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Abstract

The development of biologically mediated green synthesis of silver nanoparticles (AgNPs) has gained
significant global attention due to its promising applications in medical science and disease treatment.
Unlike conventional chemical and physical methods, green synthesis employs eco-friendly, non-toxic,
and cost-effective approaches, utilizing biological resources such as plants, microorganisms, and natural
extracts as reducing and stabilizing agents. In this context, the present study highlights the synthesis of
silver nanomaterials using Artemisia lerchiana Web. extract as a novel and sustainable source. Compared
to conventional antibiotics and chemically synthesized drugs, AgNPs obtained from green routes exhibit
remarkable antibacterial, anticancer, antifungal, and anti-inflammatory activities, thereby offering potential
solutions to pressing medical challenges such as antibiotic resistance, chronic infections, and tumor pro-
gression. The structural and morphological properties of the synthesized nanoparticles were systematically
characterized using scanning and transmission electron microscopy (SEM and TEM), energy-dispersive
X-ray analysis (EDX), X-ray diffraction (XRD), thermogravimetric-differential thermal analysis (TG-DTA),
and zeta potential measurements. These results revealed that the biosynthesized AgNPs possess well-de-
fined size, shape, crystallinity, and homogeneous distribution, which are strongly influenced by the phy-
tochemical composition of the plant extract. Furthermore, this review provides an overview of recent
advances in green synthesis strategies, emphasizing the role of biocompatibility in reducing nanoparticle
toxicity, minimizing environmental risks, and lowering production costs. The findings confirm that bio-
logically synthesized silver nanoparticles represent a promising alternative to conventional nanomaterials
for biomedical and pharmaceutical applications, with enhanced safety profiles, stability, and therapeutic
efficiency. This work contributes to the growing body of research focused on eco-friendly nanotechnology
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for sustainable and advanced healthcare solutions.
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Introduction

Nanobiotechnology is a promising field that stud-
ies the structure and practice of nanoparticles (NPs)
in many fields (Sunderam et., 2019). The unique
properties of nanoparticles are based on their mon-
odisperse size and surface morphology; different
shapes and sizes can be obtained by changing the
synthesis stage of nanomaterials (Clarance, 2020;
Hosny, 2021). Nanoparticles are widely produced in
industry by physical and chemical methods (Bandei-
ra et ., 2020). Nowadays, instead of traditional meth-
ods, it is more preferred to produce nanoparticles by
fast and cheap green synthesis procedures that do
not pollute the environment and do not use toxic sol-
vents (Badeggi et., 2020). In this context, scientific
research has focused on synthesizing these nanoma-
terials from biological sources such as plants, algae,
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seaweed, viruses, bacteria, and fungi (Chellamuthu,
2019; Aktepe, 2021).

In nanoparticle research, zinc (Thema et., 2015)
gold (Soliman et., 2020), silver (Salem et., 2020),
nickel (Pandian et., 2015), iron (Devatha et., 2016),
platinum (Thirumurugan et., 2016), and selenium
(Cittrarasu et., 2021) salts have been extensively in-
vestigated in nanoparticle synthesis.

Due to their unique physical and chemical prop-
erties, silver nanoparticles (AgNPs) are increasing-
ly used in various fields, including medicine, food,
healthcare, consumer, and industrial applications.
These include optical, electrical and thermal, high
electrical conductivity and biological properties (Gu-
runathan, 2015; Li, 2010; Mukherjee, 2001). Due to
their unique properties, they are suitable for sever-
al applications, including as antibacterial agents in
industrial, household and health-related fields, con-
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sumer products, medical device coatings, optical
sensors and cosmetics, pharmaceutical industry, food
industry, diagnostics, orthopedics, drug delivery,
anticancer are used as agents (Chernousova&Epple,
2013). Nanoscale metal particles are unique and can
significantly change their physical, chemical, and
biological properties due to their surface-to-volume
ratio; therefore, these nanoparticles have been used
for various purposes (Li, 2001; Sharma, 2008). Var-
ious methods have been adopted for the synthesis of
AgNPs. In general, traditional physical and chemical
methods seem to be very expensive and dangerous
(Gurunathan, 2015; Kalishwaralal, 2015). Inter-
estingly, biologically prepared AgNPs exhibit high
yield, solubility, and high stability (Gurunathan et.,
2015). Among several synthetic methods for AgNPs,
biological methods are more widely used as simple,
rapid, non-toxic, reliable and green approaches.

As an alternative for sustainable development in
green nanobiotechnology, environmentally friendly
and economically efficient technology is used to re-
duce toxic waste generated by industrial and chem-
ical processes (Rai, 2013). Nanoparticles (NPs) can
be synthesized by physical, chemical and biological
methods (Reverberi et., 2019). Physical and chemi-
cal synthesis is energy-intensive and in many cases
involves toxic substances, while biological methods
are more cost-effective, clean, non-toxic and en-
vironmentally friendly. Biological synthesis using
plant extracts has been proposed as an environmen-
tally friendly alternative compared to other methods
(Saravanakumar et., 2017). Plants are widespread,
readily available, safe to handle, low production cost,
and a source of various metabolites (bioactive phyto-
chemical elements) (Elumalai et., 2010)

Therefore the aim of our study was to investigate
the characteristics of silver nanoparticles obtained
using the extract of Artemisia lerchiana Web, since
the search for the most effective and environmentally
safe ways of obtaining NPs still remains a pressing
issue.

Materials and methods

Preparation of wormwood extract and silver ni-
trate (AgNO3) solution

In order to get the plant extract have been used
the vegetative organs of Artemisia lerchiana Web.
plant samples were collected from Lokbatan settle-
ment of Absheron region of Azerbaijan in the sum-
mer season. The samples were washed several times
first with tap water and then with distilled water. The
leaves of plant samples were dried in room conditions
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for 48 hours. 50 g of dried plant leaves were placed in
a 500 ml beaker, then 250 ml of distilled water was
added, and the mixture was boiled. The mixture is
boiled for 5 minutes to get the desired result. Then
the extract was cooled to room temperature. Filtering
of the plant extract was done with No. 1 Whatman
filter paper. The obtained extract was stored at +4
°C until experiments. In order to obtain silver NPs, a
solution of silver nitrate was prepared in the follow-
ing proportion: 25 grams of salt were dissolved in
300 ml of distilled water.

Biosynthesis

50 ml extract of wormwood leaves and 250 ml
AgNO3 solution were placed in a 1000 ml flask and
reacted at 45 °C after just shaking by hand. The re-
action mixture was found to change color with time.
The extract obtained as a result of the reaction was
centrifuged at 6000 rpm for 15 minutes with an
OHAUS FC 5706 device. After several washings,
the precipitated solid was dried in an oven at 75°C
for 24 h. The obtained particles were then prepared
for characterization. Phytochemicals in plant extracts
reduced Ag+1 to Ag0, thus forming AgNPs (Mani
et., 2021).

Scanning Electron Microscopy (SEM)

The surface morphology of the synthesized Ag
nanoparticles was examined using a Field Emission
Scanning Electron Microscope (FESEM, EVO 40
LEQ). Dried nanoparticle powder was mounted on
conductive carbon tape and analyzed under high vac-
uum. Images were collected at 5-15 kV accelerating
voltage, depending on resolution requirements. The
SEM micrographs were used to assess particle shape,
agglomeration behavior, and qualitative size distri-
bution.

Transmission Electron Microscopy (TEM)

Nanoscale morphology and internal structural
features were investigated using Transmission Elec-
tron Microscopy (TEM, JEOL JEM-1010) operating
at 200 kV. A dilute suspension of Ag nanoparticles in
ethanol was prepared and ultrasonicated for 10 min
to minimize agglomeration. High-resolution TEM
(HRTEM) imaging was performed to determine lat-
tice fringes and interplanar spacings. Particle size
analysis was conducted using ImagelJ software based
on measurements of >100 particles.

Energy-Dispersive X-ray Spectroscopy (EDX)
Energy Dispersive X-ray Analysis (EDX) re-
veals the presence of silver and oxygen elements
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in the nanoparticles, which indicates the purity and
complete chemical composition of the AgNPs. EDX
analysis shows the relative composition of elements
such as Oxygen (O), Aluminum (Al), Carbon (C) and
Silver (Ag). Other elements are organic substances
bound to the surface of the silver nanoparticles (Dada
et al., 2017). The percentage of Ag metal found is
significant compared to other chemical elements.
Red, green and blue spots indicate the presence of sil-
ver, oxygen and carbon elements, respectively, in the
green synthesized silver nanoparticles. The elemental
composition was confirmed using EDX spectroscopy
integrated with a FESEM system (Rad B-DMAX 11,
Japan). The spectra were obtained under high vacu-
um under optimized beam conditions. The character-
istic emission lines of silver (Ag La = 3.0 keV) were
used to verify the identity of the elements and assess
the purity.

X-ray Diffraction (XRD)

XRD is a technique used to determine both quali-
tative and quantitative analyzes of nanoparticles. This
analyzes are used to confirm the formation of nanopar-
ticles and determine their crystal structure. In addition,
this technique was used to calculate the crystalline
nanoparticle size and measure the degree of crystal-
linity. Crystalline structure and phase purity of the Ag
nanoparticles were analyzed using X-ray diffraction
((Rad B-DMAX II, Japan) equipped with Cu Ka ra-
diation (L = 1.5406 A) operating at 40 kV and 15 mA.
Diffraction patterns were collected in the 26 range of
20°-80° with a scan rate of 0.02°/s. Average crystallite
size was calculated using the Debye—Scherrer equa-
tion, based on the FWHM of the and reflections.

Thermogravimetric—Differential Thermal Analy-
sis (TG-DTA)

Thermal stability was examined using TG-DTA
analysis (Shimadzu, Japan). Approximately 8—10 mg
of dried nanoparticles was placed in an alumina cru-
cible and heated from 25°C to 800°C at a constant
rate of 10°C/min under a nitrogen atmosphere (flow
rate: 50 mL/min). The TG curve provided informa-
tion on mass-loss events, while the DTA signal was
used to identify associated endothermic and exother-
mic transitions.

Zeta Potential Analysis

Colloidal stability and surface charge of the
nanoparticle suspension were evaluated using a Ze-
tasizer Nano ZS (Malvern Panalytical, UK) based on
electrophoretic light scattering. Nanoparticles were
dispersed in deionized water and sonicated for 5 min

prior to analysis. Measurements were performed at
25°C, and the reported zeta potential represents the
mean of three replicate readings. The magnitude of
zeta potential was interpreted as an indicator of col-
loidal stability.

Results and discussion

Scanning Electron Microscope (SEM)

Due to aberration and the limitation of the wave-
length of light, it is not possible to achieve additional
magnification with optical microscopes. This creates
a highly magnified image of the surface or sample.

Silver nanoparticles are very good electrical con-
ductors, making them easy to scan using SEM. Al-
though SEM cannot observe the internal structure of
samples, it can provide useful information on parti-
cle purity and aggregation ( Lavoie, 1995). AgNPs
are usually spherical, cubic, triangular, oval, round
in shape and appear as single or aggregated parti-
cles (Abdellativ et., 2022). Changes in shape can be
causedby changes in synthesis parameters such as
pH, temperature and plant concentration.

FE-SEM methods were used to evaluate the size
and shape of the silver nanoparticles obtained from
the Artemisia lerchianaWeb. plant extract. As a result
of the conducted studies, it was determined that the
sizes of AgNPs ranged from 25 to 50 nm and were
generally spherical (Fig 1).

In most cases, the obtained particle sizes range
from 20 to 30 nm. Thus, Khan et al. (2022) investi-
gated AgNPs synthesized from Acer pentapomicum
using SEM. Their study found that the average size of
AgNPs ranged from 19 to 25 nm and their shape was
spherical. Ghabban et al. (2022), using SEM, found
that AgNPs produced from Astragalus spinosus were
spherical in shape and 3040 nm in size. Another
study on green-synthesized AgNPs from Areca cat-
echu using SEM also revealed that the nanoparticles
were spherical in shape (Choi et al., 2021). However,
AgNPs synthesized from A/lium cepa L. plant were
in cubic shape (Abdellatif, 2022).

In the shape morphology of silver nanoparticles,
icosahedron (polyhedron) and leaf-shaped particles
were found (Choi et al., 2021). SEM images also
revealed that the silver nanoparticles were highly
aggregated at some points, which may be due to the
magnetic behavior of the silver nanoparticles, and
their larger surface area to volume ratio tends to con-
centrate them to reduce the surface energy (Khan et
al., 2022). To eliminate agglomeration, these parti-
cles can be coated with a biocompatible polymer
(Ghabban et al., 2022).
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Figure 1 — SEM results of AgNPsobtainedbyArtemisia lerchianaWeb. plant extract in various scales

TEM Analysis

TEM makes the atomic scale visible since it is
more powerful than optical microscopes that rely on
visible light to achieve a magnification of 50 million
nanometer objects. The topography and dimension of
green-synthesized Artemisia lerchiana are discussed.
The TEM analysis was done to characterize AgNPs.

EM images of low and high resolution showed
that nanoparticles were highly stable in nature, of
small size, monodisperse and spherical in shape, and
had smooth surfaces with no agglomeration. The
TEM images were obtained at a scale bar of 50 nm to
give the size reference of AgNPs and average particle
size of 4-19 nm (Figure 2).

Figure 2 — TEMimage of AgNPsobtainedfrom Artemisia Lerchiana plantextractat 50 nm

Energy Dispersive X-ray Analysis (EDX)

The EDX spectrum revealed strong signals in-
dicating the presence of Ag atoms in the biosynthe-
sized Artemisia lerchiana Web. plant extract nano-
material. The presence of elements carbon, chlorine,
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and oxygen, which are sources of weak signals in the
spectrum, was due to the plant extract. As reported in
many studies with various plants, AgNPs showed a
characteristic optical absorption peak at about 3 KeV
depending on the SPR (Figure 3).
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Ag 47 L-series 53.69 64.35 18.85 2.5
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Cl 17 K-series 0.46 0.55 0.49 0.1
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Figure 3 — EDX analysis of AgNPsobtainedbyArtemisia lerchianaWeb. plant extract

EDX analysis is one of the widely used methods
by other authors. Thus, aqueous Abutilon indicum
leaf extract was used for the biosynthesis of AgNPs,
and EDX analysis presented a strong signal of Ag at
2.7 KeV (Ullah et al., 2021). Mani et al. (M. Mani
et al., 2021) used Cleome gynandra leaf extract for
the green synthesis of silver oxide nanoparticles and
reported a similar type of spectrum. Vinay et al. (S.P.
Vinay et al., 2019) used cow urine for the green syn-
thesis of silver oxide nanoparticles and reported the
same type of spectrum.

X-ray Diffraction (XRD) Analysis

An intense peak at 26 38.04° was chosen to cal-
culate the crystal size, where K is the Scherrer con-
stant, A is the wavelength of the light used for dif-
fraction, P is the FWHM value of the peak, and 6
is the Bragg angle. The Scherrer constant (K) in the

formula above takes into account the shape of the
particle and is generally taken to have a value of 0.9.
As a result of calculations, it was determined that the
average crystal size of silver nanoparticles is 24.83
nm (Figure 4).

According to the XRD spectrum data of Arte-
misia Lerchiana-AgNPs, the diffraction peaks are at
27.77°,32.14°,38.04°, 44.29°, 46.18°, 54.79°, 57.4°,
64.40°, and 77.36°, which indicates that silver is cu-
bic and represents the crystal structure in the 260 plane
(index).

Peaks representing the crystal structure of silver
have been reported in many herbal silver nanopar-
ticle synthesis studies such as Cinnamomum cam-
phora (Aref & Salem, 2020), Crossopteryx febrifu-
ga, Brillantaisia patula, Senna siamea (Kambale et
al., 2020), Cicer arietinum (Baran et al., 2022), and
Prunus dulcis (Aktepe et al., 2021).
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Figure 4 — XRD analysis of AgNPsobtainedbyArtemisia lerchiana Web. plant extract

TG and DTA Analysis at temperatures ranging from 390°C to 731°C (Fig-

According to the research, 18.7% mass loss oc-  ure 5). These mass losses simply indicate a slow
curred in the sample at a temperature ranging from  degradation of the nanomaterial, suggesting that the
200°C to 390°C, and 20.6% at a temperature ranging  resulting AgNPs are stable even at high tempera-
from 390°C to 731°C. Mass loss occurred mostly  tures.
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Figure 5 — TG-DTA results of AgNPssynthesizedviawormwoodextract
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nalysis of the zeta size and zeta potential was
done to ascertain the surface charges and size dis-
tributions of the biosynthesized AgNPs, and it was
determined that AgNPs featured a surface charge of
—20 mV (Fig. 6)A negative zeta potential is often at-
tributed to the presence of capping phytochemicals
on the nanoparticle surface, which prevents aggre-
gation and supports long-term colloidal stability.The

synthesis of nanoparticles cannot be done in a stan-
dard size, and nanoparticles with different sizes can
be produced. The mean sizes of nanoparticles have
been found to be 27-32, 59.74, and 510 nm in numer-
ous investigations (Al Ogaidi et al., 2017).It could be
because the negative zeta potential of AgNPs indi-
cates that they are a stable substance with non-stick-
ing particles.
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Figure 6 — Physicochemicalcharacterisation of biosynthesized AgNPs:
(a) Zetapotentialanalysisindicating a surfacecharge of- 20 mV, suggestingcolloidalstability.
(b) Dynamiclightscattering (DLS)- basedparticlesizeanalysisshowing an averagesizedistribution of 165 nm

AgNPs synthesized under a greener approach
have a superior negative charge distribution com-
pared to other conventional (chemical and physical)
synthesis methods. According to studies, several
plants—Andrographis paniculata (Prabhu & Poulose,
2012), Convolvulus arvensis, and Matricaria cham-
omilla (Rasheed et al., 2018)—exhibit surface charge
and zeta potential distributions of 136 nm, —26 mV;
68.06 nm, —21.4 mV; and 90.9 nm, respectively.

Conclusion

The present study successfully demonstrated
the green synthesis of silver nanoparticles (AgNPs)
using Artemisia lerchiana Web. plant extract as an
eco-friendly reducing and stabilizing agent. The bio-
synthesis approach proved efficient, rapid, and sus-
tainable, producing nanoparticles without the need
for toxic chemicals or high-energy procedures. Vi-
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sual color change during the reaction indicated the
reduction of Ag" to Ag® and subsequent character-
ization confirmed the successful formation of Ag-
NPs. SEM analyses revealed predominantly spheri-
cal nanoparticles with sizes ranging from 25-50 nm,
while TEM images showed more detailed nanoscale
morphology with smooth, monodisperse particles in
the size range of 4-19 nm. These differences in ob-
served particle size likely result from agglomeration
in the dried SEM samples versus individual disper-
sion under TEM analysis.

EDX spectroscopy verified silver as the major
element, accompanied by carbon, oxygen, and chlo-
rine originating from plant phytochemicals, thus
confirming the purity and biosynthetic origin of the
nanoparticles. XRD analysis showed distinct diffrac-
tion peaks corresponding to the face-centered cubic
(fce) crystalline structure of silver, and the calculated

crystallite size (24.83 nm) further supported the for-
mation of nanoscale material. Thermal (TG-DTA)
evaluation demonstrated good thermal stability, sug-
gesting that the nanoparticles maintain structural in-
tegrity even at elevated temperatures. Zeta potential
measurements indicated a negative surface charge
(20 mV), attributed to phytochemical capping,
which is consistent with long-term colloidal stability
and reduced aggregation.

Overall, the results confirm that Artemisia lerchi-
ana extract is a highly effective bio-reducing agent
for producing stable, crystalline AgNPs. The synthe-
sized nanoparticles exhibit desirable physicochemi-
cal properties, indicating their potential applicability
in antimicrobial, catalytic, biomedical, and environ-
mental systems. This green synthesis method offers a
promising pathway toward sustainable nanomaterial
production.
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