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Abstract

In this study, green synthesis of silver/ silver oxide nanoparticles (Ag/Ag20 NPs) was achieved
by bio-reduction of silver nitrate using Mentha Piperita plant leaves extract. The effect of
different silver nitrate concentrations on the nanoparticles’ silver formation was studied. The
obtained nanoparticles were characterized by UV-Vis, FT-IR, XRD and SEM techniques are used
for this purpose. UV-Vi's spectra showed maximum absorption in the range of 253-3C0 nm
related to the silver. FTIR spectra exhibit a weak peak at 565 cm-1 attributed to silver NPs
vibration, confirming the nanoparticles formation. The X-Ray Diffraction (XRD) analysis
confirmed the crystalline nature of (Ag/Ag20 NPs) with an average size ranged in 31-42 nm.
SEM showed that the green synthesizing silver nanoparticles having in general as cubical shape.
As a result, the use of peppermint leaves extract offers its ease, fast, low cost and friendly to the

environment compared to other methods.
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1. Introduction

Medicinal plants are both a finished product for
consumption and a raw material for obtaining
bioactive substances that are at the origin of several
modern medicines due to their richness in secondary
metabolites, especially phenolic compounds with
beneficial biological properties. Currently, the
emergence of nanotechnology, which refers to the
production at the nanometric scale (1 to 100 nm) of
materials or products of controlled sizes and
structures, is the consequence of the appearance of
new physicochemical properties more advantageous
and unique physicochemical properties that differ
greatly from other materials due to the small size of
the charges. These performances have contributed
to radical changes in various fields of technology and
science [1].

Plant products find imperative use in the synthesis of
nanoparticles (NPs). Silver(Ag) is the metal of choice
among noble metals for potential applications in
biological systems, organic matter and medicine [2-

4].

Among the plants with important pharmacological
potentialities, Mentha piperita which is widely spread
and used in Algeria. Their biological activities are
closely linked to their richness in active substances,
which they contain such as phenolic compounds.

In order to better understand the interest of
bioactive substances of Mentha piperita, it seemed
useful to us to undertake this present work which
deals with the synthesis of silver nanoparticles using
the extract of this plant.

In this study, green synthesis method was used which
have emerged as a quick and simple approach to
synthesis, inexpensive, environmentally friendly and
cost-effective. we prepared silver nanostructures
using different weight of silver nitrate directly in leaf
extract solution and investigated their structural,
morphological and optical properties.

2. Materials and methods

Preparation of the leaf extract
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The plant material that is used during the realization
of this work consists of Mentha Piperita leaves
species collected in March 2022 in the region of
Tiaret (Western Algeria) coordinates (N 35.362222 °E
1.285555 °). Fresh leaves were washed and dried in
a shade at room temperature for 5 days, and then
crushed to obtain a fine powder. The extract was
prepared by putting 40g of powder’s leaves with
400m! of distilled water in a 500ml glass beaker. In
addition, magnetic stirring at 350 rpm and heating at
a temperature of 90°C is carried out for 1 hour. The
extract was filtered using a filter paper (Whatman No:
2) and stored at 4°C for further use.

Synthesis of Silver nanoparticles by Mentha

Piperita extract

Silver nanoparticles were synthesized by a modified
protocol from previous researches [4-6]. Briefly, by
adding with four different weight (0.1, 0.6, 0.9, and
1g) of the silver nitrate (AgNo3) to the 100 ml leaf
extract in a 250 ml flask. AgNPs were immediately
obtained with the reduction process. For one hour,
the mixture was continuously stirred at 75 C. The
transition from bright yellow to dark brown is an
indication that silver nanoparticles are forming. The
reasonable mechanism of silver nanoparticles
formation may be due to the reduction of silver ions
that takes place together with the phenolic
compounds in the M. Piperita leaf extract.

Characterization of silver nanoparticles

Several techniques have been used for the
characterization of silver nanoparticles such as: UV-
Vis, FTIR, XRD and SEM and EDX

UV—Visible Spectroscopy

The device is the HACH DR&4000 UV-Vi's
spectroscopy, which operates in the wavelength
range of 190 to 1100 nm. The samples were analyzed
in a quartz cell. The spectrophotometer enclosure is
thermostated at 25°C and distilled water was used as
reference solvent.

FTIR Spectroscopy

This technique was used to identify the functional
groups present in a sample as well as the bonds
developed after the formation of silver nanoparticles.
The powder of silver nanoparticles prepared from
leaf extract was deposited in the ATR (Attenuated
Total Reflectance) spectroscopy.

X-ray Diffraction (XRD)

The structure and grain size of AgNPs were
examined by XRD techniques using Xray
diffractometer (BTX-716) with a Cu-Ka (k = 1.5406 A")
n 26 range of 5-70,whereas X-ray was generated
with 30 kilovolts and at 20mA.

Scanning Electron Microscopy (SEM)

The surface morphology of all studied samples was
observed by EVO-15 SEM (EVO 15, ZEISS, Germany)
using an acceleration voltage of 15 kV supported
with an energy dispersive X-ray Spectroscopy (EDX).
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Results and discussion

Mentha Piperita-mediated synthesis of Ag/Ag20
NPs is more advantageous than chemical and
physical synthesis because it is a clean, non-toxic,
cost-effective, and  environmentally  friendly
approach. In addition, Mentha Piperita is widely
available in nature, making it a preferable plant
material for industrial scaling up [7-9].
Phytochemical analysis of Mentha piperita leaf
extract revealed that they contain polyphenols,
flavonoids, tannins, and saponins [10, 11].

The color shift of the solution from yellow to dark
brown in less than an hour is the most significant
visual observation during the reaction. The
production of Ag/Ag20 NPs is clearly indicated by
the brown color. Based on this evidence, a possible
mechanism for Ag2+ reduction and Ag/Ag20 NPs
formation were proposed using Mentha piperita leaf
extract.

During synthesis, plant leaf extracts that rich in
polyphenol content are employed as bioreducing
agents. The reduction process consists of
transforming Ag2+ ions into Ag0. The Ag0
represented by the AgNPs is transformed into
Ag/Ag20 NPs after annealing in the incinerator at
500°C for 2h [12].

UV-visible Spectroscopy

UV-Vi's  spectra of Ag/Ag20 nanoparticles
synthesized using a peppermint extract are shown in
Fig. 1. As can be seen in this figure, a maximum
absorption peak is presented from the interval of 253
to 300 nm which gives a clue that silver/silver oxide
nanoparticles may be formed [6, 13]. Moreover, the
strong absorption peak can be caused by the
collective oscillation of the electrons in the free
conduction band which is excited by the incident
electromagnetic radiation.

Furthermore, as seen, the samples' absorption
intensity increased as the silver concentration
increased. This shows that the amount of
nanoparticles produced as a result of silver ion
reduction has increased [14, 15].
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Fig. 1. UV-Vi's absorption spectrum of silver
nanoparticles synthesized.

Estimation of the optical band gap
4300
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Generally, the estimated optical energy band of a
silver nitrate nanoparticle semiconductor (Eg) can be
determined by extrapolation from the absorption
band using the Tauc relation (Equation (1)) [16] :
(ahv) = Athv — Epn (1)

Where a is the absorption coefficient, A is constant,
hv is the incident photon energy, and n is a constant
depending on the nature of the electronic transition
(n = 1/2 for indirect transition, n = 2 for direct
transition as shown in Figure 2) , Eg is the optical
band gap energy in electron-volts (eV) , and the
exponent n = 1/2 for the direct allowed transition
(Figure (2)) We obtained the energy gap from the
intersection of the edge of the linear absorption part
with the energy axis [17, 18].

Generally, several factors can affect the band gaps of
prepared Ag/Ag20ONPs, i.e., crystallinity, crystallite
size, particle size, particle shape and composition
[19]. Low band gap energies allow Ag/Ag2ONPs to
absorb the vast majority of the solar spectrum, and
direct band gaps give Ag/Ag20NPs a large
absorption coefficient.

As shown in Table 1, the AgNo3 concentration
increases from 0.1g to 1g reflect that both direct
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bandgap decreases from 5.29 to 4.98 eV, and the
indirect bandgap decreases from 2.95 to 2.65 eV.
The results are consistent with the literature review
that the bandgap decrease with a increases in
concentration [20, 21].

Estimation of the Urbach energy

The Urbach energy is also known as the Urbach tail
and can be detected by the UV-vis spectra. The
highest value of Urbach energy shows lower
crystallinity and disorder in Ag/Ag20 NPs. The
Urbach energy Eu is derived by taking the mutual
values of the slopes of the linear part of In(a) as a
function of photon energy (Fig. 3) [22]

Ina = %+ constant (Ina,) (2)

The estimated Urbach energy values for the samples
are presented in Table 1. The results indicated that
the Urbach energy of the Ag/Ag20 NPs slightly
decreases from 0.67 to 0.36 eV with the increase in
the particle size and the increase in silver nitrate
concentrations. These results were explained for
Urbach energy due to the effect of structural and
thermal perturbation.
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Fig. 2. Determination of optical energy gap for (a) direct and (b} indirect bandgaps transition using Tauc’s method.
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Fig. 3. Urbach energy estimate of the silver nitrate nanoparticles synthesized by the extract of Mentha piperita leaf.

Energy (eV)

Samples Direct Optical band gap (eV) Indirect Optical band gap (eV) Urbach energy (eV)
0.1g 5,29 2,95 0,666
0.6qg 5,12 2,79 0,502
0.9g 5,05 2,70 0,436
1g 4,98 2,65 0,364
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Fourier Transform Infrared spectroscopy

{(FTIR)

The FT-IR analysis was used for both Mentha Piperita
leaf extract and synthesized silver nanoparticles
solution before annealing at 500°C to identify the
possible biomolecules responsible for Ag/Ag20 Nps
synthesis.

The study was carried out by FTIR
spectrophotometer (Cary670) in the frequency range
4000- 400 cm-1 for Mentha Piperita leaf extract with
different spectra of nanoparticles prepared with
different ration (Figure 4). The result of FTIR
spectrum exhibited several absorption bands that
correspond to the functional groups of the
biomolecules existing in the plant extract. Main
absorption peaks were observed at 3300, 2200, 1740,
1606, 1417, 1026 and 565 cm 1. The broadband, at
3300 cm 1, is due to the OH group stretching
vibration.  Significant peaks were found at
(2960 ,2871) cm-1 ascribed to the C-H of methyl
group, the absorption peaks situated around 1740
and 1417 cm-1 correspond to the stretching
vibrations of C=C, C-C, and C-O of the aromatic’s
cycles. The peak located at 1026 are assigned to the
stretching band of C-O. Weak bands at 565 cm-1
silver nanoparticles solution before annealing
indicate to the Ag-O stretching band of Ag/Ag20
Nps [23-25].

The comparison between the IR spectra of Mentha
Piperita extract before and after the addition of silver
nitrate shows that:

A decrease in the intensity of the broad band from
3300 cm-1 to 2900 cm-1 which represent the free OH
groups in the molecule, , this group reacts to reduce
Ag+ in reaction media which leads to the formation
silver nanoparticles according to several authors [26-
28]

An appearance of a 1740 cm-1 peak is observed
corresponding to the(C=0) grouping.

Also, an appearance peak is observed at 565 cm-1
attributed to the Ag/Ag20O Nps binding of silver
nitrate.
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Fig. 4. FT-IR spectra of M. Piperita leaf extract and as
synthesized silver nanoparticles solution before
annealing with different silver nitrate concentration.

Crystal structure and crystallite size

XRD patterns of synthesized AgNPs Prepared using
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the Mentha Piperita leaf extract and various
concentrations of silver nitrate after annealing at
500°C are shown in Figure 5.

The diffractogram affirms the existence of two
crystalline phases, Silver (Ag) and Silver oxide
(Ag20). The peaks position with 26 values of 38.3°,
44.45° and 63.95° corresponding to the crystalline
planes of (111), (200) and (220) which confirm the
formation of the face-centered cubic structure [29,
30] ((ICSD) Card No. 98-005-3759).

The other seven characteristic peaks at 20 values of
26.09°, 32.09°, 37.23°, 46.03°, 53.67°, 63.92° and
67.13° are attributed to the crystal planes of (110),
(111), (200), (211), (220}, (311) and (222) which
correspond to the face-centered cubic structure of
silver (l) oxide [31] ((ICSD) Card No. 98-017-4092).
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Fig. 5. XRD patterns of Silver/Silver Oxide nanoparticles
synthesized.

Using the Scherrer formula Eq (3), the average
crystallite size of the synthesized nanoparticles was

determined by choosing the peaks at 20 values:
KA

D= B cosd (3)

Where D is the crystalline size (nm}, B is the full width
at half maximum of the diffraction peak (FWHM) of
the most intense diffraction peak, A the X-ray
wavelength (1.5406 A) and 9 is the Bragg angle of
diffraction [32].

Table 2 displays the influence of different
concentration on Ag/Ag20 crystallite size. The
findings demonstrated that the concentration ratio
has an impact on crystallite size. Noteworthy that the
Ag/Ag20 NPs crystallite size was unaffected by the
concentration ratio's increase from 0.9 to 1g. On the
other hand, the crystallite size of Ag/Ag20
considerably fell from 42.52 nm to 34.78 nm when
the concentration ratio increased from 0.6 to 0.9g.
Numerous earlier research [33-35] also revealed that
reducing the crystallite size by increasing the ratio of
surfactant (plant extract) was possible.

Scanning Electron Microscopy (SEM)

The formation of Ag/Ag2C NPs and their
morphological dimensions were studied using the
SEM. Fig. 6 (a-d) exhibits SEM images of the
synthesized silver (Ag/Ag20O NPs). It is observed that
most of them are cubic in nature and irregular
shaped. Further analysis of silver nanoparticles, by
EDAX, as shown in (Fig.6 (4e)) its associated data,
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confirms the presence of silver and oxygen, with the
weight percentage of about 68.84% Ag and 3.53%
O. Results means that most of the particles formed
are specific to AgNPs.

3. Conclusion

A simple, one-step green approach was devoted for
the synthesis of AgNPs. The prepared Ag/Ag2O NPs
product has a cubical structure with an average
diameter is 31.96-42.52 nm. Results showed the
variation of the weight Ag precursor allows us to
strictly control the size and shape of the silver
nanoparticles, which could be a potential source for
the production of highly efficient antioxidant
coatings.
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