhanced by leaf assistance exhibited the most diminutive
crystallite size, measuring at 12.5 nm. The FT-IR analysis substantiated that the metal-oxygen vibrations beneath
1000 cm?, evidenced by peaks at 650 cm-1 and 537 cm, affirmed the successful synthesis of Coz04 NPs featuring
both tetrahedral and octahedral Co—O bonding. The analysis of CosO4 nanoparticles was conducted through UV-
Visible diffuse reflectance spectroscopy (DRS), revealing direct band gap energies of 3.29 eV, 3.37 eV, and 3.28 eV.
A relationship was identified between particle size and band gap energy, indicating that larger particles (18.90 nm)
displayed a reduced band gap (3.28 eV). The analysis of photoluminescence substantiated the energy band gap and
optical characteristics of Co304 nanoparticles. The FE-SEM analysis indicated a spherical morphology characterised
by agglomeration for the CosO4 nanoparticles assisted by leaves and stems, while those facilitated by roots displayed
porous, dispersed spherical structures. The EDX analysis substantiated the synthesis of CozO4 nanopatrticles through
the identification of significant peaks associated with cobalt (Co) and oxygen (O). The zeta potential measurements
for cobalt oxide nanoparticles revealed negative values of -41.9 mV for leaves and -40.1 mV for roots, thereby
affirming their commendable colloidal stability.

Keywords: Green Synthesis, Cobalt Oxide Nanoparticles (Cos04), Eichhornia Crassipes, Rietveld Refinement,
Optical Band Gap, Zeta Potential.

1. Introduction

The tricobalt tetra-oxide (Co304) is a
multipurpose transition metal oxide which has been
widely used in Li-ion batteries as an anode material,
high-temperature solar selective absorbers, sensors,
photocatalysts, supercapacitors, etc [1, 2]. The crystal
structure of (Cos0a4) is isometric to the magnetite FesO4
and is p-type semiconductor with paramagnetic

behaviour at room temperature [3]. In Co030as, the
Co?*/Co®* ions occupy tetrahedral (A) and octahedral (B)
sites [3]. The magnetic nature of CosO4 can depend on
the role of magnetic Co?* while Co%* is non-magnetic.
The magnetic Co?* (3d”) ions with high spin (S = 3/2)
occupy A-sites while non-magnetic Co®* (3d®) ions with
low spin (S = 0) occupy B-sites. The non-magnetic Co%*
ions have paired d electrons and does not contribute to
the magnetic nature. The magnetic Co?* ions have three
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unpaired d electrons and are not ordered at room
temperature which leads to paramagnetic nature of
Co0304 above Néel's temperature (Tn) 30 K [4]. Below the
Tn, overwhelms the paramagnetic behaviour and
resulted to the antiferromagnetic behaviour due to
ordering between the Co?* ions.

The outlook of Co0sOs4 in nanometric scale
dimensions, scaled its uniqueness due to finite-size
effects, formation of the inverse spinel structure,
uncompensated surface spins and so on [5, 3]. Different
wet-chemical methods like co-precipitation method [6],
hydrothermal method [7], thermal decomposition [8],
sonochemical process [9], microemulsion method [10],
sol-gel method [11] and so on have been reported to
synthesis CosO4 nanoparticles. However, the hazardous
gases liberated during these processes due to utilization
of synthetic chemicals are uncontrollable. Moreover,
these gases are harmful to the humans and surrounding
environment. To control these raised factors, an
ecofriendly green synthesis methods are frequently
adopting. Mohammadi et al. [12], synthesized C0304
nanoparticles using walnut green skin extract. They
observed that the prepared cobalt oxide nanoparticles
are superparamagnetic in nature. They reported four
optimum parameters like cobalt nitrate (50 mmol),
extract volume (10 ml), time (92 min) and temperature
(53°C) to obtain Cosz04 phase using green synthesis
method. Khalid et al. [13], prepared Co304 hanopatrticles
by employing green chili and sunflower seeds extracts
useful for capacitive electrode material. They confirmed
the metal oxide phase from the XRD and FTIR analysis.
They obtained 1080.32 F/g specific capacitance and
86.70% capacitance retention at higher scan rate of10
Alg. Diallo et al. [14], obtained Co0304 nanoparticles
using Aspalathus linearis leaf extract. They reported
surface/interface and optical properties. They obtained a
particle size ~3.6 nm with the reticular atomic plans
under a slight compressive state. Dewi et al. [15]

2.2. Method of Preparation

washed and rinsed
with distilled water

Leaf extract

produced Co0304 nanoparticles wusing Euphorbia
heterophylla L. leaves extract. They reported good
photocatalytic activity of Coz04 in the degradation of
methylene blue about 63.1% for 3 h.

Summarizing the cited reports, different plant
extracts have been successfully utilised to produce
Co304 nanoparticles in green synthesis approaches. In
our previous studies [16], we used natural fuels like wine,
honey and cow-urine to prepare CosOs nanoparticles
using sol-gel auto-combustion method. We successfully
implemented ecofriendly green synthesis approach and
prepared CosOs4 nanoparticles. The obtained
nanoparticles showed excellent antibacterial behaviour.
To the best of our knowledge, the preparation of Co304
nanoparticles using different parts of Eichhornia
crassipes (water hyacinth) in the green synthesis
method have not been found. The possible reason for
considering Eichhornia crassipes (water hyacinth) is that
it contains rich of acids like gallic acid (C7HsOs), caffeic
acid (CoHgO4), ferulic acid (C10H1004) and chlorogenic
acid (CisH1809). These acids can be acted as caping
agents and easily probe the ignition for auto-combustion
along with the urea in the synthesis process. In the
present study, Cos04 nanoparticles are synthesized by
eco-friendly green synthesis approach using extracts of
Eichhornia crassipes. The obtained powders are
characterized for various studies.

2. Experimental Method
2.1. Materials

Analytical grade cobalt (Il) nitrate hexahydrate
(Co (NO3)2.6H20) and Urea ((H2N)2CO) chemicals were
purchased to synthesize the cobalt oxide nanopatrticles.
The double-distilled water was used throughout the
experiment.

L

domestic mixtere

EC leaf powder

Figure 1. Preparation of Eichhornia crassipes leaf extract
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2.2.1. Preparation of Eichhornia Crassipes Leaf,
Stem and Root Extract

Eichhornia crassipes, popularly known as water
hyacinth, was collected from Annur, Coimbatore, Tamil
Nadu, and India. The plant leaves, stem and root were
separated and first washed with tap water several times
to remove the dirt and other contaminations. This was
further rinsed in distilled water and allowed to dry in the
sunlight for seven days. Then, the individual dried plant
materials were crushed and powdered using a domestic
mixer. In this present work, the aqueous extract was
prepared by adding 7.2 g of the powdered Eichhornia
crassipes leaf immersed in 150 ml of double-distilled
water in a beaker. The mixture was heated at 60 °C and
agitated continuously for an hour, and the volume was
reduced by half. Then, the extract was cooled at room
temperature and filtered using Whatman No. 1 filter
paper. The aqueous leaf extract was used for further
analysis. The same procedure was continued to prepare
stem and root extracts. Figure 1. Shows the preparation
of Eichhornia crassipes leaf extract.

2.2.2. Chemical
Nanoparticles

Synthesis of Cobalt Oxide

A solution was prepared by adding 14.56 g of
cobalt nitrate hexahydrate (1M) crystals mixed with 50
ml of double-distilled water (as a solvent). The urea salt
(3.65 g) was added (as a fuel) to the above solution. The
mixture was kept under constant stirring for an hour to
obtain a clear, homogeneous solution. Then, the
prepared 50 ml of aqueous leaf extract (as a capping
agent) was added drop by drop with constant stirring
under a magnetic stirrer to the homogeneous solution.
The resulting solution is placed in a hot plate heater. The
temperature was maintained at 130 °C for twenty
minutes. Initially, the mixture is boiled, and it undergoes
a combustion reaction. The ultimate desiccated residue
was collected and powdered using an agate motor
pestle to obtain leaf cobalt oxide NPs. The synthesis
procedure was also conducted to prepare the stem and
root of cobalt oxide NPs. The various strategies were
employed to analyze the physicochemical behavior of
the fine powders using different characterization
technigues.

2.3 Characterization techniques

» All the prepared cobalt oxide powdered samples
are examined using a Bruker D8 Advance X-
Ray Diffractometer (A = 1.5406 A) to explore the
structural properties.

» Fourier transform Infrared Spectroscopy (FT-
IR), JASCO-4700 Spectrometer, was employed
to identify the chemical bond structure of the
NPs.

» To determine the energy band gap of the
prepared Co030s nanoparticles using UV-
VISIBLE NIR (V-770) Spectrophotometer.

» The Photoluminescence (PL) studies JASCO
FP-8250 were conducted to investigate the
optical properties of the Coz04 nanopatrticles.

» A JEOL 5600 LV scanning electron microscope
at an accelerating voltage of 10 kV was
employed to study the morphology of the
sample  through SEM pictures  and
compositional analysis through EDX.

» The stability of the colloidal nanoparticles (NPs)
was evaluated using a Horiba SZ-100 zeta
potential analysis technique.

3. Result and Discussion
3.1 XRD Analysis

X-ray diffraction (XRD) was used to analyze the
crystalline structure of synthesized nanoparticles from
Eichhornia Crassipes (EC) plant parts (leaf, stem and
root). This non-destructive technique provided valuable
information on phase composition and structural
properties. The XRD patterns of EC-leaf, EC-stem and
EC-root are depicted in Figure 2.

(a) EC-Leaf

EC-Stem

Intensity (a.u.)

EC-Root

10 20 30 40 50 60 70 80

20 (degree)
Figure 2. XRD patterns of Eichhornia crassipes (EC)
leaf, stem and root

The patterns exhibited the crystalline and
amorphous characteristics. The diffraction peaks
observed at 15.2° and 22.5° correspond to (101) and
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(002) lattice planes which are commonly available peaks
for EC. The presence of diffraction peaks is ascribed to
the crystalline nature of water hyacinth which is due to
the cellulose presence. Similar type of XRD reports for
EC can be found in the literature [17]. The Rietveld
refined XRD patterns of the synthesized Co304 samples
assisted with leaf, stem and root of Eichhornia crassipes
(EC) are shown in Figure 3. The X-ray diffractograms
were analysed using Profex software and the results
confirm the formation of single-phase cubic spinel
structure without any detectable impurity peaks. The
quality of refinement was evaluated based on the
goodness of fit (GoF) and the chi-squared (x?) values.
For R-Co0304, the refinement yielded GoF = 1.3 and x* =
1.68, indicating an excellent match between the
observed and calculated patterns. Similarly, S-Co0304
showed GoF = 1.56 and x2? = 2.43, while L-C0304
exhibited GoF = 1.6 and x* = 2.14, both reflecting reliable
refinement quality within acceptable limits. These values
suggest that the refinement procedure was successful

for all 3 samples, with minor variations attributed to
differences in crystallite size, micro-strain and
morphology. The refinement results validate the
structural integrity and phase purity of the Cos30a4
samples. The lattice parameter is evaluated from the
Rietveld refinement analysis and is denoted as a'. The
values of a' along with refinement parameters are listed
in Table.1. The XRD pattern exhibits prominent peaks at
26 values of 19.04°, 31.3° 36.89° 44.9° 59.4° and
65.3°, corresponding to the specific lattice planes (111),
(220), (311), (400), (511) and (440). These diffraction
peaks are consistent with the JCPDS No. 76-1802 [18].
The extra peaks have not been found in the patterns
indicating phase purity of CosO4 nanoparticles. The bio-
molecules from the parts of EC matted the strings with
the cobalt sources to coagulate the nucleation among
cobalt and oxygen sites due to electron donor of bio-
molecules to form CosO4 phase. Similar studies can be
found in the literature [19]
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Figure 3. Rietveld refined XRD patterns of (a) L-Co304 (b) S-Co0304 and (c) R-C0304 NPs.

Int. Res. J. Multidiscip. Technovation, 8(2) (2026) 1-15 | 4



Vol 8 Iss 2 Year 2026

K. Leninbarathi et al., /2026

Table. 1. Rietveld refinement parameters along with lattice parameter.

Sample a” (A) Ruw Rexp GoF X2

L-C0304 8.08820 3.3 3.0 1.6 2.14
S-C0304 8.08600 3.9 3.2 1.56 2.43
R-C0304 8.08830 4.0 2.6 1.3 1.68

Table.2. Structural characteristics of Cos0O4 NPs synthesized using leaf, stem, and root extracts.

Sample Crystalline size D (nm) Lattice parameter a” (A)
L-Co304 12.5 8.068
S-C0304 13.8 8.070
R-Co0304 18.9 8.080

Figure 4. Structure of (a) L-C0304, (b) S-C0304 and (c) R-C03z04 NPs.

The lattice parameter (a) has been calculated
from X-ray diffraction data using the formula [4].

a=d(hk,)\/h2+k2+|2 (1)

Where diy = interplanar spacing between (hkl)
planes and h, k, | = Miller indices.

The average crystalline size (D) was calculated
by using the Debye Scherrer formula [20].

__ kA
[ -cosé 2)

Where k = shape factor, A = wavelength of X-ray
beam, B = full width at half maximum, 6 = Bragg’s angle
of diffraction.

The lattice parameter evaluated using the Eq.(1)
is denoted as a". The values of a" and D are summarized
in Table 2. The values of a' and a" are consistent with
each other. The present values of lattice parameter are
consistent with the reported values in the literature [21].
It can be observed that the lattice parameter of C030a4
NPs prepared assisted with leaf is lower than the lattice
parameter of Co304 NPs assisted with stem and root.
Such variation of lattice parameter is due to changes in
bond length of Co3*-02 ion complex which depend on
occupancy of Co3* ions in the spinel network. The

occupancy of cobalt ions in the spinel network of Coz0a4
NPs is shown in Figure 4. In all samples, the spinel
lattice is preserved with Oxygen anions (red solids) form
the cubic close-packed framework. Co?* (blue solids)
exclusively occupies one-eighth of tetrahedral (A) sites
while Co®* (green solids) occupies half of the octahedral
(B) sites, vyielding the normal spinel distribution
(Co1**)tetra[C02%*octaO4 [22]. In order to maintain charge
neutrality, some of the Co?* ions replaced Co?* ions in
the spinel network. Such an occupancy alters the bond
lengths of Co0?*-0%~ and Co%-0% ion complexes
resulting to changes in the lattice parameter. However,
the spinel topology is preserved across the three
samples. Finally, the differences in precursor chemistry
are expected to influence crystallite size, surface defects
and surface chemistry rather than the fundamental
cation ordering. The sharp and intense peaks suggest a
high degree of crystallinity in the prepared CosOs NPs.
These characteristic peaks confirm the formation of
cobalt oxide nanoparticles with a cubic crystal structure.
Here in the leaf assisted synthesized nanomaterial
exhibited the least crystallite size of 12.5 nm. The growth
of crystallite can be expected due to the liberation of
thermal energy from the rate of combustion reaction
between metal compounds and bio-molecular
interaction change of parts of EC.

Int. Res. J. Multidiscip. Technovation, 8(2) (2026) 1-15 | 5
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3.2 Mechanical behaviour analysis Figure.5, Figure.6 and Figure 7. The elastic properties
determined by Voigt approximation are given in Table 3.
In the 2D projections, blue and green regions indicate
the maximum and minimum values, respectively, while
the 3D contours display the spatial anisotropy of the
elastic response.

The 2D and 3D plots of elastic properties such
as Young's modulus (E), Shear modulus (G), and
Poisson’s ratio (v) for CosOa4 derived from Eichhornia
crassipes leaf (L), root (R), and stem (S) are shown in

Table 3. Elastic properties of CosO4 NPs.

Sample | E (GPa) | G (GPa) | B (GPa) % B/G
131.96 47.85 181.82 | 0.379 | 3.8
L-C0304 Anisotropy
2.16 2.315 - 3.6873 28
176.58 65.91 183.4 | 0.339 '
S-Co0304 Anisotropy
1.055 1.062 - 1.123 28
170.79 63.69 178.87 | 0.386 '
R-Co0304 Anisotropy
1.075 | 1084 | - [ 1.168 |

Figure 5. 2D and 3D illustration of variation of (a) E, (b) G and (c) v along different crystallographic axes for L-
Co030a.

Int. Res. J. Multidiscip. Technovation, 8(2) (2026) 1-15 | 6
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(a)

>
50 100 150 J200 20

Figure 6. 2D and 3D illustration of variation of (a) E, (b) G and (c) along different crystallographic axes for S-C030a.

Among the three samples, S-Cos04 exhibits the
highest Young's modulus (176.58 GPa) and shear
modulus (65.91 GPa), indicating higher stiffness and
rigidity.

L-Co304 shows the lowest values (E = 131.96
GPa, G = 47.85 GPa), indicating a comparatively softer
nature. Bulk modulus (B) remains nearly similar (~179-
183 GPa) across all samples, indicating that
compressibility is minimally affected by fuel type.
Poisson’s ratio (v) varies from 0.34 in S-C0304to 0.39 in
L-Co304, suggesting that the leaf-derived Co304 has
higher lateral strain under load consistent with its lower
stiffness. Anisotropy values further confirm that L-Co3Oa4
is evidently anisotropic (2.16 for E, 2.31 for G and 3.69
for v) whereas R- and S-CosO4 exhibit nearly isotropic
nature (anisotropy =1.05-1.17). These results highlight
that the plant part used in the bio-combustion
significantly influences the mechanical performance of
Co304. The variation of elastic moduli in Coz04 NPs
assisted with different parts of Eichhornia crassipes can
also be expected due to changes in the bond lengths of

Co0?*-0%- and Co®*-02% ion complexes. These results
support the structural features of Coz04 NPs. The Pugh’s
ratio (B/G), which is an important indicator of ductile—
brittle behaviour, was calculated for different Co030a4
samples (see Table 3). L-CosO4 exhibits the highest
value (=3.8), while R- and S-Co30s4 exhibited
comparatively lower but still high ratios (=2.8). Since
B/G>1.75 is generally associated with ductility, all three
variants can be considered ductile, with L-C0304
showing the greatest resistance to shear-induced
fracture. These results evident that the choice of plant
precursor modulates the balance between stiffness and
toughness in bio-templated C03Oa.

3.3. FT-IR analysis

The Fourier Transformation Infrared (FT-IR)
spectroscopy was utilized to investigate the functional
groups and vibrational patterns present in the
nanomaterials. The FT-IR recorded in range (4000-400
cm?) for the powdered leaf, stem and root of E.
crassipes is shown in Figure 8.

Int. Res. J. Multidiscip. Technovation, 8(2) (2026) 1-15| 7
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Figure 8. FT-IR spectra of powdered E. crassipes: (A) leaf, (B) stem, and (C) root
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Figure 9. Shows the FT-IR spectra of plant extracts mediated Co304 NPs.

It revealed distinct absorption bands indicating
the presence of various functional groups. A broad band
at 3290 cm is attributed to O-H stretching vibrations in
hydroxyl groups. The absorption band at 2926 cm was
attributed to asymmetric alkane C-H stretching
vibrational modes. The band absorbed at 1630 cm*
owing to the C=0 stretching, the presence of esters, and
carboxylic acids. The strong peak was observed at 1023
cm which is assigned to the C-O of ester and ethers.
The peak at around 537 cm corresponds to the C-X
stretching vibrations of alkyl halides [23]. The range of
the FT-IR spectra of plant extracts mediated Coz04 NPs
was recorded in the range of 4000-450 cm* shown in
Figure 9. The tiny peak at 1337 cm™ is responsible for
the C-OH functional group. The two distinct peaks
absorbed at 650 and 537 cm were attributed to the
stretching vibrations of Co02*-0% in tetrahedral
coordination and Co%*-0O? in octahedral coordination,
respectively. The peaks below 1000 cm corresponded
to the characteristic vibrational frequencies of metal
oxide [24, 25].

3.4. UV-Vis spectroscopy analysis

UV-Visible diffuse reflectance spectroscopy
(DRS) was employed to investigate the optical
characteristics of CozO4 nanoparticles synthesized using
different parts of the Eichhornia crassipes plant,
including leaf, stem, and root extracts. The optical
properties of these synthetic materials provide valuable
insights into their energy bandgap and excitonic
transitions. The UV-Vis spectra of the three synthesized
nanoparticles are shown in Figure.10 (a-c). A broad
absorption peak ranging from 200-370 nm can be
observed from the spectra. Using Tauc’s relation the

direct band gap energy (Eg) values of Coz0O4 NPs are
evaluated [26].

(ahv)" = A. (hv — E,) 3)

where a = absorption coefficient, hu = photon
energy, A = constant and n = type of optical transition.

The value of n depends on the nature of
transition. For indirect allowed transition n = 2, for direct
allowed transition n = 1/2, for direct forbidden transition
n = 3/2 and n = 3 for indirect forbidden transition [27].
The corresponding Tauc plots are shown in Figure 10 (d-
f). The optical band gap energy values have been
determined by extrapolating the linear region of the Tauc
plot graph that was drawn between hu vs (ahu)? [28].
This indicates that the synthesized CosOs NPs have
optical band gap of 3.29, 3.37 and 3.28 eV respectively.
This revealed, the decrease of optical band gap energy
with an increase in particle size, the nanoparticle having
the largest particle size (18.9 nm) resulted in the lowest
band gap energy of 3.28 eV.

3.5 Photoluminescence Analysis

The photoluminescence (PL) spectrum of Co3Oa4
NPs reveals two distinct peaks in the UV region. The PL
emission spectra of cobalt oxide (C03z04) nanopatrticles
was absorbed at 200-600 nm as excitation wavelength
is shown in Figure.11. This obtained a broad spectrum
as a result of emission in the range 220-430 nm,
accompanied by two peaks at 320 nm and 385 nm with
band gap values of 3.22 eV, 3.18 eV, and 3.21 eV for L-
C0304, S-C0304, and R-Co0304 NPs respectively. These
are close with the reported values in the literature [29].

Int. Res. J. Multidiscip. Technovation, 8(2) (2026) 1-15 |9



Vol 8 Iss 2 Year 2026

K. Leninbarathi et al., /2026

(a)
~ 1.0
]
&
v
g
£ 0.84
=
3
2
=
<
0.6
200 400 600 800
Wavelength (nm)
150
()
"z 100
v
>
<
£
3 50
. {E=29v
2 3 4 LS
Energy (eV)

(ahv)? (eV em™)?

12
(b) (¢)
; 1.04 : 1.04
& 5
Zos 2 081
2 3
b
= =
< <
0.6 1 0.6
200 400 600 800 200 400 600 800
Wavelength (nm) Wavelength (nm)
150 150
(¢)
100 21001
E
v
>
e
50 % S0
i ' i E=328ev
" i E=337¢V i . S :
2 3 4 5 2 T 3
Energy (eV) Encery ()

Figure 10(a-c). UV-Vis absorption spectra and (d-f): Tauc plots of Coz04 nanoparticles synthesized using different
parts of the Eichhornia crassipes
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Figure 11. Shows the PL emission spectra of (a) L-C030a4, (b) S-Co3z0sand (c) R-Co0sO4 NPs.
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3.6 Surface Morphology Analysis

Field Emission Scanning Electron Microscopy
(FE-SEM) analysis investigated the surface morphology
of Cos04 nanoparticles synthesized by combining
different parts of the Eichhornia crassipes plant.
Figure.12, showed the FE-SEM images of Cos0O4 NPs at
different magnifications and revealed the regular
spherical morphology with agglomeration for cobalt
oxide nanoparticles assisted with leaf and stem extract
whereas the morphology of root assisted cobalt oxide
nanoparticles exhibited visible pores with spherical
particles scattered throughout its surface.

3.7 EDX analysis

Energy-Dispersive X-ray (EDX) analysis was
performed to determine the elemental composition of the
synthesized Co03z04 NPs. The respective images are as
13 along with

shown in Figure. the elemental
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composition. The presence of prominent peak in the
EDX spectrum for Cobalt (Co) and Oxygen (O) was
observed on the synthesized nanopatrticles assisted with
leaf, stem and root of extracts confirmed the formation of
cobalt oxide NPs. However, some minor peaks also
appeatr, indicating the presence of Carbon (C), Sodium
(Na), Potassium (K), Magnesium (Mg), and Chlorine
(Cl), which was attributed due to the residual
components of the Eichhornia crassipes plant extract.

3.8 Zeta Potential Analysis

The absolute value of zeta potential can be used
to determine the colloidal stability of the synthesized
Co304 nanoparticles, as shown in Figure.14. The zeta
potential measurements revealed that the Eichhornia
crassipes-assisted Co0s04 NPs, prepared using leaf,
stem and root extracts, exhibited zeta potential values of
-41.9 mV, -22.5 mV, and -40.1 mV, respectively.
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Figure 12. FE-SEM images of (a, b) L - Co3O4, (¢, d) S - C0304, (e, f) R - C0304
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Figure 13. (a-c) EDX images and corresponding elemental mapping tables of Coz0O4 NPs synthesized using (a)
leaf, (b) stem, and (c) root extracts of Eichhornia crassipes plant.
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Figure 14. Zeta potential analysis of (a) L-C030a4, (b) S-C0304, and (c) R-C0304 NPs.
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The high negative zeta potential values of the
leaf and root extract-mediated Co3z04 NPs indicate a
strong electrostatic repulsion between particles,
resulting in enhanced stability and reduced particle
agglomeration. In contrast, the lower zeta potential value
of the stem extract-mediated Co3sOs NPs suggests a
higher tendency for particle agglomeration, leading to
comparatively lower stability.

4. Conclusion

In summary, the Co304 nanoparticles were
successfully synthesized in the combustion method
using a green and cost-effective method involving the
leaf, stem, and root of Eichhornia crassipes plant extract
and urea as a fuel. The phytochemicals present in the
plant extract acted as natural capping and stabilizing
agents, promoting the formation of Coz04 nanopatrticles
under controlled conditions. The X-ray diffraction studies
confirm the formation of cobalt oxide nanoparticles with
a cubic crystal structure. The bond lengths of Cobalt -
Oxygen complexes are influencing the structural
parameters. The transformation of anisotropic to
isotropic behaviour can be expected due to substitution
of Co® for Co?" ions. Among them, the leaf-assisted
sample showed the smallest crystallite size of 12.5 nm.
The FT-IR analysis confirmed that the metal-oxygen
vibrations below 1000 cm-, with occurrence of peaks at
650 cm? and 537 cm?, validated the successful
synthesis of Co0sOs NPs with both tetrahedral and
octahedral Co—O bonding. Co0304 nanoparticles were
analyzed using UV-visible diffuse reflectance
spectroscopy (DRS), exhibited the direct band gap
energies to be 3.29 eV, 3.37 eV, and 3.28 eV. A
correlation was observed between particle size and
band gap energy, where larger particles (18.90 nm)
exhibited a lower band gap (3.28 eV). PL analysis
confirmed the energy band gap and optical properties of
Co304 NPs. FE-SEM analysis revealed a spherical
morphology with agglomeration for leaf- and stem-
assisted Co03Os NPs, whereas root-assisted NPs
exhibited porous, scattered spherical structures. EDX
analysis confirmed the formation of CosO4 nanoparticles
by the occurrence of prominent peaks corresponding to
cobalt (Co) and oxygen (O). The zeta potential values of
cobalt oxide nanoparticles gave negative zeta potential
values -41.9 mV (leaf) and -40.1 mV (root), which
confirmed good particle colloidal stability. Furthermore,
future work will focus on investigating the photocatalytic
degradation efficiency of the synthesized Cos304
nanoparticles. The Eichhornia crassipes itself
possesses inherent photocatalytic properties due to its
phytochemical constituents, and its synergistic role in
assisting Cosz0a4 nanoparticle synthesis may enhance the
overall photocatalytic performance for environmental
remediation.
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