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Abstract

The presence of various bacteria and fungi in water leads to the formation of
unpleasant odors. In this study, ferrite nanocatalysts were synthesized to
eliminate these microorganisms. Different ferrite nanoparticles, including
CuFe;04, CoFe,04, and NiFe;O4, were prepared using the co-precipitation
method, and their structures were identified and confirmed. Structural
characterization of these nanoparticles was carried out using various techniques
such as X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy (EDS),
scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy
(FTIR), and vibrating sample magnetometry (VSM). The antibacterial activity of
these nanoparticles was investigated against Escherichia coli (Gram-negative),
Staphylococcus aureus (Gram-positive), as well as some fungi. Among the
studied nanoparticles, CuFe,Os4 exhibited the most effective antibacterial
performance. The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of CuFe;O4against E. coli were 400 and 800
pg/mL, respectively—representing the lowest values among the tested samples.
Therefore, the synthesized ferrite nanoparticles are safe, cost-effective, and stable
compounds with strong potential for antibacterial applications.
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1. Introduction

The use of nanocatalysts as antibacterial agents has been proposed as one of the significant advances in
nanotechnology. Nanoparticles such as silver (Aliero et al., 2025), zinc oxide (Yancey-Gray et al., 2025),
titanium oxide (Kaur et al., 2025; Swiech et al., 2025), gold and copper can have an effective function in
destroying microorganisms by taking advantage of their specific physical and chemical properties.

2. Materials and Methods

All materials used in this study were obtained from Merck and used without any additional purification
process. FT-IR spectra of the samples were recorded using an ABB Bomem MB-100 FT-IR spectrometer.
In order to investigate the morphology and size distribution of nanoparticles, a MIRA3 TESCAN-RMRC
field emission scanning electron microscope (FE-SEM) and a TECNAI F20 transmission electron
microscope (TEM) was used. Magnetic measurements were also performed at ambient temperature using an
AGFM magnetometer.

2-1 Synthesis method of nickel/copper/cobalt ferrite magnetic nanoparticles (NiFe204 /CuFe204/
CoFe204)

A flask containing 100 mL of 0.2 M iron (III) chloride solution and 100 mL of 0.1 M nickel (II)/cobalt
(IT)/copper (II) chloride solution was stirred at 60 °C using a magnetic magnet. Then, a 3 M sodium
hydroxide solution was added dropwise while stirring until the pH reached about 12-13. Then, three drops
of oleic acid as a surfactant were added to the rotating sample to prevent the aggregation of the nanoparticles,
and the mixture was allowed to stir for 2 hours at the same temperature. Then, the mixture was placed in a
fixed place for one hour to allow the precipitates to settle. After this time, the excess water was poured off
and the precipitate was washed three times with distilled water and then placed in an oven at 0C90 to dry.
Finally, in order to calcine the catalyst, the precipitates were placed in an oven at oC500 for 3 hours. In order
to identify and confirm the catalyst structure, FT-IR and XRD tests were performed on the sample and TEM
and SEM images were also obtained.

3. Results

The antibacterial activity of these nanoparticles was investigated against E. coli (gram-negative) and S.
aureus (gram-positive) bacteria as well as fungi. Among them, CuFe.Os showed the best antibacterial
performance.

The MIC and MBC values for the CuFe204 catalyst against E. coli were 400 and 800 pg/mL, respectively,
which are the lowest values among the samples.

The bactericidal effect of nanoparticles may be due to their small size; decreasing the size of nanoparticles
and increasing the surface area to volume ratio increases the antibacterial activity of nanomaterials.

4. Discussion and Conclusion

In this study, in order to address the serious and troublesome problem of microbial water contamination,
ferrite nanocatalysts were synthesized and studied with high precision and sensitivity. Nanoparticles of the
CuFe20s4, CoFe 04 and NiFe:0a types were prepared using an efficient and relatively simple co-precipitation
method. Then, using a set of advanced identification techniques, such as X-ray diffraction (XRD), elemental
analysis (EDS), scanning electron microscopy (SEM), infrared spectroscopy (FTIR) and magnetic properties
analysis (VSM), the structure, composition and physical and chemical properties of these nanoparticles were
comprehensively and accurately confirmed.

The results of laboratory studies clearly showed that the synthesized nanoparticles have effective and
significant antibacterial properties. Among these nanoparticles, the CuFe.O4 compound showed a much
better and more significant performance than other samples. This nanoparticle not only significantly
inhibited the growth of Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria, but also succeeded
in achieving a lethal effect at lower concentrations than other samples. The MIC and MBC values for
CuFe20s were 400 and 800 pg/mL, respectively, indicating the high potency of this compound in inactivating
pathogens.

On the other hand, the unique properties of ferrite nanoparticles, such as chemical stability, relative safety,
mass production capability, and relatively low manufacturing cost, make them attractive and efficient options
for use in biomedical applications, water purification, and other disinfection fields. Overall, it can be
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concluded that the use of ferrite nanocatalysts, especially CuFe:Os, is an innovative, scientific and promising
path to combat microbial contamination in aquatic environments. It is suggested that future research should
investigate the effect of these nanoparticles under real environmental conditions as well as in the presence
of more complex microbial compounds to pave the way for the development of sustainable and efficient
antibacterial products.
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SEM MAG: 135 kx WD: 5.72 mm
Det: SE SEM HV: 15.0 kV 200 nm
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E. coli S. aureus Aspergillus Candida

niger albicans
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