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Abstract Novel anthraimidazoledione-based compounds (1–
3) are synthesized as selective colorimetric and fluorescent
sensors for fluoride ion. The binding properties of the probes
(1–3) are studied with different anions in acetonitrile solvent.
Spectral red shifts in the absorption spectra and ‘turn-off’
emission are observed when fluoride is added to 1–3. The
striking green to orange color change in the ambient light is
thought to be due to the deprotonation of the N–H proton of
the imidazole moiety of the probes by the basic F− ion.
Interestingly, in all three cases the nonfluorescent probe-F−

solutions, on treatment with copper perchlorate, show distinct
color change from orange to golden yellow with resump-
tion of fluorescence intensity. Furthermore, the reversibil-
ity of sensors (1–3) for the detection of F− ion is tested for
four cycles indicating that BON-OFF-ON^ mechanism is
operative. Test strip based on sensor 2 acts as a reusable
cost-effective F− sensor.

Keywords Anthraimidazoledione . Sensor . Colorimetry .

Fluorescence . Fluoride ion

Introduction

Selective sensing of anions by artificial probes is an emerging
field of supramolecular chemistry [1, 2]. Hence, design and
development of new colorimetric and fluorimetric
chemosensors for selective detection of anions have aroused
significant interest among researchers [3, 4]. Fluoride, the
smallest anion of halogen family, is gaining importance for
its unique bifunctional activity towards mammals. A fluoride
deficiency causes poor dental health and osteoporosis [5]. On
the other hand, an excess of it can lead to fluorosis resulting in
increased bone density [6, 7]. In drinking water, presence of
this ion above 1.5 ppm is considered serious health risk as
recommended by EPA [8]. So such a low level tolerance of
fluoride ion deserves some very sensitive and selective trans-
ducer (signaling unit) to detect it.

Hydrogen bonding interactions and deprotonation of the N-
H or O-H protons are the two well recognized strategies to
couple a chromogenic or fluorogenic signaling unit to a recep-
tor that can interact with fluoride ions [9]. A wide range of
recognition subunits like thioureas, ureas, amides,
sulphonamides, imidazolines or imidazoles, indoles, pyrroles,
Schiff bases etc. have been reported in the literature for detec-
tion of fluoride ion colorimetrically and/or fluorimetrically
[10, 11]. The biggest disadvantage of designing fluoride sen-
sors are the interferences by acetate and/or phosphate ions of
comparable basicity. Furthermore, most of these sensors act
irreversibly for fluoride ion detection [12–14]. There are only
a few fluoride sensors reported in the literature which can be
used successfully as reversible and reusable systems [15–17].
So, development of new probes for reversible and selective
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Bnaked-eye^ detection of fluoride in presence of other anions
in an inexpensive and clear-cut method is a challenging task to
the researchers.

From the last decades, considerable attention has been
bestowed on imidazo-anthraquinone based chemosensors due
to their versatility in structural features vis-á-vis photophysical
properties [18–28]. These type of receptors generally show the
charge transfer band which arise mainly from the πimidazole-
πanthraquinone* transition. Here the anthraquinone part is electron
deficient and serves as a magnificent acceptor and the imidazole
fragment present in this system functions as an excellent hydro-
gen bond donor to the receptor anions. Moreover the acidity of
the N-H proton can be tuned by substituting different functional
groups at the 2-position of the imidazole ring that can be suc-
cessfully exploited for anion detection [18–29]. Various deriva-
tives of it are reported to act as colorimetric and/or fluorimetric
sensors for F− and CN− ions [18–28]. Recently, some imidazo-
anthraquinone scaffolds containing heteroaromatic ring at the 2-
position of the aforesaid imidazole ring showed F− and CN− ion
sensing properties [24, 25, 27]. Based on these observations, we
have synthesized three receptors (1–3) in good to excellent
yields in a slightly modified one-pot tandem protocol involving
cyclocondensation cum oxidation procedure as reported earlier
from our laboratory [30].We have observed that all three probes
(1–3) in acetonitrile medium are highly selective towards F−

ions. Moreover they all act as dual channel sensors with high
fluorescence BON-OFF-ON^ property and naked-eye detection
(color changes from green to orange) of F− ions in acetonitrile
solution at micromolar range. Moreover test strip can be pre-
pared using sensor 2 which acts as a reusable F− sensor.

Experimental

Reagents and Measurements

Solvents and reagents were purchased from commercial
source and were used after purification whenever required.
Solvent acetonitrile was used of HPLC grade. All anions, in
the form of tetrabutylammonium salts, were purchased from
Sigma-Aldrich. The melting points of molecules (1–3) were
determined in open capillary tubes on Kofler block apparatus
and are uncorrected. A Perkin- Elmer RXI FT-IR spectropho-
tometer was used to record IR spectra in KBr discs. NMR
spectra (1H, 13C) were obtained in DMSO-d6 solution (chem-
ical shifts in δ ppm and J in Hz) in 5 mm BBO probe fitted
with a pulse field gradient and working with Topsin 1.3 pro-
gramme in a Bruker AV-300 Supercon NMR spectrometer.
Mass spectrometry was recorded on a Q-TOF Micromass
Waters Limited mass spectrometer. Hitachi UV-VIS U-3501
spectrometer was used for recording of absorption spectra in
acetonitrile solution at room temperature where the concentra-
tions of the molecules (1–3) are in the order of 1.0 × 10−6 mol

L−1. Prekin-Elmer LS-55 was used for recording fluorescence
spectra of the probes. For spectrometric titrations, acetonitrile
solutions of the three probes (1–3) were prepared (ca.
1.0 × 10−5 M) and tetrabutylammonium salts of the respective
anions (tetrabutylammonium salts of F−, Cl−, Br−, I−, OAc−,
HSO4

−, H2PO4
−, SCN−, ClO4

− and OH−) under study were
prepared in the range of 1.0 × 10−3 M in acetonitrile.
Absorption and emission titration spectra were measured at
298 K using 10 mm path length quartz cuvette of the sensors
1–3 after sequential addition of the aforesaid anions in ion
equivalents. Chromatography columns were prepared from
silica gel (100–200 mesh) and 4:1 mixture of petroleum ether
(b.p. 60–80 °C)-ethyl acetate were used as eluant.

General Reaction Procedure for the Synthesis
of Compounds 1–3

A mixture of respective aldehydes (1 mmol) and 1,2-
diaminoanthraquinone (1 mmol) were stirred in 3 mL PEG-
400 support at 80 °C in an oil bath. To this mixture phospho-
tungstic acid (10 mol%) was added and stirred for stipulated
time (2 h). The progress of the reactionwas monitored by TLC
dissolving the aliquot in ethyl acetate. After completion of the
reaction the mixture was cooled to room temperature and ac-
etone was added to i t . The precipi tated catalyst
(Phosphotungstic acid in PEG-400 support) was filtered by
pump and washed several times with hot acetone. The com-
bined filtrate were collected and concentrated in rotary evap-
orator and then washed with water followed by brine to re-
move PEG-400. The remaining organic phase was dried over
Na2SO4, filtered, concentrated and chromatographed over sil-
ica gel column to obtain pure products.

2-(furan-2-yl)-1H-anthra[1,2-d]imidazole-6,11-dione (1)
Yield: 270 mg, 90%, brown solid; Mp 286–287 °C; 1H
NMR (300 MHz, DMSO-d6) δ 6.74–6.76 (m, 1H), 7.83–
7.84 (m, 1H), 7.86–7.89 (m, 2H), 7.90–7.91 (m, 1H), 7.99–
8.04 (m, 2H), 8.16–8.20 (m, 2H), 13.26 (s, 1H); 13C NMR
(75 MHz, CDCl3) δ 112.7, 112.8, 122.0, 125.2, 126.3, 127.4,
128.4, 132.2, 132.9, 133.5, 133.8, 134.2, 144.3, 144.9, 148.3,
149.2, 182.3, 184.7; IR υmax (KBr) cm

−1 3435, 2925, 2853,
1655, 1588, 1508; anal. Calcd for C19H10N2O3: C: 72.61, H:
3.21, N: 8.91%, found: C: 72.60, H: 3.22, N: 8.90%.

2-(thiophen-2-yl)-1H-anthra[1,2-d]imidazole-6,11-dione
(2) Yield: 290 mg, 94%, brown crystalline solid; Mp 282–
283 °C; 1H NMR (300 MHz, DMSO-d6) δ 7.25–7.26 (m,
1H), 7.82–7.83 (m, 1H), 7.89–7.91 (m, 2H), 8.03 (s, 2H),
8.16–8.21 (m, 2H), 8.51 (d, J = 3 Hz, 1H), 13.40 (s, 1H);
13C NMR (75 MHz, DMSO-d6) δ 118.9, 121.7, 124.9,
126.7, 127.3, 128.4, 129.2, 130.9, 131.5, 132.1, 132.8,
133.2, 133.6, 134.7, 134.9, 149.7, 153.6, 182.8, 183.7; IR
υmax (KBr) cm

−1 3539, 3390, 3075, 2925,1655, 1577, 1560;
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anal. Calcd for C19H10N2O2S: C: 69.08, H: 3.05, N: 8.48%,
found: C: 69.06, H: 3.06, N: 8.45%.

2-(thiophen-3-yl)-1H-anthra[1,2-d]imidazole-6,11-dione (3)
Yield: 282 mg, 90%, yellowish brown solid; Mp 284–285 °C;
1H NMR (300 MHz, DMSO-d6) δ 7.72–7.70 (m, 1H), 7.88–
7.86 (m, 2H), 7.97–7.96 (m, 1H), 8.01–8.00 (m, 2H), 8.17–8.13
(m, 2H), 8.85–8.84 (m, 1H), 13.13 (s, 1H); 13CNMR (75MHz,
DMSO-d6): δ 118.7, 121.2, 124.9, 126.4, 126.9, 127.5, 127.7,
128.7, 128.9, 131.4, 132.8, 133.2, 133.4, 134.4, 134.7, 149.5,
154.2, 182.5, 183.4; IR υmax (KBr) cm−1 3433, 3079, 1667,
1584, 1561; anal. Calcd for C19H10N2O2S: C: 69.08, H: 3.05,
N: 8.48%, found: C: 69.07, H: 3.04, N: 8.45%.

Results and Discussion

Synthesis and Characterization

Molecules 1–3 have been synthesized (Scheme 1) via condensa-
tion cum oxidation reaction of 1,2-diaminoanthraquinone
(1 mmol) and the respective heteroaromatic aldehydes (1 mmol)
stirring in PEG-400 with catalyst phosphotungstic acid
(10mol%). A sharp signal for NH proton in the downfield region
of δ 13.13–13.40 were observed in the respective 1H–NMR
spectrum of each of the molecules 1–3 indicating high acidity
and strong hydrogen bonding capability of the NH group.

Naked-Eye Detection of Ions

Visual color change of the sensors 1–3 (1.0 × 10−6 M) were
investigated in presence of different anions (F−, Cl−, Br−, I−,
OAc−, HSO4

−, H2PO4
−, SCN−, ClO4

− and OH− ions) in ace-
tonitrile solvent. Upon addition of F− ion (5 equiv) to a solu-
tion of probe 3 which was green in color, an orange color was
developed detectable by naked-eye (Fig. 1). The other anions
Cl−, Br−, I−, OAc−, HSO4

−, H2PO4
−, SCN−, ClO4

− (5 equiv)
did not display any significant color change. Similar observa-
tions were obtained in case of sensors 1 and 2 also (Fig. S1 in
the ESI). It was assumed that high negative charge density on
F− ion experiencing strong hydrogen bonding interaction with
-NH of the imidazole ring caused this color change. Addition
of OH− ion to those sensors 1–3 in acetonitrile produced iden-
tical results (Fig. 1). Mechanistically, this could only be
achieved through the abstraction of the designated -NH proton
with the formation of the corresponding anions. Stabilization
of the anions via delocalization of the negative charge over the
extended aromatic framework would induce such red shift of
color of the substrates.

Photophysical Study of 2-heteroannellated
imidazo-anthraquinones 1-3

To explain the interactions between the sensors and the anions,
the absorption and emission spectra of 2-heteroannellated

Scheme 1 Synthesis of 2-
heteroannellated imidazo-anthra-
quinones 1, 2 and 3

Fig. 1 Photograph of the visible
color changes of probe 3 in the
presence of various anions
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imidazo-anthraquinones 1, 2 and 3 were recorded in acetonitrile
solvent (ca. 20 × 10−6 M).

Spectrophotometric Titrations of Probes 1-3 with Anions
in Acetonitrile Solution

The anion binding abilities of the sensors (1–3) (20 × 10−6 M
in CH3CN) with F−, Cl−, Br−, I−, OAc−, HSO4

−, H2PO4
−,

SCN−, OH− and ClO4
− were studied through UV–VIS exper-

imen t . Th e a n i o n s t e s t e d we r e u s e d a s t h e i r
tetrabutylammonium salts. In course of monitoring the effect
of anions on the steady-state spectral properties of 1–3, the
absorption spectra showed nominal or no decrement of absor-
bance in presence of different anions, excepting F− and OH−

ions (Fig. 2). All the three probes exhibited their low energy
ππ* transition at ~400 nm. Gradual addition of F− ion to

acetonitrile solutions of the probes 1, 2 and 3 were found to
accompany a red shift of the absorption signatures from 414,
413, 405 to 487, 489 and 483 nm respectively which was
expected to be arising from the strongly hydrogen bonded
clusters of the probes with F− ion. On the other hand, OH−

ions induced similar red shifts for sensors 1, 2 and 3 to
477 nm, 479 nm and 472 nm respectively (Fig. 2). The above
mentioned results clearly indicated the abstraction of the N-H
proton of the imidazole ring by the basic F− and OH− ions.

Spectrophotometric titrations of probes 1–3 in acetonitrile
solution (20 × 10−6 M) with F− and OH− ions were performed.
Upon addition of increasing amount of F− ion to probe 1
(20 × 10−6 M) in acetonitrile solution, the absorbance of the
bare sensor at 414 nm gradually decreased with the generation
of a new red shifted broad peak at 487 nm (Δλ = 73 nm)
having distinct isobestic points at 442 nm and 339 nm

Fig. 2 UV–VIS spectral responses of probes 1–3 (20 × 10−6 M) in acetonitrile in the presence of 5 equiv. of other anions in acetonitrile solvent

Fig. 3 Spectrophotometric titrations of imidazo-anthraquinones 1–3with
F− in acetonitrile ( [1–3] = 20 × 10−6 M, T = 298 K, 1-3exc = 414, 413 and
405 nm respectively). The insets represent the Benesi-Hildebrand (B-H)

plots for the titration of 1–3 with F− ion at 487, 489 and 483 nm in
acetonitrile respectively
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(Fig. 3a) which were in the visible region of spectrum associ-
ated with the color change from green to orange. In case of
OH− titration of probe 1, the absorbance at 414 nm similarly
decreased with the appearance of a red shifted band at 477 nm
(Δλ = 63 nm) with isobestic points at 442 nm and 340
(Fig. 4a). Probe 2 exhibited similar tendency as probe 1 for
F− ion, shifting the absorbance band from 413 nm to 489 nm
(Δλ = 76 nm) having isobestic points at 443 nm and 346 nm
(Fig. 3b). In case of OH− ion titration of the probe 2 absor-
bance band was similarly shifted to 479 nm (Δλ = 66 nm,
isobestic points at 443 nm and 347 nm) (Fig. 4b). Probe 3
manifested the largest red shift among the three upon addition
of F− ion from 405 nm to 483 nm (Δλ = 78 nm) with isobestic

points at 435 nm and 339 nm (Fig. 3c). For OH− ion titration
of the probe 3 following the same procedure, shifting of the
absorbance band occurred at 472 nm (Δλ = 67 nm) with
isobestic points at 436 nm and 338 nm (Fig. 4c). Similar types
of red shifting of the absorbance bands by the basic F− and
OH− ions in all cases suggested deprotonation of the -NH
proton of the imidazole unit of the sensors justifying the vis-
ible color change.

From the UV-VIS titration data, the binding constants of
the probes 1–3 with fluoride ion have been calculated. The
binding constants, K of all the probes (1–3) and their interac-
tions with F− have been determined with the help of Benesi-
Hildebrand (B-H) relation [31, 32]. The binding constants (K)

Fig. 4 Spectrophotometric titrations of imidazo-anthraquinones 1–3 with OH− in acetonitrile ( [1–3] = 20 × 10−6 M, T = 298 K, 1-3exc = 414, 413 and
405 nm respectively)

Fig. 5 Fluorescence response of probe 3 (20 × 10−6 M) a in the presence
of various anions (5 equiv) and b with the addition of various amounts of

F− (0–5 equiv) in MeCN (λex = 405 nm). Inset fluorescence BOn-Off^ of
free probe and after F− ion addition in presence of other ions

J Fluoresc (2017) 27:1041–1049 1045



were calculated from the ratio of the intercept and slope of B-
H plot of optical density (A). The B-H plots of 1/[A-A0] vs
1/[F−] for the titration of probes 1–3 and F− ion provided
straight lines with association constants (k) 0.55 × 104 M−1,
4.69 × 104 M−1 and 1.69 × 104 M−1 respectively (Fig. 3 inset).

We have also calculated The Limit of Detection (LOD) of
F− from UV-VIS spectrophotometric titrations for the three
probes (1–3) at 487, 489 and 483 nm in acetonitrile (Fig. S2
in the ESI) which were found to be 0.9808 × 10−6 M,
0.5785 × 10−6 M and 0.7588 × 10−6 M respectively which
are far below than the EPA recommendation [20, 27]. Thus the
three probes can be considered as promising candidates for
fluoride detection in acetonitrile media.

Spectrofluorimetric Titrations of Probes 1-3 with Anions
in Acetonitrile Solution

It may be mentioned here that only F− and OH− ions imparted
considerable quenching to the emission band intensities of the
compounds 1–3, while others failed to convey any (Figs. 5, 6
and Fig. S3-S6, ESI). The emission intensity decrement of the
studied probes in presence of increasing concentration of F−

and OH− ions (along with a significant red shift) is presented
in Fig. 5 (and Fig. S3, S4 and S7, ESI). The fluorescence

spectrum of sensor 1 (20 μM) exhibited a strong emission
band at 547 nm in MeCN (λex = 414 nm) (Fig. S3, ESI).
Upon the addition of F−, Cl−, Br−, I−, OAc−, HSO4

−,
H2PO4

−, SCN−, OH− and ClO4
− (5 equiv. each) in CH3CN,

only F− and OH− quenched the emission band with a red shift
to 575 nm and 607 nm respectively (Fig. S3, ESI).
Fluorescence titration of probe 1 with various amounts of F−

and OH− (0.0–5.0 equiv) in MeCN (λex = 414 nm) also sup-
ported the above observation (Fig. S3 and S7, ESI). Similar
emission bands at 539 nm (λex = 413 nm) and 527 nm
(λex = 405 nm) in acetonitrile were observed for sensors 2
and 3 also (Fig. S4 and Fig. 5). Upon the addition of various
anions in CH3CN (5 equiv. each), only F− and OH− quenched
the emission band with a red shift to 580 nm and 608 nm for
sensor 2 and 537 nm and 598 nm for sensor 3 respectively
(Fig. S4 and S7, ESI and Fig. 5). Fluorescence titration of
sensors 2 and 3 with various amounts of F− and OH− (0–5
equiv) in MeCN (λex = 413 nm and 405 nm respectively) also
corroborated these facts (Fig. S4 and S7, ESI and Fig. 5).
Fig. 6 and also Fig. S5 and S6 presented comparative results
of the fluorescence studies for the sensors 1–3 in presence of
different anions (5 equiv) respectively.

To explore the abilities of the probes (1–3) as colorimetric
as well as fluorimetric sensors for F− ion in presence of other
competing ions, experiments were performed in the presence
of F− mixed with other anions for probes 1–3 as depicted in
Fig. 7 and Fig. S8 and S9 (ESI). The competing anions had
apparently no influence on the color change, UV-VIS spectral
change as well as fluorescence intensities of the probes (1–3).

1H NMR Titration Spectra

The sensory behavior of the probes 1–3 identified from the
spectrophotometric and spectrofluorimetric titrations with F−

ion were also complimented by performing 1H NMR titration

Fig. 6 Fluorescence intensities at 527 nm of probe 3 (20 μM) in MeCN
in the presence of various anions (5 equiv) (λex = 404 nm)
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experiments in absence and in presence of F− ion (0–6 equiv)
in DMSO-d6 at room temperature. The downfield signal at-
tributed to the imidazo N-H proton discernible in the 1H–
NMR spectrum for each of the probes 1–3 suggested high
acidity and strong hydrogen-bonding ability of those N-H
protons. In case of probe 3, the imidazo N-H proton resonating
at δ 13.13 disappeared when 1.0 equiv. F− ions was added to
the DMSO-d6 solution of the probe (1.0 × 10−2 M) at room
temperature ((Fig. 8) with characteristic upfield shifts for the
H5´ and other aromatic and heteroaromatic protons (~ δ 0.22).
Successive addition of the F− ions (2 equiv., 4 equiv. and 6
equiv) to probe 3, observed an upfield shift of the H5´ and
other protons (~ δ 0.22) and H5´ gradually divided into mul-
tiplets with shrinking size and finally it disappeared suggest-
ing an extended π-conjugated system ((Fig. 8). However in
case of probe 2 (1.0 × 10−2 M in DMSO-d6 solution), by
addition of F− ions (6 equiv), H3´ proton reduced in size with

an overall ~ δ 0.12–0.15 upfield shift of other protons
(Fig. S10, ESI).

Reversibility, Reusability and Sensory Performance
of Probes 1–3

The reversibility of a chemosensor is very beneficial
and at the same instance the reusable nature of it is
another essential aspect for sensory application. It is
clear from the literature survey that except a few para-
digms [15–17], most of the F− ion sensors are irrevers-
ible in character and of single use. It is advantageous
that the 9,10-anthraquinone derivatives are able to coor-
dinate to metal ions through the lone pairs of the oxy-
gen of the carbonyl groups resulting in the formation of
metal ion complexes [33, 34]. In addition, each of the
deprotonated form of the probes 1–3 (in presence of 5

c
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e
Fig. 8 Partial 1H–NMR spectra
of anthraquinoneimidazoledione,
3 (1.0 × 10−2 M) in DMSO-d6 in
the: a absence and presence of b 1
equiv. c 2 equiv. d 4 equiv. and e 6
equiv. of F− ions in DMSO-d6

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

A
b
s
o
r
b
a
n
c
e

Wave length in nm

 Probe 3

3 + F
-

3 + F
-

 + Cu
2+

250 300 350 400 450 500 550 450 500 550 600 650

0

200

400

600

800

1000

I
/
a
u

Wave length in nm

 Probe 3

3 + F
-

3 + F
-

 + Cu
2+

Fig. 9 Absorption and emission spectra of probe 3 (20 × 10−6 M in acetonitrile solution) upon alternate addition of F− ion (5 equiv) and copper
perchlorates (1 equiv)
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equiv. fluoride ion) offers an additional binding site i.e.
the deprotonated N-atom of the imidazole ring. These
deprotonated species of the probes 1–3 were non-
emissive in nature and sensing behavior of these species
were investigated in presence of perchlorates of three
transition metal cations (Co2+, Cu2+ and Zn2+). In all
cases, the absorption bands appearing at 483–489 nm
(related to the deprotonated species of the probes 1–3)
were blue-shifted to their original position at 408–
416 nm suggesting the formation of metal complexes
in solution. We carried out absorption and fluorescence
experiment of the probe 3 by alternate addition of F−

ion and copper perchlorates as a representative system
to investigate the reversibility of the probes. The ab-
sorption spectra of deprotonated form of 3-F− (20 μM
probe 3 with 5 equiv. of F− ions in acetonitrile solution)
upon addition of 1 equiv. of copper perchlorate (20 μM
in acetonitrile solution) resumed its original λmax at
408 nm (Fig. 9).

Similar observation obtained for probes 1 and 2 also
(Fig. S11 and S12, ESI). Additionally, from the UV-VIS spec-
tral analysis of the free probes (1–3), it was observed that they
were insensitive towards these transition metal cations
(Fig. S13, ESI)

The addition of F− ion to probes (1–3) in acetonitrile solu-
tion quenched its fluorescent nature and addition of copper
perchlorate (1 equiv) reverted back its fluorescence character.
This BON-OFF-ON^ process was detectable by naked eye as
well as by UV lamp as in case of probe 3 (Fig. 10). During
reversibility experiment the quenching of fluorescence (off)
with F− ion and revert back of the fluorescence (on) by
Cu2+ could be due to regeneration of bare molecule by forma-
tion of CuF2.

To investigate the practical application of the probes, we
have prepared test strips using filter papers (Whatman filter
paper) with probe 2 in acetonitrile solution (1.0 × 10−3 M) and
then drying in air. The test strips were now utilised to sense F−

ion. Upon addition of F− to the test strip, color changes from
yellow to orange which can be detected by (a) naked eye and
(b) under UV-lamp (Fig. 11). The strips can be reused after
washing with copper perchlorate solution.

Conclusion

In summary, we have successfully synthesized three novel
imidazoanthraquinone-based chromo−/fluorogenic dual sig-
nalling sensitive probes 1–3 for the selective detection of fluo-
ride ion over various other anions in acetonitrile media.
Similar types of red shifting of the absorbance bands by the
basic F− and OH− ions for probes 1–3 suggested deproton-
ation of the -NH proton of the imidazole unit of the sensors
justified the visible color change from green to orange.
Addition of F− ions to acetonitrile solution of probes 1–3 led
to a complete quenching of fluorescence of the three probes.
Competitive binding experiments of the probes 1–3 in pres-
ence of various anions exhibited that they could specifically
detect F− ions. The reversibility of the probes 1–3 were an
added advantage of this system. Interestingly, alternate addi-
tion of F− and Cu2+ ions to the probes demonstrate an BON-
OFF-ON^mechanism. Paper strips made from probe 2 can be
reused after washing with copper perchlorate solution.

Fig. 10 Fluorescence study showing the reversibility of the probe 3 for
sensing F− ion sequentially by Cu(ClO4)2 (Intensity at 543 nm) by BON-
OFF-ON^ mechanism

Fig. 11 Color changes of test
papers containing probe 2
(1 × 10−3 M) under a naked eye
and b under UV-lamp
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