W) Check for updates .
Chemistry

Europe

European Chemical
Societies Publishing

Research Article

ChemistrySelect doi.org/10.1002/slct.202304825

www.chemistryselect.org

Hydrothermal Synthesis of Tartaric Acid Functionalized
Amino Acid CQD for Sensing of Hg’* and Fe’* lons in

Aqueous Medium

Geeta A. Zalmi,** Pritesh Khobrekar,™ Ratan W. Jadhav,” Ronita R. Naik,” Shreya Sinari,”
Sandesh T. Bugde,” and Sheshanath V. Bhosale*!

Carbon quantum dots (CQDs) are a type of carbon-based
nanoparticles that are typically smaller than 10 nanometres in
size. In this study, L-tryptophan-mediated CQDs were synthe-
sized using the hydrothermal carbonization (HTC) technique,
which is known for its non-toxic, environmentally friendly, and
cost-effective nature. The synthesized carbon quntum dot was
successfully characterized. The HR-TEM analysis clearly revealed
the formation of specific aggregates with a size distribution
ranging from 3.0 to 5.1 nm. These L-tryptophan-mediated CQDs
exhibited remarkable emission behaviour, displaying strong and

1. Introduction

Carbon, also known as black material, is one of the most
abundant elements in nature.’” In recent years, low-dimensional
carbon-based nanoparticles such as fullerene, carbon dots,
carbon nanotubes, and graphene have received great research
attention due to their easy availability and functionalization.”
Nevertheless, except for carbon dots, other carbon-based
materials have been shown to have very low solubility in water
and weak fluorescence. To overcome these issues, researchers
have focused on the development of functionalized carbon
dots (CQDs) for various applications, as CQDs are shown to be
highly soluble in water and produce strong luminescence.”
These zero-dimensional carbon dots have become increasingly
popular due to not only their antimicrobial activities but also
their antioxidant properties in food preservation.”! Regardless
of the difference in their core structure, carbon dots can easily
be functionalized using a variety of functional groups, including
amino, epoxy, hydroxy, and carboxy groups.!® CQDs are
resistant to photobleaching and offer tunable physicochemical
and optical properties. Importantly, CQDs have shown to be
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stable blue fluorescence. Moreover, they were utilized as a
sensor for the sensitive detection of Fe’ and Hg?" ions in an
aqueous solution, employing a fluorescence quenching mecha-
nism. The limit of detection for Fe** sensing was determined to
be 1.2x107° M, while for Hg** sensing, it was found to be
1.9x107> M. The sensing of Fe** and Hg?’" ions was also
confirmed through visual eye detection, as a significant color
change of the CQDs was observed. Additionally, a competitive
study was conducted to verify the selectivity of the L-
tryptophan-mediated CQDs towards Fe’" and Hg®>" metal ions.

relatively low toxic, which provides alternatives to fluorescent
dyes and heavy metal-based quantum dots.”™

Many different approaches have been presented to synthe-
size CQDs. Mainly, two routes have been widely used: the first
one is top-down, and the second one is bottom-up methods.
The top-down method in which CQDs are synthesized from
larger carbon materials"®. In contrast, in the bottom-up
procedure, the CQDs are acquired from molecular precursors.™
CQDs are synthesized in numerous ways, such as by laser
ablation, pyrolysis, arc discharge, and nitric acid/sulfuric
oxidation methods. These methods showed downsides such as
complex synthesis techniques, harsh climate, low quantum
yields, high cost, and environmental destruction."” In 2004, Xu
et al. unintentionally discovered carbon nanoparticles with
fluorescent properties when they first separated single-walled
carbon nanotubes employing gel electrophoresis from carbon
soot produced by arc discharge.™ Later, Sun et al. developed
the synthesis of CQDs of graphite powder using a carrier gas
such as argon in the presence of water vapor by laser ablation
and successfully utilizing them in multi-photon imaging." In
recent years, fluorescence (FL) based sensing has gained much
attention due to its benefits, such as magnificent sensitivity,
low cost, and short response time. Carbon dot size and surface
chemical groups can be carefully regulated to acquire fluores-
cent properties."

Due to their abundant surface groups, fluorescent CQD
possesses a strong ability to bind with other organic and
inorganic molecules. Thus, fluorescent CQD can be manipulated
via a series of controllable chemical treatments."® Fluorescent
nanomaterials have further amplified the interest of researchers
by the fact that they can be synthesized from relatively
inexpensive sources, including simple organic molecules such
as citric acid or more heterogeneous sources that include
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orange juice, rice, coffee beans, ashes, neem leaves, mango
peel, rose petals or even waste."® The factors that influence the
fluorescence of CQDs are the pH, solvent, and metal ion effects.
CQDs have been reported for several applications ranging from
photoelectrical conversion, light-emitting devices, photocataly-
sis, bioimaging, sensing, drug delivery, metal ion probe, and
theranostic to enzyme activity.'” CQDs can also be useful in
biosensing as biosensor applications.

Various supramolecular sensors have been announced for
the selective and sensitive detection of cations, anions, and
neutral species.®’ Currently, there is an increasing demand for
quantification and highly selective detection of metal ions for a
variety of industrial, environmental, biological, and health
applications. Unstable ferrous (Fe’") ions and stable ferric (Fe*")
ions are of special significance; Fe’" under aerobic aqueous
environments tends to oxidize to the Fe** form. Therefore, a
fast and accurate determination of iron ions is a serious issue in
both the biological system and the environment."®'® The heavy
metal ion Hg(ll) causes many diseases and poses a serious
threat to the ecological community and common health due to
the rapid growth of the industry, which produces large amounts
of Hg(ll) waste. Therefore, there is a need to develop simple
techniques that are of great significance to detect Hg(ll) for
environmental guarding and human health monitoring.””

In this work, we describe the synthesis of promising
fluorescent carbon dots by a one-step hydrothermal method.
CQDs were functionalized with an amino acid, which is the
building block of proteins and peptides, which consists of
chemical and physical properties with the presence of positive
and negative charges with a hydrophobic nature along with the
aromatic functional group.??**® These functional moieties play
a key role in molecular interactions.?” In particular, we have
prepared CQDs by hydrothermal methods using L-tryptophan
and tartaric acid (coded as CQD-TA-TRYP). After synthesis, the
amino acid functionalized CQD was systemically characterized
by FTIR-spectroscopy and their photophysical properties were
studied by UV-Vis and fluorescence spectrometry. Furthermore,
CQD-TA-TRYP was effectively utilized for the selective detection
of Hg?" and Fe’" ions over other biologically competitive ions.

2. Results and Discussion
2.1. Characterization of CQD-TA-TRYP

Furthermore, the CQD-TA-TRYP was characterized by HR-TEM to
investigate their particle size distribution to study the surface
morphology and shape of the CQD-TA-TRYP. HR-TEM clearly
shows the formation of monodispersed nanoparticles with
spherical shapes. Figure 1a and 1b shows the HR-TEM micro-
graph and particle size distribution plot, respectively. It was
observed that the CQD-TA-TRYP were well distributed in the
range of 3.0 nm to 5.2 nm size. The synthesized CQDs were
characterized by infrared spectroscopy (IR) to investigate the
presence of functional groups on the surface of the CQD-TA-
TRYP Figure S3. As can be seen, the presence of N-H and COOH
functional groups appears at 3162 cm™'. While carbonyl stretch-
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Figure 1. (a, b) HR-TEM image (10 nm), (c) HR-TEM image, (5 nm) d) Diameter
distribution plot.

ing frequency was observed at 1683 cm™', 1055 cm™' corre-
sponds to the C—O functional group, 1582 cm™' corresponds to
—COO~, whereas 1393 cm™' corresponds to the -CONH func-
tional group, respectively. These indicate the CQD-TA-Tryp is
highly surface functionalized with COOH, NH, and —OH groups.

2.2. X-Ray Powder Diffraction (XRD)

XRD pattern was recorded using powder XRD - Rigaku Smartlab
X-ray diffractometer with X-ray source CuKo radiation. The
sample was placed on silicon low background sample holder
which was subjected to theta to 20 scan. It was observed that
the synthesized carbon dot showed intense peak of crabon at
27.14 0 this confirms that the CQD-TA-TRYP was successfully
synthesized. Figure 2.

2.3. Optical Properties

The synthesized CQD-TA-TRYP was examined for their absorp-
tion and fluorescent properties, as shown in Figure 2. In the
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Figure 2. Powder XRD Pattern for the synthesized CQD-TA-TRYP.
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observed for the ground state and excited state for CQD-TA-
TRYP in various organic solvents.

The excitation-dependent study was performed for the
CQD-TA-TRYP with the increasing wavelength from 250 nm to
460 nm, as shown in Figure 4a. The red shift was observed for
the CQD-TA-TRYP in distilled water this is because of the
presence of functional groups on the CQD surface with different
energy states upon excitation at different wavelengths. There-
fore, the CQD shows emissions in different energy states.
Sometimes, not only the functional group at CQD’s surface
show the fluorescence, but particle size and its distribution also
play a very important role in studying the energy states of CQD.
The fluorescence quantum yield was calculated by using
quinine sulfate as the reference for the CQD-TA-TRYP, and it

350

FL Intensity (a.u.)

350 400 450 500 550 600
Wavelength (nm)

Figure 3. Fluorescence emission spectra of CQD-TA-TRYP in various solvents
(Aex =320 nm).
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absorption study, it is revealed that CQD-TA-TRYP shows an (a) 25 350
intense absorption band at 231 nm that corresponds to the n-n _
transition of C=C bonds and C=N groups. While a small broad - _g:]si:xn 300
absorption band appears near 250 nm to 300 nm, attributing to | 250 ’;
n-n* transition due to the carbonyl group. Further, the 3 &
absorption after 300 nm tails throughout the 40 nm is due to g b 200 g
low transition functional groups attached to the sp* hybridized "g s g
carbon dot. Furthermore, upon excitation at wavelength 2 101 E
320 nm, CQDs produce a bright blue fluorescent color with an < F100
emission band at 400 nm. 0.5 - n

After the optical properties and fluorescence properties of [
the synthesized carbon dot were recorded by subjecting it to 0oL, . ; . - Lo
various solvent systems, the emission spectra were recorded in 200 300 400 500 600
different solvents such as dimethyl sulphoxide (DMSO), tetrahy- Wavelength (nm)
drofuran (THF), acetonitrile (MeCN), dimethylformamide (DMF), (b) 350 -
and Distilled Water (DW). The fluorescent carbon dot shows
fluorescence at 400 nm for all the organic solvents and distilled 300
water. However, the highest fluorescence intensity was ob- = 2504
served only in distilled water. While it is observed from Figure 3. &
that the carbon dot showed high fluorescence in distilled water 2 200 1
compared to another solvent, this indicates the synthesized % 150 ]
carbon dot shows excellent fluorescence properties compared e
with other solvents. Therefore, for further analysis, the carbon ,3 100 4
dots studied were performed using distilled water as a suitable =
solvent for analysis. The differences in the fluorescence 201
emission property were mainly due to the solvatochromic effect 0k

300

Wavelength (nm)

Figure 4. a) UV-vis absorption and emission spectra in DW (excitation
wavelength = 320 nm), (b) Fluorescence emission spectra of CQD-TA-TRYP in
DW at diverse excitation wavelengths.

was observed that the CQD-TA-TRYP was 7.6% shown in
Figure 4a. in distilled water.

3. Effect of PH

pH is an important physiological parameter that needs to be
considered in various biological processes in every field. Thus,
the synthesized carbo dot was examined for the effect of pH on
its photophysical properties. From the pH study, it was revealed
that the CQD-TA-TRYP showed a decrease in fluorescence at
pH 4, while at pH 9 and pH 7, there was no change observed in
fluorescence. This change may be due to the protonation or
deprotonation taking place at the surface of the synthesized
carbon dot. The pH study indicated that the carbon dot was
relatively less stable at pH 4. As shown in Figure S1.

4. Fluorimetric Detection

To study its selectivity towards various metal ions, fluorometric
sensing has proven to be an excellent tool. Its effective
fluorescence properties make the CQD-TA-TRYP a very impor-
tant chemosensor for sensing metal ions and various biomole-
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cules. The fluorescence sensing property is examined by the
turn-off and turn-on behaviour of CQD when it shows binding
toward a particular analyte. In this study, the synthesized CQD-
TA-TRYP showed excellent colorimetric and fluorescence prop-
erties and were found to be highly selective towards Fe’* and
Hg*" ions. Furthermore, its photophysical changes with the
addition of Fe’* and Hg®* were investigated by fluorescence
experiments.

5. Naked Eye

The naked eye detection study was performed by preparing the
stock solution of the CQD-TA-TRYP. All the experiments were
performed in distilled water. First, the stock solution of CQD
was prepared in distilled water (1 ml of CQD-TA-TRYP in 10 ml
DW), followed by the preparation of metal ion analyte solution
in DW (1 mM). Metal ions such as FeCl;, CuCl, CaCl, NiCl,
CoCl,, Zn(NOs),, CdCl,, PbSO,, AI(NOs);, HgCl,, BaSO,, MnCl, and
SnCl,. The sensing study was performed by adding various
metal ions to the stock solution of CQD. After the addition of all
metal ions, the solution was kept under 365 nm. It was
observed that the solution of CQD showed quenching of
fluorescence with the addition of Fe** and Hg’" metal ions,
while other metal ions did not show any change in
fluorescence. Figure 5. The sensing properties of the CQD-TA-
TRYP were further confirmed by performing UV-Vis absorption
and fluorescence emission spectroscopy. In addition, its com-
petitive study was performed to confirm its selectivity towards
Fe’* and Hg’" metal ions.

6. UV-Vis and Fluorescence Response of
CQD-TA-TRYP to Fe** and Hg** lons

The selectivity towards various cations and their interaction was
investigated by performing a UV-Vis Spectroscopic study. The
absorption and emission spectra were recorded for CQD in the
presence and absence of Fe’* and Hg”" ions. The CQD showed
an absorption maximum at 230 nm and a broad peak at
300 nm region. However, the emission spectra for the CQD-TA-
TRYP were observed at 400 nm, as shown in Figure 7.

The fluorescence spectroscopic study was performed for
CQD-TA-TRYP with the addition of various cations, as shown in
the figure. In this study, the Tryp-CQD were excited at 320 nm,
and different cations were added, such as Pb*", Fe**, Hg?", AP,

Figure 5. Photograph of sensing performance in the presence of various
metal ions such as FeCl;, CuCl,, CaCl,, NiCl,, CoCl,, Zn(NO;),, CdCl,, PbSO,,
Al(NOs);, HgCl,, BaSO,, MnCl,, and SnCl, observed under 365 nm.
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Co®", Cu**, Ni?*, Zn?*, Cd**, Mn?", Ba®*, Fe?™, and Sn>" to the
solutions containing CQD. It is observed from the plot that the
CQD was highly selective towards Hg?>" and Fe’" metal ions in
the presence of other cations, with an abrupt decrease in
fluorescence intensity with Fe** and Hg?* at 400 nm. The CQD
presenting blue fluorescence completely disappeared or
quenched completely in the presence of Hg>* and Fe** metal
ions however, no change in fluorescence intensity was observed
for other metal ions. The change in absorption spectra was
observed with addition of Hg*" and Fe?* metal ion. The
following change was observed as shown in Figure 6.

7. Fluorescence Titration with Fe** and Hg**
Addition

The fluorescence change was recorded with the incremental
addition of Fe®* metal ion upon excitation at 320 nm (please
include Figure 7). From the fluorescence emission study, it was
observed that as the Fe*" and Hg’" metal ion was added, there
was a subsequent decrease in fluorescence, as shown in
Figure 8. The CQD-TA-TRYP showed a response towards Fe’"
ion as it has more tendency to show interaction with -NH, and
-OH containing groups. The quenching in fluorescence is
observed mainly due to the photoinduced electron transfer
phenomenon from excited state Tryp-CQD to half-filled orbital
of Fe’* metal ion. The strong fluorescence quenching is
observed due to the transfer of electrons from CQD-TA-TRYP to
empty 3d orbital of Fe’* metal ion. In order to obtain deep
insight into the binding affinity of CQD-TA-TRYP towards Fe®*
fluorescence, titration was performed. It was observed that as
the Fe®™ was added to the CQD, fluorescence intensity
decreases rapidly. The most plausible mechanism for
fluorescence quenching is by transfer of electron or charge
transfer process resulting in to non-radiative process leading to
dynamic quenching. The fluorescence quenching occurs mainly
due to the photoinduced electron transfer (PET)
phenomenon. -3

350
300 4
250 4
200
150 4

100 4

FL intensity (a.u.)

50 4

350 400 450 500 550 600
Wavelength (nm)
Figure 6. The emission spectra observed for the CQD-TA-TRYP with the

addition of various metal ion such as Pb?*, Fe**, Hg*", AP*, Co?*, Cu™, Ni*™,
Zn?*, Cd**, Mn?*, Ba?*, Fe?*, and Sn®** to the solutions containing CQD.
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Figure 7. The absorption spectra observed for the CQD-TA-TRYP with the
addition of metal ion (a) Hg** (b) Fe*™.

Similarly, the fluorescence study was performed for CQD-
TA-TRYP as it was highly selective towards Hg?" ions. The Tryp-
CQD showed interaction with —NH, and —OH groups present on
the surface of the carbon dot. It is observed that initially,
fluorescence intensity appeared at 400 nm and showed
quenching with the addition of Hg?>" ion. However, to study its
selectivity and binding capacity, fluorescent titration was
performed with the incremental addition of Hg*".Figure 7.

8. Selectivity Study

The fluorescence response towards various cations was em-
ployed for the CQD-TA-TRYP to evaluate its selectivity. The
selectivity study was performed in response to various cations
such as Pb?*, Fe**, Hg*", APF*, Co®*, Cu’", Ni*¥, Zn**, Cd*",
Mn?7, Ba’*, Fe’", and Sn*". It was observed that the CQD-TA-
TRYP showed a significant response towards Fe®* and Hg**
metal ions in the presence of other competing cations. The
response of fluorescence was recorded as exhibited in Fig-
ure S2, which shows clearly that the compound was highly
selective towards Fe** and Hg”* ions. Further, in order to gain
a deeper insight into selectivity interference, a study was
performed to explain its competitive nature. From the compet-
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Figure 8. The Emission plot with the incremental addition of Fe** ion to
CQD-TA-TRYP.

itive study Figure 9. it was revealed that when different metal
ions were added to the CQD-TA-TRYP solution, there was no
quenching observed; however, to the same solution containing
metal when Fe*" and Hg”>" were added, there was complete
quenching of fluorescence observed for the synthesized CQD.
Thus, it is concluded that the addition of Fe*™ and Hg** showed
quenching of fluorescence along with the competing interfer-
ing ion. The obtained results, revealed that there was no effect
observed for metal ions other than Fe** and Hg”*" on the CQD.
These results confirm that the CQD-TA-TRYP is well-suitable for
sensing Fe** and Hg?* metal ions.

9. Sensing Performance at Different PH

The effect of pH on the sensing performance of CQD-TA-TRYP
was also examined and depicted in Figure 10. At pH 4, CQD-TA-
TRYP exhibited low emission, which further decreased from
157.6 to 22 after the addition of Fe** ions. At pH 7, the emission
intensity of the CQD-TA-TRYP significantly decreased from 285.7
to 56 after the addition of 160 uM of Fe’* ions. Also, at pH 9.2,
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a) 337 [ CQD-TA-TRYP +Metal Tons [Jll CQD-TA-TRYP +Metal Tons+Fe™ 10. QuenChmg EfﬁCIency
2007 The initial fluorescence intensity of CQD-TA-TRYP was found to
2 250 4 show a significant decrease upon incremental addition of the
8 Fe’" ions and Hg’* ions. The fluorescence quenching efficiency
£ 2001 (m) of all the metal ions used was calculated using equation [(l,-
E 150 - )/1,] X100%, where |, and | are the fluorescence intensities
= before and after the addition of the various metal ions, such as
= 1001 Fe*, Hg**, Ba*t, Mn?", Sn’*, Fe?, Zn?*, AT, Pb?*, Ni**, Co?*,
Cu**, and Cd*" and results are shown in Figure 8. After the
301 addition of 160 uM of Fe** ions and 90 uM of Hg>" ions, the
0 initial emission intensity of CQD-TA-TRYP was significantly
%% Go, Yo Spo, Ra o Yo %o G Go Ve Qo decreased, and the quenching efficiency () was calculated to
be about 88.05% and 66 % for Fe** and Hg>" ions respectively.
b 350 I COD-TA-TRYP +Metal Tons [l CQD-TA-TRYP +Metal lons+Hg?* Figure 11.
300 4
S 250 11. Stern Volmer Plot
<
-‘g 2001 The Stern Volmer constant (Ks,) was calculated by using
§ 150 - fluorescence intensity (Iy/1) as a function of the concentration of
= [Q], which is calculated by the following equation: I,/I=CQD-TA-
d 100 4 TRYP+K,,[Q]. The factors |, and | are the emission intensity
- before and after the addition of analyte Fe’*" respectively,
where K, is the quenching constant (M™") and [Q] is the molar
0 concentration of Fe*™ analyte. From the Stern Volmer plot in

%, %

\x@

Go, Ro o T Bo, Qo Qo ha Qo

2 Go, ox Tou [N AY

Figure 9a, it can be noted that the Stern Volmer plot followed
excellent linearity at a lower concentration of Fe** (90 uM);
however, when the concentration is higher, the linearity
deviated towards an upward direction. The Stern Volmer Plot
with positive curvature results in intersystem crossing. It also
TR co T o results in a charge transfer complex in the ground and an
excited state exhibiting both dynamic and static quenching.
The obtained K, value for Fe*" ion was observed to be
3x10* M. Thus, the results indicate that the Fe** metal ion
shows a better quenching ability toward synthesized carbon
dots studied in water. Figure 12a. Further, the Stern Volmer plot
. ' - ’ ¥ - was evaluated for the CQD-TA-TRYP, which is highly selective

pH pH towards Hg®". The K,, for the Hg?" ion was observed to be

Figure 9. Fluorescence spectra of CQD-TA-TRYP exposed to various metal
ions and the mixture of CQD-TA-TRYP and (a) Fe’* and (b) Hg?" ions in DW.

[ COD-TA-TRYP [l CQD-TA-TRYP+Fe™*
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Figure 10. Sensing of (a) Fe*" ions and (b) Hg*" ions using CQD-TA-TRYP at
different pH.

100 -

the emission intensity of CQD-TA-TRYP decreased from 297.2 to
76 after the addition of 160 uM of Fe** ions. Figure 10a. 30 4
The effect of pH was also examined in Hg?>" ions sensing,

Figure 10b. At pH 4, the emission of CQD-TA-TRYP decreased %" 604
slightly from 157.6 to 104 after the addition of Hg?" ions. At S
pH 7, the emission intensity of the CQD-TA-TRYP decreased 5
from 285.7 to 129.2 after the addition of 90 uM of Hg>" ions. é 401
Also, at pH9.2, the emission intensity of CQD-TA-TRYP X 0

decreased from 297.2 to 125.2 after the addition of 160 uM of
Hg?" ions.

“

Yo S0, Coo. Swo, Tz,

Figure 11. Fluorescence quenching of CQD-TA-TRYP by Fe**, Hg*", Ba®",
Mn2%, Sn?*, Fe?*, Zn?*, AP*, Pb?*, Ni**, Co?*, Cu?*, and Cd** metal ions.
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Hg*" ions.

2.28x10° M. This result also suggests that the synthesized CQD
showed excellent linearity, as shown in Figure 12b.

12. Limit of Detection

The limit of detection was calculated by using formulae 36/m,
where ¢ is the standard deviation of CQD-TA-TRYP. The
detection limit was evaluated by performing fluorescence
titration of synthesized CQD-TA-TRYP and Fe’" metal ions with
incremental addition of Fe*™ metal ion. The plot of the
concentration of Fe*™ ion and fluorescent intensity was
investigated. As the concentration of Fe** was increased from 0
to 160 uM, there was a decrease in fluorescence intensity
linearly, as observed from the plot in Figure 13a. The difference
in the emission intensity between the CQD-TA-TRYP and the
concentration of Fe** before and after the addition was
recorded.

The limit of detection for sensing of Fe** was found to be
1.2x107° M. By using a similar approach, the LOD was calculated
for Hg**. The fluorescence intensity was recorded, and the plot
of the concentration of Hg?* with increasing emission intensity
was plotted. There was a decrease in fluorescence intensity
linearly, as observed from the plot in Figure 13b. The difference
in the emission intensity between the CQD-TA-TRYP and the
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Figure 13. The linear fitting curve for determination of the limit of detection
(LOD) (a) for Fe*" ions and (b) for Hg** ions.

concentration of Fe®' before and after the addition was
recorded. Finally, the LOD detection for Hg?* was observed to
be 1.9x107° M.

13. Fluorescence Quenching Kinetics

Fluorescence quenching kinetics study was performed for the
synthesized CQD-TA-TRYP carbon dot. In this study, the
fluorescence quenching over the time course with addition of
Hg** and Fe®* metal ion (5uM) was carried out. The
fluorescence was recorded after every 5 minutes. The quench-
ing of fluorescence observed over the period of 60 minutes as
represented in Figure 14. The most plausible mechanism of
fluorescence quenching of CQD by metal ion is related to the
transfer of electron from photoexcitation of CQD to cation
bound to its surface resulting in to non-radiative process. Thus,
different quenching behaviours is observed with the addition of
Fe** and Hg”>* metal ion.

© 2024 Wiley-VCH GmbH
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14. Water Analysis

The synthesized CQD-TA-TRYP was utilized for water analysis for
detecting the trace ammount of Hg®* and Fe’" ion. In this
application two water samples were selected form River
Mandovi Goa and drinkingwater. Before analysis the water
sample was preated. The river water sample was spiked with
diffrent concentration as shown in Table 1 and Table 2 To this
25 uL of CQD-TA-TRYP was added and the solution was mixed.
The emission was recorded after 5 minutes of spiking the
analyte. The obtained percentage recovery for Hg*™ ion and
Fe**in river water and tap water is as tabulated in Table 1 and
Table 2 respectively.

15. Conclusions

In conclusion, CQD-TA-TRYP was synthesized by hydrothermal
method using Tryptophan and tartaric acid, with high
fluorescence quantum yield. The synthesized CQD was charac-
terized successfully by FTIR, HR-TEM, UV-Vis, and fluorescence
spectroscopy. It was observed that the CQD has a confined
average size of 3.0 to 5.1 nm. with excellent dispersibility. It

Table 1. Determination of Hg?" ion in water sample.

Sr. Water Sam- Concentration Concentration % Recov-

No ple (Hg*" spiked) (Hg?* found) ery

1. River water 6.25x10° M 6.20x10° M 99.2%

2. Drinking 3.75x10° M 3.85x10° M 102.6%
water

Table 2. Determination of Fe*" ion in water sample.

Sr. Water Sam- Concentration Concentration % Recov-

No ple (Fe’" spiked) (Fe** found) ery

1. River water 6.25x10° M 6.15x10° M 98.4%

2. Drinking 87x10°M 8.7x107° M 100%
water
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showed high stability under 365 nm UV light. In addition, the
synthesized carbon dot has good solubility in water, and all
analysis can be performed in aqueous medium, which is a
greater advantage. After complete characterization, the com-
pound was further utilized for sensing the application of various
analytes. It was observed that the CQD can be utilized
successfully for sensing Fe’* and Hg’" metal ions. The lowest
detection limit of Fe’ was found to be 1.2x107° M, while the
LOD for Hg?* ion was observed to be 1.9x10° M. The observed
quenching efficiency was calculated to be 88.05% and 66 % for
Fe** and Hg®" ions, respectively. Thus, from the obtained
results, it can be concluded clearly that the molecule can be
successfully utilized for sensing Fe’>™ and Hg®>" metal ions. In
addition, the synthesized carbon quantum dot can be used for
water analysis application.

Experimental Section

Reagents and Materials

For the preparation of the carbon dots, various chemicals were
purchased and used as is unless mentioned. Mainly, tartaric acid
and tryptophan were purchased from TClI Chemicals Hyderabad,
India, which was used without further purification. All the metal
ions such as Fe**, Cu?*, Ca?*, Ni*", Co?", Cd**, Hg’", Mn?", and
Cr’*) were used as their chloride salt. Zn**, Pb>*" and AP* were
used as their nitrate salt. Mg>* and Ba®" were used as their sulfate
salts, respectively. The absorption and fluorescence emission
properties were recorded on the Shimadzu UV-vis-1800 spectro-
photometer and Agilent Cary Eclipse Spectro fluorophotometer,
respectively. Quinine sulfate was used for calculating the quantum
yield, which was purchased from Sigma Aldrich. All sample
solutions were maintained at room temperature for spectrophoto-
metric analysis, and all the analyses were carried out in pure
distilled water.

Synthesis of CQD-TA-TRYP

The CQD-TA-TRYP were synthesized by conventional hydrothermal
method using a Teflon-lined stainless steel hydrothermal vessel.
Typically, CQDs were prepared using tartaric acid 500 mg and
tryptophan 500 mg, dissolving in 10 ml of formamide. The reaction
mixture was sonicated and placed in Teflon coated autoclave at
180°C, which was kept for 12 h (Scheme 1). The obtained CQDs
were cooled at room temperature, redispersed in ethyl acetate, and
collected by centrifugation for 30 min. at 15000 rpm. The dark
brown solution was further washed with acetonitrile to remove
excess organic components. The obtained CQDs solution was
characterized by FTIR analysis without any further purification
(Scheme 2).

B
coon ’

Hy
W )
0 OH
. ) mw,
u HOOC NH
Formamide on O/ a
S oA T =
N

. Carbonisation
NH Sy —_—

12 hours
o HOOC
HOOC
COOH A
OH HN.

Scheme 1. Schematic representation for the synthesis of CQDs.

CQD-TA-TRYP
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Sensing Performance of Metal lons

The sensing performance study toward various cations was
performed at room temperature and by using distilled water. For
this, the stock solution of CQD-TA-TRYP solution was prepared by
dissolving 1 ml of liquid CQD-TA-TRYP in 10 ml distilled water. All
metal ions stock solution was prepared in distilled water with
appropriate concentration (~103M). All the optical and
fluorescence properties were executed in an aqueous medium
using distilled water. The absorption and emission spectra were
recorded by the addition of various cations in the CQD-TA-TRYP at
room temperature.
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