¥® ROYAL SOCIETY

Materials
PP OF CHEMISTRY

Advances

View Article Online

View Journal | View Issue

A fluorescent Ce-EDTA probe for the sensing

".) Check for updates‘
of ascorbic acid and lysine in real samples

Cite this: Mater. Adv., 2022,

3,7925 Rajpal, Ashish Kumar,

Subhajit Jana, Priya Singh and Rajiv Prakash {2 *

In the present work, a fluorescent probe based on an aqueous dispersion of coordination complex
Ce-EDTA is utilized for sensing carboxyl compounds. Ce-EDTA is synthesized herein by a hydrothermal
method with the help of stoichiometric ratios of cerium (Ce) (+m1) salts and green ligand ethylenediamine
N,N,N,N tetra-acetic acid (EDTA). In Ce-EDTA, the Ce ion is surrounded by hexadentate EDTA and three
labile aqua ligands, evidenced by FT-IR, XPS, and UV-visible spectroscopy. It exists in the form of
polygonal microplates, as apparent by SEM. The sensing mechanism is proposed by choosing carboxyl
groups as a part of the ring and open chain. Under the optimized situations, the fluorescence intensities
of Ce-EDTA are monitored towards various concentrations of L-lysine (Lys) and ascorbic acid (AA) in
these regards. They exhibit a linear response from 20.29 uM to 251.74 uM and 5.62 uM to 60.87 uM with
a linear correlation coefficient (R?) of 0.98 and 0.99, respectively. The lower limit of detection is
observed as 3.6 uM in the case of Lys and 2.04 uM in the case of AA. The as-prepared probe exhibits
suitability for selectivity of AA and Lys in the presence of various interfering agents as well as in real
samples for the detection of AA in orange and Lys in soybean seed.
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1. Introduction

Ascorbic acid (AA), recognized as vitamin C, is a crucial water-
soluble molecule."® However, it is not produced in the human
body® and is sourced mainly from fresh vegetables and fruits.*
It is an essential nutrient material with a highly reducing
character, which conveys excellent capability for cancer prevention,
scavenging free radicals, and encouraging iron absorption.>®
In addition, it also plays a vital role in preserving the human
body’s regular metabolism and physiological system,”® along with
the biological and chemical circumstances, pharmaceutical engi-
neering, and nutritional systems.”'" However, an insufficiency of
AA is responsible for numerous diseases like cancer, cardiovascu-
lar disease, and especially the famous scurvy.”**™* The recom-
mended dietary allowance (RDA) of AA intake is 70-90 mg per day,
which can prevent scurvy.”>'® Recent studies also suggest that an
AA dose greater than 500 mg per day positively affects endothelial
function.'>"® At the same time, excess AA intake, more than 2000
mg per day, results in urinary stones,"”'® diarrhea, and stomach
cramps.'®**?! In an optimal quantity, it is also used for mental
sickness therapeutics, improving immunity, and treating the
common cold, infertility, and cancer.* Therefore, monitoring the
AA level in natural foods and supplementary food tablets, and their
systematic intake is highly desirable for successful therapeutic
strategies. 1-Lysine (Lys) is an essential amino acid that is not only
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beneficial for increasing immunity but also used as a fat burner.
The average intake in humans is 4-5 g per day.*” In addition,
excess Lys in human urine and blood causes abnormal metabolic
problems, e.g., cystinuria®® or hyperlysinaemia.>* Lys in human
urine is a signature of damage in liver functioning. Similarly, a
deficiency of Lys causes hair loss, fatigue, anemia, inflamed eyes,
distorted and stunted growth, and reproductive complications.>”
Therefore, monitoring AA and Lys is highly desirable.

Among the various methods, the fluorescent method is a
very satisfying method for sensing such kinds of analytes based
on fluorescent probes due to their high reliability and sensitiv-
ity. Cerium is one of the most abundant rare-earth metals from
the lanthanide series, of which only 0.0046% is accessible on
the earth’s crust by weight.”® That is why it could be a part of
fluorescent probes from an economic point of view. Herein,
cerium(m) ions are generally used in various analytical techni-
ques due to their two utmost stable oxidation states (Ce** and
Ce™"), which approve the several geometries having coordina-
tion numbers from 8 to 10.>7?® In addition, the Ce*' is
accountable for the best fluorescent properties, especially in
Ce(m)-based coordination polymeric form, over Ce*" due to the
vacant 4f orbital.?®° On the other hand, the luminescent
properties of Ce-based coordination complexes are strongly
influenced by the specific organic ligands and the coordination
manner. The organic ligands have the leading role in managing
the ligand field effect that assists the absorption of light to
create enough photons. Moreover, Ce ions can also be sensi-
tized with acceptable antenna ligands, which are sheltered
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from the process of nonradiative deactivation.>” In continua-
tion, in particular, the sensing properties are attributed to the
reactions between additive analytes and the luminescent probe
that lead to evident variations in the luminescence phenom-
enon as emission enhancement or quenching. Similarly, as a
coordinating ligand, ethylenediaminetetraacetic acid (EDTA) is
generally considered one of the riveting applicants for gather-
ing metal-organic coordination complexes or polymers due to
its several oxygen and nitrogen chelating sites and flexible
bonding manner.*’* EDTA-based coordination complexes
have been demonstrated to play central roles in various appli-
cations like catalysis,*® magnetics,>®> and toxic metal ion
recognition.®® In these views, we synthesized a Ce(m)-EDTA
complex by a facile hydrothermal process and used it to prepare
a fluorescent probe for sensing molecules having carboxyl
moieties in the presence of various interferents. Herein, the
carboxyl functionality was intentionally chosen as a part of a
closed ring (as in AA) and open chain (as in Lys) to justify our
sensing mechanism. The as-synthesized fluorescent probe is
characterized by ultraviolet-visible (UV-Vis), Fourier transforms
infrared (FT-IR) spectroscopy, X-rays diffraction (XRD), and
scanning electron microscopy (SEM) for its structural and
morphological analysis. The probe is further successfully
applied for recognizing AA in commercially available ascorbic
acid tablets, orange juice, and Lys in soybean seeds.

2. Experimental
2.1 Materials

Cerium(ur) nitrate hexahydrate [Ce (NO;);-6H,0] (99%), p-(+)-
glucose anhydrous (CsH;,06) (99.5%), and r-lysine (C¢H;4N,0,)
(98-103%) were purchased from HIMEDA, India. Sodium
hydroxide pellets (NaOH) (97%) and sodium chloride (NaCl)
(99%) were obtained from Merck, India. Ethylenediaminete-
traacetic acid (EDTA) [C1oH;6N,Og] (99.4%) was purchased
from LOBA Chem, India. 1-Ascorbic acid (vitamin C)
(Ce¢H1506) (99.7%) was purchased from SDFCL, India. Magne-
sium nitrate hexahydrate (MgN,O¢-6H,0) (98%) and i-gluta-
thione (C1oH17N306S) (98%) were from Sigma-Aldrich, and
L-cysteine (C3H,NO,S) (99%), lactose (C1,H;,011-H,0) (99.8%)
and p-fructose (C¢H;,0¢) (99.7) were purchased from SRL,
India. The above chemicals were utilized without any external
refinement.

2.2 Instrumentation

Ultraviolet-visible (UV) spectra were recorded using solid com-
plexes on a SHIMADZU UV-VIS spectrophotometer (UV-2600),
and photoluminescence (PL) spectra were noted using a stable
aqueous dispersion of Ce-EDTA complex on F-4600 FL Spectro-
photometers. Fourier transform infrared (FT-IR) spectroscopy
was recorded on a Thermo Scientific NICOLET iS5 instrument
from 500 cm™"' to 4000 cm™'. Scanning electron microscope
(SEM) images were taken on an EVO-scanning electron micro-
scope MA 15/18 instrument. X-Ray photoelectron spectroscopy
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(XPS) measurement was performed on a Thermo Fischer Scien-
tific ESCALAB Xi +.

2.3 Synthesis of the Ce-EDTA complex

The Ce-EDTA complex is synthesized by a hydrothermal
process.>*? In this process, 0.125 molars (735 mg) of EDTA
(C10H;16N,05) were first solubilized in 10 ml of DI water, and
then 0.67 molars (276.28 mg in 10 ml DI water) of sodium
hydroxide solution were also added (pH = 6) to it with contin-
uous stirring. Thereafter, 0.1 molar (877.21 mg) Ce (NO3)3-6H,0
was prepared in DI water and added to the above reaction
mixture under continuous stirring. After 30 minutes, the as-
obtained white precipitate is transferred into a 30 ml Teflon-
coated autoclave vessel, sealed, and heated at 180 °C for 24 h.
The as-synthesized Ce-EDTA complex was washed with DI water
and then ethanol consecutively and dried at 80 °C. Finally,
Ce-EDTA is annealed in the presence of nitrogen gas in a
tubular furnace at 180 °C temperature and kept for further use.

3. Results and discussion

It has been observed that the sensing analyte can replace
coordinated water, resulting in a decrease in the fluorescence
intensity due to the delocalization of L « M charge transfer
towards the analytes.>’*® Sometimes, analyte molecules/ions
are also able to interact with the reactive end of ligands
coordinated with central metal ions, which results in an
increase in the fluorescence spectrum due to the localization
of L » M charge transfer towards the metals.**** That is why
we are expecting the formation of a 9-coordinated complex as
per chemical reactions stated in the synthesis section and
shown schematically in Fig. 1a.*** Based on these specula-
tions, further explanation is extended later in the sensing
section by choosing the carboxyl group as a part of the ring
(as in AA) and an open chain (as in Lys).

3.1 Structural analysis

The structural analysis of the Ce-EDTA complex is analyzed by
XRD and compared with diffraction peaks of pure EDTA. XRD
of EDTA exhibits its characteristic diffraction peaks; however,
on complexation with Ce®", these peaks slightly shifted to lower
20 values. All the diffraction peaks found in the XRD patterns
confirm the formation of mixed-phase both in EDTA and
Ce-EDTA.*! In order to validate these phases present in both
the compounds, we used FullProf.2k software for XRD profile
matching & integrated intensity refinement (Fig. 1b and c).
All the structural parameters like lattice parameters and lattice
volume found from the Le Bail profile fitting are summarized in
Table 1. It has been found that the simulated patterns are well-
matched with the experimental data of either compound. EDTA
has been found to consist of two phases with lower symmetry,
i.e., monoclinic and triclinic crystal phases having space groups
‘C2/c’ and ‘P1’, respectively. Similarly, Ce-EDTA is composed
of one monoclinic phase having space group ‘P2,/n’ and one
triclinic phase with space group ‘P1’. The crystal volume of

© 2022 The Author(s). Published by the Royal Society of Chemistry
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(a) Schematic chemical reaction for the formation of the Ce-EDTA complex, XRD pattern fitted with Le Bail profile matching & integrated intensity

refinement of (b) EDTA and (c) the Ce-EDTA complex, (d) FT-IR of (I) EDTA and (Il) Ce-EDTA and (e) UV visible spectra of (I) cerium nitrate, () EDTA and

(1) the Ce-EDTA complex.

Table 1 Crystal lattice parameters for EDTA and Ce-EDTA

EDTA Ce-EDTA
Structural parameters Phase 1 Phase 2 Phase 1 Phase 2
Phase Monoclinic Triclinic Monoclinic Triclinic
Space group C2/c P1 P24/n P1
a (A); b (A); ¢ (A) 13.31; 5.61; 16.15 7.67; 8.17; 13.51 9.22; 16.10; 11.98 7.51; 7.82; 14.04
Volume (As) 1197.66 816.71 1777.085 798.458
a () B ()7 () 90.0; 96.36; 90.0 79.59; 81.95; 80.58 90.0; 92.73; 90.0 79.06; 83.06; 82.00
2
b% 5.6 2.92

Ce-EDTA in its monoclinic phase is increased and in the
triclinic phase is decreased as compared to pure EDTA due to
the coordination of ligands during complex formation.

The chemical functionalities of the as-synthesized complex
were analyzed by FT-IR spectroscopy (Fig. 1d). Except for a few
changes in vibration frequencies (lowering of vibration fre-
quency), both EDTA and the Ce-EDTA complex exhibit almost

© 2022 The Author(s). Published by the Royal Society of Chemistry

similar spectra (¢f Fig. 1d(I) and (II)). These changes, especially
towards lower vibration frequencies, are direct consequences of
complex formation." For example, EDTA exhibits a vibration
peak at 3436 cm ™' corresponding to O-H stretching associated
with hydrogen-bonded -COOH. However, it vanishes and exhi-
bits O-H vibration at a new position (3372 cm ™) corresponding
to water-coordinated ligands, as shown in Fig. 1a above.*®*

Mater. Adv,, 2022, 3, 7925-7936 | 7927
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The EDTA has C—O0 stretching vibration corresponding to -COO™
at 1692 cm™ !, which has further shifted to 1665 cm™ ' when
complexation with Ce®" occurs. Similarly, EDTA shows intense
vibration at 1211 em ™%, corresponding to aliphatic C-N stretching,
which has shifted to 1250 cm™". The evidence for complex for-
mation was further justified by UV-Visible analysis, as shown in
Fig. 1e. It is evident that Cerium nitrate gives an absorption peak at
250 nm due to the 4f — 5d transition (Fig. 1e(1)).”° EDTA has no
absorption spectra in the given range of wavelengths, whereas on
complexation as Ce-EDTA, two absorption peaks are observed at
259 nm, and 280 nm due to 4f — 5d spin allowed transitions.*
In comparison to that of the free Ce*" ion, the redshift of the
absorption peak specifies a crystal-field effect on the 5d orbitals of
the Ce*" due to complexation (cf. Fig. 1e(Il) and (IIL)).>

The bonding state of all available elements in the Ce-EDTA
complex was analyzed by XPS (Fig. 2). First, the presence of all

View Article Online
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possible elements was observed by the survey spectrum (as
shown in Fig. 2a) and then the corresponding peaks are
deconvoluted to specify the bonding states of the concerned
elements. The survey spectrum was evaluated for the existence
of C1s (50.44%), N1s (9.24%), O1s (36.61%) and Ce3d5 (3.7%).
The C1s peak was associated with three individual peaks at
284.3, 285.1, and 287.8 eV attributed to C-C, C-O, and C—0
groups, respectively (Fig. 2b).*® The Ce3d spectrum of the
Ce-EDTA complex included two peaks at 902.8 eV and 884.6 eV
attributed to the spin-orbit split into 3d;, and 3ds,, respectively,
which are then deconvoluted into four individual peaks (say P1, P2,
Z1, and Z2) (Fig. 2c). The lower peaks at 899.5 (Z1) and 882.2 eV
(P1) are assigned to the Ce 3d° 4f> while the higher peaks at
904.5 (22) and 885.7 eV (P2) are generated from the Ce 3d° 4f'
terminal states.’>>* This result reflects the valence state of Ce as a
+III state.>* Furthermore, the O1s was attributed to three main
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Fig. 2 XPS of (a) the survey spectrum for elemental analysis, (b) Cls, (c) Ce3d, (d) Ols and (e) N1s. Herein, the black curve is the raw data, and traced by

the red curve is the fitted data corresponding to deconvoluted peaks.
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peaks at 530 eV, 531.4 eV, and 532.3 €V, which are attributed to
Ce-0, H,0, and C=0 (Fig. 2d).> Similarly, the chemical nature of
the N-atom is detected in the N1s spectrum (see Fig. 1e), which is
deconvoluted for two peaks at 398.2 and 399.6 eV corresponding to
Ce-N and C-N bonding, respectively (Fig. 2€).>>*>™” Based on the
above characterization tools, it has been concluded that the
structural and bonding features are as per the established complex
as expected, as shown in Fig. 1a.

3.2 Morphological analysis

The microstructural analysis of Ce-EDTA was observed by SEM,
as shown in Fig. 3a. The complex consists of polygonal micro-
plates distributed in micron sizes with thicknesses ranging
from 167.8 to 189.0 nm. These plates are distributed regularly,
indicating their crystalline nature (¢f. inset of Fig. 3a). The
occurrence of all possible elements as C, N and O in the EDAX
spectrum (as shown in Fig. 3b) exemplifies the existence of
ligands and Ce for the central metal as expected. This means
that ligand or central metal are not destroyed during its
synthesis/processing conditions.

3.3 Photoluminescence analysis

Fluorescent sensors are widely utilized for the detection of
biomolecules or metal ions due to their little or no destructive
nature, high range of specificity, high sensitivity, ease of
operation, and immunity to light scattering.’® Taking the
advantages of fluorescent quenching properties (on-off mode)
or enhancing properties (off-on mode), the trace acquisition of
biomolecules or ions can be monitored. Actually, in the present
case study, biomolecules could quench the fluorescence phe-
nomenon via energy transfer and/or electron transfer towards
the fluorophores under a particular set of conditions (the
detailed mechanism is discussed later).

3.3.1 Optimization of the sensing conditions. Prior to
sensing, the probe is optimized for its excitation wavelength
and the pH of the solution environment. The excitation-
dependent photoluminescence property (PL) was noted to absorb
the optimal emission characteristics of the as-synthesized
Ce-EDTA complex. The material is excited for a fixed interval of
excitation wavelength in this technique from 240 nm to 280 nm
(Fig. 4a). We found that the emission intensity of Ce-EDTA
increases first and acquires maximum intensity at 250 nm and
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Mag= 25.00KX
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Fig. 3
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(a) SEM and (b) EDAX of Ce-EDTA. The inset of Fig. 3a shows SEM of Ce-EDTA in low resolution.
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then decreases upon further lowering the excitation energy.
Similarly, the pH condition of the sensing probe is optimized by
varying the pH from 4 to 10, as shown in Fig. 4b. From this figure,
it is evident that the PL intensity increases with the decrease in the
pH of the buffer solution. Since the pH of the physiological
biological system is 7.4, the sensing of AA and Lys was performed
close to physiological pH, i.e. pH 7, with considerable PL activity.
Thus, 250 nm excitation wavelengths are optimized for the best
emission intensity at pH 7 and further chosen for the detection of
AA and Lys molecules. Thereafter, emission responses of Ce-EDTA
were further compared with EDTA, AA, Ce-EDTA + AA and
Ce-EDTA + Lys at 250 nm at pH 7 (Fig. 4c). It is evident that,
under similar conditions, both the AA and EDTA exhibit poor
emission spectra compared to Ce-EDTA. Herein, Ce-EDTA dis-
plays a very strong emission peak at 350 nm due to the 5d* — 4f"
transition,*®*® while the fluorescence intensity of Ce-EDTA is
quenched on the addition of AA and Lys due to the additional
interaction of these molecules as per the reaction shown in
Fig. 4d. These prefatory experimental results proved that the
Ce-EDTA complex has the ability to interact with AA and lysine
molecules. In view of these observations, further experimenta-
tions were extended for the detection of AA and Lys.

The fluorescence responses of Ce-EDTA were recorded
with the simultaneous addition of various concentrations of
AA from 5.62 uM to 60.87 pM in 2 ml (100 pg ml~") Ce-EDTA at
an excitation wavelength of 250 nm, as shown in Fig. 5a.
We observed that as soon as the concentration of AA increases,
the fluorescence activity gradually decreases. Fig. 5b represents
the calibration plot between (F,—F/F,) vs. concentration of AA,
and shows the association of PL quenching in terms of (Fy—F)/F,
with AA concentration, where F, is the PL intensity in the
absence of AA and F is the PL intensity in the presence of AA.
This plot exhibits a linear range from 11.13 to 51.92 pm
corresponding to linear regression equation (F,-F)/F, =
0.035 + 0.011 [AA] (uM) having a correlation coefficient of
0.991. The limit of detection (LOD) is evaluated as 2.04 pM
(S/N = 3).

After that, we observed that Lys is also fluorescent in nature
and gives distinguished emission spectra compared to
Ce-EDTA even at the same excitation wavelengths (Fig. 6a).
The fluorescence responses of Ce-EDTA were also recorded
upon simultaneous addition of various concentrations of Lys

Mater. Adv., 2022, 3, 7925-7936 | 7929
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60.87 uM) and (b) calibration plot of (Fo—F/Fo) vs. concentration.

from 20.29 pM to 251.74 uM at the excitation wavelength of
250 nm in 2 ml (100 pg ml~") Ce-EDTA and shown in Fig. 6b.
We observed that as soon as the concentration of Lys increases,
the fluorescence activity progressively decreases with minor
shifting towards higher wavelengths due to the domination of
the fluorescent activity of Lys.

The calibration plot exhibits a linear range from 40.19
to 151.83 pm corresponding to linear regression equation,
(Fo-F)/Fy = 0.083 + 0.0044 [Lys] (uM) having a correlation
coefficient of 0.992. The LOD is observed here as 3.6 uM
(S/N = 3).

3.3.2  Selectivity study. In order to estimate the selectivity
of the technique for AA detection, some well-known common

7930 | Mater. Adv, 2022, 3, 7925-7936

Concentration of AA (iin pM )

(a) Response of various concentrations of AA (I — XllIl as 0.00, 5.62, 11.13, 16.53, 21.82, 27.00, 32.70, 37.67, 42.53, 47.28, 51.92, 56.45 and

ions and compounds were selected and treated as interfering
substances in the sensing approach. In this approach, the
relative error was intentionally controlled within +5% while
the AA concentration was kept at 27 uM and the concentration
of Lys was kept at 97.6 uM. The selectivity of the AA in the
presence of different interfering agents has been tested by
taking the same concentration of AA, i-glutathione (GSH),
L-cystine (Cys), glycine (Gly), uric acid (UA), creatine (Cre),
HPO,>", NO;, CO;*" and ten times higher concentration of
Na“, Mg>", Ca®", K*, Mn**, Fe*", Zn®>" p-glucose (Glu), p-fructose
(Fru), and lactose (Lac), SO,>~, and Cl~. Among all of the
interfering agents, only Gly, UA, and Cre slightly decrease the
intensity of the Ce-EDTA complex due to the presence of a

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Response of AA and Lys in the presence of various interferents
under similar experimental circumstances.

carbonyl group that can interact with the complex like AA and
Lys. GSH, Cys, Na', K, Mn*", Fe*', zn**, Mg®>*, and Ca*>*
slightly enhanced the intensity and acted as the antenna.
Glu, Flu, and Lac, HPO,*>~, CO;>7, SO,>~, NO;~, and Cl™ do
not interfere with the detection of both AA and Lys. Fig. 7
exhibits the interfering outcomes of PL detection of AA and
Lys under similar conditions. Moreover, the feedback of the
Ce-EDTA fluorescent system to AA or Lys was not interrupted
by interfering additives. Both AA and Lys showed an observa-
ble response, specifying that Ce-EDTA has good selectivity for
these analytes.

© 2022 The Author(s). Published by the Royal Society of Chemistry

3.3.3 Detection of AA and Lys in real samples. A vitamin C
tablet (Celin 500 Mg) was ground into fine powder form and
dissolved in 10 ml DI water with the help of sonication for 2 h.
After that, the solution was centrifuged for 30 minutes at
9000 rpm, and the supernatant was pipetted out to prepare a
diluted solution with 15.13 uM (70 pl supernatant and 930 pl
water). Similarly, orange juice was extracted and centrifuged for
35 minutes at 10 000 rpm. After that, the filtrate was pipetted
out and diluted 100 times prior to its use for AA detection.
Thus, 15.13 uM AA in tablets and 33.21 uM AA in orange juice
are calculated with the help of a calibration plot shown in
Fig. 8b. Similarly, 1.00 g soybean seed, soaked overnight in
10 ml water, was crushed and filtered out. This extract was
centrifuged for 30 minutes at 9000 rpm, and 100 pl of the
supernatant was pipetted out, followed by 50 times dilution
with water before use for sensing purposes. The as-prepared
samples were verified and spiked for recovery analysis, and
the as-observed outcomes are shown in Table 2. The spiked
recoveries were acceptable for AA in fruit juice and tablets and
Lys in soybean, exhibiting the appropriateness of this techni-
que. Comparative results are summarized against the earlier
works based on AA and Lys detection by various methods in
Table 3. From this table, it is evident that our proposed strategy
exhibits relatively better sensing properties compared to that of
earlier works.

3.3.4 Sensing mechanism. In order to ensure the charge
transfer, a time resolved fluorescence study was performed and
the results are shown in Fig. 8a. Under excitation with a green
LASER, the excited state of Ce-EDTA decays with time, and the
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Table 2 Recovery analyses of AA and Lys in real samples

Normalized PL Intensity

View Article Online

Materials Advances

-
N

Excitation spectra of Lys, Aoy, = 416nm
—— Emission spetra of Ce-EDTA, Ao, = 250nm

N
o
N

o
©
1

o
o
1

o
»
N

o
N
N

4
o

T T T
300 350 . 400 450
Wavelength (in nm)

(a) Fluorescence decay curve for Ce-EDTA, Ce-EDTA + AA (60.8 um), and Ce-EDTA + Lys (97.6 um) and (b) emission spectra of Ce-EDTA and

Samples Spiked amount (uM) Observed concentration (uM) % Recovery
AA in Orange juice (33.21 M) 0 33.21 100
5 37.65 98.53
10 40.67 93.98
15 43.40 90.02
AA in Tablet (15.13 pM) 0 15.13 100
5 20.72 102.9
10 25.59 101.8
15 30.57 101.4
Lys in Soybean (74.93 puM) 0 74.93 100
20 96.66 101.8
40 106.35 92.6
60 123.40 91.45
Table 3 Comparative study of the Ce-EDTA probe with earlier research works
Materials Detection technique Quantification range (in ptM)  LOD (in pM)  Ref.
Sensing of AA  Fe-CDs Colorimetric 25-500 8.59 3
Fe-CDs Fluorometric 20-500 5.13 3
AuNPs@PANI Electrochemical 20-1600 8 60
N,S-CDs Fluorometric 10-200 4.69 61
MoO; Colorimetric 10%-10° 90 62
GQDs Electrochemical 25-400 6.64 63
CoTMPyP/Sr,Nb;O;,  Electrochemical 50-3250 10.6 64
PHRCDs/GSH Fluorometric 27-35 3.1 65
GDYO-CDs Fluorometric 10-500 2.5 66
Ce-EDTA Fluorometric 5.62-60.87 2.04 Present work
Sensing of Lys ~ GQDs/AuNPs Fluorimetry 47-800 16.14 67
Microbial biosensor ~ Dissolved oxygen spectrophotometry ~ 10°-10* 1-10 68
HPTS Fluorimetry 0-300 3.106 69
Ce-EDTA Fluorometric 20.29-235.83 3.6 Present work

Note: CDs, carbon dots; NPs, nanoparticles; PANI, polyaniline; GQDs, graphene quantum dots; COTMPyP, 5,10,15,20-tetrakis(N-methylpyridinium-
4-yl)porphyrinato cobalt; pHRCDs, pH/redox dual sensitive fluorescent carbon dots; GDYO, Graphdiyne; HPTS, 8-hydroxypyrene-1,3,6-trisulphonic

acid trisodium salt.

evolution of the fluorescence intensity with time has been
recorded using an alpha 300, WITECH. Furthermore, the decay
response of Ce-EDTA separately mixed with 60.8 uM of AA and
97.6 uM of Lys has also been recorded under similar measuring
parameters (comparative parameters are shown in Table 4).
All the decay responses have been fitted with a single exponen-
tial function, y, = y, + Aexp(t/t), where A and y, are the curve
fitting parameters, and 7 represents the lifetime of the excited

7932 | Mater. Adv., 2022, 3, 7925-7936

state of Ce-EDTA. It is observed that the lifetime of Ce-EDTA
(1.6 nsec) is reduced significantly in the presence of analytes
(AA and Lys). This decrease in fluorescence lifetime can be
attributed to the photoinduced electron transfer (PET) from
L « M in the Ce-EDTA complex, similar to the case of
the dynamic quenching mechanism. Moreover, we have also
recorded the excitation spectra of Lys, keeping the emission
fixed at 416 nm (as shown in Fig. 8b). It can be seen that the

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Parameters associated with different samples

Ce-EDTA + AA Ce-EDTA + Lys
Sample Ce-EDTA (60.8 uM) (97.6 uM)
7 (ns) 1.5599 0.59539 1.17451
Adj. R-Square 0.80 0.92 0.85

excitation spectra tend to overlap (>90%) with the emission
spectra of the Ce-EDTA complex. Thus, the fluorescence
quenching of Ce-EDTA with increasing Lys concentration can
be explained in terms of the fluorescence resonance energy
transfer (FRET) mechanism, where the emission from the
fluorophore causes excitation of the analyte molecules through
a non-radiative energy transfer.

4. Conclusions

We synthesized a fluorescent probe based on a Ce-EDTA
complex compound with monoclinic and triclinic crystal
phases with low symmetric ties from the most abundant rare
earth Ce-metal and EDTA ligands by a hydrothermal process. In
this compound, three labile H,O molecules are observed,
including chelation of hexadentate EDTA. This labile H,O is
prone to bind either kind of carboxyl moiety and hence the
consequence of AA and Lys detection in concentration ranges
from 5.62 to 60.87 pM and 20.29 to 235.83 uM, respectively.
Similarly, the LODs of AA and Lys were observed as 2.04 and
3.6 uM. Sensing of these analytes was achieved through the
FRET mechanism. Our as-synthesized probe is well suited for
sensing of AA and Lys in the presence of various interferents. It
is also applicable to detect AA in orange juice, and ascorbic acid
tablets, and Lys in soybean seed.
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