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Abstract

A novel Isophthaloyl-based symmetrical (12E,21E)-N1’,N3’-bis(2-hydroxybenzylidene) isophthalohydrazide, receptor (1) was
synthesized and characterized using various spectroscopic technique. The reorganization ability of receptor (1) was evaluated in
semi-aqueous medium and shows significant enhancement in fluorescence intensity for Zn (II) ion over various metal ions in
CH;CN:H,O (1:1, v/v). The 1:2 binding stoichiometry between receptor (1) and Zn (II) ion was established using Job’s plot and
the proposed complex structure was calculated by applying Density Functional Theory (DFT) method. The binding constant (K,)
of receptor (1) with Zn (II) ion was established with the Benesi-Hildebrand plot, Scatchard and Connor’s plot and the values are
1.00x 10* M ", 1.05% 10* M " and 1.05x 10* M " respectively. The limit of detection (LOD) and limit of quantification (LOQ)
of receptor (1) and Zn (II) ion was 0.292 uM and 0.974 uM respectively. The binding mode was due to photo-induced electron
transfer (PET) and the coordination of Zn (II) ion with C =N hydroxyl group of receptor (1). Electrochemical analysis of metal

free receptor (1) and with Zn (II) ion also confirmed the formation of complex.
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Introduction

A selective fluorescence chemosensor for biologically active
metal ions is topic of growing interest in supramolecular chem-
istry due to their active role in many biological, physiological
and environmental processes [1-4]. Along with various transi-
tion metal ions, biologically important Zn (II) has received
considerable attention [5, 6]. Zinc is the second most abundant
and essential transition metal after iron in the human body, and
known to play a role in various biological processes such as
catalytic co factor of many enzymes, stabilization of protein
structure, neurotransmission, signal transduction, cellular
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apoptosis and modulation of interactions between macromole-
cules [7-12]. Minute quantity of Zn (II) is essential for living
organisms, but either deficiency or excessive amount can have
various detrimental effects [13, 14]. According to WHO, its
daily requirement for adult men is 15-20 mg/day and recent
studies on humans, drinking-water containing zinc at levels
above 3—5 mg/L may not be acceptable to consumers [15,
16]. Excessive Zn (II) ion will cause imbalance in cellular pro-
cess, resulting in neurological diseases such as Menkes and
Wilson disease, amyotrophic lateral sclerosis (ALS),
Alzheimer’s disease (AD), Parkinson’s disease, prostate cancer
disease, diabetes, infantile diarrhoea, epilepsy and also reduce
the soil microbial activity resulting in phototoxic effect
[17-24]. Therefore, development of a fluorescent chemosensor
selective to Zinc is of considerable interest [25, 26].

The sensing and quantification of magnetic-silent Zn (II) ion
is challenging task because detection of Zn (II) was not possible
by common analytical technique such as nuclear magnetic res-
onance (NMR), Mossbauer spectroscopy and electron para-
magnetic resonance (EPR) spectroscopy [27, 28]. Therefore,
the development of analytical method for the sensitive and
selective determination of Zn (II) ion in various biological
and environment sample is extremely desirable [29, 30]. So
the fluorescence spectroscopy technique was used for detection
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of Zn (II) ion due to its many advantageous as high selectivity
and sensitivity [31, 32].

In the present study, we report a simple Isophthaloyl-based
highly selective and sensitive fluorescent receptor for Zn (II)
ion in presence of various metal ions such as Ag*, AI’*, Ca®*,
Cd**, Co*™*, Cu**, Fe’*, Hg?*, K¥, Mg”*, Na* and Ni** in
CH;CN:H,O0 (1:1, v/v). The binding constant and stoichiometry
was computed with the Benesi—Hinderbrand plot and Job’s plot
respectively. The details characteristics of Receptor (1) have
been investigated by "H NMR, "*CNMR, LC-MS and quantum
mechanical calculations at the level of density functional theory.

Experimental
Chemicals and Instrumentation

All chemicals were purchased from sigma-Aldrich company.
All solvents and reagents used are of analytical grade and used
directly without purification. The UV-Vis spectra were obtain-
ed on Shimadzu UV 2450 spectrophotometer. Fluorescence
was recorded on Perkin Elmer model LS45 fluorescence spec-
trophotometer using a 1 cm path length quartz cuvette and
5 nm slit width. The fluorescence spectra were recorded from
400 nm to 700 nm at 390 nm excitation wavelength. Cyclic
voltametric (CV) measurements of the compounds in CH;CN
were conducted using K-Lyte 1.2 series electrochemical
analyser at room temperature. The electrolytic cell comprises
three electrodes, Pt as working electrode, Pt mesh auxiliary
electrode and Ag/AgCl as reference electrode (3 M KCI) sep-
arated from the sample solution by a salt bridge. The infrared
spectra were recorded on Shimadzu IR affinity spectropho-
tometer using KBr. "H NMR spectra were recorded on a
400 MHz spectrometer using tetramethylsilane (TMS) as an
internal standard. *C NMR spectrums were recorded on a
400 MHz spectrometer in D6-DMSO.Mass spectrums were
obtained on water Q-TOF micro mass (LC-MS).

Synthesis of Receptor (1)
Synthesis of Isophthaloyl Dihydrazide

Synthesis was carried out using 203 mg (1.0 mmol)
Isophthaloyl dichloride dissolved in 5 ml of dry methanol
along with catalytic amount of triethylamine and 0.12 ml
(2.2 mmol) hydrazine hydrate was added drop wise with con-
tinuous stirring at room temperature for 18 h gives
Isophthaloyl dihydrazide. Yield 84%, m.p. 222-5 °C, 1H
NMR (DMSO0O-d6,400 MHz, 6 in ppm) &: 9.82 s (2H, —
NH-); 8.24 t (H, -CH- Ar); 7.91 m (H, -CH- Ar); 7.51 t
(H,—~CH- Ar); 4.53 s (4H, -NH2) Fig. S1; 13C NMR
(DMSO-d6, 100 MHz, in ppm): 165.41 (-CONH-); 133.49
(Ar); 129.26 (Ar); 128.40 (Ar); 126.00 (Ar) Fig. S2.
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Synthesis of (12E, 21E)-N1’,N3'-Bis(2-Hydroxybenzylidene)
Isophthalohydrazide

0.25 ml (1.02 mmol) of salicylaldehyde added drop wise to
the 200 mg (1.02 mmol) of Isophthaloyl dihydrazide dis-
solved in 25 ml of methanol with catalytic amount of acetic
acid, stirred at room temperature for 10—12 h givesl,3-
phenylenedi(carbonyl hydrazone) i.e. Receptor (1). The pre-
cipitate was filtered, washed with methanol and dried under
vacuum for 24 h (recrystallized from methanol) Yield 81%,
m.p. >270 °C.'"H NMR (DMS0-d6,400 MHz, & in ppm):5
6.87—8.56 (m, 12H, ArH), 8.64 (s, 2H, N=CH), 11.34 (s,
2H, NH), 12.25 (s, 2H, OH) Fig. S3; '*C NMR (DMSO-
d6,400 MHz, in ppm): 162.16(-CONH-), 157.75 (-CH=N),
149.34 (-C-OH),133.03 (Ar), 131.11 (Ar), 130.84 (Ar),129.95
(Ar), 128.47 (Ar), 126.94 (Ar), 118.97 (Ar), 118.11 (Ar),
116.35 (Ar) Fig. S4; IR (KBr) v(cm '): 3309.85 (OH),
3078.39 (NH), 1666.50 (-NH-C=0), 1620.21 (C=0),
1573.91 (C=N), 1280.73 (N=CH) Fig. S5; Mass LC-MS
(ESI) m/z calc. For Cy,H gN4O4: 403.40112 [M + H]*, found:
403.14220 [M + H]" Fig. S7.

Sample Preparation for Photo Physical Measurement

All the stock and working solutions were prepared in dou-
bled distilled water and analytical grade acetonitrile. The
nitrate salts of Ag*, AI’*, Ca**, Cd**, Co?**, Cu®*, Fe’*,
Hg?*, K, Mg?*, Na*, Ni**and Zn”>* were used to prepare
the stock solutions with concentration 1 x 10> M in water.
Synthesized receptor (1) was dissolved in mixed solution
of CH;CN:H,0 (1:1, v/v) to give stock solution with con-
centration 1 x 102 M. The stock solutions were used after
appropriate dilution.

Results and Discussion
Fluorescence Spectral Measurement

In the present study receptor (1) was synthesized according to
Scheme 1. The photo-physical properties of receptor (1) were
discussed in detail. The photo-physical properties such as cat-
ion recognition ability of receptor (1) (1 x 107> M) was stud-
ied in CH3CN:H,O (1:1, v/v) for various metal ions (G = Ag*,
A13+, C32+, Cd2+, C02+, Cu2+, Fe3+, Hg2+, K+, Mg2+, Na+,
Ni** and Zn**) (1 x 10* M) by fluorescence spectroscopy.
Receptor (1) bearing imine- N and hydroxyl-OH are well
known chelating group for transition metal ions. The possible
binding mechanism is based on two fundamental principles of
photo induced electron transfer (PET) and intra molecular
charge transfer (ICT).
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Sensitivity and Selectivity

The fluorescence spectrum of receptor (1) was recorded at
excitation wavelength 390 nm. Most of the metal does not
show significant change in fluorescence emission intensity
expect Zn (I) ion shown in Fig. la. It was clearly revealed
that the receptor (1) was highly sensitive for Zn (II) ion over
other surveyed metal ions. The Zn (II) shows significant en-
hancement in fluorescence emission intensity of receptor (1)
and slight blue shift (A =11 nm) and is shown in Fig. 1b.
Notwithstanding sensitivity, selectivity is important phe-
nomenon where receptors potential is validated. In order to
validate the selectivity of receptor (1) towards Zn (II) ion, com-
petitive experiments were carried out by addition of 1 equiva-
lent of Zn (II) to the receptor (1) in presence of 1 equivalent of
other metal ion such as of Ag*, AP*, Ca**, Cd**, Co**, Cu**,
Fe®*, Hg?*, K*, Mg?*, Na* and Ni** as shown in Fig. 2a. This
result showed no significant change in the emission intensity of
receptor (1), indicating receptor (1) has high selectivity towards
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Fig. 1 Fluorescence intensity of receptor (1) (1 x 1075 M, Aex =390 nm)
a) upon addition of various metal ions (1 x 107 M) in CH;CN:H,O (1:1,

v/v) b) at wavelength 462 nm

Zn (1) ion in the presence of various competing metal ions.
Thus receptor (1) could be used as selective fluorescence sen-
sors for Zn (II) ion detection over the other cations.

Binding Stoichiometry and Binding Constant (K,)

The binding stoichiometry was determined by Job’s plot (con-
tinuous variation method) [33]. Figure 2b shows the Job’ plot
between [HG] and ([H])/ ([H] + [G]), where the total molar
concentration of host and guest was constant and molar frac-
tion of host was continuously varied. The [HG] is concentra-
tion of complex calculated as [HG] = (F-Fo)/Fo x [H]. The
maximum fluorescence intensity at a 0.3 M fraction indicated
the formation of a 1:2 (host:guest) i.e. receptor (1) and Zn (II)
ion complex.

Fluorescence titration of receptor (1) (2 ml 1 x 107> M)
with the successive addition of Zn (II) (1 x10™* M, 0 —

K1+

Al2+
Ca2+
Mg2+
Nal+

Intensity (cps)
o = N

Receptor N
Ag2+
Cd2+
Co2+
Cr2+
Cs2+
Cu2+
Fe2+
Hg2+
Ni2+

B Competating lons ® Competating lons + Zn lon

12.000

10.000

8.000

[HG]

6.000

4.000

2.000

0.000
0 010203040506070809 1

XH

b

Fig. 2 a Interference studies of various metal ions (1 equivalent) in
presences of Zn (II) ion at 462 nm. b Job’s plot for showing 1:2 stoichi-
ometry of receptor (1) and Zn (II) ion (host and guest)
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1 ml, 0 — 5 equivalents) was performed. The incremental
addition resulted in increased in emission band at 462 nm in
CH;CN:H,0 (1:1, v/v) which is depicted in Fig. 4. The chang-
es in the fluorescence intensity at 462 nm were used to eval-
uate the binding affinity of receptor (1) and Zn (II) ions. The
binding constant (K,) was calculated by using Benesi-
Hildebrand [34] Eq. (1), Scatchard [35] Eq. (2) and
Connor’s linear fitting equation [36] Eq. (3).

1/(F=Fo) = 1/(Fo=Fo)Ka|G| + 1/(Fx—Fo) (1)
(F=F0)/[G] = (Fo=Fo)Ka—(F~Fo)Ka (2)
(1-F/Fo)/[G] = Ka(F/Fo)—aKa (3)

Using above equations, graphs obtained were illustrated in
Fig. 3a—c, Where F| is the fluorescence intensity receptor (1),
F is the fluorescence intensity with the Zn (II) ion and [G] is
the concentration of guest Zn (II) ion. The stability constant
(Ka) value obtained from the Benesi—Hildebrand, Scatchard
and Connor’s fitting plot was in concord and value was found
to be (1.025 +£0.025) x10* M.

Limit of Detection (LOD) and Limit of Quantification (LOQ)

Fluorescence titration results were used for calculating limit of
detection (LOD) and limit of quantification (LOQ). The fluo-
rescence emission intensity at 390 nm was plotted against the
concentration of Zn (II) ion to obtain the slope shown in Fig.
4. The limit of detection (LOD) and limit of quantification
(LOQ) of receptor (1) evaluated according to the [UPAC 3 o
and 10 o method respectively [37].

Limit of detection(LOD) = 35,/m
Limit ofquantification(LOQ) = 10S,/m;

S}, = standard deviation of blank, m = slope of regression line.

The LOD and LOQ of receptor (1) with Zn (II) ions were
0.292 uM and 0.974 puM.

The recognition behaviour of receptor (1) with Zn (IT) ion
was further confirmed by FT-IR spectroscopy. IR of only re-
ceptor (1) showed a broad band at 3310 cm ' which assigned
for (OH) group which disappear in complex of Zn (II) with
receptor (1) showed in Fig. S5 and S6 respectively.

Density Functional Theory (DFT)
The binding behaviour of Zn (II) with receptor (1) was inves-

tigated by density functional theory (DFT) calculation by
using the computer program Gaussian 05 W [38]. All the
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Fig. 3 a Benesi-Hildebrand plot of 1/AF versus 1/[G]; b) Scatchard plot
of AF/[G] versus AF; ¢ Connor’s plot of (1-F/Fy) / [G] versus F/F

DFT calculations were performed in the gas phase by applying
the B3LYP (Becke’s three parameter hybrid functional using
the LYP correlation functional) using the 6-31G (d, p) basic
set (for C, H, N, O atoms of Receptor (1)). The optimized
structures of receptor (1) and its complex with Zn (II) are
shown in Fig. 5. The receptor (1) has shown non planar ge-
ometry in which two arms are in different plane. After addition
of Zn (1) ion it showed change in geometry, two arms gets
arranged in such way that two Zn (II) ion formed complex
with receptor (1). The energy of optimization of receptor (1)
and its complex with Zn (II) are —1368.9727 a.u and —
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Fig. 4 Fluorescence intensity receptor (1) (2 ml 107> M) versus of pL of
Zn (IT) ion (G) solution added

4926.6843 a.u respectively. Decrease in energy of optimiza-
tion represents change in geometry and formation of complex
resulting increase in stability.

Electrochemistry

Reorganization behaviour of Receptor (1) was evaluated using
electrochemical method in an aqueous medium [39].
Modulation was observed in electrochemical profile of
Receptor (1) upon addition of Zn (II) ion (1 equivalent). As
shown in Fig. 6, increase in oxidation potential peak with small
change from 1.4840 V to 1.4885 V and reduction potential peak
of Receptor (1) decreased from —1.0858 V to —1.0980 V respec-
tively after the addition of Zn (II) ion (1 equivalent). This sup-
ports that complex formation of Receptor (1) with Zn (II) ion
does not change electrochemical structure of Receptor (1) and
forms a stable complex with Zn (II).

Proposed Binding Mechanism

Based on the obtained results of the fluorescence titration and
Job’s plot, we hereby propose the most probable binding
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Fig.6 Cyclic voltagram of receptor (1) i.e SBA and its complex with Zn
(1) at scan rate of 50 mVs !

mode of Receptor (1) with Zn (II) ion shown in Scheme 2.
Enhancement in fluorescence intensity of receptor (1) with
addition of Zn (II) ion is explained in terms of the operation
of a photo-induced electron transfer (PET) mechanism. The
formation of complex between receptor (1) with Zn (II) ion is
facilitated by the imine group, C =N group, hydroxyl oxygen
group which possess binding affinity with many transition
metals. In metal free form, receptor (1) experiences PET from
imine —N and hydroxyl- OH from salicylaldehyde, thus par-
tially quenching its fluorescence. Upon binding of Zn (II) ion
with receptor (1), there is a chelation between the metal ion
and N of the C =N group and O of the hydroxyl group, PET
process is suppressed, leading to an enhancement in fluores-
cence intensity.

Conclusions

In conclusion, we have synthesized selective and sensitive
receptor i.e. receptor (1) for the detection of Zn (II). The de-
tection of Zn (II) gave rise to increase in fluorescence

a) Receptor (1)

b) Receptor (1) and its complex with Zn (II)

Fig.5 The DFT optimized structure a) receptor (1) and b) Receptor (1) and its complex with Zn (II) calculated B3LYP/6-31G level. The dark grey, grey,

red, blue and violet sphere refer for C, H, O, N and Zn atoms respectively
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Scheme 2 Propose the binding
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Zn (II) ion Y N
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