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Abstract : (E)-N’-((1H-imidazol-2-yl)methylene)quinoline-2-carbohydrazide (H,L) is synthesized by the reaction
of acid hydrazide and carbaldehyde. The probe has been characterized by spectroscopic data (FT-IR, UV-Vis,
IH NMR) and is weakly emissive. The H,L selectively binds Zn?* and upon irradiation at 331 nm in presence

of large number of cations shows high intense emission (A

em> 575 nm) and serves as a “turn-on” fluorescence

chemosensor. The limit of detection (LOD) for Zn2t is 0.36 UM. Formation of the 1 : 1 metal-to-ligand com-
plex has been ascertained by Mass spectra and Job’s plot.
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Introduction

Elements are essential for the origination, growth
and reproduction of living bodies. About 98% of the
body mass of man is made up of nine nonmetallic
elements!. Transition metals present in trace and some
are in ultratrace level in human body?. Elements such
as iron, zinc, copper etc. are essential components of
enzymes and facilitate their conversion to specific end
products. Zinc, the second-most abundant (transition)
metal following iron in the human body, is an om-
nipotent metal and the average body content is 2-3 g
in an adult3>. The standard daily requirement of zinc
is 15-20 mg/day. Zinc plays an important role in cell
proliferation, immunological and psychological func-
tions and in metabolic activity. Plasma zinc levels are
decreased in pregnancy, acute myocardial infarction,
infections, and malignancies. It is essential for normal
spermatogenesis and maturation, functioning of neu-
rotransmitters, development of thymus, epithelializa-
tion, taste sensation, and secretion of pancreas and
gastric enzymes. The excess “free zinc” may induce
pathological diseases such as Alzheimer’s and
Parkinson’s disease?. Moreover, excess of zinc in the
environment may reduce soil microbial activity, which
has phytotoxic effects’’. Thus detection of Zn2* is
pressing important for monitoring human health. Ex-

ploration of selective and sensitive chemosensor for
detection of ions in solution has been of considerable
attention with biological and environmental interest®-
14 In the last two decades, significant number of fluo-
rescent probes have been designed and some have been
used successfully in sensing of zinc at ultratrace level.
Most of them have been developed based on quino-
line!3, bipyridyl'®, coumarine!”, pyrazoline!8,
tripyrrins!®, BINOL2, fluorescein?!, rhodamine??,
fluorophores. Quinoline based fluorophore!>-23 is as-
sociated with imine (C=N), amide (-CONH-), sulfo-
nyl derivatives etc.; however, quinoline-hydrazide has
not been used for investigating sensor activity. In this
work, we have designed and synthesized a hydrazide
based imidazole derivative, (E)-N'-((1H-imidazol-2-
yl)methylene)quinoline-2-carbohydrazide for the selec-
tive and sensitive detection of Zn?* in presence of
other commonly available metal ions. The DFT com-
putation of optimized geometry of H,L and the com-
plex has been used to explain the electronic spectral
properties.

Experimental
Materials and methods

Quinaldic acid and imidazole-2-carbaldehyde were
purchased from Sigma-Aldrich and quinoline-2-
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carbohydrazide was synthesized following the published
procedure2*. All other organic chemicals and inorganic
salts were obtained from commercial suppliers Merck
and used without further purification. Aqueous solu-
tions were prepared using Milli-Q water (Millipore).
Elemental analyses were performed using a Perkin-
Elmer 2400 Series-II CHN analyzer, Perkin-Elmer,
USA elemental analyzer. UV-Vis spectra were recorded
on Perkin-Elmer Lambda 25 spectrophotometer and
fluorescence spectra were obtained using a Perkin-
Elmer spectrofluorimeter model LS55, FT-IR spectra
(KBr disk, 4000-400 cm™!) from a Perkin-Elmer LX-
1FTIR spectrophotometer. NMR spectra were obtained
on a Bruker (AC) 300 MHz FT-NMR spectrometer
using TMS as an internal standard. ESI mass spectra
were recorded from a Water HRMS model XEVO-
G2QTOF#YCA351 spectrometer. All of the measure-
ments were conducted at room temperature. The fluo-
rescence quantum yield was determined using fluores-
cein as reference with a known quantum yield, ¢ =
0.79 in 0.1 M NaOH?. The experimental sample and
reference were excited at same wavelength, maintain-
ing almost same absorbance and fluorescence were
measured. Area of the fluorescence spectra were mea-
sured using the software available in the instrument
and the quantum yield was calculated by following the
formula

RS TN 78
dr AR (Abs) g n R2

where, Ng and Mg are the fluorescence quantum yield
of the samples and reference; Ag and Ay are the re-
spective areas under emission spectra of the sample
and reference respectively. (Abs)g, (Abs)g are the ab-
sorbance of sample and reference at the excitation wave

length and nsz, nR2 are the refractive index of the
solvent used for the sample and the reference.

Synthesis of probe, H,L

The condensation of quinoline-2-carbohydrazide
(0.187 g, 1.0 mmol) and imidazole-2-carbaldehyde
(0.097 g, 1.0 mmol) under stirring condition in dry
MeOH (15 ml) for 5 h at room temperature yields a
grey precipitate. It was filtered off and washed several
times with MeOH and dried in open air. Yield : 88%,
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m.p. >200 °C (Scheme 1). Microanalytical data :
C,oH3N;05 Calcd. (Found) : C, 63.39 (63.35); H,
4.18 (4.19); N, 26.40 (26.37)%; 'H NMR (300 MHz,
DMSO-dg) : 15.29 (1H, s, imidazole-NH), 12.31 (1H,
s, NH), 8.63 (1H, s, imine-H), 8.25-7.99 (2H, m),
7.99-7.85 (2H, m), 7.72 (1H, d, 18Hz), 7.51 (1H, t,
18Hz), 7.26 (1H, d, 15Hz), 7.09 (1H, s) (ESI', Fig.
S1); IR : 3240 cm™! (hydrazide -NH), 1668 cm™!
(-C=0), 1539 cm™! (azomethine, -C=N), (ESI', Fig.
S2).
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Scheme 1. Synthesis of H,L and the complex, [ZnL(H,0)].

Synthesis of [ZnL(H,0)]

To THF-MeOH (1 : 1, v/v, 10 ml) solution of H,L
(1 mmol, 0.265 g), MeOH solution (10 ml) of
Zn(NO3),.6H,0 (0.297 g, 1 mmol) was added and
refluxed for 3 h to yield a red precipitate. It was fil-
tered off and washed several times with MeOH and
dried in open air. Microanalytical data : Calcd. (%)
C, 48.37; H, 3.48; N, 20.14; 'H NMR (300 MHz,
DMSO-dg) : 8.85 (1H), 8.75 (1H), 8.57 (1H), 8.41
(1H), 8.17 (1H), 7.95 (1H), 7.80 (1H), 7.42 (1H),
7.28 (1H), 7.09 (1H) (ESI', Fig. S3); IR : 3434 cm™!
(v(H,0)), 1529 cm™! (azomethine, -C=N), (ESI', Fig.
S4).

General method for UV-Vis and fluorescence studies

The probe, H,L (1.32 mg, 0.001 mmol) was dis-
solved in THF (5 ml) and 100 uL of H,L solution
diluted using 2 ml THF-MeOH (v/v 1 : 1) containing
HEPES buffer (pH 7.2) to make the solution with total
volume 2.1 ml. Zn(NOj3),.6H,0 (2.97 mg, 0.001
mmol) was dissolved in water (10 ml). The Zn%* so-
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lution (100 puL) were transferred to H,L solution pre-
pared above. This procedure for sample solution prepa-
ration also maintained for other cations. After mixing
spectra were recorded at room temperature. For fluo-
rescence study excitation wavelength used was 331
nm (excitation slit = 10.0 and emission slit = 10.0).

Theoretical computation

H,L and [ZnL(H,0)] were optimized to generate
the structures by DFT/B3LYP method using Gaussian
09 software%27, 6-311G basis set was used for C,H,
N, O, and LanL.2DZ basis set was used as effective
potential (ECP) set for Zn. To ensure the optimized
geometries represent the local minima, vibrational fre-
quency calculations were performed, and these only
yielded positive eigen values. Theoretical UV-Vis spec-
tra were calculated by time-dependent DFT/B3LYP
method in methanol using conductor-like polarizable
continuum model (CPCM)?8-2%, GAUSSSUM was used
to calculate the fractional contributions of various
groups to each molecular orbital®.

Results and discussion

Synthesis and formulation

The condensation of quinoline-2-carbohydrazide and
imidazole-2-carbaldehyde synthesised (E)-N'-((1H-
imidazol-2-yl)methylene)quinoline-2-carbohydrazide
(H,L) in good yield (88%). It has been characterized
by spectroscopic data (FTIR, Mass, NMR; ESIT).
Molecular ion peak, (H2L+H)+ 265.03 (Mwt., 265.27)
supports the molecular identity. The broad band at
3240 cm! refers to v(hydrazide-NH) and strong
stretches at 1668 cm™! and 1609 cm™! are assigned to
v(C=0) and v(C=N) respectively. The 'H NMR spec-
trum of H,L (300 MHz, DMSO-d) demonstrates sin-
glet at 15.29 ppm corresponds to d(imidazole-NH);
hydrazine-NH appears at 12.31 ppm; imine-H (CH=N)
appears at 6 8.63 ppm; and aromatic protons appear at
7.0-8.3 ppm. The reaction of H,L with Zn(NOj),.
6H,0 in methanol has isolated mononuclear zinc com-
plex, [ZnL.(H,O)]. The complex has shown a broad
peak at 3434 cm! corresponds to v(H,0) and v(C=N)
is observed at 1592 cm™! which is shifted to lower
energy compared to H,L. Mass spectrum shows mo-

lecular ion peak at 368.05 which may be due to
[ZnL(H20)+Na]+. The absence of 6(hydrazide-NH)
and &(imidazolyl-NH) support ionization of probe and
its binding with Zn! during synthesis. All other pro-
tons quantitatively appear in the spectrum. Thermal
treatment eliminates coordinated H,O at 112 °C which
is supported by elimination of broad stretch at 3434
cm™! in the infrared spectrum. Thus, the structure pro-
posal of probe and the complex (Scheme 1) are estab-
lished.

UV-Vis spectroscopic studies

The interaction of H,L with Zn?>* has been exam-
ined by spectrophotometric titration of H,L with in-
cremental addition of Zn?* in HEPES buffer (10 mM,
pH 7.2) at 25 °C in the same solvent, and has shown
absorption enhancement at 383 nm and decrement at
332 nm, with the isosbestic point at 355 nm (Fig. 1)
which suggests that the reaction is clean and straight-
forward. The red-shifting of the bands of H,L upon
Zn?* addition is attributed to expulsion of intramo-
lecular charge transfer (ICT) through the chelation.
The change of absorbance is linear until the molar
ratio [Zn®?"] : [H,L] reaches 1 : 1, and no longer
changes with increase in [Zn2*]. It suggests that the
stoichiometry between H,L and Zn?" is 1 : 1. To
establish the binding stoichiometry of H,L and Zn?>*

Absorbance (a.u.)

T T T T T
300 400 500

Wavelength (nm)

Fig. 1. Change in absorption spectrum of H,L (50 uM) upon
gradual addition of Zn2* jons (5 M each) in THF-
MeOH (v/v 1 : 1) (pH 7.2).
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the Job’s plot has been generated by plotting absor-
bance against different mole fractions of Zn2* while
volume of solution has remained fixed (Fig. 2) and the
molar fraction maxima has been obtained at 0.5 mole
fraction, which indeed supports 1 : 1 complex forma-
tion of H,L and Zn?™.
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Fig. 2. Job’s plot for the reaction between H,L and Zn2* in
THF-methanol (1 : 1, v/v).

Fluorescence sensing for Zn®™*

Upon excitation the probe (H,L) at 331 nm, a weak
emission is observed at 500 nm with fluorescence quan-
tum yield (¢ ) 0.0021. On addition of Zn?™ the emis-
sion band is red shifted to 575 nm. The fluorescence
emission of H,L with other cations (Na*, K™, Ca?™,
Mg2+, MIl2+, F62+, A13+, C02+, Ni2+, Pd2+, Cd2+,
Hg2*+, Cu?™, Ba’* , Pb2* and AI’*) in THF-MeOH
(v/v1:1)(pH 7.2) is insignificant. Thus, the probe is
selectively showing “turn-on” emission to Zn?* under
the identical experimental condition (Fig. 3)31-32. On
incremental addition of Zn>" to the solution of H,L
the fluorescence intensity increases and becomes satu-
rated when reached at 1 : 1 molar ratio which results
enhancement of quantum yield to 0.0819 (39-fold in-
crement compared to ligand). The emission intensity
of the mixture does not change on excess addition of
Zn?* (Fig. 4). The augmentation in fluorescence in-
tensity for H2L—|-Zn2+ may arise from the elimination
of photoinduced electron transfer (PET) in free H,L
and chelation enhancement effect (CHEF) through the
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Fig. 3. Change in absorption spectrum of H,L (50 uM) upon
gradual addition of different metal ions (100 uM each)
in THF-MeOH (v/v 1 : 1) (pH 7.2).
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Fig. 4. Change in emission spectrum of H,L (50 uM) upon
gradual addition of Zn?* ions (5 uM each) THF-MeOH
(v/iv1:1) (pH 7.2).

co-ordination of imidazolyl-N, azomethine-N and hy-
drazide-O to metal ion (Scheme 1). To get further
insight about the complexation reaction the fluorimet-
ric titration has been done and [(F,,,, - Fo)/(F - F)]
vs 1/[Zn?*] has been plotted following Benesi-
Hildebrand equation (Fig. 5) and has determined the
binding constant [Ky, 7 .6x10%. The limit of detec-
tion (LOD) of Zn?* has been calculated 0.36 uM fol-
lowing the 30 method (ESI', Fig. S5). The fluores-



Purkait et al.

cence enhancement of H2L—Zn2+ complex has been
examined in presence of other metal ions (Fig. 6).

Quinoline substituted fluorogenic motives!-23 have
been used in large number in the identification of dif-
ferent cations and anions; and the detection of Zn?™*
appears in highest account. Some of the literature re-
ports (Table 1) are selected considering structural simi-
larity of present chemosensor; but quinoline-hydrazide
is first time reported herewith.

Effect of pH variation on fluorescence intensity of
H,L and H,L-Zn?>* complex has been studied; it has
observed that there is no significant fluorescence emis-
sion of H,L at the pH range 2 to 12 and in presence of
Zn2* the ligand emits in the pH range between 3.0 to
11 (Fig. 7). At high acidic medium (pH 2) ligand may

30 4

25

RI=0.9918
Slope = 1.314 x 10

T T T 1
5.0x10" 1.0x10" 1.5x10° 2.0x10° 2.5x10"

1/[Zn"*] Mole/Litre

Fig. 5. Benesi-Hildebrand plot of {(F,,, -
1/[Zn?*] by fluorescence spectroscopy.
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be protonated or hydrolyse Schiff base while in the
basic medium (pH 12) may precipitate Zn(OH), and
thus, inhibits the complexation. This indicates that H,L
is useful for detection of Zn?* in the biological pH
that is at much lower concentration than that of WHO
recommended value (76 uM) in drinking water33.

Lifetime data were obtained upon excitation at 450
nm, and the fluorescence decay curve was deconvoluted
with respect to the lamp profile. The observed flores-
cence decay fits nicely with the bi-exponential decay
profile for both H,L and complex (Fig. 8), which is
supported by goodness of fit (%) data in the regres-
sion analyses. The average lifetime value of [H,L-
Zn?*] (0.5 ns) is longer than that of H,L (0.038 ns).
The metal-ligand orbital mixing in [H2L—Zn2+] may
be the reason for the longer lifetime of the excited
state.

Density functional theory calculation

Geometry optimization of H,L and [ZnL(H,0)] has
been performed using DFT calculation with B3LYP
method. The DFT optimized structure of the complex
is a distorted tetrahedral where H,L acts as O,N,N
chelator to Zn?*. The calculated Zn-N (imine), Zn-O
(amide carbonyl) and Zn-N (imidazolium-N) distances
are 2.04, 2.08 and 2.02 A respectively and have been
comparable with similar structure3'-32. Upon coordi-
nation of metal ion with the H,L, the energy of HOMO
increased relative to those of free H,L while LUMO
decreases its energy relative to those of free H,L. The
decrease in the LUMO level is more significant indi-
cating that the LUMO was more stabilized than the

HL

WHL - other metal ions

| | HL = In" + other
| | metal ions

oy
o |
Ak %
y o
ey e
¥

Fig. 6. Bar chart presenting fluorescence response of H,L in presence of different metal ions.
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Table 1. Structure of quinolinyl fluorophore, LOD of Zn2* (and Reference)
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Fig. 7. Effect of pH on fluorescence intensity of receptor H,L
and H2L—Zn2+ complex. Fig. 8. Decay profile of H,L and [H2L—Zn2+] complex.
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Fig. 9. Frontier molecular orbital of HL and ZnL(H,O).

HOMO. The HOMO-LUMO gap in H,L (3.55 V)
has been decreased in [ZnL(H,0)] (3.31 eV) which
supports the red shift of absorption band from 332 nm
to 483 nm in UV-Vis spectra (Fig. 9).

Conclusion

Quinoline-hydrazide (H,L) has been successfully
used as “turn-on” fluorescence chemosensor to Zn?*
ion in presence of large number of other metal ions
upon irradiation at 331 nm and shows high intense
emission (A, 575 nm). The limit of detection (LOD)
for Zn2* is 0.36 mM which is far below the WHO
recommended limit (76 uM). The 1 : 1 metal-to-ligand
complex has been ascertained by Mass spectra and
Job’s plot.
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