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ABSTRACT

Iron nanoparticles (FeNPs) were synthesized using Antiaris toxicaria bark extract as a reducing and stabilizing
agent. The FeNPs were analyzed with UV-visible spectroscopy (UV-Vis), Fourier Transform Infrared Spectroscopy
(FTIR), X-ray Powder Diffraction (XRD), scanning electron microscopy (SEM), Transmission Electron Microscopy
(TEM) and Energy dispersive spectroscopy (EDS). The extract quickly reduced Fe?* to Fe®, forming FeNPs (1-100
nm) with a face-centered cubic structure, confirmed by XRD. UV-Vis showed a surface plasmon resonance peak
at 308 nm. FTIR peaks at 3296.3 cm™" (O-H group), 2165.78 cm™' (CH2 stretching), and 1631.5 cm™ (C=0 group)
indicated the extract’s role in FeNPs formation. The FeNPs showed strong antimicrobial activity, with a 30 mm
inhibition zone against Candida albicans at 250 mg/mL, and high catalytic activity in degrading brilliant green dye.
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1. INTRODUCTION

Nanoparticles (NPs), which measure 10, exhibit properties very different from bulk materials
due to their minute size and increased surface area '. They are categorized into two broad groups:
organic nanoparticles, which includes fullerenes, and inorganic nanoparticles, including metals like iron
and silver or metal oxides such as titanium dioxide 23. As their size decreases, surface area-to-volume
ratio increases, making them more chemically reactive. Through chemical modification, nanoparticles
are stabilized in suspension, preventing agglomeration and enabling the usage in areas like cancer
therapy, water treatment and biosensing “. Iron nanoparticles (FeNPs) are especially noteworthy for
their strong magnetic behavior and reactivity, which make them useful in drug delivery, antimicrobial
treatments, and pollutant degradation 546, A sustainable way to produce such particles is green
synthesis, that employs extract of plants, microbes, or algae as reducing and stabilizing agents. This
method is not only cost-effective but also avoids toxic byproducts. Plant-derived compounds like
flavonoids as well as phenols, in particular, play an important role in forming and stabilizing nanoparticles
7

One promising source is Antiaris toxicaria, a tree native to Nigeria and Kenya. The tree bark is
found of bioactive molecules like flavonoids, tannins and cardiac glycosides and has traditionally been
employed in traditional medicine to relieve chest pain and support mental health 8. While many other
plants have been investigated for producing iron nanoparticles with antimicrobial or environmental-
remediation properties, the bark of A. toxicaria remains underexplored. This study therefore investigates
its use in fabricating FeNPs, characterizing them with UV-Vis, FTIR, XRD, TEM, SEM, and EDS, and
evaluating its antimicrobial and catalytic activities. This study not only contributes to green
nanotechnology but also highlights an overlooked natural resource with potential medical and
environmental applications.

2. MATERIALS AND METHODS

21. Materials

Iron () chloride tetrahydrate (FeCl..4H20) (97.0%, SureChem), brilliant green (BG) (99.5%,
JHD), and hydrogen peroxide (H202) (99.5%, JHD) were used, all analytical grade. Deionized water was
used throughout. Antiaris toxicaria bark was collected from Ibiono, Akwa Ibom, Nigeria.
2.2, Extract Preparation

Bark of A. toxicaria was rinsed with tap and deionized water, cut and air-dried. Thirty grams (30
g) of powdered bark was boiled in 300 mL deionized water at 80°C for 30 minutes, cooled, and filtered
through Whatman No. 1 paper to achieve the extract for nanoparticles synthesis.
2.3. Nanoparticle Synthesis

A modified method ¢, 0.099 g FeCl24H20 was dissolved in 250 mL deionized water making a
0.001 M solution, heated at 60°C for 60 mins with stirring. 5 mL of the extract was mixed with 5 mL
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precursor solution, stirred until the colour changed from light brown to black, indicating FeNPs
formation. The nanoparticles were filtered, washed, oven-dried at 70°C for 2 hours, and stored sealed.
24, Characterization

The synthesized nanoparticles were analyzed using UV-Vis spectroscopy (Shimadzu UV-1800,
200-800 nm), FTIR (Perkin Elmer 1750) for functional groups, SEM (JEOL JSM-6610LV) with EDS for
elemental composition, TEM (JEOL JEM-2100F, 200 kV) for size and morphology, and XRD (Rigaku
Ultima IV, 4-90° 26) for crystallinity. Catalytic activity was evaluated with a Unicam Helios
spectrophotometer.
2.5. Antimicrobial Activity

The extract and synthesized NPs were tested against Salmonella sp., Staphylococcus aureus,
Candida albicans, Pseudomonas aeruginosa, and Aspergillus flavus. All the organisms were gotten from
Department of Microbiology, University of Uyo. Using agar well diffusion, isolates were diluted (10® for
Gram-positive/fungi, 10° for Gram-negative), standardized to 0.5 McFarland (OD 0.008-0.1 at 600 nm),
and 0.1 mL spread on Mueller-Hinton agar. 5 mm wells received 0.2 mL extract and FeNPs (150-250
mg/mL). Controls were chloramphenicol (25 mg/mL) and nystatin (40 mg/mL). Bacteria were incubated
at 37°C for 24 hours, fungi at 28°C for 72 hours, and inhibition zones measured. MIC was determined
by diluting samples, inoculating microbes, and noting the concentration at its lowest preventing growth
after 24 to 48 hours.
2.6 Dye Reduction

Catalytic activity was tested by mixing 6 mL 0.1 mM BG with 4 mL 8 mM H20., measuring
absorbance for 10 minutes. Another test combined 6 mL BG, 2 mL FeNP solution, and 2 mL H20.,
tracking absorbance with Genesys 50 UV-Vis spectrophotometer.

3. RESULTS AND DISCUSSION

3.1. UV-visible spectroscopy

A colour change of the solution from light brown to black within 60 mins, indicating FeNPs
formation. This colour change is likely as a result of surface plasmon resonance (SPR) excitation in
FeNPs, driven by the extract’s phenolic compounds and Bioactive compounds which reduce iron ions
into nanoparticles. UV-Vis spectroscopy confirmed FeNPs synthesis, showing a peak absorbance value
at 308 nm (Figure 1), typical of iron’s SPR in the ultraviolet region, consistent with reported absorbance
at 289 to 320 nm in similar studies 012,
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Figure 1. UV- visible spectrum of FeNPs Source: Field data

3.2, Energy Dispersive Spectroscopy (EDS) Analysis

The EDS analysis of the synthesized FeNPs, presented iron, oxygen, carbon, and silicon in their
percentage composition (Figure 2). These extra elements likely result from the metabolites in the A.
toxicaria extract employed in the synthesis. Similar results were noted ' in their study of silver
nanoparticles made with Citrus reticulata peel extract, where additional elements were also attributed
to the plant’s bioactive molecules.
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Figure 2. EDS of FeNPs Source: Field data

3.3. Fourier Transform-Infrared Radiation (FT-IR) Analysis

In FTIR spectra (Figure 3a for extract, 3b for FeNPs) showed peak shifts with FeCl,-4H,0 to
425.92, 1631.5, 2165.8, and 3296.3 cm™. The extract’s peak at 422.29 cm™ moved to 425.92 cm™,
indicating an O-Fe-O network and ring-opening. A band at 1635.41 cm™ showed C=C stretching in
aromatic rings, while 2165.8 cm™ indicated CH, as well as C-H alkane groups. O-H stretching in
carboxylic acids shifted from 3325.35 cm™ to 3296.3 cm™, and peaks 402.66, 413.97, and 467.28 cm™
also shifted, suggesting ring-opening. Proteins and flavonoids likely reduced Fe?* to Fe® and capped
the FeNPs, with flavonoids as primary reducing agents.
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Figure 3. FT-IR spectrum of (a) bark A. toxicaria extract and (b) FeENPs Source: Field data

3.4. SEM and TEM Analysis

SEM images of the iron nanoparticles (FeNPs), revealed in Figure 4, reveal spherical particles
with noticeable clustering, indicating some agglomeration. TEM images (Figure 5) confirm that the
FeNPs are mostly spherical, well-dispersed, and homogeneous, though some have irregular shapes.
Particle sizes, ranging up to 100 nm aligning with previous studies '4'°
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Figure 4. SEM image of FeNPs Source: Field data
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Figure 5. TEM image of FeNPs Source: Field data

3.5. X-ray Diffraction

The XRD pattern presents sharp peaks confirming the crystalline nature of the biosynthesized
iron nanoparticles (FeNPs). Four distinct peaks at 20 angles of 33.97°, 44.68°, 47.58°, and 57.4° match
the (111), (200), (300), and (330) planes (Figure 6), indicating a face-centered cubic (fcc) structure for
iron, consistent with prior studies '®'7. These results verify the successful green synthesis and high
purity of the FeNPs.
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Figure 6. XRD pattern of FeNPs Source: Field data
3.6. Antimicrobial Studies

The bark extract of A. toxicaria and its iron nanoparticles (FeNPs) were tested for antimicrobial
effects by measuring inhibition zones. Tables 1 present the antibacterial and antifungal activities at
various concentrations. At 250 mg/mL, the extract inhibited Staphylococcus aureus, Salmonella sp.,
Pseudomonas aeruginosa, Candida albicans, and Aspergillus flavus with zones of 22 mm, 27 mm, 20
mm, 21 mm, and 24 mm, respectively. FeNPs showed zones of 28 mm, 23 mm, 20 mm, 30 mm, and 16
mm, respectively. Higher concentrations of both extract and FeNPs increased antimicrobial activity. The
standard drug chloramphenicol showed stronger inhibition against bacteria (38 mm, 24 mm, 40 mm for
S. aureus, Salmonella sp., and P. aeruginosa), while nystatin inhibited C. albicans (33 mm) and A. flavus
(15 mm). Figure 7 shows the minimum inhibitory concentration (MIC) for both extract and FeNPs, with
S. aureus, C. albicans, and A. flavus showing an MIC of 50 mg/mL. The results are consistent with
reports from similar study '® suggesting that both the extract and FeNPs effectively inhibit microbial
growth, likely due to the extract’s bioactive compounds and the nanoparticles’ large surface area, which
may disrupt bacterial cell membranes, increasing permeability and causing cell death.

Table 1: Antimicrobial activity with inhibition zones at different concentration of the bark extract of A.
toxicaria and FeNPs against test organisms.

Zones of Inhibition (mm)

Concentration (mg/mL) Standard
Microorganism A. toxicaria FeNPs Chloramphenicol/
Nystatin
250 200 150 250 200 150 25/40
Stahylococcus 22 19 15 28 22 17 38

aureus
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Salmonella sp 27 24 20 23 18 15 24
Pseudomonas 20 16 12 20 16 12 40
aeruginosa
Candida 21 16 13 30 26 22 33
albicans
Aspergillus 24 18 14 16 12 9 15
flavus

B Ext M FeNPs

MIC (Mg/mL

Organisms

Figure 7. MIC of A. toxicaria extract and FeNPs Source: Field data

3.7. Catalytic activity of iron nanoparticles

Pure BG dye, with a Amax of 625 nm, changed from deep green to colorless over 10-minute
intervals, indicating degradation (Figure 8). FeNPs facilitated this by acting as a redox catalyst,
transferring electrons between hydrogen peroxide and BG. The absorption spectrum showed
decreasing BG peaks and increasing FENP peaks over time, with the dye’s absorbance nearing
baseline. UV spectra revealed an FeNP SPR band after 10 minutes (Figure 8a). Without FeNPs, H20:
degraded BG slowly, with minimal absorbance reduction (Figure 8b). With FeNPs, absorbance dropped
significantly, showing faster degradation. A plot of Log (At - Ax) versus time (Figure 9) indicated
pseudo-first-order kinetics for BG degradation, given excess H20.. The rate constant for H.O2 alone was
0.023 min™', while FeNPs increased it to 0.226 min™', demonstrating superior catalytic efficiency as
similar report was reported '°
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Figure 8. Reduction of BG dye with of H20- and (a) absence of FeNPs (b) presence of FeNPs
Source: Field data
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Figure 9. Plots for the degradation reaction of BG by H.O2and FeNPs
Source: Field data

4. CONCLUSION

Iron nanoparticles were successfully synthesized using A. toxicaria bark extract, which served
as both a reducing and stabilizing agent. The particles (1-100 nm) formed a stable cubic structure and
showed strong antimicrobial activity, with a 30 mm inhibition zone against Candida albicans. They also
degraded Brilliant Green dye effectively, highlighting their promise for both infection control and
environmental cleanup. Further research is needed to fully explore their potential.
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