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Abstract: Two new UV-visible probes (PL1 and PL2) have been prepared by the derivatization of
coumarin with 2-hydroxy-1-naphthaldehyde in a Schiff base reaction. Synthesized probes were
characterized with spectroscopic techniques. Both probes (PL1 and PL2) showed excellent UV-visible
absorption properties, and their Amax was achieved at 315 and 342 nm, respectively. Both probes
showed high UV-visible sensitivity for metal ions, specifically Zn**, AI**, Fe**, Mn?*, and Cu?* ions.
The ability of the probes was investigated by testing different concentration samples at the nanomolar
scale. The effect of various functional groups on detection was investigated in RP-HPLC analysis. The
DFT calculations were performed to develop the probes' lowest energy structures and HOMO-LUMO
orbitals. The interactions of metal ions with probes (PL1 and PL2) were investigated by developing 3D
structures of complexes using DFT.
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1. Introduction

In recent years, the analysis of metal ions and their concentration in drinking water,
food, agricultural soil, rocks, and industrial waste has gained huge attention due to their direct
impact on environmental and human health [1,2]. The small amount of heavy metals in dietary
is necessary due to their crucial role in biological reactions, e.g. AI** in lower concentration
helps in plant growth, Zn?* is an essential content of blood plasma (12-6 mM) in Humans [3,4],
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Fe and Mg metal ions use in preparation of haemoglobin and chlorophyll, respectively, and the
Ca?* ion use in formation of skeleton and other metal ions (Ca, Cu, Fe, Mn, Co, Cd) takes part
crucial biological catalytic reactions. But metal ions in high amounts cause an adverse effect
on humans, e.g. higher concentrations of AI** (over 3-10 mg according to WHO) cause
osteoporosis and Alzheimer’s disease [5-8], and higher concentrations of Zn?* cause
neurodegenerative disorders [9-11], and the higher concentration of Mg?* and Co?* produce
cardiovascular disorder and asthma, lungs disease, thyroid enlargement, dermatitis, and
vasodilation [6,7] while higher amount of Fe?* reason for hemochromatosis.

Till now, many detection methods for metal ions from various samples have been
developed, including flourosensce spectroscopy, UV-visible spectroscopy, and atomic
absorption spectroscopy; among them, the spectroscopic methods are better methods due to
low cost and high detection sensitivity for metal ions, but the recovery and separation is not
possible with these. All these reported methods are limited to detecting a limited number of
metal ions in a single analysis. In many cases, multiple ions disturb the analysis and cause/result
in poor accuracy [12,13]. So, to overcome the problem, we are reporting a liquid
chromatographic detection method of sensing multiple metal ions in a single run. In this, the
metal ions turn into high UV-visible responsive metal complexes with suitable ligands, thus,
such a method can be classified as ligand exchange chromatography [14]. Till now, various
chromatographic separation methods have been developed and reported for the separation of
organic molecules, pharmaceuticals, and chiral compounds [15-18], but the separation of metal
ions using liquid chromatography has yet to be reported. In this work, we describe the synthesis
of two new coumarin-based UV-visible probes and use them as ligands in reverse phase
chromatographic detection and separation of various metal ions. Coumarins are aromatic
structures of fused rings that exhibit exceptional luminescence and fluorescence [19,20]. There
has been a lot of interest in developing UV-visible and luminescent ligands. Due to the
heteroatom (oxygen atom; acts as an electro-donor) in the structure, coumarin-based ligands
(probe) have a high binding capacity with various analytes and provide sensitive analyte
detection in multiple scenarios [21,22]. Until now, coumarin compounds have been derivatized
at an eighth position to create various coumarin-based fluorophores ligands; one such example
is the coumarin-nitrobenzene conjugate probe [20]. Ligands based on coumarin have been
applied to other areas, such as chromatographic detections, and have been utilized to detect a
range of metal cations, including zinc, iron, copper, calcium, magnesium, and others, in various
chemical, environmental, clinical, and biological samples [23].

The present report describes the synthesis of two novel Schiff base probes/ligands (PL1
and PL2) prepared on the basic structure of coumarin (Schemes 1, 2, and 3). The structure of
coumarin derivatives (C1 and C2) was modified by introducing 2-hydroxy-1-napthaldehyde in
the desired probes, under the Schiff base reaction. In conjugation with naphthalene, the
coumarin molecule turns it into a highly UV-visible sensitive probe (PL1 and PL2) for
detection and efficiently senses different metal ions in the presence of suitable binding sites.
The synthesized probes are used to develop a reverse phase chromatographic detection and
separation method for various metal ions from environmental samples. The Develop method
was validated for robustness, accuracy, and sensitivity. The stable conformer structures, metal
complex, HOMO-LUMO, energy gap optimizations, and elution mechanism were also carried
out using DFT simulations. The effect of other participating metal ions on detection was also
studied.
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Scheme 1. Synthesis of coumarin derivatives C1 and C2.
2. Materials and Methods

Chemical and reagents: The chemicals and solvents used in this study were purchased
from Sigma—Aldrich and Avra Chemicals (India).

Instruments and equipment: A Shimadzu HPLC system with a 20 pL manual injector,
a Cig column, and a PDA detector was employed for analysis. The LC solution programme was
used to proceed with the results that were obtained. In addition, synthesized products were
characterized using an elemental analyzer, an FT-IR instrument, a pH metre, a 500 MHz NMR
spectrometer, and a UV-visible spectrometer.

2.1. Experimental.

2.1.1. Synthesis of coumarin derivatives C1 and C2.

A mixture of N-acetylglycine (1.76 g, 15 mmol), anhydrous sodium acetate (45 mmol),
and 2,4-dihydroxy benzaldehyde (2.07 g, 15 mmol) in acetic anhydride (70 mL) was refluxed
under stirring for eight hours (Scheme 1). A yellow precipitate was obtained by pouring the
reaction mixture into ice (250 mL). Followed by filtration, the yellow solid was refluxed for
two hours in a solution of ethanol and concentrated HCI (1:2). The mixture was then poured
into ice water (70 mL) and maintained at pH 5~6 by adding 30% NaOH aqueous solution. The
solution was then concentrated to 25 mL, and the crude product was precipitated and collected.
The obtained compound was then recrystallized in EtOH to give 3-amino-7-hydroxycoumarin
[24,25].

The methylation on the hydroxyl group of 3-amino-7-hydroxycoumarin was carried out
in an acidic medium, followed by the protection and deprotection of the amino group with fmoc
anhydride [26,27] to prepare C1. In contrast, the tosylation of the hydroxyl group of 3-amino-
7-hydroxycoumarin was carried out in a basic medium, followed by the protection and
deprotection of the amino group with Boc anhydride [28,29] to obtain C2. Both methylation
and tosylation reactions yield more than 95% yield.

3-amino-7-hydroxycoumarin: yield: 1.58 g, 62%. *H NMR (400 MHz, d6 -DMSO) §
ppm 9.84 (s, 1H), 7.23 (d, J = 8.1 Hz, 1H), 7.04-5.39 (m, 3H), 5.25 (s, 2H); HRMS [CoH7NOs]
178.05 (M+H+); Anal. calcud. (found)% for CoH7NOz3: C, 61.02 (61.24); H, 3.98 (3.67); N,
7.91 (8.06).

C1: yield: 1.62 g, 95%. 'H NMR (400 MHz, d6 -DMSO) & ppm 7.24 (d, J = 8.1 Hz,
1H), 7.05-5.39 (m, 3H), 5.25 (s, 2H), 3.84 (s, 3H); HRMS [C10HaNOz3] 192.08 (M+H+); Anal.
calcud. (found)% for C10HoNO3: C, 62.82 (62.56); H, 4.75 (4.21); N, 7.33 (7.58).
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C2: yield: 2.84 g, 97%. *H NMR (400 MHz, d6 -DMSO) § 7.82 (d, 2H), 7.36 (d, 2H),
7.34-7.26 (m, 3H), 5.68 (s, 1H), 5.27 (br, 2H), 2.38 (s, 3H); HRMS [C16H13NOsS] 332.07
(M+H+); Anal. calcud. (found)% for C16H13NOsS: C, 58.01 (57.67); H, 3.95 (4.18); N, 4.23
(4.41); S, 9.68 (8.98).
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Scheme 2. Synthesis of coumarin-based probe PL1.
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Scheme 3. Synthesis of coumarin-based probe PL2.
2.1.2. Synthesis of coumarin based probes PL1 and PL2.

2-hydroxy-1-naphthaldehyde (0.5 mmol, 0.086 g) in ethanol was mixed with a solution
of C1 (0.5 mmol, 0.096 g) in ethanol (Scheme 2). The reaction mixture was then refluxed for
twelve hours. Red powder (PL1) was obtained by filtering, washing, and drying the final
product in a vacuum chamber three times using ethyl alcohol (3 x 30 mL). A similar synthetic
route (Scheme 3) was used to prepare PL2 from C2 [4, 24].

PL1: 'H NMR (400 MHz; DMSO-d6): & (ppm) 15.11 (d, 1H), 9.62 (d, 1H), 8.34 (d,
1H), 8.29 (s, 1H), 7.84 (d, 1H), 7.71 (d, 1H), 7.48 (m, 2H), 7.30 (m,1H), 6.89 (d, 1H), 6.82 (dd,
1H), 6.75 (d, 1H), 3.84 (s, 3H); IR (KBr): 3474, 3212, 3151, 3083, 2996, 1785, 1700, 1672,
1557, 1493, 1440, 1389, 1295, 1255, 1171, 1035, 949 and 680 cm~; HRMS [C21H1sNO4]
346.11 (M+H+); Anal. calcud. (found)% for C21H1sNO4: C, 73.04 (72.78); H, 4.38 (4.12); N,
4.06 (4.21).

PL2: 'H NMR (400 MHz; DMSO-d6): & (ppm) 15.10 (d, 1H), 9.64 (d, 1H), 8.36 (d,
1H), 8.30 (s, 1H), 7.85 (d, 1H), 7.81 (d, 2H), 7.73 (d, 1H), 7.49 (m, 2H), 7.33-7.24 (m, 3H),
6.91 (d, 1H), 6.84 (dd, 1H), 6.75 (d, 1H), 2.39 (s, 3H). IR (KBr): 3475, 3201, 3159, 1785, 1673,
1555, 11495, 1394, 1286, 1247, 1188, 1140, 961, 856 and 745 cm~!; HRMS [C27H19NOsS]
486.14 (M+H+); Anal. calcud. (found)% for C27H19NOsS: C, 66.80 (67.08); H, 3.94 (4.06); N,
2.89 (2.71); S, 6.60 (6.18).

Table 1. Sample prepared for RP-HPLC analysis.

S.N Probe Metal ion Sample name S.N. Probe Metal ion Sample name
1. PL1 Zn%* Zn-PL1 7. PL2 Zn? Zn-PL2
2. PL1 Fe3* Fe-PL1 8. PL2 Fe3* Fe-PL2
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S.N Probe Metal ion Sample name S.N. Probe Metal ion Sample name
3. PL1 Mn?* Mn-PL1 9. PL2 Mn?* Mn-PL2
4. PL1 AlR* Al-PL1 10. PL2 AlR* Al-PL2
5. PL1 Cu?* Cu-PL1 11. PL2 Cu?* Cu-PL2
6. PL1 All Mix-PL1 12. PL2 All Mix-PL2

2.1.3. Preparation of samples and stock solutions.

1 mM stock solutions of the AI¥*, Fe3*, Zn?*, Mn?* and Cu?* were prepared in double
distilled water. 1 mM stock solutions of probes (PL1 and PL2) were prepared in acetonitrile.
10 mM TEAP (triethylammonium phosphate) buffer was prepared as reported in the literature
[30, 31].

Preparation of samples for RP-HPLC: Sample Zn-PL1 was prepared by mixing 50 pL
solution of stock solution of Zn?* and 60 pL solution of stock solution PL1, and sonicated for
2 minutes. Similarly, the solution of Fe-PL1, Mn-PL1, Al-PL1, Cu-PL1, Zn-PL2, Fe-PL2, Mn-
PL2, Al-PL2 and Cu-PL2 were prepared.

Mix-PL1 and Mix-PL2 samples: To prepare Mix-PL1, 300 pL solution of the probe
PL1 and 50 pL solution of each metal ion stock solution (total 250 pL; AI**, Fe®*, Zn?*, Mn?*,
and Cu?*) was mixed in a vial and sonicated for 2 minutes. Similarly, the Mix-PL2 sample was
prepared. The list of the prepared samples for RP-HPLC analysis is given in Table 1.

Each sample was diluted ten times with acetonitrile and filtered before applying it to
the RP-HPLC.

Drinking water sample for RP-HPLC: 1000 pL drinking water mixed with 300 pL
solution of the probe PL1 and 50 pL solution of each metal ion stock solution (total 250 pL;
AR, Fe®*, Zn?*, Mn?*, and Cu?*) was mixed in a vial and sonicated for 2 minutes. Similarly,
the drinking water sample with PL2 was prepared. An aliquot of both samples (50 pL) was
diluted 9 times with acetonitrile and filtered before applying it to the RP-HPLC.

2.1.4. RP-HPLC and conditions for analysis.

The gradient mode was used to separate the prepared complexes of PL1 and PL2 with
metal ions (A", Fe®*, Zn?*, Mn?*, and Cu?*) on RP-HPLC. The eluting phase, buffer (TEAP),
and acetonitrile were used in ratios of 20-80%, 30-70%, 40-60%, and 45-55% (in a linear
gradient). Filtered and sonicated (degassed) mobile phase used in the RP-HPLC system [32,
33]. Metal complexes were recognised using the PDA detector, and a 1 mL/min flow rate was
maintained for the eluting phase.

3. Results and Discussion

Schiff base reactions are reversible and yield aromatic imines as a product by heating
aldehyde and aromatic amino groups without any catalyst. Schiff base reactions are prevalent
in the preparation of COF, MOF, and organic conjugated ligands/probes that are used as
sensors in various fluorophores applications [4,24,25,34,35]. Schiff bases are also used in the
preparation of organic dyes, pharmaceuticals, pesticides, cosmetics, and paint pigments, etc
[23]. In an intermolecular cyclization reaction of 2,4-dihydroxy benzaldehyde and N-acetyl
glycine, the 3-amino-7-hydroxycoumarin was prepared [25], and its hydroxyl group was
modified into methoxy and tosyl groups to obtain C1 and C2 derivatives. Two UV-visible
probes (PL1 and PL2) were prepared in a Schiff base condensation reaction of 2-hydroxy-1-
naphthaldehyde with 3-amino-7-methoxycoumarin (C1) or 3-amino-7-tosylcoumarin (C2)
[4,24]. Due to the formation of an imine bond, the conjugation between coumarin and
https://nanobioletters.com/ 5 of 14



https://doi.org/10.33263/LIANBS143.152
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS143.152

naphthalene is stabilised. Thus, the enhancement in spectroscopic properties was observed for
both probes. The imine bond is significantly less stable and readily reacts with upcoming
nucleophiles in an addition reaction and forms amines or amides; also, due to high reactivity,
Schiff bases are not stable in the presence of nucleophiles or moderate pH conditions [23,36].

A = 342

Al Fe**, Zn**
Cu?, Co?* [
0.3 4 (s ., Bathochromic
Hypsochromic ; & = shift
shift ] %

Absorbance

0.0

300 330 360 390 420 450
Wavelength (nm)
Figure 1. UV-visible spectrum of the PL2 and shifting of Amax On complex formation with metal ions.

The prepared probes show the keto-enol tautomerism [4, 24] and double bond and
hydrogen atom move in between imine and the hydroxyl group of naphthalene, and due to this
and free lone pair on nitrogen atom, PL1 and PL2 show excellent binding with several of metal
ions (Ag*, AI**, Na*, Ni?*, Pb?*, Fe3*, Cd?*, Co?*, Zn?*, Mn?*, Cr®*, Hg*? and Cu?*). Both probes
nonselectively bind with different metal ions, and based on different binding energies of
complexes with various metal ions, the highest absorption wavelength (Amax) appeared at
different positions in the UV-visible spectrum. Most of the metal ions enhance the absorbance
of the probes with bathochromic shift, while Cu?* and Co?* decrease absorption with
hypsochromic shift. Among these metal ions, we chose five metal ions (Zn?*, APF*, Fe*, Mn?*,
and Cu?*) for the separation study. The complex of PL1 and PL2 formed with metal ions’
energies and dipole moment was calculated with DFT and provided in Table 3.
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Figure 2. UV-visible response of (i) PL1; (ii) PL2 (5x10° M) in ACN:H20 (8.5:1.5%,v/v) upon addition of
various metal ions (20x10% M).

The PL1 and PL2 (probes) both show excellent solubility in polar solvents such as
DMSO, DMF, CH3CN, and CH30H in the presence of polar functional groups. The compounds
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based on coumarins are known to exhibit intriguing properties related to photoluminescence
[4, 24, 37-39]. Therefore, the UV-visible properties of PL1 and PL2 (5x10° M) were
investigated in a combination of acetonitrile (ACN) and buffer (HEPES) (8.5:1.5%, v/v). For
the probes PL1 and PL2, the highest absorption was measured at 315 and 342 nm, respectively.
The absorption spectrum of PL1 and PL2 was arranged as follows: PL2 > PL1. The primary
distinction between the two probes (PL1 and PL2) is the connected functional group (methoxy
and tosyl), and it is reasonable to assume that the probe group’s electronic effect significantly
affects the probes' absorption properties [40, 41].

1000
] (a)
] (b)
750+
- ] c)
% ( (d)
= ]
o 500
3 ]
2 . (e)
5 4
Z 250 ®
< ’—JL
0
00 25 50 75 100 125 180
Time (min)

Figure 3. RP-HPLC Chromatogram of the separation of Mix-PL1 (a) Zn-PL1; (b) Al-PL1; (c) Fe-PL1; (d) Mn-
PL1; (e) Cu-PL1; (f) PL1.

Due to the presence of appropriate binding sites in the probes (PL1 and PL2), we wished
to investigate the chemosensing ability of numerous metal ions such as Ag*, AI**, Na*, Ni?",
Pb?*, Fe%*, Cd?*, Co?*, Zn?*, Mn?*, Cr¥*, Hg?*, and Cu?*. Many of these metal ions are known
to be dangerous environmental pollutants that can be hazardous to health when present in
excess [12]. After adding these metal ions, the absorption intensities of PL1 and PL2 solutions
significantly alter (Figure 1 displays the UV-visible spectra of PL2 with metal ions as
representative). The Co?" and Cu?* ions showed the hypsochromic shift while the remaining
metal ions increased the absorption maxima (Figure 1). Also, the Co?" and Cu?* ions quenched
the UV-visible spectrum, and the intensity of quenching is directly related to the concentration
of these metal ions [12, 13]. (Figure 2 displays the UV-visible absorption response when
different metal ions were added to the solution of (i) PL1 and (ii) PL2).

3.1. RP-HPLC analysis.

For the RP-HPLC analysis, only five metal ions (AI¥*, Fe®*, Zn**, Mn?*, and Cu?*) were
chosen for study. The sample Mix-PL1 containing different metal complexes with PL1 (Al-
PL1, Fe-PL1, Zn-PL1, Mn-PL1, and Cu-PL1) was applied to RP-HPLC separation, and the
obtained chromatogram is shown as representative (Figure 3). A clean separation of the
different metal complexes (Al-PL1, Fe-PL1, Zn-PL1, Mn-PL1, and Cu-PL1) was achieved on
the Cig Column of RP-HPLC. The elution order, peak position, and elution time were
determined by comparing the chromatograms of individual samples of different metal
complexes with PL1. The separation results obtained in the analysis are shown in Table 2. The
separation results showed that the complex of Zn-PL1 appears first in the chromatogram with
the lowest elution time of 3.02 min. Meanwhile, the Cu-PL1 appears at the end (before the

residual peak of PL1) of the chromatogram with an elution time of 9.40 min. Similar results
https://nanobioletters.com/ 7 of 14
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were achieved for metal complexes prepared with PL2 (analysis of sample Mix-PL2)
(chromatographic separation results given in Table 2).

Table 2. Chromatographic elution time and separation data.

S.N. Mix-PLI Elution time (min) | Resolution Mix-PL2 Elution time (min) Resolution
1. Zn-PL1 3.02 13.04 Zn-PL2 3.78 13.10
2. Al-PL1 4.78 9.82 Al-PL2 5.32 10.17
3. Fe-PL1 5.61 8.18 Fe-PL2 6.18 8.46
4. Mn-PL1 7.39 5.95 Mn-PL2 8.58 5.46
5. Cu-PL1 9.42 3.06 Cu-PL2 9.71 3.63
6. PL1 12.15 - PL2 12.25 -

A linear gradient mode using TEAP buffer (20%) and acetonitrile (ACN; 80%) was
found to be suitable for the eluting phase, which allowed for the separation of all produced
metal complexes with probes (PL1 and PL2). The solution's pH (3.5) was kept acidic for
optimal separation. The variables such as pH and flow rate of eluting phase, concentration of
buffer, and organic modifier were tested for the separation of metal complexes. The organic
modifier acetonitrile showed better results when compared to methanol as an eluting phase.

@
Figure 5. Optimized 3D metal complexes of PL1 and PL2 with Zn?* [(i) Zn-PL1; (ii) zn-PL2].
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The peaks obtained during separation were sharp in the case of the acetonitrile organic
modifier due to high polarity, low density, and low UV cut-off [16, 42]. The separation results
were better when the eluting phase's pH was 3.5, and the flow rate was maintained at 1 mL/min.
The high flow rate increased the system pressure, and the low flow rate caused the broadening
of the peaks; thus, the RP-HPLC system was run at a ImL/min flow rate for analysis of metal
complexes.

The results [resolution (3.06-13.10) and elution time (3.02-12.25 min)] obtained by the
developed method for the separation of metal complexes of AI¥*, Fe*, Zn?*, Mn?*, and Cu?*
with PL1 and PL2 are given in Table 2.

Table 3. Metal complexes and optimised dipole moments.

S.N. Metal complex | Dipole moment (Debye) S.N. Metal complex Dipole moment (Debye)
1. Zn-PL1 3.02 7. Zn-PL2 3.78

2. Al-PL1 4,78 8. Al-PL2 5.32

3. Fe-PL1 5.61 9. Fe-PL2 6.18

4, Mn-PL1 7.39 10. Mn-PL2 8.58

5. Cu-PL1 9.42 11. Cu-PL2 9.71

6. PL1 12.15 12. PL2 12.95

3.2. DFT optimised 3D structures and elution order.

The DFT calculations using Gaussian Software were performed to investigate stable
complex structures, elution order, and separation mechanism. In the structure of PL1 and PL2,
the difference is the methoxy and toysl group attached at the 71 Position. In PL2, the tosyl
group is vertical with respect to the coumarin moiety; thus, the conjugation between the bonds
is restricted, and it acts as an electron-withdrawing group and shifts the Amax (342 nm) to a
slightly higher wavelength compared to the Amax (315 nm) of PL1. These results are also
supported by the HOMO-LUMO orbitals for PL1 and PL2 (Figure 4). The energy gap between
the HOMO-LUMO orbitals of PL1 (3.71 eV) is higher than that of PL2 (3.64 eV), and thus,
PL2 has a higher Amax (342 nm) value.

The probe interacts with metal ions with hydroxyl, carbonyl, and nitrogen groups of the
imine group and forms metal complexes with each metal ion used in this study, for example,
Zn-PL1 and Zn-PL2 shown in Figure 5. The vacant valances of the metal ions were stabilised
with solvent molecules (ACN, Water, and TEAP), and these interactions increased the
solubility of the metal complexes in the used mobile phase. The planarity of both probes (PL1
and PL2) was increased when they bound with metal ions (as shown in Figure 5); thus, the
conjugation between the coumarin and naphthalene was increased and resulted in a higher
absorption wavelength compared to the probes (PL1 and PL2).

The separation and elution order of the prepared complexes with PL1 and PL2
depended on the metal complex dipole moment and the number of carbon atoms in the
structure. The high carbon number increases the hydrophobic character in the metal complex;
thus, these bind strongly with the Cig column stationary phase and elute slowly [43-45].
Therefore, the metal complexes prepared with PL1 have a lower elution time compared to metal
complexes prepared with PL2. The metal complexes that have high dipole-moment (polarity)
solubilised higher in polar mobile phase, thus elute faster compared to the metal complexes
those are having lower dipole-moment (Table 3), e.g., the metal complex of Zn-PL1 (elution
time 3.02 min; dipole-moment 12.93 Debye) elute first while metal complex Cu-PL1 (elution
time 9.42 min; dipole-moment 8.43 Debye) elute in last. The order of elution of metal
complexes prepared by PL1 and PL2 is given in Table 2.
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3.3. Validation.

The new method was validated for robustness, accuracy, linearity, and repeatability, as
reported in previous studies [46—48]. The sample concentration was within the 10-1000 ng/mL
range for the validation investigations. Peak area acquired in the RP-HPLC system was used
to analyse and quantify the method's recoveries and stabilities. The calculated recovery for
metal complexes was found to be more than 99% for inter- and intra-day assays, as
representative recovery of the Zn-PL1 was 99.78 and 99.21, respectively, for inter- and intra-
day assays. The developed method demonstrated an exceptional level of sensitivity in
identifying metal complexes. The lowest value of LOD and LOQ was obtained for Zn-PL2
(0.152 ng/mL and 0.456 ng/mL, respectively). The detailed calculated validation data is given
in Table 4.

3.4. Analysis of drinking water.

To do this analysis, a known amount of AI**, Fe®*, Zn?*, Mn?*, and Cu?* solution was
added to drinking water (given in preparation of samples), and then this sample was similarly
analyzed on RP-HPLC for detection and separation of different metal ions. The similar
separation results and detection sensitivity were achieved for different metal complexes
without any disturbance.

Table 4. Calculated method validation data for RP-HPLC separation of metal complexes prepared with PL1 and

PL2.

SN Metal Intra-day Assay Inter-day Assay LOD LOQ
T complex Recovery (%) RSD (%0) Recovery (%) | RSD (%) | (ngmL™?) | (ng mL?)
1. Zn-PL1 99.78 0.58 99.21 0.62 0.178 0.534
2. Al-PL1 99.14 1.04 98.76 1.18 0.231 0.693
3. Fe-PL1 98.65 1.12 98.71 1.43 0.298 0.894
4. Mn-PL1 97.88 1.38 97.22 1.56 0.372 1.116
5. Cu-PL1 97.08 141 96.84 1.58 1.120 3.360
6. Zn-PL2 99.52 0.98 99.16 1.07 0.152 0.456
7. Al-PL2 98.97 1.24 98.34 1.36 0.182 0.547
8. Fe-PL2 98.26 1.46 97.41 1.71 0.298 0.894
9. Mn-PL2 97.21 1.68 97.38 1.88 0.312 0.936
10. Cu-PL2 96.47 1.81 96.08 1.92 0.894 2.682

RSD = relative standard deviation; LOD: limit of detection; LOQ: limit of quantification.
4. Conclusion

Coumarin-based UV-visible probes have been proposed and synthesized in this report.
These probes showed great affinity and UV-visible sensitivity for different metal ions and
detected them at nanomolar concentrations. The PL2, in the presence of the electron-
withdrawing group, shows higher Amax and molar absorbance, thus having better sensitivity
than PL1. The effect of the dipole moment, number of carbon atoms, and size of the metal
complex on elution order was investigated. Chemical analysis may be utilized with these
probes to detect AI**, Fe3*, Zn?*, Mn?*, and Cu?* metal ion traces in different samples from the
environments or industries. Very low values of LOD and LOQs were obtained at 0.152 and
0.456 ng/mL. This method can also be used to analyze Ag*, Na*, Ni%*, Pb?*, Fe?*, Cd?*, Co?*,
Cr®*, and Hg?". The current method is inexpensive, easy to handle, and shows better sensitivity
to other reports using different methods, and the analysis is not affected by the presence of
hindering impurities.
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