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A simple 4-(furan-2-ylmethyleneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-one ~ (M1)
chemosensor was designed and positively applied for the selective recognition of Zn?* ions in
methanol. Sensing potential of chemosensor M1 with various metal ions was studied by the emission
and absorption spectra. The favorable coordination of chemosensor with Zn?* metal ion was initiated
by Job’s method. The binding constant and limit of detection (LOD) were calculated through titration
methods. In DPV studies, chemosensor M1 also exhibits potential changes in the presence of Zn?* ions
that recognized complex behavior with Zn** ions. Reported chemosensor could be applied for bare eye
metal sensing and real time sample analysis.
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1. INTRODUCTION

In last two decades, growing interest on metal sensing provide a new research theme for the
scientific community due to the crucial role of metal ions in the field of medicine and different
industries. There are different significant techniques which assist the quantification of metal ions like:
atomic absorption spectroscopy, voltammetry, inductively coupled plasma mass-spectrometry, and x-
ray analysis [1-10]. All of above techniques have less effective owing to high cost, maintenance and
instrumental expert. Colorimetric and fluorescence sensors are the most indispensable tool to detect
real-time analysis of metal ions without any utilization of the special instrumentation that can be
applied in medical diagnostics, industrial waste product treatment and environmental control [11-16].
Transition metal ions have impactful role in biological and environmental systems, Zinc metal ion
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exhibit vital roles in human body like as control the activity of enzymes, DNA synthesis, microtubule
polymerization, apoptosis, gene expression, matrix metalloproteinase immune system function [17-
20]. Zinc has negligible hazardous effect as compare d*° Transition metal Cd** and Hg** ions in trace
level but in excess, it also triggered neurological and haematological disorders, Alzheimer’s diseases
and reproductive problems [21-23]. Consequently, it is highly desirable to investigate Zn*
concentration in environmental and biological sample. Although previous research, optical sensors
based on various families of fluorescent probes like as crown ether, rhodamine, fluorescein, quinoline
and coumarin [24-48]. Most of reported colorimetric probes for Zn** showed poor selectivity for Zn*
over Cd** and Cu?* ions and provided effective sensing behavior only for higher concentration of Zn?*.

On the basis of our research interest on small and simple optical sensor [49-53], 4-(furan-2-
ylmethyleneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-one (M1) was synthesized through
simple condensation reaction and serve as a significant fluorescent and colorimetric chemosensor for
Zn®" in the existence of different transition, alkali and alkaline earth metal ions. The favorable
stoichiometry of chemosensor was initiated by Job’s method and HRMS analysis. The high binding
constant and low detection limit (LOD) were calculated through titration methods. Reported probe M1
could be applied as naked eye optical sensor for real time sample analysis.

2. EXPERIMENTAL PROCESS

2.1. Materials and instruments

Chemical reagents, different metal salts and solvents of analytical grade were purchased from
Merck and Aldrich. Nitrate and chloride salts were potentially used for metal sensing studies.
Chemosensor M1 was synthesized with the help of published procedure [54].

Proton NMR experiment were performed on a JEOL-400 MHz spectrometer and chemical
shifts were recorded in ppm using CDCl; solvent. All colorimetric studies of chemosensor M1 were
performed at 25 °C using a Shimadzu UV-2450 spectrophotometer (Japan). Electrospray ionization
high resolution mass spectra (ESI-HRMS) analysis were collected on a Bruker-micrOTOF Il (USA).
DPV experiments were examined by using a CHI760E electrochemical workstation (USA). The pH
response on sensing behavior of chemosensor were measured with an Eutech pH 510 (Singapore).

2.2. Preparation of Chemosensor (M1)

4-(furan-2-ylmethyleneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-one  (M1) was
designed and synthesized by previously reported method [55]. 10 mmol 4-aminoantipyrine (2.03 g)
was dissolved in 15 mL methanol and added 10 mmol 4-Hydroxy-3-methoxybenzaldehyde (1.52 g)
drop wise on stirring methanolic solution. The mixture was heated about for 4-5 h. The solid product
was filtered off and recrystallized. Yield: 79 %, 1H NMR (CDCl3, 400 MHz): 6, ppm; 9.61 (—N=C—, s,
1H), 7.55 (s, 1H), 7.47 (t, 2H), 7.39 (d, 2H), 7.32 (t, 1H), 6.78 (d, 1H), 6.49 (t, 1H), 3.14, (s, 3H) 2.47
(~CHz—, t, 2H). HRMS m/z (M+): calcd, 281.1179; found, 281.1164 (Fig. 1,2).
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Figure 1. 1H NMR spectrum of chemosensor M1.
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Figure 2. HRMS spectrum of chemosensor M1.
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3. RESULTS AND DISCUSSION

3.1. UV-vis absorption spectral studies
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Figure 3. Absorbance spectra of chemosensor M1 in the presence of differ metal ions.
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Figure 4. Colorimetric sensing response of probe M1 toward Zn*".
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Figure 5. (a) Absorbance titration spectra of M1 with 0-5 equiv. Zn*" ions in methanol solution, (b)
linear response of titration.
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High gratitude sensing profiles of chemosensor M1 toward various transition and alkaline
metal ions primarily investigated by absorbance spectra in methanol. As displayed in figure 3,
chemosensor M1 exhibited strong absorption band at 203, 245 and 342 nm that was remain unchanged
after the addition of K*, Cd®*, Cu®*, Ni**, Ba**, Mn?*, Ca®*, Hg**, Co**, Mg, Cr**, Pb**, Fe**, and
AI** metal ions. Therefore, a new absorbance band at higher wavelength 391 nm was observed in the
presence of Zn?* ions and the color of sample solution (M1+Zn?**) changed yellow to dark yellow that
could be easily detected by the bare eye (Fig. 4). The quantitative absorbance titration spectra of M1
(40 uM) with 0-5 equivalent Zn** metal ions recorded in methanolic solution (Fig. 5a) that reveals
significant changes in spectra at 342 and 392 nm. Further proceeding of Zn®" ion solution, absorption
band centred at 392 nm, gradually increased with 0-5 equivalent of zinc metal ions. The gradual
changes in absorbance spectra were expressed by a linear plot in figure 5b.

3.2. Fluorescence studies
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Figure 6. Fluorescence emission spectra of the probe M1 (40 uM) in the appearance of differ metal
ions, such as K*, Ba?*, Cd?*, Cu*, Ni?*, Mn?*, Ca?*, Hg®*, Co?*, Mg**, Cr**, Pb**, Fe**, AI**
and Zn** in MeOH.

Similarly, the photophysical properties of probe M1 (40 uM) with 5 equivalent various metal
ions were examined in methanolic solution at excitation wavelength 380 nm. Fluorescence emission
spectrum of probe M1 (40 uM) showed low emission intensity band centred at 494 nm (figure 6). After
addition of K*, Ba®*, Cd**, Cu®*, Ni**, Mn?*, Ca**, Hg**, Co®*, Mg?*, Cr**, Pb**, Fe**, and AI** metal
ions in methanolic solution of chemosensor M1 did not show any significant changes in emission
intensity whereas in addition of Zn?* ion fluorescence intensity of emission band was shifted to higher
wavelength 564 nm with a decrease in the fluorescence intensity at 494 nm assisted by red shift (AL =
70 nm). These red shift in absorbance and fluorescence spectra can be explained by simple ICT
(intramolecular charge transfer) mechanism [56]. Moreover, quantitative fluorescence sensing
response of chemosensor M1 with growing concentration of Zn** jon was pictured in Fig. 7a. The
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fluorescence intensity of emission band at 564 nm, increased significantly and got saturation after
adding 1 equiv. (40 uM) of Zn**. Here, an intense fluorescence change for receptor M1 was occurred
at 564 nm from the titration studies (figure 7b).
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Figure 7. (a) Fluorescence emission titration spectra of M1 with 0-5 equiv. Zn®* ions in methanol
solution, (b) linear response of probe in titration (Excitation wavelength 380 nm).
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Figure 8. Competitive studies of sensing probe M1+Zn?* in the presence of differ metal ions.
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Figure 9. Binding constant measurement for probe M1 via Benesi—Hildebrand plot.
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Moreover, the detection limit of probe M1 for the Zn?* ion was determined by blank standard
method and calculated 0.843 uM. In the presence of competitive metal ions, the spectrofluorometric
response of probe M1 towards Zn®* ion was examined by competitive experiments (figure.8). For
M1+Zn?*, the fluorescence intensity of emission band at 564 nm was remain unchanged after addition
of 1 equivalent competitive metal ion K*, Ba**, Cd**, Cu**, Ni**, Mn**, Ca®*, Hg**, Co**, Mg**, Cr*",
Pb*, Fe*, and AI** in sample solution. These results showed significant sensitivity and selectivity
towards Zn”* ion over different competitive metal ions.
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Figure 10. Job’s plot spectra for chemosensor M1 and Zn** ions.

The binding stoichiometry of M1+Zn*" was carried out through emission titration experiments.
As showed in figure 9, the fluorescence intensity at 564 nm was enhanced maximum with 0.5 molar
equivalent of Zn** that indicate 1:1 Stoichiometric complexation between chemosensor M1 and Zn*
ions. Therefore, the binding constant (Ka) value of probe M1 was calculated via Benesi—Hildebrand
method [57] and obtained 0.68 x 10* M that represented high metal-binding properties of probe M1
(Fig. 10).

3.3. Electrochemical response

Electrochemical sensing performance of chemosensor M1 toward Zn?** ions was investigated
on CHI760E electrochemical workstation (USA). Here, chemosensor M1 explored some remarkable
changes with zinc metal ion in methanol. As showed in figure 11, probe M1 (80 ppm) alone exhibited
the oxidation potential (Eox) at 0.382 V, however the addition of Zn®*, oxidation potential for M1+Zn?*
was shifted to more positive value 0.439 V. This notable potential shift (Eox) was displayed bonding
attraction between the chemosensor M1 and Zn?* ions. The result also provided useful information
about electrochemical sensing nature of probe M1.
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Figure 11. Electrochemical sensing studies of probe M1 (80 uM) with equal concentration of Zn?*

ions.

3.4. Optimization of pH conditions

The fluorescence sensing response of probe M1 (40 uM) was regulated over a wide range of
pH 2-12 in water : methanol (v/v, 2:8) solution. As showed in figure 12, at acidic pH probe M1
showed significant fluorescence changes in the presence and absence of metal ions whereas in basic
medium M1+Zn? did not show notable changes due to interference of —OH group. Here, chemosensor
M1 exhibited optimum fluorescence sensing in acidic pH range.
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Figure 12. pH effect on fluorescence emission intensity of M1 and M1+Zn?* complex.
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3.5. Application of sensor

3.5.1. Naked eye detection of metal ion

To investigate a naked eye response chemosensor M1 for Zn* metal ion in presence of
different metal ions was carried out with in methanol/water (8/2: v/v solution). After addition of 5
equivalents of metal salt in probe M1, a rapid color change light yellow to yellowish orange was
obtained only with the Zn** ion (after 10 minute of mixing).

3.5.2. Real sample analysis

Proposed optical sensor M1 could successfully recover Zn?* ion from tap water containing
different amount of zinc ions [58-73]. Different amounts of Zn”* were spiked with methanol/water
solution (v/v, 8:2) and measured. The obtained results were showed good selectivity in the Table 1.

Table 1. Determination of zinc ion in methanol/water (v/v, 8:2) samples solution.

Zn(I1) (mg L™

Added Found Recovery (%)
5 5.15+0.05 103.0
10 10.22+0.06 102.2
20 19.88+0.05 99.40

4. CONCLUSION

A new probe 4-(furan-2-ylmethyleneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-one
(M1) was designed and applied as optical and electrochemical sensor in methanol. It exhibited a
sensitive and selective ratiometric optical response towards Zn* ions over various metal ions. The
favorable 1:1 stoichiometry coordination between chemosensor M1 with Zn*" was obtained by Job’s
method and the high binding constant 0.68 x 10* M™" and low limit of detection (LOD) 8.43 x 107’ M
were calculated through titration methods. Furthermore, the chemosensor M1 also exhibited notable
potential changes with Zn?* ions in DPV. Reported chemosensor could be applied for routine analysis
as bare eye and real time sensor.
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