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In this work, silver nanoparticles were synthesized from silver nitrate using
combretum micranthum leaves extract as a reducing and capping agent. The
optical characterization through UV visible spectroscopy revelated a
characteristic peak of surface plasmon resonance at 425 nm, while the
particle size calculations based on the Mie diffusion theory indicated sizes
ranging from 32.5 nm to 44.5 nm. The effects of different reaction parameters
including the initial concentration of the precursor and the percentage of the
leaves extract, were analyzed. The optimal conditions for the synthesis at
room temperature are 0.5 g/L and 7.5 mM, respectively, for the plant
extract's weight concentration and the precursor's initial concentration.
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Introduction consumption [5]. Thus, given the current
environmental and economic concerns, the
Nanoparticles have recently attracted green synthesis of nanoparticles based on plant
considerable Interest due to their extracts has become a suitable alternative to
multifunctional = properties and promising physical and chemical methods. The use of plant
applications  in  various fields including extracts and other natural resources for the

catalysis, optics, and defense [1-3]. In recent
years, metallic nanoparticles, particularly silver
nanoparticles, have unbeatable
physicochemical and biological properties such
as electrical conductivity, catalytic, biological,
and antimicrobial activity [4]. One of the most
important areas of nanotechnology is the
synthesis of different nanoparticles such as
silver, gold, and iron. In general, nanoparticles
physical,
chemical, and biological methods that are quite
costly,
environment.

are synthesized using various

and potentially harmful to the
In addition, these methods
generally have some drawbacks such as
dangerous and challenging reaction conditions,
tedious preparation, long reaction times, high
temperatures, low yields, expensive capping
agents, use of organic solvents leading to
environmental pollution and high energy

green synthesis of nanoparticles has proven to
be an excellent method as it does not use toxic
chemicals. It has many advantages, including
environmental friendliness and suitability for
pharmaceutical and biomedical applications [6,
7]. For the synthesis of silver nanoparticles, the
literature reports different plants such as
Eichornia crassipes [8], the skin of Citrus
sinensis [9], the extract of the roots of carissa
carandas [10], leaves and barks of Ocimum
basilicum [11], flowers of the parasitic plant
reflexa [12], plant
Artocarpus altilis [13], flowers of Spartium
junceum [14], seeds of Xanthium strumarium

Cascuta residues of

[15], and leaves of celosia argentea [16]. In the
present work, the
micranthum was used for the green synthesis of
silver nanoparticles because of its availability,
antioxidant properties and its

plant of combretum

numerous
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virtues, especially for the treatment of some
diseases such as diabetes, diarrhea, hepatitis,
jaundice [17, 18]. It is a plant of the herbaceous
family, widespread in the Sudano-Sahelian
regions of West Africa. Previous phytochemical
studies have indicated that extracts from the
leaves of the combretum micranthum plant
contain flavonoids, including vitexin, isovitexin,
orientin, ommoorientin, myricetin-O-
rutinoside; alkoloids, including stachydrin,
hydroxyl-stachydrin, and choline; sugar
alcohols, including m-inositol and sorbitol; and
flavanic alkaloids, including kinkeloid A, B, C,
and D [19]. The silver nanoparticles were
synthesized using a green, fast and easy method
using combretum micranthum leaf extract
which acts as a reducing and capping agent
reducing the silver ion into silver nanoparticles.
In addition, the effect of some reaction
parameters such as interaction time, extract
rate in the reaction medium and the initial
concentration of the precursor was studied.
These ecologically synthesized nanoparticles
were evaluated using UV-visible spectroscopy
and by a numerical calculation based on Mie
theory.

Materials and Methods
Bioactive components extraction

Decoction and maceration techniques are
the most conventional
extraction methods due to their effectiveness

commonly used

Combretum Powder

micranthum

leaves Solvent

% e After
B \ -O filtering

)

and scope. Temperature is the main difference
between them. Some thermally unstable
bioactive components are destroyed at high
temperatures applied during decoction, so
milder temperature through gentle maceration
would be better [20]. Modern extraction
methods, such as
extraction [21], ultrahigh-pressure extraction
[22], and
extraction [23], have various advantages such

microwave-assisted

supercritical carbon dioxide
as reduced extraction time and low extraction
temperature, simple  maceration,
convenient, and less expensive in terms of
instrumentation. Dry leaves of combretum
micranthum were purchased at the market de
Ouagadougou, Burkina Faso, without particular
treatment. 2 g of the grounded leaves were
hydrated in 200 mL of distilled water at room
temperature for 2 h. The extracted dye was
thereafter filtered and used for the synthesis of
silver nanoparticles. The silver nitrate was
supplied from Sigma-Aldrich.

more

Synthesis process of silver nanoparticles

The synthesis process of nanoparticles was
as follows: 5 mL of the extract of combretum
micranthum leaves was added to 95 mL of the
aqueous solution of silver nitrate in a 200 mL
flask. The reaction medium was put under
continuous stirring at room temperature for 4
h. Figures 1 and 2 demonstrate the synthesis
process and the mechanism of green synthesis
of silver nanoparticles, respectively.

-

After
stirring

Extract  AgNO,(aq)

AgNPs

Figure 1. Schematic illustration of the synthetic steps of AgNPs
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Figure 2. Mechanism of silver nanoparticle green synthesis process.

Characterization

The dual-beam UV-visible spectrophotometer
(HITACHI, model U2000) with a spectral band
ranging from 190 nm to 1100 nm was used to
record the UV spectra for optical properties.
The determination of the size of the
nanoparticles was carried out using Mie
calculations which describe the diffusion of
light by aggregates of matter whose refractive
index differs from that of its environment. The
model is based on the solution of Maxwell's
equations in spherical coordinates using the
expansion of magnetic and electric fields and
taking into account the discontinuity of the
dielectric constant between the sphere and the
surrounding medium [24]. These solutions
describe the scattering, extinction, and
absorption of the electromagnetic wave as a
function of two parameters M and X [24-26]
are given in Equations 1, 2, and 3:

)
Q=7 2(2 +)(laf+0f) @

ext=%i 21+1)Re{a, +b,} (2)

n=:

Qabs = Qext - Qsca (3)

a, and b, are Mie coefficients given by the
equations 4 and 5.

V(O (), (0w, ()
G (0w (mx) - mE, (x)w, (m)
s (v (1) v (X (me)
=t (1 () (), (mo)

3

v, and ¢, are Riccati-Bessel and Riccati-

Hankel function respectively, the prime denotes
the first order derivate. X a size parameter of
the nanoparticle and M is its normalized
refractive index.

Results and Discussion
UV-visible absorption

When the extract of combretum micranthum
leaves was added to the silver nitrate solution, a
rapid change in color of the mixture was
observed, indicating a reduction of ions silver to
metal silver [27] by the active molecules of
combretum micranthum leaves [19]. The
formation of silver nanoparticles was high-
lighted by a UV-visible spectrophotometer.
Indeed, noble metal nanoparticles possess
unique optical properties due to the collective
oscillation of conduction electrons: The surface
plasmon resonance (SPR), whose peak and
absorption band depends on the shape and the
size distribution of the nanoparticles [26].
Figure 3 reveals the absorption spectra as a
function of time, of the nanoparticles. The
absorption maximum due to the SPR was
observed at 425 nm,
formation of silver nanoparticles. The Figure 4
shows an increase in the intensity of the

convenient to the

absorption peak over time, indicating an
enhancement of the formation of silver
nanoparticles
wavelength of the SPR peak. This wavelength
stabilization of the SPR peak indicates that the

nanoparticles do not aggregate.

without wvariation in the
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Figure 3. UV-visible absorption spectrum of silver nanoparticles
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Figure 4. The intensity of the SPR as a function of reaction time

The influence of the amount of plant extract
on the formation of nanoparticles was studied.
Figure 5 demonstrates the absorbance intensity
spectrum obtained at different concentrations
of leaves extract. An increase in the absorption

peak's intensity is observed as the

concentration of the leaves extract. This shows
that the reduction rate of the metal ions
increases with the percentage of leaves extract.
However, as shown in Figure 6, there is a
relatively more significant shift in the position
of the SPR peak over time as the concentration
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of extract increases. This shift is due to the
excessive number of biomolecules present at
high extract concentrations that initiate a
secondary reduction process on the surface of
the nuclei, increasing the particle size. These
experimental results revealed that the optimum
extract concentration was 5 g/L for the
synthesis of silver nanoparticles.

The effect of initial precursor concentration
was evaluated. The formation of silver
nanoparticles occurs in two steps; the first step
is the formation of nuclei and the second is the
growth in size. Thus, it is necessary to optimize

the initial concentration of the precursor so that

the nuclei form faster and grow more slowly
[28]. Figure 7 shows that the SPR peak
wavelength depends on the precursor's initial
concentration. The SPR wavelength decreased
from 440 nm to 425 nm when the concentration
varied from 5.5 mM to 7.5 mM and then
increased beyond this concentration. This
increase in the concentration of the precursor
results in increasing the number of silver nuclei,
and consequently making the particles smaller.
However, an excessive number of nuclei will be
generated at high precursor concentrations,
which leads to nuclei agglomeration and
particle size growth [28, 29].
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Figure 5. Effect of the amount of extract on the reduction rate
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Figure 6. Effect of the extract rate on the SPR peak position
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Figure 7. Effects of the initial precursor concentration on the wavelength of the SPR peak

Theorical estimation of particles size

To obtain the approximate size of the
nanoparticles, it was necessary to refer to the
calibration curve presented in Figure 8,
obtained by a numerical simulation of Mie
equations by changing the radius of the
nanoparticle from 5 nm to 100 nm with an
interval of 5 nm. As seen in Figure 8, wavelength
evolution of the SPR peak occurred when the
size of the nanoparticle increased, which was
resulted from the change of the mean free path

of the electrons [30]. The SPR peak s increasing
exponentially. This was determined by fitting
the theoretical
function presented

R? =99.96%

data with an exponential
in Equation 6 with

Aser (1) =1089exp(—0.03388r ) + 2815exp(0.009364r )
(6)
Figure 9 reveals that the synthesized

particles' radius for the different concentrations
varies from 32.5 nm to 44.5 nm.
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Figure 8. Theorical absorption spectrum of silver nanoparticles calculating using Mie theory
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Figure 9. Approximation of silver nanoparticle size using Mie theory

Statistical analysis

Under optimal conditions, a better
agreement was observed between the
theoretical and experimental results when the
particle's radius was 32.5 nm. The normalized
absorption spectra (theoretical and
experimental) are presented in Figure 10.
Polydisperse nanoparticle systems obey a log-
normal size distribution [31, 32]. Thus, the UV
visible absorption spectra are fitted using the
log-normal function shown in Equation 7 to
obtain the standard deviation.

P(D)/dD = (7)

20

1 ( InZ(D/DO)J
—— exp| ———2/
\/ﬂaD

The standard deviation and the average
particle size obtained from Mie's theory are
used to generate the nanoparticle size
distribution, as shown in Figure 11. In addition,
the particles are dispersed as follows: 68% have
a radius between 27.7 nm and 38.05 nm, and
98% have a radius between 23.74 nm and 44.8
nm.
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Figure 10. Comparison of experimental and theoretical results
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Figure 11. Lognormal size distribution
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