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a b s t r a c t

A dual emitting acridinedione fluorophore, 9-(4-(dimethylamino)phenyl)-3,4,6,7,9,10-
hexahydroacridine-1,8(2H,5H)-dione (DMAADR-1), was synthesized and its dual fluorescence behavior
was found to be greatly affected by the presence of both transition metal ions and anions. Addition
of transition metal ions results in the fluorescence enhancement in the locally excited (LE) state with
vailable online 11 September 2009
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the disappearance of charge transfer (CT) state by suppression of photoinduced electron transfer (PET)
process. Whereas in the case of anions like acetate, phosphate and fluoride, a triple fluorescence is
observed, corresponding to the LE state, PET promoted CT state and anion induced CT (AICT) state. Since
the present molecule can act as heteroditopic host for both transition metal ions and anions, we have
carried out simultaneous binding studies of metal ions and anions. These studies clearly proved the

nd th
hotoinduced electron transfer
nion induced charge transfer

sequestering of the ions a

. Introduction

The understanding of dual fluorescence of organic molecules
n solution offers a challenging problem. Four decades ago, Lip-
ert et al. [1,2] discovered the dual fluorescence behavior of
-(N,N-dimethylamino)benzonitrile (DMABN) in polar solvents.
ince then, this phenomenon has been observed for a wide range
f systems of the same family as well as nonsubstituted linear
olyene compounds [3]. Apart from the dual fluorescence, triple
uorescence was also observed in some compounds due to various
hotophysical processes. For example, triple fluorescence states
ere reported for DMABN in polar solvents, using time-resolved

nfrared (TRIR) spectral studies [4], and the peaks are assigned to
he normal LE, CT state and hydrogen bonded CT state (HICT);
riple fluorescence was also observed in DMABN–cyclam com-
lex in ethanol corresponding to LE state, a twisted intramolecular
harge transfer (TICT) state, and an intramolecular exciplex [5,6];
ressure induced triple fluorescence of N-salicylidine-3-hydroxy-
-(benzo[d]thiazol-2-yl)phenyl amine (SaIHBP) was reported [7]
nd the peaks are assigned to the emission from the enol–enol,

eto–enol, enol–keto excited states of the molecule; solvent
nduced triple fluorescence of SaIHBP was also reported corre-
ponding to the presence of three excited state tautomers [8]; triple
uorescence of substituted benzanilide was observed correspond-

∗ Corresponding author. Tel.: +91 44 24540962; fax: +91 44 24546709.
E-mail address: prm60@hotmail.com (P. Ramamurthy).

010-6030/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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us tuned the fluorescence of DMAADR-1 between OFF–ON states.
© 2009 Elsevier B.V. All rights reserved.

ing to LE state, intermolecular proton transfer between trans isomer
and intramolecular charge transfer (ICT) state [9]; BF2-chelated
tetraaryl aza dipyrromethane shows triple fluorescence on the vari-
ation of acid content due to the stepwise protonation process [10].

Fluorescence OFF–ON signaling systems for various neutral and
ionic analytes have attracted considerable attention due to their
biological, chemical and environmental importance [11,12]. Among
the various fluorescent sensors, the PET-based chemosensors are
widely used and have been proven successful as direct fluorescent
cation and anion sensing molecules [13–16]. Generally N or O donor
centres chosen to be the cation receptors [17,18] and the hydro-
gen bonding donors like urea, thiourea, amide, pyrrole, imidazole,
indole moieties or boron, silicon which can form Lewis adduct with
anion chosen to be the anion receptor [19–23]. Simultaneous sens-
ing of both types of charged analytes have been achieved with
the use of heteroditopic host that can simultaneously bind both
metal ions and anions [24–30]. Fluorescence enhancement is con-
sidered as an essential feature of a chemosensor, because it reduces
the interference induced by other factors [31]. Unlike alkaline and
alkaline earth metal ions, most of the transition metal ions are
known as fluorescence quenchers, design of OFF–ON type fluores-
cent chemosensors for transition metal ion is a difficult task. There
are two developed strategies to solve this problem. One is to design

a proper receptor which binds the ions tighter than fluorophore
does and the other one is use of electron deficient fluorophore to
avoid the direct communication between the fluorophore and the
transition metal ion. With all these in our mind we have designed a
chemosensor with dimethylamino group as a receptor and the elec-

http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:prm60@hotmail.com
dx.doi.org/10.1016/j.jphotochem.2009.09.004
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Fig. 1. In protic solvents, protonation of the dimethylamino group
increases the oxidation potential of donor group, which results in
the LE state fluorescence only. Substitution of n-butyl group in the
10th position (acceptor), did not show any change in the emis-
Scheme 1. Structu

ron deficient acridinedione as a fluorophore. In addition to this,
he ring amino hydrogen serves as a good hydrogen bond donor,
hrough which anion sensing was achieved. Since the present sys-
em consists of two distinct binding sites for the transition metal
ons and anions, sensing of both types of analytes will be possible
sing this system.

Our interest has been in the design of fluorescent sensor
olecules capable of selectively monitoring metal ions and anions

sing acridinedione (ADD) as a fluorophore [32–35]. Since both
ET and ICT mechanism can operate in acridinedione, it will be
ood to use it as a signaling unit in sensor molecules. Acridine-
ione dyes have been reported as a laser dyes with lasing efficiency
omparable to that of coumarin-102 [36–39]. The photophysical
nd photochemical properties of ADD dyes in solution [40,41] and
MMA matrix were extensively studied [42]. Dual emission behav-
or of 9-N,N-dimethylaniline decahydroacridinedione (DMAADD)
as been studied and this was attributed to the presence of two
ifferent emission states, namely locally excited (LE) and PET pro-
oted CT state [32]. Here, we report the metal ion and anion

inding studies of DMAADR-1 molecule, which shows triple flu-
rescence in the presence of anions. To confirm the involvement
f amino hydrogen in the hydrogen bonding interaction with the
nions we have synthesized a reference compound with n-butyl
roup instead of hydrogen on the ring nitrogen atom.

. Experimental methods

All the metal ions (as their perchlorates); anions (as their tetra-
utyl ammonium salts); cyclohexanedione and 4-dimethylamino
enzaldehyde were purchased from Sigma–Aldrich Chemicals Pvt.
td. Acetonitrile used in this investigation was of HPLC grade pur-
hased from Qualigens India Ltd. Absorption spectra were recorded
n Agilent 8453 diode array spectrophotometer. Emission spectra

ere recorded in PerkinElmer MPF-44B fluorescence spectropho-
ometer interfaced with PC through Rishcom-100 multimeter.
luorescence decays were recorded using IBH time correlated sin-
le photon counting technique as reported elsewhere.

. Results and discussion

In order to confirm the involvement of both the chromophores
n the anomalous CT state formation, we have prepared different
cridinedione derivatives (Scheme 1) with varying substitution at
he donor and acceptor moiety by the methods described in the

iterature [38]. Absorption spectra of these dyes shows a maxi-

um at 360 nm in acetonitrile, and this band has been assigned
o the ICT from the ring nitrogen to ring carbonyl oxygen centre
ithin the acridinedione fluorophore (Fig. S1). Presence of electron
onating substituents in the 9th position (donor) did not show any
cridinedione dyes.

change in the absorption maximum. Whereas, the presence of the
same in the 10th position shows red shift due to its ICT nature. A
shoulder at the shorter wavelength is observed for DMAADR dyes
around 300 nm and this is assigned to the intramolecular transi-
tion within the substituted 9-aryl group (donor). In contrast to the
absorption spectrum, the emission spectrum (Fig. S2) recorded by
exciting the dye at its longer wavelength absorption maximum is
found to depend on the electron donating property of the groups
present in the 9th position. For ADR, the first excited state remains
largely localised on the acridinedione itself. Whereas in DMAADR-1
and -2, the PET from the donor to the acceptor produces a low lying
anomalous CT state in aprotic polar solvents as similar to our ear-
lier report [32]. This CT state leads to the new longer wavelength
fluorescence (around 570 nm) in addition to the LE state emission
(around 420 nm) as observed in ADR. Emission maximum of both
the states was found to be independent of excitation wavelength.
However, CT/LE state intensity ratio depends on the excitation
wavelength. Excitation of DMAADR-1 at 300 nm results in the larger
ratio of CT/LE state intensity compared to other wavelengths as
shown in Fig. S3. Since CT state originates from the dimethylamino
donor moiety, excitation at its absorption wavelength leads to the
stronger CT state fluorescence compared to LE state. The emission
spectra of DMAADR-1 recorded in various solvents are shown in
Fig. 1. Emission spectra of DMAADR-1 in different solvents (1) methanol, (2) water,
(3) benzene, (4) chloroform and (5) acetonitrile.
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Table 1
Fluorescence lifetime parameters of ADR, DMAADR-1 and DMAADR-2 in acetonitrile. �ex = 375 nm; preexponential factors (in parenthesis).

Dyes Decay monitored at 420 nm Decay monitored at 487 nm Decay monitored at 570 nm

�1 (ns) �2 (ns) �3 (ns) �1 (ns) �2 (ns) �3 (ns) �1 (ns) �2 (ns)

ADR 5.65 – – 5.65 – – – –
DMAADR-1 0.62 (34.58) 1.54 (65.42) – 0.62 (71.64) 1.54 (28.36) – 0.62 –
DMAADR-1 + Mn2+a 2.30 – – 2.30 – – 2.30 –
DMAADR-1 + AcO−b 0.62 (13.26) 1.54 (31.32) 6.30 (55.42) 0.62 (24.84) 1.54 (5.90) 6.30 (69.26) 0.62 (45.65) 6.30 (54.35)
DMAADR-2 0.62 (5.23) 4.06 (94.77) – 0.62 (42.02) 4.06 (57.98) – 0.62 (95.42) 4.06 (4.58)

7.15 – – 7.15 –
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turns from biexponential to single exponential during the addition
of metal ions. Fig. 4 presents the fluorescence decays of DMAADR-1
at different concentrations of Mn2+ in acetonitrile. In the presence
DMAADR-2 + Mn2+a 7.15 – –

a At the limiting concentration of Mn2+ (Table 2).
b Concentration of AcO− is 3.04 mM.

ion maximum of CT state; whereas it caused enhancement of LE
tate intensity compared to CT state due to the increased charge
ensity on ring nitrogen. The above observations clearly state that
oth the donor and acceptor moieties of DMAADR-1 are involved

n the longer wavelength anomalous CT state formation. Fluores-
ence decay of ADR obeys single exponential fit with the lifetime
f 5.65 ns. Whereas, DMAADR dyes show biexponential decay in
E state and single exponential decay in the CT state (Table 1). The
onger lifetime component is due to the PET quenched LE state and
horter lifetime component is due to the PET promoted CT state.
MAADR-1 shows lifetime of 0.62 and 1.54 ns for CT and LE state

espectively. The biexponential nature of the fluorescence decay at
avelengths below 530 nm is due to the spectral overlap of the LE

nd CT states. Above 530 nm, only the CT state lifetime of 0.62 ns
s observed. DMAADR-2 shows 0.62 and 4.06 ns for CT and LE state
espectively.

.1. Metal ion binding studies

Figs. 2 and 3 show the effect of Fe(II) on the absorption and
mission spectra of DMAADR-1 in acetonitrile respectively. The
isappearance of the DMA absorption around 300 nm in the pres-
nce of transition metal ions suggests the interaction of metal ions
ith the DMA donor group in the ground state. The corresponding

mission spectra show fluorescence enhancement in the LE state
ccompanied with the disappearance of CT state. In the presence of
he transition metal ions, the fluorophore-donor communication is

urned off due to the binding of the metal ions at the donor site,
hereby leading to the fluorescence enhancement in LE state and
uppression of longer wavelength CT state as similar to our earlier
eport [32]. Full recovery of the fluorescence takes place at the lim-
ting concentration (Table 2) of the metal ion due to the complete

ig. 2. Absorption spectra of DMAADR-1 (1.60 × 10−5 M) in acetonitrile upon addi-
ion of Fe2+ (0–0.45 mM).
Fig. 3. Emission spectra of DMAADR-1 (1.60 × 10−5 M) in acetonitrile upon addition
of Fe2+ (0–0.48 mM). �ex = 380 nm. Inset shows the emission spectra in the region of
500–675 nm.

suppression of PET process. The maximum fluorescence enhance-
ment of DMAADR-1 dye for various metal ions is presented in
Table 2. The fluorescence decay monitored at the LE state gradually
of metal ions, the CT state shorter lifetime component (0.62 ns)

Fig. 4. Fluorescence decay profiles of DMAADR-1 (1.96 × 10−5 M) at different con-
centrations of Mn2+ in acetonitrile, �ex = 375 nm and �em = 570 nm. (a) Laser profile,
(b) dye alone, (c) 0.22 mM of Mn2+, (d) 0.67 mM of Mn2+, (e) 1.11 mM of Mn2+ and
(f) 1.56 mM of Mn2+.
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Table 2
Fluorescence output of DMAADR-1 and DMAADR-2 (1.60 × 10−5 M) in acetonitrile with different transition metal ion input. �ex = 380 nm
(at isosbestic point).

Input metal ion DMAADR-1 DMAADR-2

Limiting concentration
of metal iona [M]

Output fluorescence
enhancement

Limiting concentration
of metal iona [M]

Output fluorescence
enhancement

MnII 1.4 × 10−3 300 1.6 × 10−3 98
FeII 4.8 × 10−4 430 2.4 × 10−4 125
CoII 2.8 × 10−2 222 4.6 × 10−2 81
NiII 1.1 × 10−3 252 6.4 × 10−3 86

3.7 × 10−5 56
8.5 × 10−3 85

scence enhancement is maximum.
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ing intensity. This triple emission states are also confirmed by time
resolved fluorescence studies. Figs. 7 and 8 show the fluorescence
decay of DMAADR-1 with the addition of AcO− when monitored
at 487 and 570 nm respectively. Addition of AcO− shows triex-
CuII 3.7 × 10−5 174
ZnII 1.2 × 10−3 229

a Represents the concentration of the metal ion for which fluore

isappears gradually and the PET quenched LE state longer life-
ime increases (1.54–2.30 ns) along with increasing amplitude. We
bserve a single exponential decay with longer lifetime component
t the limiting concentration of metal ions.

Metal ion binding studies of DMAADR-2 also shows the simi-
ar behavior as in the case of DMAADR-1. But due to the enhanced
CT transition within the acridinedione fluorophore, it shows rel-
tively stronger LE state fluorescence and thus the enhancement
atio with metal ions remains lower. The maximum fluorescence
nhancement of DMAADR-2 dye for various metal ions is presented
n Table 2.

.2. Triple emission states in the presence of anion

Fig. 5 shows the absorption spectra of DMAADR-1 in acetoni-
rile in the presence of varying concentration of acetate. Addition
f AcO− shows a red shift of 14 nm (356–370 nm) along with an isos-
estic point at 366 nm. A clear isosbestic point shows the existence
f two states of 1:1 complex. The corresponding fluorescence spec-
ra (Fig. 6), when excited at its isosbestic point show the formation
f a new emission peak at 487 nm in addition to the normal LE and
T state emission. Whereas the addition of AcO− to the ADR dye,
hich has the similar anion binding site, shows a linear decrease in

he LE state (420 nm) intensity along with the formation of a new
missive ICT state around 490 nm. In the present study, dual emit-
ing acridinedione DMAADR-1 shows a new peak corresponding

o the anion induced charge transfer (AICT) in addition to the LE
nd CT peaks. In order to confirm the above three different emis-
ion states, 3D emission spectral studies have been performed as
hown in Fig. S4. In acetonitrile, two contours at the emission wave-
ength of 420 and 570 nm were observed for DMAADR-1. After the

ig. 5. Absorption spectra of DMAADR-1 (2.80 × 10−5 M) in acetonitrile upon addi-
ion of AcO− (0–7.68 mM).
Fig. 6. Emission spectra of DMAADR-1 (2.80 × 10−5 M) in acetonitrile upon addition
of AcO− (0–14.57 mM). �ex = 366 nm.

addition of AcO−, third contour at 490 nm appears with increas-
ponential decay when monitored at 487 nm with the lifetime of

Fig. 7. Fluorescence decay profile of DMAADR-1 (2.30 × 10−5 M) at different con-
centrations of AcO− in acetonitrile; �ex = 375 nm and �em = 487 nm: (a) laser profile,
(b) dye alone, (c) 0.076 mM of AcO− , (d) 0.101 mM of AcO− , (e) 0.507 mM of AcO− ,
(f) 1.013 mM of AcO− and (g) 3.040 mM of AcO− .
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ig. 8. Fluorescence decay profile of DMAADR-1 (2.30 × 10−5 M) at different con-
entrations of AcO− in acetonitrile; �ex = 375 nm and �em = 570 nm: (a) laser profile,
b) dye alone, (c) 0.076 mM of AcO− , (d) 0.101 mM of AcO− , (e) 0.507 mM of AcO− ,
f) 1.013 mM of AcO− and (g) 3.040 mM of AcO− .

.54 ns (LE state), 6.30 ns (AICT state) and 0.62 ns (CT state). At
70 nm, it shows biexponential decay corresponding to CT and AICT
tate. The CT component amplitude (0.62 ns) decreases gradually
n increasing concentration of AcO−, and the new longer com-
onent (6.30 ns) amplitude increases. These observations confirm
he presence of three different emission states of the DMAADR-1
n the presence of acetate ion as shown in Scheme 2. The bind-
ng of AcO− through hydrogen bonding at the amino hydrogen
ncreases the electron density, thereby enhancing ICT transition
n the ADR system that results in the observed red shift in the
bsorption maximum and the formation of new ICT peak in the
mission spectral studies. Further more, the enhanced electron
ensity in the acceptor moiety decreases reduction potential of
he fluorophore and thus suppresses the PET process, which is
learly observed from the decreasing amplitude of the CT state
uorescence lifetime. Binding of metal ion at the PET donor site

ncreases the oxidation potential of the donor and thus suppresses
he PET process. In the same way, binding of anion at the PET
cceptor site decreases the reduction potential of the acceptor and
hus suppresses the PET process.

−
Addition of H2PO4 shows a red shift of 11 nm (356–367 nm)
long with a clear isosbestic point at 363 nm (Fig. S5). The corre-
ponding fluorescence spectra shows red shift in the LE state along
ith the formation of new peak around 480 nm without altering
T state (Fig. S6). The group is at present working on the theoret-

Scheme 2. Triple emission states of DMAADR-1 in the presence of AcO− .
hotobiology A: Chemistry 208 (2009) 117–124 121

ical studies to determine the exact conformation of anion bound
DMAADR-1, which will reveal the observed red shift in the case
of H2PO4

−. Addition of F− shows a color change visible to naked
eye (from colorless to an intense fluorescent green). Upon addition
of F−, the peak at 356 nm decreases while a new peak appears at
450 nm (Fig. S7) with a isosbestic point around 385 nm. The emis-
sion spectra recorded by exciting the sample at its isosbestic point
show a new strong peak around 500 nm (Fig. S8). Since this peak is
very strong, other two peaks namely LE and CT peaks are not clearly
visible. The time resolved fluorescence studies of DMAADR-1 with
H2PO4

− and F− also show the similar behavior as in the case of
AcO−. H2PO4

− shows the longer lifetime of 6.58 ns and F− shows
6.12 ns.

Addition of AcO− and H2PO4
− results in the in the hydrogen

bonding with the amino hydrogen, whereas the addition of F−

resulted in the deprotonation, which enhances push–pull charac-
ter of the ICT transition, which reflected in the visible color change
and the large red shifted new emission maximum. Addition of OH−

also shows the new absorption peak around 460 nm which is due
to the deprotonated form of the DMAADR moiety. The deproto-
nated form of the ADR dyes absorbs around 450–470 nm and emits
around 500–520 nm [43]. The similar response of F−, as in the case
of OH− confirms that DMAADR− is formed due to the deprotona-
tion of the amino hydrogen of the DMAADR-1 moiety. The above
photophysical changes mainly depend on the charge, size, electro
negativity and hydrogen bond capability of the anion that reflects in
the different optical output for different anions. Since F− is smaller
and having higher charge density, it results in the deprotonation,
whereas AcO− and H2PO4

− involves in hydrogen bonding inter-
action. Addition of other less basic anions like Cl−, Br−, I−, HSO4

−,
ClO3

− did not show any change in the steady state and time resolved
fluorescence studies.

To confirm the involvement of hydrogen bonding interaction
and deprotonation, anion binding studies were carried out in
DMAADR-2 which has n-butyl group instead of N–H. No signifi-
cant change was observed in the absorption and emission spectral
studies during the addition of all these anions. This clearly reveals
that the formation of new peak in DMAADR-1 is due to the hydrogen
bonding interaction in the case of AcO− and H2PO4

−; deprotonation
in the case of F−.

3.3. Sensing in the presence of competing ions

Since the present system consists of two distinct binding sites for
metal ions and anions, we examined the effect of competing anion
on the binding ability of DMAADR-1 for metal ions and vice versa.
First we have titrated DMAADR-1 with the acetate in the presence
of Zn2+ (limiting concentration). The spectral changes are shown in
Figs. 9 and 10. As can be seen, initial addition of AcO− brings back the
DMA absorption around 300 nm. This suggests the sequestering of
metal ion from the binding site and the presence of free DMAADR-1.
However, when sequestering of the metal ion is complete, further
addition of AcO− binds at the NH moiety and results in the red shift
in the absorption maximum as observed in the anion binding stud-
ies. Similar results are also obtained in emission spectral studies. At
the initial concentration of AcO−, LE state emission decreases and
the CT state emission enhanced; after the complete sequestering
of the metal ion, AICT state emission appears with the increas-
ing intensity. Due to the effective PET process, DMAADR-1 shows
no fluorescence, which is in OFF state; addition of metal ion sup-
presses the PET process and switches ON the fluorescence; addition

of anions to this system sequester the metal ion and switches OFF its
fluorescence; further addition of anions influences ICT process and
again switches ON the fluorescence. So the sequential addition of
metal ions and anions switches DMAADR-1 fluorescence between
OFF–ON–OFF–ON states as shown in Scheme 3.
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Scheme 3. Schematic representation of OFF–ON–OFF–ON fluorescence signal DMAADR-1 with the addition of competing ions.
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that the LE state appears with increasing intensity with the disap-
ig. 9. Absorption spectra of DMAADR-1 (1.67 × 10−5 M) + Zn2+ (1.20 mM) in ace-
onitrile upon addition of AcO− (0–32.61 mM).

In the second experiment Zn2+ was titrated with DMAADR-
+ 17.24 mM of AcO−. Addition of Zn2+ results in the 14 nm blue
hift of the absorption maximum and brings back the original
bsorption spectrum of DMAADR-1 as shown in Fig. 11. Further
ddition of Zn2+ results in the disappearance of DMA absorption
round 300 nm. The corresponding emission spectra (Fig. 12) show

ig. 10. Emission spectra of DMAADR-1 (1.67 × 10−5 M) + Zn2+ (1.20 mM) in ace-
onitrile upon addition of AcO− (0–32.61 mM). �ex = 366 nm.
Fig. 11. Absorption spectra of DMAADR-1 (2.00 × 10−5 M) + AcO− (17.24 mM) in
acetonitrile upon addition of Zn2+ (0–9.52 mM).

the gradual decrease of AICT peak at the initial concentration, after
pearance of CT state emission. Time resolved fluorescence studies
also confirmed the sequestering process. Even though DMAADR-
1 contain distinct binding sites for both metal ions and anions,
positive cooperative binding of both type analytes, as observed

Fig. 12. Emission spectra of DMAADR-1 (2.00 × 10−5 M) + AcO− (17.24 mM) in
acetonitrile upon addition of Zn2+ (0–12.69 mM). �ex = 360 nm. Inset shows the
expanded region of relative intensity.



and P

e
a
i
c
p
i
s
t
a
c

4

e
o
D
a
p
P
o
s
p
c
a
s
o

A

m

A

t

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

P. Ashokkumar et al. / Journal of Photochemistry

xploiting the allosteric effect [44,45], through electrostatic inter-
ctions between the ion pairs [46,47] or to the host as an associated
on pair [48], is not possible in this case due to the absence of
lose proximity of two binding sites. We attribute this sequestering
rocess due to the weak binding of ions to the host molecule and

on-pairing equilibria between two types of ions. In most organic
olvents, the metal ions and anions do not exist as free ions, instead
hey are present as solvent separated ion pairs, contact ion pairs,
nd/or aggregated contact ion pairs [49,50]. Ion pairing with the
ompeting ion diminishes the host–guest binding ability.

. Conclusion

Triple emission of acridinedione was observed in the pres-
nce of anions corresponding to LE, AICT and CT state. This kind
f anion induced triple fluorescence is the first of its kind. Since
MAADR-1 consist two distinct binding sites for both metal ions
nd anions, sensing of both types of ions were achieved using the
resent molecule. Binding of transition metal ion suppresses the
ET process and thus enhances the fluorescence upto a maximum
f 430-fold. Simultaneous binding studies of metal ions and anions
how the sequestering of ions from the binding site and form an ion
air with the added ion. Due to the sequestering process of ions, we
an effectively tune the fluorescence of DMAADR-1 by the simple
ddition of metal ions and anions. In a nutshell this bichromophore
hows “OFF–ON–OFF–ON” fluorescence in the sequential addition
f metal ions and anions.
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