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Abstract: Limited size effects and a high surface to volume ratio cause the features of nanoparticles to differ from those
of the comparable bulk material. Alkali metal substitution has been found to improve the optical and electrical properties
of pure Co30,. Utilizing non-toxic, affordable, and environmentally favourable compounds is crucial for the production of
nanoparticles. In order to create nanoparticles, a variety of metabolites from plant materials and animal products can be
used. These metabolites can serve as fuel, capping agents, reducing agents, stabilizing or chelating agents for collecting
metal ions. Thus Pure Co;04 and K doped Co3;0, nanoparticles are created in the current study using an egg
white-based microwave assisted hydrothermal method. Since egg albumen is an emerging biopolymer for creating
biodegradable composites. By using different molar amounts of potassium [1, 3, and 5 mole%] as a dopant, we tried to
improve the optical and electrical conductivity of cobalt oxide nanoparticles made from egg albumen, the natural
biopolymer with green credentials using a microwave-assisted hydrothermal method. X-ray diffraction, energy dispersive
X-ray spectroscopy, SEM analysis and dielectric studies were used to evaluate bare and doped samples. The found
topology and small average crystallite size emphasize egg albumin's role as a stabilizer and size controller. Reduced
optical band gap recommends using K doped samples for UV light absorption, which favours for optoelectronic device
fabrication. Thus, by regulating K concentration, we may improve electrical conductivity and optical property of Coz04
nanoparticles for device fabrication. The use of egg albumen and metal oxide (i.e., cobalt oxide nanoparticles) in
antibacterial applications are the primary focus.
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INTRODUCTION its direct wide band gap, non-toxicity, strong exciton
binding energy, and high absorption in the ultraviolet
(UV) region. When compared to chemical methods,
green synthesis Co304's optical and electrical activity
may open up new avenues in the device fabrication.

Multi-functional applications in physical science,
biology, chemistry, medicine, and materials science
have sparked a lot of curiosity with metal oxide

nanoparticles. [Odiachi, 1.J et al., 2023]. Cobalt oxide ) )
nanoparticles have received special attention due to I urthermore, the green synthesis of Co;O4 employing

their unique properties such as high chemical stability, bio-reducing agents such as plants, fungi, bacteria, and
catalysis, electrical conductivity, and antimicrobial yeast is more environmentally friendly and highly
activities, among others [Guoru Lie et al., 2022], [S tuneable based on our need.

Gopinath et al,, 2022] [Luhan Wei et al., 2022].
Specifically, cobalt oxide, a semiconductor material has
versatile applications including transparent conductive
oxide, piezoelectric, photodetector, solar cell,
photocatalyst antibacterial, gas sensor, etc. because of

According to the relevant literature review, the
generation of green synthesis nanoparticles with egg
albumin assistance is rather uncommon. Because it is
rapidly soluble in water and readily interacts with metal
ions, egg white is well known for its capacity to froth
and emulsify. Moreover, it serves as a gel or binder for
*Address correspondence to this author at the Department of Chemistry, materials used in mOUIding [P' Aji Udhaya and M.
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through green synthesis have very big particle sizes,
according to different study reports. Cobalt oxide
nanoparticles with a size range of 50 to 100 nm were
created by Tahir Rasheed et al., 2019. The produced
np's particle size ranged from 40 to 80 nm, according to
Ismat Bibi et al., 2017. The 100 nm-sized cobalt oxide
nps was made by Rajan Lakra et al., 2021.

It is advantageous to dope oxide compounds to
improve their performance. Doping Co;0, with metals
and non-metals is the most effective technique to
enhance its optical, electrical, magnetic, antibacterial,
and photocatalytic capabilities. To boost electrical
conductivity, doping elements were introduced to
semiconducting materials [Yoo H et al, 2021].
According to various research findings, the potassium
doped metal oxide nanoparticles have some
advantages. To improve the catalytic characteristic,
Batsile et al., 2107 synthesised potassium-doped
Co304 nanoparticles. R Bhaviya et al., 2016. reported
making ZnO nanoparticles with potassium as a dopant
to enhance catalytic properties. For the purpose of
controlling parasites, Overlay panel Yan Cao et al,
2021 produced K-doped ZnO nanoparticles. Po-Chih
Chen and Sheng-Hsiung Yang, 2020., created
potassium-doped nickel oxide to serve as the hole
transit layer in steady and efficient inverted perovskite
solar cells. Potassium-Doped Titanium Oxide
Nanostructure was created by Lee, S.Y.et al. 2021 for
enhanced photocatalytic activity. Potassium-Doped
Zinc Oxide was made by Jie Bai et al., 2013, for use as
a photocathode material in dye-sensitive solar cell uses.
Potassium-doped Co30, catalyst for direct N,O
oxidation was revealed by Kimihiro Asano et al., 2008.

Metal oxide nanoparticle doping of alkali metals is
quite uncommon. The inclusion of alkali promoters
greatly improved the catalytic decomposition of NO
over cobalt oxide. [P.W. Parka et al., 1998]. There were
only a few researchers who combined alkali metals
with metal oxides, including [Po-Chih Chen and
Sheng-Hsiung Yang., 2019, Ai Serizawa., 2021, Jie Bai,
Xiaobao Xu, et alfl. A small number of researchers
chose potassium as the doping agent for the cobalt
oxide nanoparticles [Batsile M. Mogudi ef al., 2017]. In
a study published by Hongmei An et al. It has been
discovered that potassium promotes the catalytic
activity of transition metal oxides more strongly than
other alkali metals.

Due to the aforementioned factors, we used a green
technique with egg white to make cobalt oxide
nanoparticles potassium as a dopant in a range of mole
percentages. Our main objective is to investigate how
altering the alkali metals (potassium) may impact the
physical, optical, and electrical properties of the metal
oxide (Co304) nanoparticles made utilising the green

method of egg albumen a natural biopolymer.
Reducing and stabilizing agent. Since, Natural
polymers exhibit good intrinsic biocompatibility and
enzymatic degradability, enabling intensive
applications for biomedical applications [Abdelhamid
and Hani Nasser., 2022]. In a study, it is said structural
analysis by FTIR, XRD and SEM confirmed the
incorporation of cobalt oxide nanoparticles in
Gelatin/Polyethylene glycol/Chitosan (GPC) films,
improved the mechanical strength, Flexibility, and
thermal stability of the GPC films [Ali et al., 2025]. [Abd
El-Aziz et al., 2025]

INSTRUMENTATION

Shimadzu's XRD diffractometer, monochromated
with CuK radiation in the range of 10 to 80 ° at a 10 °
per minute scan rate, has been used to obtain PXRD
patterns for calcined materials. Using the Jasco V-750
spectrophotometer, the UV-Vis Diffusion spectra were
captured between 200 and 800 wavelengths. With the
help of a field-emission scanning electron microscope,
the structure morphology was studied (GEM-300, Carl
Zeiss,  Germany). Energy  dispersive  X-ray
spectrometry with the Oxford Instruments X-Max was
used to carry out the elemental study and the
powdered materials were formed into pellets, and the
AGILENT 4284 A was used to detect the dielectric
parameters.

RESULTS AND DISCUSSION

Structural Characterization Using Xrd

For pure and doped samples, powder X-ray
diffractogram analysis was done to look at crystallite
size, crystallite structure, and lattice characteristics.

Figure 1 displays the K-doped and bare Co3;0,
PXRD patterns that were observed. The diffraction
peak at 26 values of 31.21°, 36.9°, 38.55°, 44.9°, 55°,
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Figure 1: X-ray diffraction pattern for bare and K doped
Co304 nanoparticles.
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59.35°, 65.4°, 68.76°, 69.78°, 77.9°, and 78.38°,
respectively, correspond to the standard pattern of
face-centered cubic crystalline Co3;O, as per JCPDS
card number (# 43-1003). The diffraction pattern shifts
to a greater angle when potassium is present. There
were no further peaks associated with the impurity
phase with the increase in K concentrations,
demonstrating that the phases are stable and K ions
are equally integrated into the Co3;0O, lattice. The
intensity and crystallinity both decrease with a rise in
doping concentration, possibly because of the strain
created in the Co30y, lattice as a result of the doping ion
incorporation [Kalai Priya et al., 2020]. However egg
albumen acts as a capping agent that reduces
crystallite size, which broaden peaks and reduce
intensity [Hmamouchi et al., 2022].

Using the Debye-Scherrer formula, the average
crystallite size of the suggested samples was
determined [M. Jothibas et al., 2023]. The lattice
parameters were calculated using unit cell Win
programme, and Table 1 includes a list of all calculated
parameters along with the average crystallite size that
was discovered.

With increasing concentration, the unit cell volume
of K-doped Co030, decreased, illuminating the
quantitative substitution of K 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. Dislocation densities
become abnormal as dopant concentrations rise [Trang
Vu Thi et al., 2014]. Table 1 shows that the dislocation
increases as K doping concentration rises, which
suggests that K caused defects in the Co30, matrix
and decreased crystallinity as a result of stress
production and lattice contraction [Muslima Zahan &
Jiban Podder., 2022]. The higher angle side of the
potassium doped nanoparticles’ XRD pattern
experiences a slight peak shift as a result of changing
lattice parameters [A. Kalai Priya.,2020]. Lattice
characteristics including the lattice constant and

crystallite size decrease as K dopant concentration
rises, but strain and dislocation density also rise. Peak
intensities were lower than in pure Co3;0,, proving that
potassium had been absorbed into the substance. The
presence of egg albumen gives clear, sharp peaks of
the crystals making eco-friendly nontoxic and
biodegradable.

Bragg's law, which states that dopants cause an
interplanar distance to decrease, can be used to
explain this behaviour because cobalt (0.67A) has a
smaller ionic radius than potassium(1.33A). After K
doping, the diffraction peak intensities dropped, which
showed a loss of crystallinity and an increase in
surface defects in the samples. It is plausible to
suppose that the doped sample may have greater
electronic conductivity due to the aforementioned
variables [Trang Vu Thi et al]. Metal doping should be
utilised to modify the substance's average crystallite
size, optical characteristics, and particle size in order to
improve Co304's electrical and optical function. Lattice
constants are slightly different from pure Co30..

SEM ANALYSIS

Figure 2 displays SEM micrographs of the
processed samples. SEM analysis was used to
examine the morphological properties of both the
potassium-doped and unadorned cobalt oxide
nanoparticles. SEM pictures show the size decrease of
the nanoparticles. High-magnification SEM
micrographs are used to examine all calcined Co30,
nanoparticles, and they show that the tiny particles
band together to form a structure resembling a bunch.
As K concentration increases, the bunch-like shape
alters, causing rough and denser structure to form.
Clusters emerge, new phase formation with composite
structures showing K doping increases the oxygen
vacancies and surface adsorbed oxygen, altering
surface roughness [Ao et al., 2025] illustrating that the
strain develops as the concentration raise.
Investigations using a scanning electron microscope

Table 1: Unit Cell Parameters Calculated from XRD & Particle Size from SEM Histogram

Sample Pristine 1mol% K 3mol % K 5mol% K

Lattice parameter a (A) (£0.01) 8.10 8.09 8.08 8.03
Volume V(A% (£1.8) 531.2 529.8 527.5 517.78
Average Crystallite size D(nm) (+0.03) 20.4 18.4 16.1 14.4
Average strain x 10 (+ 0.5) 1.55 2.87 2.93 3.81
Dislocation density x10™% (+1.3) 2.39 2.94 3.84 4.81
Particle size D (nm) 24.2 216 18.6 15.2
From SEM Histogram
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Figure 2: SEM images of a) Pure Co304 b) 0.01 K doped Co0304¢) 0.03 K doped Co304d) 0.05 K doped C0304.

(SEM) shows that the synthesised nanoparticles are Particle size histograms for pure Co30, and altered
crystalline. with K are shown in Figure 3. Figure 3 shows that as
the potassium dopant concentration increases, the
PARTICLE SIZE DISTRIBUTION OF CO3;0, & K particle size of the grown nanoparticles decreases.
DOPED C0O;0,4 . L
This smaller, controlled particle is due to the presence
of egg albumen [Chang ef al., 2026].
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Figure 3: Particle size histogram of a) Pure Co304 b) 0.01 K doped C0304 c) 0.03 K doped Co304d) 0.05 K doped C0304.
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EDAX ANAYSIS

The spectra of cobalt oxide and K-enriched cobalt
oxide nanoparticles are shown in Figure 4 for energy
dispersive X-ray analysis. Chemical analysis spectra
reveal prominent peaks associated with Co and O.
According to the EDAX spectrum shown in Figure 4,
potassium is found with the elements Co and O. The
purity of the sample may be determined by the efficient
assembly of K into Co30O,4 nanoparticles and the lack of
other elemental peaks.

The purity of the samples is indicated by the
elemental composition obtained by EDAX strictly
showing the existence of cobalt and oxygen peaks
alone for pure Co3;04 and K peaks additionally including
in K doped Co304. The carbon tape employed as a
support for FESEM imaging is responsible for the weak
peak for C. The particles are uniformly covered with
oxides, as seen in every photograph. The presence of
cobalt may be seen in the peaks around 0.8 KeV, 7
KeV, and 7.9 KeV. The oxygen element is represented
by the peak at almost 0.5 keV, while the potassium
element is represented by the peak at almost 3.2 keV.

UV-DRS ANALYSIS

Using UV-DRS spectroscopy, the optical properties
of the generated samples are examined. The UV-Vis

DRS spectra of pure and K-doped cobalt oxide
nanoparticles were recorded between 200 and 800 nm.
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Figure 5: UV Spectrum of Co304 and K doped Co030a4.

The Figure 5 displays the measured reflectance of
the proposed samples, which exhibits two bands of
reflectance at wavelengths of 224 nm and 870 nm.

In this investigation, the tauc relation was used to
calculate the band gap.

(1-R)?
2R

F(R) = [Biswaijit Choudhury et al., 2013]

Where R is the diffuse reflectance.

Figure 4: EDAX spectra of a) Pure Co304. b) 0.01 K doped Co304¢) 0.03 K doped Co304d) 0.05 K doped Co304.
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[F(R) hv]“n where n= % for direct allowed and n=2 for
indirect allowed transition [C. Ravi Dhas ef al., 2015].

The band gap can be determined by extending the
linear region of the Figure 6 of [F(R) h]2 vs photon
energy. We discovered a twofold band gap for the
processed samples from the Tauc plot. The double
band is intended for a metal charge transfer procedure,
is the justification.

0% — Co*" and O*— Co®" [C.Ravi Dhas et al., 2015]
[Abdelhak Lakehal et al., 2018,] [Subhash Thota et al.,
2009].

The band gap energy of the produced sample
decreases as the potassium content is raised or doped
[Shamsa Munir et al., 2016]. Following the doping of K
ions, different optically active sub levels are created in
the confined region of the conduction and valance band,
causing the optical band gap energy to decrease
[Padmini Pandey Rajnish et al., 2015]. The band gap
energy of the K doped sample dropped as a result of
the modification to the electronic structure and the
quantum size impact.

Co304's optical properties are affected by a number
of variables, including surface roughness, porosity, and
photo-generated electron-hole carriers. The red shift
phenomena may be related to the quantum effect and
the absorption edge's deviation towards the longer
wavelength side (222 nm to 224 nm) [Kumar, R,
Sakthivel et al., 2019][Cheng Wang et al., 2011]. A
spectral change towards higher wavelength is known
as red shift, often referred to as bathochromic shift. The
narrowing of Co30,4 nanoparticles' band gaps provides
evidence for a quantum confinement phenomenon
involving minuscule nanoparticles.

100
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~—— 0.01 Kdoped Co O,
~——0.03 Kdoped Co O,
0.05 Kdoped Co,0,

80
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Figure 6: Tauc plot of Co3z04 and K doped Co0304.

The graphs of h vs [(F(R)hv]* for K-doped Co30, are
shown in Figure 6. The K concentration causes
bandgap change in Co30, that has been doped with K.
Table 2 shows how the energy difference has changed
as a result of the addition of K dopant. According to the

methods put out by Morasae Samadi et al., 2016 the
transition metal ion, which replaces the cation in the
gap with a new electron state, interacts
spin-exchangeably with its band electrons. The
computed direct band gap energy decreases as K
concentration rises. Given that doped Co3z0O4 has more
energy levels than bare Co30,, the insertion of K ions
into the cobalt lattice may be the reason for the
reduced band gap energy. The relevant applications of
photocatalytic degradation are explained by the
nanoparticles' diminishing band gap energy [Saharman
Gea Suhut A et al., 2022] [Hesham Hamad et al., 2022].
[P.K. Ahluwalia and A. Kumar., 2012]. It has been
noted that band gaps in the range of 1 to 2 eV are used
in the manufacture of optoelectronic devices [A. Kumar
and P.K. Ahluwalia., 2012]. The narrow low band gap
energy of the produced samples is suitable for opto
electronic applications, according to Sami Barkaoui et
al., 2015. This material is suitable for uses based on
electromagnetic devices because UV-DRS studies
demonstrate that the band gap also decreases
[Sharma A., 2021]. The presence of egg albumen can
influence particle size and morphology and affects
band gap [Liang et al., 2026]

Table 2: The bandgap energy of Co3z04 and K doped

Co304

Sample E, in eV
Pristine 1.3 and 4.11
K 0.01 1.04 and 3.72
K 0.03 0.98 and 3.62
K 0.05 0.94 and 3.52

ELECTRICAL STUDIES

To make the electrical contact function as a parallel
plate capacitor, the pure and potassium-doped Co30,
nanoparticles were pelletized and electro-coated with
carbon on both sides. Using an LCR meter to
determine the capacitance and dissipation parameters,
the dielectric constant and dielectric loss of the
nanoparticles were estimated. A frequency range of 1
KHz to 1 MHz and temperatures ranging from 40 to
150 °C were used to investigate the frequency
dependent dielectric characteristics of produced pure
and K doped (0.01 mol, 0.03 mol, 0.05 mol) cobalt
oxide nanoparticles.

Dielectric Constant

The electrical property known as the dielectric
constant provides information about the atoms, ions,
and their polarisation. On the basis of polarisations, it is
possible to explain why the dielectric constant
decreases with the applied field (ionic, orientation, and
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electronic). The positive ions are moved away from the
negative ions as a result of ionic polarisation. In
comparison to bulk materials, nanostructured materials
have a high aspect ratio that results in a greater
number of interfacial atoms and defects at the grain
boundaries [Abraham, N. and S. Aseena., 2021], which
leads to the distribution of positive and negative space
charges as well as space charge polarisation. Figures
7 and 8 show how the real portion of the dielectric
constant varies with frequency and temperature. From
Figure 7. With all the prepared samples we observe, as
frequency rises, the peak corresponding to the €' value
declines as reported by [Thoria Baeraky, 2007].

The relationship between the dielectric constant and
frequency with temperature reveals that the dielectric
constant lowers as frequency rises and rises as
temperature rises. The fact that the generated samples
have a high dielectric constant indicates that they were
used to make capacitive pressure and bending sensors
[N. Pereira et at 2021]. At ambient temperature, the
dielectric constant is elevated due to Maxwell-Wagner
interfacial polarisation. [M. Sarathbavan ef al., 2022].
Interfacial and dipolar polarization, which depends on
temperature, are what lead to the high number of €' at
low frequency[J. Chand et al., 2011]. In The presence
of egg albumen with cobalt oxide nanomaterials
interface creates space charge polarisation, potentially
increasing dielectric constant at low frequencies,
[Maxwell-Wagner effect]. Increased temperature

causes drift motion and charge carriers to be thermally
activated. As a result, the dielectric constant number
decreases and electron exchange contacts are
intensified. lonic and electrical polarisation start to
occur in the high frequency region and this behaviour
agrees with both the phenomenological model
proposed by Koop and the Maxwell-Wagner
polarisation model. The value of €' is larger at low
frequencies because charge carriers react quickly to an
externally supplied electric field. Low values of £' are
produced at higher frequencies because charge
carriers are unable to sustain with the fast fluctuations
of applied electric field. Due to the space charge's
inability to track a shift in the field, its polarization
diminishes with rising frequency. Inability to track a
changing electric field means that dipoles are also
affected [N. Senthil Kumar, M. Ganapathy]. In the high
frequency region, the dipoles will hardly be able to
place themselves in the direction of the applied field,
which causes the dielectric constant to decrease[M
Meena et al.].

Using the relationship, the real portion of the
dielectric constant was determined.

1 CpXt

AXEO

Where A is the area of the sample and t is the
thickness of the sample and C, is the capacitance
values
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Figure 7: Variation of €' of pure and K doped Co304 with log frequency at different temperatures.
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Figure 8: Variation of €' of pure and K doped Co304 with temperature at different frequencies.

And using the relationship, the imaginary portion of
the dielectric constant was determined.

g"=E'tand

Figures 9 and 10 show how the imaginary portion of

the dielectric constant
temperature.

changes with frequency and

The change of dielectric loss with temperature

depicted in Figure 11. The value of the dielectric
constant approaches the value of the dielectric loss in
the high-frequency region. Yet, it is discovered that the
dielectric constant is frequency independent in the high
frequency range. Moreover, the high frequency dipoles
will lose their ability to spin fully, causing their

oscillation to start to lag behind the field.
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Figure 9: Variation of €" of pure and K doped Co0304 with log frequency at different temperatures.
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Figure 11: Variation of dielectric loss of pure and K doped Co304 with temperature at different frequencies.

As a result, the dielectric constant at high
frequencies tends to be limited [T Regin Das et al,,
2022]. According to the plots, the electric exchange
between Co and K ions, which is limited by the applied
field's frequency range, results in the dielectric constant

showing a declining trend with rising mole percentage
and temperature. The presence of oxygen vacancies
and grain boundaries as defects is crucial in deciding
how a material will behave in terms of dielectric
properties [Orug, and A. Altndal., 2017].
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AC Conductivity

The investigation entailed evaluating the fluctuation
of the AC conductivity (AC) with frequency (w=2xf ) for
both pure and potassium-doped NPs at various
temperatures ranging from 303 K to 403 K (40°C
t0150°C). Using the method, the electrical conductivity
calculated

Oac = WE' tand&

where tand is the loss tangent, €' is the dielectric
constant, and €, is the vacuum dielectric constant of
8.85 x 10-12 F/m.

The change of electrical conductivity with frequency
and temperature is shown in Figures 12 and 13.
According to the Figure 12 and 13, the electrical
conductivity of the Co30, samples increases as the
mole percentage of dopant increases. This potassium
doping enhances electrical conductivity, creates
oxygen vacancies, and modifies surface chemistry for
better polymer interaction. Temperature increases the
conductivity in the low frequency range. The term
"hopping frequency" refers to the frequency at which a
conductivity transitions from being frequency
dependent to being frequency independent. The
hopping frequency swings towards the high frequency
as the temperature rises, demonstrating the hopping of
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charge carriers in the material. According to the plots,
the electric conductivity of the samples has a rising
tendency as the mole percentage and temperature rise
[N.Ch. Ramesh Babu, et al., 2012]. At high
temperatures, the defect grows and the conductivity
rises as a result of the development of electrical paths
[N. Senthilkumar et al., 2018].

Thermal agitation and an increase in the number of
charge carriers cause the total conductivity (o) to rise
with temperature [R. Sakthi Sudar Saravanan, M.
Meena., 2014]. Polaron hopping is confirmed by the
fact that AC electrical conductivity rises with
temperature and frequency. Disordered solids, oxides,
and nanocomposites all exhibit a rise in conductivity
with increasing frequency.

The enhanced hopping of charge carrier
phenomenon can be used to explain the increase in
conductivity in the high frequency zone. The chance of
charge carriers tunnelling, which is connected to the
thermal oscillations of sites, can also be correlated with
an increase in AC and DC conductivity. [Jamil A. Afsar
et al., 2017]. In the low frequency region, electrical
conductivity is associated with long-range mobility and
grain boundaries with high resistance, whereas in the
high frequency region, it is associated with short-range
mobility and grains with high conductivity [Adrian
Radon et al., 2018]. Electron hopping is the primary
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Figure 12: Variation of AC Conductivity of pure and K doped Co304 with log frequency at different temperatures.
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conduction mechanism for both high frequencies and
low temperatures. [J. Kolte; Salame., 2015]

Anti Bacterial Activity

The research goal is to determine, antibacterial
potential of the samples for developing antibiotic
resistance. The main idea is to predict antibiotic
resistance by monitoring the expansion of the inhibition
zone (ZOl) around the powdered samples in order to
test the antibacterial activity of the produced pure and
K-doped Co304 nanoparticles, developed with egg
albumen against E.coli using the aminoglycoside
antibiotic class Amikacin as a control.

Inhibitory action of Pure and K doped Co0;04 NPs,
with egg albumen

According to the picture above, the width of the
inhibition zone increases as dopant concentration rises.
The obtained Zone of Inhibition is greater than the
previously reported biosynthesis values (Muhammad
Hafeez et al., 2020; Rajakumar Govindasamy et al.,
2022). Green methods were created to solve this
problem because the chemicals used to fabricate NPs
produce toxicity. Plant extracts rising use over the past
few years is due to the existence of reducing chemicals
in them since the morphology changes with the
stabiliser used (Aazam and Zaheer 2016). The egg
albumen is used as a binder, cum gel, and moulding
material due to its water solubility and ability to
combine with metal ions in solution (Dhara and
Bhargava 2003). Egg albumen is therefore more
effective than green leaves at enhancing antibacterial
activity. Arun Singh (2022) reported with an average
crystallite size of 20 nm, nanoparticles were shown to
exhibit strong antibacterial activity, which is well agreed
with the study of pure and K doped Co3;0,4 that has
crystallite sizes of 11nm to 21nm using XRD and
particle sizes of 14-20 nm. The smaller particles
enhance good antibacterial activity [Yildiz, Melis, and
Birol Kilig, 2026]. The synthesised cobalt oxide
nanoparticles doped with potassium and egg albumen
added as a capping agent have excellent antibacterial
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characteristics, making them suitable for application in
the construction of antibacterial dental and medical
tools (Moradpoor et al., 2019). This egg albumin
mediated synthesis represents a sustainable approach
aligning principles of green chemistry while producing
environmentally beneficial Biocompatible nanomate-
rials.

CONCLUSION

Using green synthesis, the bare and K-doped
Co304 nanoparticles were effectively produced using
microwave assisted hydrothermal method. The
produced samples were put through structural, optical,
morphological, and electrical evaluations. The green
synthesis (using egg albumen) of Microwave-assisted
hydrothermal technique demonstrated that the method
is more convenient for the synthesis with desired
nanostructures as compared to other techniques. The
egg white protein albumen, the natural biopolymer has
acted as shaping agent and size controller in the
preparation method. The optical band gap shrinks from
1.33 eV to 0.94 eV for pure and K doped samples.
Utilizing potassium doping in the egg albumen capping,
the band gap was tuned in Co30,4. The generated
nanoparticles' band gap indicates that they are
appropriate for use in optoelectronic applications. With
an increase in applied signal frequency, the particle's
dielectric constant and dielectric loss reduce, whereas
an increase in frequency causes the AC conductivity to
rise. The fact that the generated samples have a high
dielectric constant indicates that they were used to
make capacitive pressure and bending sensors. From
the aforementioned findings, it can be inferred that
Co304 nanoparticles, now the bionanomaterials have
outstanding characteristics that rely on morphology and
surface defects in addition to particle size, band gap,
and electrical properties. The developed nanoparticles
with egg albumen can be modified to make them
acceptable for use in the creation of antibacterial dental
and healthcare equipment, a metal oxide made
biocompatible synthesized using natural biopolymer
and made eco-friendly.
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