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Abstract: This research introduces a novel synthetic method for introducing highly lumi-
nescent silver nanoclusters (AgNCs). The technique relies on coffee Arabica seed extraction
(CSE), which is the focus of this study. Our developed and manufactured ecologically
friendly approach has enhanced the selectivity of AgNCs for Hg(II) ions. The coffee extract
was employed in the synthesis process to stabilize and enhance the quantity of AgNCs
generated. Various advanced techniques were used to characterize the AgNCs precisely
in their prepared condition concerning size, surface modification, and composition. The
fluorescence quenching of the AgNCs was the mechanism via which the CSE-AgNCs
reacted to the principal metal ions in the experiment. Using this sensing methodology, a
very accurate and selective sensing method is provided for Hg(II) in the dynamic range
of 0.117 µM to 1.4 µM, with a limit of detection (LOD) equal to 35.21 nM. Comparative re-
search was conducted to determine how selective CSE-AgNCs are for Hg(II) ions compared
to other ions. Consequently, a notable degree of selectivity of AgNCs towards these Hg(II)
metal ions was achieved, allowing the sensitive detection of Hg(II) metal ions, even their
interfering metal ions, in the environment. AgNCs can detect Hg(II) at acceptable values
within the nanomolar range. Based on their characteristics, Hg(II) ions were detected in
real samples using CSE-AgNCs.

Keywords: silver nanoparticles; coffee extraction; optical sensing; water contamination;
heavy metals

1. Introduction
Mercury(II) ions are a substantial environmental contaminant due to their permanence

and high toxicity. Mercury ions are released into the environment, which poses a significant
hazard to human health and ecosystems. It has resulted from its pervasive use in various
industrial processes, including mining, manufacturing, and agriculture [1,2]. High levels of
mercury can result in population declines and ecosystem imbalances, which can impair
reproduction. Furthermore, consuming seafood contaminated with mercury can result
in severe health hazards for humans. Mercury is a highly potent neurotoxin that can
affect the central nervous system and cause symptoms such as tremors, muscle paralysis,
memory loss, and cognitive impairment [3,4]. It can also cause cardiovascular system
injury, which can result in cardiac conditions such as arrhythmias. Additionally, it has the
potential to cause kidney dysfunction or failure by damaging the kidneys [5]. The presence
of mercury ions in water significantly endangers the environment and human health. A
multifaceted approach, including public awareness campaigns, remediation efforts, and
pollution prevention, is necessary to address mercury pollution [6].
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Fluorescent nanomaterials, distinguished by their capacity to emit light upon excita-
tion, have emerged as potent instruments for optical sensing applications [7–10]. These
materials, which include a diverse array of nanostructures, including quantum dots [11],
carbon nanotubes [12], and metal nanoclusters [13–15], provide distinctive advantages in
selectivity, sensitivity, and adaptability. The exceptional sensitivity of fluorescent nanomate-
rials is one of their core advantages [16–19]. Their intense fluorescence emission, which can
detect analytes at trace levels, results from their small size and quantum confinement effects.
This high sensitivity is advantageous in environmental monitoring, biomedical diagnostics,
and food safety applications [20,21]. Selectivity is an additional critical attribute of fluores-
cent nanomaterials. Selective recognition of analytes can be accomplished by accurately
adjusting these materials’ surface chemistries and properties. This selectivity is crucial
for preventing interference from other components in complex samples and guaranteeing
precise and dependable measurements [22,23]. Fluorescent nanomaterials provide diverse
optical properties that can be adjusted in addition to their sensitivity and selectivity. These
materials’ sizes, shapes, composition, and surface modifications can be adjusted to control
their emission wavelength, intensity, and lifetime. As a result of this tunability, sensors can
be developed that are tailored to specific applications and detection targets [24,25].

Silver nanoclusters (AgNCs) have attracted considerable attention in recent years due
to their distinctive optical properties, making them promising candidates for various appli-
cations, such as sensing, bioimaging, and catalysis [26–28]. They have been synthesized
and characterized in recent years. Toxic chemicals are frequently employed in conven-
tional methods of AgNCs synthesis, which can have adverse health and environmental
consequences. As a result, there has been an increasing interest in developing sustainable
and environmentally friendly methods for producing AgNCs. These nanoclusters have
been synthesized using several methods reported in the literature, including traditional
chemical reduction procedures and contemporary green synthesis technologies. Chemical
approaches frequently utilize reducing agents like sodium borohydride in conjunction with
stabilizing ligands to inhibit aggregation and regulate cluster size [29]. Methods such as
electrochemical reduction, photochemical processes, and thermal degradation have been
utilized for accurate structural modification [30,31]. Recently, green synthesis techniques
employing natural extracts, including plant-derived biomolecules, have been popular due
to their environmentally benign, economical, and biocompatible characteristics [32,33].
Moreover, templated synthesis employing biomimetic materials like DNA, proteins, or
dendrimers has facilitated the precise manufacture of AgNCs with customized charac-
teristics [34,35]. The methodologies establish a robust basis for the innovative synthesis
technique presented in this study, whereby coffee extract is employed to produce Ag NCs,
highlighting the ecologically sustainable fluorescence-based sensing mechanism exclusive
to this research.

Coffee seed extract (CSE) is a nutrient-dense source of bioactive compounds, such as
phenolic acids, alkaloids, and flavonoids, which exhibit antioxidant and reducing proper-
ties [36]. The roasted seeds were substituted with green coffee Arabica seeds. Because of the
roasting process of green seeds, the fractional transformation of chlorogenic acids is generated,
which leads to the beginning of several different chemical events [37,38]. These reactions in-
clude lactonization, dehydration, and molecular degradation. Furthermore, the lactonization
process is responsible for inducing the synthesis of chlorogenic acid lactones [39]. It should
be noted that the components of CSE comprise a range of active groups. These active groups
are a substantial chelating agent that absorbs on metal surfaces through the carbonyl and
carboxylate groups present in the chlorogenic acid molecules [40]. These compounds have
the potential to function as natural reducing and capping agents in the synthesis of metal
nanoparticles, such as AgNCs. CSE offers several advantages as a green and sustainable
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alternative to conventional chemical reagents, including enhanced biocompatibility, reduced
toxicity, and lower cost [41]. This investigation suggests a novel method for synthesizing
AgNCs that employs CSE as a stabilizing and reducing agent. The green synthesis of AgNCs
using coffee Arabica seeds extract (CSE) provides several benefits, such as the potential for
sensing applications as fluorescent probes for various analytes, improved biocompatibility
because of the presence of natural biomolecules, and reduced toxicity and environmental
impact due to the natural origin of CSE. Additionally, the tunable optical properties can be
adapted by adjusting the synthesis conditions [42–44].

This study examines the potential applications, characterization, and synthesis of
AgNCs using CSE. The properties of CSE-AgNCs, AgNCs synthesized based on CSE, will
be investigated in various synthesis parameters, including pH, CSE concentration, and
reaction time. UV–visible spectroscopy, fluorescence spectroscopy, transmission electron
microscopy (TEM), and dynamic light scattering (DLS) will characterize the AgNCs. Ad-
ditionally, we will examine the potential of CSE-capped AgNCs as optical sensors for
detecting specific analytes, including Hg(II) metal ions. The interaction between AgNCs
and analytes can result in variations in their fluorescence intensity, which can serve as a
foundation for quantitative detection. The AgNC-based sensors’ dynamic range, selectivity,
and sensitivity will be assessed. In summary, this investigation introduces a novel method
for the environmentally friendly synthesis of AgNCs using CSE. The synthesized AgNCs
have the potential to be employed as fluorescent probes in a variety of applications, such
as sensing and bioimaging. We aim to contribute to developing sustainable and innova-
tive nanomaterials by investigating the synthesis, characterization, and applications of
CSE-capped AgNCs.

2. Materials and Methods
2.1. Chemicals

The seeds of the Arabica coffee plant were purchased at a local market. To ensure the
greatest possible level of purity, all of the chemicals and reagents were purchased from Sigma
Aldrich Company. Spectrum Company purchased a dialysis membrane with a 12–14 kD
molecular weight limit. The instruments are mentioned in Supplementary Information S1.

2.2. Coffee Extraction

A total of 20 g of finely ground green seeds were mixed with 80 mL of bi-distilled
water in a 100 mL volumetric flask and incubated at 90 ◦C for 5 h. A clean extract was
obtained by filtering the resultant solution with the Whatman No. 1 filter paper. Extra steps
included a 10 min centrifugation run at 4400 rpm for the filtrate. To cap and reduce the
silver nanocluster formation process, the transparent solution was refrigerated at 4 ◦C. To
prepare for extraction, we followed the extraction technique.

2.3. CSE-AgNCs Synthesis

The glassware was washed with aqua regia and then rinsed thrice with bi-distilled
water. The cleaning process was quite thorough. To make CSE-AgNCs, an aqueous solution
was utilized, and coffee Arabica molecules were also included in the mixture as a stabilizing
and reducing agent. In a round flask with a capacity of 25 mL at a temperature of 37 ◦C,
5 mL of 5 mM AgNO3 was added to 5 mL of CSE solution. After rapidly agitating the
solution that was produced for five minutes, 0.3 mL of 1 M NaOH was inserted concurrently,
and the resulting solution was agitated for 24 h. The solution changed color: first, it was
yellow, then it turned dark yellow, and ultimately, it became brown. The resulting solution
was dialyzed in water that was extremely clean, and the water that had been polluted was
replaced every 10 h for a period of 48 h to eliminate any and all contaminants. Dialysis was
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used in the CSE-AgNCs synthesis process primarily as a purification step to remove residual
impurities and unreacted precursor materials. The AgNCs that were produced were kept
in a dark environment at a temperature of 4 C. The quantum yield of the nanoclusters
was measured by measuring the integrated emission intensity of the nanoclusters and the
quinine sulfate probe in a sulfuric acid solution. As a reference, the excitation wavelength
was 362 nm [45].

2.4. Sensing Procedure

The stock solution of nanoclusters was produced by diluting the CSE-AgNCs solution
in its previously prepared state twenty times with an adequate quantity of phosphate buffer
with a pH of seven and a half. Following the generation of the treatments, the subsequent
measures were carried out to ensure their effectiveness. After that, the fluorescence mea-
surements were carried out by incorporating 100 µL CSE-AgNCs and 10 µL 0.25 mM stock
solutions of the metal ions being investigated. The total volume of the mixture is 2.1 mL,
complete with water. The excitation wavelength was 362 nm. To conduct more research on
selectivity and sensitivity, the same circumstances were utilized to analyze a wide range of
ions, including metal ion varieties.

3. Results
3.1. CSE-AgNCs Preparation

We devised a simple, single-pot, environmentally friendly synthetic process for synthe-
sizing AgNCs at a temperature of 37 ◦C. The natural seed extraction of coffee Arabica that
is accessible for commercial use serves as the foundation for this technique. We brought
the pH of the reaction medium down to roughly 12.5 to maximize the ability of the coffee
molecules to reduce. In addition, using coffee Arabica as a capping agent makes it possible
for the AgNCs to have biocompatibility and environmental characteristics. Furthermore,
the surface modifications and chelation of substantial metal ions are induced by the CSE
coating layer on AgNCs. Moreover, the metal-binding properties of chlorogenic acids, the
primary component of coffee Arabica, are essential for eliminating the detrimental effects
of heavy metals [46].

The synthesized CSE-AgNCs solution appears brown in visible light and displays
an intense blue luminescence under UV lighting, with a quantum yield of around 5.2%.
The remarkable optical properties of the CSE-AgNCs are validated by the luminescence
spectrum depicted in Figure 1A. Additionally, the UV–vis spectra of the coffee extraction
and the synthesized AgNCs were recorded (Figure 1B). Figure 1A demonstrates that the
fluorescence maxima of the CSE-AgNCs have a principal peak at 478 nm when excited at
a wavelength of 362 nm. The CSE-AgNCs exhibited a substantial Stokes shift of around
112 nm [47,48], attributed to the innovative coffee extraction as a reducing agent. If the
Stokes shift is adequate, the self-quenching of the chemical probe can be inhibited [49,50].
When silver nanoclusters are smaller than 5 nm, their emission peak may be seen [51].
An absorption peak is also observed within the wavelength range of 200 to 550 nm. It is
centered approximately at 216 nm, as seen in Figure 1B. The absorbance spectra of the
synthesized CSE-AgNCs markedly differs from that of the coffee extraction spectra. This
demonstrates the creation of nanoclusters in the reaction media. Furthermore, there is an
absence of an absorbance peak at 430 nm, indicative of surface plasmon resonance (SPR)
for bigger nanoparticles (>10 nm) [52].
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dispersed NCs mostly exhibit spherical morphology with an average diameter of around 
2 nm. Consequently, the findings indicate that the green CSE reduction method is a sig-
nificant approach for producing silver nanoclusters with exceptional efficacy. The DLS 
analysis and size distribution (SD) histogram (Figure 2B,C) demonstrate that the CSE-
AgNCs consist of monodispersed particles and are virtually uniformly distributed. The 
results approximated the mean particle size of AgNCs to be around 2 nm. The diffraction 
pattern provides valuable insight into the microstructure of Ag nanoclusters. The concen-
tric rings observed in the electron diffraction pattern suggest a crystalline structure and 
periodic atomic arrangement. The presence of high-order reflections in the image indi-
cates a well-defined crystallographic order, which is essential for understanding the phase 
properties of the Ag nanoclusters. 

  

Figure 1. (A) Optical characteristics of CSE-AgNCs; and (B) solution absorbances of CSE, and
CSE-AgNCs; 100 µL CSE-AgNCs in 2 mL phosphate-buffer solution.

Furthermore, the TEM pictures, DLS (dynamic light scattering), and SD (size distribu-
tion) studies of CSE-AgNCs are shown to describe the synthesized nanoclusters in terms of
size and form. Figure 2A illustrates that the TEM picture verifies that the mono-dispersed
NCs mostly exhibit spherical morphology with an average diameter of around 2 nm.
Consequently, the findings indicate that the green CSE reduction method is a significant
approach for producing silver nanoclusters with exceptional efficacy. The DLS analysis and
size distribution (SD) histogram (Figure 2B,C) demonstrate that the CSE-AgNCs consist of
monodispersed particles and are virtually uniformly distributed. The results approximated
the mean particle size of AgNCs to be around 2 nm. The diffraction pattern provides valu-
able insight into the microstructure of Ag nanoclusters. The concentric rings observed in the
electron diffraction pattern suggest a crystalline structure and periodic atomic arrangement.
The presence of high-order reflections in the image indicates a well-defined crystallographic
order, which is essential for understanding the phase properties of the Ag nanoclusters.

To investigate the chemical composition of CSE-AgNCs, XPS analysis was utilized.
The results showed two unique peaks: 367.45 eV (Ag 3d5/2) and 373.45 eV (Ag 3d3/2). In
addition, the binding energy of Ag 3d5/2 is between that of Ag0 and Ag+, which is between
366.36 eV and 373.74 eV, according to [53]. This suggests that Ag0 is present here. There
was a change in the chemical environment that surrounded the Ag atoms, as shown by
the fact that the peaks moved to lower binding energies (Figure 3A). The presence of both
Ag0 and Ag+ in the mixture may be responsible for this phenomenon. CSE is made up
of an amino acid that is composed of functional groups like carboxyl and amino groups.
As a result, this phenomenon may suggest that silver atoms are involved in interactions
with either the N or O members of the CSE function groups. In addition, the presence of
carbon, nitrogen, and oxygen in the capping agent of the coffee seeds extraction may be
identified using the survey of our XPS analysis (the survey graph is shown in Figure 3B).
Furthermore, this provides evidence that the CSE ligand protects the surfaces of the AgNCs
that were obtained by synthesis.
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3.2. FT-IR Analyses

Figure 4 represents the FT-IR data collected for the natural CSE and the CSE-AgNCs
in the 4000–400 cm−1 wavenumber range. Various chemical components are present in
green coffee, as seen by the FT-IR of the crude green coffee extract [54]. The Fourier
transform infrared spectroscopy (FTIR) analysis reveals several distinctive peaks. One
of these peaks, which has a frequency range of 805 to 868 cm−1, is linked to the β-type
glycosidic connections resulting from carbohydrate materials. Within the 1026 to 1154 cm−1

range, an additional peak is connected to the peak of carbohydrate components based on the
II-arabinogalactan compound. A stretching mode that can be observed between 1247 and
1452 cm−1 is shown by the caffeine component, which is another important fact to consider.
There is also the identification of phenolic groups at a frequency of 1247 cm−1 [55], which is
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the consequence of the hydrolysis of chlorogenic acids. They are detected at this frequency.
More specifically, the peaks that appear at 1452 and 1645 cm−1 are what distinguish the
deprotonated carboxylic groups of the chlorogenic acids from other types of carboxylic
groups. The peak at 1751 cm−1 corresponds to the stretching vibration of carbonyl (C=O)
groups, which are characteristic of esters or aldehydes. This feature is particularly present
in the CSE spectrum. Among the peaks that fall in 2857 to 3294 cm−1, it has been shown
that hydroxyl groups of phenol components and other aliphatic alkanes, such as methylene
and methyl groups, are responsible for their appearance [56]. A further illustration of the
FTIR measurement of the CSE-AgNCs can be seen in Figure 4. The spectrum indicates
the changes that have occurred in the chemistry of the CSE solution. Within the range of
720–1620 cm−1, the CSE solution exhibits a variety of peak shifts and peak forms. The
decrease in Ag+ that occurs due to the action of phenolic components could be responsible
for this consequence.
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3.3. Optimum Conditions

In a distinct series of tests, we investigated the impact of the reaction temperature
on the emission intensities of the CSE-AgNCs that was prepared. Increasing the temper-
ature of the reaction medium from 22 ◦C to 37 ◦C increases the luminescence intensities.
Subsequently, the luminescence intensities are substantially reduced by increasing the
temperature to 50, 60, and 70 ◦C. This behavior can be accounted for by the growth of larger
nanoclusters at high temperatures, which results in the aggregation-induced quenching of
AgNCs fluorescence [57]. Consequently, the optimal temperature is determined to be 37 ◦C,
as illustrated in Figure 5A. It was noted that the luminescence intensities of CSE-AgNCs
depend upon CSE concentrations. It is noteworthy that the luminescence intensity of CSE-
AgNCs exhibits a disproportionate enrichment in the presence of 5 mL of CSE using a 2
to 7 mL range of CSE (Figure 5B). The luminescence intensity of CSE-AgNCs experiences
an undesired decrease as the CSE concentration is increased to 7 mL. Consequently, the
optimized concentration of CSE is 5 mL, as illustrated in the inset of Figure 5B. In this study,
we observed that the fluorescence properties of the synthesized Ag NCs remained stable
over a three-month storage period, with no significant changes in emission intensity or
extinction profiles. This stability can be attributed to the effective capping and stabilizing
properties of the Arabica coffee seed extract (CSE), which prevents the aggregation and
degradation of the nanoclusters.
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3.4. CSE-AgNCs Reactivity

Firstly, we evaluated the CSE-AgNCs fluorescence in the presence of Hg(II) and
different metal ions, including alkali, alkaline earth, and transition metal ions. The CSE-
AgNCs exhibited a great response to mercury ions: about 86.9% of the fluorescence signal
was suppressed by 1.4 µM Hg(II). Moreover, the other metal ions did not induce any
notable quenching at the same concentration of 1.4 µM (Figure 6). The quenching of CSE-
AgNCs fluorescence by Hg(II) alone offers an efficient approach for their measurement. The
detection limits for Hg(II) are at the nanomolar range of 35.21 nM. Consequently, further
processing is necessary to distinguish the quenching phenomena.
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3.5. Sensing Mechanism

In this context, the mechanism is predicated on the hypothesis that Hg(II) is bound with
the surface of the CSE-AgNCs by inducing metal ions and the chemical groups of the CSE
surface molecule in the CSE-AgNCs. Thus, this action resulted in a significant quenching of
the CSE-AgNCs fluorescence emission through an electron transfer mechanism. The intense
blue luminescence of CSE-AgNCs is plainly visible in Figure 7 following the titrimetric
reaction of CSE-AgNCs in the presence of Hg(II) solution, which can be quenched. The
emission spectra that result from the increase in Hg(II) ions indicate that the emission
intensity of the CSE-AgNCs is reduced. Still, the wavelength of the AgNCs maximal
peak is unaffected. Consequently, resonance energy transmission cannot be validated as
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the proposed mechanism. AgNCs that were stabilized with various scaffold molecules
were reported in various research studies. These nanoclusters were employed to identify
substantial metal ions through the aggregation of the nanoclusters [57]. This performance
results from the metal complex induction between the active Hg(II) ions and the surface
scaffold molecules.
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The spontaneous interaction of Hg(II) and Ag+ on the nanoclusters’ structure is the
cause of the quenching phenomenon of the CSE-AgNCs. Consequently, a mixture solution
was generated during the titration of Hg(II) by combining a 20 mM phosphate-buffer
solution at pH 7.4 with a CSE-AgNCs solution. The solution was subsequently applied
to the titration procedure, as illustrated in Figure 7A. The fluorescence intensity of CSE-
AgNCs decreases due to the excessive addition of Hg(II) concentrations. The fluorescence
intensity begins to stabilize at 1.4 µM. The detection of Hg(II) ions based on the eco-friendly
sensor nanoclusters was established via a quenching mechanism within the range of 0 to
1.4 µM, as evidenced by the relationship between the fluorescence intensities of CSE-AgNCs
and various concentrations of Hg(II) ions, as illustrated in Figure 7B.

In order to introduce the plot of relative intensities (F0/F) vs. [Hg(II)], a Stern–Volmer
equation was applied [58]. The relation that was produced is shown in Figure 8. A linear
association was established between the concentrations ranging from 0 to 14 µM, with a
value of regression factor R2 equal to 0.991. Based on the assumption that the fluorescence
intensities could be measured with an accuracy of ±1%, the limit of detection (LOD) was
predicted to be 35.21 nM [59].

F0/F = 1 + Ksv [Q]

In this equation, F0 and F are the emission of CSE-AgNCs and CSE-AgNCs in the
presence of Hg(II) metal ions, Ksv is the Stern–Volmer constant, and Q is the concentration
of the quencher molecules or ions (Hg(II) metal ions).
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3.6. Binding Constant

To further understand the metal nanocluster binding process, the fluorescence spectra
changes in the CSE-AgNCs probe were analyzed in the presence of different concentrations
of Hg(II) to determine the binding constant. The binding constant was determined with
the modified Stern–Volmer equation.

F0/F0 − F = 1/A + 1/A. Kb [Q]

In this equation, F0 represents the fluorescence intensity of the unbound ligand Ag-
NCs, F denotes the fluorescence intensity of the Hg(II)-AgNCs complex, Q signifies the
concentration of [Hg(II)], A is a constant, and Kb indicates the binding constant [60,61]. A
linear connection was seen when F0/(F0/F) was graphed against the concentration of 1/[Q]:
(y = α + βx), where y = F0/(F0 − F), the intercept equals 1/A, the slope equals 1/A.Kb,
x equals 1/[Q], and Kb was derived from α/β (Figure 9). Inferred from the fluorescence
titration curves of the AgNCs probe with Hg(II), Kb, the binding association constant was
determined to be 3.88 × 106 M−1. The quantum yield (QY) was calculated to be 0.32, and
the utilized equations were inserted in Supporting Information S2.
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3.7. CSE-AgNCs Selectivity

To examine the selectivity of CSE-AgNCs, we conducted a study whereby we exam-
ined the impact of several cations, each with a concentration of 1.4 µM, on CSE-AgNCs
under optimal circumstances, as seen in Figure 10A. It was observed that the fluorescence
intensities of the Hg(II)-CSE-AgNCs system were not affected by the presence of other
cations, which demonstrates that CSE-AgNCs are capable of selectively sensing Hg(II).
Additionally, the mercury ion was transferred to reduce the luminescence intensity of
AgNCs by the transfer of electrons or sources of energy. Because CSE components have the
ability to chelate Hg(II) ions and produce luminescence quenching, it is possible that the
quenching effect of Hg(II) might be attributable to these constituents. In addition, chloro-
genic acid is one of the compounds that is found in the highest concentration in Arabica
green coffee. Coffee contains a substantial amount of this important component, which is
also useful from a biological standpoint [62]. The luminescence of the Ag nanocluster in the
Hg(II)-CSE-AgNCs system is also significantly improved by the additional presence of the
EDTA solution. Because Hg(II) ions can attach to the chelation groups of EDTA molecules,
it is possible to remove Hg(II) ions from the surface of CSE-AgNCs in a considerable
manner, which results in the luminescence intensity of AgNCs being restored. As seen in
Figure 10B, the remarkable recovery of the fluorescence of AgNCs was accomplished by
about 90.7% restoration of its initial value in the presence of EDTA solution. This significant
achievement was accomplished after five cycles. There is no discernible change in the
luminescence intensity of CSE-AgNCs as the number of cycles rises; the intensity remains
roughly the same after five cycles. In addition, the kinetic differences that occur during
the restoration of the luminescence of AgNCs make it possible for Hg(II) ions to remain
very selective. In light of this, the repeatability of the CSE-AgNCs approach for identifying
Hg(II) ions was sufficient throughout the course of five cycles.
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3.8. Environmental Application

Using a CSE-AgNCs sensor, this investigation aimed to identify the presence of Hg(II)
metal ions in mineral and tap water samples. In the absence of any additional processing,
the water samples that were examined were utilized immediately. After the samples were
adjusted in a phosphate-buffer solution with a buffer concentration of 20 mM and a pH of
7.4, the detection was carried out. The actual samples were also subjected to the introduction
of Hg(II) in amounts that were particular to each individual sample. The findings that
were achieved are dependent on the standard curve that was produced from the number
of experiments that were performed. It was determined how much mercury ion (Hg(II))
is present in mineral and tap water samples. Based on the data shown in Table 1, it can
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be concluded that the average recovery range for Hg(II) detection was between 97.00%
and 99.07%. The obtained findings were examined and compared to the data acquired
from the ICP-MS, which indicated that this approach is essential for identifying Hg(II) in
environmental samples.

Table 1. Detection of Hg(II) in environmental samples was accomplished using CSE-AgNCs as
substantial chemical sensors (n = 3).

Added Hg(II) µM ICP-MS µM Found µM RSD * (%) Recovery (%)

Mineral water
0.10 0.103 0.0987 1.11 98.70
0.70 0.705 0.692 0.89 98.85
1.40 1.429 1.386 0.79 99.00

Tap water
0.10 0.116 0.098 0.097 97.00
0.70 0.707 0.683 0.88 97.57
1.40 1.418 1.387 0.85 99.07

* RSD: relative standard deviation.

4. Conclusions
This study illustrates the successful synthesis of silver nanoclusters (AgNCs) using

coffee Arabica seeds extract (CSE) in a green, one-pot, and straightforward manner. CSE is
employed as a novel reducing and capping agent in the synthesis of AgNCs. Our research
introduces a novel sensing mechanism enabling AgNCs to function as green optical sen-
sors. This mechanism capitalizes on the fluorescence intensity of AgNCs to detect mercury
(Hg(II)) metal cations. The coffee constituents’ high chelation ability on AgNCs toward
Hg(II) led to substantial fluorescence quenching, facilitating the quantitative determina-
tion of Hg(II) concentrations. Furthermore, the fluorescence quenching effect is further
enhanced by the reduction in Hg(II) on the surface of the AgNCs in the presence of Ag(I),
which serves as an effective method for detecting Hg(II). Additionally, our investigation
investigated the impact of other metal ions on the detection of Hg(II). The results suggest
that the CSE-AgNCs demonstrate high selectivity and sensitivity toward Hg(II) in the
presence of other metal ions, thereby minimizing potential interference and assuring accu-
rate detection. This innovative approach emphasizes the potential of green chemistry and
provides a sustainable and eco-friendly method for developing advanced sensing technolo-
gies. CSE-AgNCs are a promising instrument for real sample analysis, notably in detecting
Hg(II) in environmental samples, due to their robust fluorescence quenching properties and
significant chelation ability. Our research represents a substantial advancement in develop-
ing green, efficient, highly selective sensors for detecting hazardous metal ions, particularly
mercury. It offers a valuable contribution to the field of optical sensing. It also opens new
avenues for applying green-synthesized nanoclusters in environmental monitoring.
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