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ABSTRACT

Published: 30.03.2026

In this study, Aloe vera leaf extract was used to synthesize silver nanoparticles from silver nitrate. Three different
concentrations (10%, 15%, and 25%) of the silver nanoparticles were prepared by dissolving them in deionized water. The
optimal concentration for biological applications was then determined. Various techniques were employed to analyze the
silver nanoparticles, including ultraviolet-visible spectroscopy, zeta potential measurements, field-emission scanning
electron microscopy, and X-ray diffraction (XRD). Confirmation of the synthesized silver nanoparticles was provided by
the color change of the particles, which changed from colorless to yellow and ultimately to brown. UV—-Vis spectroscopy
revealed a blue shift in the surface plasmon absorption peak. The XRD data revealed the crystalline characteristics of the
silver nanoparticles, which exhibited a face-centered cubic structure. Field-emission scanning electron microscopy results
showed the formation of spherical nanoparticles with diameters less than 100 nm. Particle concentration measurements
(15%) yielded a high-quality, well-distinguishable signal relative to the zeta potential. The optimal concentration was
selected based on the above test to evaluate the antibacterial activity of the synthesized silver nanoparticles against
Staphylococcus epidermidis and Escherichia coli. The results indicated that the inhibitory effect on bacterial growth was

concentration-dependent, with higher silver concentrations exhibiting greater antibacterial activity.
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1. INTRODUCTION

Nanotechnology focuses on particles measuring
between 1 and 100 nanometers. The optical features
coupled with their small size that confines electrons and
facilitates easily observable quantum events result in a
high surface-to-volume ratio of nanoparticles. Due to
their wide range of potential applications in fields such
as medicine, textiles, pharmaceuticals, water purification
(thanks to their antibacterial properties), mineral
adsorption, and insecticides, silver nanoparticles
(AgNPs) are currently the subject of extensive research
(Rautela et al., 2019). The biological method for
producing nanoparticles utilizes a diverse range of plant
and microbial compounds, including those from bacteria
and fungi (Jaffer et al., 2021). Expensive chemical and
physical methods are used to fabricate nanoparticles. The
energy, chemicals, and solvents used in these processes
are extremely harmful (Parashar et al. 2009). Therefore,
new methods for the efficient and economical synthesis
of nanoparticles using harmless and ecologically friendly
components, including phytochemicals extracted from
plants, must be developed (Thabit and Al-Rawi, 2023).
Methods from the field of green chemistry can be helpful
here. Green chemistry employs a range of approaches to
minimize the use and production of harmful compounds.
The rationale behind this strategy is to develop novel,
eco-friendly chemical processes that avoid the use of
potentially hazardous byproducts (Khathim et al. 2024).

The majority of silver nanoparticles produced by
biological methods originate from plants, bacteria, and
fungi. The primary benefit of using plant extracts is that
they are readily available, inherently safe, and non-toxic,
which helps reduce the amount of silver ions (Behravan
etal. 2019).

Researchers are particularly interested in silver
nanoparticles due to their unique physical and chemical
properties, which enable them to be utilized in various
applications (Michael et al., 2017). The process of
biosynthesis of nanoparticles from different plant
extracts isn't simple. Still, research has shown that
proteins, phenols, and flavonoids, among other bioactive
compounds, are essential for reducing metal ions and
encasing the nanoparticles that are biosynthesized
(Pirtarighat ef al. 2019).

The Asphodelaceae family includes the
succulent plant known as Aloe vera which derives its
name from the thick, verdant leaves that have toothed
edges and contain a gel rich in beneficial components
(Mohammed et al. 2019). Aloe vera was specifically
chosen as the reducing and stabilizing agent because of
its rich and well-documented phytochemical profile,
which enables an efficient, eco-friendly synthesis of
nanoparticles. Aloe vera gel contains a variety of
bioactive compounds such as phenolic compounds,
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flavonoids, polysaccharides, anthraquinones, vitamins,
amino acids, and organic acids.

Fig. 1: Iraqi Aloe vera extract used in the preparation of
AgNPs

This study introduces a novel and ecofriendly
method for synthesizing AgNPs. The technique relies on
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Aloe vera leaf extract, a natural reducing agent. The work
focuses at studying the physical properties and
antibacterial activity of the green synthesized AgNPs.
The biomedical and environmental sectors may find this
approach helpful.

2. METHODOLOGY

2.1 Collecting Materials

Silver nitrate was acquired from the
manufacturer Thomas Baker in the UK, with a purity of
99.9%. The leaves of the Aloe vera plant were sourced
from a farmer in Anbar, Iraq.

2.1.1 Aloe Vera Leaf Extract Preparation

The extraction of Aloe vera leaf extract involved
collecting leaves from the Aloe vera plant in Al-Anbar
(Fig. 1). The leaves were thoroughly washed with
distilled water to eliminate dust particles and thereafter
dried to remove any remaining moisture. The Aloe vera
extract was made by chopping the leaves into small
fragments followed by pulverization using a specialized
machine. The liquid was extracted, filtered and
centrifuged at 2000 rpm for 4 minutes to remove the
heavy biomaterials. The extract was stored at room
temperature for further use.

2.1.2 Preparation of Silver Nanoparticles

About 10 mL of the plant extract was heated to
60°C and added to 100 mL of 1 mM AgNOj solution. The
solution changed color from light yellow to dark brown
within 15 minutes. This color change served as
preliminary proof of the formation of silver nanoparticles

(Fig. 2).
3. RESULTS AND DISCUSSION

The synthesis of silver nanoparticles was
confirmed by the color change of the solution. This
optical property called surface plasmon resonance is
exclusive to nanoparticles (Kafel and Turki, 2023).

Fig. 3 represents the absorbance spectrum of
AgNPs prepared using Aloe vera and silver nitrate. The
absorbance was analyzed in the wavelength range from
300 to 500 nm. Absorbance bands appear between 450
and 400 nm, a characteristic feature of silver
nanoparticles due to the surface plasmon resonance
phenomenon.  This  resonance  occurs  when
electromagnetic waves interact with free electrons on the
particle surface, leading to a collective oscillation of the
electrons, thus producing strong light absorption at a
specific wavelength. The absorbance increased with
increasing nanosilver concentration, indicating an
increase in the number of particles formed. In the sample
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containing the highest nanosilver concentration (25 Ag),
a more pronounced absorbance band appears, with a
slight shift towards higher wavelengths (red shift). This
shift indicates increased interaction between the particles
and their proximity to one another, leading to a more
pronounced collective plasmon effect. This finding is
consistent with those of (Saeed, 2024), (Mohammed et
al. 2024; Abed et al. 2023; Mazhir et al. 2022).

Fig. 2: Gradual change in the color of the solution
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Fig. 4: Energy gap values of silver nanoparticles

Table 1. Energy gap values of silver nanoparticles

% Concentration Energy Gap (ev)
25 3.85
15 3.95
10 4.00
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Fig. 3: UV-vis absorbance spectra of silver nanoparticles

Fig. 4 shows the energy gap values calculated
from the Tauss relation for silver (Ag) solutions. There is
a clear relationship between the energy gap and the
concentration. The results showed that the electronic
transition occurs in an indirect manner (indirect allowed
transition). As the energy gap decreased with increasing
silver ion concentration in the solution due to structural
distortion and overlapping of energy levels, a reduction
in the distance between the valence band and the
conduction band occurred. This is consistent with the
findings of Hussain and Al-Rawi (2024). Table 1 shows
the energy gap values for silver solutions.
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The X-ray diffraction pattern of the isolated
silver nanoparticles is shown in Fig. 5. Four distinct
diffraction peaks were observed at 20 angles of 38.15°,
44.30°, 64.53°, and 76.96°, which are due to the (111),
(002), (022), and (113) reflection planes of the face-
centered cubic (FCC) structure of silver. In addition to
the Bragg peaks representing the silver nanocrystals,
additional peaks were also observed at 20 27.89°, 32.24°,
and 65.26°. These peaks originated from the organic
compounds in the extract, which facilitate the reduction
of silver ions and stabilize the resultant nanoparticles
(Mohammed et al. 2024). The resulting X-ray diffraction
pattern is consistent with a previously reported work
(Abed et al. 2023).

Fig. 6 shows the FESEM image of the
nanoparticles, which reveals that they are clumped and
adhered to one another, making it impossible to
distinguish them individually. This signifies the
aggregation of nanoparticles due to the drying process.
Agglomeration is the process by which nanoparticles
aggregate into a cluster due to the weak attractive forces
acting between them (Mazhir ef al., 2022). During the
drying process of the silver nanoparticle solution, water
molecules migrate from the center of the droplet to its
periphery, resulting in the aggregation of solid particles
along the droplet's edge. Additionally, the precursors
sticking on to the surfaces of silver nanoparticles can
cluster together, leading to agglomeration (Hussain and
Al-Rawi, 2024).
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Fig. 5: X-ray diffraction pattern of silver nanoparticles

Fig. 7 shows the zeta potential of silver
particles, including a comparative zeta potential study of
silver nanoparticles dissolved in deionized water at
different concentrations (20, 15, and 10%). Curves for 25
Ag look wider than that of 15 Ag. One of the many ways
in which the zeta potential distribution widens is by
raising the ionic strength. Raising the ionic strength
shortens the Debye length and enhances the screening of
surface charges. Scanning electron micrographs showed
that particles of sizes 10 and 25 exhibited more
aggregation than particles of size 15%. When the ionic
strength increases and the electrical double layer
thickness decreases, the zeta potential drops. The
magnitude of the impact of increasing particle size can be
seen by comparing respective SEM images (Mustafa and
Turki, 2024). In other words, the sample in the 10%
solution exhibited a weak signal.

In contrast, a broad and robust peak was
observed when the size of the secondary particles
remained around 30 nm in a 15% solution, and a large
particle agglomerated to approximately 200 nm in a 25%
solution. Comparing the silver solution at concentrations
of 10% and 20% with 15% reveals a noticeable change
in the peak of the zeta potential distribution. The signal
was of good quality and easily discernible when the
particle concentration was measured at 15%. This is
because the dispersion of agglomerates makes
determining the zeta potential even more difficult, and
they can also widen the distribution curve of the zeta
potential. Because of the formation, the zeta potential
changes. This could be due to a charged layer that gets
adsorbed or because the slip plane moves as a result of
the adsorption of large molecules. The zeta potential
variations observed, resulting from a change in the
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location of the slip plane, partially explain the increase in
solution concentration. The zeta potential for the 15%
solution is more discernible than the zeta potentials for
the 10% and 20% solutions when the zeta potential
measurements are combined with data regarding the
surface properties of the secondary particles, such as their
thickness, structure, composition, and the molecules in
the solution (Al-Rawi and Mazhir, 2023; Selvaraj et al.
2013; Mohammed et al. 2024; Mulenos et al. 2020).
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Fig. 6: Size determination by FESEM of silver nanoparticles
for concentrations: (a) 10%, (b)15% and (c)25%
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Numerous medical, health, and environmental
fields have extensively utilized silver nanoparticles (Al-
Rawi and Ramizy, 2019). Fig. 8 shows the results of
—=—10Ag testing the effectiveness of silver nanoparticles made
’ —o— I5Ag with an Aloe vera extract against the bacteria
40- —4—25Ag Staphylococcus epidermis and Escherichia coli. The
microbial cell undergoes structural changes, which
ultimately lead to the death of the microorganisms (Al-
Rawi and Alijanabi, 2021). Table 2 shows that the
antibacterial activity of silver nanoparticles against the
selected bacteria.
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Fig. 8: The antibacterial activity of Ag NPs produced by the green technique against gram-negative bacteria and positive
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4. CONCLUSION

An eco-friendly and cost-effective green
synthesis method was employed to produce silver
nanoparticles using Iraqi Aloe vera leaf extract as the
reducing agent. The synthesized nanoparticles were
evaluated for antibacterial activity against Escherichia
coli and Staphylococcus epidermidis, showing clear
zones of inhibition. UV—Vis spectroscopy confirmed
nanoparticle formation, while XRD analysis revealed
characteristic FCC silver peaks. The FESEM images
showed  predominantly  spherical  nanoparticles.
Variations in extract concentration influenced particle
size and crystal structure. The results confirm that green-
synthesized silver nanoparticles are stable and exhibit
strong antibacterial activity.
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