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Abstract

The green synthesis of blue fluorescent carbon nanodots (CNDs) from apricot kernel shells via a hydrothermal method was successfully executed.
The interaction of the synthesized CNDs with various cations was systematically investigated using fluorescence spectroscopy. Fluorescence
measurements were performed to evaluate the interaction of CNDs with 36 different cations, including Li*, Na*, K*, Be?*, Mg?, Ca?, Sr?*, Ba?,
Sc3+, Y3, Tit, V&, Cr¥, Mo¢", W&, Mn?, Fe¥, Co?, Ni*, Cu*, Ag*, Zn*, Cd*, B¥, Al*, TI, As*, Se*+, NH*, Au*, Sb*, Sn*, Bi*, Hg?, Pd*, and
Pb?. Among these, the CNDs exhibited exceptional selectivity and sensitivity as a fluorescent probe for the detection of Hg?* ions. The working
range for Hg?* detection was established as 35-95 uM, with a detection limit of 14.0 uM and a quantification limit of 41.4 uM. The method was
validated and successfully applied to tap water and river water, demonstrating the practical utility of CNDs derived from apricot seed shells for

environmental monitoring and analytical applications.
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1. Introduction

CNDs, a class of carbon-based nanomaterials, have
garnered significant attention in recent years due to their
unique optical properties, biocompatibility,
environmental friendliness, and cost-effective synthesis
[1-2]. These nanomaterials exhibit high fluorescence
quantum yields, excellent photostability, and versatile
surface functionalization capabilities, making them ideal
candidates for sensing applications, especially in
fluorescence-based detection systems [3-4]. Among
these, the detection of heavy metal ions, particularly
Hg?*, has been a major focus due to its toxicological and
environmental significance [5].

Mercury is a highly toxic heavy metal with severe
impacts on human health and ecosystems even at trace
levels [6]. It is well known for its bioaccumulation in the
food chain and persistence in the environment [7].
Consequently, the development of efficient, sensitive,
and selective methods for Hg?* detection has become a
pressing need. In this context, CNDs-based
spectrofluorimetric techniques have emerged as
promising tools, offering rapid, cost-effective, and

environmentally friendly solutions for mercury ion
detection.

Numerous studies in the literature highlight the
potential of CNDs for Hg?" sensing, leveraging their
remarkable fluorescence properties and unique
interaction mechanisms [8]. The fluorescence quenching
of CNDs in the presence of Hg? is a commonly
employed detection strategy, attributed to processes
such as static or dynamic quenching [9-12]. The strong
affinity of Hg?* ions for the functional groups on the
surface of CNDs, such as carboxyl, hydroxyl, or amine
groups, underpins the high sensitivity and selectivity of
these systems [13].

Significant advancements have been reported in the
development of CND-based sensors with ultra-low
detection limits, often reaching nanomolar or even
picomolar [14-15]. These sensors have
demonstrated excellent selectivity for Hg?* over other
metal ions, making them suitable for applications in
environmental water samples [16-17]. Additionally, the

levels

use of green synthesis approaches for producing CNDs
from natural or waste-derived carbon sources has
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further enhanced their appeal as sustainable materials
for analytical applications [18-19].

Recent studies have explored the synthesis of CNDs
from apricot kernel shells, highlighting their potential in
various applications. For instance, Xu et al. utilized a
carbonization technique to produce greenish-yellow
luminescent carbon quantum dots from apricot shells,
demonstrating high photostability [20]. Another study
focused on the preparation and characterization of
biochar derived from apricot kernel shells using a
hydrothermal method. The resulting biochar exhibited a
uniform distribution of non-aggregated carbon
microspheres and contained numerous oxygen-
containing functional groups, indicating its potential for
adsorption applications [21]. Additionally, research has
been conducted on recycling lignocellulosic waste,
including apricot kernels, to design advanced carbon
material precursors. These precursors can be used to
obtain nanopowders with high applicability in pollution
abatement, showcasing the versatility of apricot kernel-
derived carbon materials [22].

Although there is extensive research on the use of
biomass-derived CNDs for the spectrofluorimetric
detection of metal ions [23], studies specifically focused
on metal ion determination using CNDs derived from
apricot kernel shells remain highly limited in the
literature [20]. In a recent study, greenish-yellow
fluorescent carbon quantum dots synthesized from
apricot kernel shells exhibited selective fluorescence
quenching in the presence of Fe* ions, with the
fluorescence being restored upon the addition of
ascorbic acid [20]. This finding demonstrated the
potential of these CNDs for the selective detection of
ascorbic acid [20].

In the presented study, CNDs were synthesized
using a simple and rapid hydrothermal method from
apricot kernel shells, and their interactions with a series
of cations were investigated through fluorescence
measurements. Among the examined cations, selective
fluorescence quenching was observed with Be?*, V*,
Fe3, Au®*, Hg?, and Pd? ions. Notably, the fluorescence
quenching of CNDs was found to be linearly dependent
on Hg?* ion concentration, making it possible to develop
a new spectrofluorimetric method for the detection of
Hg?*. The applicability of this method to real samples
was also demonstrated. Thus, the presented study
addresses a gap in the literature by providing a simple,
rapid, and cost-effective spectrofluorimetric method for
the determination of Hg?* using CNDs synthesized from
apricot kernel shells.

2. Materials and Methods

2.1. Instrumentation, reagents, and samples
The instrumentation employed in this study included a
Photon Technologies International Quanta Master

Turk J Anal Chem, 7(2), 2025, 228-236

(QM-4-2006)  for
a high-precision Sartorius

fluorescence
Ed224s
analytical balance for mass determination, and an
Analytik Jena Specord 210 spectrophotometer for UV-
Vis absorption spectroscopy. Sample preparation was
conducted using a Vacuell Eco Line vacuum oven, a
HERMLE Z 326 K centrifuge, an IKA RCT magnetic
stirrer, and a JSOF-050 forced convection oven. Sample
mixing and volumetric handling were facilitated by a
Labnet Model No. 50100-320 V vortex shaker and
Nichiryo automatic pipettes (10-100-1000 pL). Deionized

Spectrofluorimeter
measurements,

water used in the study was obtained from a Merck
Millipore Direct-Q 8 UV system. Ultraviolet
measurements were performed using a SPECTROLINE
MODEL CM-10 UV device, while pH analyses were
carried out with an Orion Research Model 601 Digital
Ionalyzer pH meter. Dialysis bags (6000 Da) were
obtained from Merck (Darmstadt, Germany). Single-use
filters with a pore size of 0.45 microns were purchased
from Sartorius. Standard aqueous solutions of cations
(1000 mg/L) were supplied by Merck. The real water
samples analyzed in this study were tap water from
Karadeniz Technical University (KTU) and water from
the Harsit River.

2.2.Preparation of the CNDs

The apricot kernels were carefully cleaned, dried, and
finely ground using a laboratory grinder. A precisely
measured 1.0 g of the powdered material was dispersed
in 150 mL of deionized water. The resulting mixture
underwent hydrothermal treatment in a stainless steel
autoclave at 180°C for 3 hours. Upon completion of the
reaction, the obtained solution was sequentially filtered
through black and white band filter papers to eliminate
solid residues. The filtrate was subsequently centrifuged
at 10000 rpm for 10 minutes to further purify the
suspension. The supernatant was then subjected to
dialysis against 200 mL of deionized water under
continuous stirring at 600 rpm for 3 days, utilizing a
dialysis membrane with a molecular weight cut-off of
6000 Da. Following dialysis, the external solution was
separately filtered through a 0.45-micron membrane
filter to ensure the complete removal of any residual
impurities. A 12.5 mL aliquot of the external solution
was collected and diluted to a final volume of 100 mL
with deionized water. The purified CND solution
obtained after dialysis and filtration was subsequently
diluted and utilized in spectrofluorimetric analyses for
the detection of Hg?* ions.

2.3. Determination of the quantum yield

The quantum yield of the synthesized CNDs (Pcnps) was
determined using a comparative method, as described in
previous studies [24]. A 0.1 M solution of quinine sulfate
in 0.1 M H,;SO4 (®r = 0.54) with a refractive index (1) of
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1.33 served as the reference fluorescence standard. The
CND solutions were prepared in deionized water, also
with a refractive index (1) of 1.33, to ensure consistency
in optical properties. Fluorescence emission spectra were
recorded for both the quinine sulfate reference and the
CND solutions at varying concentrations, with an
excitation wavelength (Aex) of 310 nm. The integrated
fluorescence intensity values of the emission spectra
were calculated. Corresponding absorbance values for
each solution were measured under the same conditions
as the emission spectra to maintain accuracy. A linear
plot of integrated fluorescence intensity versus
absorbance was generated for both the reference and the
CND solutions. The slope (m) of the linear fit for the
CNDs was compared to that of the reference solution,
enabling calculation of the quantum yield for the CNDs
using Eq. 1.

2

In Equation (1), the terms CNDs and Q represent the
synthesized CNDs and quinine sulfate, respectively. The
parameter m corresponds to the slope obtained from the
linear plot of integrated fluorescence intensity versus
absorbance for each solution. The refractive index, 7,
represents the optical property of the solvent used for
each sample, accounting for variations in the medium's
influence on fluorescence efficiency. These parameters
collectively enable accurate determination of the
quantum yield of CNDs relative to the reference
standard.

2.4. pH effect on the fluorescence spectra of CNDs

To investigate the effect of pH on the fluorescence
intensity of the CNDs, solutions were prepared across a
pH range of 3 to 11 using appropriate buffer systems to
maintain pH stability. Fluorescence measurements were
performed by exciting the CND solutions at a
wavelength of 310 nm, and the corresponding emission
intensities were recorded. This systematic study was
conducted to evaluate the impact of pH on the
photophysical properties of the CNDs.

2.5. Interactions of cations with CNDs

2 mL of the CND solution was aliquoted into separate
tubes. To achieve a final cation concentration of 1x10-
M, appropriate volumes of the prepared intermediate
stock solutions were added. The total volume in each
tube was adjusted to 4 mL by adding deionized water.
The fluorescence spectra of the prepared samples were
then recorded, with excitation set at the wavelength
corresponding to the maximum fluorescence intensity of
the CNDs. The interactions of CNDs with cations such as
Li*, Na*, K+, Be?, Mg2+, Ca?t, Sr2+, Ba2+, Sc3+, Y3, Ti%, Vs5+,
Cr3, Mo¢*, We*, Min2", Fe3, Co?, Niz, Cu2*, Ag*, Zn2+, Cd?,
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B, Al*, Tl*, As™, Se**, NH«*, Au*, Sb*, Sn*, Bi*, Hg?,
Pd?, and Pb? were investigated spectrofluorimetrically.
Among these, a regular decrease in fluorescence
intensity was observed during titrations with increasing
concentrations of Hg? ions, indicating a selective
quenching effect.

2.6. Determination of Hg?*ions

A spectrofluorimetric method for the determination of
Hg? was developed based on the regular fluorescence
quenching exhibited by CNDs in the presence of Hg?".
Initially, Hg?" was added to pure water to calculate the
recovery values. For this, a standard calibration curve
was prepared and used to determine the concentration
of Hg?". The fluorescence intensity measurements were
carried out at an emission wavelength of 347 nm. The
limits of detection (LOD) and quantification (LOQ) of the
developed method were determined to be 14.0 pM and
41.4 mg/L, respectively. The working range of the
method was established between 35 and 95 pM. The
proposed method was successfully applied to tap water
and river water samples.

3. Results and discussion

3.1. Synthesis and characterization of CNDs

The summary of the hydrothermal method used for the
synthesis of CNDs is shown in Scheme 1. The
morphology of the CNDs was examined using
transmission (TEM), which
revealed the formation of aggregated clusters with sizes
smaller than 50 nm (Fig. 1a). In the HRTEM images of
the CNDs (Fig. 1b), a 0.34 nm d-spacing corresponding
to the (002) plane of hexagonal graphite was observed,
indicating that the CNDs possess a hexagonal graphite
structure [25-27].

electron microscopy

—

<
Dispersed CNDs

r—

Apricot kernels

Filtration

Ground shells

Outside of the dialysis bag

3

3 hours at 180°C in the oven

CNDs

Scheme 1. Schematic diagram of the synthesis of CNDs via
hydrothermal method

230



Salahaldeen et al.

MASMOESIUT LU DRIV 1)

SR . : <
iitak 4 0

Figure 1. (a): TEM image of CNDs, (): HRTEM image of CNDs

XRD analysis confirmed the presence of a graphite-
like structure in CNDs (Fig. 2). The broad peak observed
in the XRD pattern of the CNDs at approximately 20 =
22.3° is characteristic of amorphous carbon structures
[28]. This peak reflects the short-range ordering and
partially crystalline nature of the CNDs. Additionally,
this value corresponds to a d-spacing of around 0.4 nm,
commonly observed in carbon materials such as
amorphous carbon, carbon nanotubes, or graphene
oxide [29]. This suggests that the CNDs do not exhibit a
fully crystalline structure but instead display partial
ordering and possess an amorphous character [30]. The
peak observed at 20 = 34.0° in the XRD pattern
corresponds to the (112) planes of graphite, confirming
that the CNDs possess a hexagonal graphite structure
[31]. The crystallite size of the CNDs was approximately

Turk ] Anal Chem, 7(2), 2025, 228-236

calculated to be 32.2 nm using the Scherrer equation
based on the XRD data.
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Figure 2. XRD diffractogram of CND

XPS analysis was employed to determine the
elemental composition of the CNDs, identifying the
presence of carbon, oxygen, and nitrogen atoms (Fig. 3a).
A detailed deconvolution of the XPS spectra revealed
that the Cls peak was associated with various carbon
bonding environments, including C=C, C-C, C-O, and
C-N bonds (Fig. 3b). The N1s peak was attributed to
pyridinic C-N bonds, indicating the presence of nitrogen
in a nitrogen-rich functional group (Fig. 3c). The Ols
peak was assigned to a combination of oxygen-
containing functional groups, including C=0O, O-H, and
C-0O bonds (Fig. 3d), further confirming the presence of
oxygen functionalities on the surface of the CNDs.

FTIR spectroscopy provided further evidence for the
functional groups present within the structure of CNDs
(Fig. 4). Substantial vibrational bands included the C-H
stretching vibration at 2913cm™, C=C stretching
vibration at 1590 cm™, the O-H stretching vibration at
3311 em™, the C=O stretching vibration at 1723 cm™, and
the C-O/C-N stretching vibrations at 1029 cm™.

3.2. Optical and fluorescence properties of CNDs

The optical properties of CNDs were analyzed using
UV-Vis absorption spectroscopy. The UV-Vis absorption
spectrum of CNDs is presented in Fig. 5. A strong
absorption peak observed around 200 nm is attributed to
the m— 7 transitions of the C=C bonds, characteristic of
sp*-hybridized carbon atoms within the graphite-like
structure. Additionally, an absorption band near 250 nm
corresponds to n—m* transitions of C-O and C-N
bonds. These findings align with previously reported
UV-Vis  absorption  spectra  of carbon-based
nanomaterials [32].

The visual appearance of the aqueous CND solution
was documented under both daylight and UV light at
365 nm, as illustrated in Fig. 5.
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Figure 4. FTIR spectra of CNDs

Under daylight conditions (Fig. 5 inset, left), the CND
solution exhibited a pale yellow color, whereas under
UV light (Fig. 5 inset, right), it displayed blue
fluorescence. This observation confirms the fluorescent
properties of the synthesized CNDs. The quantum yield
of the CNDs was also determined using quinine sulfate
as the standard reference. The quantum yield was found
to be 0.27.

To further investigate the fluorescence properties of
CNDs, fluorescence emission spectra of the aqueous
CND solution were recorded at excitation wavelengths
ranging from 300 to 400 nm in 10 nm intervals (Fig. 6).
As depicted in Fig. 6, increasing the excitation
wavelength resulted in a decrease in fluorescence
emission intensity and a red shift in the emission peak
This  excitation-dependent fluorescence
behavior demonstrates that the synthesized CNDs
exhibit multicolor characteristics,
consistent with findings reported in the literature [32].
As shown in Fig. 6, the CNDs exhibited the highest
fluorescence intensity when excited at 310 nm.
Therefore, 310 nm was used as the excitation wavelength
in subsequent studies.
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Figure 6. Emission spectra of CNDs at different excitation wavelengths

232



Salahaldeen et al.

3.3. The effect of pH on the fluorescence intensity of
CNDs

The fluorescence intensity of CNDs is highly influenced
by pH, and this effect has been extensively studied in the
literature [13]. To examine the effect of pH on the
fluorescence intensity of prepared CNDs, solutions of
CNDs were prepared across a pH range of 3 to 11 and
excited at 310 nm. Fluorescence intensity at 347 nm was
subsequently recorded, as shown in Fig. 7. As depicted,
a significant reduction in fluorescence intensity is
observed at pH 11, while no notable changes in
fluorescence intensity occur at pH values of 3, 5, and 7.
Considering that the pH of real samples typically ranges
around 7, the experiments were conducted without the
addition of any buffer solution. This approach, which
eliminates the need for supplementary chemicals,
provides advantages, including  cost-
effectiveness, environmental sustainability, and a more
efficient experimental procedure. These benefits make
this method a more practical and efficient alternative
compared to other Hg?* detection techniques reported in
the literature.

several

500000 -

250000 4 | I
0 - T

CNDs 3

Fluorescence Intensity

5 7 1
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Figure 7. Variation of the fluorescence intensity of CNDs with pH
(AexZBlO nm, Aem:347 nm)

3.4. The effect of cations on the fluorescence of CNDs
The interactions between CNDs and a variety of cations
were systematically investigated by monitoring the
fluorescence response at an excitation wavelength of 310
nm. The effect of 36 different cations on the fluorescence
spectra of CNDs was explored, including Li*, Na*, K*,
Be2+, Mg2+, Ca2+, Sr2+, Ba2*, Sc3+, Y3+, Ti4*, V5, Cr3*, Mo*,
Weé+, Mn?", Fe%*, Co?, Ni%, Cu?, Ag*, Zn?, Cd*, B%, Al*,
TI*, As®, Se?*, NHy4*, Au®*, Sb*, Sn*, Bi*, Hg?*, Pd?**, and
Pb?* (Fig. 8a). Changes in the fluorescence intensity of
CNDs upon interaction with different cations were
monitored to evaluate their binding affinity and
selectivity. This analysis aimed to elucidate the
selectivity of CNDs for particular cations, with a focus
on those ions that induced the most pronounced changes
in fluorescence behavior.
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Figure 8. (a): Effect of cations on the fluorescence spectrum of CND,
(b): The changes in fluorescence intensity at 347 nm with the effect of
cations

Fig. 8a illustrates the effect of various cations on the
fluorescence spectrum of CNDs. Upon analyzing the
interaction results, notable quenching in fluorescence
intensity was observed with Be?*, V3, Fe¥, Au®, Hg?,
and Pd?* cations (Fig. 8b). Spectrofluorimetric titrations
were performed to determine whether the fluorescence
quenching was related to the concentration of cation.
However, there were no consistent and reproducible
fluorescence  responses  with  the  increasing
concentrations of Be?*, V5+, Fe3*, Au®", and Pd?* ions. The
regular and predictable fluorescence quenching
observed with only increasing Hg?* concentrations
provided a reliable basis for continued studies to
develop a sensitive and selective determination method.
Fig. 9 demonstrates the consistent fluorescence
quenching in the spectra of CNDs as the concentration of
Hg? increases. The inset of Fig. 9 illustrates the
correlation between the fluorescence intensity at 347 nm
and the Hg?* concentration. A regular fluorescence
quenching effect was observed within the Hg?*
concentration range of 35 to 95 uM (Fig. 9 inset).
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Figure 9. Spectrofluorimetric titration of CNDs with Hg?* ions. Inset:
Regular quenching in the fluorescence intensity of CNDs at 347 nm
with increasing Hg?* concentration (Hg?* concentration: 35-95 uM)
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3.5. Determination of Hg? ions

The determination of Hg?* was performed using the
method. The  analytical
performance data of the proposed method is presented
in Table 1. The LOD and LOQ values of the method were
determined to be 14.0 uM and 41.4 uM, respectively. The
linear range (LR) was established to be 35-95 uM. The
accuracy of the method was demonstrated through
spiking-recovery studies conducted on real water
samples. The results are presented in Table 2. As shown
in Table 1, the correlation coefficient was 0.9859,
indicating a high degree of linearity. The LOD value was
calculated by dividing three times the standard
deviation by the slope of the calibration curve. Eleven
blank measurements were performed to determine the
standard deviation for these experiments. The LOQ
value was determined as three times the LOD.

standard  calibration

Table 1. Analytical performance data of the proposed method for Hg?*
determination

Excitation wavelength (nm) 310
Emission wavelength (nm) 347
LOD (uM) 14.0
LOQ (uM) 414
LR (mg/L) 35-95
Fluorescent reagent (8/10) diluted CND solution
Volume of CND solution (mL) 2
Total volume (mL) 4
Solvent water
Pre-measurement time 1-2 min
Correlation coefficient (R2) 0.9859

Table 2. Results of spiked-recovery
determination in water samples (N=3)

experiments for Hg?

Sample Spiked Hg? (mg/L) R%(intra-day) R% (inter-day)
Deionized water 9.0 96.2+1.2 95.1+1.5
Tap water 9.0 97.8+1.4 96.3+1.3
River water 9.0 97.8+0.9 95.9+1.1

3.6. Quenching mechanism

The Stern-Volmer relationship can be used to explain the
fluorescence quenching of CNDs in the presence of Hg?*.
In the Stern-Volmer equation given by Eq. (2), Ksv
represents the Stern-Volmer quenching constant, while
Io and I denote the fluorescence intensities in the absence
and presence of the quencher (Hg?"), respectively. [Q]
symbolizes the molar concentration of the quencher.

Io/I=1+Ksv[Q] 2)

As expected from Eq. 2, plotting Io/I versus the molar
concentration of the quencher should yield a straight line
with a y-axis intercept of 1 when the quenching
mechanism follows the Stern-Volmer relationship. The
slope of this line corresponds to Ksv. The static quenching
mechanism is based on the complexation of the quencher
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with the fluorophore in the ground state, while dynamic
quenching is generally associated with collisions in the
excited state [33]. The Stern-Volmer equation remains
valid for both quenching processes, despite the differing
mechanisms. Fig. 10a presents the Stern-Volmer plot for
Hg?-induced fluorescence quenching of the CNDs. As
seen in Fig. 10a, the intercept of the line on the y-axis is
1. This indicates that the Stern-Volmer relationship is
valid for this system. However, to determine whether
the quenching is dynamic or static, the effect of
temperature was investigated. Fig. 10b shows the effect
of temperature on lo/I. As seen in Fig. 10b, the lo/I value
increases with increasing temperature. This result
suggests that the quenching occurs through dynamic
quenching [33].
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Figure 10. Stern-Volmer plot. The light blue: 297 K, the orange: 313 K,
and the dark blue: 353 K

3.7. Comparison with other CNDs

Table 3 comparison of
spectrofluorimetric Hg?* detection methods in water
samples based on CNDs reported in the literature. As
shown in Table 3, although the LOD and LR values of
these methods are more advantageous compared to the
proposed work, the CNDs used as fluorescent probes in
these studies were generally synthesized using chemical
sources of carbon, such as ammonium citrate, citric acid,
folic acid, ethylene glycol, and urea [18,34,36,37]. In
contrast, in the presented study, apricot seed shells were
utilized as a carbon source, making it a green synthesis
approach compared to the methods in the literature.

summarizes a several
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Table 3. Comparison of CNDs-based methods for Hg?* detection in water in the literature

Fluorescent reagent Carbon source Reaction temp. time  Chemicals Sample LOD (uM)LR (uM)  Ref.
CDs Folic acid, ethylene glycol 180 °C, 12h — Lake water, tap water 0.23 0-25 34
CDs HNOs, PEG200,

Carbon target 71h N-acetyl-l-cysteine, — — 0-2.69 35

ethyl acetate

NSCNDs Citric acid/urea/Lcysteine MW, 5 min. — Lake water, tap water 2 0-40 36
CDs Ethylene glycol 140 °C, 6h H2S04 Tap water 0.035 0-1 37
FCDs Citric acid 180 °C, 10h NaOH, NaBH4 Tap water 0.02 0.1-1.2 13
NCDs Ammonium citrate, urea 180 °C, 5h — Tap water 0.045 0.05-24.9 18
CQDs Medlar Seed 300 °C, 2h — Tap, sea, and stream water 1.3 4.9-24.9 38
CNDs Apricot kernel shells 180 °C, 3h — Tap water, river water 14 35-95 This work

Additionally, the methods in the literature involve
relatively long reaction times [18,34,35, 37,13]. However,
the reaction time in the proposed study is much shorter
than most of the reaction times reported in the literature.
Namely, the proposed synthesis method is a fast
approach. As seen in Table 3, toxic chemicals such as
NaOH and H,SO, were used in some stages of the
synthesis processes reported in the literature [37, 13]. In
contrast, in the proposed study, only apricot seed shells,
a natural waste product, were used as the carbon source
in the hydrothermal synthesis of CNDs. Therefore, the
proposed method is an environmentally friendly and
cost-effective approach. The method was successfully
applied to the determination of Hg?* in tap water and
river water samples. These results demonstrate that the
rapid, economical,
approach that
effectively applied to water samples containing Hg?* at
concentrations within the detection limits of the method.

proposed method is a and

environmentally friendly can be

4. Conclusion

CNDs were efficiently synthesized from apricot kernel
shells using a green hydrothermal synthesis method.
The synthesized CNDs were characterized by TEM,
XRD, XPS, and FTIR spectroscopy. The optical
properties of the CNDs were analyzed using UV-vis
absorption and fluorescence spectroscopy. The method
demonstrated a linear range for Hg?* detection between
35 and 95 uM. The LOD and LOQ values were
determined to be 14 pM and 41.4 pM, respectively. The
accuracy of the proposed method was successfully
validated in tap water and river water samples.

In conclusion, the proposed spectrofluorimetric
method provides a rapid, cost-effective, and highly
selective approach for the detection of Hg?* in water
samples. By utilizing CNDs synthesized from apricot
this method offers a significant
improvement over existing techniques reported in the
literature. It presents an eco-friendly and highly selective
alternative for environmental monitoring and analytical
demonstrating both  practical
environmental advantages.

kernel powder,
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