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ARTICLE INFO ABSTRACT

Researchers are closely studying Fe,O; and MnO, nanoparticles (NPs) for their
various applications in areas such as photocatalytic degradation activity,
medicine, and optics. We utilized an environmentally friendly approach to
produce Fe,O5 and MnO, NPs for the present study. Moringa Oleifera fruit extract
functioned as a gelling and reducing agent, while ferric and manganese chlorides
were used as precursors to produce nanoparticles. The structural and
morphological properties of the NPs were analyzed using SEM, FT-IR, XRD, EDX,
and UV-visible spectroscopy. The nanoparticles exhibited potent antibacterial
and antifungal properties against both gram-negative and gram-positive bacteria,
as well as fungal species. They have also evaluated significant antibacterial activity
against the same bacteria and types of fungal species. The study concluded that
Fe,0; and MnO, NPs had promising antibacterial properties.
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INTRODUCTION

Nanostructured metal oxides exhibit unique properties such as optical, photocatalytic degradation activity,
semiconducting, and insulating behaviour, distinguishing them from their larger forms [1]. Researchers are
intrigued by ferrous oxide nanoparticles due to their potent photocatalytic activity, cost-effectiveness, simple
manufacturing process, and unique optical, magnetic, and electrical properties, among other factors [2]. They
exhibit a high excitation binding energy of 60 meV at ambient temperature, a band gap energy of 3.35 eV, and
demonstrate good UV absorbance and antibacterial properties. Various techniques have been used to create
ferric oxide nanoparticles, including hydrothermal, sol-gel, chemical precipitation, and microwave irradiation.
These nanoparticles can be altered by doping them with metallic ions [3]. They can serve as foundational
elements for magnetic semiconductors, photocatalysts, gas sensors, light-emitting components, solar cells,
field-effect transistors, and biological systems. Ferrous chloride, potassium permanganate, and moringa
oleifera fruit extract were used in creating Fe,O; and MnO, NPs. This technology offers good quality, low
processing temperature, cost-effective processing, and a greater yield compared to other methods.

EXPERIMENTAL

Green Synthesis of Nanoparticles

The gathered fruit of the chosen weed plant was cleaned to eliminate dust particles and then dried in the shade
at room temperature for a specific timeframe. Dried fruit was crushed and ground into a fine powder. The
powdered fruit of moringa oleifera was used to prepare an extract using a Soxhlet extractor and triple distilled
water as the solvent. The colloidal solution extracted is centrifuged and filtered through Whatman paper to
eliminate plant residues, then kept in a refrigerator at 4°C for future use.
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Ferric oxide nanoparticles (Fe.O5;-NPs) were prepared using an environmentally friendly method. A 0.01M
solution of [Fe(Cl);] was produced in triply distilled water. The moringa oleifera fruit extract was gradually
added in a specific ratio while continuously swirling with a magnetic stirrer until a brown colloidal solution
was formed. The colloidal solution was centrifuged at 10,000 rpm for a specific period. The centrifuged
particles were rinsed 2-3 times with distilled water. The centrifuged particles were separated and then dried in
a hot air oven at 60°C. The Fe,O;-NPs were kept in a plastic tube vial at room temperature.

MnO,-NPs were prepared in an eco-friendly manner. In triply distilled water, a 0.01M solution of [KMnO,]
was obtained. Until a brown colloidal solution formed, the moringa oleifera fruit extract was added gradually
in a predetermined ratio while being constantly swirled with a magnetic stirrer. For a predetermined amount
of time, the colloidal solution was centrifuged at 10,000 rpm. Two or three times, distilled water was used to
rinse the centrifuged particles. After being separated, the centrifuged particles were dried at 60°C in a hot air
oven. The MnO,-NPs were stored at room temperature in a plastic tube vial.

Characterization Methods

The research utilized CuK (= 1.5418) to generate an X-ray powder diffraction (XRD) pattern, analyzing its
shape and elemental composition with a resolution scanning electron microscope. FT-IR spectra were obtained
in the solid phase with the KBr pellet method, optical absorption spectra were obtained using a UV-Vis
absorption spectrometer, and photoluminescence spectrum studies were conducted with a JY Fluorolog 3-11
spectrometer.

Antimicrobial Assay

Disc Preparation

6mm discs composed of Whatman No. 1 filter paper were sterilized at 121°C and subsequently dehydrated at
50°C in a hot air oven. Discs were created using solvent extraction and control methods.

Collection of test microorganisms

Konkan Gyanpeeth Rahul Dharkar College of Pharmacy and Research Institute, Karjat-India supplied gram-
positive and gram-negative bacterial strains of E. coli and B. subtilis and collected strains of C. albicans and S.
cerevisiae fungi.

Assay of Antibacterial Activity

The antibacterial activity was evaluated using the disc diffusion technique. The strain was cultivated in
Mueller-Hinton broth for 12 hours at 37°C. Inoculated Mueller Hinton agar plates with a new inoculum
containing 1 to 2, 106 CFU/ml. Plates with chemicals impregnated and solvent controls were incubated
aerobically at 37°C. Negative solvent control discs were placed on top of each pathogen-inoculated plate. An
aseptic environment was maintained consistently during the trial. The zone of inhibition (mm) for each metal
was measured after 24 hours.

Assay of Antifungal Activity

The Bauer et al. (1966) approach was adapted for performing an antifungal activity test. The polydopamine
antibacterial materials were prepared, sterilized using an autoclave, and then cooled to 45°C. Tartaric acid was
added to the cooled liquid and then transferred onto sterilized petri dishes. The plates were inoculated with an
appropriate microbiological solution and discs containing standard fluconazole, extracts from various
solvents, and control samples were introduced. The areas around the paper disc were measured following a
72-hour incubation period at 28°C.

RESULTS AND DISCUSSION

Standard equipment and procedures were used to examine and analyze the Fe,O; and MnO. nanoparticle
synthesis results in an environmentally responsible way.

The formation of metal oxide nanoparticles was first detected by a change in the colour of the reaction mixture.
Analyzing data from UV-vis and FTIR spectra led to the preparation of metal oxide nanoparticles.

XRD Spectral Analysis

Figure 1 displays the X-ray powder diffraction peaks of Fe.O5; and MnQO, nanoparticles. Our green-prepared
nanoparticles had an average diameter of around 20-40 nm and a spherical shape, according to the data
obtained using scanning electron microscopy analysis (Figure 1).

The structure was characterized by XRD analysis. The existence of nanoparticles (Fe,O5 NPs), indicated by
two peaks at 33.090260 and 35.56020, was found in the sample.

Figure 1 shows that the presence of hematite structure is indicated by both of these peaks.
Figure 1 shows the XRD pattern of MnO, NPs when they were synthesized. Diffraction peaks at 20 = 19.3°,
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27.6°, 32.9°, 47.3°, 50.6°, and 60.9° were observed in the crystalline phases of MnO, NPs, which correspond
to the (110), (200), (310), (500), and (451) crystal planes, respectively.

The cubic structure of the material with a lattice parameter of 4.45 A is further shown by this. The fact that the
indexed crystalline planes agreed well with the conventional values provided more evidence that MnO. is
crystalline.
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Figure 1. XRD spectra of moringa oleifera mediated Fe.O; and MnO, NPs

FT-IR Spectral Analysis

The use of Fourier achieves functional group identification of active components transform infrared
spectroscopy. Alcohol and phenolic compound O-H stretching were determined to be the source of the green-
produced NPs' high absorption peak at 3180-3286 cm for FTIR.

Ketones, aldehydes, and carboxylic acids all have stretching vibrations of CO groups, which caused the signal
at 1622-1628 cm. Absorption bands at 614-615 cm, which correlate to the Fe-O and Mn-O bands (Figure
2), describe the preparation of Fe,O; and MnO, NPs.

Figure 2 shows that the presence of Fe.O3; and MnO, nanoparticles in the sample was indicated by the absence
of this peak in the corresponding plant extract.

Moringa oleifera fruit extract was found to be responsible for the bio-reduction of ferric chloride into iron oxide
nanoparticles, as well as potassium permanganate to manganese dioxide, as validated by FTIR analysis [8,9].
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Figure 2: FTIR spectra of moringa oleifera mediated Fe,O; and MnO, NPs

UV-Visible Spectral analysis

Figure 3 displays the UV-visible absorption spectra of pure Fe,O; and MnO, nanoparticle samples. The
absorption edges occur at wavelengths of 273-290 nm, 336-345 nm, and 370-398 nm. The absorption edges
below 400 nm are due to charge transfer from the O; 2p and Fe and Mn; 3d states.

The absorption spectra of Fe.O; and MnO. NPs show a red shift towards higher wavelengths, indicating the
transition metal's integration into Fe.O; and MnO.-NPs lattice sites.
ahv=A(hv-Eg)»

The optical band gaps of pure Fe,O; and MnO, NPs were determined to be 3.88eV, 3.77eV, and 3.42¢€V,
respectively. Fe,O; and MnO, NPs exhibited decreased band gap energy compared to pure Fe,O; and MnOs.
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Figure 3: UV-vis spectra of moringa oleifera mediated Fe,O5; and MnO, NPs

SEM analysis
Figures 4 to 5 show the surface structure of pure Fe,O; and MnO,, and Fe,O3; and MnO. nanoparticles. The
nanoparticles are usually within the nanometer scale and have spherical shapes.

Fe,0; and MnO, nanoparticles feature small pores that expand in size because of the incorporation of Fe and
Mn ions into Fe.O5; and MnO:. lattice sites respectively. Transition metal was found to be potentially present.

500nm).

Figure 5: FE-SEM imags of moringa olife mediated MnOz-Ps with a magnification 10pm and
500nm).

EDAX analysis

The study examines the elemental composition of Fe.O5 and MnO, nanoparticles. The results indicate Fe3* and
Mn2+ ion concentrations of 2.30% and 6.25%, respectively. Manganese dioxide nanoparticles consist of 40%
manganese and 60% oxygen by atomic proportion.
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Figure 6: EDAX spectrum for moringa oleifera mediated Fe,O5;-NPs
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Figure 7: EDAX spectrum for moringa oleifera mediated MnO,-NPs

Antibacterial activities

The study evaluated Amphotericin-B and Ciprofloxacin, two prominent antibacterial medications, and found
that both molecules had potent antibacterial activity. The study aims to evaluate the antibiotic susceptibility
pattern of Nuro pathogens to identify the causative agents of urinary tract infections (UTIs). Gram-positive B
exhibited high antibacterial activity, with S. subtilis and E. coli being prevalent bacteria associated with UTTIs.
An antifungal drug was applied to C. albicans, and only NPs Fe,O3, and MnO. exhibited antifungal activity
against C. albicans, but S. cerevisiae was not affected by any of the NPs.[21]

CONCLUSION

The study demonstrates the face-centred cubic structure of Fe,O; and MnO, nanoparticles, which exhibit a
spherical morphology as evidenced by XRD and SEM pictures. EDAX analysis verifies the elements'
composition purity. Fe,O; and MnO, nanoparticles are efficient in eliminating gram-positive bacteria C.
albicans, S. cerevisiae, E. coli, and S. subtilis. The catalytic activity was evaluated in the presence of solar
radiation using the chosen dye, which decreased in size with time.
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