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Abstract: The iron nanoparticles were green synthesized from the leaf extract of Khaya 

senegalensis, and ferric chloride (FeCl3) was utilized as a metal -precursor. The synthesized 

Nanoparticles were characterized using UV-Visible Spectophotomety, FTIR, SEM, and EDX 

and XRD. The UV-visible analysis results confirmed the formation of Nanoparticles. FTIR 

identifies the functional groups present, SEM coupled with EDX shows the morphology of  

(FeNPS) as spherical granular with no well-defined morphology. XRD analysis showed face-

centered cubic (FCC) structures with an average particle size of 75.31nm. The FeNPS showed 

significant antibacterial and antifungal activities of the synthesized drugs (nanoparticles) when 

tested against Escherichia coli, Pseudomonas aeruginosa (Gram-negative), Staphylococcus 

aureus, Klebsiella pneumonia (Gram-positive) bacteria’s and two fungi Aspergillusniger and 

Candida—using augumentin and fulcin as control drugs. 
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1. Introduction 

Green chemistry, which aims to reduce or eliminate substances hazardous to human 

health and the environment in the design, development, and implementation of chemical and 

physical processes and products, is recently becoming more interesting and important [1]. The 

use of nanoparticles is gaining importance in the present century as they pose definite chemical, 

optical and mechanical properties [2,3]. Metal nanoparticles have potential applications in 

many fields of science and engineering; therefore, nanotechnology can fight and prevent 

diseases using atomic-scale tailoring of materials [4]. 

The term Nano is a Greek word that means “dwarf” or miniature”. It can be explained 

as the fabrication, characterization, exploration, and application of nano-sized materials (1-

100nm) for the development of science. It deals with the study of extremely minute structures 

[5]. For the first time, Nanotechnology was used by physicist Richard Feynman in 1959, which 

was considered the origin of modern nanotechnology. It is the field of science in which we 

study matter at an extremely small scale level of 10-9nm [6-8]. It provides the ability to engineer 

the properties of materials by controlling their size and has been spread to a number of areas, 

including biomedical services, cosmetics, drugs, gene delivery, environmental health, food, 
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health care, catalysis, mechanics, nonlinear optical devices, optic, photo-electrochemical 

application, single-electron transistors, and space industries [9-11]. 

Plants are claimed to possess antibiotic properties in the traditional method and are also 

used by tribal people worldwide [12]. It is believed that nature has given the cure to every 

disease in one way or another, and plants have been well known to relieve different diseases. 

Researchers nowadays emphasize on assessment and characterization of different plants and 

plant constituents against a number of diseases [13]. Many studies have proven that plant 

extracts act as a potential precursor for the synthesis of nanomaterials in a non-hazardous way. 

The plants are used successfully to synthesize several greener nanoparticles such as cobalt, 

copper, silver, gold, palladium, zinc oxide, and magnetite [14-16]. 

2. Materials and Methods 

2.1. List of reagents. 

All the reagents used were of analytical grades. They are FeCl3, nutrient agar, fulcin, 

and Augumentin. 

2.2. List of apparatus. 

The apparatus used were magnetic stirrer, heating mantle, F-TIR  

machine,(Perkinelmer) spectrum version 10 03 09, UV-visible spectrophotometry 

machine,(Jenway 6705) SEM machine (Hitachi  4160) XRD  machine, incubator, staining rags, 

autoclave, microscope, petri dish, mahogany leaf extract, wooden mortar, and pestle. 

2.3. Sample collection. 

Fresh matured leaves of Khaya senegalensis (mahogany) were collected within the 

Gombe State University Campus area. It was identified and authenticated by the University 

herbarium section in the Department of Biological Sciences. 

2.3.1. Sample preparation. 

Fresh mahogany leaves collected were washed four times with tap water and then rinsed 

with distilled water to remove adhered dirt and then ground using a wooden mortar and pestle 

with the addition of distilled water, thereby obtaining a fine homogeneous paste sample. 

2.3.2. Extract preparation. 

By using a slightly modified method of [17]. 30g of the leaf (sample) were weight and 

dispersed into 200ml of distilled water in a 500ml glass beaker and boiled at 800C for 30 

minutes, and then allowed to cool and filtered using Whatman filter paper. The filtrate was 

used immediately for the synthesis of nanoparticles. 

2.3.3. Preparation of FeCl3 solution.  

0.01M solution of FeCl3 was prepared by dissolving 1.6231g of FeCl3 salt into a 1000ml 

volumetric flask, and distilled water was added up to the mark. 
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2.4. Synthesis of Iron nanoparticles (FeNPS). 

By using a slightly modified method of [17]. To synthesize iron nanoparticles, the 

prepared FeCl3 solution is mixed with the plant extract in a ratio of 1:5 (that is, 10ml extract 

and 50ml metal precursor) with constant stirring at a temperature of 600C for 60 minutes using 

a hot plate magnetic stirrer apparatus. Within the first 15 minutes, the color change was 

observed, which indicated the formation of nanoparticles and then age and allowed to settle for 

24hours (one day), after which it will be decanted, and dry the collected nanoparticles at 100oC 

for 2hours was then ground into powder for further analysis [1,18].  

2.5. Characterization. 

2.5.1. UV-Visible spectrophotometry analysis. 

UV-Visible spectroscopy analysis was done to confirm the formation of nanoparticles 

and observe the extract plasmon vibration and excitation. The wavelength will be varied at a 

regular wavelength of 200nm, 300nm, 400nm, 500nm, 600nm, 700nm, and 800nm, 

respectively. 

2.5.2. Scanning electron microscopy (SEM) coupled with EDX (Energy Dispersion X-ray) 

analysis (Hitachi.4160). 

The SEM coupled with EDX analysis was done in order to determine the morphology, 

size, and composition of the element present in the synthesized iron and copper nanoparticles. 

It will be done using a powdered sample in question.  

2.5.3. Fourier Transform Infrared (FTIR) analysis (Perkin Elmer Spectra Version 10 03 09). 

FTIR analysis was done on the leaf extract and the synthesized Iron nanoparticles to 

determine the functional group present in the samples. 

2.5.4. X-Ray Diffraction(XRD) Analysis ( X-Pert Plus). 

XRD analysis was done to find out the average crystalline size. The Debye Scherrer 

equation was used to calculate the average crystalline size. The Debye Scherrer equation is as 

followsD =Kλ/βCOSθ 

Where D= Particles size = 0.94 

K= Constant volume 

λ= X-ray wavelength(0.154nm) 

β=Line broadening at half the maximum intensity 

θ= Braggs angle(in degree). 

2.6. Antimicrobial activity test.  

2.6.1. Media preparation. 

The media preparation depends on the manufacturer’s specifications. 28g of nutrient 

agar was dissolved into 1000ml deionized water and autoclaved at 121oC for 15 minutes to 

sterile. 

https://doi.org/10.33263/LIANBS123.086
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS123.086  

 https://nanobioletters.com/ 4 of 9 

 

2.6.2. Bioactivity studies. 

The antimicrobial activity studies were carried out by using the agar well method to test 

the antimicrobial activity of the green synthesized iron nanoparticles on two-gram-negative 

bacteria Escherichia coli and Pseudomonas aeruginosa. Two Gram-positive bacteria, 

Staphylococcus aureus, Klebsiella pneumonia, and two fungi, Aspergillus Niger and Candida 

[19]. 

3. Results and Discussion 

3.1. Characterization. 

UV-Visible spectrophotometric analysis in Figure 1 and below shows the spectrum 

obtained from the UV/Visible spectrophotometric analysis of iron nanoparticles as follows. 

 
Figure 1. Results obtained from the UV-Visible spectrum of (FeNPS). 

The highest absorbance of iron nanoparticles was observed at the peak of 300 nm. This 

may be due to the surface plasmon vibration and excitation of the bioreduction and capping 

agent in the leaf extract. This corresponds to [20], which showed the highest absorbance peaks 

at 350, 315, and 400 nm. They said various reports have established that the absorption peaks 

of iron nanoparticles (FeNPS) should be around 280-420 nm [21,22]. 

The Copper nanoparticles (CuNPS) showed the highest absorbance at the peak of             

300 nm, which is also due to the surface plasmon vibration and excitation of bio-reduction and 

capping or stabilizing agent present in the leaf extract. This corresponds with the literature of 

[23], which showed the highest absorbance peaks at 300 nm and 650 nm, and also suggests that 

this variation depends on the reducing agent and the type of metal salt used as a precursor. 

3.1.1. Fourier Transform Infrared (FT-IR) analysis. 

Fig 2 below shows the results obtained from the FT-IR analysis of the leaf extract used 

to synthesize iron nanoparticles. 
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Figure 2. The FT-IR spectrum of the leaf extract. 

The FT-IR spectra of the leaf extract displayed in Fig 2. show several peaks at 3434 

cm-1,1639 cm-1, and 729 cm-1. The peak at 3434 cm-1 represents O-H stretching due to water 

present in the leaf extract, the absorption peak at1639 cm-1 shows C=N stretching due to the 

triterpenes, and the other peak at 729 cm-1represent C-C stretching due to the aromatic ring in 

the secondary metabolite [24,25]. The result obtained agrees with the literature reported by 

[26]. This shows that The FT-IR bands obtained are characteristics of flavonoids,  triterpenes, 

furanoid, sugar, coumarins, tannins, phenols, and acid present in the aqueous extract propolis. 

 
Figure 3. The FTIR spectrum of the iron nanoparticles (FeNPS). 

The FTIR spectra of the FeNPS are displayed in Fig 3. Shows several peaks at 3787 

cm-1,3435 cm-1,1651 cm-1,1458 cm-1 and 1095 cm-1. The peak at 3787 cm-1 represents O-H 

stretching due to the flavonoid. The absorption band at 3435 cm-1 indicates O-H stretching due 

to water, peaks at 1651 cm-1 and 1458 cm-1 represent C=N and C=C stretching due to the 

aromatic ring in the secondary metabolites present the peak at 1095 cm-1 is due to C-OH corner 

band symmetry stretching in the aromatic ring. FTIR bands obtained indicate the presence of 

flavonoids, polyphenols, triterpenes, and amide present in the P.niruri leaves extract. 
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3.1.2. SEM (Scanning Electron Microscopy) Coupled With EDX (Energy Dispersion X-Ray). 

The Fig 4 below. The results obtained from the SEM coupled with EDX analysis of the 

green synthesized iron nanoparticles describe their morphology and the elemental composition 

of major and trace elements present. 

 
Figure 4. SEM result for the green synthesized iron nanoparticles (FeNPS). 

 

The SEM result obtained for Iron nanoparticles (FeNPS) coupled with EDX above 

shows that the iron nanoparticles have a spherical granular structure, aggregated into larger 

particles with no well-defined morphology. This aggregate depends on the existence of the 

phytochemical constituent present in the leaf extract and the metal precursor in question. It also 

shows the percentage of iron and chloride present in the nanoparticles, while other trace 

elements are due to the biological materials in the leaf extract. These suggest spherical and 

undifferentiated shapes for the silver nanoparticles synthesized using P.niruri leaves extract 

[25]. 

3.1.3. XRD (X-Ray Diffraction) analysis. 

From Fig 5. the result obtained from the XRD analysis of the iron nanoparticles with 

the Braggs angle of 4.59-72.41o was observed along with the weak peaks. It is found that four 

prominent peaks are observed at 2θ=16.77o,48.07o,67.09o, and 73.31o.  

 
Figure 5. The XRD result for FeNPS. 
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Concerning the plane of (111), (200), (220), and (311). It shows Face Centered Cubic 

(FCC) structure and an average crystalline size of 75.31nm. The diffraction peaks are indexed 

based on JCPDS file number 89-0599, and it corresponds to the literature reported by [26]. 

Which shows FCC (face-centered cubic) structure for the green synthesized silver 

nanoparticles using propolis aqueous extract [20]. 

3.4. Antimicrobial activity test results. 

The following (Tables 1 and 2) are obtained from the antimicrobial and antifungal 

activity tests of the green synthesized Iron nanoparticles (FeNPS on the selected bacteria. 

Table 1. The results obtained from the antibacterial activity test for iron nanoparticles (FeNPS). 

 Zone of Inhibition in Millimeters (mm)  

Test organism 100µg/ml 200µg/ml 300µg/ml 400µg/ml 500µg/ml Control(300µg/ml) 

E. coli 6 6 12 12.5 13 21 

P. aeruginosa 7 9 12 10 8 13 

S. aureus 9 10 15 17 19 26 

K. pneumonia 12 19 20 22 24 28 

Control = augumentin, µg/ml  = microgram per mil 

Note, each result was obtained by taking the average mean in (mm) where n=2,6mm indicates no activity it only 

resists the drug, 9 mm is weak, 16 mm= moderate, and 16 above are significant. 

3.5. The antifungal activity test result. 

Table 2. Showing the antifungal activity test results of the two selected fungi, Candida and Aspergillus niger. 

 Zone of Inhibition (mm)  

Test organism 100µg/ml 200µg/ml 300µg/ml 400µg/ml 500 µg/ml Control(500µg/ml) 

A. niger 6 6 9.5 11 12 19 

Candida 7.5 8 10 11 12 18 

Control =  Fulcin, µg/ml  = Microgram per mil 

Note that each result was obtained by taking the average mean where n=2. 6mm indicates no activity; it only 

resists the drug, 9mm is weak, 9-16mm is moderate, and 16 above is significant [27]. 

4. Conclusions 

Ecofriendly iron nanoparticles were green synthesized using Khaya senegalesis leaf 

extract as a reducing agent and Ferric Chloride (FeCl3) as a metal precursor. It was 

characterized using UV-Visible FTIR, XRD, and SEM coupled with EDX analysis. The UV-

visible shows the highest peaks at 300nms due to the surface plasmon vibration of the 

phytochemical constituent present in the extract. FTIR shows the presence of Alkaloids and 

triterpenes, SEM shows the spherical granular with no well-defined morphology. The XRD 

analysis shows an average crystalline size of 75.31. It shows good antibacterial and antifungal 

activity when tested against Escherichia coli, Pseudomonas aeruginosa (Gram-negative), 

Staphylococcus aureus, Klebsiella pneumonia (Gram-positive), Candida, and Aspergillus 

Niger (fungi). 
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