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photocatalytic and antibacterial properties can be enchanced.

INTRODUCTION

One of the most important environmental problems currently
the whole world facing is the water contamination. Water that
has been contaminated by sewage and industrial effluents is
also a result of pathogens [1,2]. Many illnesses that can be
fatal to living things are mostly caused by bacterial infections.
So, it is imperative to enter a safe, non-toxic and healthy environ-
ment in order to produce nanoparticles in a green manner [3].
With less toxic chemical synthesis, clean solvents, energy-
efficient design and the utilization of renewable raw materials,
green synthesis of nanoparticles advances green chemistry
ideas [4]. Nanoparticles are essential to the process of purifying
waste water. Due to its use in photocatalysis and antibacterial
applications, metal oxide nanoparticles have attracted attention
[5]. Because of their high surface area and unique combination
of structural, optical and catalytic activities, Co;O4 nanoparticles
are an attractive candidate for use in the biomedical applications

[6].

Published online: 27 May 2023; AJC-21247

Recent studies have shown that the metal oxide nanoparticles can inhibit bacterial growth on their surfaces due to the creation of super |
oxide anion when metal ions interact with UV light. One such metal oxide with antibacterial activity against a variety of bacteria is cobalt |
oxide (Co30.). The optical and anti-pathogen properties of cobalt oxide nanoparticles generated from egg albumin using a microwave-
assisted hydrothermal process were studied and optimized by adding copper as a dopant at varying molar concentrations (1, 3 and 5 |
mol%). Bare and doped samples were analyzed using SEM, energy dispersive X-ray spectroscopy and X-ray diffraction. The resulting |
structure and small average crystalline size highlight the role of egg albumin in stabilizing and regulating size. A sample with 5 mol% |
copper doped material exhibited the highest resistance zone to Escherichia coli germs. Hence, by controlling the Cu content, both the |
|
|
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Elemental doping has recently emerged as a practical and
effective technique for capturing the optical and electrical
abundance of cobalt oxide nanoparticles [7]. The combination
of intrinsic and extrinsic Cu doping would therefore be very
stimulating in catalytic and antibacterial applications and it is
anticipated to bring about a considerable improvement in per-
formance compared to pristine Co;O,. The protein egg albumin
is renowned for its ability to gel and mixture. Egg white can be
used as a binder, cum gel and moulding material because it is
soluble in water and can combine with metal ions [8]. It is also
affordable, readily available and environmentally beneficial.
Although there have been conflicting reports regarding the manu-
facturing of egg albumin nanomaterials, it has been reported
that the proteins can interact with metal and metal oxide nano-
particles and promote nucleation [9,10]. Egg albumin can there-
fore be utilized to prepare nanomaterials with some uniformity
in their shape. An effective way to create inorganic materials
with a smaller size and consistency than those nucleated by
traditional heating is using microwave-assisted hydrothermal
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processing [11,12]. The aim of the current study is to prepare
cobalt oxide nanoparticles using copper as dopant in a range
of concentrations using a hydrothermal approach with egg
albumin acting as an emulsifier and regulator. The antibacterial
and photocatalytic properties of the green-mediated doped
cobalt oxide utilizing egg albumin were also evaluated for the
first time.

EXPERIMENTAL

A Shimadzu X-ray diffractometer that is monochromated
with CuKo radiation in the 26 range of 10° to 80° at a 10 */min
scan rate was used to acquire the PXRD patterns for calcined
samples. The Jasco V-750 spectrometer was used to capture
the UV-Vis Diffusion spectra between 200 and 800 nm. The
structural morphology was studied using GEM-300, Carl Zeiss,
Germany, whereas the Oxford Instruments X-Max was used
for the energy dispersive X-ray spectroscopy of the elements.
The Agar disk diffusion method was used to test the antibac-
terial activity of the nanoparticles. The photocatalytic degrada-
tion of the methylene blue dye was investigated under the
influence of visible light in both the absence and presence of
a catalyst. The treated samples from the predefined time range
were subjected to UV spectral analysis between 200 and 800
nm in order to analyze the kinetic studies.

Synthesis: A microwave aided hydrothermal procedure
employing egg albumin was used to make both pure and copper-
doped Co;0, nanoparticles. Cobalt acetate and egg albumin
were employed in the current investigation as precursors to
create pure and Cu doped cobalt oxide nanoparticles. Separa-
tely, the precursors in a 1:3 ratio were taken and dissolved in
distilled water. Cobalt acetate solution was continuously stirred
followed by the addition of freshly made egg albumin solution
dropwise. The final product was then heated for roughly 30
min in a home microwave oven. Egg albumin breaks down
under microwave radiation to produce oxygen ions and serves
as a binder and moulding substance. Colloidal precipitate was
obtained as the solvent totally evaporated. This colloidal preci-
pitate was rinsed with doubly distilled water many times before
being dried. The organic impurities in the dried sample were
removed using acetone wash. The powder samples were then
calcined at 700 °C for 1 h. The same steps were taken for the
preparation of other samples when copper was doped at levels
of 1, 3 and 5 mol%.

RESULTS AND DISCUSSION

P-XRD studies: Fig. 1 shows the PXRD patterns of Cu-
doped and undoped Co;0, samples. In the standard spectrum
of face-centered cubic crystalline Co;O, as per JCPDS card

no. (# 43-1003), the diffractogram of pristine Co;O4 nano-
particles closely matches the diffraction peak at 26 values of
19.03°, 31.21°, 36.90°, 38.55°, 44.90°, 55.00°, 59.35°, 65.40°,
68.76°,69.78°,77.90° and 78.38° which corresponds to (1 1 1),
(220),(311),(222),(440),(531),(442),(633),(622)
crystal planes, respectively. A lower angle peak shift in the
diffraction pattern is caused by copper inclusion. With the rise
in Cu concentrations, no additional peaks connected to the
impurity phase were discovered, proving that the phases are
stable and that Cu ions are uniformly incorporated into the
Co;04lattice. The intensity and crystallinity both decrease with
increasing copper concentration, possibly as a result of the
strain formed in the Co30; lattice due to the incorporation of
Cu ions, which is well in line with the findings reported by
several researchers [13-15].
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Fig. 1. Powder-X-ray diffractogram of pure Co;O4 and Cu doped Co;0;

The Debye-Scherrer’s formula [16] was used to determine
the average crystallite size of the prepared samples. Using unit
cell Win software, the lattice parameters were calculated. All
calculated values, along with the obtained average crystallite
size, were listed in Table-1. The unit cell volume of Cu-doped
Co;0, decreased at higher concentrations, indicating a quan-
titative substitution of Cu ions in the lattice site. Dislocation
density, which is correlated with the density of defects in the
sample, is defined as the dimension of a dislocation per unit
volume. As dopant concentrations are increased, dislocation
densities become aberrant. Table-1 shows that the dislocation
rises with increasing Cu doping concentration indicating that

TABLE-1
UNIT CELL PARAMETERS CALCULATED FROM XRD PATTERN AND PARTICLE SIZE FROM SEM HISTOGRAM
Sample Pristine 1 mol % Cu 3 mol % Cu 5 mol % Cu
Lattice parameter, a (A) (£0.01) 8.10 8.09 8.08 8.07
Volume, V (A% ( 1.8) 531.2 529.7 528.4 526.9
Average crystallite size, D (nm) (+ 0.03) 20.45 16.74 15.63 13.04
Average strain x 107 (x 0.5) 1.55 1.87 2.23 2.71
Dislocation density x 10" (x 1.3) 3.20 3.67 4.1 6.26
Particle size, D (nm) from SEM histogram 24 21 16 15
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Cu caused defects in the Co;O, matrix, which decreased crysta-
llinity as a result of stress generation and lattice contraction
[17].

SEM studies: The SEM images of bare and doped with
copper samples are shown in Fig. 2. The morphology and grain
size of all calcined Cos;O, nanoparticles were assessed using
SEM micrographs at high magnification. The greatly enlarged
micrograph reveals that the tiny particles banded together to
form a structure like a bunch. The bunch-like structure changed
as the Cu content was raised, resulting in the creation of denser
formations. Clusters appear, indicating that when concentra-
tions rise, the strain does as well.

Particle size distribution: Fig. 3 shows that as copper dopant
concentration increases, the particle size of the grown nano-
particles decreases.

EDX studies: The elemental composition determined by
EDX strictly indicates the presence of cobalt and oxygen peaks
alone for pure Co;04, whereas Cu peaks are also present in Cu
doped Co30,, indicating the purity of the samples. The images
(Fig. 4) showed that the particles are uniformly coated with
oxides. The presence of cobalt is represented by peaks near 0.8
and 7 KeV. The peak near 0.5 KeV reflects the oxygen element
and the peaks near 0.1, 8 and 9 KeV comprise the copper element.

UV-DRS studies: The UV-Vis DRS spectra of pure and
Cu-doped cobalt oxide nanoparticles were obtained in the 200-
800 nm range. Fig. 5 shows the recorded reflectance of proposed
samples, which shows two reflectance bands at 223 and 870
nm. The metal charge transfer process is assigned by the double
band. The optical properties of Co;0, are affected by a number
of variables, including surface roughness, porosity and photo-
generated electron-hole carriers. The red shift phenomena may
be linked to the quantum effect because the absorption edge
shifts towards the longer wavelength side (222 nm to 224 nm)
[18]. A quantum confinement effect involving small nano-
particles is supported by the reduction in the band gaps of the
synthesized Co;04 nanoparticles (Table-2).

TABLE-2
BANDGAP ENERGY OF Co;0, AND Cu DOPED Co,0,
Sample E, (eV)
Pristine 1.30 and 4.11
Cu 0.01 1.26 and 4.01
Cu 0.03 1.16 and 3.91
Cu 0.05 1.08 and 3.61

Fig. 6 shows the plots of hv vs. [(F(R)hv]* for Cu-doped
C030;. The Co;04 that has been doped with Cu exhibits a shift

Fig. 2. SEM images of pure Co;0, and Cu doped Co;0,
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Fig. 3. Particle size histogram of pure Co;04 and Cu doped Co;04
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Fig. 4. EDX spectra of pure Co;04 and Cu doped Co;04
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Fig. 6. Tauc plot of pure Co;04 and Cu doped Cos0,

in bandgap proportional to the concentration of copper present.
It has been suggested that the cation may be replaced by an
electron from a new state in the gap through spin-exchange
interactions between the band electrons and the electrons of
the transition metal ion [18].

When the concentration of Cu increases, the direct band
gap energy decreases. The development of more energy levels
in doped Co;0; than in pristine CosO; as a result of the inter-
stitial of Cu ions into the cobalt lattice may be the cause of the
reduced band gap energy. The appropriate applications of
photocatalytic deterioration are attributed by the nanoparticles’
decreasing band gap energy [19]. It has also been stated that
optoelectronic devices are made with a band gap of 1 to 2 eV
[20].

Antibacterial activity: The main idea behind this method
is to predict antibiotic resistance by monitoring the expansion
of inhibition zone (ZOI) around the powered sample in order
to test the antibacterial activity of the calcined samples against
E. coli using the aminoglycoside antibiotic drug amikacin as
control. The inhibitory effect of pure and Cu-doped Co;0, on
Gram-negative Escherichia coli bacteria is shown in Fig. 7.

Fig. 7. Inhibitory action of pure Co3;04 and Cu doped Co;0,,

The diameter of the inhibition zone increases as Cu dopant
concentration increases (Table-3). Thus, the prepared Cu doped
cobalt oxide nanoparticles are found to have good antibacterial
activity with a greater zone of inhibition and an average crysta-
llite size of 20 nm [21]. The obtained ZOI is more than the
previously reported biosynthesis values [22,23]. Egg albumin
is therefore more effective than plant mediated nanoparticles
at enhancing the antibacterial activity. Small particles can easily
penetrate the bacterial cell wall, causing DNA to be broken,
the release of proteins, minerals and genetic material and finally
cell death [24].

TABLE-3
ANTIBACTERIAL ACTIVITY ON
PURE Co,0, AND Cu DOPED Coy0,
Sample  ComOl - piie 001mol 0.03mol  0.05mol
amikacin
ZOl(mm) 14 5 7 18 21

Photocatalytic activity: Fig. 8 shows the photocatalytic
activity of undoped Co;0,4 and Co3;04 doped with Cu showed
methylene blue decoloration with increasing irradiation duration.
At 290 and 663 nm, respectively, the weaker and stronger
absorption bands of the methylene blue dye were observed.
The distance between the two absorption maxima decreased
over time. A rapid degradation of the chromophores respon-
sible for the dyes’ colours is reflected in the diminishing peak
intensity. It was demonstrated that methylene blue dye with 5
mol% Cu-doped nanoparticles degrades more rapidly than the
pure sample. This could be as a result of defects brought on
by a high Cu content and shrinking particle size [25]. Yet, the
percentage of dye deterioration increases as Cu dopant levels
grow and time passes swiftly.

Electronic structure, catalyst concentration, dye pH, light
source, particle size, surface morphology and optical transitions
of a material are some of the elements that affect dye deterio-
ration. The catalytic activity is greatly influenced by the energy
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Fig. 8. Photocatalytic deterioration of methylene blue dye using pure Co;O, and Cu doped Co;0,

levels present in a metal oxide semiconductor and by tailoring
the bandgap to the required level. Such standards are also estab-
lished by the current examination of the prepared nanoparticles.
These criteria of generated nanoparticles optimized for
obtaining the highest degradation efficiency. Deterioration
efficiency is calculated by the following formula [26]:

O—ﬁJXIOO
A

n (%)= [A
0

where 1 is the deterioration efficiency, A, is the initial absor-
bance at zero interval of time, A is the absorbance after irradia-
tion of light at various time intervals.

Fig. 8 shows UV-Vis absorption spectra of methylene blue
after photo-irradiation with Cos;O, and 0.01, 0.03 and 0.05
mol% Cu doped Co;0, indicate that the latter decolourizes

methylene blue more quickly than pure Cos;O, and the other two

mole concentrations. The rate of decolorization was determined
by observing the changes in the intensity of methylene blue
absorption, which peaks around 663 nm. Co;O,4 was found to
degrade methylene blue at a rate of about 64% in 90 min, but
Co;0, that had been doped with 0.01, 0.03 and 0.05 mol% Cu
did so at rates of about 72%, 83% and 94% in 72, 63 and 45
min, respectively (Fig. 9). With low consumption and excellent
degrading efficiency, 5 mol% Cu-doped cobalt oxide is a
possible photocatalyst that offers the best solution for resolving
water pollution issues.

Conclusion

Nanoparticles of pure and copper-doped Cos;O; were
successfully synthesized using a simple microwave-assisted
hydrothermal process including egg albumin. Egg albumin is a
superb bio-oxygen precursor for producing metal oxide nano-
particles via a green process, as shown by the observed shape
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Fig. 9. Photocatalytic deterioration percentage of methylene blue dye using pure Co;0, and Cu doped Co;0,

and crystalline size using XRD and SEM techniques. The use
of egg albumin also reduces the toxicity of generated particles
and their tendency to agglomerate. About 94% of methylene
blue dye was degraded in shorter time and with less catalyst,
demonstrating the possibility of modifying the photocatalytic
behaviour of Co;O, nanoparticles to treat textile industry waste-
water.
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