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Abstract:

A simple chemical approach was used to synthesize cerium dioxide
(CeO,) NPss (NPs). UV-Visible , (FTIR), (XRD) and (SEM) were used to
characterize the CeO, NPs. It was found that band gap of the CeO, NPs (Eq =
4.1 electron volt) was enlarged as compared to bulk ceria (Eq = 3.19 electron
volt) based on UV-Vis analysis. SEM scans indicated spherical-shaped
particles with a diameter of 47.68 nm, which were verified by FTIR data at
594 cm-'. Additionally, the generated CeO2NPs' antibacterial and antifungal
efficacies were assessed, and the results showed that CeO, NPs had both
antibacterial and antifungal activity. Activities had varied values because the
two groups' cell walls and membranes had distinct compositions.

Keywords: cerium oxide nanoparticles, structural, optical and antibacterial
properties
1.Introduction:

Ce02 is a lanthanide rare earth metal with an atomic number of roughly
fifty eight. Ce's electrical arrangement, distinctive surface structures, and
redox activity made it an appealing catalytic character. [1]. It can exist in
both +3 and +4 stages, allowing it to produce Nano-scale cerium oxide
particles like CeO,NPs and Ce,O3NPs [2, 3]. CeO, is a semi-conductor with a
high exciton binding energy and a wide band gap energy (3.19 eV). These
NPs are gaining popularity because of their biomedical uses. Antimicrobial,
anticancer, anti-inflammatory and anti-diabetic properties have been
discovered in them. They also serve a protective role in the presence of
hazardous radiations and toxicants, as well as in the presence of certain
clinical diseases [4]. Recently, CeO2 NPs were made using honey, egg white,
and fungal extracellular components, and there has been an increase in study
into the therapeutic potential of cerium oxide at the nanoscale [5-7]. This bio-
component, which serves as a capping and reducing agent and produces
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metallic oxide nanoparticles (NPs) with a variety of sizes and morphologies,
Is nanocrystal line in nature. [6,7,8].

2.The Researcher’ Work

2.5 gm of Ce(NOgz), were dissolved in 100 mL DW, a concentration of (1
molar) of sodium hydroxide (NaOH) dissolved with ethanol, and the two
substances were mixed to conduct the chemical reaction in a Beaker (200
mL) with stirring. During this time, after adding 10 L of HF acid, NPs
suspension developed. At 80°C, the suspension was sustained for an hour. To
remove pollutants, NPss were centrifuged and then rinsed with pure water.
The top solution was then pipette-collected. Digital image of the solution was
display in Fig. (1).

Figure 1. Cerium dioxide NPs solution.

Agar well diffusion method used[8]to test antibacterial and fungal activities
against three bacterial strains: Klebsiella pneumoniae, Escherichia coli, Gram
+ ve bacterium Staphylococcus aureus, and one type of fungus (candida). A
sterile L-shaped glass rod was used to prepare and wipe nutrient agar plates,
which were subsequently incubated for 24 hours at 37 °C. Each Petriplate
featured a 6 mm well that was created using a sterile cork borer. Using a
concentration of CeO2 NPs (50 g/well), the antibacterial and fungal activities
was assessed.

Briefly, a straightforward chemical process was used to create Nano cerium
oxide. The films were made at 60°C using the drop-casting process. The
outcomes of nm. Based on the results of scanning electron microscopy, the
cerium oxide particles were found to be tiny, spherical nanoparticles
measuring roughly 47.68 Nanometers. These outcomes validate the findings
from X-ray diffraction. In the visible and near-infrared wavelength range, it
was discovered that the membrane's absorbance decreases with increasing
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wavelength. Approximately, the band gap of the sample is 4.1 MeV, greater
than the 3.1 MeV values reported for CeO2 in its bulk condition. Because of
the smaller particle size, there is a difference in that range. A quantum
confinement effect takes place and the band gap energy increases as the
particle size drops when the size of the nanocrystals is less than the Bohr
radius of the excited electron-gap pair. CeO2 NPs were demonstrated to be
efficient against the isolates of antifungals, Escherichia coli, Staphylococcus
aureus, Klebsiella pneumonia, and Candida using the agar well diffusion
method. It was discovered that the inhibitory zone diameter of Candida
isolates is greater than that of Bacteria isolates

3.Results and Discussion

X-Ray Diffraction Analysis

pattern of CeO, NPs generated by a simple chemical process and dropped
onto a glass substrate ,see fig.1. The CeO, NPs diffraction pattern was agree
with JCPDS card (43-1002). It possesses a poly-nanocrystal line structure,
indicating that it is in the fluorite cubic phase [9-12]. The mean size of the
ordered CeO2 NPss was determined using the full width at half-maximum
(FWHM) and Sherrer's formula as follows:

G =0.984/ pcos 4

Where: A is X-ray wavelength, 0.89 is the shape factor, § The line widening
at half the maximum intensity is measured in rad., and 6 the angle of Bragg .
Nanocrysals have an average crystallite size of 28 nm.
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Figure 2. XRD pattern of CeO, nanostructure
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Study Of Ultraviolet-Visible Spectroscopy

Figure 3 demonstrates the optical absorption spectra for the produced
material examined by UV-Visible spectroscopy using a CARY100 CONC
plus UV-Vis-NIR device fitted with a xenon light at a wavelength range of
(200-1000 nm). A nanoscale solution was confirmed by the discovery of the
Plasmonic resonance peak at 278 nm [13]. Along with significant absorption
below 400 nm, the sample also displayed exceptional transmittance in the
visible and infrared spectrums.

0.9

0.8 ]
0.7 A
0.6

0.5 A 278 nm
0.4 -

0.3 - /

0.2

0.1 4 L

0 T Y T

1
200 400 600 800 1000
Wavelength (nm)

Figure 3. The optical absorption spectra of CeO,;NPs.

The calculated band gap of the CeO2 sample was 4.1 eV, as seen in figure 4.
The CeO2 sample exhibits a rise in Eg of more than 0.81 electron volts as
measured by UV-visible spectroscopy in comparison to the bulk CeO2
powders (Eg = 3.19 electron volt). When a particle is shrunk to a few
nanometers in size, the quantum confinement effect takes place, which results
in blue shifts in the UV absorption spectra. This is determined by the band
gap estimated for pure CeO2NPs [14,15].
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Fig.4: photon energy vs. (ehv) 2 for CeO, NPs
FTIR Spectrum Of Cerium Oxide Nanoparticles
FTIR spectral of CeO, NPs was in the range 5x10%- 4x10° cm*. O-H
stretching from leftover alcohols is responsible for the broad absorption in the
frequency range 3317 cm™, while CeO2 stretching vibration is responsible

for the absorption band at 594 cm™. The frequency of molecular N-H bending
at 1635 cm™ [16-21].
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Fig.5: FTIR spectrum of CeO,; NPs._
SEM Of Cerium Oxide Nanoparticles
The morphological of synthesized Ce-oxide NPs that prepared by simple

chemical method and deposited on glass substrate were studied using the

SEM. the particles as spherical small NPs approximately 47.68 nm in size. as
shown in the Figure 6.
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Fig.6: SEM image of CeO, nanostructure
Antibacterial And Antifungal Activity Test

The antibacterial and fungal activity potential of CeO, NPs was
investigated using the agar well diffusion method against three pathogenic
bacterial strains and one fungal strain E. coli, S. aureus, K. pneumoniae, and
Candida. CeO, NPss had a good antibacterial and fungal activity, as
demonstrated by the inhibition zones. A growth suppression was detected in
bacteria (gram positive and negative) with diameters of 39 and 38 mm, and
candida fungal with a diameter of 40 mm, as shown in the figure 8. As
evidenced by the development of zones around the samples, CeO2 NPs
effectively suppress the growth of numerous bacterial and fungal species. The
cell membrane of the bacterial or fungal cell may have been damaged as a
result of direct contact between CeO2 NPs and the membrane surface. Based
on the type of bacteria, antibacterial agent concentration, sample surface area,
shape, and size of the NPs, the inhibitory zone's size varied. Furthermore,
differences in action against gram-positive and gram-negative bacteria may
be explained by structural and configurational alterations in the cell
membrane [22,23]. According to XRD and SEM measurements, the average
CeO2NPs size is about 28 nm, with lower crystallite sizes being 3 nm [24].
The polar surface of the particles, which is dependent on the independent
variables of size, surface area, and morphology, is what essentially
determines the cytotoxic efficacy of the particles [25-27]. Because of the
surface contact, the level of reactive oxygen species (ROS) may increase,
putting the cell under oxidative stress [28]. The process of cell death may be
explained by the interaction of the surface thiol (-SH) group of membrane
surface proteins with the released ions of NPss [29-32]. The CeO2NPs' band
gap energy varies when compared to bulk ceria, as shown by the UV-Vis
research, which might help to increase ROS production. The diameter of
CeO2NPs' inhibitory zone is shown in Fig. 9.
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Fig.9: Diameter of inhibition zone of CeO,NPs
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4. Conclusion

The simplicity of preparation using a straightforward chemical approach, as
well as the low cost and ease of depositing the nano-solution on the bases
using a casting method eliminates the need to waste the nanomaterial to
examine its qualities.

The generated nanomaterial showed efficacy against harmful germs and
fungi.

used the Muller well diffusion agar plate method to examine bacteria and
fungus, which produced positive findings.

The material could potentially be utilized in physical applications like solar
cells and detectors, according to the optical and synthetic data.

This method is valid to be used to prepare NPss according to the results
obtained. The size 47 nm can be used in biological applications, where CeO2
NPs achieve excellent activity of antibacterial and antifungal.
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