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ABSTRACT

Magnesium ferrite (Mgo.ooFeo.010) nanoparticles were synthesized through a sol-gel method to explore their structural, optical, and
antibacterial properties. The synthesized nanoparticles were characterized using various techniques, including Fourier-transform
infrared (FTIR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, and antibacterial testing. The FTIR spectrum revealed
key vibrational modes associated with metal-oxygen bonds, providing insights into the crystalline structure and functional groups
present. The optical properties were investigated, with the band gap determined to be 3.75 eV, indicating the potential for UV
light absorption. The antibacterial activity of Mgo.ooFeo.010 nanoparticles was evaluated against Escherichia coli (E. coli), showing
a zone of inhibition (ZOI) of 16 mm, demonstrating significant antimicrobial efficacy. The results suggest that the Mgo.sosF€0.010
nanoparticles possess promising antibacterial properties, which can be attributed to their small particle size and high surface area.
The synthesis method, combined with the incorporation of iron into magnesium oxide, enhances the material's reactivity and
antibacterial efficiency. These findings indicate that Mgo.0oFeo.0:0 nanoparticles are a viable candidate for applications in water

purification, biomedical fields, and antimicrobial coatings.
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INTRODUCTION

Magnesium oxide (MgO) nanoparticles are well-known for their high thermal stability, chemical inertness, and biocompatibility,
making them suitable for a wide range of applications, including catalysis, drug delivery, and antimicrobial agents [1-10].
However, pure MgO suffers from certain limitations, including its limited antibacterial activity [11-15]. To address this issue,
doping MgO with metal ions like iron (Fe) has been found to enhance its physicochemical properties and antibacterial
performance. Magnesium ferrite (Mgo.s9sFe0.010) nanoparticles combine the beneficial properties of both magnesium oxide and
iron, resulting in an enhanced antibacterial effect [16-20].

*Corresponding author
Mohammed RASHEED,
Department of Applied Sciences, University of Technology- Iraq, Baghdad, Iraq
e-mail: rasheed.mohammed40@yahoo.com
59



https://doi.org/1
mailto:tsiham95@gmail.com

Iron doping has been reported to improve the photocatalytic and antibacterial properties of metal oxide nanoparticles by altering
their electronic structure, increasing their surface area, and enhancing their reactivity [21-25]. The introduction of Fe*" ions into
the crystal lattice of MgO is expected to modify its band gap, which can lead to improved UV absorption and increased
antibacterial efficiency [26-30]. Additionally, the presence of Fe is believed to generate reactive oxygen species (ROS) under light

exposure, which can further contribute to the antimicrobial properties [31-35].

This study investigates the structural, optical, and antibacterial properties of Mgo.soFeo.0:0 nanoparticles synthesized by the sol-gel
method. The synthesized nanoparticles were characterized by various techniques, including FTIR spectroscopy, UV-Vis
spectroscopy, and antibacterial testing, to evaluate their potential as effective antimicrobial agents. This research aims to provide a
comprehensive understanding of the relationship between synthesis conditions, structural properties, and antibacterial efficacy,
with a focus on the potential applications of these nanoparticles in various fields such as water treatment, biomedical applications,

and coatings.

EXPERIMENTAL AND METHODS

SYNTHESIS of Mg«FeixO NANOPARTICLES

The Mgo.ooFeo0.010 nanoparticles were synthesized using a sol-gel method. Magnesium chloride hexahydrate (MgCl.-6H-0) and
iron(Il) chloride (FeClz) were used as the precursor materials. In a typical synthesis, 0.99 moles of MgCl.-6H.O were dissolved in
deionized water, followed by the addition of FeCl. to achieve a 1% Fe doping level. The solution was stirred for several hours to
ensure complete dissolution of the salts. Citric acid was added as a chelating agent to stabilize the metal ions and promote the
formation of a gel. The solution was heated at 80°C to facilitate the gelation process, and the resulting gel was dried at 120°C to
remove the solvent. The dried precursor was calcined at 500°C for 4 hours in air to obtain the Mgo.ooFe€0.0:0 nanoparticles. The
final product was ground to a fine powder and characterized using various techniques, including FTIR, UV-Vis spectroscopy, and

antibacterial testing.

Figure 1 presents the schematic representation of the preparation process for MgiFe1-«O nanoparticles via the sol-gel method.
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Figure 1: Schematic representation of the preparation process for Mg,FeiO nanoparticles via sol-gel method

CHARACTERIZATION

The synthesized nanoparticles were characterized using several techniques to investigate their structural, optical, and antibacterial
properties. FTIR spectroscopy was employed to analyze the functional groups and bonding nature of the nanoparticles. UV-Vis

absorption spectra were recorded to determine the optical band gap, which provides insights into the light absorption capabilities
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of the nanoparticles. The antibacterial activity of the Mgo.ooFeo.01O nanoparticles was tested against Escherichia coli (E. coli)
bacteria by measuring the zone of inhibition (ZOl) using the disc diffusion method. The results were compared to the activity of

pure MgO nanoparticles to assess the impact of iron doping on the antimicrobial properties.

RESULTS AND DISCUSSION

FTIR ANALYSIS

The FTIR spectrum of Mgo.ooFeo.0:0 nanoparticles reveals several characteristic absorption peaks, which are indicative of the
functional groups and the bonding environment within the nanoparticles [36-40]. The absorption peaks at 428.20 cm™ and 451.34
cmt correspond to the metal-oxygen (Mg-O and Fe-O) vibrations in the nanoparticle structure [41-45]. Other prominent peaks at
524.64 cm™ and 862.18 cm™ are associated with the stretching and bending vibrations of the metal-oxygen bonds [46-50]. The
peaks observed at 1076.28 cm™', 1431.18 cm™, and 1483.26 cm™ are attributed to C-O stretching vibrations from the citrate
precursor used during synthesis [51-55]. Additionally, the broad peak at 3425.58 cm™ corresponds to the O-H stretching
vibration, indicating the presence of hydroxyl groups on the surface of the nanoparticles [56-60]. These functional groups are

essential for the interaction between the nanoparticles and bacterial cells, enhancing their antimicrobial activity [61-65].

Figure 2 presents the FTIR spectra for Mgo.ssFeo.010 nanoparticles.
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Figure 2: FTIR analysis for Mgo.soFeo.00:0 NPs

Table 1: FTIR for the Mg.Fei-O NPs
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OPTICAL PROPERTIES

The UV-Vis absorption spectrum of the Mgo.ooFe0.0:0 nanoparticles shows a strong absorption peak in the UV region, which is
indicative of the material's ability to absorb UV light. The band gap (Eg) of the nanoparticles was calculated from the absorption
data using the Tauc plot method [66-70]. The calculated band gap value for Mgo.ooFeo.010 nanoparticles was found to be 3.75 eV.
This value is consistent with the nature of the MgO lattice and indicates that the nanoparticles have good UV absorption
capabilities, which may contribute to their photocatalytic and antibacterial properties [71]. The incorporation of Fe into the MgO
matrix is expected to narrow the band gap, enhancing the photocatalytic activity under UV light and improving the generation of
reactive oxygen species (ROS), which play a key role in bacterial cell destruction [72]. The optical properties suggest that these

nanoparticles may be suitable for applications in photocatalysis, antibacterial coatings, and other light-driven processes [73].

Figure 3 presents the absorption curve and band gap (Eg) value for Mgo.soFeo.0:0 nanoparticles.
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Figure 3: Absorption curve and Eg value for Mgo.0oFeo.0:0 nanoparticles (Eg = 3.75 eV).

ANTIBACTERIAL ACTIVITY

The antibacterial activity of Mgo.ssFeo.01O nanoparticles was evaluated against Escherichia coli (E. coli) using the disc diffusion
method. The results showed a clear zone of inhibition (ZOI) of 16 mm, indicating significant antimicrobial activity [74]. The
presence of iron in the magnesium oxide matrix likely enhances the generation of reactive oxygen species (ROS) under UV or
visible light exposure, which can disrupt the bacterial cell wall, leading to cell death. The antibacterial efficacy of Mgo.ooF€0.010
nanoparticles was compared to that of pure MgO nanoparticles, which exhibited a smaller ZOI [75]. This indicates that the doping
of Fe into MgO nanoparticles improves their antibacterial properties, making them more effective against bacterial pathogens
[76]. The antibacterial mechanism is thought to be related to the production of ROS and the direct interaction of the nanoparticles
with the bacterial cell membrane [77]. These findings suggest that Mgo.soFeo.0iO nanoparticles are promising candidates for

antimicrobial applications, particularly in water purification, medical device coatings, and wound healing [78-80].

Figure 4 presents the antibacterial activity for Mgo.soFeo.010 nanoparticles against E. coli.
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Figure 4: Antibacterial activity for Mgo.ooFeo.0:0 nanoparticles (E. coli, ZOI = 16 mm)

CONCLUSION

In this study, Mgo.ssFe0.010 nanoparticles were successfully synthesized using the sol-gel method, and their structural, optical, and
antibacterial properties were thoroughly investigated. FTIR analysis confirmed the presence of metal-oxygen bonds, with
characteristic peaks corresponding to both Mg-O and Fe-O vibrations. The optical properties revealed a band gap of 3.75 eV,
which is indicative of good UV absorption capabilities. The antibacterial activity against Escherichia coli showed a significant
zone of inhibition of 16 mm, demonstrating the effectiveness of these nanoparticles in inhibiting bacterial growth. The
incorporation of iron into the MgO lattice improved the antimicrobial properties, likely due to the generation of reactive oxygen

species under UV exposure.

The results suggest that Mgo.soFeo.0:O nanoparticles are a promising material for antimicrobial applications. Their excellent
antibacterial activity, combined with their optical properties, makes them suitable candidates for use in water treatment,
biomedical applications, and antimicrobial coatings. Further research into the stability and reusability of these nanoparticles in

practical applications is recommended to fully assess their potential in various industrial and medical fields.
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