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In this work, we report the synthesis of cobalt oxide nanoparticles prepared by green
synthesis using Caparison spinosa. The extract and chemical method using cobalt
chlorides. The product was described by means of energy-dispersive X-ray spectroscopy
(EDX), field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD),
UV-visible (UV-Vis) spectroscopy, and Fourier-transform infrared spectroscopy (FTIR).
The sample made using the green approach had a crystalline size of 14.6 nm, but the
average crystal size determined by XRD using the chemical process was 47 nm. The
energy band gap value for the chemically prepared sample was 2.47 eV, while the energy
band gap value for the green-synthesized sample was 2.68 eV. The shape was observed
by FESEM to be the same as spherical in both methods. EDX analysis indicated the
existence of peaks that represent Co and O. As shown by the FTIR spectrum, peaks in
the 569 cm region were due to Co and cobalt oxide. The results showed that the cobalt
oxide particles prepared by the green method are better, less hazardous, and
environmentally friendly than the chemical method, which allows their use in medical
applications. The material also showed bactericidal activity against Staphylococcus
aureus bacteria and recorded the highest inhibition diameter at a high concentration of
100% Mg/ml (27 mm), which was higher than that of Escherichia coli (E. coli), which
recorded the highest inhibition diameter of (17 mm) at a concentration of 100% Mg/ml.
The Co304 NPS prepared by green technology also showed an effective effect against the
A549 cell line compared to the normal HdFn cells by measuring MTT at different
concentrations, as it showed a gradual decrease in the cell survival rates the great
concentration where the vital rates reached 61.99+1.90%, 75.27+3.96%, 87.26+1.68%,
93.3240.24%, 95.25+0.91%, and 97.14+0.57% for A549 compared to the normal HdFn
cells where the live cells reached (82.60+0.26%, 89.73+£1.49%, 94.56+0.20%,
95.17+1.14%, 96.06+0.91%, and 98.07+0.46%) respectively. These results confirm the
high biological effectiveness of the Co3O4 NPs manufactured from the extract of the
Caparison spinosa plant.

1. INTRODUCTION

and pharmaceuticals [5]. One-dimensional, two-dimensional,
and three-dimensional Nanomaterials can be distinguished
Metals,

Nanomaterials are matter in tiny forms.
semiconductors, organics, and metal oxides are the "building
blocks" of nanostructures. Clusters, thin films, multiple layers,
and nanocrystalline materials are examples of nanomaterials
exhibiting structure [1]. Since nanoscience relies on the study
and use of materials, it has significantly changed several fields
in the modern period at the nanoscale level (1 to 100
nanometers). Thanks to this progress, advanced technologies
have been developed in the fields of industry, energy,
electronics, and medicine [2]. Nanomaterials are characterized
by their small sizes compared to large materials, which gives
them distinct chemical and physical attributes, including
greater surface area in relation to volume and unique optical,
biological, and magnetic properties [3, 4]. Given this,
nanomaterials are utilized in many different domains,
including electronics, medicine, the environment, solar cells,
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based on their structure, chemical makeup, and methods of
synthesis. [6]. The methods of manufacturing nanomaterials
vary between chemical methods, physical methods, and
biological methods that are environmentally friendly [7].
These techniques seek to achieve the necessary characteristics
by employing the size, shape, and distribution of nanoparticles
[8]. There are many approaches to fabricating nanostructures,
which are broadly divided into two main classes, namely
bottom-up methods and top-down methods [9]. Physical
techniques include spraying, physical grinding, and physical
pulverization. Chemical vapor is one of the chemical processes.
Chemical precipitation, sol-gel, hydrothermal, template, and
deposition techniques [10]. Recently, nanotechnology has
witnessed increasing interest and development, which has led
to its usage in a number of industries, including energy,
environmental, and medical domains [11]. The green method,


https://orcid.org/0000-0001-8573-4174
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/ijdne.200813&domain=pdf

which uses plant extracts from fruits, leaves, roots, and fungi,
has developed as an environmentally acceptable way for
creating nanomaterials [12]. The green method has several
advantages, including low cost, harmlessness, environmental
friendliness, low toxicity, and biocompatibility [13, 14].
Flavonoids, polyphenols, and terpenoids—active substances
found in plant extracts that function as reducing agents and
catalysts—are essential to the green approach [15, 16]. Many
researchers have recently become interested in cobalt oxide
because of its thermal and chemical stability and unique
electronic, magnetic, and catalytic properties, which make it
very versatile [17]. It is also used in biological applications
such as cancer treatment and drug delivery [18]. One frequent
transition metal oxide and significant p-type semiconductor is
cobalt oxide nanoparticles [19]. Co304 is very effective and
can be easily prepared in several ways. However, safer and
more readily available methods must be used. Therefore, green
chemistry methods were used, which are safer and more
environmentally friendly. A safe and easy-to-prepare method
for creating green nanomaterials is considered, and one of the
most widely used methods for producing nanomaterials is the
use of living organisms [20]. Among these organisms, plants
are the ideal choice. Plant extracts are easy to use, readily
available, inexpensive, and safe because they contain effective
organic reducing agents [21, 22]. Plant extracts usually contain
flavonoids, terpenoids, and phenols [23]. In previous studies,
Capparis spinosa leaves were used in previous studies,
Capparis spinosa plant was used to produce nanoparticles such
as ZnO, fruits, and leaves [24]. Cobalt oxide nanoparticles
were created in this study using two distinct methods: the
chemical approach and the green method, which uses the fruits
of the Capparis spinosa plant to reduce and coat the
nanoparticles. This study's objective is to create cobalt oxide
nanoparticles via a biological process and assess their
biological and medicinal properties.

2. MATERIALS AND TECHNIQUES
2.1 Preparation of extracts from Capparis spinosa fruits

Capparis spinosa fruits were gathered from the northern
Diyala region, repeatedly cleaned with tap water, deionized
water, let to dry at room temperature, and then pulverized
using a pestle. A magnetic stirrer was used to dissolve 10
grams of the plant in 100 milliliters of deionized water (Model:
VS-130Sh, Made in Korea) at a speed of 4000 rpm and a
temperature of 60°C for 3 hours. After that, it was filtered by
a centrifuge (Model 1710 made in Germany) for 20 minutes,
followed by filter paper, and the extract was kept at 4°C for
storage (Figure 1).

-
Wash, dry and
grind

=

Collected

Capparis frutis 10g 100ml1

DW ; Filtered

Figure 1. The steps of extract preparation
2.2 Synthesis of nano cobalt oxide by the biological method

First, nano cobalt oxide was prepared by taking 25 ml of the
previously prepared plant extract and distilling it in 0.1 M of
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75 ml cobalt chloride and stirring it with a magnetic stirrer at
a speed of 400 and a temperature of 60°C for 3 hours until a
color change was observed. After that, it was centrifuged for
20 minutes and washed twice with deionized water and once
with alcohol. Figure 2 illustrates preparing pure CozOs NPs
using Capparis spinosa fruits by the green method.

Drop extract
plant

~ — N .

Move and
heating 60°C

Co0304 NPs

Figure 2. The steps to prepare the pure Co3;O4 NPs using
Capparis spinosa fruits using a green approach

2.3 Manufacturing of nano-cobalt oxide by chemical
method

Cobalt chloride and sodium hydroxide were used as raw
materials to prepare cobalt oxide nanoparticles. After
dissolving 1.29 g in 100 milliliters of 0.1 M deionized water,
1 M NaOH was added. Dropwise and continuously stirred
using a magnetic stirrer at 60°C and observed for 3 h. A color
change and the formation of a suspension. After that, the
sample was filtered using filter paper and then cleaned with a
magnetic stirrer for 20 minutes twice with deionized water and
once with alcohol. After that, the dough was dried at 60°C, and
then it was ground with a manual pestle. Figure 3 illustrates
preparing pure Co3Os4 NPs by the chemical precipitation
method.
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Figure 3. The preparation of the pure Co3O4 NPs using the
chemical precipitation method

2.4 Bacterial preparation

The bacteria (Staphylococcus aureus and Escherichia coli
(E. coli)) had been obtained from the Iraqi Ministry of Health
Bacteriological Laboratory, and the concentration of bacteria
was examined by use of the McFarland standard at a



concentration of 1.5 x 103, The organisms' pure cultures were
subcultured on Miiller-Hinton broth at 37°C while spinning at
200 rpm on a rotary shaker. A sterile well borer was used to
create a 6-mm-diameter well on Miiller-Hinton agar plates.
Every strain was evenly swabbed onto the two separate plates
or each type of bacteria using sterile cotton swabs each well in
each plate for the same bacterial test were receive three
different concentrations of prepared cobalt oxide nanoparticles
as 100%, 75% and 50% of the original cobalt oxide
nanoparticles solution at same volume into each well (20 pL),
distilled water had been used as control. After incubation for
24 hours at 37°C. The inhibition zone of each different cobalt
oxide nanoparticle concentration (100%, 75% and 50%) was
measured for the two types of bacteria mentioned. The
minimum and maximum concentration of nanoparticles that
prevent microbial growth was designated as the MIC.

2.5 MTT protocol

Cancer cells, Lung cancer (A549), and normal human
dermal fibroblasts (HdFn). were transplanted into 96-well
plates with a concentration (1x10*- 1x10° cells/ml) and a final
size 200 microliters after full transplantation, then incubated
at 37°C with 5% CO; for 24 hours. The sequential
concentrations of compounds (400-25 mg/ml) were then added
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three bis with controls, and the cells were exposed for the
specified period. After the treatment, 10 microliters of MTT
solution were added and the dishes were incubated for 4 hours
to form formazan crystals. Remove the medium and add 100
microliters of solubilizing solution to decompose the crystals
within 5 minutes. Absorbance was measured using an ELISA
reader at 575 nm. Finally, the values were statistically
analyzed to calculate the half inhibitory concentration (ICso)
according to the logistic [25].

3. RESULTS AND DISCUSSION
3.1 X-ray diffraction (XRD)

XRD analysis was performed using an XRD device from
Shimadzu — Japan, with a scan speed of 5.000 (deg/min) was
carried out from 20 = 20° to 80° to study the structure of cobalt
oxide nanoparticles prepared by two different techniques: the
green method and the chemical method. For the green method,
we see the perfect matching of the peaks at (26 = 18.96°,
31.26°, 36.70°, 44.61°, 55.54°, 59.22°, 65.21°, 77,43°) with
the standard card JCPDS (01-078-1969) for Co0304, in
agreement with Sultan et al. [26], as shown in Figure 4.
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Figure 4. X-ray diffraction pattern of pure Co3O4 NPs recorded by the green and chemical methods

For the chemical method, we can see the matching of peaks
at (20=19.01°,31.26°,36.84°, 38.53°,44.80°, 55.36°, 59.36°,
65.23°, 77.36°) with the standard card JCPDS (98-002-8158)
for Co304, in agreement with Sabir et al. [27].

The crystally size was calculated from the Debye-Scherrer
equation below [28, 29]:

kA

b= BCOSO M
where, D is the average crystallite size, k is Scherrer's constant,
f is the full-width at half-maximum (FWHM), and @ is the
Bragg angle calculated based on particle size with the Debye-
Scherrer equation, as shown in Tables 1 and 2. It became clear
to us that the size of the cobalt oxide nanoparticles eco-
friendly synthesized (14.6 nm), while the particle size was (47
nm) for those fabricated by the chemical method. This is due
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to the presence of organic molecules in plant extracts that
serve as reductants, which limit the growth of crystals and
reduce their agglomeration. The peaks of the green-prepared
sample in the XRD pattern show a larger width at FWHM,
indicating the presence of small-sized crystals according to the
inverse Debye-Scherrer equation between FWHM and crystal
size [30, 31] and Akram et al. [32].

Table 1. Crystalline size and structural parameters of bio-
prepared cobalt oxide nanoparticles

20 (Deg) FWHM (rad.) Crystallin Size (nm) (hkl)
18.8913 0.750 10.73 (111)
31.3229 0.6375 12.94 (220)
36.755 0.6501 12.87 (311)
37.5357 0.275 30.50 (222)
44.7309 0.60 1431 (400)
59.2621 0.775 11.79 (511)
65.1268 0.7417 11.79 (440)




Table 2. Grain size and lattice parameters of Co3O4 NPs
fabricated by the chemical method

20 (Deg) FWHM (rad.) Crystallin Size (nm) (hkl)
19.0174 0.1666 48.33 (111)
31.2641 0.1775 46.45 (022)
36.8401 0.1781 47.00 (113)
38.533 0.1485 56.64 (222)
44.803 0.2009 42.75 (004)
55.667 0.1605 55.95 (224)
59.3645 0.1902 48.05 (115)
65.2358 0.2172 43.40 (044)

3.2 Field emission scanning electron microscopy (FE-SEM)

To detect and examine the morphology of the surfaces of
Co304 NPs prepared via two separate methods, the
precipitation method and the biological method, a scanning
electron microscope with field emission was used, as shown in
Figure 5. It was revealed through image analysis that the
Co304 NPs manufactured by both methods were spherical in
shape [30]. Also, Figure 5 shows that the Co3;04 NPs prepared
by the green method are smaller in size than the particles
prepared by the chemical method due to the effect of the plant
extract of the Capparis fruit, which is a substance that reduces.
The greater the reducing power, the greater the number of
nuclei formed in a short time, which leads to the formation of
a large number of nanoparticles. This is consistent with Sultan
et al. [26] and Sanjeev et al. [33]. Less agglomeration of
particles due to the presence of the extract, which is consistent
with Barzinjy and Haji [34].

3.3 Energy dispersive X-ray spectroscopy (EDX)

As shown in Figure 6, EDX analysis to determine the
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3.4 Fourier transform infrared spectroscopy

Figure 7 displays the infrared spectrum of the Fourier
transform of cobalt oxide prepared from the green extract. It
shows the appearance of Co-O and O-Co-O stretching bonds
produced by either water or the plant extract for the synthesis
process at wavelengths of 569 and 661 c¢cm™, respectively.
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elements present in the sample confirmed the presence of
characteristic peaks of nano-cobalt oxide (Co) and (O),
confirming the successful formation of nano-cobalt oxide in
both methods. In the green method, some spectral peaks of
other elements, such as silicon, phosphorus, sulfur, and
magnesium, were observed. The reason for the presence of
these elements is due to the utilization of plant extracts in the
process of preparation. In the chemical method, the elements
(Co) and (O) are only present [30, 31].

(b)

Figure 5. FE-SEM images of Co304 NPs made by (a)
biological techniques and (b) chemical method
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Figure 6. EDX patterns of Co3O4 NPs synthesis by (a) biological approach and (b) chemical method

These bonds result from cobalt oxide bonds, confirming the
formation of nanoparticles. The peak at 1627 cm™ is due to the
symmetric O-H bond. The peak at 3435 cm™! is attributed to
the O-H bond [35]. The Fourier transform infrared (FTIR)
spectrum of the chemically prepared cobalt oxide shows a Co-
O symmetric Cobalt oxide is responsible for bond at 573 cm™
and the O-Co-O symmetric bond at 675 cm™'. Additionally, a



weak symmetric bond at 1638 cm! is seen, which is thought
to be an O-H bond. The O-H bond caused by alcohol or water
residues is responsible for the peak at 3429 cm™ [36]. The
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Figure 7. FTIR spectrum for Co3O4 nanoparticle prepared by the green and chemical methods

3.5 UV-Vis analysis

The UV-visible (UV-Vis) absorption spectra of Co304 NPs
made using Capparis fruit extract, utilizing chemical and
environmentally friendly procedures, were examined. The
Tuac equation was used to determine the optical energy band
gap, Eg, of Co304 nanoparticles [37].

ahv = B(hv — Eg)r 2)
25
Co,0, Chemical
Co;0, Green
20
-
E 15 -
>
<
=
2 104
o4
5
0 T T 1

T 1
20 21 22 23 24 25
Energy (eV)

Figure 8. Allowed direct optical band gap using Tauc plots
for Co304 NPs

As indicated in Figure 8, the allowed direct transitions are
dominant between conduction and valence bands. In the
chemical method, the results showed that. The gap energy, the
value was 2.47 eV compared to the green method, which had
a value of 2.68 eV. The difference in value is because of the
fact that the size of the Co304 NPs prepared by the green
method is smaller than the size of the particles prepared by the
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chemical method. This leads to the phenomenon that the
smaller the particle size, the larger the energy gap, according
to quantum confinement, and this is consistent with studies [38,
39].

3.6 Antibacterial activity of Co3O4 NPs

Many studies have shown that nanoparticles have
antibacterial properties mainly due to their small size, which
facilitates their penetration into bacterial cells [37, 40]. C0304
NPs are known to be safe, stable, and effective against many
types of bacteria [41]. In particular, these Co304 NPs have
shown promising potential as antimicrobials that combat a
variety of microbes [42]. Bacteria consist of three distinct
components: cytoplasm, cell wall, and plasma membrane. The
cell wall is mostly made up of a consistent peptidoglycan layer,
which is made up of sugars and amino acids. The osmotic
pressure of the cytoplasm is maintained by the cell wall, which
gives it a distinctive shape. One of the properties of spore-
forming bacteria is that they consist of a thick cell wall (20-80
nm) and a single plasma membrane covered with a layer of
peptidoglycan. There are two cell membranes in Gram-
negative bacteria: an inner plasma membrane and an outer
membrane. Between these two membranes is a thin layer of
peptidoglycan, 7-8 nm thick [43].

3.7 The disk-diffusion technique of Agar

The agar disk diffusion was employed to manage Gram-
negative and Gram-positive Escherichia coli and
Staphylococcus aureus [44]. When using cobalt oxide
nanoparticles, the concentrations used vary to affect the
growth of these bacteria [41]. It was observed that the
nanomaterial showed greater antibacterial activity against
Gram-positive bacteria than against Gram-negative bacteria
[45]. This is because the permeability of the cell wall is
determined by its structure. Gram-negative bacteria have a
smaller layer encircled by an outer membrane, whereas Gram-



positive bacteria have a thicker peptidoglycan layer that makes
it easier to access many drugs containing many
lipopolysaccharides that act as an entry barrier for antibiotics
[46, 47]. Table 3 shows the diameter of the inhibitory zone for
bacteria using cobalt oxide nanoparticles at three different
concentrations (A = 100%, B = 75%, C = 50%) M against
these two types of bacteria. The results showed a comparison
of the inhibition zone between the two types of bacteria for
cobalt oxide nanoparticles prepared by the green method using
caper plant extract. As shown in Figure 9, Co304 NPs prepared
by the green method showed remarkable antibacterial activity.
The antibacterial activity is influenced by several factors, most
importantly the size, surface area, and shape of the
nanomaterial. This activity occurs through mechanisms such
as damaging the bacterial cell wall, inhibiting protein or
nucleic acid synthesis, or disrupting enzyme activity. The
prepared nanomaterial is characterized by its capacity to
produce reactive oxygen species (ROS), including hydroxyl
and free radicals. Bacterial cell death is the ultimate outcome
of these ROS's disruption of biological processes, which
damages the cell membrane, mitochondria, and DNA [48].

S. aureus |

Figure 9. Antibacterial activity of Co304 NPs using disk
diffusion with concentration (100%, 75%, 50%)

Table 3. Antibacterial activity of Co3O4 NPs using disk
diffusion

nanoparticles compared to normal cells. This is due to the
increased permeability of their cell membranes and a
disruption in the regulation of metabolic balance, which makes
them more susceptible to interaction with nanomaterials that
are characterized by their ability to produce ROS. Therefore,
nanoparticles selectively target cancer cells, which increases
the effectiveness of treatment and reduces the impact on
normal cells. The results indicate that the A549 lung cancer
cell line exhibits a significantly lethal effect at high
concentrations compared to normal HdFn cells. This indicates
that Co3O4 NPs selectively targeted cancer cells with less
effect on normal cells.

100
-o- HdFn
1C5,=299.2 = A549
j:: IC5,=282.5
3 50
]
5
0 I I 1 1 1 1
0 100 200 300 400 500
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Figure 10. Cytotoxicity effect of Co3O4 NPs

Table 4. The cytotoxic effect of Co304 NPs on HdFn and
A549 cell lines

Zone of Inhibition(mm)

Concentration Mean Viability (%) £ SD
(ng/ml) HdFn A549
400 82.60+0.26 61.99+1.90
200 89.73+£1.4 75.27+3.96
100 94.56+2.0 87.26+1.68
50 95.17+1.14 93.32+0.24
25 96.06+0.91 95.25+0.91
12.5 98.07+0.46 97.14+0.57

. . . Conc. Conc. Conc.
Antibacterial  Type Bacteria (100%) (T5%)  (50%)
Mg/ml Mg/ml  Mg/ml
Escherichia .
Coli Gram-negative 16 15 0
Staphylococeus oy Positive 27 26 0
aureus

The diminutive size of the nanoparticles and the increased
surface area enhance their efficiency in interacting and
penetrating the cell wall.

3.8 Cytotoxicity effect of Co304 NPs

According to the findings, the cytotoxicity of the toxin with
HdFn cells line (normal cell line) and A549 cell line (Lung
cancer cell line)increased with increasing of the concentration
of Co30s, the killing ratio of Co3O4 on HdFn cells that 26.4%,
9.3%, 4.5%, 4.1%, 4%, 2% and 1.2 occurred with
concentration: 400, 200, 100, 50, 25, 12.5 and 6.2 pg/mL
respectively shown in Figure 10, the results are presented in
Table 4. While the result of the killing ratio of Co304 ON A549
cells was 38.1%, 24.8%, 12.8%, 6.7%, 4.8 %, 2.9% and 1.4%
occurred with concentration: 400, 200, 100, 50, 25, 12.5
pg/mL [49]. Cancer cells are char 400, 200, 100, 50, 25, and
12.5 pg/mL concentration acterized by their ability to absorb
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4. CONCLUSIONS

In this study, cobalt oxide nanoparticles were synthesized
by chemical and green methods. The Co3Os NPs were
characterized by XRD, confirming that the formed particles
were polycrystalline for both cobalt oxide nanoparticles that
have crystal diameters between 46 and 14.6 nm. Both types of
compounds were found to contain Co3O4 NPs according to
EDX analysis. FESEM image analysis showed that the
spherical particles fluctuated in size according to the
preparation methods. There was a slight difference in the
energy gap based on UV examination, and finally, it appears
that there is a higher effect on the was observed that
nanomaterials demonstrate more antibacterial activity against
Gram-positive bacteria than Gram-negative bacteria, as
compared to the control group (distilled water). The material
also showed a significant effect on the AS549 cell line
compared to normal HdFn cells. So, the cobalt oxide, because
of its low toxicity, affordability, and environmental
friendliness, green method preparation makes it safer and
better for use in medicinal applications.
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