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ABSTRACT

Aminoantipyrine schiff bases were found to have a remarkable selectivity for zinc ions and

simultaneous enhancement of fluorescence. The chalcone based Schiff base was synthesized from
Aminoantipyrine and chalcone under reflux condition for three hours using ethanol as the solvent.
Among the various metals employed it selectively sensed Zn®* ions both calorimetrically and
fluorimetrically. The stoichiometry of the complex was determined to be 1:1. The complex exhibited
reversibility with EDTA. It is found that the ligand under study is able to sense Zn*
in the concentration of 10° pum. The limit of detection was found out from the absorbance values.
The synthesized zinc complex has its application in various fields.
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INTRODUCTION

Zinc is the second most abundant transition metal ion after iron in the human body, and
essential with concentration ranging from 0.1mM to 0.3mM?2, It is a very important ion species in
many biological activities such as cellular metabolism, gene expression, neural signal transmission,
DNA binding or recognition, pathology, cell apoptosis and mammalian reproduction3-6. The disorder
of zinc metabolism in biological systems is associated with diabetes, epilepsy and Alzheimer’s
diseases’. Therefore, there is a large demand for exploring novel development of Zn* chemosensors
over other techniques8. The development of chemosensors for metal ions with high selectivity and
sensitivity is an active field in analytical chemistry. Fluorescent chemosensors for metal ions have
attracted particular attention due to their advantages such as low cost, good sensitivity, simplicity,
capability of real-time detection and non-destructive emission signals®. Till date, numerous
fluorescent chemosensors for zinc have been developed using indole, Coumarini®11 which exhibited
excellent selectivity and sensitivity towards zinc and some of them could be used for biological
imaging in a physiological environment. Here, We planned to propose the novel ligand and its
complex to sense the Zn?* in low concentration. The ligand HPDP and its complex are characterized
by UV, IR, *H-NMR and mass spectral studies.

EXPERIMENTAL
Materials:

All the needed chemicals were purchased from Merck chemicals in AR grade. Ethanol is
used as the solvent.
Synthesis of HPDP:

Aminoantipyrine(Lmmol) was mixed with chalcone(2mmol) in ethanol and refluxed for 6hrs.
The progress of the reaction was monitored by TLC. A dark yellow colour precipitate starts

separating out, it was filtered and dried. This is given in Scheme 1.

..................................................................................

Aminoantipyrine Ethanol reflux Chalcone
6 hrs

6 hrs

Scheme 1: Synthesis of HPDP
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Synthesis of Zn(11) complex:
The metal(I1) complex was synthesized by addition of solution of Zinc(I1) chloride (1Immol)
to the solution of ligand (Lmmol). The resulting mixture was stirred for 2 h and the complex was

precipitated by filtration and washed with ethanol. Yield 67-75%. This is given in Scheme 2.

Scheme 2: Zinc (11) complex of the ligand (HPDP)

RESULTS AND DISCUSSION

The metal(11) complex of [ML.CI] type were obtained in good yield through the reaction of
(HPDP) with the corresponding metal salt. The ligand and metal(ll) complexes were characterized
through IR, elemental analyses, electronic absorption, NMR spectral data and arrived their structure.
The analytical data and physical properties of the ligand and metal (1) complex are listed in the
Table 1. Elemental analysis and Spectral data suggest that the molecular formula [ML.CI] for zinc
complex. From the NMR spectral analysis tetrahedral geometry of the complex was confirmed.

Table.1. Physical characterizations, analytical data of the ligand (HPDP) and [Zn(11) HPDP]CI

F.W. Calculated found (%0)
Compounds (g/mol) Color C a N 0 v
76.26 5.66 10.26 7.81
HPDP 396 Dark Yellow | 761y | 558 | 1021 | 7.74
61.31 4.35 8.25 6.28 12.84
[Zn(11) HPDP]CI 543 Pale yellow 6128 433 8.23 6.04 1298

CHARACTERIZATION OF LIGAND (HPDP):
'H-NMR of HPDP and its Zinc Complex:

The ligand (HPDP) was characterized using '"H-NMR data. 1H-NMR was recorded using
DMSO as the solvent.(N-CH) has a characteristic peak at 7.27 (8).The aromatic protons has
resonated in the range of (7.0-7.8)(6)12.
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Fig.2: NMR Spectrum of [Zn(HPDP)]CI complex

INFRARED SPECTRAL STUDIES:

The IR spectral studies of the ligand and metal(Il) complex were carried out in the range
4000-400 cm™. Table.2. showed the spectral data of the ligand and its complex. A broad band
centred at 3108 cm™ is due to (OH). The IR spectrum of the ligand shows a broad band at 3138cm™
which is a characteristic of v (N-H) stretching vibration shifted itself to 3109 in Zinc HPDP complex.
The band at 1628 cm™ is assigned to v(C =N) which is downshifted to 1598 cm™. v(M-0) peak is at
712 v(M-N) peak is at 568 cm™. The FT-IR spectra are depicted in Fig.3. IR spectrum of the
Metal(1l) complex show considerable variations compared with the ligand (HPDP)13-15,

Table.2. IR spectral data of ligand (HPDP) and its metal(I1) complexes (cm™).

Compounds v(C-N) v (C=N) v (N-H) v (-M-0) v (-M-N)
HPDP 1332 1628 3138 - -
[Zn(11) HPDP]CI 1313 1590 3109 712 568
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Fig.3: IR Spectrum of ligand and[Zn(HPDP)]CI complex

ABSORBANCE STUDIES:

Absorption spectra of both HPDP have been recorded in presence of different concentrations
of Zn*" in ethanol solution. Free HPDP shows peak at 349 nm. When Zn?* ions are added to HPDP,
spectral behaviour changes markedly. A new peak emerges at 415nm with gradual increase intensity
(bathochromic shift) with the addition of Zn?* ion while the intensity of probe 349 nm decreases.
Changes in the intensities almost saturate when one equivalent of Zn?* is added. Isosbestic point is
noticed at 399 nm. Upon gradual addition of the metal ion, intensity at 349 nm decreases sequentially
and at the same time, a new peak at 417nm emerges with increasing intensity. The N, O donor atoms
of both the Schiff-bases coordinate to the metal centre to form the chelate ring. As a consequence,
conjugation in the structure is extended, showing the new absorption band at a longer wavelength
All of these facts suggests that Zn** is able to interact with both the probes to form the
corresponding Zn-bound Schiff-base compound16.17,

Fig.4: UV-Visible Spectrum of ligand with different metals and Zn*" at different dilutions.
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FLUORESCENCE STUDIES:

Fluorescence spectra of both HPDP have been recorded in the presence of different
concentrations of Zn*" in ethanol. HPDP displays emission peaks at 425 nm with moderate intensity
when it is excited at 350 nm.
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Fig.5: Fluorescence spectrum of ligand with different metals and Zn®" at different dilutions

The addition of Zn** ions to the HPDP results in a gradual increase in emission intensity at
425 nm. The increase in emission intensity of HPDP. The addition of Zn?* ion causes significant
changes in the fluorescence spectrum of HPDP. The enhancement in emission intensity of HPDP
could be explained based on the photo induced electron transfer (PET). Due to the formation of

metal complex with Zn?* PET is turned on!8. 19,

MASS SPECTRUM and BINDING STUDIES:

The binding stoichiometry of ligand and complex was determined using the Job’s plot
analysis20, The fluorescence intensity was plotted against the molar fraction of the chemosensor
under a constant total concentration. A maximum intensity was observed when the molar fraction
was 0.5 M, which indicates a 1:1 ratio for the Zn®* complex. Limit of detection was found out to be
0.1 um. In order to confirm the formation of metal complex in 1:1 stoichiometry HR-LCMS mass
spectrum for the complex was analysed and the value was observed at m/z 543 which is accounted

by the presence (M+Cl'+H) from that of expected mass of m/z 50721.22,
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Fig.6 Job’s plot of BNHNTA with Zn?* showing 1:1 stoichiometric ratio of the synthesized metal complex
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Fig.8 Sensing mechanism of Zn** (HPDP) Complex

CONCLUSION

A novel chalcone based Schiff base ligand was prepared by the condensation of chalcone and
Aminoantipyrine and characterized by spectroscopic studies. It displays high selectivity and
sensitivity for detection of zinc ions in ethanol. The stoichiometric ratio is found to be 1:1 with an
obvious colour change from yellow orange to brown. It is found that the ligand (HPDP) sense Zn** in the
concentration of 10°° um. The detection limits was very low compared to the recently reported sensors.
It enhanced the fluorescence intensity of ligand up to 400 nm in presence of zinc. An obvious red
shift is observed. Therefore this chemosensor can be applied in industrial and real life samples.
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