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1- Introduction

Zinc oxide nanoparticles (ZnO NPs) are among the most
important metal oxide nanoparticles due to their unique
physicochemical properties, high chemical and thermal
stability, low toxicity to humans, and broad-spectrum
antimicrobial activity. These nanoparticles have found
extensive applications in medicine, pharmaceuticals, food
packaging, and hygiene industries. ZnO NPs exert their
antibacterial effects by penetrating bacterial cell walls and
membranes, disrupting membrane integrity, generating
reactive oxygen species (ROS), and interfering with
metabolic activities, ultimately leading to bacterial cell
death. Moreover, their small size and high surface-to-
volume ratio play a crucial role in enhancing their
antibacterial efficacy. On the other hand, cerium oxide
nanoparticles (CeO, NPs) have recently attracted
significant attention due to their high oxygen storage and
transfer capacity, antioxidant and catalytic properties, and
chemical stability. These nanoparticles, possessing dual
oxidation states (+3 and +4), play an effective role in
modulating oxidative stress and increasing ROS
generation. The combination of these two types of
nanoparticles and doping ZnO with cerium ions represents
a novel strategy to enhance antibacterial properties and
improve the crystalline and chemical structure of the
nanoparticles.

2- Materials and Methods

In this study, pure ZnO nanoparticles and cerium-doped
Zn0O nanoparticles (Zng.9gCeo.0202) Were synthesized via
a green sol-gel method. The antibacterial activity of the
nanoparticles at concentrations of 1000 and 4000 ppm was

evaluated against Escherichia coli (Gram-negative) and
Staphylococcus aureus (Gram-positive) using well
diffusion and disk diffusion assays.

3-Results
X-ray diffraction (XRD) analysis revealed that the cerium-
doped samples exhibited sharper and more intense peaks
compared to the pure ZnO samples, indicating increased
crystallinity and improved crystal quality. The diffraction
peaks shifted toward lower angles, indicating changes in
lattice parameters and a reduction in crystallite size due to
substitution of Ce3* ions for Zn2* ions in the ZnO lattice.
The crystallite sizes calculated using the Scherrer equation
were approximately 70 nm for pure ZnO and 45 nm for
Zng.9gCe.020,. These structural modifications played a
significant role in enhancing the physicochemical
properties and antibacterial activity of the nanoparticles.
Biological assays showed that both types of
nanoparticles significantly inhibited bacterial growth, with
cerium-doped nanoparticles demonstrating  superior
performance. The increased diameter of inhibition zones
around disks and wells containing doped nanoparticles
further confirmed the enhanced antibacterial efficacy.
Additionally, Escherichia coli exhibited higher sensitivity
to the nanoparticles compared to Staphylococcus aureus,
which can be attributed to differences in their cell wall
structures.
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Fig. 1. X-ray diffraction pattern for pure ZnO nanoparticles
and cerium-doped ZnO nanoparticles (ZNng.9gCe.0202)

4- Discussion

XRD data indicated that cerium incorporation into the ZnO
crystal lattice increased crystallinity and reduced crystallite
size, which likely increased the active surface area and
improved antibacterial properties. Cerium doping also
enhanced ROS generation, thereby intensifying the
nanoparticles’ ability to damage bacterial cell structures.
The observed difference in sensitivity between Gram-
negative and Gram-positive bacteria is attributed to the
structural differences in their cell walls, with Gram-
negative bacteria generally exhibiting higher permeability
to nanoparticles.

5- Conclusion

This study demonstrated that doping ZnO nanoparticles
with cerium not only improves their structural and
crystalline properties but also significantly enhances their
antibacterial activity. The unique combination of ZnO and
CeO, properties offers great potential for developing
novel antibacterial agents for medical and environmental
applications.
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Developing Antibacterial Materials: Synthesis and Characterization of Cerium-Doped Zinc Oxide
Nanoparticles

Nadia Mahmoudi Khatir* Fariba Ebadi Fallah? Zahra Nazem Bokaei® Ali Mohammadi* Hadi Khorsand Zak®
Ali Khorsand Zak®

Abstract This study specifically investigates the antibiotic properties of cerium-doped zinc oxide (ZnO) nanoparticles.
The nanoparticles were synthesized using a green sol-gel method, and their antimicrobial activity was evaluated against
two bacterial strains: Gram-negative (E. coli) and Gram-positive (S. aureus), at concentrations of 1000 and 4000 ppm.
The assessment was performed using both well diffusion and disk diffusion methods by measuring the diameter of the
inhibition zones. The results demonstrated that E. coli exhibited greater sensitivity to the nanoparticles, which is likely
attributable to structural differences in the cell walls of these two bacterial species. Both types of nanoparticles (pure
Zn0 and Zng9sCe0.0202) showed antimicrobial properties; however, the incorporation of cerium into the ZnO structure
significantly enhanced its antibiotic efficacy, as evidenced by the larger inhibition zones observed in the cerium-
containing samples. These findings indicate that cerium doping, in addition to inducing morphological changes in the
nanoparticles, also leads to improved antimicrobial properties. The increased diameters of inhibition zones around the
disks and wells containing cerium-doped nanopatrticles further confirm this observation.

Keywords Biopolymer, sol-gel, green synthesis, zinc oxide-cerium nanoparticles.
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