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In this work, Eucalyptus leaf extract was used as a reducing and capping 
agent to synthesize Iron nanoparticles (Fe-NPs) using iron (III) chloride as 
a metal iron salt. The synthesized nanoparticles were later characterized 
using various techniques. UV-Visible spectroscopy results show that Fe3+ 
was successfully reduced to Feo/Fe-NP with high absorption at a range 
of 217-300nm. In addition, FESEM/EDS results indicate that the particles 
possess irregular shapes together with a few spherical and cubic shapes 
of various sizes with an average diameter of about 70nm. Further, the 
EDS result confirms the chemical composition and stoichiometry of 
the particles. For example, iron was found to be in higher quantity 
together with oxygen, carbon and chloride. The FTIR results indicate 
most prominent peaks of functional groups belonging to important 
phytochemicals which serve as reducing and capping agents. The peaks 
were 3224.74, 1744, 1055 and 539.99 cm-1 which correspond to O-H group 
of phenolic acids and polyphenols, C=O stretching vibration in aldehydes 
and ketones, C-O-C of carboxylic acids and FeO/Fe-NPs stretching, 
respectively. The successful formation of Fe-NPs using the leaf extract of 
Eucalyptus is a great indicator that toxic chemicals can be eliminated from 
the conventional methods of synthesizing nanoparticles.
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INTRODUCTION
Nanotechnology has been defined in various 

ways by various scientists based on different factors 
and parameters. Khare, et al., 2014 [1] defined 
nanotechnology as a new and evolving branch of 
science which involves the engineering of nano-size 
or smaller particles of different materials through 
various processes. In addition, it can be described 
as a science that uses or produces minute particles 
of nano size which have applications in different 
fields including industrial activities in electronic 

equipment, pesticides, and pharmaceuticals, to 
name a few. Pharmaceutical nanotechnology, 
according to Bhatia (2016), is the most recent 
development in pharmaceuticals which provides 
a variety of opportunities in drug formation and 
other uses. These days, this emerging technology 
or science has various applications throughout the 
globe. 

Conventional methods of synthesizing 
nanoparticles, mainly physical and chemical 
ones, are typically expensive and pose a threat to 
environment [3] and public health since they require 



136

M. Danjuma Sani, A. Adamu, et al. / Eco-Friendly Synthesis and Characterization of Iron Nanoparticles

Nanochem Res 7(2): 135-142 Summer and Autumn 2022

a lot of toxic substances and energy. However, green 
methods involved in the synthesis of nanoparticles 
have provided a new environmentally friendly 
technique which poses less of a risk to public 
health, ecosystem, and environment. Green 
nanotechnology implements green techniques in 
the synthesis of nanoparticles that can be applied 
in various fields. As a multidisciplinary field, green 
nanotechnology is a rapidly emerging research area 
which emphasizes making clean, non-hazardous, 
and particularly environmentally friendly 
procedures [4]. The synthesis of nanoparticles 
using plant extract is one of the ever-evolving 
green technologies or nanotechnologies which 
employs certain phytochemicals from plant extract 
to reduce various substances, notably heavy metals, 
for diverse applications. These green synthesized 
nanoparticles from heavy metals have a wide range 
of uses in a variety of fields including agriculture 
(pesticides)[5], pharmaceuticals (drug formation) 
[2], environmental water treatment, and removal of 
heavy metals from the environment (remediation) 
[6] and many others.

Applying these new and emerging green 
technologies will drastically reduce the amount 
of toxic substances in the environment and 
their effects on public health. However, it has 
not yet been conclusively demonstrated that 
such synthesized nanoparticles have no negative 
impact on the environment and public health. 
Nonetheless, if they are synthesized through more 
eco-friendly methods which use biota, they pose 
less of a threat to the environment. Saratale et 
al., 2018 [3] reported that the biological methods 
of synthesizing nanoparticles include microbial 
methods (using bacteria, actinomycetes, fungi, 
yeast, and viruses), plant (using different plant 
parts that include leaves, flower, seed, root, and 
bark) base methods, algae (using microalgae and 
macroalgae), and biomimetic (using DNA, protein, 
enzymes, viruses, pollen, cells and waste biomass). 

Green synthesis of Fe
This work aimed at the plant-based synthesis of 

Fe-NPs using Eucalyptus leaf extract. The method 
is eco-friendly, requires less amount of energy, and 
is without toxic chemicals. 

MATERIALS AND METHODS
Sample Collection

The plant material (Eucalyptus globulus leaves) 
was obtained from the vicinity of Mewar University. 

The leaves were collected from the middle age 
eucalyptus trees, identified and authenticated by 
the Botany Section of the Life Science Department 
of the university.

Sample Preparation
The leaves (E. globulus leaves) were properly 

washed with distilled water and dried with air at 
room temperature in the laboratory for 2 weeks. 
Afterwards, the dried leaves were ground using 
mortar and pestle, and the obtained powder was 
collected in a container [7,8]. 

Extraction
10g of the ground powder obtained from the 

plant leaves was weighed and mixed with 200ml of 
distilled water in a beaker. The solution was then 
placed on a heating mantle for 15 minutes at 650 
degrees. It was allowed to cool and then filtered 
using Whatman filter paper into a clean measuring 
cylinder (Johnson & Uwa, 2019 and KSV, 2017). 

Synthesis of the Iron Nanoparticle
8.11g of metal FeCl3 (iron(III) chloride) was 

dissolved in 500ml of distilled water in a round 
bottom glass container to obtain 0.1M of the 
desired FeCl3 which was brownish in color [9-11].

The synthesis of the nanoparticle followed 
the modified procedure of [10]. A solution of 
1:4 plant extract and iron(III) chloride solution 
was carefully prepared in 5 different containers. 
Each of these  containers contain 40ml of 0.1M of 
iron(III) chloride solution and 10ml of the plant 
extract solution. The color of the iron(III) chloride 
solution immediately changed from yellowish 
brown to black after adding the plant extract into 
the solution which indicates the reduction of the 
FeCl3 and formation of Fe-NPs. The solutions were 
then kept in dark and wrapped with foil paper 
to avoid further chemical reactions for 2 days to 
complete the formation of Fe-NPs.

Purification And Centrifugation
After completion of the reaction, dry powder of 

Fe-NPs was obtained by centrifuging at 3500rpm 
for 5 minutes and the colloidal solution containing 
Fe-NP was obtained according to [11]. This process 
of centrifugation was repeated three times to better 
separate Fe-NPs. Absolute ethanol was used to 
remove the remaining aqueous liquid associated 
with the Fe-NP and air-dried at room temperature 
on a Petri dish.
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Figure 1: Depiction of the whole synthesis process 

  

Fig. 1. Depiction of the whole synthesis process.

 

Figure 2: Powdered form of Fe-NP after drying 

  

Fig. 2. Powdered form of Fe-NP after drying.

Characterization Of Fe-Nps
Iron nanoparticles, synthesized using iron(III) 

chloride metal ions and eucalyptus leaf extract as 
reducing agents, were characterized by FESEM/
EDS analysis, UV-Visible spectrophotometer, and 
FTIR analysis.

Field Emission-Scanning Electron Microscopy (FE-
SEM)/ Energy Dispersive X-Ray Analysis (EDX) or 
Energy Dispersive Spectroscopy Analysis (EDS).

FE-SEM technique was employed to visualize 
the surface morphology (size and shape) of the 
synthesized Fe-NPs. The morphology of the air-
dried synthesized Fe-NPs was examined using 
Nova Nano FE-SEM 450 (FEI) (dwell 10µs) 
armed with EDS, which provides ultrahigh 
resolution characterization and analysis giving 
precise, true nanometer scale information of the 
synthesized Fe-NPs. The structural composite of 
the iron nanoparticles was recorded using Energy 
Dispersive X-ray spectroscopy (EDS, Sigma). The 
energy of the electron beam was kept at 15 keV for 
both imaging and EDX analysis.

Ultraviolet-Visible (UV-Vis) Spectroscopy
Iron nanoparticles were characterized by using a 

UV–Visible spectrophotometer which is a valuable 
tool for the structural characterization of metal 
nanoparticles. The measurement of the absorption 
spectra was recorded with LAMBDA 750 (Perkin 
Elmer) UV-Vis NIR Spectrophotometer operated 
at a resolution of (4 nm). The sample pattern was 
recorded at 200 to 800 nm wavelength.

Attenuated Total Reflection-Fourier Transform 
Infrared Spectroscopy (ATR-FTIR) Analysis

FTIR analysis was performed to determine 
the functional groups causing the eucalyptus leaf 
extract mediated biosynthesized Fe-NPs using FT-
IR Spectrum 2 (Perkin Elmer) in an ATR-FTIR 
mode. The FTIR spectrum was recorded in the 
range of 4000 to 400cm-1 at a resolution of 4 cm-1. 
Sample preparation was performed by mixing 10mg 
(a small amount) of the dried silver nanoparticle in 
KBr pellets.

     
RESULTS AND DISCUSSION
Sample preparation

According to Fig. 1, (1A) represents the partition 
of the iron (III) chloride solution which was used 
to synthesize Fe-NPs, whereas (1B) shows the 
applications of E. globulus extract for the iron (III) 
chloride solution which turns black immediately 
indicating the formation of iron nanoparticles. 



138

M. Danjuma Sani, A. Adamu, et al. / Eco-Friendly Synthesis and Characterization of Iron Nanoparticles

Nanochem Res 7(2): 135-142 Summer and Autumn 2022

 

  

Figure 3: UV-Visible spectrum of Fe-NPs 
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Fig. 3. UV-Visible spectrum of Fe-NPs.

 

 

Figure 4: FESEM images showing the morphology and size of Fe-NPs 

  

Fig. 4. FESEM images showing the morphology and size of Fe-NPs.

However, (1C) and (1D) depict the outcome of the 
synthesized Fe-NPs which were settled later on by 
means of gravity in a centrifuging machine.

Characterizations
UV-Vis Analysis of Fe-Nps

As a valuable tool for the characterization of 
metallic nanoparticles, UV-Visible spectroscopy 
was employed to characterize the sample to 
ascertain the formation of Fe-NP. In this work, 
the formation or reduction of Fe3+ into zero-valent 
iron nanoparticles with peaks at a range equal to 
that of Fe-NPs is inferred by using UV-Visible 

spectroscopy. Based on Fig. 3, it is observed that 
the UV spectrum of the synthesized metallic iron 
nanoparticle which peaks at a range between 
217-300nm is identical to the UV spectral of the 
metallic iron nanoparticle [12]. It can be inferred 
that Fe-NP may have been formed successfully. This 
result is in line with the spectral bands reported 
by [8,10,13]. In addition, the reported absorption 
peaks at a range between 210 and 240 were similar 
to the characteristics of UV spectra of metallic iron. 
However, in other studies, the spectral bands differ 
which may be due to impurities that can be avoided 
by proper handling of the particles, the nature of 
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               Figure 5: EDS Chart of Fe-NPs 
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Fig. 5. EDS Chart of Fe-NPs.

Table 1: Elemental composition of the sample by EDS 

Element A.N. Series Unn. C 
(wt %) 

Norm. C 
(wt %) 

Atom. C 
(at %) 

Error (1 Sigma) 
(wt %) 

Fe 26 K 46.51 80.77 51.85  1.40 
O 8 K 7.15 12.41 27.81  0.99 
C 6 K 3.92 6.82 20.34  0.72 
  Total 57.59 100.00 100.00 

 
  

 

Table 1. Elemental composition of the sample by EDS.

plant extract, and phytochemicals present, or the 
concentration of the metallic salts employed. [14] 
observed a peak at 371.71 nm which was inferred 
to belong to iron oxide nanoparticles. [15] reported 
a peak at a region between 400-450 nm, and [16] 
obtained peaks at a range of 300-500 nm. Phenolic 
compounds are the major precursors in the capping 
and/or stabilization of Fe-NPs [10]. 

FESEM And EDS Analysis of Fe-Nps 
FESEM was used to determine the surface 

morphology, structure, and size of the synthesized 
nanoparticles. The images obtained and the 
corresponding EDS chart and mapping imageries 
are shown below with various information 
regarding the Fe-NPs.  

According to Fig. 4, it is observed that the 
nanoparticles come in various shapes, most of 
which are irregular with few spherical and granular 
shapes in nature [8]. The particles are capped by 
the capping agents in the leaf extract of the plant 
which is indicated by the cover on the particles. In 
addition, there exists an agglomeration at various 
points which may be attributed to the presence of 
bioactive compounds on the surface of the particles 
[17].  

The particle size/diameter is in the range of 

32nm-129nm with an average diameter of about 
70nm. This result is almost similar to that of [16] 
with 99-129nm, [10] within the range of 200nm 
and [18] 15-100 nm.

EDS analysis was conducted to further determine 
the elemental composition and stoichiometry of 
the iron nanoparticles. The result indicates signals 
that iron is present together with other elements 
at various levels. According to Fig. 5 and Table 1, 
it can be seen that, apart from iron, oxygen and 
carbon are also present in a significant amount 
which may likely be from the plant extract. Other 
elements may also be present in a minute quantity 
that may include chlorine from the metal salt used 
(iron (III) chloride), silicon, and aluminum from 
the glass wares and other apparatus used.

FTIR Study of Fe-Nps
FTIR is an important tool for characterizing 

nanoparticles and determining the major 
functional groups present in the plant extract 
(phytochemicals) that plays a role in the formation 
of Fe-NPs and other metallic nanoparticles. FTIR 
spectra analysis was conducted to determine the 
active biomolecules responsible for the reduction 
and stabilization of Fe-NPs at a wave-number range 
of 400-4000 cm-1 (Fig. 6). 
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        Figure 6: FTIR spectrum of Fe-NPs 

 

 

 

        Fig. 6. FTIR spectrum of Fe-NPs.

The existence of the most prominent and 
strong peaks of various wave numbers representing 
functional groups belonging to phenolic 
compounds, carboxylic group, aromatic alkenes, 
aldehydes, and other groups which act as reducing, 
capping agents and antioxidant activity suggest 
the successful formation of Fe-NPs. The strong 
and broad peak at 3224.74 cm-1 wave number 
corresponds to the O-H stretching vibration of 
polyphenols and phenolic acid. This value is in 
agreement with that of [17] at a range of 3500–
3200 cm-1 indicating the vibrational stretching 
of O-H polyphenolic group. [19] represents the 
polyphenolic compound which serves as a reducing 
agent at a similar range of 3500-3200 cm-1. [7] at 
3270 cm-1 and [16] at 3200 cm-1 stand for phenolic 
compounds. Other findings include [9] at 3419 
cm-1, [20] in a range between 3400 and 3430 cm-1 
suggesting the presence of phenolic compounds 
which can reduce Fe2+ to Fe0. Additionally, [10] at 
3420 cm-1 corresponds to O-H bond stretching in 
the phenolic group.  The phenolic (O-H) group is 
one of the major precursors in plants that plays a 
significant role in the reduction and stabilization of 
metallic Fe3+ into zero-valent Fe-NP [7,10,13,18,21–
23]. 

Moreover, the FTIR bands at 1589.12  cm-1 
correspond to the C=C bonds of aromatic 
compounds or unsaturated alkenes [24]; 1055 cm-1 
represents C-O-C (CHO) bonds of carboxylic acids 
which mostly serve as a capping agent [11], and 
539.99 cm-1 corresponds to Fe-NPs band of FeO 
which confirms the successful synthesis of iron 

nanoparticles [15–17,22, 24, 25]. The peaks at 2329 
cm-1, 1744 cm-1, 1399 cm-1 and 1203 cm-1 may be 
attributed to C-H stretching, C=O stretching in 
aldehydes and ketones (indicating the presence of 
phenolic acid and terpenoids), C-N in aromatic 
amines, and symmetrical wagging of C-H, 
respectively [13].     

The appearance of the aforementioned peaks 
in the FTIR spectra of E. globulus extract and Fe-
NPs at various wave numbers indicates the activity 
of certain phytochemicals in the extract that serve 
as reducing and capping agents in the biosynthesis 
of Fe-NP or zero-valent Fe. These phytochemicals 
include phenolic acids, polyphenols, terpenoids, 
and flavonoids [26]. 

CONCLUSIONS
The successful formation or synthesis of 

Fe-NPs using the leaf extract of Eucalyptus is 
a great indication that toxic chemicals can be 
eliminated from the conventional methods 
of synthesizing nanoparticles. Fe-NPs have 
been reported in the literature to possess high 
efficacy towards remediation of the environment 
and other sectors, which include, but are not 
limited to, pharmaceutical industries, microbial 
activity, medical sectors, and many other fields. 
However, toxic and harmful substances that are 
highly detrimental to health and other aspects 
of the environment may be discharged into the 
environment when substances are synthesized 
using the procedures of conventional method. 
The green methods of synthesizing metallic 
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nanoparticles provide an avenue for industries and 
other sectors to avoid using harmful chemicals or 
huge amounts of energy in the field of nanoparticle 
synthesis.
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