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Abstract:

The green synthesis method of a-Fe,O3; nanoparticles has
advantageous over other physical and chemical methods. In the
present study, green synthesis of hematite (a-Fe;O3) nanoparticles
was carried out via an eco-friendly method using aqueous ferric
chloride solution (FeCl3.6H,0) as precursor and the aqueous
extract of Menthapiperita leaves as a reluctant and stabilizer. The
precursor salt solution and stabilizer agent were mixed in a 1:1
volume ratio at room temperature. The synthesized o-Fe,O3
nanoparticles were characterized by UV-VIS absorption
spectroscopy, Fourier transform infrared spectroscopy (FTIR) and
X-ray diffraction (XRD). The a-Fe,O; nanoparticles showed
absorbance peak at 430 nm region in the spectral analysis.As well
as, the band gap energy of a-Fe,O3 nanoparticles determined from
UV-Visible spectra with the help of Tauc plot was 2.602 eV. FTIR
spectra confirmed the presence of poly phenols, which are
responsible for the reduction of Fe** ions and efficient stabilization
of a-Fe,O3 nanoparticles. The XRD result revealed that the
average crystallite size of a-Fe,Os; nanoparticles was 8.8 nm.
Furthermore, the mechanism of a-Fe,O3; nanoparticle formation
has also been discussed.

Key-words: Hematite (o-Fe,O3) Nanoparticles, Green Synthesis
Menthapiperita, Characterization, Mechanism.

355 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M


mailto:f.shtewi@zu.edu.ly

International Ly g g
Science and Technology Journal Volume 24 2l P ———

A aslall Aglsal) Asnal) January 2021 s\ I S T .J A

: padlal)
Slapeal a1 s sha) & ) 1a 8 gAY bl Ayl
258 Jslae plasinly 45l dina diph e (0-Fey03) dusldl caslgl)
JalaS g limill 3 Sl Galiiudly (ol (FeClz.6H,0) Al sl
sie 111 dpeas Ay Jisall elally gsall) ald) Jslae Jals &5 L Cafias i
o Fezo3 :.LUJU\ g;\m‘ 2aall aus) Glasua Ul ?3 :&S)ﬂ\ EJ\); fx%)q
Cont AadY) Adldas il G AalY) alaieY adal) Qi ddauds
ol 2l Glapes Gyelal (XRD) dipad) 42i) agms (FTIR) ¢lyeall
ceidall Jilaill & jiegl 430 e galiaiel dad 4500 0-Fe 05 ol
saaadl duglll g-Fey03 cilasal (Uail) 3ad 48l cul ¢ Gy ) 8Lyl
2.602 & Tauc hhis saclus Lpwdndl 38 4 Jdl Cadal) o
Gl J3a) e A gpeal) c¥suid o) dgas e FTIR Cash (a3 .l (g 5<0
Lasgie of XRD dags i€ L4l g-Fe,05 clawal Jladll cuiilly Fe*
G el e sdle . jiagil 8.8 S 0-Fe03 4glill cilasall (g)5ll) anall
gl 0—Fep03 ol (sS8 40T Addlie Uyl

1. Introduction:
Nanotechnology is a multidisciplinary branch of science that
includes various areas of science and technology, including
biomedicine, pharmaceutics, environmental, science, and others.
Nanotechnology is one of the most exciting fields which are used
to describe the formation and utilization of materials with
structural features between those of atoms and bulk materials with
a minimum of one dimension in the nano range. Nanoparticles are
the simplest form of structures with sizes in the range between

almost 1 and 100 nanometers. Nanotechnology and nanoparticles
based products and applications have increased nowadays due to
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biological effectiveness. Furthermore, it is well known that
inorganic nanomaterials are good antimicrobial agents [1].
Nanoparticles exhibit an intensive range of properties such as
lower melting points, higher surface area, mechanical strength,
specific optical properties specific magnetizations, and biological
activity [2, 3] which is different from that of their bulk materials.
Processes used for metal oxide nanoparticle synthesis are
chemical, physical, and a recently developed biological method.

Iron oxide nanoparticles (IONPs) have attracted much concern
owing to their unique properties, such as super paramagnets,
surface-to-volume ratio, greater surface area, a propensity to
agglomerate and easy separation methodology. Common kinds of
iron oxide are hematite (a-Fe,03), maghemite (y-Fe,O3) wustite
(FeO) and magnetite (Fe3O4). Recently, nano-crystalline a-Fe;O3
is one of the most useful materials for photocatalytic and photo-
electrochemical applications due to its narrow band gap (2.0-2.2
eV), which could collect up to 40 % of the solar spectrum energy
[4]. The a-Fe,O3; nanoparticles exhibit great stability in aqueous
solutions and good magnetic properties. The crystal structure of
hematite a-Fe,O3 is rhombohedral system and it shows a weak
ferromagnetism at 300K. The hematite a-Fe,O3; is an n-type
semiconductor which has attracted substantial interest because of
their potential applications, including pigments, gas sensors, an
anode material, optical devices, medicine applications and it used
as catalysis [5-8]. It can also be used as a starting material for the
synthesis of magnetite (Fe;04) and maghemite (y-Fe,Os), which
have been intensively pursued for both fundamental scientific
interest sand technological applications in the last few decades [9].
A various available methods have been developed for synthesis
ofa-Fe,O3nano-particles, including hydro thermal synthesis [10],
polyol method [11], sol-gelmethod [12], ultrasonic spray pyrolysis
[13], chemical vapor deposition [14], co-precipitation [15] and
pulsed laser deposition [16]. However, these methods are usually
expensive and labor-intensive and are potentially hazardous to the
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environment and living organisms. Therefore, using the
phytochemicals present in plants as bio-reductants is attaining a
greater impetus. Different parts of plant materials such as leaf
extracts, fruit, bark, fruit, peels, root, and callus have been focused
on the synthesis of metallic nanoparticles [17].

The chemical and physical methods for nanoparticles synthesized
are suffering from drawbacks. In this work, we successfully
synthesized o-Fe,O3; nanoparticles through a rapid, simple, and
economical route, without any hazardous chemicals as reducing or
stabilizing agents. Moreover, the use of water as a solvent for the
preparation of the extract is considered to be the cheapest and
greenest method for the production ofa-Fe,O3 nanoparticles.
Among several plants, Menthapiperita Leaves (Lamiaceae family)
is commonly known aspeppermint. The Peppermint with
vernacular names of “nana”, a plant is one of the herbs most
extensively used worldwide, with an extended history as a medical
plant. It contains large amounts of polyphenols that are
biodegradable and soluble in water at room temperature and have
molecules carrying hydroxyl groups that can be used for the
reduction and the stabilization of the nanoparticles [18, 19]. The
abbreviations used throughout the paper are described in Table 1.

Table (1): List of abbreviations used throughout the paper.

Abbreviations | Definitions

UV-vis Ultraviolet-visible

FTIR Fourier transform infrared spectroscopy
XRD X-ray diffraction

NPs Nanoparticles

FWHM The full width at half maximum

Pos. [°2 Th.] Position [°2 Theta]

2. Materials and Methods
Fresh leaves of Menthapiperita plant were collected from Az-
Zawiyah, Libya. Ferric chloride hexahydrate (FeCl;.6H,0) was
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purchased from Sigma Aldrich. The a-Fe,O3; nanoparticles were
synthesized by the green synthesis method using ferric chloride as
a precursor and plant extract as reducing and capping agents. The
crystal structure of the sample was analyzed by using the XRD-
6100 diffractometer (Shimadzu), and the patterns were recorded
with Copper Ka radiation (A=1.54060 A). Molecular analysis of
the sample was performed by Fourier transform infrared (FT-IR)
spectroscopy  using  IRAffinity-1S(Shimadzu)  spectrometer,
recorded in the wavenumber range of 500-4,000 cm™. The
maximum optical absorption of the sample was characterized by
UV-Visible Spectroscopy (JASCO V 670), in the range of 200-
800nm. The optical characteristics of a-Fe,O3 nanoparticles were
analyzed from ultraviolet-visible  (UV-vis)  spectrometer
measurement. The optical band gap was determined using Touch’s
plot method hv versus (ochv)l/ 2 where a and hv denote the optical
absorption coefficient and photon energy respectively.

2.1 Plant Extract Preparation:

A 20 g of Menthapiperita leaves were washed thoroughly with tap
water and then rinsed with distilled water until no foreign material
remained. The leaves were finely cut and were boiled for 15 min
with 100 ml of distilled water in 500-ml Erlenmeyer flask. The
aqueous extract was filtered through What man No. 1 filter paper.

2.2 Synthesis of Hematite a-Fe,O3 nanoparticles:

Hematite a-Fe,O3 nanoparticles were synthesized by adding
freshly prepared leaves extract to FeCl3.6H,0 solution (0.1 M) in a
1:1 volume ratio. The immediate color change of the ferric
chloride solution from light brown to black was observed and
confirmed by spectrophotometric determination. The formation of
a-Fe,O3 nanoparticles was marked by the appearance of the black
color. The a-Fe,Osnanoparticles were separated by centrifuging at
3000 rpm for 15 minutes, and dried in the open air for 24 hr. All
the following procedures were performed at room temperature and
under atmospheric pressure.
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3. Results and Discussion

3.1 UV-Vis spectroscopy:

The formation of hematite a-Fe,O3 nanoparticles was observed by
UV-vis absorption spectroscopy (Figure 1). Initially, the leaves
extract had a yellow color and showed higher absorption peaks at
the region 200 to 350 nm. It indicates that the leaves extract had
free phytochemicals. After the addition of leaves extract to ferric
chloride solution, a black-colored colloidal solution was formed.
The spectra of the black-colored colloidal solution show the
disappearance of strong absorption peaks at the region 200 to 350
nm and emerge a sharp peak at higher wavelengths region at 430
nm suggesting the formation of a-Fe,O3 nanoparticles. This
finding is in agreement with previous reports for the green
synthesis of a-Fe,Oznanoparticles using both Pomegranate seeds
and Ailanthus excels leaves extracts [20,21].

&?
AR

Rutinose-0, O~~~ riocitrin

Hesperidin -

W gt Narirutin

W Luteolin-
o

0 7-O-rutinoside  -OH

Diosmin -OCH; -
isorhoifolin -OH

20 0 «

00 500 0

Wavelength (nm) }

2 e e so0 “o 0 "
Wavelenath (nm)

Figure 1. UV-Visible spectrophotometer results for characterization of a-
Fe,O; nanoparticles
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3.2 Band gap energy:

Optical properties of nanoparticles give information about physical
properties; such as band gap energy, band structure and optically
active defects. The band gap energy of a-Fe,O3 nanoparticles was
determined from the UV analysis with the help of Tauc plot. The
optical band gap of the produced nanoparticles is calculated using
the Tauc’sequation (1):

ahv= Athv-E)" ... (Eq. 1)

Where: a is the absorption coefficient, Eg is the band gap energy,
A is constant and hv is the photon energy in eV.

Figure 2 shows (ahv)? versus hv plot of absorption spectrum of
colloidal solution of a-Fe,O3; nanoparticles. The obtained direct
band gap value of a-Fe,O3; nanoparticles was determined from the
intercept of the straight line with the hv-axis. The band gap value
is found to be 2.602 eV, which is in good agreement with the
reported value(2.67 eV) of o-Fe O3 nanoparticles by literatures
[22, 23]. Besides, the observed value is higher than the standard
value of a-Fe;O3 (1.9eV-2.2¢eV) [4], due to the decrease in the
particle size (8.8 nm) of hematite is responsible for increasing the
optical band gap [24].
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Figure 2. Band gap energy of a-Fe,O3 nanoparticles

361 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

FRCAR astall 45al) Alsal) January 2021 x\ I S T.J /&

3.3 FT-IR Spectroscopy:

FT-IR measurements were employed to investigate the possible
functional groups responsible for the reduction of the metal
precursors and the formation of a-Fe,O3; nanoparticles. The
comparison of FT-IR spectra between pure Menthapiperita leaf
and its complexation with Fe* ions are shown in Figure 3. The
infrared spectra of the dried Menthapiperita leaves show the
absorption peaks at 1253.69 and 1014.85 cm ™' are ascribed for the
C-O-C and C-O-H vibrations of the phenolic group. Also, the two
small bands at 1416.17 cm™ and 1517.47 cm™ can be related to
symmetric and asymmetric stretching vibrations of COO™ group.
The band observed at 1601.29 cm™ is attributed to the C=C
stretching vibrations of the aromatic ring, which belongs to the
polyphenols (e.g., flavonoids and tannins) [18]. Moreover, a small
peak at 1730.08 cm iscorrespond to the C=O stretching
vibration, indicates that an ester bond is formed between two
galloyl groups, which confirms the presence of hydrolysable
tannins [25, 26]. The sharp peaks at 2919.45 cm™ and 2850.56 cm"
! are attributed to asymmetric and symmetric C-H stretching mode
of aliphatic hydrocarbon chains. The broad band at 3275.08 cm™
is representing the O—H stretching vibration of the polyphenolic
compounds, which is an indication of the strong hydrogen bonding
[27]. These functional groups prove the presence of polyphenols in
Menthapiperita, which might act as reducing and stabilizing agents
in the a-Fe,O3 nanoparticles synthesis. The FTIR spectra reveal
that observed bands for functionalized o-Fe,O3; nanoparticles
(figure 3b) are similar to those obtained for Menthapiperita (figure
3a) with a slight shift. However, the absorption correspond to the
C=0 stretching vibration is shifted to 1700.61 cm*, which was
attributed to the binding of a C=0 group with the nanoparticles.
Furthermore, the band involving O-H vibration at 3275.08 cm™ of
the polyphenolic compounds is shifted to lower wave number in
the region between 2986.2 cm™ and 3357.7 cm™, hence showing
deprotonation of the -OH groups and coordination to Fe** ions
[20]. Finally, appearance of the sharp absorption bands at 587.85,
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566.86 and 543.88 cm™ in the spectrum of a-Fe;O5 nanoparticles
are attributed to the Fe—O stretching vibration [28, 29, 30].
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Figure 3. FT-IR Spectra of (a) the dried Menthapiperita leaves and (b) a-
Fe,Os; nanoparticles

3.3 X-ray Diffraction (XRD):

Figure 4 shows the XRD pattern of a-Fe,O3 nanoparticles. It was
observed that the XRD pattern is like an amorphous pattern and it
could be said that the sample is nano crystalline sized iron oxide
particles. The XRD patterns of the sample show broad peaks,
which clearly indicates that the sample is nano crystalline. In
addition, the peaks are broad due to the nano size effect [30].
There are three distinct diffraction peaks with 26 = 27.71°, 35.86°,
and 56.6° are observed, which indicates the formation of a-Fe,;03
nanoparticles. The broad peak at 20 = 27° can be recognized as
organic components from leaf extract of Menthepiperita, which are
responsible for stabilizing of nanoparticles, as well as consistent
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with the FT-IR results. The diffraction peak at 20 of 35.86° and
56.6° indicates the presence of a-Fe,Os, as well as consistent with
the FT-IR result. The Figure 4 does not show all the peaks belongs
to a-Fe;O3; nanoparticles, due to the presence of bioactive
compounds from Menthapiperita leaves extract, or because of the
a-Fe,O3 nanoparticles were prepared at room temperature and may
also be due to a higher concentration of precursor salt. Thus,
reported researches carried out calcined at high temperature to
improve the crystallinity of a-Fe,Os3 NPs, where at higher
temperatures the crystallinity of the a-Fe,O3 NPs increases [31, 32,
33]. Moreover, another study showed that the reaction time
playing a very important role in the clarity of the peaks of the
XRD pattern. As the reaction time increases, the crystallinity of the
hematite a-Fe,O3 nanoparticles increases [34].

Counts
|

! ! g ! A o 1
Position [ 2T heta]
Figure 4. XRD pattern of a-Fe,Oz nanoparticles

The average crystallite size of the a-Fe,O3 NPs is calculated by
using Debye—Scherrer's equation for 20= 35.86° as shown in the
Equation (2) and Table (2):
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Where: ‘A’ is wave length of X-Ray (0.154(nm)), ‘B’ is FWHM
(full width at half maximum), ‘0’ is the diffraction angle and ‘D’ is
particle diameter size. The average crystallite size of the a-Fe;O3
NPs was 8.8 nm.

Table 2. X-ray diffraction peak list of a-Fe,O3; nanoparticles.

Pos. [°2Th.] FWHM [°2Th.] d-spacing [A]
27.7149 0.4330 3.21885
35.8652 0.9446 2.50387
56.6130 1.1520 1.62446

_ FWHM xm _ 0.9446 x 3.14
- 180 180

09 xA 09 x0.154nm
~ B Xcosf  0.01648 x 0.9514

=0.01648

= 8.8nm

3.4 Plausible Mechanism of a-Fe;O3 nanoparticles:

Menthapiperita leaves is known for having several polyphenols
include phenolic acids, flavonoids (eriocitrin, narirutin, hesperidin,
luteolin-7-O-rutinoside, isorhoifolin, diosmin, 5,7-
dihydroxycromone-7-O-rutinoside), tannins and saponins as active
substances [35, 36]. Although the mechanistic details of the
biosynthesis processes are currently unclear, a range of
mechanisms have been proposed to explain the formation of NPs.
However, the exact mechanism of the synthesis process remains
challenges, thus providing opportunities for further study. A
plausible formation mechanism of the a-Fe,O3 nanoparticles from
Menthapiperita is schematically presented in (Scheme 1) offering
that polyphenols serve as a reducing and stabilizing agent. The
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Menthapiperita leaf extract contains a high content of polyphenol
as tannins (234.06 mg/g) with plenty of phenolic-OH of galloyl
groups £37]. These functional groups can form a strong complex
with Fe*" ions, Furthermore, the hydroxyl groups of polyphenolic
compounds are deprotonate and act to reduce the Fe** ions. The
deprotonation of the hydroxyl groups of the polyphenols was
confirmed by the IR spectra. Accordingly, the Fe** ions oxidized
the hydroxyl groups into carbonyl groups in the reduction reaction
as Fe*" is reduced to Fe® NPs [38] and are subsequently oxidized
by atmospheric oxygen or water resulting in o-Fe,O3

nanoparticles.
T 3
o o o
Ga‘:IovI gréup Hod

OH

HO,
OH N A
o—Fe ™"

o
Ion -
OH -
o oHO

Iron(lll)—'tannln compl

3H+3e

o o
O
_ Oxidation by air (O,)

l‘T)

_—° oy FeONPs

o]

Scheme 1. Plausible complexation and reduction for the formation
mechanism of a-Fe,O3 nanoparticles by galloyl groups of tannin

=0 o/

4. Conclusion:

In summary, the green synthesis method has merits over other
physical and chemical methods, are easily available starting
materials, inexpensive and procedure is easy to carry out any
laboratory, use of toxic reagent is avoided and pollution. The green
synthesis route had been used to synthesis a-Fe;O3 nanoparticles
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using Menthapiperita leaves extract. The FT-IR spectra
demonstrated the presence of a polyphenolic compounds in the
extract (mainly tannins) could be probably responsible for the
reduction process through the hydroxyl groups and binding to the
a-Fe,O3 nanoparticles through the carbonyl groups. Furthermore,
the optical direct band gap energy of the a-Fe,O3 NPs determined
from the Tauc plot was 2.602 eV. The XRD result illustrated that
the average crystallite size of the a-Fe,Osnanoparticles was 8.8
nm. This eco-friendly method can potentially be employed in
various areas, including pharmaceuticals, cosmetics, foods, and
medical applications. Finally, other properties and applications of
this type of material should be explored in future studies.
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