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ABSTRACT. The focus of this research was to synthesize biogenic silver nanoparticles (AgNPs) using the
essential oil of the aerial part of Cyclospermum leptophyllum (CLEO) and investigate their colorimetric
determination of metallic ions. In the synthesis of CLEO mediated AgNPs (CLEO-AgNPs), the one-factor-at-a-time
method was used to optimize the reaction parameters. Ultraviolet-visible (UV-Vis) peak of CLEO-AgNPs was
determined at 426 nm. Fourier transform-infrared (FTIR) spectra analysis identified the functional groups
participating in the bio-reducing, capping, and stabilizing processes in the CLEO-AgNPs synthesis. Scanning
electron microscope (SEM) image demonstrated the predominately spherical shape and the average size of
70.86+1.80 nm of CLEO-AgNPs. Energy dispersive X-ray spectroscopy (EDX) peak profile depicted the presence
of Ag elements in CLEO-AgNPs. The X-ray diffraction (XRD) peaks observed at 38.5°, 44°, 65°, and 77° which
represent Ag(111), Ag(200), Ag(220), and Ag(311) lattice faces, respectively. The average zeta nanosize, zeta
potential, and polydispersity index of CLEO-AgNPs were determined as 69.70 nm, -43.5 mV, and 0.256,
respectively. The stability test exhibited the prolonged storage stability of CLEO-AgNPs for over six months at
room temperature. CLEO-AgNPs demonstrated the potential colorimetric detection of K¥, Mg?", AI**, Cr®*, Mn*',
Fe**, Ni**, Cu?', Zn*", Hg**, Pb*", and Cd* ions in the real samples.

KEY WORDS: Cyclospermum leptophyllum, Essential oil, Biogenic silver nanoparticles, Bio-reductants,
Colorimetric detection

INTRODUCTION
Currently, the application of noble metal nanoparticles (MNPs) in different areas of application

has attracted the interest of several researchers [1]. Nano-dimensions of metals have the
interesting physicochemical properties than their bulk counterparts because of their enhanced
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surface area and optical, electronic, catalytic, and biological properties [2, 3]. AgNPs highly
attract the interest of many scholars as a result of their extraordinary properties such as
conductivity, stability, and wide applications in bio-labelling characteristics, sensors, drug
delivery, food industries, wound healings, water purifications, catalysis, paints, agriculture, and
cosmetics [1, 4, 5]. AgNPs also showed potential applications in the textiles and electronics
industries [6]. AgNPs are one of the early prepared and most vital MNPs because of their
characteristic localized surface plasmon resonance (LSPR) spectra absorption in the ultraviolet-
visible region of electromagnetic radiation [7].

Plant-assisted AgNPs synthesis is an emerging, developing, and attractive approach over other
methods of AgNPs synthesis due to its minimum cost, environmentally friendly, low-toxicity, and
biodegradability approach [8]. Plant secondary metabolites are known for their source of bioactive
compounds with potential reducing and capping applications for the Ag" ions and AgNPs,
respectively [9, 10]. Essential oils (EOs) from the stem, aerial part, leaf, fruit, bark, seeds, and
root utilize in different applications [11]. For instance, EOs are classes of natural products with
interesting applications in forming MNPs due to their diversified functional groups [12-14].
Therefore, chemical constituents of EOs are potent bio-reducing agents in synthesizing safe,
economical, and eco-friendly AgNPs [15]. Some earlier research findings also revealed that EOs
were applied as potential bio-reducing agents for converting Ag' ions into Ag’ in AgNPs [16].
The increasing of research interest in biogenic AgNPs synthesis and its uses in the biological,
agricultural, and medical sectors is because of their high biocompatibility property [17]. Biogenic
AgNPs have a significant application in the areas of antimicrobial activities, colorimetric
determination of metal ions, agriculture productivity, catalytic reduction activity, textile industry
and water purification [18, 19].

Cyclospermum leptophyllum (Pers.) Sprague ex Britton & P. Wilson, family Apiaceae, is a
traditional medicine used to heal mild balm, stomachache, and diarrhea disorders [20]. This plant
species is an indigenous plant to Ethiopia. Phytochemical investigation of EOs of C. leptophyllum
with their potential biological activity evaluation was reported with promising results [21, 22].
The main reason for selection of C. leptophyllum for the study was to synthesize AgNPs using
EO of'the plant species and investigate their potential colorimetric probe of metal ions. Previously,
there was no research report on the C. leptophyllum mediated AgNPs synthesis and study of their
potential application. These findings might provide important scientific information to scholars
about this medicinal plant-mediated AgNPs synthesis and their promising activity in the
colorimetric detection of metal ions in the future. Therefore, this research aimed to isolate EO
from the aerial part of C. leptophyllum (CLEO), synthesize CLEO mediated AgNPs, and finally
investigate the potential colorimetric determination of K*, Mg?*, Al**, Cr®", Mn*, Fe*", Ni**, Cu*’,
Zn**, Hg*", Pb**, and Cd*" ions using CLEO-AgNPs.

EXPERIMENTAL
Plant sample collection, authentication, and preparation

C. leptophyllum was collected from Tullu Dimtu, Addis Ababa, Ethiopia, situated at the latitude
of 8° 88’ North and longitude of 38° 80" East, an elevation of 2143 m, in November 2020. The
plant species authentication was done by Mr. Melaku Wondafrash, Department of Plant Biology
and Biodiversity Management, College of Natural and Computational Sciences, Addis Ababa
University, and deposited with voucher specimen YH21 at the National Herbarium, AAU, Addis
Ababa, Ethiopia. The plant’s aerial part was cleaned and dried carefully under shade for two
weeks. The dried plant sample was ground to a fine powder using the electric grinder and stored
in a non-transparent glass bottle until further analysis.
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Chemicals

All chemicals used for the experiments were of analytical grade and purchased from Sigma-
Aldrich (St. Louis, Missouri, USA) agents. The preparation of all test solutions was performed
using distilled water.

Essential oil extraction

The powder sample of aerial part of C. leptophyllum (2 kg) was subjected to hydrodistillation
process in a Clevenger-type apparatus for 3 h based on the procedure reported by Pande ef al.
[23]. Then, the extracted essential oil (CLEO) was separated and dried over anhydrous Na,SO4
from the aqueous phase and finally, it was stored at the temperature of 4 °C until the next
experiment.

Essential oil composition analysis

The analysis of chemical composition of CLEO was performed using GC-MS techniques
according to the procedure reported by the previous literature report [20]. GC-MS analysis
(Thermo Fisher Scientific Inc., Waltham, MA, USA) was carried out using a Varian CP-3800 gas-
chromatograph equipped with a DB-capillary column (30 m x 0.25 mm coating thickness 0.25
um) and a Varian Saturn 2000 ion trap mass detector. The following analytical procedures were
used. Injector and transfer line temperatures 220 °C and 240 °C, respectively; oven temperature
programmed from 60-240 °C at 3 °C/min; carrier gas helium at 1 mL/min; injection of 0.2 uL
(10% hexane solution); split ratio 1:30. The characterization of the chemical compounds of CLEO
was performed according to the comparison of the retention times with those of authentic samples
and comparing their linear Kovat’s indices (KIs) relative to the series of n-alkanes (C7-Cys), NIST
database, and Wiley libraries.

Optimization of the synthesis of CLEO-AgNPs

The optimization of reaction conditions for CLEO-AgNPs synthesis was performed according to
the earlier literature study [16] with some minor modifications. While keeping the other factors
constant, the one-factor-at-a-time variation method was used for the optimization of reaction
parameters during the synthesis of CLEO-AgNPs. In this research work, the influence of various
reaction conditions was examined by varying pH of AgNO; solution at 5, 7, 9, 10, and 11, the
concentration of AgNOjs solution at 0.4 x 103, 1.0 x 107, 2.0 x 103, 3.0 x 103, 4.0 x 107, and 6.0
x 102 M, the volume of CLEO solution at 15, 20, 25, and 30, reaction temperature at 40, 50, 60,
80, and 90 °C, and reaction time at 20, 30, 40, and 50 min. In the biogenic synthesis process,
CLEO solution (1 mL CLEO:170 mL acetone ratio) was added slowly using drop-wise to 70 mL
of the boiling AgNOs solution on the digital hot plate with a magnetic stirrer. Finally, all the
determined optimum reaction parameters were utilized for the synthesis of CLEO-AgNPs. The
CLEO-AgNPs formation progress was controlled by brown color visualization and UV-Vis
spectra analysis.

Characterization of the synthesized CLEO-AgNPs

Characterization of the synthesized AgNPs was performed based on the earlier procedures [8, 15].
FTIR spectroscopy (iS50 ABX, Thermo Scientific, Waltham, MA, USA) was employed for the
characterization of functional groups of chemical constituents of CLEO and their activity on the
surface of CLEO-AgNPs. A drop of the sample was applied with a resolution of 4 cm™!, a spectral
range of 400 - 4000 cm’!, and the number of scans of 32. The UV-Vis spectra were measured
over 300 to 700 nm using a UV-Vis spectrophotometer (JASCO V-770, Tokyo, Japan). AgNO;
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solution (3 x 10~ M) was used as a reference to adjust the baseline. To characterize the size, shape,
morphology, and elemental composition of the CLEO-AgNPs, SEM-EDX (SSX-550 SEM-EDX,
Shimadzu Corp., Kyoto, Japan) were analyzed using Sigma 300 operated at 20 kV. Determination
of the crystalline nature of CLEO-AgNPs was carried out by X-ray diffractometer (Philips
PW1710; Philips Co., Amsterdam, the Netherlands), with an X-ray tube with a copper target
emitting Cu-Ko line with a wavelength of 1.54 A and Bragg’s angle of 30° < 26 < 80°. CLEO-
AgNPs boundaries can be calculated from the Debye-Scherrer equation: L = K (M) cos 0, where
B is the width of the peak (full-width half maximum), A is the X-ray wavelength at 1.54178 A, L
is the mean diameter of nanoparticles, 0 is the angle between radiation and particle plane, and K
is a constant which is considered 1 for cubic structures. Zeta size and zeta potential nano-analyzer
(Zetasizer nano ZS; Malvern Instruments, Malvern, UK) were applied to measure the average
particle size and surface potential of the CLEO-AgNPs. The samples of CLEO-AgNPs were
deliberately stored at two different conditions: 4 °C and room temperature, and their storage
stabilities were studied using UV-Vis spectroscopic techniques for six months.

CLEO-AgNPs application to colorimetric determination of metallic ions

Selectivity and sensitivity detection tests were performed according to previously reported
procedures [24, 25]. For the investigation of the selectivity of metallic ions, 10 mL of 2.0 x 10°M
solution of Hg?" and other metal ions such as K*, Mg®', AI**, Cr®", Mn*', Fe**, Ni*', Cu®', Zn*",
Cd*, and Pb*" were mixed with 10 mL of CLEO-AgNPs (60 pg/mL) solution in the transparent
glass vials. Subsequently, the change in color for the mixed solutions was visualized and the
absorption spectra were monitored by UV-Vis spectroscopy after an appropriate incubation time.
The sensitivity of CLEO-AgNPs towards concentration of Hg?" ions was also examined for
different concentrations of Hg** ions solution in the decreasing order: 2.0 x 103, 1.5 x 103, 1.0 x
103,0.9x103,0.7x 103, 0.5 x 10 and 0.2 x 10~* M solutions in transparent glass vials. The limit
of detection (LOD) of CLEO-AgNPs for the concentration of Hg?* ions was examined by the
brown color fading visualization and then controlling the changes using UV-Vis peak absorption
for the mixed solutions. In all experiments, the samples were prepared under the same conditions
and the tests were performed in triplicate. For both selectivity and sensitivity tests, the images of
solutions in the vials were captured using a digital camera.

RESULTS AND DISCUSSION
Chemical constituents of essential oil

The GC analysis showed that the major chemical compositions of CLEO are from monoterpene
and sesquiterpene hydrocarbons. From the total extracted EO components, oxygenated
monoterpene compounds account for about 92.34% and sesquiterpene compounds represent
4.52% while non-oxygenated hydrocarbons and oxygenated hydrocarbons share 3.95% and
0.57%, respectively. 2,5-Dimethoxy-p-cymene (1) (87.09%), 2-methoxy-1-methyl-4-(1-
methylethyl)-benzene (2) (3.09%), 2-methoxy-4-methyl-1-(1-methylethyl)-benzene (3) (1.71%),
and humulene (4) (1.15%) were reported as the first four dominant components of EO constituents
with the relative area >1.15%.

Optimization of reaction processes

Many recent studies demonstrated that optimization of reaction conditions is important for the
rapid, stable, and homogenous formation of NPs with a high product yield [26]. In this study,
optimization of pH was conducted by varying the pH of AgNO; solution at 5, 7, 9, 10, and 11
during the synthesis of CLEO-AgNPs while fixing other parameters unchanged. When changing
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the pH of the AgNOj solution from an acidic to an alkaline medium, the reaction process increases
the yield of CLEO-AgNPs formation. The change in concentration of H' ions in the reaction
medium may be responsible for altering the electronegative state of bio-reduction molecules in
reducing Ag" ions [27]. At pH 5 (acidic medium), the absence of a UV-Vis absorption peak
indicated that CLEO-AgNPs were not synthesized successfully due to the inactivation of reducing
and capping agents [28]. At pH 7 and 11, UV-Vis spectra were broadened due to the aggregation
of CLEO-AgNPs over their nucleation [29]. Therefore, the optimum pH of AgNOs solution was
obtained as pH 10, which is supported by maximum UV-Vis peak intensity. All reactions were
conducted individually at different concentrations of AgNOs solution such as 0.4 x 1073, 1.0 x
1073, 2.0 x 107, 3.0 x 10, 4.0 x 103, and 6.0 x 107, The growth rate of yield of CLEO-AgNPs
was increased with the increasing concentration of AgNO; solution up to 4.0 x 10> M, and then,
the peak intensity was decreased at 6.0 x 10 M (Figures 1a and b).
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Figure 1. UV-Vis spectra absorption of (a) pH and (b) concentration of AgNO; solution
optimization process for the synthesis of CLEO-AgNPs.

This effect might be due to the saturation of reactants in the reaction media and caused
agglomeration of AgNPs [30, 31], which was observed from the broadening of UV-Vis spectra.
Therefore, 4.0 x 102 M AgNOs solution was determined as the UV-Vis peak with optimum
intensity for CLEO-AgNPs synthesis.
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As shown in Figure 2, UV-Vis peak intensity increases as the volume of CLEO solution
increases from 15 to 25 mL and then decreases at 30 mL due to the concentrated reducing agents
causing the aggregation of the rapid nanoparticles as the formation of larger size¢ CLEO-AgNPs
[32]. Therefore, 25 mL of CLEO solution was obtained as the optimum volume of bio-reduction
solution for synthesizing CLEO-AgNPs.

Optimization of volume of CLEO solution
359 15mL
—— 20 mL|
——25mL
——30mL|

0.5

0.0 T T T T T T T 1
300 350 400 450 500 550 600 650 700
Wavelength (nm)

Figure 2. UV-Vis spectra absorption for the optimization of the volume of CLEO solution for the
synthesis of CLEO-AgNPs.

The increase in UV-Vis spectra intensity was observed by the increase of reaction temperature
from 40 °C to 80 °C which might be due to the enhancement of the rate of reaction. At 90 °C, UV-
Vis spectra intensity was decreased due to the lowering effect of the reducing and stabilizing
agents [33]. The optimum production of CLEO-AgNPs was obtained at 80 °C (Figure 3a). UV-
Vis spectra intensity was increased with the increase of reaction time from 20 to 40 min and then
decreased at 50 min (Figure 3b). Reaction duration influences the rate and yield of biogenic
synthesis of AgNPs. This is because of the possibility of aggregation and enlarging the size of
synthesized AgNPs at longer time of reaction [34].

Biogenic synthesis of CLEO-AgNPs

CLEO-AgNPs were prepared efficiently at the optimum parameters at pH 10 (AgNO; solution),
4.0 x 10°M of AgNO;s solution, 25 mL of CLEO solution, 80 °C, and 40 min. Along with these
optimum parameters, 70 mL of AgNOs solution was used throughout all experiments. The highly
responsible bio-reducing, capping, and stabilizing agents for forming CLEO-AgNPs may be 2,5-
dimethoxy-p-cymene (1) which accounts for 87.09% of the total essential oil composition.

Characterization of CLEO-AgNPs

The UV-Vis spectra measurement of CLEO-AgNPs was performed using the UV-Vis
spectroscopic technique over a range of 300 to 700 nm (Figure 4a). The observed surface plasmon
resonance (SPR) peak in 400-500 nm is the normal UV-Vis absorption range indicating AgNPs
formation. The characteristic brown solution resulted from the excitation and collective oscillation
of free electrons on the surface of AgNPs that interact with light waves [25, 35]. Hence, the
formation of CLEO-AgNPs was determined by brown color visualization and characteristic UV-
Vis peak absorption at 426 nm. The broadening of UV-Vis peak of CLEO-AgNPs is more
probably due to the aggregation of NPs after their formation [25].
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Figure 3. UV-Vis spectra absorption of the (a) temperature and (b) time of reaction optimization
for the synthesis of CLEO-AgNPs.

FTIR results also showed the elimination of some peaks of CLEO and the formation of new
peak patterns after CLEO-AgNPs formation (Figure 4b). The major FTIR characteristic peaks of
functional groups of chemical constituents of CLEO at 1506, 1465, 1402, 1207, and 1047 cm'!
were disappeared and the new peaks were resulted at 3280 cm™ and 1654 cm™! after the synthesis
of CLEO-AgNPs. Some studies reported that FTIR analysis determines the functional groups that
are used in the synthesis of MNPs as reducing, capping, and stabilizing agents [18]. This has
occurred as a result of the oxidation-reduction reaction between functional groups of CLEO
chemical constituents and Ag* ions during CLEO-AgNPs synthesis. The change of aromatic ring
and C-O groups to -O-H and C=C groups could result from redox reaction [36-38].

From the SEM image, the formation of CLEO-AgNPs was observed with a predominately
spherical shape and an average size of 70.86 + 1.80 nm. EDX profile displayed the presence of
Ag elements in the synthesized CLEO-AgNPs. An EDX profile analysis showed a major peak at
about 3.0 keV, which indicates the production of Ag element as a result of Ag" ions reduction in
AgNPs synthesis [39]. SEM image and EDX profile for CLEO-AgNPs are presented in Figures
Saand b.
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Figure 4. (a) UV-Vis spectrum and (b) FTIR peaks of the synthesized CLEO-AgNPs.
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Figure 5. (a) SEM image and (b) EDX profile for the synthesized CLEO-AgNPs.
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As shown in Figure 6, XRD analysis displays characteristic peaks at 38.5°, 44°, 65°, and 77°,
which are assigned to Ag (111), Ag (200), Ag (220), and Ag (311) lattice faces, respectively. The
XRD pattern demonstrated a consistent agreement with the findings reported in the previous
studies with the standard reference JCPDS No. 04-0873 [40]. These XRD peaks indicated that the
synthesized CLEO-AgNPs have a face-center cubic crystalline nature. An earlier report on
Chenopodium botrys aqueous extract mediated AgNPs by Yari and co-workers [41] supports the

XRD analysis result in this study.
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Figure 6. XRD pattern of CLEO-AgNPs.

The existing literature supports the stability of CLEO-AgNPs. The particle size and zeta
potential analyzer instruments characterized the average particle size and distribution of CLEO-
AgNPs. The measurement of synthesized AgNPs size distribution was shown in Figures 7a and
b. The values of the average size (diameter), zeta potential, and polydispersity index (PDI) were
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obtained as 69.70 nm, -43.5 mV, and 0.256, respectively for CLEO-AgNPs. Zeta potential
measurement of particles by DLS helps to determine the electrostatic attraction or repulsion state
between the synthesized AgNPs. Zeta potential values greater than £30 mV are the indicators of
the stability of the synthesized AgNPs in suspension [42]. In the range of 0 to 1, the small value
of the polydispersity index (PDI) has been reported to inform the homogeneity of the size of
AgNPs [43, 44].

Results
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Figure 7. (a) Size distribution by the intensity and (b) zeta potential of CLEO-AgNPs.

Stability is one of the parameters that ensure the life span of the synthesized AgNPs to be used
in various areas of applications effectively [16, 40, 45]. The physicochemical stability of CLEO-
AgNPs was studied for six months using UV-Vis spectroscopy (Figures 8a and b).

CLEO-AgNPs sample decreased in yield which confirmed by the SPR UV-Vis peak intensity
after one month storage in refrigerator (below 4 °C). However, the storage stability of CLEO-
AgNPs was high at room temperature against aggregation almost for over six months.
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Figure 8. UV-Vis spectra for the stability test of CLEO-AgNPs over six months at (a) 4 °C, (b)
room temperature.

Selectivity and sensitivity tests of the colorimetric determination of metallic ions

Selectivity and sensitivity tests of metallic ions were performed according to the adopted
procedure from some previous research reports [7, 24, 25]. CLEO-AgNPs colloidal solution and
different metal ions: K, Mg?*, A", Cr®*, Mn*", Fe**, Ni*", Cu?*, Zn*", Hg?', Pb*, and Cd*" were
mixed in transparent glass vials and let to stand for 20 min at room temperature. Then, the
disappearance of the brown color of CLEO-AgNPs solution was visualized through the naked eye
selectively only to the vial containing Hg*" ions which confirmed the disappearance of the SPR
peak at 426 nm (Figures 9a and b). Even though there was no clear visualization of brown color
change, UV-Vis spectra analysis demonstrated blue shift and peak narrowing for Cr®" ions and
red shift and peak broadening for AI**, Fe**, Ni?*, Cu**, and Pb?* ions upon mixing with the brown
CLEO-AgNPs colloidal solution.

Bull. Chem. Soc. Ethiop. 2024, 38(1)



224 Yilma Hunde Gonfa et al.

|—— CLEO-AgNPs|
K+

6+ 3+ —Mg2+
2+ Al
~ Cu —— A3+

0.8 4

0.6 4

Abs.

0.4

0.2\

0.0 4

T T T T T T T T T
300 350 400 450 500 550 600 650 700 750
‘Wavelength(nm)

Figure 9. (a) Camera image of CLEO-AgNPs- metallic ions mixtures, (b) UV-Vis spectra of
solutions of various metallic ions and CLEO-AgNPs mixtures.

Therefore, colorimetric detection of CLEO-AgNPs towards various metallic ions
demonstrated the strongest selectivity towards Hg?" ions over the other metallic ions. This effect
depicts CLEO-AgNPs are highly applied for the qualitative analysis of Hg?" ions in real samples.
The electrochemical series approach is used to explain the colorimetric detection mechanism of
Hg?" ions due to metals with higher electrochemical reduction potential show greater tendency as
oxidizing agents [24]. The disappearance of color and SPR UV-Vis peak of CLEO-AgNPs in the
existence of Hg?" ions are a result of the removal of stabilizing agents from the AgNPs and
capping Hg?" ions which causes aggregation of AgNPs or oxidation of Ag®in AgNPs to Ag" ions
by Hg?" ions, i.e., dissolution of AgNPs [7]. A further experiment was conducted to investigate
how the lower concentration of Hg?" ions can be detected by CLEO-AgNPs solution. Figures 10a
and b show the sensitivity test of CLEO-AgNPs solution towards the concentrations of Hg?" ions
at2.0x 103, 1.5x 103, 1.0 x 10, 0.9 x 103, 0.7 x 103, 0.5 x 107, and 0.2 x 10 M. This result
reveals that the synthesized AgNPs can detect the minimum concentration of Hg?" ions up to 0.5
x 103 M.
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Figure 10.(a) Camera image of CLEO-AgNPs and Hg?" ion mixtures, (b) UV-Vis spectra of
sensitivity test of CLEO-AgNPs towards different concentrations of Hg?" ions.

CONCLUSIONS

In this research work, biogenic AgNPs were prepared successfully based on the cost-effective and
non-toxic approach using CLEO. Various reaction conditions were optimized and used for the
synthesis of CLEO-AgNPs. UV-Vis, FTIR, SEM-EDX, XRD, and zeta sizer were applied to
confirm the AgNPs formation. The characteristic UV-Vis absorption for CLEO-AgNPs was
observed at 426 nm. The combined FTIR spectra analysis showed the major functional groups of
chemical constituents of CLEO serve as reducing, capping, and stabilizing agents in the formation
of CLEO-AgNPs. SEM image analysis determined the shape and average size of CLEO-AgNPs
as spherical shape and 70.89 + 1.80 nm, respectively. The characteristic EDX peak at 3.0 keV
depicts the presence of the Ag elements in the CLEO-AgNPs. XRD analysis also showed the
characteristic peaks of CLEO-AgNPs at 38.5°, 44°, 65°, and 77°, which are assigned to Ag (111),
Ag (200), Ag (220), and Ag (311) crystal lattice, respectively. The average size, zeta potential,
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and polydispersity index of CLEO-AgNPs were determined as 69.70 nm, -43.5 mV, and 0.256,
respectively. The stability test of CLEO-AgNPs demonstrated the promising storage stability for
about six months at room temperature. CLEO-AgNPs demonstrated the strongest selectivity
towards Hg?" ions than other metallic ions. Therefore, CLEO-AgNPs exhibited a promising
colorimetric probe of Hg?" ions. CLEO-AgNPs displayed medium sensitivity detection towards
the concentration of Hg?" ions. However, further study will be required to improve the sensitive
detection of CLEO-AgNPs to the minimum possible concentration of Hg?" ions. The future aspect
of this study is to extend the usage of extracts of C. leptophyllum for the biogenic synthesis of
MNPs and widely investigate their potential applications in various fields. In conclusion, the
biogenic synthesis approach is a promising alternative to the existing expensive and harmful
methods of preparing MNPs for the potent environmental, agricultural, biological, and medical
applications.
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