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A dialdehyde-based ligand rendered discriminatory sensing of AI’*, Zn*" and F ions. The
non-toxic receptor could also facilitate target metal sensing in live HeLa cells through imaging
studies.
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A dialdehyde-based multi-analyte sensor renders distinctive emission spectra for AP, Zn* and F ions. The ligand exhibited

different types of interactions with these three different ions resulting into the enhancement of fluorescence intensity at

www.rsc.org/

three different wavelengths. All the sensing processes were studied in details by absorption spectroscopy, emission

spectroscopy and 'H-NMR titration experiment. The ligand has the working ability in a wide pH range including the

physiological pH. The ligand is non-toxic and amicable for sensing intracellular AP and Zn® in live Hela cells.

Introduction

Development of molecular sensors for selective cation or
anion sensing is critical for a host of pertinent environmental,
biological and diagnostic applications.1 Amongst the cations,
zinc plays a critical role in a plethora of biological processes
and has significant healthcare implications.z’g'4 Though, there
are reports of zinc sensors,” still there is a need for developing
new sensors that render selective detection in presence of
analogous analytes such as cd* and in biological medium.
Chemists have also been actively engaged in developing AP
sensors, given the profound role of AP* in neurotoxicity and
neurodegenerative diseases® and its substantial impact on the
environment.” In the context of anions, development of
fluoride-specific sensors has gained prominence, owing to its
significant role in various human ailments.? Although, research
efforts in recent years has yielded some progress in developing
fluoride sensors’ sensing the anion in a competitive and
aqueous system still remains a formidable challenge for
analytical chemists.”®  With regard to the detection of
environmental and biologically relevant ions, fluorescence-
based tools are conceived to be efficient as they significantly
enhance the capabilities for rapid and specific sensing of target
analytes.“’lc However, the analytical merit of fluorescent
sensors developed against selective ions is limited in case of
multi-analyte mixtures. To address this challenge, design and
application of a single probe that renders multi-analyte sensing
in various formats has been reported in recent times.” To
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develop an efficient multi-analyte sensor, it is critical to
enhance the sensing repertoire of a single probe. This
necessitates judicious design of the sensing ligand in order to
achieve a discriminating response for various analytes.

The design principle of the reported ligand encompasses (i)
incorporation of a strong fluorophore, (ii) suitable chelating
ligand for binding metal ions and (iii) amide functionality for
anion binding (Scheme 1). Dialdehyde derivatives are well
known for their strong metal binding properties through two
Schiff’'s base —N atoms with the hydroxyl group present at the
centre of the binding cleft.”P11et the hydroxyl group readily
deprotonates on binding with metal ions, which switch-on the
ICT process and the CHEF process. Now, in order to ensure
efficient anion binding, the presence of H-bonding donor is
critical. Hence, in the present study, quinoline hydrazide
residue has been chosen for binding both cation and anion.
Quinoline has high affinity for AI3+, whereas the —NH and the —
OH will offer binding site to the anions. Based on this rationale,
herein, we report a single dialdehyde-based fluorescent probe,
which can differentially sense AP’*, Zn®>* and F ions and its
distinct spectral properties upon target interaction and its
application in live cell imaging studies are also reported.

Experimental Section
General Information and Materials

All the materials used for synthesis were purchased from
commercial suppliers and used without further purification. 2,
6-Diformyl-4-methylphenol (DFMP) was prepared by
modification of the literature method.™ Absorption spectra
were recorded on a Perkin-Elmer Lamda-750 UV-vis
spectrophotometer using 10 mm path length quartz cuvettes
in the range of 250-700 nm wavelength. Fluorescence
measurements were conducted on a
spectrofluorometer using 10 mm path length quartz cuvettes
with a slit width of 5 nm at 298 K. All the mass spectra were
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obtained using Agilent Technologies 6520 Accurate mass
spectrometer. NMR spectra were recorded either on a Varian
FT-400 MHz instrument or on a Bruker 600MHz instrument.
The chemical shifts were recorded in parts per million (ppm)
on the scale. The following abbreviations are used to describe
spin multiplicities in 1H NMR spectra: s = singlet; d = doublet; t
= triplet; m = multiplet.

Synthesis of the Receptor

The synthetic route of L is illustrated in scheme 1. Quinaldicic
acid was dissolved in ethanol and in ice cold condition thionyl
chloride was added drop wise over a period of 30 min with
constant stirring. After 1 hour stirring, the hazy mixture was
refluxed overnight. After evaporation of the solvent, water
was added and the pH was adjusted to 8.0 by the addition of
sodium bicarbonate. Subsequently the mixture was extracted
with ethyl acetate (3x50 ml). The organic layer was dried over
sodium sulphate and evaporation of the solvent gave the ethyl
ester of quinaldic acid as a colourless liquid. This ester was
used without further purification. This ester was then treated
with excess hydrazine monohydrate in ethanol. The mixture
was heated to reflux for overnight. After evaporation of the
solvent and the excess hydrazine under reduced pressure, a
white solid was obtained, which was dried in vacuum and was
used in the next step without further purification.

NH
(1) SOCL,, EtOH
Reﬂux Reﬂux
S \/@\/
7 E{OH, Reflux,
Overnight

Scheme 1. Synthetic route for L.
2,6-Diformyl-4-methylphenol (1mmol) was dissolved in

ethanol. Quinaldicic hydrazide (2mmol) was added to the
above solution and the mixture was refluxed for 4 hours to
give a yellow product. 'H NMR [400 MHz, CDCl3, & (ppm)]:
11.60 (1H, s), 11.23 (2H, s), 8.67 (2H, s), 8.37(2H, d), 8.32(2H,
d), 8.17 (2H, d), 7.89 (2H, d), 7.82 (2H, q), 7.65 (3H, 1),
1.69(3H,s). 3¢ NMR [100 MHz, CDCI3, 6 (ppm)]: 160.2, 155.8,
148.9, 146.6, 147.8, 138.0, 130.6, 129.9, 129.8, 129.1, 128.5,
128.0, 119.3, 20.4. ESI-MS (positive mode, m/z) Calculated [L
+H]+= 503.1832, Found 503.1867.

UV-visible and Fluorescence Spectroscopic Studies

Stock solutions of various ions (1><1O'3 mol L'l) were prepared
in deionized water. Perchlorate, chloride or nitrate salts of
metal ions were used to prepare metal stock solutions. In case
of anions tetra-butyl or tetra-ethyl ammonium salts were
dissolved in deionized water to prepare the stock solutions. A
stock solution of L (1><10'3 mol L™!) was prepared in DMSO. The
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solution of L was then diluted to 1x10™ mol L™ as required in
All the spectroscopic experiments of the
cations were performed in aqueous HEPES buffer medium (1
mM, pH 7.4) containing 0.33% of DMSO. In titration
experiments, a solution of L (1x10™° mol L) was filled in a
quartz optical cell of 1.0 cm optical path length, and the ion
stock solutions were added gradually to achieve a
concentration of 1x10™ mol L. Spectroscopic studies of L in
presence of different anions were performed in acetonitrile
medium containing 0.33% DMSO. In selectivity experiments,
the test samples were prepared by interacting appropriate
amounts of the cations stock into 2 mL of L solution (2><10_5
mol L'l). For all the samples, the spectra were recorded
following 1 min of the addition of the ions. For fluorescence
measurements, excitation wavelength was set at 450 nm and
emission was recorded from 460 nm to 720 nm.

different cases.

Evaluation of the Apparent Binding Constants

Stock solutions of AI** and Zn2+, having a concentration of
0.5x10° molL™, in aqueous HEPES buffer (pH 7.4) solution
were used. Receptor L with an effective concentration of
10.0x10™° molL™ in the aforementioned HEPES buffer medium
was used for the emission titration studies. The effective Zn®*
concentration was varied between 0 and 30x10™° M for this
titration. The solution pH was adjusted to 7.4 using an aqueous
HEPES buffer solution having an effective concentration of 1.0
mM. The basic equation (1) for determination of the ligand—
metal complexation is:

D+nM=C (1)
where D is the ligand molecule; M is the metal ion, and C is the
complex. The binding constant K of the metal complex was
determined by Eqg. (2), assuming the concentration of free
metal is about equal to its total concentration ([M] = [M],),
I-1,/1-1Im=[c]/ [D] = K [M]" )
where |y, I, and |,, are the corrected fluorescence emission
intensity (at A = 500 nm for A”** and A = 550 nm for Zn>*) of the
complex at initial, interval t, and the final state at which the
complex was fully formed upon addition of metal ion,
respectively. The binding constant K was determined from the
plot of the linear regression of log[(l - lo)/(Im— 1)] vs. log[M] in
Eq.(3), derived from Eq. (2), to obtain the intercept as log K
and the slope as n:

logl(l = lo)/ (Im = )] = log K + n log[M] (3)
The apparent binding constant for the formation of the L-F
complex was evaluated using the Benesi—Hildebrand (B-H)
plot (equation 4).

1/(1=1o)= 1/ {K (Imax— lo) C} + 1 /(Imax— lo) (4)
lg is the emission intensity of L at A = 575 nm, | is the observed
intensity at that particular wavelength in the
presence of a certain concentration of ion (C), l..x is the
maximum emission intensity value that was obtained at that A-
value during titration with varying ion concentration, K is the
apparent binding constant (Mfl) and was determined from the
slope of the linear plot, and C is the concentration of ion added
during titration studies.

emission

This journal is © The Royal Society of Chemistry 20xx
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Detection Limit of L for different ions
The detection
fluorescence titration. The fluorescence emission spectrum of
L was measured 10 times, and the standard deviation of blank
measurement was achieved. To gain the slopes, the ratios of
the emission intensities at respective A’s were plotted against
the concentration of different ions. The detection limits were
calculated using the following equation

Detection limit = 30/k (5)
where o is the standard deviation of blank measurement, and
k is the slope between the ratio of emission intensity versus
concentration of ion.

limit was calculated on the basis of the

X-ray crystallography

Block shaped crystal of suitable size was selected from the
mother liquor and immersed in silicone oil, and it was
mounted on the tip of a glass fiber and cemented using epoxy
resin. The intensity data were collected using a Bruker SMART
APEX-Il CCD diffractometer, equipped with a fine focus 1.75
kW sealed tube Mo-Ka radiation (A = 0.71073 A) at 298(3) K,
with increasing w (width of 0.3° per frame) at a scan speed of 5
s per frame. The SMART software was used for data
acquisition. Data integration and reduction were undertaken
with SAINT and XPREP™ software. Multi-scan empirical
absorption corrections were applied to the data using the
program SADABS. Structures were solved by direct methods
using SH ELXS-97® and refined with full-matrix least-squares on
F2 using SHELXL-97. All non-hydrogen atoms were refined
anisotropically and hydrogen atoms attached to all carbon
atoms were geometrically fixed and the positional and
temperature factors were refined isotropically. Structural
illustrations have been drawn with MERCURY-1.3 for
Windows."’

Cytotoxicity assay

The cytotoxic effect of L, L—Al complex and L—Zn complex on
Hela cells (human cervical carcinoma cells) was ascertained by
MTT assay. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) solution was procured from
Sigma-Aldrich, USA. Hela cells were initially grown in 25 cm?
tissue culture flask in Dulbecco’s modified Eagle medium
(DMEM) supplemented with 10% (v/v) fetal bovine serum
(FBS), penicillin (100g/mL) and streptomycin (100ug/mL) at
37°C in a CO, incubator. Subsequently, the cells were seeded
onto 96-well tissue culture plates (approximately 10* cells per
well) and incubated with various concentrations of compound
L, L—Al complex and L-Zn complex (10 uM, 20 uM, 30 uM, 40
UM, 50 uM and 100 puM) made in DMEM for a period of 24h.
Hela cells treated with DMSO or the metal salts were also
included in parallel sets as control. Following 24 h incubation,
the growth media was carefully aspirated and fresh DMEM
containing MTT solution was added to the cells and incubated
for 4 h at 37°C. Subsequently, the MTT solution was carefully
removed and the insoluble colored formazan product was
solubilized in DMSO and its absorbance was measured in a
microtitre plate reader (Infinite M200, TECAN, Switzerland) at

This journal is © The Royal Society of Chemistry 20xx

550 nm. MTT assay for every sample was performed in six sets.
Data analysis and calculation of standard deviation was
performed with Microsoft Excel 2010 (Microsoft Corporation,
USA).

Cell imaging studies

Initially HeLa cells were propagated in a 25 cm? tissue culture
flask containing DMEM medium supplemented with 10% FBS,
penicillin (100pug/mL) and streptomycin (100pug/mL) in a CO,
incubator. Prior to imaging studies, the cells were seeded into
a 6 well plate and grown in DMEM medium at 37°C till 80%
confluency in a CO, incubator. Subsequently, the cells were
washed thrice with sterile phosphate buffered saline (PBS) and
incubated with 25 puM L in DMEM at 37C for 1 h in a CO,
incubator. The cells were again washed thrice with sterile PBS
to remove excess ligand and bright field and dark field images
were recorded in separate sets using an epifluorescence
microscope (Nikon eclipse Ti) having a filter that allowed blue
light excitation and UV excitation. The cells were subsequently
incubated in sterile PBS in separate sets with either 50 uM of
aluminium nitrate or 50 uM of zinc nitrate salt for 1 h.
Following in incubation, the cells were washed thoroughly with
sterile PBS. Bright field and dark field images of the cells were
again recorded in an epifluorescence microscope using blue
light excitation (green emission) for Al(lll) and UV excitation
(yellow emission) for Zn(ll).

Results and discussion
Crystal structure of L

Block shaped single crystals of L were grown from slow
evaporation of its propanol It crystallizes in
monoclinic system with P21/c space group (Z = 8). The ligand L

solution.

crystallizes in monoclinic system of space group P2,/c. Crystal
structure shows two arms are not planer and stay little above
the plane of central inspection in
interaction pattern indicates a intramolecular H-bonding
between phenolic OH and imine N-atom (06---N8 = 2.624 A) is
present in each asymmetric unit which possibly holds the arm

benzene ring. Close

tightly. We have observed a dimeric interaction between two
ligand via carbonyl C=0 and aromatic C-H H-bond (Fig. 1 and
Fig. S20). Noticeably the only crystalline water molecule
connects two ligand perpendicularly by donating hydrogen to
quinoline N-atom atom and carbonyl C=0.

Figure 1 (a) Crystal structure of L. (b) Various non-covalent interactions in the
crystal.
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UV-Vis spectroscopic studies of L in the presence of metal ions
Interaction of L with various metal ions (Na*, K', Mg2+, Ca2+,
co™, Ni**, cu®, cd®, Ag’, Pb>, Hg®, AI**, cr®*, Fe**, Zn®") was
pursued in a HEPES buffer medium (5 mM, pH 7.4) containing
0.33% of DMSO. The receptor exhibited three characteristic
peaks at 289 nm (€ = 4.67 x 10* M™ cm’l), 315 nm (g = 3.96 x
10* m? cm’l) and at 368 nm (¢ = 2.65 x 10* M cm’l),
originating from m-m* transitions and the long conjugation
present in the free ligand system. Amongst various metal ions
(10 equivalent of each), interaction with AP**, Zn**, and Cu®*
only resulted in a change in the absorption spectra of L, with
the maximum change observed with zZn** (ESI,* Fig. S1).
Titration experiment with gradual addition of AI** ions resulted
in diminishing of the peaks at 289 nm, 315 nm and 368 nm
along with the emergence of a new peak at 430 nm (g = 1.97 x
10° M cm™ for A* and € = 1.51 x 10° M cm™* for zn**) (Fig.
2(A)), which can be attributed to the strong ligand-to-metal
charge-transfer (LMCT). Presence of isosbestic points at 337
nm and 395 nm established the transformation of free
receptor in its aluminium complex (Fig. 2(A)). Titration
experiment with Zn** yielded analogous results as in the case
of AI3+, albeit a change of higher magnitude (Fig. 2(B)).
Interestingly, a visual colour change from colourless to light
yellow and deep yellow were observed with A and Zn2+,
respectively (Fig. 2(A), inset).
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Figure 2. Changes in absorption spectra of L (25 uM) with (A) the incremental addition
of AI**. Inset: colour change upon the addition of AI** and Zn** to L, (B) the incremental
addition of Zn*.

Fluorescence spectroscopic studies of L in the presence of metal
ions

When excited at 450 nm, L displayed a weak emission peak at
520 nm. In presence of a set of metal ions (Na*, K', Mg®*, ca®*,
co®, Ni**, cu®, cd*, Ag', Pb*, Hg*", A**, cr*', Fe*', zn™) in a
buffered solution, a remarkable enhancement in the emission
spectra of L was observed only with AP and zn®" at two
distinct wavelengths corresponding to 500 nm and 550 nm,
respectively (ESI,¥ Fig. S2). These results validated the
selectivity of L towards AP and zn*". Consequently, green
fluorescence was observed in case of A’* whereas greenish
yellow fluorescence was observed upon interaction with Zn*"
(ESI, * Fig. S2, inset). Titration experiments were also
performed with gradual addition of A" and zZn®* to the
solution of L. In both the cases, a systematic increment in the
emission intensity of L was observed (Fig. 3). It may be
mentioned that in both cases, enhancement in emission

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

intensity of L became minimal after the addition of two
equivalents of the target metal ions (Fig. 3, inset). Further from
the UV/Vis absorption spectra isosbestic points were observed
at 337 nm, 395 nm and 395 nm respectively. Using the higher
wavelength isosbestic point (395 nm) as excitation wavelength
for emission experiments, analogous results were obtained for
the target metals. Job’s plot obtained from the titration
experiments yielded 1:2 stoichiometry for both AP and zn™*
(ESI, T Fig. S7- S8). The association constant of L for A®* and
Zn?* derived from Bensei-Hildebrand p|0t13’ f (ESI,* Fig. S9-
$10) was observed to be 1.07 x 10° M™ and 1.75x 10° M_Z,
respectively. The detection limit of L for AP and zZn®* was 32
ppb and 35 ppb, respectively. The quantum vyield of the free
receptor was 0.002 whereas quantum yields for L-Al and L-Zn
complexes were found to be 0.42 and 0.54 respectively. The
selectivity of L towards APP* and zn®* was also established
through experiments in the presence of competing metal ions
(ESI,* Fig. S5-S6).

Intensity (a.u)

Intensity (a.u)

700

600
Wavelength (nm)

Figure 3. Changes in emission spectra of L (25 pM) (A) with the incremental addition of

AP*. Inset: (a) Intensity at 500 nm vs [AI*] plot, (b) Visual colour change upon the
addition of A®" and zn® to L under UV lamp (A= 365 nm). (B) with incremental
addition of an, Inset: Intensity at 550 nm vs [an] plot.

UV-Vis spectroscopic studies of L in the presence of anions

To ascertain the sensing potential of L towards multi-target
analyte, spectroscopic studies in presence of different anions
were performed in an acetonitrile medium with 0.33% DMSO
as a co-solvent. Among a set of different anions (F, CI’, Br’,
OH", I, NO; , HSO5~, SO,>, Clo,”, ClO;", CN', S,”, H,PO,,
PO437), a prominent change in the absorption spectra of L was
manifested only upon addition of F~ (ESI,T Fig. S3). Titration of
L with incremental amount of F resulted in a systematic
decrease in the absorption peak at 368 nm and emergence of
a new peak at 506 nm (Fig. 4A). Two distinct isosbestic points
at 340 nm and 395 nm in the titration spectra indicated the
formation of a new species. Interestingly, the colour of the
solution changed from colourless to orange during the titration
process (Fig. 4A, inset).

Fluorescence spectroscopic studies of L in the presence of anions

When a set of various anions was used as target analyte, only
F imparted a change in the emission spectra of L while other
anions failed to induce any variation (ESI,* Fig. S4). Titration of

This journal is © The Royal Society of Chemistry 20xx
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Absorption
Intensity (a. u)

700

Figure 4. Changes in (A) absorption spectra of L(25 pM) with the incremental addition
of F™. Inset: Visual colour change upon the addition of F~ to L, (B) emission spectra of
L(25 uM) with the incremental addition of F~. Inset: Visual colour change upon the
addition of F~ to L under UV lamp (Ae= 365 nm).

L with fluoride triggered a distinct enhancement in the
emission intensity at 575 nm and the fluorescence of the
solution also changed to bright orange (Fig. 4B, inset). Jobs
plot derived from the titration process revealed a 1:1
stoichiometry between L and F. The receptor L could detect F°
as low as 40 ppb. The quantum yield of the free receptor was
0.002 whereas quantum vyield for L-F ensemble was calculated
to be 0.40. The spectral and colour change were due to the
formation of receptor-fluoride H-bonded complex. This
phenomenon was validated by addition of a small volume of
water/methanol, which yielded a colourless solution.

pH dependent study

At lower pH (2-5), L was unable to sense any of the metal ions
due to the protonation of the receptor. In the pH range of 5.5-
9.5, the sensing behaviour of L towards both the metal ions
was robust. At pH greater than 10, L could only recognize Zn*"
through a turn-on response. Interestingly, the receptor
displayed stable fluorescence at physiological pH (ESI,t Fig.
S11), which suggested that the receptor is likely to be amicable
for sensing in the physiological microenvironment and cellular
milieu.

"H-NMR titration experiment of L in presence of AP, Zn* and F

To probe the interaction between L with A" and zn?*, 'H-NMR
titration experiment was performed for both the metal ions.
Titration of L with A** resulted in upfield shift for -NH (0.020
ppm), -OH (0.049 ppm) and the Schiff base protons (0.056
ppm) (ESI,* Fig. S17). In case of titration with Zn*" similar
trends of lesser magnitude were observed (ESI,* Fig. S18).
With the gradual addition of Zn**, the reduction in the
intensity of —OH group peak was accompanied by an upfield
shift, which indicated deprotonation of L. The above results
strongly indicated that the phenolic —OH group and the Schiff
base N-atoms bind with both the metal ions along with the
deprotonation of the phenolic —-OH group. Involvement of the
quinoline ring in binding with A** was clear from the shifts of
the quinoline ring protons whereas in the case of Zn2+,
quinoline ring did not participate in binding which was also
evident from the 1H-NMR experiment. The changes in the 'H-
NMR spectra of L were observed up to the addition of two
equivalents of zn* ions, which supported the results obtained

This journal is © The Royal Society of Chemistry 20xx

from the absorption and emission spectroscopy. '"H- NMR
titration of L with tetra-butyl salt of fluoride yielded prominent
changes in comparison with the metal ions (ESI,* Fig. S19).
Deprotonation of both the phenolic —OH group and the —NH
group was observed on the addition of excess of F~ ion. Initially
the phenolic —OH group, was deprotonated and a downfield
shift along with reduction in the intensity of the —NH proton
was observed (A3=0.055 ppm). The imine proton also
confronted downfield shift of A3=0.116 ppm, whereas the
quinoline ring protons were shifted upfield but the shifts (AJ)
were miniscule compared to the other changes. So, due to
deprotonation of both the phenolic -OH and the —NH groups,
sharp changes were observed in the case of fluoride in both
absorption and emission spectroscopy.

Plausible Mechanism of sensing

The low fluorescence of the free receptor may be attributed to
the absence of intramolecular charge transfer (ICT) and the
free rotation around the imine bond. Upon interaction with
the target analytes, the free rotation around the imine bonds
got restricted, which resulted in the formation of a rigid
platform. Hence, chelation enhanced fluorescence (CHEF)
process occurred in the presence of the analytes. Further, in all
cases, deprotonation triggers the ICT process, which leads to
the turning-on of the fluorescence of the receptor. Moreover,
a difference in charge density of the cations likely to affect the
ICT mechanism as the ligand is directly involved in binding with
the cations. This may account for the change in emission
maximum of the probe upon interaction with Al(lll) and Zn(ll).

oah

Scheme2: Schematic representation of sensing of AI**, Zn> and F~ by L.

Biological studies of L in the presence of metal ions

On the basis of the excellent response of L towards AP and
Zn®" in solution mimicking the physiological condition, we
anticipated that L could be explored for the sensing of these

J. Name., 2013, 00, 1-3 | 5
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Blue /UV light Merged

©)

Figure 5. Fluorescence microscopic images of Hela cells treated with (A-C) 5.0
uM of L, (D-F) pre-treated with 5.0 uM of L followed by addition of 50 uM AP
solution, (G-1) pre-treated with 5.0 uM of L followed by addition of 50 uM zn**
solution. Scale bar for the images is 100 pM.

target metals in live cells. To accomplish this goal, it was
significant to probe the cytotoxic effect of L and its metal
complexes on live cells. A conventional MTT assay, which is
based on the mitochondrial dehydrogenase activity of viable
cells illustrated that L as well as the metal complexes failed to
affect the viability of the HelLa cells even at a concentration as
high as 50 uM (ESI, T Fig. S12). Subsequently, sensing of APt
and zn*" was pursued in Hela cells by cell imaging studies,
wherein the cells were initially incubated with 10 uM of L
followed by addition of 20 uM each of either A" or Zn®" in
separate sets. Hela cells incubated with only L failed to exhibit
any fluorescence. Upon incubation with Al(lll) and using blue
excitation, bright green fluorescence manifested in the cells
(Fig. 5). Interestingly, in case of Zn(ll), when Hela cells were
subjected to UV excitation, a yellowish-orange fluorescence
was conspicuous in the cells (Fig. 5). These results were
significant and highlight the analytical merit of L as the probe
could differentiate Al(lll) and Zn(ll) in the complex biological
milieu, akin to earlier results obtained in solution-based
experiments (Fig. 3). It was also noted that the fluorescence
emission obtained for both the target metals was well spread
in the cell, which suggested that the ligand could traverse
across the cell membrane and diffuse throughout the cell. It
was the Hela cells retained their
morphological trait during the cell imaging studies (Fig. 5),
which reiterated the non-toxic nature of the developed
receptor.

also evident that

Conclusion

In brief, we have designed and synthesized a new di-aldehyde-

based sensor, which facilitates distinctive sensing of AI3+, zn*

and F. The present work is a judicious illustration of

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

developing a single fluorescence-based probe for multi-

analytes, which may render useful applications in
environmental and diagnostic regime.
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