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ABSTRACT

This study focuses on the green synthesis and characterization of silver nanoparticles (Ag-NPs) using Glycyrrhiza glabra root
extract as a natural reducing agent. The antimicrobial potential of these nanoparticles was evaluated against a range of pathogens,
including both bacteria and fungi. The synthesis process was initiated by adding Glycyrrhiza glabra root extract to a silver nitrate
solution, resulting in a distinct color change from colorless to dark yellow, and eventually to black, signaling the formation of Ag-
NPs. The formation and properties of the nanoparticles were further confirmed through UV-visible spectroscopy, which revealed
a strong surface plasmon resonance peak at 421 nm, characteristic of Ag-NPs. X-ray diffraction (XRD) analysis showed that the
nanoparticles possessed a face-centered cubic (FCC) structure, confirmed by the observation of well-defined Bragg reflections.
Additionally, Energy Dispersive x-Ray Spectroscopy (EDX) and scanning electron microscopy (SEM) analyses were performed
to assess the elemental composition and morphology of the synthesized nanoparticles. EDX results confirmed the presence of
silver, while SEM images revealed the presence of nanoparticle aggregates, though no distinct morphology was observed. The
antimicrobial activity of the synthesized Ag-NPs was tested against both Gram-positive and Gram-negative bacteria, with results
indicating a significantly stronger antimicrobial effect against Gram-negative bacteria. These findings highlight the promising
potential of green-synthesized Ag-NPs as effective antimicrobial agents, providing a sustainable and eco-friendly approach to
nanoparticle synthesis with significant implications for various biomedical applications.

1 | Introduction nanoparticles are now being employed in a wide range of appli-

cations in biology, medicine, physics, chemistry, and material
Nanotechnology is a rapidly growing field of study in modern science. Ag-NPs are the most marketable nanoparticles among
materials science, particularly in biotechnology [1]. Noble metal ~ nanostructured noble metals (AgNPs) [2]. The use of AgNPs in
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molecular imaging, drug delivery, photonics, microelectronics,
biomedicine, and biosensors has gotten a lot of interest. AgNPs
have been developed using a variety of physical and chemical
approaches all around the world [3]. The use of environmentally
friendly materials such as plant extracts, bacteria, and fungi for
nanoparticle synthesis has received a lot of attention in recent
years, and green synthesis of metal nanoparticles has succeeded
in getting a lot of attention because of its numerous advantages
over other chemical and physical methods [4]. Green synthesis is
a simplistic and effective approach for producing nanoparticles
with high stability and size [5]. Plant-mediated nanoparticle
synthesis is chosen because it allows for the production of vast
quantities of nanoparticles at a low cost; it is also environmentally
benign and safe for human therapeutic use [5]. Because of the
diversity and great potential of plants in creating nanoparticles of
various forms, this topic continues to receive a lot of attention [5].

Many novel antibiotics have been developed by pharmaceutical
companies during the previous three decades [6]. Microorgan-
isms, on the other hand, have developed resistance to these med-
ications. Microbial resistance is becoming more of an issue, and
the future usage of antimicrobial medications is still questionable.
The creation and modification of novel antimicrobial agents
(e.g., natural and inorganic-based antimicrobial compounds) are
required due to the rising bacterial resistance to traditional
antibiotics, because of its antibacterial action, investigations on
AgNPs have grown in popularity in recent years [7, 8]. Because of
their antibacterial qualities, AgNPs are used in a range of indus-
tries such as medicine, industry, animal husbandry, packaging,
cosmetics, health, and military applications. Green production of
novel AgNPs with active antibacterial properties is advantageous
[8]. The primary goal of this study was to develop a unique
methodology for green chemistry biosynthesis of AgNPs utilizing
an aqueous extract of Glycyrrhiza glabra roots at room tem-
perature [8]. The synthesized nanoparticles were characterized
by UV-visible spectroscopy, x-ray diffraction (XRD), scanning
electron microscope (SEM), and energy dispersive spectroscopy
[9]. The antibacterial efficacy of synthesized AgNPs against
Gram-negative Escherichia coli and Gram-negative Staphylococ-
cus aureus was evaluated. The antibacterial activity of synthesized
Ag-NPs is found to be more efficient against Gram-negative (E.
coli) bacteria than Gram-positive bacteria (S. aureus) [10-12].

2 | Results and Discussion

The precursor solution, silver nitrate, and sodium hydroxide were
bought from Sigma Aldrich and 99% purity was used for the
preparation of the sample. Beakers and other glassware, which
were washed with ethanol from Sigma Aldrich, were used. To
prepare plant extract, Glycyrrhiza glabra roots were used.

2.1 | Preparation of Plant Extract

To prepare plant extracts, Glycyrrhiza glabra roots were used.
Initially, all the glassware items being used were washed with
ethanol. To remove any impurities and dust, it was properly
washed with distilled water. For proper drying of Glycyrrhiza
glabra roots, the beaker was covered properly with a plastic sheet
to avoid dust and impurities present in the open air. The beaker
was placed under the sun for about 3 days to dry Glycyrrhiza

glabra roots properly. The Glycyrrhiza glabra roots were then
ground and converted into a fine powder. An aqueous plant
extract was prepared by weighing 10 g of Glycyrrhiza glabra
powder on a weight balance. One hundred milliliters of distilled
water was poured into a 200-mL beaker. Ten grams of Glycyrrhiza
glabra powder was then mixed with 100 mL of distilled water
using a hot plate for proper mixing at 550°C with 1000 rpm for 30
min. To separate any solid particles from the liquid, the solution
was then filtered using Whatman filter paper, and the filtered
solution was then placed at room temperature for 1 h. The plant
extract was prepared and ready to be used as a reducing and
stabilizing agent [13, 14].

2.2 | Synthetization of Ag-NPs

To prepare Ag-NPs, 0.8579 g of AgNO; and 0.2062 g of NaOH were
dissolved in 100-mL deionized or distilled water. NaOH is used to
maintain the pH of the prepared solution. The prepared samples
were placed on a hot plate and the temperature of the hot plate
was set at 250°C and stirred at the rate of 800 rpm. Ten milliliters
of plant extract was taken and mixed into the solution of (AgNO;).
After 1 h, the prepared solution was completely mixed and the
color of the sample was changed to dark brown. The initial pH
of the solution was 7, to increase the pH, a 0.1-mol/L solution of
NaOH was added dropwise till the pH was maintained at 11, and
the color of the solution started changing from dark brown to dark
black. The solution was placed overnight and the black NPs of Ag
precipitated in the bottom of the beaker. To collect the Ag-NPs
precipitated in the beaker, the centrifugation process was used.
The NPs of Ag in black color precipitated on the bottom were first
separated from the remaining solution. The Ag-NPs solution was
then evenly shifted in centrifuge tubes. The centrifuge machine
was set for centrifugation at a rate of 6500 rpm for 15 min. The Ag-
NPs were dried in an oven at 500°C for 5 h. The solid Ag-NPs were
then crushed using a crusher and converted into dry powder.

2.3 | XRD Analysis

The confirmation of Ag-nanoparticles is analysed through a
Bruker D8 Advance powder x-ray diffractometer with Cu Ka (4
= 1.5406 A) radiation 04-0783. The XRD peaks are compared
with the standard card (JCPDS card no. 04-0783) to confirm the
formation of prepared sample. When performing XRD on Ag
nanoparticles, the resulting diffraction pattern typically exhibits
sharp peaks corresponding to the face-centered cubic (FCC)
structure of metallic silver. A high-intensity peak for FCC mate-
rials is the [111] reflection, which was detected in the sample
along with other peaks whose intensities reflected the high
degree of crystallinity of AgNPs synthesized from Glycyrrhiza
glabra aqueous root extract. This feature further enhances AgNPs’
antimicrobial capabilities [15, 16].

The crystallite size of Ag nanoparticles can be calculated using
the Scherrer equation as follows:

D = kA/Bcosd @
The peak broadening of diffraction peaks revealed that AgNPs’

small crystallite size was found to be 41.065 nm via the Sherrer
formula, and the lattice parameter value is 4.048 A.
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FIGURE 1 | AgNPs produced from Glycyrrhiza glabra root extract
XRD pattern.

When performing XRD on Ag nanoparticles, the resulting diffrac-
tion pattern typically exhibits sharp peaks corresponding to the
FCC structure of metallic silver as shown in Figure 1.

2.4 | SEM Analysis

The SEM (Cube II Emcraft South Korea) setup is used to study
the surface structure of samples, showing particle arrangements
at different scan rates. Figure 2a shows the micrographs of
synthesized Glycyrrhiza glabra root extract of Ag-NPs on a scale of
500 nm. The micrograph shows small spherical-shaped nanopar-
ticles combined to form large agglomerates of different shapes
and sizes. In Figure 2a, the size of nanoparticles is calculated at
different positions on the micrograph. The positions are selected
where the spherical shape is visible. The spherical nanoparticle
with tag C,; has a diameter of 86.80 nm. Similarly, the spherical
nanoparticle with tag C, has a diameter of 69.63 nm. Spherical-
shaped nanoparticles with tags C; and C, have a diameter of 88.92
and 79.63 nm. The nanoparticles are of different sizes, with a size
range from 60 to 90 nm. Figure 2b shows the micrographs of syn-
thesized Ag-NPs on 500-nm scales; the micrograph again shows
similar results. The micrograph shows some space between the
large agglomerates formed by the combination of small spherical-
shaped nanoparticles. Also, the shapes of the agglomerates have
no proper pattern. Figure 2c shows the micrographs on a 1-um
scale. This micrograph again shows a large agglomeration of
Ag-NPs with no proper shape. Ag-NPs of spherical shape and
composite nanoparticles with improper shapes are more visible
[17-19]. The agglomeration is due to a long-time gap during
synthesis and characterization. Figures 2d and 2e showed the
micrographs on a 5-m scale and a 10-um scale, respectively.

SEM micrographs confirm the spherical-shaped small nanopar-
ticles visible on the surface and different sizes and improp-
erly shaped agglomerates because of the combination of small
nanoparticles. SEM micrographs reveal individual spherically
shaped AgNPs as well as a variety of aggregates. Individual
nanoparticles have a particle size of roughly 60-90 nm. These
nanoparticles are stable and not in direct touch, according to

TABLE 1 | EDX weight ratio.
Element Weight Atomic
OK 22.29 65.92
AgL 77.71 34.08
Total 100.00

SEM images. This could be due to the capping agent’s ability
to stabilize the nanoparticles. There were also large aggregates
of nanoparticles with an uneven structure and no well-defined
shape. Figure 2f shows an irregularly shaped nanoparticle with
an average size of 81.24 nm.

SEM also provides information about the surface texture of
the nanoparticles. In the case of Ag-NPs synthesized using
plant extracts, the surface may exhibit a slight roughness or a
thin organic coating. This coating is often due to the presence
of biomolecules from the extract that act as capping agents,
stabilizing the nanoparticles. These surface characteristics can
play a role in the interaction of the nanoparticles with other
materials, such as cells in biomedical applications [20, 21].

Nanoparticle morphology plays a crucial role in determining
their antimicrobial properties. By tailoring the size, shape, surface
charge, and functionalization of nanoparticles, their effectiveness
against various pathogens can be optimized and the morphol-
ogy of Ag-NPs changes with increasing scan rate because of
differences in the kinetics of nanoparticle formation, nucleation
and growth processes, aggregation tendencies, and the overall
reaction dynamics. These morphological changes can influence
the efficiency of the nanoparticles, including their antimicrobial
properties.

2.5 | EDX Spectroscopy
The elemental analysis of the bio-synthesized nanoparticles is
revealed by the EDX and it confirmed the production of Ag-NPs.

The production of Ag-NPs is confirmed by energy-dispersive x-
ray analysis, which reveals a strong signal in the silver region
(Figure 3).

Due to surface plasmon resonance (SPR), metallic silver
nanocrystals have a characteristic optical absorption peak at
3 keV, which is typical of silver nanocrystallites absorption,
suggesting the existence of AgNPs [22]. Surprisingly, an adjoint
element, oxygen, was discovered. As EDX is a surface technique,
the observed oxygen peaks are due to the contact of the sample
with the environment or may be due to the organic compounds
present in the extract, which were used for the synthesis of
AgNPs as reported in Table 1

According to the research, the nano-structures were found to
be entirely made of silver. Different locations were focused
during the EDX analysis, and the relevant peaks are displayed
in Figure 3. Ag and O made up 77.7 and 22.29 weight percent
of the sample, respectively. The details of the EDX spectra of
the Ag-NPs values measured in atomic and weight percent are
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FIGURE 2 | (a-f): SEM images of Ag at different resolutions.

listed in Table 1. The image reveals the shape, morphology, and
size of nanoparticles. Small, spherically shaped Ag-NPs combine
to form agglomerates of irregularly shaped nanoparticles. The
average size of spherically shaped silver synthesized from aque-
ous extracts of Glycyrrhiza glabra is 81.24 nm. The existence of
large-sized agglomerates with uneven structures suggests that the
protracted incubation period caused aggregation [22, 23].

2.6 | UV-Vis Analysis

A UV-Vis-NIR spectrophotometer (Shimadzu UV2600 plus)
equipped with an integrating sphere was used to assess the

(b)
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optical absorption and transmission of the prepared sample as
shown in Figure 4. The UV-visible spectrum was used to track
the reduction of pure silver ions from a wavelength of 200-
800 nm. There are various wavelengths of UV-Vis light absorbed
and stimulated by nanoparticles owing to charge density at the
interface between the conductor and insulator.

Figure 4 shows a single strong distinctive absorption peak at
421 nm in the UV-visible spectra. The SPR peak of AgNPs
corresponds to this absorption peak.

Glycyrrhiza glabra root extract has proven to be an effective
green-reducing agent for the synthesis of Ag-NPs. The UV-Vis

40f8

International Journal of Chemical Kinetics, 2025



=
Spectrum 1

— 4oam 2

10pm Electron Image 1

FIGURE 3 | EDX analysis of AgNPs.
3.0
2.5+
—~ 2.0
3 (421 nm)
3
3
c 1.5
©
£
<]
.8 1.0 4
-0
0.5+
0.0 4
T T T T T T T
200 300 400 500 600 700 800
Wavelength (nm)
FIGURE 4 | UV spectra of Ag-NPs.

spectroscopy results demonstrated a well-defined SPR peak at
421 nm, confirming the formation of monodispersed AgNPs.
This eco-friendly synthesis method could be further explored
for its potential applications in biomedicine and environmental
remediation [24-26].

2.7 | Transmittance

A UV-Vis spectrophotometer records the percentage of light
transmitted through the colloidal solution of AgNPs in the range
of 200-800 nm as reported in Figure 5. Typically, for Ag-NPs,
the transmittance decreases in the visible region where the SPR
peak is observed, which often lies between 400 and 450 nm.
This decrease in transmittance corresponds to the characteristic
absorbance of Ag-NPs. The UV-Vis transmittance spectrum
generally shows a significant reduction in transmittance around
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FIGURE 5 | Transmittance spectra of Ag-nanoparticles.

the SPR peak (around 421 nm), where the nanoparticles absorb
light. Beyond the SPR region, the transmittance increases, partic-
ularly in the UV region, indicating that the nanoparticles allow
light to pass through at these wavelengths [27]. The degree of
transmittance is affected by several factors, including the size
and concentration of the nanoparticles in the solution. Smaller
nanoparticles or more dilute solutions tend to show higher
transmittance due to less scattering and absorption of light.

At 421 nm, Ag-NPs exhibit SPR, causing them to transmit a
significant amount of light. This leads to low transmittance at
this wavelength. At other wavelengths, the nanoparticles do not
absorb light as strongly, so more light passes through, leading to
higher transmittance [28, 29].

2.8 | Antibacterial Activity of the AgNPs

AgNPs made from aqueous root extract of Glycyrrhiza glabra
demonstrated excellent microbicidal activity when compared to
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FIGURE 6 | Antibacterial activity of Ag-NPS synthesized from aque-
ous root extract of Glycyrrhiza glabra against E. coli.

FIGURE 7 | Antibacterial activity of Ag-NPS synthesized from aque-
ous root extract of Glycyrrhiza glabra against S. aureus.

the standard negative control. A Gram-positive (Staphylococcus
aureus) and a Gram-negative (Escherichia coli) strain were tested
with produced AgNPs using the disc diffusion method as cited
in Figure 6. The inhibitory zones were evaluated in terms of
diameter to determine the antibacterial activity of aqueous root
extracts of Glycyrrhiza glabra [30].

AgNPs have a microbicidal effect due to their tiny size and
high surface-to-volume ratio. AgNPs have different antibacterial
effects against Gram-negative (E. coli) and Gram-positive (S.
aureus) bacteria, notwithstanding their competition for one over
the other as shown in Figure 7. The antibacterial activity of
Ag-NPs against Gram-negative and Gram-positive microbes has
yielded inconsistent findings in earlier investigations [31-34].
The results show excellent antibacterial activity against both
Gram-positive and Gram-negative bacteria. After measuring the
zone of inhibition shows that the bio-synthesized Ag-NPs using
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FIGURE 8 | Bardiagram showing microbicidal activity of AgNPs.

Glycyrrhiza glabra root extracts are more effective against Gram-
negative (E. coli) bacteria than Gram-positive (S. aureus) bacteria.
Ag-NPs are an inexpensive, environmentally benign, nontoxic,
and efficient microbicidal agent that may also be utilized to treat
human pathogenic bacteria and biofilms as shown in Figure 8.

The decreased transmittance in the visible region is a result of
both the intrinsic optical characteristics of the Ag-NPs (like SPR)
and their role in antimicrobial action, where light absorption aids
in generating reactive species that harm microorganisms.

3 | Conclusion

In this study, Ag-NPs were successfully synthesized via sol-gel
using the aqueous root extract of Glycyrrhiza glabra, demonstrat-
ing a green and sustainable approach to nanomaterial production.
The XRD study confirmed the formation of Ag-NP with a
standard card, and the XRD analysis indicated their crystalline
structure and size. SEM study revealed the grain size of Ag-
nanoparticle and found it to be an average of 81.24 nm. It is also
observed at different scan rates that the grain size changes from
60 to 90 nm. SEM study also revealed the morphology of the
prepared sample to be spherical shape and it is observed that
Ag-NPs synthesized using plant extracts, the surface exhibited
a slight roughness or a thin organic coating. The production of
Ag-NPs is confirmed by energy dispersive x-ray analysis which
reveals a strong signal in the silver region and noted that Ag
and O made up 77.7 and 22.29 weight percent of the sample,
respectively. The strong absorption of silver is noted in the
range of visible region (421 nm) due to SPR and also confirmed
the formation of monodispersed AgNPs. At 421 nm, Ag-NPs
absorb a lot of light due to a phenomenon of SPR, which means
less light gets through, resulting in low transmittance at this
wavelength. However, at other wavelengths, the nanoparticles
absorb less light, allowing light to pass through and leading to
higher transmittance. AgNPs root extract of Glycyrrhiza glabra
showed strong antibacterial activity compared to a control group.
They were tested against two types of bacteria as follows: Gram-
positive Staphylococcus aureus and Gram-negative Escherichia
coli, using the disc diffusion method. The results showed that
AgNPs effectively inhibited the growth of both types of bacteria,
but they worked better against the Gram-negative E. coli due
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to the effectiveness of AgNPs comes from their small size and
large surface area, which enhance their ability to kill bacteria.
Overall, these Ag-NPs are a promising, safe, and eco-friendly
option for combating harmful bacteria and could be useful in
treating infections and preventing biofilms.
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