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A rationally designed probe L, consist of both cation and anion binding sites, is capable of displaying interesting

aggregation induced emission (AIE) property. L not only can sense AI** and Zn*' through selective turn-on fluorescence

responses in 9:1 methanol-HEPES buffer (5mM, pH 7.3; 9:1, v/v) medium due to metal ion triggered AIE activity, but also

can distinguish them through individual emission signals. L can also detect cu® in mixed buffer medium and F~in

acetonitrile through sharp colorimetric responses. All the sensing processes are conspicuous through naked eye.

Theoretical study strongly backed the proposed sensing mechanisms.

Introduction

Zinc, an essential element in human body, is involved in
several biological processes, for instance cellular metabolism,
gene transcription, regulation of metalloenzymes,
neurotransmission, and apoptosis.1 Despite its several crucial
roles in many Zn(ll)-containing enzymes and DNA-binding
proteins, imbalance of Zn® in body may cause several
neurological diseases.” Particularly in children under the age of
5 years, deficiency of Zn(ll) could eventually lead to immune
dysfunction, diarrhoea, and even death in some cases.’ Zinc,
being a harmful pollutant for environment, also raises concern
over its open exposure.4 Thus designing an efficient Zn*
sensor is indispensable. Difficulties in developing Zn™
sensors™™* in many cases suffer from a limited choice of
spectroscopic instruments due to its inherent d* shell, poor
selectivity or sensitivity, and interference from other d** metal
ions like Cd** and Hg”*.>**® Hence, to develop highly selective
and sensitive zinc sensors, workable in physiological condition
would be of great interest.

Aluminium, the third most abundant metal in the earth’s crust
is widely known as a neurotoxic agent.6 Aluminium toxicity
could adversely affect the central nervous system of human to
induce Alzheimer's disease, Parkinson's disease, and
amyotrophic lateral sclerosis.” Meanwhile, the widespread use
of Aluminium in medicines (antacids), bleached flour, paper
industry, food additives, aluminum-based pharmaceuticals,
storage/cooking utensils, makes it vulnerable to be exposed to
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the environment in its trivalent ion form AI** which often
causes drinking water contamination.® Thus developing an
efficient chemo-sensor for rapid and sensitive detection of AP
has earned great scientific interest amongst analytical
chemists at large.

Fluorescence based sensing probes are advantageous over
other sensing systems for the detection of biological and
environmentally relevant metal ions as they can provide more
rapid, convenient and sensitive detection of target analytes.9
Fluorescent probes, displaying aggregation-induced emission
(AIE) have grabbed tremendous attention in very recent time.
Though these probes display weak emission in dilute solutions,
their emission intensity enhances dramatically due to the
aggregation facilitated by probe—target interaction in solution
or in the solid state. Hence, AIE active probes, that could yield
enhancement
aggregation,
robust and quantitative sensing of various biologically and

in fluorescence instead of quenching on

have become very attractive candidates for

environmentally important target analytes.10

On the other hand, copper, an essential trace element of
human body and being present in the active sites of several
enzymes, plays many indispensable role to sustain important
physiological processes.11 Copper deficiency increases the risk
of coronary heart disease whereas overdose of copper could
lead to detrimental effects by causing oxidative stress and
disorders associated with neurodegenerative diseases
including Alzheimer, Parkinson, Menkes, Wilson, and prion
diseases.”*** Thus rapid visual sensing cu® in physiological
condition is much anticipated.

Fluoride is recognized as one of the biologically as well as
environmentally important Though at low
concentration fluoride could help in treating osteoporosis and
protecting dental health, it apparently becomes toxic at higher
doses. Several types of diseases in humans, caused due to the
intake of high concentration of the fluoride anion in drinking

anions.
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water are being tracked over the years. Fluoride toxicity also
leads to fluorosis."* In this context, design and synthesis of
simpler organic probe for visible detection of F~ is much
expected. A thorough literature survey revealed that there are
very few reported fluoride ion selective optical probe.15
Vazquez et. al. developed an effective simple thiourea based
optical probe where they demonstrated that the interaction of
the thiourea hydrogen atoms with fluoride could enhance 1
delocalization and thereby shifted the m-nt* transition from
the UV to the visible region to display yellow color.™™® Similarly,
Ambrosi et. al. has also demonstrated the selective off-on
fluorescence response of a coumarin—urea derived probe
towards fluoride ion.” Visible detection of fluoride ion by a
core-substituted naphthalene di-imide probe has also been
reported recently.15d However, probes with urea/thiourea
moiety are found to be more useful for selective sensing of
fluoride ion in solution. Thus designing a thiosemicarbazone
probe consist of thiourea group could potentially be
envisioned as a fluoride sensor.

Moreover, designing a versatile molecule that produces
different fluorescence or colorimetric responses for different
analytes can simultaneously be used to detect more than one
analytes. Thus development of a multi-analyte sensor provides
the scope for analytical time, labour and cost reduction.®
Recently, in this context, some thiosemicarbazone compounds
have been used for selective sensing of various cations as well

. 17
as anions.
A\NH “’

16 hrs, Stirring
Step 2

Anion bmdmg site

22

In our constant pursuit to develop newer sensing probes™® for
various biological and environmentally relevant analytes, here
in we have designed a single versatile aggregation induced
emission (AIE) active multiple target probe L that not only can
fluorometrically sense Zn*" and AP*" in physiological conditions
but also can distinguish one from another through individual
fluorescence responses. The probe also demonstrated a
selective colorimetric response towards cu® in physiological
condition. Alongside, the probe is also capable of displaying
selective naked eye chromogenic detection of F in
acetonitrile. The sensing behaviour of the probe was well
supported with theoretical calculations.

Step 1

H,N_NH,

“ 12 hrs, Stlmng

Scheme 1: Synthesis of Probe L.

Cation bmdmg site

Experimental section

General Information and Materials

All the materials for synthesis were purchased from
commercial suppliers and used without further purification.
The absorption spectra were recorded on a Perkin-Elmer

Lamda-25 UV-vis spectrophotometer using 10 mm path length

2| J. Name., 2012, 00, 1-3

quartz cuvettes in the range of 250-800 nm wavelength, while
fluorescence measurements were performed on a Horiba
Fluoromax-4 spectrofluorometer using 10 mm path length
quartz cuvettes with a slit width of 3 nm at 298 K. The mass
spectrum of the ligand L was obtained using Waters Q-ToF
Premier mass spectrometer. Nuclear magnetic resonance
(NMR) spectra were recorded on a Bruker Advance 600 MHz
NMR instrument. The chemical shifts were recorded in parts
per million (ppm) on the scale. The following abbreviations are
used to describe spin multiplicities in 'H NMR spectra: s =
singlet; d = doublet; t = triplet; m = multiplet.

Synthesis of L

5 mmol of 1-Naphthyl isothiocyanate was dissolved in 30 ml
THF solution and then to it excess of hydrazine hydrate (50
mmol) was added at once. Then the mixture solution was
stirred for 12 hours to get a faint yellow-white precipitate
(scheme 1, step 1). Then 1 mmol of the product obtained in
stepl was dissolved in pure ethanol and to it 1 mmol of 2-
hydroxy-1-naphthaldehyde was added. The mixture was then
stirred for 16 hours to get a pale yellow precipitate which was
collected by filtration and washed thoroughly by methanol and
the product was dried in desiccator. The calculated yield of L
was found to be 82%.

'H NMR [600 MHz, DMSO-dg, TMS, J (Hz), & (ppm)]: 12.86 (1H,
s), 11.15 (1H, s), 9.89 (1H, s), 9.07 (1H, s), 8.61 (1H, d, J=8.4),
8.03 (1H, d, J=9.0), 7.91 (1H, d, J=8.4), 7.72-7.70 (2H, m), 7.61
(1H, t, J=7.2), 7.44-7.40 (3H, m), 7.26 (1H, d, J=8.4), 7.01-6.97
(3H, m). **C NMR [150 MHz, DMSO-dg, TMS, & (ppm)]: 162.74,
162.40, 161.79, 160.13, 158.61, 134.81, 133.17, 132.26,
131.06, 128.89, 128.02, 127.82, 123.81, 121.70, 119.58,
118.72, 118.17, 116.59, 108.36. ESI-MS (positive mode, m/z)
Calculated for C,,H;;N50S: 372.1092 Found: 372.1067
[(M+H")].

UV-Vis and fluorescence spectroscopic studies for metal ion (an",
AP** and cu®) sensing

Stock solutions of various ions (1 x 10" mol-L™") were prepared
in deionized water. A stock solution of L (5 x 107> mol-L™") was
prepared in DMSO. The solution of L was then diluted to 10 x
10" mol-L™ and 20 x 10™® mol-L™* with CH;0H/aqueous HEPES
buffer (5mM, pH 7.3; 9:1, v/v) for
experiments and UV-Visible experiments respectively. In UV-
Visible selectivity experiment, the test samples were prepared
by placing appropriate amounts of the stock solutions of the
respective cations into a quartz optical cell of 1 cm path length
filled with 1.0 mL of probe solution (20 x 10™° mol-L'%). In
fluorescence selectivity experiment, the test samples were
prepared by placing appropriate amounts of the stock
solutions of the respective cations into 2.0 mL of probe
solution (10 x 107 mol-L™). For UV-Visible and fluorescence
titration experiments two different sets of metal ions (Zn2+,
A*" and cu®) standard solutions having 1mM and 5mM
concentrations were prepared by diluting the earlier prepared
stock solutions (1 x 10" mol-L'™") in 9:1 methanol-water
medium. Quartz optical cells of 1 cm path length were filled
with 1.0 mL and 2.0 mL solutions of L for UV-Visible and

the fluorescence
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fluorescence titration experiments respectively, to which the
(ImM and 5mM) ion stock solutions were gradually added
using a micropipette. For fluorescence measurements,
excitation was provided at 390 nm, and emission was acquired
from 410 nm to 700 nm. Spectral data were recorded within 2
minutes after addition of the ions.

UV-Vis spectroscopic studies for anion (F') sensing

Stock solutions of various anions (1 x 10 mol-L™") were
prepared in methanol. A stock solution of L (5 x 10~ mol-L™%)
was prepared in DMSO. The solution of L was then diluted to
20 x 10°° mol.L™* with CH5CN for the UV-Visible experiments. In
the selectivity experiment, the test samples were prepared by
placing appropriate amounts of the stock solutions of different
anions into a quartz optical cell of 1 cm path length filled with
1.0 mL of probe solution (20 x 10°° mol-L™). In the titration
experiment, a quartz optical cell of 1 cm path length was filled
with a 1.0 mL solution of L to which another sets of fluoride
ion stock solutions (5mM, prepared in methanol by diluting the
previous stock solution) was gradually added using a
micropipette.

Calculation of detection limit

The detection limits were calculated on the basis of the
fluorescence titrations. The fluorescence emission spectrum of
L was measured 10 times, and the standard deviation of blank
measurement was achieved. To gain the slope, the
fluorescence emission at 523 nm was plotted as a
concentration of AI** and the fluorescence emission at 494 nm
was plotted as a concentration of Zn”". The detection limits
were calculated using the following equation-

Detection limit = 3o/k €8

Where o is the standard deviation of blank measurement, and

k is the slope between the fluorescence emission intensity
2+ .. . . 3+

versus [Zn“"] or, emission intensity versus [AlI”].

Job’s plot experiment with UV Vis method

Ten sets of 2 mL CH;0H/aqueous HEPES buffer (5mM, pH 7.3;
9:1, v/v) solution were prepared with label 1 to 10. Now
appropriate amount of ligand stock solutions were (5 x 107
moI-L_l) added to each set of solution so that the
concentration of L in the solutions varies from 100uM to 10uM
respectively in the ten vials. Then appropriate amount of cu®
solution (5 x 1072 mol-L™) added to each set of solution so that
the concentration of Cu® in the solutions varies from ouM to
90uM respectively in the ten vials. In each set the total
concentration (metal + ligand) was kept constant at 100uM.
Now, UV-Vis spectra of all these 10 sets of solutions were
recorded and from that absorbance at 456 nm were plotted
against the mole fraction of cu® to get Job’s plot.

Dynamic light scattering studies

The particle size of L, L-AP* and L-zn* aggregates were
measured by dynamic light scattering (DLS) experiments on a
Malvern Zetasizer Nano ZS instrument equipped with a 4.0
mW He—Ne laser operating at a wavelength of 633 nm. The

This journal is © The Royal Society of Chemistry 20xx
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samples and the background were measured at
temperature (25°C) at a scattering angle of 173°. DLS
experiments were carried out with optically clear solutions of L
(10 uM) in 9:1 MeOH-H,0 and 1:9 MeOH-H,0 to observe the
change in particle size upon increasing water fraction. DLS
studies were also carried out with an optically clear solution of
L (10 uM) in 9:1 MeOH-H,0, in the presence of 20 equivalents
of A*" and zn®" ion separately to determine the changes in
particle size on interaction of L with these metal ions. The
solution was equilibrated for 30 minutes before taking the
measurements.

room

Results and Discussions

Aoa I
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L, L+other
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Figure 1: (A) UV-Visible spectra of L (20uM) in presence of 10 equivalents of various
metal ions in CH3OH/aqueous HEPES buffer (5mM, pH 7.3; 9:1, v/v) medium; Inset:
Visual changes of the solution of L (20uM) in presence of AI**, Zn** and Cu® ions. (B)
UV-Visible titration spectra of L (20uM) with incremental addition of cu® ion in
CH30H/aqueous HEPES buffer (5mM, pH 7.3; 9:1, v/v) medium, Inset: Change in
absorbance at 456 nm with the equivalents of Cu** added into the solution.

The probe L was synthesized with good yield and in pure form
by multi-step reactions (scheme 1). The design principle for the
probe to sense multi-analytes is based on the following
fundamental features: (1) The probe should contain
chromophore/fluorophore with an excitation/emission in the
relatively higher wavelength to get rid of the interference from
biological systems and (2) it should possess both the cation
and anion binding sites within a single molecule. Extensive UV-
visible and fluorescence spectroscopic studies were perused to
harvest the selective optical responses of L towards various
cations and anions.
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Figure 2: Emission spectra of L (10uM) upon changing the water fraction of methanol-
water mixed solvent; Aex = 390 nm. Inset: Change in the emission intensity at 525 nm
and visual changes in fluorescence (under UV light) with different water fractions.
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Figure 3: A) Fluorescence spectra of L (10puM) in CH;0H/aqueous HEPES buffer (5mM, pH 7.3; 9:1, v/v) medium in presence of 20 equivalents of different metal ions. INSET: Visual

changes observed for L in presence of AP

,Zn** and Cu® ions under UV light. B) Fluorescence titration spectra of L (10uM) with incremental addition of Zn* in CH30H/aqueous

HEPES buffer (5 mM, pH 7.3; 9:1, v/v) medium. INSET: Changes in the emission intensity at 494 nm with different concentration of Zn* ion. C) Fluorescence titration spectra of L
(10uM) with incremental addition of AP in CH30OH/aqueous HEPES buffer (5 mM, pH 7.3; 9:1, v/v) medium. INSET: Changes in the emission intensity at 523 nm with different

concentration of AI** ion. Aex =390 nm.

Interaction of metal ions with L: UV-Vis spectroscopic studies

UV-Visible spectra of L revealed a broad absorbance maximum
at 405 nm and a sharp absorbance maximum at 384 nm in
CH;0OH/aqueous HEPES-buffer (5mM, pH~7.3; 9:1, v/v)
medium, which might be attributed to the presence of
naphthalene chromophore in the probe (Figure 1A).The
selectivity of L was checked with chloride,
perchlorate salts of various metal ions which encompassed
Na+, K+, Ca2+, Mg2+’ CI'3+, Hg2+, CU2+, Pb2+, Zn2+, Fe3+, A|3+, C02+,
Ni**, cd** and Ag". Addition of Cu® to L yielded characteristic
colorimetric change as a new absorbance maximum emerged
at 456 nm, with the concurrent disappearance of the original
peaks at 405 nm and 384 nm (Figure 1A). Though, addition of
co®, Fe*" and Zn* also brought slight spectral change to the
UV-Visible spectra of L, those changes were very insignificant
compared to colorimetric change induced by cu®. All other
metal ions hardly influenced the spectral property of L. Thus
ligand L can sense cu* through selective colorimetric
response. Interestingly the spectral response of L toward cu*
was accompanied by a sharp visual color change of the
experimental solution from almost colorless to yellow, which
provided the scope for naked eye visible detection of cu®
(Figure 1A, Inset). To get a quantitative appraisal of the
interaction between L and Cu®’ a titration experiment was
carried out (Figure 1B). The gradual incremental addition of
cu* to L rendered a systematic growth of the absorbance
maxima at 456 nm with a simultaneous downfall of the peaks
at 384 nm and 405 nm. It is to be noted that a well-defined
isosbestic point was generated at around 420 nm up to
addition of 1 equivalent of cu* (spectra with solid black traces

nitrate or

This journal is © The Royal Society of Chemistry 20xx

in Figure 1B). With the addition of excess amount of cu®

results in a slight deviation from the isosbestic point (spectra
with dotted pink lines in Figure 1B). Thus initially the selective
colorimetric response of L towards Cu** might be attributed to
the chelation between L and Cu®" ion. Job’s plot obtained from
the titration experiment (Figure S5, ESI) hinted towards an
approximate 1:1.2 complex formation between L and cu®.
However, a conventional Job’s plot experiment (detailed as
mentioned in experimental section) has directly validated a 1:1
complex formation between L and cu* (Figure S6, ESI). Thus
the appearance of the absorption band at 456 nm with cu®
plausibly attributed to the deprotonated naphthol to metal
charge transfer (LMCT) where the metal chelation facilitated
the deprotonation of the naphthol moiety. The binding
constant for the formation of L-Cu complex is calculated using
the B-H (Benesi—Hildebrand) method, on the basis of change
in absorbance at 456 nm, considering a 1:1 binding
stoichiometry between L and cu®. The binding constant was
found to be 3.33x10* M™* (Figure S7, ESI). This high binding
constant value also endorsed the strong binding affinity of L
toward Cu®" in solution. Hence the probe L is capable of
detecting cu* through a selective colorimetric response, even
conspicuous by naked eye. The detection limit was calculated
according to the IUPAC method 1% and it was found to be 4.64
x107° M or, 0.29 ppm (Figure S8, ESI) which is way below the
US-EPA permissible limit of cu*in drinking water.

J. Name., 2013, 00, 1-3 | 4
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Interaction of metal ions with L: Fluorescence spectroscopic
studies

L is very weakly emissive in pure methanol. Interestingly
weakly emissive L in methanol became highly emissive in a
methanol—-water mixture with higher water content (Figure 2).
Dynamic light scattering (DLS) studies of L in a mixed aqueous
media suggested that the average particle size increased to
1545 nm from 612 nm with increasing water content of the
medium from 10% to 90%. These results strongly
recommended that L is an aggregation induced emission (AIE)
active compound. As the water fraction above 50% only could
lead to aggregation of L in medium itself (Figure 2, inset), all
the fluorescence experiments in presence of metal ions were
performed in 9:1 methanol-aqueous HEPES buffer medium,
where the ligand itself does not show AIE activity on its own.
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Figure 4: DLS-based particle size analysis of L (10uM) (A) upon changing the
solvent from 9:1 methanol-water to 1:9 methanol-water, (B) upon addition of 20
equivalents of zZn* ion. (C) upon addition of 20 equivalents of A* ion.

A weak emission band at 501 nm was observed when L was
excited at 390 nm in mixed solvents. The binding selectivity of
L was perused with chloride, nitrate or perchlorate salts of
various metal ions, as mentioned earlier. It was interesting to
note that amongst all tested metal ions only AP and zn**
rendered significant TURN-ON fluorescence responses (Figure
3A). Addition of A* to L manifested a 22 nm red shifted new

This journal is © The Royal Society of Chemistry 20xx
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peak at 523 nm along with a ~4 fold increase in fluorescence
intensity. On the other hand, interaction of Zn® with L
witnessed emergence of a 7 nm blue shifted emission
maximum at 494 nm also accompanied by ~3.8 fold
enhancement in fluorescence intensity (Figure 3A).

Moreover, naked eye detection of these selective individual
TURN-ON responses of L toward AI** and Zn®* was also feasible
under UV light, which rendered a bright yellowish green
fluorescence for AI** and a bluish-green fluorescence for zn*
(Figure 3A, inset).

//"‘a O //. )
o

[ A
i I, 1Eav.of - 20 Equ. of
HN- Znvl AP Zn® AP

HN ’ks " e

Scheme 2: Plausible sensing mechanism for metal ions.

However, the TURN-ON fluorescence response of L either in
the presence of A" or Zn®" ion was interfered moderately by
cu®, Co™ and Fe* ions. Thus there is a scope for interference
free sensing of A" and zn* in presence of all other metal ions
except Cu”’, Co® and Fe®" in 9:1 methanol-aqueous HEPES
buffer medium (Figure S9, ESI). To get a quantitative appraisal
of the relation between the change in fluorescence of L and
the amount of metal ions interacted with it, detailed
fluorescence titration experiments were conducted with both
AP as well as Zn*. It was observed that the incremental
addition of AI** or Zn* to L resulted in a systematic gradual
enhancement of the fluorescence intensity (Figure 3B & 3C).
However, contrary to the generation of the 22 nm red shifted
emission maxima in case of titration experiment with AI3+,
fluorescence titration with Zn®" witnessed formation of the 7
nm blue shifted emission maxima.

LA

g ais
: 09 04
a3

‘ 08 £

s S
! o7 1% iy s

] 3 ki

g, ]

=1 2 06 ans.

206 2 = b T
£ T 0s Wil Pt et
Sos H | I Eqv. of F

z 2 ga

=M ES /

=
o

02

L, L+Other anions § 0.1

280 330 350 410 480 530 S80 250 300 350 400 450 500 550 600
‘Wavelength (nm) ‘Wavelength (nm)

Figure 5: UV-visible spectra of L (20uM) in presence of 10 equivalents of different
anions in acetonitrile. Inset: Visual changes observed for L in presence of fluoride ion
under daylight. (B) UV-vis spectra of L (20uM) in presence of varying concentration of
fluoride ion in acetonitrile. INSET: Changes in the absorbance at 480 nm with
incremental addition of F~ ion.

Mass spectrum analysis confirmed the formation of a 1:1 L-
A** complex (Figure S10, ESI) as well as a 1:1 L-zn** complex
(Figure S11, ESI) with the generation of molecular ion peaks at
m/z = 478.33 ([Al + L + H,0 + NO;]*) and m/z = 490.85 ([Zn + L
+ 3H,0]") respectively.
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Figure 5: Frontier molecular orbital plots and energy level diagrams of L, L-zn* complex and L-APY complex. The calculations were performed using B3LYP/6-31 G (d,p) as

implemented on Gaussian 03.

'H NMR experiments of the ligand L were also carried out in
presence of A®* and zZn**. NMR experiments too supported
the chelation phenomena, as the —OH peak of L at ~ 12.9 ppm
broadened substantially after addition of the metal ions (AI3+
and zn®"), which actually imply that —OH was deprotonated
during complexation with either of the metal ions (Figure S12,
S13; ESI). The detection limits for AI*" and Zn** were calculated
according to the IUPAC convention using equation 1, and those
were found to be 6.86x107 M (Figure S14, ESI) and 1.03x10°
M for AI*" and zn®" (Figure S15, ESI) respectively, which are
well below the USEPA permissible level of AI*" and zn®" in
drinking water.

Presumably, metal chelation was held responsible for the
selective turn on fluorescence responses for AP’ and Zn** as
mass spectra indicated formation of a 1:1 L-AI*" and L-zn*'
complex. However, fluorescence titration experiment for both
A*" and Zn** downplayed the possibility of simple coordination
between L with AI** or Zn** by showing steady enhancement of
the emission intensity of L up to addition of 20-30 equivalents
of concerned metal ions (Figure 3B & 3C). Thus there is a
possibility that presence of excess Zn® or A" facilitated the
aggregation process in solution along with formation of
complex in the initial stages, which subsequently triggered the
AIE activity of L (Scheme 2).

Initially the complexation between L and AI**/Zn*" led to the
red/blue shift respectively up to addition of 1 equivalent of the
concerned metal ion; however further addition of metal ions
both in case of Zn*" and AI** actually assisted the aggregation
of the already formed complexes to enable the AIE behavior of
L and consequently revealed dramatic enhancement in the
corresponding fluorescence intensities. Extensive dynamic
light scattering (DLS) studies of L in a mixed aqueous media
were performed to understand the aggregation behavior of L
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in presence of excess of A** and zn®". DLS studies revealed
that the average particle size of the probe L in mixed-aqueous
(9:1 methanol-water; v/v) is 612 nm (Figure 4). Excitingly
average particle size increased from 612 nm to 811 nm in
similar condition in presence of 20 equivalents of A**. The
addition of 20 equivalents Zn*" also resulted in substantial
increase in the average particle size from 612 nm to 754 nm
(Figure 4). These results also support the observed metal ion
(AP* and Zn**)-triggered AIE activity of the probe L (Figure 3A).
It may be mentioned here that though a similar type of probe
(only differ in use of phenol moiety in place of naphthol
moiety),17b reported by Tong and co-workers showed ratio-
metric fluorescent response toward Zn** in aqueous ethanol;
our sensing system is much more effective and versatile
compared to that as it not only can sense A*" and zn* through
selective differential TURN-ON fluorescence responses but also
can sense Cu”* and fluoride via sharp colorimetric responses.
Alongside, simply changing the phenol moiety by naphthol
moiety induces the interesting aggregation induced emission
(AIE) activity of the probe to influence the sensing mechanism.

Interaction of anions with L: UV-Vis spectroscopic studies

The ligand L has potential anion binding sites too. Thus it was
prudent to peruse the spectral outcome of L in presence of
various anions (Figure 5A). Hence, binding selectivity of L was
checked in presence of various anions such as, F, Br, CI', I,
S0,>, HSO,, PFs, NO;~, HPO,”, H,PO, , OAc’, ClO,” etc. It was
astonishing to note that only the presence of excess (10
equivalents) tetra-butyl-ammonium salts of fluoride was able
to induce significant colorimetric response in acetonitrile
(Figure 5A) whereas all other anions hardly influenced the
spectral nature of L. Interaction of fluoride with L, resulted in
the emergence of a new absorbance maximum at 480 nm,
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with subsequent disappearance of the original peak at 378 nm.
Moreover, this spectral change was also accompanied by some
visual change in color from colorless to orange (Figure 5A,
Inset) which offers the scope for the naked eye detection of
Fluoride in organic medium.

Titration experiment was performed to get a quantitative
insight of the interaction between L and F. The titration
experiment revealed the systematic the
absorbance at 480 nm with concurrent fall of the absorbance
at 378 nm with the gradual incremental addition of fluoride to
L (Figure 5B). It may be mentioned here that addition of strong
base (tetra-butyl ammonium hydroxide) to L also generated a
new absorbance peak at around 462 nm which is in contrast to
the absorbance peak generated at around 480 nm by fluoride
in similar condition (Figure S16, ESI). Also the nature of
spectral response of the two curves is quite different from
each other. Meanwhile, mass spectral analysis advocated for
the 1:1 complex formation between L and fluoride ion by
showing molecular ion peak at m/z = 494.88 ([L + F + 2CH;CN
+ Na']) (Figure S17, ESI). Thus presumably this selective
colorimetric response towards fluoride ion is mainly attributed
to the specific coordination of the basic fluoride anion with L
through strong hydrogen bonding. NMR titration experiment
revealed that addition of fluoride ion up to one equivalent,
actually favored coordination process through strong
hydrogen bonding, as the —NH proton peaks became
weakened and broadened (Figure S18, ESI) during this
titration. Further addition of fluoride up to 2.0 equivalents, led
to the deprotonation, and thus furnished a peak at ~15.5 ppm,
corresponds to HF, (Figure S18, ESI). Hence, the fluoride
sensing may be attributed to the combined effect of
coordination and deprotonation of the probe.

increase in

Density Functional Theory (DFT) calculations

Extensive Density functional theory (DFT) calculations were
perused to get the theoretical aspects of the observed
selective emission responses of L towards AI** and zn?*. DFT
optimizations of L and it's Zn”* and AI*" complexes were
carried out with the B3LYP/6-31+G(d,p) method basis set using
the Gaussian 03 program. The optimized structures, HOMO
and LUMO of L, L-Zn** complex and L-AP’* complex are
presented in Figure 5. It was astonishing to note that there is
an increase in the HOMO to LUMO energy gap in case of
L-zn** complex whereas HOMO to LUMO energy gap
decreases in case of L-Al*" complex compared to L. Hence,
these changes in the energy gaps clearly backed strongly the
observed blue shift in emission maxima in case of Zn>* and red
shift in emission maxima in case of AI*".

Thus theoretically it is also likely that chelation followed by
subsequent aggregation leads towards the selective turn-on
fluorescence responses for both AI** and zn?*.

Density functional theory (DFT) calculations were also carried
out for L-F” and L-Cu** complexes. For the L-F, the lowering in
the energy of HOMO to LUMO energy gap also validated the
generation of observed red shifted absorbance maximum at
480 nm (Figure S22, ESI). Similarly, in case of L-Cu® complex
crunch in the HOMO to LUMO energy gap supported the

This journal is © The Royal Society of Chemistry 20xx
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emergence of the new red shifted absorbance maximum when
cu® was added to L (Figure S23, ESI). The optimized structures
of all the complexes are provided in the ESI (Figure S24, ESI).

Conclusions

In summary, here in we have synthesized a new fluorogenic
probe, which is capable of displaying interesting aggregation
induced emission (AIE) active property. The probe can detect
multiple targets at a time through differential colorimetric and
fluorometric responses. It can selectively sense cu* through
sharp colorimetric output through 1:1 chelation. Alongside, L
can sense Zn”* and AP*" in mixed buffer medium through
individual selective turn-on fluorescence responses which
might be attributed to the chelation mediated triggering of the
AIE behaviour of the probe. Nevertheless, as probe contains
anion binding sites also, it is capable of detecting fluoride
through a selective chromogenic response in acetonitrile.
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A rationally designed aggregation-Induced Emission (AIE) active probe acts as a turn-on fluorescent

sensor for Zn*" and AI** besides a colorimetric sensor for Cu** and F ions



