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Abstract—A novel fluorescent receptor bearing benzimidazole moieties as recognition sites was synthesized. The recognition behav-
iour of the receptor towards various anions has been evaluated in CH3CN. The receptor showed ratiometric fluorescent changes
only with CH3COO�, and it showed no significant response to any of other anions such as Cl�, Br�, I�, HSO4

�, NO3
�, C6H5COO�

and H2PO4
�.

� 2007 Elsevier Ltd. All rights reserved.
Anions play a fundamental role in a wide range of chemi-
cal and biological processes. Acetate and dicarboxylates
are critical components of numerous metabolic pro-
cesses.1 Acetate production and oxidation rate has been
frequently used as an indicator of organic decomposi-
tion in marine sediments.2 From industrial point of
view, dicarboxylates are important not only as a raw
material in the nylon industry but also for their use in
manufacturing paper, cosmetics, plastics, dyes and
paints.3 The syntheses and studies of receptors for sens-
ing various types of anions are interesting areas of cur-
rent research.4–13 During the last few years, much
attention has been focused on the fluorescent sensing
because of the high sensitivity and selectivity of this
method.14–25 Most of the reported receptors upon binding
with anions exhibit fluorescence intensity changes on a
single wavelength. However, several factors such as
phototransformation, receptor concentration, and envi-
ronmental effects contribute to the fluorescence intensity
modulation of a system.26 The ratiometric fluorescence
signaling, which involves the measurement of changes
in the ratio of the fluorescence intensities at two different
wavelengths, is preferred to the conventional method of
monitoring the fluorescence intensity at a single wave-
length.27,28 In comparison to the large number of ratio-
metric fluorophore receptors for sensing cations,29–38
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only a few examples are known for anion recogni-
tion.39–44 The major challenge to ratiometric fluores-
cence signaling is developing a system with two
emitting states having both the wavelength-dependent
and substrate-dependent emission properties. To the
best of our knowledge, there has been no report on
benzimidazole-based ratiometric fluorescent receptor
for the recognition of any anions. In our previous work,
we have established that the 2-aminobenzimidazole-
based receptors are efficient anion chemosensors.45–47

Here we report the synthesis and recognition properties
of a new benzimidazole-based ratiometric fluorescent
receptor.

Receptor 2 was prepared by a series of steps as shown in
Scheme 1.48 For the synthesis of compound 1, 2-amino-
benzimidazole was heated to reflux with p-xylenedibro-
mide along with NaH in DMF. Compound 1 was
treated with nBuBr in DMF, and the bromide salt was
exchanged with PF6

�. The spectroscopic data were fully
interpreted and found to be in accord with the formula
of receptor 2.

Upon excitation at 282 nm, receptor 2 exhibits emission
at 443 nm in its fluorescence spectrum recorded with a
10 lM concentration in CH3CN. To obtain a quantita-
tive insight into the anion binding affinity of receptor 2,
the fluorescence intensity changes were measured upon
the complexation of various anions. In these experi-
ments 10 lM solutions of receptor 2 in CH3CN were
prepared along with a 20 lM concentration of a
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Figure 2. Fluorescence ratiometric response (I339/I443) of receptor 2

(10 lM) upon addition of a particular anion salt in CH3CN.
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particular anion. In each experiment, the counter cation
was tetrabutyl ammonium salt. The changes in fluores-
cent intensity of receptor 2 upon addition of a particular
anion are shown in Figure 1, which shows that the max-
imum quenching in fluorescence intensity at 443 nm was
observed with acetate, and also that a new band
appeared at 339 nm. The anion induced fluorescence
enhancement of receptor 2 may be a consequence of
an increase in the ‘molecular rigidification’ or ‘confor-
mational restriction’ of the receptor molecule upon the
complexation of both amine groups of the receptor with
acetate. According to this system, as a consequence of
the guest coordination, the rigidity of the formed com-
plex increases making the nonradiative decay from the
excited state less probable; consequently, the emission
intensity increases.49–51 Since the receptor shows fluores-
cence quenching at 443 nm and fluorescence enhance-
ment at 339 nm upon the binding of acetate anion, it
can be used for the ratiometric sensing of acetate anion.
The fluorescence ratiometric response of receptor 2 to
selected anions is displayed in Figure 2. There were no
such ratiometric changes in the fluorescence intensity
of 2 upon addition of other anions such as Cl�, Br�,
I�, HSO4

�, NO3
�, C6H5COO� and H2PO4

�. This
shows that receptor 2 is highly selective in its response
to acetate in comparison to other anions. In a similar
way, the cavity of 2 exhibits preferential binding of
0

100

200

300

400

500

600

700

800

900

1000

Fl
uo

re
sc

en
t I

nt
en

si
ty

  

Host 
Chloride
Bromide
Iodide
Acetate
Dihydrogen Phosphate
Nitrate
Hydrogen Sulfate
Benzoate

320 345 370 395 420 445 470 495 520

Wavelength (nm)

Figure 1. Changes in fluorescent intensity of receptor 2 (10 lM) upon
addition of a particular anion salt in CH3CN.
AcO� over C6H5COO�. This can be explained by the
steric features of the phenyl group in the binding site.

To find the association constant for the complex formed
between receptor 2 and acetate anion, a titration was
performed by taking a 10 lM solution of receptor 2
and increasing the amounts of anions (0–20 lM). After
each addition of anion, the fluorescence intensity was
measured. The titration results are shown in Figure 3
(Plot A). Similarly, a titration was performed to observe
the changes in UV–vis spectrum of receptor 2. Receptor
2 showed absorption bands at 276 and 282 nm in its
UV–vis spectrum recorded with a 75 lM concentration
in CH3CN. Upon titration of receptor 2 with acetate,
significant changes were observed in its UV–vis spec-
trum. By increasing the amount of acetate (0 to
225 lM) to the receptor solution, the absorption at
276 and 282 nm decreased, and a new band appeared
at 302 nm whose intensity increased. This is attributed
to electronic excitation through charge transfer of chro-
mophore. The excited state would be more stabilized by
anion binding, resulting in a bathochromic shift in the
absorption maxima.11 These changes in UV–vis spec-
trum are shown in Figure 3 (Plot B).

From the changes in fluorescence and UV–vis spectrum,
the association constant Ka of receptor 2 for acetate
anion was calculated, on the basis of Benesi–Hildebrand
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Figure 3. Changes in fluorescence spectrum of receptor 2 (10 lM) upon the addition of tetrabutylammonium acetate (0–20 lM) (Plot A) and changes
in UV–vis spectrum of receptor 2 (75 lM) upon the addition of tetrabutylammonium acetate (0 to 225 lM) in CH3CN (Plot B).
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plot,52 to be (7.3± 0.6) · 104 M�1 and (4.9 ±
0.1) · 104 M�1, respectively. Thus, receptor 2 can be
used for selective recognition of acetate, and it can
detect acetate as little as a low concentration of
2.0 lM.53 The stoichiometry of the complex formed
was determined by Job’s plot,54 and it was found to be
1:1 (Fig. 4).

To evaluate the role of basicity of binding anion, a titra-
tion was performed between receptor 2 (75 lM) and tetra-
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Figure 4. Job’s plot of receptor 2 (10 lM) with acetate.
butylammonium hydroxide. The titration pattern was
different from the one we obtained with acetate. This
leads us to conclude that acetate binds through hydro-
gen bonding between N–H of the receptor and oxygen
of acetate. In other words, we can say that the spectral
changes of receptor 2 upon the addition of acetate are
not a consequence of the basicity of acetate. The addi-
tion of water competes with acetate for hydrogen bond-
ing with receptor 2. From the changes in UV–vis
spectrum, the association constant Ka of receptor 2 for
acetate was calculated in CH3CN/H2O (9:1, v/v), and
it was found to be (1.9 ± 0.4) · 103 M�1. The low value
of association constant under aqueous conditions shows
that the hydrogen bondings between the receptor and
the acetate are sensitive to the addition of water.

A 1H NMR titration was performed to determine the
responsible binding sites of receptor 2 for the recogni-
tion of acetate. The family of 1H NMR spectra of
receptor 2 upon the addition of 0.2–1.0 equiv of tetrabu-
tylammonium acetate salt in CD3CN is shown in Figure
5. Titration results showed that the aromatic protons of
platform ring remained unchanged while the aromatic
protons of benzimidazole shifted upfield by 0.5 ppm.
The benzylic –CH2 and –CH2 of butyl flag were shifted



Figure 5. Family of 1H NMR spectrum of the titration of receptor 2 with acetate (0–1.0 equiv) in CD3CN.
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by 0.3 and 0.2 ppm, respectively. The signal for NH2

protons shifted downfield by 0.2 ppm. This NH signal
was clear in the 1H NMR titration when acetate was
added up to 0.6 equiv. The signal disappeared during
the course of titration owing to the broadening of the
signal. The downfield shift in the NH signals indicates
the formation of authentic hydrogen bonds between
the host and the anion. This ruled out the possibility
of anion induced deprotonation of the receptor.55 These
significant changes on the spectrum led us to conclude
that the binding sites lying on the benzimidazole ring
are responsible for the recognition of acetate anion.

In conclusion, we synthesized an easy-to-make fluoro-
receptor based upon benzimidazole moieties, and its
binding properties towards various anions were charac-
terized. The receptor showed ratiometric fluorescent
changes only with CH3COO� over a wide range of
anions.
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