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2,6-Bis(2-benzimidazolyl)pyridine as a chemosensor
for fluoride ions
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Abstract—2,6-Bis(2-benzimidazolyl)pyridine, a neutral tridentate ligand, is employed as a chemosensor for the detection of fluoride
ions. The binding of anionic guest species with this ligand is studied using UV–vis spectroscopy, fluorescence spectroscopy, and 1H
NMR techniques. The results indicate that 2,6-bis(2-benzimidazolyl)pyridine can be used as a chemical shift and optical modifi-
cation based sensor for the detection of fluoride ions.
� 2007 Elsevier Ltd. All rights reserved.
N
N

NN

N
HH

N
+

HcHd

Hc

Hc

Hc

Hd
X-

Hb

HaHa

= F-, Cl-, Br-, I-
Hd

Hd

X-

Figure 1. 2,6-Bis(2-benzimidazolyl)pyridine, 1 and various anions.
The development of synthetic receptors capable of selec-
tively recognizing anions continues to attract a great
deal of interest due to their significance in a plethora
of biological, chemical, and environmental processes.1

Despite their popularity, the design of ‘substrate spe-
cific’ synthetic receptors still remains a great challenge
for supramolecular scientists due to (1) the large size
of anions compared to the cations (2) the chemical envi-
ronment that determines the strength of interaction and
(3) the pH of the medium. Efforts to overcome the above
challenges, foremost by Sessler,2 Jeong,3 Gale, and Beer4

have led to considerable advancement of several classes
of anion receptors and provided insight into newer host
molecules. We recently illustrated that structurally sim-
ple molecules such as 2,6-bis(2-benzimidazolyl) pyridine,
1, (Fig. 1) form excellent host–guest complexes with
neutral guests like urea and toxic benzene metabolites
at extremely low concentrations.5 In the present work,
we have examined the utility of 1, as a sensor for anions.
Numerous neutral receptors exist for anions; most of
them containing –NH fragments, which act as hydrogen
bond donors for the anions.6,7

Ligand 1 has two –NH fragments that can form hydro-
gen-bonded adducts with anions. It is structurally very
simple, stable to heat/light and can be synthesized read-
ily in one step from commercially cheap starting materi-
als. Due to its well-defined internal cavity consisting of
two NH hydrogen atoms, 1 can function as an ideal host
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for the recognition of anions by hydrogen bonding
interactions.

Initial binding studies were carried out by adding the
tetrabutylammonium salts (TBAX) ([Bu4N]+X�;
X� = F�, Cl�, Br�, I�) to a CD3CN solution of 1.
The changes in the chemical shifts of 1 were examined
by recording 1H NMR spectra at room temperature
(Fig. 2). The largest chemical shift for the aromatic pro-
tons of 1 was observed on adding the [Bu4N]+-fluoride
salt, which indicated a strong interaction of 1 with F�.
Significant chemical shift changes (upon addition of
the fluoride salt of [Bu4N]+X� to 1), were observed for
the Hc and Hd proton signals which were shifted upfield
to 7.5 and 7.05 ppm, respectively, from 7.7 and 7.3 ppm.
On the other hand, addition of the Cl�, Br�, and I� salts
of [Bu4N]+ led to negligible changes in the chemical
shifts of protons Hc and Hd (Fig. 2). Thus larger the
anions, the more difficult it is to accommodate them
within the cavity of 1. The reason for the large chemical
shift changes in 1, on the addition of [Bu4N]+F� arises
from the fact that F� has a higher negative charge and
better hydrogen bond acceptor properties compared to
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Figure 3. UV–visible spectra of 1 (6.35 · 10�6 M in dry CH3CN)
during titration with [Bu4N]F from 0 to 2 equiv (v/v). Inset—
absorbance ratio plot of 311 nm to 327 nm as a function of fluoride
ion concentration.

0

100

200

300

400

500

600

337 387 437 487 537 587

Em
is

si
on

 (a
.u

.)

Wavelength (nm)

0

200

400

600

0 0.5 1 1.5 2

Em
. (

37
3 

nm
)

Equiv.of [Bu4N]F

Figure 4. Emission spectra of 1 (7.05 · 10�7 M in dry CH3CN) during
the titration with [Bu4N]F from 0 to 2 equiv (v/v). Inset—plot of the
emission intensity (373 nm) of 1 as a function of equiv of [Bu4N]F.

Figure 2. 1H NMR, 400 MHz spectra taken over the course of the
titration of a CD3CN solution of 1 with 1 equiv of [Bu4N]F, [Bu4N]Cl,
[Bu4N]Br, and [Bu4N]I.
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the other anions. When the fluoride and 1 form a com-
plex adduct (with the –NH protons of the benzimidazole
rings) a reasonably large conformational twist occurs to
accommodate the fluoride in the cavity of 1. This may be
a further reason for the observed chemical shifts of the
Hc and Hd protons. No chemical shift for the Hb pro-
tons present on the pyridine ring and only a negligible
change in the position of the Ha proton occurred after
formation of a complex of 1 with fluoride, which rules
out the possibility of the direct participation of the pyr-
idine ring nitrogen in hydrogen bonding with the anions.
Thus it could be easily predicted that fluoride ions form
a hydrogen-bonded complex with the two –NHs present
at the inner cavity of 1, and to accommodate fluoride
into its cavity, 1 undergoes a moderate twist. The smal-
ler size of fluoride compared to chloride, bromide, and
iodide allows it to be accommodated in the cavity of
1. Though, in all possibilities other anions form hydro-
gen-bonded complexes with 1, the larger diameter of
these anions compared to fluoride may not allow them
to enter the cavity of 1 due to steric reasons. These stud-
ies thus indicate that 1 can be used as a chemical sensor
for the detection of fluoride anions and 1H NMR could
be employed as a chemical shift based probe.

The interactions of 1 with the [Bu4N]+X� salts of fluo-
ride, chloride, bromide, and iodide were further investi-
gated by spectrophotometric titration experiments in
acetonitrile solution. The optical changes were evaluated
by titrating 0.1 equiv of anion aliquots into a solution of
1 at regular intervals and recording the changes in the
UV–visible and fluorescence spectra. In particular, a
standard solution of [Bu4N]F was added in fixed
aliquots to a standard solution of 1 (9.64 · 10�6 M)
and the spectra are reported below (Fig. 3). Upon
addition of fluoride, the band at 327 nm progressively
decreased in intensity with broadening and a new peak
at 311 nm appeared. Along with the above observation,
a clear isosbestic point at 315 nm was observed. The
formation of this isosbestic point indicates that at least
one stable species is present at equilibrium and that a
stable complex forms between 1 and fluoride.

The inset in Figure 3 shows the changes in the titration
profile of the band at 327 nm corresponding to the 1:
[Bu4N]+F�, hydrogen-bonded complex. On addition of
1 equiv of fluoride, the band at 327 nm is totally
quenched and a new peak corresponding to the 1:fluo-
ride complex appears at 311 nm. The association con-
stant (Ka) calculated8 was found to be 439.49 M�1,
suggesting strong hydrogen bonding between 1 and
fluoride.

Fluorescence spectroscopy studies were also carried out
in order to evaluate the ability of 1 to operate as a fluo-
rescent anion sensor (Fig. 4). Remarkable quenching of
the fluorescence was observed on addition of anions.
The changes observed in the fluorescence spectra of a
solution of 1 in acetonitrile on adding up to 2.0 equiv
of [Bu4N]F are depicted in Figure 4. A large quenching
(>85%) in intensity of the 375 nm band was observed on
the addition of 1.0 equiv of [Bu4N]F indicating that on
formation of the hydrogen-bonded complex between
[Bu4N]F and 1, the excited state was modified consider-
ably leading to the quenching of fluorescence. On con-
tinuous addition of [Bu4N]F to a solution of 1 the
peak was slowly red shifted to 434 nm. The changes
observed in the fluorescence spectra on adding more
than 1 equiv of [Bu4N]F aliquots to 1 were insignificant,
which is in good agreement with the results of the
UV–visible titration. Figure 4 inset shows the changes
in the titration profile of the band at 373 nm corre-
sponding to the 1:[Bu4N]F, hydrogen-bonded complex.
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Figure 5. UV–visible spectra of 1 with [Bu4N]F, [Bu4N]Cl, [Bu4N]Br,
and [Bu4N]I in 1:1 ratio.
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Figure 6. Emission spectra of 1 with [Bu4N]F, [Bu4N]Cl, [Bu4N]Br,
and [Bu4N]I in 1:1 ratio.
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Analogous investigations were carried out with Cl�,
Br�, and I� and the titration experiments were moni-
tored by UV–visible (Fig. 5) and fluorescence (Fig. 6)
spectroscopy. A acetonitrile solution of 1 was titrated
with a standard solution of the tetrabutylammonium
salt of the chosen anions (Supplementary data). In all
cases, a new absorption band developed on titration
and sharp isosbestic points were observed in the
recorded spectra. The spectral variations observed for
1 on titrating with the anions mentioned above are
represented as a 1:1 ratio plot, where unique spectral
features were observed for each anionic guest hydrogen
bonded with 1, thereby demonstrating the selective
nature of 1 as a sensitive chemical sensor for recognizing
different anionic guest molecules.

The association constants (Ka) calculated from the UV–
visible plot at 327 nm show very strong binding of 1 with
fluoride ions compared with the other anions studied
here (Table 1). The UV–visible and fluorescence data
are clear indications that 1 can be used as a chemical
sensor to detect fluoride anions.
Table 1. Association constants (Ka) of 1 with anions in CH3CN

Anion Ka (M�1)

F� 439.49
Cl� 41.18
Br� 21.96
I� 24.46
In summary, we have reported that 2,6-bis(2-benzim-
idazolyl)pyridine, 1, shows high selectivity for fluoride
over other halide anions at concentrations as low as
10�7 M. The binding of the above tridentate ligand with
a series of anions was monitored by changes in 1H NMR
chemical shifts, as well as by UV–visible and fluores-
cence spectroscopy. To the best of our knowledge,
ligand 1 is the simplest tridentate molecule used for
anion recognition that shows high binding constants.
Results of this ligand as a chemical sensor for other
anionic species will be reported in due course.
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