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Introduction

An emerging research area in present days for the monitoring
of trace metal ions is to design and synthesis of an efficient,
economical and targeted metal ion/ions responsive sensors
[1–5]. Chemosensors are the conjugated organic molecules,
which upon interacting with analyte produce detectable opti-
cal responses [6]. Out of several available optical sensors,
fluorescent chemosensors are getting considerable attention
due to their intrinsic sensitivity, upfront application in real-
time monitoring with their quick responses [7, 8]. In recent
years, ‘Turn On’ fluorescence sensors are attracting much at-
tention for monitoring the trace level metal ions in the envi-
ronmental as well as biological processes [9, 10].

The development of optical chemosensors is mainly fo-
cusing on d block elements because of their essentiality in
biological and environmental processes [11]. Any analyti-
cal technique or detection technique which are able to de-
tect or quantify the essential or toxic metal ions are of great
interest in the diagnosis of environmental and biological
issues. Among transition metal ions, being second most

abundant metal ion in human body after iron, zinc regu-
lates many important physiological and pathological pro-
cesses [8, 12]. Even though zinc is believed to be present in
coordinated form in enzymes and proteins, few studies re-
ported its free ionic form in biological system [13]. Zinc is
considered to be relatively nontoxic in lower concentration
whereas, it is toxic in high intakes [14, 15].

Even though many analytical techniques are reported in
literature for the measurement of Zn2+ ion [16–19] but
they suffer with one or the other disadvantages like huge
capital investment, complicated procedures, low sensitiv-
ity, time consuming and also require skillful users.
Therefore, for quick, accurate and simpler detections, a
new analytical tool is much essential. The present re-
search in the field suggests the colorimetric and fluores-
cent sensors but further understanding and improved ac-
curacy is required for their on-field applications [8, 17].

The common requirements for the fluorescent
chemosensors are the fluorophore and chelating unit.
Generally, fluorophores are designed using either aromatic,
polyaromatic units or heterocyclic moieties with conjugated
double bond systems [20]. When conjugated organic mole-
cules interact with the analyte, the optical properties of system
changes which involves many chemical reactions and produce
either change in color (colorimetric analysis) or fluorescence
intensity (fluorescence method) [6]. The nitrogen of a Schiff
base is generally known for its highest affinity for Zn(II) ion.
Hence, our research for the construction of zinc chemosensor
is mainly focussed on Schiff base [9, 10]. Literature study
reveals that, there are only few chemesensors reported till date
containing di-tert- butyl group as substituents. This functional
group is well known to increase the ICT (Intramolecular
Charge Transfer) character when attached to an aromatic ring
with electron withdrawing groups [21].

In our continuous effort to synthesize novel optical sensors
for zinc ion, in this study we have synthesized ESIPT (Excited
State Intramolecular Proton Transfer) and ICT (Inter/Intra
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molecular charge transfer) process oriented fluorescent
chemosensor; (E)-N′-(2-hydroxybenzylidene)-3, 5-di-tert-bu-
tyl-2-hydroxybenzohydrazide (TBH). The optical response
towards different cations such as Li+, Na+, K+ (MNO3),
Ca2+, Mg2+, Mn2+, Ba2+, Cu2+, Co2+, Ni2+, Hg2+, Pb2+,
Cd2+ (M(NO3)2) and Al3+ (M(NO3)3) were studied to check
the selectivity ofTBH for Zn(II) ion. Among these metal ions,
TBH is found to be very much selective for Zn(II) ion with a
lower detection limit as compared to our earlier work [22].

Experimental Section

Materials and Methods

All the chemicals and reagents used for experiments were of
analytical and spectroscopic grade. The IR spectra were ob-
tained on a PerkinElmer Spectrum Two FT-IR spectrometer in
the 4000–550 cm−1 region. The 1H-NMR spectra were record-
ed in DMSO-d6 on Bruker 400 MHz spectrometer with
tetramethylsilane (TMS) as the internal standard. Mass spectra
were recorded on aWaters-XEVOTQSmicro mass spectrom-
eter and Shimadzu QP 2010S GC-Mass spectrometer.
Electronic spectra were recorded using UV-Visible spectro-
photometer (PerkinElmer Lambda 365) in 200–1100 nm
range using acetonitrile as the solvent. The fluorescence spec-
tra were measured on Fluoromax - 4 Spectrofluorometer
(Horiba Scientific make). The elemental analyses (C, H, N)
were carried out using a Thermoquest CHN analyzer. The
conductivity of solutions was measured using ELICO CM
180 Conductivity meter.

Synthesis of (E)-N′-(2-hydroxybenzylidene)
-3,5-di-tert-butyl-2-Hydroxybenzo Hydrazide (TBH)

An 3,5-di-tert-butyl-2-hydroxybenzohydrazide was synthe-
sized as earlier reported by our research group [22]. Finally,
TBH was synthesized by slow addition of a methanolic solu-
tion of salicylaldehyde (1 g; 8 mmol) to a methanolic solution
of 3,5-di-tert-butyl-2-hydroxybenzohydrazide (2 g; 8 mmol)
and stirred for 5 h. The yellow solid obtained was washedwith
methanol and dried in air.

Color: White, yield: 85%, m.p: 258–260 °C, Anal. Calcd
for C22H28N2O3 (%): C, 71.71; H, 7.66; N, 7.60. Found (%):
C, 70.90; H, 7.55; N, 7.58. IR (cm−1): 3450 (O-H, broad),
3198 (N-H), 1624 (C=O), 1609 (C=N). 1H-NMR
(400 MHz, DMSO-d6, ppm): 1.32 (9H, s, tert-Bu, C19H,
C20H, C21H), 1.39 (9H, s, tert-Bu, C13H, C14H, C15H),
7.45 (1H, d, C16H, J = 2 Hz), 8.78 (1H, s, C7H), 7.74 (1H,
d, C22H, J = 2 Hz), 11.08 (1H, s, N2H), 12.99 (1H, s, O3H),
12.15 (1H, s, O1-H), 7.61 (C1H, dd, J = 1.6 & 7.6 Hz), 7.32
(1H, ddd, C3H, J = 1.64 & J = 7.8 Hz), 6.96–6.92 (2H, m,
C2H and C4H); 13C-NMR (100 MHz, DMSO-d6, ppm):
31.27 ((CH3)3), 34.20 ((CH3)3), 29.19 (C-(CH3)3), 34.70
(C-(CH3)3), 116.40 (C6), 157.45 (C7), 167.34 (C8), 136.54
(C11), 128.43 (C16), 139.73 (C17), 121.24 (C22), 110–140
(C1-C4, aromatic). EI-MS: m/z – 368 [M]+.

Isolation of Zinc Complex

A acetonitrile solution of Zn(NO3)2.6H2O (0.38 g,
0.13 mmol) was added dropwise to acetonitrile solution
of TBH (0.5 g, 0.13 mmol) and refluxed for 5 h. The

Scheme 1 Synthetic route for
TBH and its coordinating
behavior towards Zn2+
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yellow solid obtained was filtered and washed with cold
methanol to get the desired product.

Color: Yellow, yield: 82%, Anal. calcd for C22H28N2O4Zn
(%): C, 58.75; H, 6.27; N, 6.23; Zn, 14.54. Found (%): C,
58.60; H, 6.25; N, 6.19; Zn, 14.40. IR (cm−1): 3442 (O-H),
1601 (C=N), 1617 (C=N, new), 1246 (C-O). 1H-NMR
(400 MHz, DMSO-d6, ppm): 1.30 (9H, s, tert-Bu, C19H,
C20H, C21H), 1.42 (9H, s, tert-Bu, C13H, C14H, C15H),
8.57 (1H, s, C7H), 14.17 (1H, s, O3-H), 6.00–8.00 (Ar-6H),
ESI-MS (m/z): 451 [M + H] +. Molar conductance
(Ω−1 cm2 mol−1): 4.55.

Theoretical Calculations

Gaussian 09 software was used for theoretical calculations
[23] and input structures of TBH and its zinc complex
were built by Gaussview-5.0. The optimized geometries
were obtained by using the density functional theory and
excited state energy calculations were performed
employing time-dependent density functional theory. For
both the methods, B3LYP correlation function was used.

In the calculation, split valence basis set 6-311G (d) aug-
mented with diffuse function and Los Alamos effective
core potentials plus the Double Zeta (LanL2DZ) basis
set [24] were applied.

Fluorescence Imaging Studies

HeLa cells cultured in DMEMwere treated with 10 μM TBH
for 30 min at 37 °C to check its fluorescence emission. The
application of TBH for Zn(II) ion detection in HeLa cells was
investigated by incubating 10 μM Zn(II) ion in DMEM for
30 min at 37 °C. After washing thrice with Phosphate buffer
saline, HeLa cells emission was recorded using Zeiss LSM
710 confocal microscope (Leica).

Results and Discussion

The TBH and its zinc complex is synthesized as shown
in Scheme 1.

Fig. 1 Color change of receptor TBH (1 × 10−5 M soln. in CH3CN) after the addition of 300 μL (1 equiv.) of respective cations (1 × 10−3 M soln.) in
CH3CN

Fig. 2 a Change in the intensity
of color of receptor TBH (1 ×
10−5 M soln. in CH3CN) after
increasing addition of Zn2+ (50 to
300 μL, 1 × 10−3 M soln.) in
CH3CN. b Immediate color
change of TBH (1 × 10−5 M soln.
in CH3CN) upon addition of Zinc
ion (1 × 10−3 M soln. in CH3CN)
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A novel zinc selective ‘turn on’ fluorescent candidate
is designed, synthesized and screened for bioimaging
studies. The sensor is designed with the aim; to make
it i) highly selective for Zn(II) ion ii) highly soluble in
any common solvents iii) to enhance ICT character upon

coordination and, iv) to block ESIPT and -C=N isomer-
ization upon coordinating with zinc [9, 10]. The Zn(II)
ion sensing ability of TBH is visible even by nacked
eyes and it looks intense fluorescent under UV light
(Figs. 1, 2, and 3).

Fig. 3 a The photographs of the solution of TBH (1 × 10−5 M) in the presence of various metal ions (10 equiv.) under the UV light at 390 nm. b rapid
color change of TBH (1 × 10−5 M) in the presence Zinc (II) ion (1 × 10−3 M soln. in CH3CN)

Fig. 4 UV–vis spectral changes
of TBH (1 × 10−5 M) in the
presence of different
concentrations of Zn2+ions in
acetonitrile. Inset: UV–vis absor-
bance at 390 nm versus the num-
ber of equiv. of Zn2+ added
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Zn2+ Induced UV-Vis Spectroscopic Studies

The binding nature of TBH with Zn(II) ion was examined
by performing the UV-Vis titration experiments. 3 mL of
TBH (1 × 10−5 M in acetonitrile) is slowly titrated against
hydrated Zn (NO3)2 (1 × 10−3 M, in acetonitrile) solution.
An intense peak at 390 nm was noticed upon the addition
of Zn (II) ion to TBH. The color of solution turns to pale
fluorescent green, which signalize the formation of coor-
dination complex (Fig. 4). Deprotonation results in in-
creased binding ability of sensor TBH with Zn(II) ion
[25]. When metal ions like Li+, Na+, K+ (MNO3), Ni

2+,
Mn2+, Ca2+, Ba2+, Mg2+, Cu2+, Co2+, Hg2+, Pb2+, Cd2+Fig. 5 a Absorbance spectral changes of TBH (1 × 10−5 M) in the

presence of different metal nitrates (10 equiv.) such as Li+, Na+, K+,
Mg2+, Ca2+, Ba2+, Mn2+, Co2+, Ni2+, Cu2+, Cd2+, Hg2+, Pb2+ and Al3+

at 390 nm in acetonitrile. b Bar graph shows the relative absorbance of
TBH at 390 nm upon treatment with various metal ions

Fig. 8 Fluorescence spectral changes of TBH (1 × 10−5 M) in the
presence of different concentrations of Zn2+ with an excitation at
390 nm in acetonitrile. Inset: Fluorescence intensity at 495 nm versus
the number of equivalents of Zn2+ added

Fig. 6 Benesi-Hildebrand plot (absorbance at 390 nm) of TBH (1 × 10−5

M) based on UV- Vis titration, assuming 1:1 ratio for association between
TBH and Zn2+

Fig. 7 Job plot for the binding of TBH with Zn2+ in acetonitrile.
Absorbance at 390 nm was plotted as a function of the molar ratio
[Zn2+]/([TBH] + [Zn2+])
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(M(NO3)2) and Al3+ (M(NO3)3) were added to solution of
TBH in the presence and absence of the Zn(II) ion, no
interference is observed indicating its high selectivity for
Zn(II) ion (Fig. 5).

As shown in UV- Vis titration profile, with the in-
crease in Zn(II) ion concentration from 0 to one equv.
in TBH, results i) the decrease in the intensity of ab-
sorption bands at 284, 294 and 338 nm ii) the increase
in the intensity of absorption band at 377 nm iii) the
evolution of new peak at 390 nm due to intraligand
charge transfer [ILCT] [26] and iv) the existence of the
isosbestic points at 301, 315 and 353 indicating the for-
mation of only one stable product which is in equilibri-
um with TBH at these wavelengths [27, 28]. The bands
at 284 and 294 nm have suffered a slight red shift due
to change in the planarity of sensor which opens the
new door for greater electron delocalization when binds
with Zn(II) ion [29]. Based on the UV- Vis titration data,
association constant (Ka) was calculated using Benesi-
Hildebrand equation and value comes as 2.17 ×
109 M−1 (Fig. 6). The lowest detection limit was found

to be 470 × 10−9 M (Fig. S9). The intersection of two
lines at 0.5 mol fraction reveal that TBH and Zn(II) ion
are in 1:1 stoichiometry (Fig. 7) [30, 31].

Zn2+ Induced Emission Spectroscopic Studies

The fluorescence spectra were recorded by titrating hy-
drated zinc nitrate (1 × 10−3 M) solution with 3 mL of
TBH (1 × 10−5 M) solution in acetonitrile medium
(Fig. 8). A bare sensor shows pale green fluorescence
band at 443 nm (Φ =0.0178) when exited at 390 nm.
Upon addition of Zn(II) ion to the sensor, a dark green
fluorescence was observed at 495 nm (Φ =0.0319) which
was more than 20-fold intense. An increase in the fluo-
rescence intensity and red shift observed in TBH spec-
trum in presence of Zn2+ ion is due to blockage of
ESIPT and -C=N isomerization process which increases
the ICT character of TBH [29–33] during interaction
(Scheme 2). The larger stoke shift (125 nm) further evi-
dences the involvement of ESIPT process [34]. Other
competing metal ions (20-fold excessive) such as K+,
Li+, Na+ (MNO3), Mn2+, Mg2+, Ba2+, Ca2+, Cu2+, Co2+,
Ni2+, Hg2+, Pb2+, Cd2+ (M(NO3)2) and Al3+ (M(NO3)3)

Scheme 2 The proposed
mechanism of interaction
between probe TBH and Zn2+

Fig. 9 Fluorescence spectral changes of TBH (1 × 10 −5 M) in the
presence of different metal nitrates (10 equiv.) such as Li+, Na+, K+,
Mg2+, Ca2+, Ba2+, Mn2+, Co2+, Ni2+, Cu2+, Cd2+, Hg2+, Pb2+ and Al3+

with an excitation of 390 nm in acetonitrile
Fig. 10 Bar graph shows the relative emission intensity of TBH at
495 nm upon treatment with various metal ions
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didn’t interrupt the spectral pattern of TBH in the pres-
ence and absence of zinc indicating its high specificity for
zinc ion (Figs. 9, 10, and 11).

By using Banesi-Hildebrand equation (emission at 495 nm)
the binding constant of TBH-Zn2+ complex was calculated and
it comes as 3.77 × 104 M−1 (Fig. S12) [35]. Literature study
reveals that, this value fits in the binding constants reported for
Zn+2 ion in literature (1.0–1012) [36, 37]. Limit of detection was
calculated using (3σ/K) [38] and value obtained was 2.83 ×
10−9 M (Fig. 12). This value is much lower than World Health
Organization (WHO) guideline (76 μM) in drinking water [39].
Job’s plot experimental results reflects that TBH and Zn(II) ion
are in 1:1 stoichiometry (Fig. S11) [30, 31].

pH Dependent Studies

The effect of pH on the photophysical properties of TBH
and its zinc complex was studied in Phosphate buffered

saline (PBS) to apply to the environmental and biological
systems [40–42]. The effect of pH on optical properties of
TBH shows that, at lower pH range (3–6), no significant
changes were observed. In the range of pH 7–8, the re-
ceptor has shown a very high absorbance and strong fluo-
rescence, which may be due to deprotonation of -OH
groups, followed by its coordination to metal ion. As the
pH increased beyond 8, the absorbance and fluorescence
intensity has gradually decreased, which may be due to
the formation of Zn (OH)2 or Zn (OH)2+ [Fig. S10 & 13]
[27, 28]. The pH studies clearly suggest that, receptor
could render pH dependent fluorescence measurements
in a live physiological environment. The sensing capabil-
ity for Zn(II) ion under physiological conditions, and also
its high detection capability even at low concentrations
are the advantages of the present molecule.

NMR Titration Experiment and ESI-Mass Studies

In order to understand the binding mode of TBH with
Zn(II) ion and also to study the structural changes in the
TBH on formation of complex, we took 1H-NMR titration
studies in DMSO–d6 (Fig. 14). A very significant changes
were observed during NMR titration, mainly with the sig-
nal for -O1H, -O3H, C7H and -N2H. These signals are very
much intense in free TBH and were observed at 12.15,
12.99, 8.78 and 11.08 ppm respectively. The reduction in
the intensity of hydroxyl group –O1H and also for -N2H
was observed when 0.5 equivalent of hydrated Zn(NO3)2
solution was added and these two signals have completely
disappeared when one equivalent of hydrated Zn(NO3)2
solution was added. This indicates that, TBH is coordinat-
ed to the metal ion through ONO donor set of atoms via
deprotonation of O1H and N2H (Scheme 1). The signal due

Fig. 12 Limit of detection based
on change in the ratio
(fluorescence intensity at 495 nm)
of TBH with Zn2+

Fig. 11 Competitive experiment of TBH toward Zn2+ in the presence of
other metal ions with an excitation of 390 nm in acetonitrile
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to O3H has shifted to 14.17 ppm due to involvement in
hydrogen bonding and that of C7H has shifted to
8.57 ppm upon coordination with Zn(II) ion due to change
in electron density around it. To further support the binding
nature, ESI mass spectroscopic analysis was carried out.
Upon the addition of one equivalent of Zn(II) ion, positive
mode ESI-mass spectrum of TBH shows the peak at 451 m/

z, which corresponds to the formation TBH-Zn2+ complex
with 1:1 stoichiometry (Fig. S7).

Solvent Effect

We examined optical properties of TBH in various sol-
vents like Dimethylformamide, Acetone, Dimethyl

Fig. 14 1H NMR titration of TBH with hydrated Zn (NO3)2

Fig. 13 Fluorescence intensities
of TBH (1 × 10−5 M) and of
TBH-Zn2+ complex, respectively,
at different pH values (3–11) in
PBS Buffer solution

J Fluoresc (2019) 29:1065–10771072



sulfoxide, Ethyl acetate, Chloroform, Benzene, Ethanol,
Methanol and Tetrahydrofuran (Fig. S13). Electronic sys-
tem of TBH was disturbed by the polarity/strong hydro-
gen bonding character of the solvent. The interaction of
polar solvents with TBH stabilizes and reduces the energy
barrier between HOMO-LUMO and thus emit high fluo-
rescence [43]. To support this, quantum yield calculations
were carried out in two polar solvents (Table 1). The
results indicate that, with increase in polarity of the sol-
vent, quantum yield is also increasing. Ethyl acetate,
Ethanol and Dimethyl sulfoxide showed good fluores-
cence emission, whereas, low fluorescence intensity was
observed in other solvents.

Reversibility of TBH

Reversibility of TBH by the alternative addition of
Na2EDTA for TBH-Zn(II) ion in acetonitrile was carried

out [44, 45]. Quenching in the fluorescence intensity of
TBH-Zn2+ complex was observed at 495 nm upon ad-
dition of EDTA, whereas, an enhancement was observed
at 443 nm. The fluorescence intensity at 495 nm is
revived again on addition of Zn(II) ion, showing revers-
ible behavior of TBH for Zn(II) ion. Strong affinity of
EDTA for the Zn(II) ion causes decrease in the flores-
cence intensity by forming EDTA-Zn2+ complex and
sensor TBH is regenerated (Fig. 15). Therefore, the
TBH could act as a selective fluorescent sensor for rec-
ognition of Zn(II) ion.

Effect of Reaction Time and Photostability

An bare sensor shows weak fluorescence intensity at
493 nm exhibiting high stability at room temperature.
Upon addition of one equv. of Zn(II) ion, fluorescence
intensity of TBH increases suddenly showing its high
reactivity for Zn(II) ion and attains maximum within
8 min indicating the completion of reation and remains
constant for few minutes reflecting its stability under
room temperature (Fig. 16 & S14).

TD-DFT Calculation and Sensing Mechanism

The experimental studies of Jobs plot, 1H-NMR titrations
and ESI-Mass analysis suggest the 1:1 stoichiometry of
TBH to Zn(II) ion. In order to deepen our knowledge into
fluorescent sensing mechanism of TBH towards Zn(II)
ion, theoretical studies were also carried out. The energy
minimized structures of TBH and TBH-Zn2+complex
(Fig. 17) were optimized in acetonitrile by applying
Density Functional Theory (DFT/B3LYP). The HOMO
of TBH is localized on the salicylaldehyde benzene ring
along with coordinating atoms while in the LUMO it is
extended to tertiary-butyl group substituted benzene ring.
On the contrary, both HOMO and LUMO of TBH-Zn2+

complex were localized on both benzene rings in addition
to coordinating atoms.

In theoretically calculated absorption spectrum, TBH
exhibit intramolecular charge transfer (ICT) band located
at λTheo 341 nm (λexp = 335 nm) which shift to λTheo

394 nm (λexp = 390 nm) upon complexation with Zn(II)
ion. Free TBH exhibit a characteristic sharp band at
294 nm (λTheo 304 nm) due to n→ p* of -HC=N- group.
Upon complexation with the Zn(II) ion, this band was
red shifted to 337 nm (λTheo 330 nm). The experimental
observed results were well supported by theoretical re-
sults (Table 2 & Fig. S16). Furthermore, the energy gap
(ΔE) between the HOMO-LUMO of the receptor TBH
and TBH-Zn2+ complex is examined (Fig. 18).

Fig. 15 Fluorescence spectra showing reversibility of Zn2+ coordination
to TBH by EDTA

Fig. 16 Photostabilities of TBH and of TBH -Zn2+ complex
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Compared to the free TBH (ΔE = 4.20 eV), the energy
gap in presence of the Zn(II) ion is less (ΔE = 3.64 eV),
which are in consistant with the experimentally observed
results [46–48].

Cytotoxicity Test for TBH

MTT assay method was employed to determine the cy-
totoxicity of TBH against HeLa cells. The viability of
HeLa cells was studied by treating with TBH over a
range of concentrations (12.5, 25, 50,100 and 200 μM)
for 24 h [44, 45]. At 12.5 μM, the cells viability was

over 98.07% of control, whereas at 200 μM it was
64.09% (Fig. S15). These results indicate that at lower
concentrations, TBH produced no cytotoxicity in HeLa
cells, which means it may be useful as a sensor to detect
Zn(II) ion in biological systems.

Fluorescence Imaging in HeLa Cells

The fluorescence response of TBH towards Zn(II) ion in
HeLa cells was studied to check its practical application
using bio-imaging experiment (Fig. 19). The HeLa cells
were incubated with 10 μM TBH for 30 min at 37 °C.

Fig. 18 Molecular orbital geometry and the HOMO – LUMO energy gap of TBH and of TBH -Zn2+ complex

Fig. 17 The energy-minimized structures of (a) TBH and (b) TBH -Zn2+ complex
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The light green fluorescence emitted by TBH in the
resulting confocal fluorescent images indicate that, it can
penetrates into the HeLa cells and has excellent staining
property. To determine the response of TBH to intracel-
lular Zn(II) ion, 10 μM Zn(II) ion was incubated to
preloaded HeLa cells for 30 min at 37 °C and resultant
images were captured [49–51]. It is noticed that, TBH
alone exhibits weak fluorescence but in presence of
Zn(II) ion, it exhibit a strong turn on green fluorescence
suggesting it could penetrate living cells and subsequently
respond to intracellular Zn(II) ion.

Conclusion

We have developed a novel switch on optical probe
(TBH), which selectively interact with Zn(II) ion in
CH3CN medium. TBH shows fast response towards
Zn(II) ion in 1:1 stoichiometric manner, which induce a
color change from colorless to yellow by increasing fluo-
rescence intensity selectively for Zn(II) ion over other
cations. The detection limits of TBH for Zn(II) ion
reaches to nanomolar level. The DFT calculations explore
the sensing mechanism of TBH for Zn(II) ion. The host
molecule could be recyclable simply by treating with a
proper reagent such as Na2EDTA. Moreover, TBH could
also be used for intracellular Zn (II) ion imaging by con-
focal fluorescence microscopy for further application.
Finally, we believe that TBH could serve as a promising
molecular sensor for the determination of Zn(II) ion in
chemical, biological and environmental systems and con-
tribute to the development of novel optical probes.
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