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In this study, alpha iron oxide (αFe2O3) nanoparticles (NPs) were 
successfully synthesized via a simple, cost-effective thermal precip-
itation method, with reaction parameters (such as temperature and 
alkalinity) systematically controlled in order to ensure high-quality 
outcomes. The structural and morphological properties of αFe2O3 
NPs were characterized using Fourier-transform infrared spectros-
copy (FT-IR), scanning electron microscopy (SEM), and X-ray dif-
fraction (XRD). XRD analysis confirmed a hematite phase with an 
average crystallite size of 24 nm, while SEM imaging revealed NPs of 
defined morphology with an average particle size of approximately 
57 nm. The antibacterial activity of αFe2O3 NPs against the Gram-pos-
itive bacterium Staphylococcus aureus was assessed using the agar 
well diffusion method. The NPs were tested at concentrations of 10, 
15, 20, and 25 mg/mL, and their efficacy was compared to that of a 
standard antibiotic. The results demonstrated notable antibacterial 
activity at concentrations of 15 mg/mL and above, with clear zones 
of inhibition observed against S. aureus.
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1. Introduction

Nanoparticles (NPs) are often re-
garded as “the wonders of modern 

medicine” due to their extraordinary 
biological and physical capabilities1. 
Iron oxides exhibit various crystal-
line phases, including those of hema-
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tite (αFe2O3), akaganeite (βFe2O3), maghemite (γFe2O3), 
and magnetite (Fe3O4)2. Hematite, a magnetic, nontoxic, 
and corrosion-resistant compound, is especially valued 
for its wide range of applications in gas sensors, photo-
catalysis, lithium- and sodium-ion batteries, magnetic 
materials, supercapacitors, optical devices, and bio-
medical technologies3.

Metal oxide NPs play a critical role across chemistry, 
materials science, and biology. Owing to their electron-
ic properties, they are well-suited for use in sensors 
and conductors. Their suitability for medical and phar-
maceutical applications (including controlled drug 
release, diagnostics, and wound healing) is attributed 
to their distinctive physicochemical properties and an-
tibacterial activity. These features suggest that metal 
NPs may serve as effective carriers for targeting bac-
terial biofilms and multidrug-resistant infections when 
formulated with appropriate antimicrobial payloads.

Metal oxide NPs exhibit multiple mechanisms of an-
tibacterial action. Key among them are their size and 
morphology, which offer a high surface-to-volume 
ratio and thereby enhance interaction with bacteri-
al cells. Mechanisms include disruption of bacterial 
cell walls, induction of oxidative stress, and release of 
metal ions. These features make metal oxide NPs par-
ticularly effective at reducing the likelihood of bacte-
rial resistance. Moreover, their ability to generate re-
active oxygen species (ROS) under specific conditions 
enhances their antimicrobial activity. An additional 
antibacterial mechanism involves the release of heavy 
metal ions4.

This study evaluates the antibacterial activity of 
αFe2O3 NPs against Staphylococcus aureus over a con-
centration range of 5, 10, 15, and 25 mg/L. The opti-
mum inhibitory concentration was found to be 25 
mg/L.

2. Methodology

2.1. Synthesis of αFe2O3 NPs

Pure αFe2O3 NPs were synthesized using ferric chlo-
ride hexahydrate (FeCl3·6H2O). Specifically, 4 g (0.05 
M) of FeCl3·6H2O was dissolved in 100 mL of distilled 
water and stirred magnetically for 30 min at 70°C. 

To adjust the pH to 11, a precipitating agent – 50 mL 
of NaOH (2 M) – was gradually added under contin-
uous stirring for 3 h. The resultant precipitate was 
collected and centrifuged at 6,000 rpm, followed by 
repeated rinsing with distilled water to eliminate re-
sidual chlorides. The precipitate was dried at 80°C, 
and the sample – designated as “Fe2O3 500°C” – was 
calcined for 4 h at 500°C5.

2.2. Antibacterial activity assay

The antibacterial efficacy of αFe2O3 NPs against 
Gram-positive Staphylococcus aureus was assessed 
via the agar well diffusion method. Comparative anal-
ysis was performed against established antibiotic 
controls. Test organisms were cultured in nutrient 
broth at 37°C for 24 h. Post incubation, the inoculum 
was evenly spread onto Mueller-Hinton agar plates 
using sterile swabs. Wells of 6-mm diameter were 
created using a sterile cork borer, and 100 μL of NP 
suspensions (10, 15, 20, and 25 mg/mL in distilled 
water) were added to the wells. Plates were incu-
bated at 37°C for 24 h, and antibacterial activity was 
evaluated by measuring the diameter of the inhibition 
zones (in mm).

3. Results and Discussion

X-ray diffraction (XRD) analysis confirmed the crystal 
structure and phase composition of the αFe2O3 NPs. As 
shown in Figure 1A, all peaks corresponded well to the 
hexagonal hematite phase of αFe2O3 (JCPDS card no. 
33-0664). The average crystallite size of 24 nm was cal-
culated using the Debye-Scherrer formula7, and pow-
der formation may reflect grain coalescence.

Scanning electron microscopy analysis (Figure 1B) 
revealed particles of uneven size and morphology, 
largely tending toward distorted spherical forms with 
an average diameter of approximately 57 nm. Fouri-
er-transform infrared (FT-IR) spectroscopy (Figure 1C) 
exhibited prominent absorption bands at 530 cm-1 and 
4850 cm-1. A weaker Fe–O stretching vibration peak 
appeared at 1515.5 cm-1, consistent with commercial 
αFe2O3 spectra8.

Figure 1D illustrates the inhibition zones produced 
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by increasing concentrations (10, 15, 20, and 25 mg/
mL) of αFe2O3 NPs against S. aureus. Antibacterial ac-
tivity increased proportionally with concentration, 
with significant inhibition observed at 15 mg/mL and 
above.

The antimicrobial mechanism of αFe2O3 NPs pri-
marily involves the generation of ROS under oxida-
tive stress. These ROS induce biomolecular damage 
(including DNA fragmentation, protein oxidation, and 
lipid peroxidation), ultimately leading to bacterial cell 
death. Additionally, the release of positively charged 
metal ions may disrupt membrane integrity and hinder 

DNA replication via electrostatic interactions with neg-
atively charged bacterial surfaces.

Zones of inhibition reflect the NPs’ antibacterial effi-
cacy, yet several factors influence these measurements. 
These include NP concentration, incubation time, bac-
terial strain, diffusion rate through agar, and particle–
cell wall interaction. Synergistic or antagonistic effects 
within the agar medium also modulate antimicrobial 
performance. Thus, inhibition zone measurements 
alone should not be used in order to quantify antibac-
terial potency; rather, they must be interpreted in the 
context of these complex factors8,9.

Figure 1. Structural characterization and antibacterial assessment of alpha iron oxide (αFe2O3) nanoparticles (NPs). 
(A): X-ray diffraction patterns confirming the hematite phase of αFe2O3 NPs. (B): Scanning electron microscopy im-
age depicting the morphology and particle size distribution of αFe2O3 NPs. (C): Fourier-transform infrared spectra of 
αFe2O3 NPs highlighting key vibrational bands. (D): Zones of inhibition illustrating the antibacterial efficacy of αFe2O3 

NPs against Staphylococcus aureus via the agar well diffusion method.



PROCEEDINGS OF THE 2ND INTERNATIONAL BABYLON CONFERENCE 
ON CLINICAL AND EXPERIMENTAL PHARMACOLOGICAL RESEARCH

238

PHARMAKEFTIKI, 37, 2S, 2025 | 235-238

4. Conclusion

The herein assessed αFe2O3 NPs were successfully 
synthesized via a thermal precipitation method. 
XRD confirmed a hexagonal hematite phase, with 
an average particle size of 57 nm. Antibacterial 
testing demonstrated pronounced activity against 
Staphylococcus aureus, with efficacy increasing in 
a dose-dependent manner. These findings suggest 
that αFe2O3 NPs may serve as effective nanocarri-
ers for enhancing the performance of antimicrobial 
agents.
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