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An ortho-hydroxy-arylimine based probe: Fluorescence sensitivity towards Zn?* ion®
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A probe 6,6"-((1Z,1"Z)-(((propane-1,3-diylbis(oxy))bis(2,1-phenylene))bis(azanylylidene))bis-(methanylylidene))bis(2-
ethoxyphenol) (H,L), is synthesized by the condensation of 2,2’-(propane-1,2-diylbis(oxy))dianiline with 3-ethoxy-2-hydroxy-
benzaldehyde and characterized by various spectroscopic techniques ("H NMR, FT-IR, ESI-MS etc.), exhibits greenish yel-
low emission (A, 556 nm) upon binding with Zn% ion in H,0-CH,CN (1:9 v/v, HEPES buffer, pH 7.4) in a mixture of seven-
teen other biologically important metal ions. The limit of detection (LOD) is 15.5 nM. The 1:1 composition of the complex,
Zn%*: L2~ is supported by Job’s plot, ESI-MS and 'H NMR measurements.

Keywords: Zn2* emission, turn-ON sensor, LOD 15.5 nM, fluorescent technique, 1:1 complexation.

Introduction

Uses of fluorescent probes for the trace/ultratrace detec-
tion of ions have been used widely in environmental moni-
toring and in biological studies due to high sensitivity, non-
destructive nature and rapid response'=3. For sensing of
Zn?*, AI®*, Cu?*, Fe3* Cr¥*, Pd?* halides, sulphide (S%),
sulphite (8032‘), pH etc. fluorescent chemosensor has been
found to be very much effective®. After iron, zinc is the sec-
ond most abundant transition metal ion in human body and a
healthy human body contains 200 to 300 mg of zinc and
plays a vital role in enzyme regulation, gene expression,
neural signal transmission, apoptosis, cellular metabolism
etc.57. Besides, zinc is mostly trapped inside proteins, as a
structural or catalytic cofactor®-10. However, excess zinc in
human body has responsible for many adverse effects such
as ischemic stroke, Alzheimer’s disease, epilepsy,
Parkinson’s disease, infantile diarrhea etc.~14. In drinking
water, the allowable limit of Zn is 76 uM (WHO recom-
mended)®. Not only water but soil microbial activity in the
environment also disrupted by excess zinc'®. Since Zn?* is
a d'0 configuration and is poor in spectroscopic response,
hence, it is of great interest to develop a new chemosensor
with high selectivity and sensitivity to Zn?* ion.

Admirable detection techniques are the mass spectrom-
etry (MS), atomic absorption spectroscopy (AAS), atomic
emission spectroscopy (AES), inductively coupled plasma
(ICP), electrochemical methods, fluorometry, voltammetry etc.
Among this variety of methods fluorescent skills have at-
tracted more attention'7-20, Schiff base, a class of chelating
compounds, has been commonly used as chemical probes
due to simplistic synthesis, stability in wide-ranging pH, solu-
bility in polar and mixed-polar media as well as impressive
photophysical properties?!~24. Herein, we report a new Schiff
base, 6,6”-((1Z,1’2)-(((propane-1,3-diylbis(oxy))bis(2,1-
phenylene))bis(azanylylidene))bis-(methanylylidene))bis(2-
ethoxyphenol) (H,L) synthesized by condensation of 2,2’
(propane-1,2-diylbis(oxy))dianiline and 3-ethoxy-2-hydroxy-
benzaldehyde which exhibits recognition of Zn?* ion via “OFF-
ON” fluorescence mechanism. The composition of HL-Zn?*
has been supported by some spectroscopic techniques (ESI-
MS, Job’s plot etc.).

Experimental

Materials and methods

The reagents required for this work were collected from
Sigma-Aldrich and used without further purification. Solvents
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were bought from Merck. Methanol was dried by the previ-
ously reported method2®. The aqueous solutions were pre-
pared using Milli-Q (Millipore) water. The metal ion solutions
were prepared from their corresponding acetate/chloride or
nitrate salts. "TH NMR spectra were recorded on a Bruker
(AC) 400 MHz FT-NMR spectrometer and the chemical shifts
are stated in ppm with TMS as an internal standard. IR spec-
tra were obtained using Perkin-Elmer LX-1 FTIR spectro-
photometer with KBr pellets (4000-400 cm™"). The mass
spectra were recorded from a Water HRMS spectrometer
with model number XEVO-G2QTOF#YCA351. Using Perkin-
Elmer Lambda 25 spectrophotometer the UV-Vis spectra were
recorded and the fluorescence spectra were obtained from
Perkin-Elmer spectrofluorimeter of model LS55.

Synthesis of probe, H,L
2,2’-(Propane-1,2-diylbis(oxy))dianiline (0.258 g, 1.0
mmol) and 3-ethoxy-2-hydroxy-benzaldehyde (0.332 g, 2.0
mmol) were stirred for 6 h in dry methanol solution. A clear
orange coloured solution was obtained and orange needle
crystals were isolated after slow evaporation. Yield: 77%.
m.p.: 89°C. Microanalytical data: C35H,4N,Og Calcd. (Found):
C, 71.46 (71.39); H, 6.18 (6.21); N, 5.05 (5.11)%; H NMR
(400 MHz, DMSO-dg): 14.20 (s, 2H, phenolic-OH), 8.93 (s,
2H, imine-H), 6.82-7.44 (14H, aromatic-H), 4.28 (t, 4H, -CH,-
CH,-CH,-), 4.04 (q, 4H, -OCH,-CH,), 2.24 (2H, -CH,-CH,-
CH,-),1.31 (t, 6H, -OCH,-CH;) (Fig. 1); 13C NMR (400 MHz,
DMSO-dg): 162.27, 151.85, 151.74, 147.18, 135.91, 128.10,
124.07, 120.97, 119.21, 118.93, 117.98, 116.97, 113.35,
64.89, 64.34,28.81,14.72 (ESIT, Fig. S1); the mass spectral
peak of H,oL was appeared at 555.27 (base peak) which cor-
responds to H,L + H* ion (m/z Calcd. 555.24) and a small
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peak at 577.26 indicates H,L + Na* ion (m/z Calcd. 577.23)
(ESIT, Fig. S2): IR: 3370 cm~" (phenolic-OH), 1619 cm™ (imi-
nes C=N) (ESIT, Fig. S3).

Preparation of [ZnL]

To 10 mL MeOH solution of H,L (0.30 g, 1 mmol), 10 mL
MeOH solution of Zn(OAc),.2H,0 (0.21 g, 1 mmol) was
added and stirred for 6 h then the resulting solution was al-
lowed to evaporate slowly in air. After few days a yellow crys-
talline product was obtained and processed for character-
ization. '"H NMR (400 MHz, DMSO-dg): 8.90 (s, 2H, imine-
H), 6.71-7.38 (14H, aromatic-H), 4.22-4.37 (m, 8H, -CH,-
CH,-CH,- and -OCH,-CH,), 2.26 (2H, -CH,-CH,-CH,-), 1.26
(t, 6H, -OCH,-CH,) (Fig. 1), the mass spectral peak of H,L-
Zn2* complex was appeared at 617.22 which corresponds
to ZnL + H* ion (m/z Calcd. 617.15) and a base peak at
639.20 indicates ZnL + Na* ion (m/z Calcd. 639.14) (ESIT,
Fig. S4); IR: 1612 cm™! (imines C=N) (ESIT, Fig. S5).

General method for UV-Vis and fluorescence studies

1.0 mM stock solutions of the various metal ions were
prepared by dissolving the required amount of metal salts in
Millipore water. Stock solution of the probe (1.0 mM), was
prepared in CH;CN and 100 pL of this solution was diluted
using 1.9 ml CH5CN-H,0 (v/v 9:1) containing HEPES buffer
(pH 7.4), then the total volume of the solution becomes 2.0
ml and the solution concentration becomes 50 uM. 100 pL
metal salt solutions were transferred to the probe solution.
The absorption and emission spectra were recorded at room
temperature and the excitation wavelength used for fluores-

cence study was 400 nm.
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Scheme 1. Synthesis of the probe, H,L.

TElectronic supplementary information (ESI).

1280



Dey et al.: An ortho-hydroxy-arylimine based probe: Fluorescence sensitivity towards Zn?* ion

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

—1d. 306

§ igRtandace:E gefsgdag - 3 E“
| |

1.2861
12850
1. 3458

PoORRRRERNGREERE gAMR ¢

<

49 - 504 03 2

Fig. 1. "H NMR spectrum of (a) HoL and (b) [ZnL] in DMSO-d.

The fluorescence quantum yield was determined taking
fluorescein as a reference with known quantum yield (¢pg=
0.79 in 0.1 M NaOH). The experimental sample and refer-
ence were excited at same wavelength, maintaining almost
same absorbance in the UV spectra. Area of the fluores-
cence spectra were measured using the software available
in the instrument and the quantum yield was calculated by
using the following formula:

S N
or AR (Abs)s n&
where, ¢ and ¢g are the fluorescence quantum yield of the
samples and reference. Ag and Ag are the areas under the
emission spectra of the sample and reference respectively.
(Abs)g, (Abs)g are the absorbance of reference and sample

at the excitation wave length. nsz, nR2 are the refractive in-
dex of the solvent used for the sample and the reference.

Theoretical calculation

DFT/B3LYP protocol was adopted using Gaussian 09
software to optimize the structures of H,L and [ZnL]?6:%". 6-
311G basis set was used for C, H, N, and O while LanL2DZ
basis set was designated as effective core potential for Zn.
The optimization was established by the calculation of vibra-
tional frequency with local minima which only generated posi-
tive Eigen values. UV-Vis spectral transitions were calculated
by time-dependent density functional theory (TD-DFT)

method in acetonitrile solution using conductor-like polariz-
able continuum model (CPCM)2829, GAUSSSUM was used
for the calculation of the fractional contributions of various
groups to each molecular function?.

Results and discussion

Synthesis and formulation

6,6"-((1Z,1”2)-(((Propane-1,3-diylbis(oxy))bis(2,1-
phenylene))bis(azanylylidene))bis-(methanylylidene))bis(2-
ethoxyphenol) (H,L) is used (Scheme 1) in this work. The H
NMR spectrum shows phenolic-OH signal as singlet at 14.20
ppm and imine-H appears at 8.93 ppm (singlet); other char-
acteristic signals are 6 (-CH,-CH,-CH,-), 4.28; 6 (-OCH,-
CHy), 4.04; 6 (-CHy-CH,-CH,-), 2.24; 6 (-OCH,-CHs), 1.31
ppm and other aromatic-Hs appear at 6.82-7.44 ppm (Fig.
1). Mass ion peak of H,L appears at 555.27 which corre-
sponds to calculated mass of (H,L + H)* (ESIT, Fig. S2). The
IR spectrum shows v(C=N) at 1619 cm~" and v(phenolic-
OH) at 3370 cm™ (ESIT, Fig. S3).

UV-Vis and fluorescence spectroscopic studies

The UV-Vis absorption spectrum of the probe, H,L in 9:1
(viv) CH3CN/H,0 (HEPES buffer, pH 7.4) shows absorption
band at 340 nm which may due to and mt-it* transition. Upon
addition of Zn?* to H,L solution the absorbance at 340 nm
decreases and a new band appears at 402 nm along with
two isobestic points at 323 and 380 nm until 1:1 stoichiom-
etry is reached (Fig. 2). The above spectral change indicates
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Fig. 2. Absorption spectral change of the probe, HoL (50 M) upon
gradual addition of Zn%*ion (0-50 M) in 9:1 CH3CN/H,0 viv
(10 uM HEPES buffer, pH 7.4).

that there may be formation of coordination complex of HyL
with Zn2* ion and the change in absorbance may be due to
intra-ligand-charge transfer (ILCT) transition.

The free probe, H,L is non-emissive (A,, 400 nm). Fluo-
rescence spectra of H,L have been recorded in presence of
different cations (Cr3*, Fe3*, Ni%*, Cd2*, Hg?*, K*, Co?*, Cu?*,
Pd2*, Mn2*, Mg2*, AI®*, Zn2*, Pb2*, Na*, Ca®* and Ba2*) in
9:1 (viv) CH3CN/H,0 (HEPES buffer, pH 7.4) (Fig. 3). No

significant fluorescence spectral change of the probe, H,L is
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g.3. Fluorescence spectra of the probe, HoL (50 M) upon gradual
addition of different metal ions (50 M) in 9:1 CH;CN/H,0 viv
(10 mM HEPES buffer, pH 7.4), A4, 400 nm.
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Fig. 4. Emission spectral change of the probe, H,L (50 M) upon
gradual addition of Zn?* ion (50 uM) in 9:1 CHCN/H,0 viv
(10 mM HEPES buffer, pH 7.4), Agy 400 nm; inset: vial im-
ages in absence and presence of Zn ions under UV cham-
ber (A, 365 nm).

observed except Zn?* ion. Upon gradual addition of Zn?* ion
into the H,L solution emission intensity at 556 nm increases
continuously (~203 times enhancement with respect to free
probe) till probe:metal stoichiometry reached to 1:1 (Fig. 4).

The emission intensity at 556 nmincreases and the quan-
tum yield is also enhanced by ~27 fold compared to free
probe (§p,1 ;= 0.0009 and ¢z, ;= 0.024). The limit of detec-
tion (LOD) for Zn?*ionis 15.5 nM calculated by 3 o/mmethod
which is admirable than that of other previously reported Zn?*
ion sensor (ESIT, Fig. S6 and Table S1). [(Fnax = Fo)(F -
Fo)l vs 1/[Zn®*], Benesi-Hildebrand equation has been used
to calculate the binding constant between H,L and Zn?* ion
and its value is 4.3x10% M~1 (ESIT, Fig. S7). The variation of
emission intensity of H,L for Zn?* sensing upon pH has also
been studied; the probe itself is non-emissive throughout the
pHrange 2-12 but H2L-Zn2+ shows emission in the pH range
810 12 (Fig. 5). The interference of various metal ions (other
than Zn?*) in the fluorescence of Zn®* complex has also
been studied in presence of other sixteen metal ions which
shows significant fluorescence sensitivity of H,L towards Zn?*
in which other ions co-exits (Fig. 6). A small interference is
observed in presence of Fe3* and Cu?* ion due to paramag-
netic quenching effect.

In order to clarify the nature of the binding mode and
stoichiometry of H,L to Zn*, the "H NMR spectrum of H,L
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Fig. 5. Fluorescence intensity at different pH of the probe H,L (20
uM) in the absence and presence of Zn2* (20 pM) in 9:1
CH3CN/H,0 mixture, Ao, 400 nm.

has been investigated in absence and in presence of Zn?*
ion in DMSO-dg (Fig. 1). The H NMR spectrum of [ZnL]
shows the removal of singlet signal at 14.20 ppm corresponds
to 5(phenolic-OH) from H,L and the imine proton signal &(H-
C=N) has been shifted to upfield from 8.93 to 8.90 ppm. In
the free probe, H,L the aromatic protons were at 6.82-7.44
ppm and upon complexation with Zn?*, these protons are at
6.71-7.38 ppm. The "H NMR signal movement favours the
chemical interaction of Zn?* with H,L (Scheme 2). Job’s plot
for the reaction between H,L and Zn?*in CH;CN-water (9:1,
vlv) also supports the 1:1 complex formation (ESIT, Fig. S8).
ESI-MS spectrum of H2L-Zn2+ complex was appeared at
617.22 which corresponds to ZnL + H* ion (m/z Calcd.
617.15) and a base peak at 639.20 indicates ZnL + Na* ion
(m/z Calcd. 639.14) which also proves the formation of 1:1
complex (ESIT, Fig. S4). The average lifetime of [ZnL] com-
plex (0.766 ns) is increased than that of the free probe, H,L

= H;L
u HyL +other metal ions

» H:L +Zn**+other metal ions
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Scheme 2. Proposed sensing mechanism of H,L with Zn?*,
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(tsy, 0.656 ns) (ESIT, Fig. S9) which may due to the metal-
ligand orbital mixing of delocalised 3d m orbital of Zn2* and

n* of H,L in the excited state.

Density functional theory calculation

Density Functional Theory (DFT) calculations are taken
by B3LYP/6-311G method and basis set in the Gaussian 09
software for optimization of the probe, H,L and its zinc com-
plex (ESIT, Fig. $10). Some frontier molecular orbitals with
energy of H,L and [ZnL] complex are also listed (ESIT, Figs.
S11 and S12). The band gap of HOMO and LUMO of the
probe H,L and ZnL are shown in Fig. 7. The HOMO-LUMO
energy gap is found to be 4.00 eV and 2.51 eV for H,L and
[ZnL] complex respectively which indicates decrease in band
gap upon complexation. By using the time dependent den-
sity functional theory (TD-DFT) with CPCM method (in CH;CN
medium), the ground state electronic spectra both for H,L
and [ZnL] complexes were calculated. For the probe H,L,
the absorption a maximum at 340 nm is mainly due to HOMO-
1—LUMO+1 transition (ESIT, Table S2). For [ZnL] complex
the transition from HOMO—LUMO+1 and HOMO-3—LUMO
have contributions mainly due to the absorption bands at
402 and 340 nm respectively (ESIT, Table S3). The absorp-
tion wavelength found from DFT calculations are well matched

251 eV

[ZnL]

Fig. 7. HOMO-LUMO band gap of H,L and [ZnL] complex.
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with the peaks obtained experimentally and support the red
shifing absorption upon complexation with Zn2* ion.

Conclusion

We have synthesized and characterized a Schiff base,
6,6"-((1Z,1”Z)-(((propane-1,3-diylbis(oxy))bis(2,1-phe-
nylene))bis(azanylylidene))bis-(methanylylidene))bis(2-
ethoxyphenol), (H,L) by using condensation method (2,2’
(propane-1,2-diylbis(oxy))dianiline with 3-ethoxy-2-hydroxy-
benzaldehyde). Zn?* has been selected by probe H,L spec-
trophotometrically via Chelation Enhanced Fluorescence
(CHEF) with LOD, 15.5 nM in CH3CN/H,0 (v/v 9:1, HEPES
buffer, pH 7.4). A high intense greenish yellow emission is
observed at 556 nm wavelength. So, from the above dis-
cussed observation we can conclude that the synthesized
probe is highly selective for Zn2* ion with very low limit of
detection.
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