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Dual chemosensing properties of new
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Abstract—Novel colorimetric receptors 1-[(2-hydroxy-5-bromo-benzylidene)-amino]-anthraquinone, 1-[(2-hydroxy-5-methyl-benz-
ylidene)-amino]-anthraquinone, and 1-[(2-hydroxy-5-nitro-benzylidene)-amino]-anthraquinone have been synthesized as fluoride
ion sensors. A color change was observed visually (naked-eye) upon addition of fluoride ions in organic solvents to solutions of
the receptors.
� 2007 Elsevier Ltd. All rights reserved.
The recognition1 and sensing2 of anionic analytes is a
key research topic within supramolecular chemistry.3

A significant amount of work has been devoted to
obtain specific chemosensors that are able to change
one or several macroscopic properties, upon complexa-
tion with the target guests. In response to the molecular
coordination event, changes in color,4 fluorescence5 or
absorbance6 are the output signals used in the develop-
ment of optical chemosensors. In this regard, ‘colorimet-
ric anion sensors’ are species that would allow ‘naked-
eye’ detection of anions without resort to any spectro-
scopic instrumentation. Such sensor systems are
generally composed of two parts: one is the anion
binding part (receptor), which is typically based on var-
ious combinations of pyrrole,7 urea/thiourea,8 amine9 or
phenol10 moieties, and the other is a chromophore,
which converts binding induced changes into an optical
signal such as the appearance of color. These two parts
are either directly linked11 or intramolecularly associ-
ated.12 Among various important analytes, fluoride ions
are significant due to their role in dental care and treat-
ment of osteoporosis.13 According to previous studies,14

F� seems to interact with a hydrogen bond donor (NH2,
–OH, –C(O)NHR) of a receptor more strongly than any
other anions. With reference to binding groups, only a
limited number of reports are available using
–OH as a binding site.15 Hence, in continuation of our
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previous work,16 we herein report chromogenic and
selective fluoride chemosensors possessing a phenolic
OH group able to bind fluoride via H-bond interactions,
and an anthraquinone group which acts as a chromo-
genic signalling unit. The nature of these simple anthra-
quinone-based sensors is altered by incorporation of
electron-withdrawing (Br� or NO2

�) and electron-
donating (CH3) substituents, which are able to tune
the anion recognition selectivity.17

Receptors 1, 2, and 3 were synthesized by Schiff’s base
condensation of 1-aminoanthraquinone with 5-bromo-
salicylaldehyde, 5-methylsalicylaldehyde, and 5-nitrosali-
cylaldehyde, respectively. The products were purified by
column chromatography on silica gel with hexane/chlo-
roform (50:50 v/v) as eluent. The elemental and spectro-
scopic analysis results were consistent with the proposed
structures of the receptors.18

mailto:mkands@ yahoo.com
mailto:mkands@ yahoo.com


Figure 1b. Color changes of receptor (R) 2 in DMSO (5.0 · 10�5 M)
before and after the addition of 2 equiv of representative anions (from
the left to the right: R, R + F�, R + Cl�, R + Br�, R + I�).

Figure 1c. Color changes of receptor (R) 3 in DMSO (5.0 · 10�5 M)
before and after the addition of 2 equiv of representative anions (from
the left to the right: R, R + F�, R + Cl�, R + Br�, R + I�).
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The 1H NMR spectra of the receptors were recorded in
DMSO-d6 in the presence and absence of fluoride ions to
determine their interactions. The 1H NMR spectra of
receptors 1, 2, and 3 showed an OH proton signal at d
10.2 (1), 9.4 (2), and 11.2 (3), respectively, in the absence
of F�. The variations in the OH proton signal indicate
the influence of the substituents. The more electron-
withdrawing NO2 group deshields the OH proton in
comparison to the electron-donating CH3 group. After
the addition of fluoride ions (5 equiv), the OH proton
signals disappeared. Hence, the effect on the OH proton
resonances of 1–3 in the presence of F� can be assigned
as evidence for the occurrence of hydrogen bond inter-
actions between OH and the fluoride ions.

The colorimetric sensing ability of receptors 1, 2, and 3
with halide anions (F�, Cl�, Br�, and I�) in CHCl3,
CH3CN and DMSO was monitored by visual (naked-
eye), optical (absorption and fluorescence) and electro-
chemical methods. The halide anions (F�, Cl�, Br�,
and I�) were added as tetrabutylammonium salts to
5 · 10�5 M solutions of the receptors in DMSO.

In the naked-eye experiments, receptors 1, 2, and 3
(5 · 10�5 M in DMSO) showed dramatic color changes
from light pink to dark pink, brown, and golden yellow,
respectively, in the presence of TBAF (2.5 · 10�4 M)
(Figs. 1a–1c). All the receptors were found to be insen-
sitive to addition of a large excess of Cl�, Br�, and I�

(up to 100 equiv). Color changes are most probably
due to the formation of hydrogen bond interactions
between the OH groups and fluoride ions. These H-
bond interactions affect the electronic properties of the
chromophore, resulting in a color change along with a
new charge-transfer interaction between the fluoride-
bound OH and the electron-deficient anthraquinone
moiety.5 Fluoride ions interact with the receptors more
strongly due to their higher electronegativity and their
smaller size compared to the other halides.14
Figure 1a. Color changes of receptor (R) 1 in DMSO (5.0 · 10�5 M)
before and after the addition of 2 equiv of representative anions (from
the left to the right: R, R + F�, R + Cl�, R + Br�, R + I�).

Table 1. UV–visible data for 1–3

Solvent

1

CHCl3 469, 335, 277, 252
CH3CN 487, 311, 272, 243
DMSO 500, 315, 277, 258
Observable color changes also took place in CHCl3 and
CH3CN solutions. Upon addition of fluoride ions, the
pale red colored solutions (1–3) became dark red (1
and 2) and reddish brown (3) in CH3CN and, yellow
solutions (1–3) turned pink (1) and reddish brown (2
and 3) in color in CHCl3. The colors of the receptors
in CH3CN and CHCl3 remained the same in the pres-
ence of chloride, bromide, and iodide.

The recognition behavior of receptors 1, 2, and 3 toward
halide anions was also investigated by absorption, emis-
sion, and electrochemical methods. Electronic spectra of
the receptors showed four transitions in CHCl3,
CH3CN, and DMSO and the data are given in Table
1. UV–vis titrations were carried out in DMSO at a con-
centration level of 5.0 · 10�5 M upon addition of tetra-
butylammonium fluoride and the spectra are shown in
Figures 2a–2c. The first two bands (250–280 nm) were
assigned to the excitation of the p electrons of the aro-
matic system. The third band (around 320 nm) is due
to the transition between the p orbital localized on the
azomethine group (C@N). The absence of a band in
the region (320–400 nm), which can occur due to intra-
kmax (nm)

2 3

460, 322, 255, 235 483, 309, 279, 243
498, 313, 273, 245 495, 317, 279, 258
508, 316, 277, 258 496, 316, 275, 257
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Figure 2a. Absorption spectra of receptor 1 recorded in DMSO (5.0 · 10�5 M) after addition of 0–10 equiv of tetrabutylammonium fluoride.
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Figure 2b. Absorption spectra of receptor 2 recorded in DMSO (5.0 · 10�5 M) after addition of 0–10 equiv of tetrabutylammonium fluoride.
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Figure 2c. Absorption spectra of receptor 3 recorded in DMSO (5.0 · 10�5 M) after addition of 0–9 equiv of tetrabutylammonium fluoride.
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molecular charge-transfer transitions within the whole
of the Schiff base, indicates that there is no intramolec-
ular hydrogen bond between the OH group and the
–HC@N nitrogen.19 In the case of 1, the intensity of
the peak at 500 nm decreased, while a new peak at
518 nm appeared with an isobestic point at 510 nm after
addition of F�. Simultaneously, the intensity of the peak
at 320 nm decreased. As seen in Figure 2a, a significant
bathochromic shift was observed upon complexation
with F�, presumably due to a charge-transfer interac-
tion between the fluoride-bound –OH and the elec-
tron-deficient anthraquinone moieties.5 Addition of F�

also caused hypsochromic band shifts from 518 nm to
457 nm with an isobestic point at 490 nm, while increas-
ing intensities of the absorbance at 310 nm were
observed for receptor 2. The intensity of the peak at
495 nm decreased with the addition of fluoride, whereas
the peak at 439 nm increased with an isobestic point at
480 nm in the case of 3. The intensity of the peak at
320 nm also decreased. Exposure to chloride, bromide
and iodide anions did not result in any spectral changes
in the above receptors.

Fluorescence titration experiments carried out with
receptors 1–3 in DMSO (5 · 10�5 M) solution showed
emission maxima at 598, 620, and 610 nm, respectively.
Representative fluorescence spectra (Fig. 3) show the
changes in the intensities of the fluorescence emission
maxima of receptor 1 in the absence and presence of
fluoride. Successive addition of F� (2.5 · 10�4 M in
DMSO solution) to DMSO solutions of 1–3 resulted
in a decrease of their intensities with marginal changes
in the emission maxima. The binding constants for the
receptor–fluoride complex were obtained from the vari-
ation in the fluorescence intensity at an appropriate
wavelength using the reported method.20 The binding
constants (Ka) for 1, 2, and 3 with fluoride were calcu-
lated to be 9.2 · 103, 5.785 · 103 and 1.90 · 104 M�1,
respectively. Receptor 3 (nitro substituent) shows a
Figure 3. The changes in the fluorescence emission spectra of receptor
1 (5.0 · 10�5 M) upon titration with solutions of tetrabutylammonium
fluoride in DMSO.
higher binding constant than the others. This may be
due to the presence of the electron-withdrawing group,
which results in strong hydrogen bond interactions with
fluoride.

The anion sensing abilities of the receptors toward
halide anions were also monitored by electrochemi-
cal techniques. Representative cyclic voltammograms
(DMSO, 0.1 M TBAP, where the addition of TBAP to
the receptor solutions did not cause any color change)
of receptor 1 in the absence and presence of fluoride
are shown in Figure 4. Receptors 1, 2, and 3 showed
two irreversible reduction waves; the first reduction
wave in the region �0.73 to �0.79 V, and the second
reduction wave in the region �1.0 to �1.06 V. The
formation of two reduction waves was assigned to the
respective formation of radical anions and dianions of
the anthraquinone moiety.21

The appearance of a sharp negative stripping peak
at about �0.2 V corresponds to the electroreductive
desorption of ion pairs adsorbed on the electrode
surface in the oxidation step.22 This stripping peak,
however, disappeared on addition of further fluoride
ions. This observation provides further evidence for
F� binding to the receptor.

Addition of successive amounts of F� results in a reduc-
tion of the peak current along with a cathodic shift of the
peak potential for receptors 1, 2, and 3. The cathodic
peak current of the waves decreases with cathodic shift
upon addition of successive amounts of F�. This decreas-
ing peak current of the peak for all the receptors in the
presence of F� showed strong and perhaps electro-inac-
tive complex formation between the receptor and F�.6

In conclusion, receptors 1, 2, and 3 are easy-to-prepare
and allow detection of F� visually, optically, and elec-
trochemically in DMSO at a concentration level of
10�5 M. Hence receptors 1, 2, and 3 can be used as fluo-
ride ion colorimetric sensors.
Figure 4. Changes in the redox properties of receptor 1 recorded in
DMSO (5.0 · 10�5 M) upon addition of tetrabutylammonium fluoride.
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