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Abstract. The real-time monitoring of biologically relevant anions and mercuric ion concentration in aqueous and
physiological media and its quantitative determination across a large concentration range are of vital importance in
environmental, health-care issues, industrial and scientific fields. Anion-like fluoride and acetate play an important role in
a wide range of chemical and biological systems. This study reports the synthesis of a series of new molecular receptors
based on Schiff’s bases by adopting a green strategy. The adopted procedures were simple and less complicated. A new
simple colorimetric receptor based on salicylaldehyde Schiff’s bases sharing –OH and C=N moieties as anion binding
sites have been successfully synthesized through one-step synthesis, and the sensing studies revealed that the receptors
synthesized were found to be an elegant solution to the colorimetric sensing of the anions, especially acetate and fluoride.
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Introduction

The development of synthetic receptors for the detection and
sensing of anions and cations is an emerging research area in the
field of donor–acceptor chemistry [1,2]. The colorimetric sensors can be considered as a variant on optical sensors, where the
detection device is the human eye. Among the output signals, the
naked eye detection has gained more attention due to its ease of
detection and low cost [3,4]. Also, the colorimetric event can be
experienced without resorting to any complex analytical techniques. The anions especially acetate and fluoride are biologically relevant species and the higher concentrations of fluoride
and acetate will adversely affect human life [5]. The colorimetric sensing of mercuric cation also is of prime concern, since
even the low concentrations i.e., *2 ppb levels of mercury can
cause detrimental effects in human beings [6]. The sensors
exhibiting anion/cation-induced changes in visible colour
change are particularly attractive owing to their potential
applications in the biological and analytical field. Also, the
methods need to be simple, sensitive and inexpensive. We are
interested in designing and synthesizing the molecular sensors
that can detect these ions selectively at micro-molar levels by
colorimetrically visual, or using spectrophotometry (UV–visible) to detect and determine and monitor these pollutants.
A ninhydrin-based colorimetric molecular switch for
Hg2?, acetate and fluoride was reported by Ajith et al [7].

The design and synthesis of an anion colorimetric receptor
based on Schiff’s bases bearing –OH and –NH groups as
chromophoric signalling units were developed by Qiao et al
[8]. A colorimetric receptor based on Schiff’s base bearing
azophenolic hydroxy group was developed and the anion
binding events were studied by Liu and Shao [9]. The synthesis and binding ability of molecular probes based on
phenanthroline derivatives were also reported [10]. Colorimetric and fluorescence sensing of fluoride anions based on
salicylaldimine receptors were fabricated by Velmathi and
others [11]. Recently, Sasankai et al [12] developed a test kit
for the detection of biologically important anions based on
salicylidene–hydrazine-based Schiff’s base. The colorimetric receptors so far reported in the pieces of literature have
complicated structures and most of them are synthesized by
multi-step procedures.
The methodologies reported in the literature have some
disadvantages, such as prolonged reaction time, the high
reaction temperature, an excess of costly dehydrating
reagents or catalysts, moisture-sensitive catalyst and special
apparatus, etc. Considering these facts we have decided to
synthesize Schiff’s bases of various substituted aldehydes
and aromatic amines by employing lemon juice as a green
catalyst based on a green approach. This study involves the
design, synthesis and evaluation of optical receptors for
anions of biological importance and mercury. We have
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synthesized a series of Schiff’s bases by adopting a green
strategy derived from the condensation of salicylaldehyde
and four different amine derivatives and successfully fabricated the colorimetric probes for selective detection of
CH3COO-/F- and Hg2? in dimethylformamide (DMF).
2.
2.1

(70 eV) mass spectrometer and C, H, N elemental analyses
were done on an elemental Vario EL CHN analyzer.
All reagents for synthesis were obtained commercially
and used without further purification.

2.3

Materials and methods
Synthesis of colorimetric molecular probes

A mixture of 2-hydroxy benzaldehyde (1.22 g, 10 mmol)
and amine derivatives (p-toluidine, o-amino benzoic acid,
p-aminobenzoic acid, 4-nitro aniline (10 mmol), and 0.5 ml
lemon juice was stirred at room temperature for 30 min and
the reaction products were monitored by thin layer chromatography. Then the reaction mixture was filtered, and the
pure yellow crystalline products were recovered by
recrystallization with ethanol.

Colorimetric sensing studies

A 2 9 10-5 mol l-1 solution of each ion (sodium salts of
fluoride, acetate and mercuric ions) in DMF was prepared and
stored in a dry atmosphere. This solution was used for all
spectroscopic studies after appropriate dilution. Then given
amount of solution of each Schiff bases was added to a quartz
cuvette and the increased amount of tested anions (2 9 10-5
mol l-1 in DMF) was added to each solution above mentioned
and the absorbance spectra were recorded immediately.

3.
2.2
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Results and discussion

3.1 Synthesis of colorimetric receptors based on Schiff’s
bases

Characterization studies

The characterization of 4-Schiff base ligands was done by
infrared, UV–visible, 1H NMR, 13C NMR, mass spectral
analysis and CHN analysis. The UV–visible spectra were
recorded on UV-1800 Shimadzu Spectrometer by dissolving
the crystals of each Schiff bases in DMF solvent. IR-Spectrum (KBr pellet 4000–400 cm-1) has been recorded on a
Perkin Elmer model (883) infrared spectro-photometer.
1
H NMR spectra were recorded on the spectrometer using TMS
as an internal reference and d6-DMSO as the solvent and
have been measured by Bruker Advance 300 Spectrometer.
Mass spectra were recorded on Shimadzu GC-MS-QP5050A

The receptors based on salicylaldimine Schiff’s bases were
prepared from salicylaldehyde and substituted aniline by a
green method using lemon juice as a catalyst. The following
four ligands, namely, 4-methyl-N-[(2-hydroxyphenyl)
methylidene]aniline (L1), 2-amino-N-[(2-hydroxyphenyl)
methylidene]benzoic acid (L2), 4-amino-N-[(2-hydroxyphenyl)methylidene]benzoic acid (L3), 4-nitro-N-[(2-hydroxyphenyl)methylidene]aniline (L4) were synthesized for
the present investigation. The chemical structures of the
ligands are shown below:
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The general scheme for the synthesis of Schiff’s bases is
depicted in figure 1, taking L1 as a representative.
The present synthetic strategy is completely solvent-free
compared to the earlier work reported by Velmathi and others
[11], and is non-toxic and does not contain any flammable
solvents in the reaction mixture. Thus, this approach is
environmentally friendly, non-polluting, and has much significance in the present scenario. Also, the reaction needs
only 30 min, i.e., shorter reaction time compared to earlier
work that needs 3 h for the product formation. Here we used
the extract of citrus lemon, which is a natural catalyst for the
synthesis of Schiff’s bases. The percentage of citric acid
present in lemon juice is 5–7% and will perform as an elegant
acid-based catalyst for the formation of Schiff’s bases. We
also performed the control experiments, i.e., without the
addition of lemon juice as a catalyst and we did not notice any
formation of products as the condensation reactions were not
taking place and the formation of Schiff’s bases were not
possible in the absence of lemon juice catalyst.

3.2

Characterization studies

The synthesized ligands were characterized using CHN, IR,
H NMR, 13C NMR spectral studies and mass spectral
analysis. The data obtained are shown in table 1.
The optimized three-dimensional structures of the synthesized ligands can be represented as in figure 2.

1

3.3

UV–visible and colorimetric studies

The four ligands we have chosen can be categorized as the
ligand L1 containing an electron-donating group, –CH3 as
the substituent, the ligand L2 containing an electron-withdrawing group –COOH placed in ortho position to the
carbon doubly bonded to the nitrogen, ligand L3 containing
an electron-withdrawing group –COOH placed in the para
position to the carbon doubly bonded to the nitrogen and the
ligand L4 containing a strong electron-withdrawing group
–NO2 placed in para position to that of the carbon doubly
bonded to the nitrogen atom. To check the colorimetric
sensing studies, the ligands (2 9 10-5 M) and four
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equivalents of mercury/anions (sodium salts of anions) were
mixed and powdered well using grinding in a mortar. The
mixture is then dissolved in DMF and the colorimetric
observations were analysed with naked eye.
In receptor L1, the colour changes observed were not
appreciable due to the absence of a chromogenic signalling
unit. So we did not perform the UV–visible spectral analysis. The UV–visible spectral studies were carried out by
taking 2 9 10-5 M solutions of each receptor and varying
the amount of anions/mercury (2 9 10-5 M).
The ligand L2 (derived from anthranilic acid) was found
to be an elegant tool for the colorimetric sensing of fluoride,
acetate and mercury. The ligand alone gave a yellow
coloured solution in DMF and on the addition of fluoride, the
colour changed to pink, on the addition of acetate the colour
changed to orange, and on the addition of mercury, the visual
change shifted to purple. The visual observations obtained
with different anions and mercury are shown in figure 3.
The UV–visible spectra of the receptor L2 gave a strong
absorption maximum at 262 nm and on the addition of 2
equivalents of acetate, the absorption maximum slightly
red-shifted, and on further addition of acetate, the maximum
shifted to 342 nm on reaching the concentration of receptor
to analyte as 1:4 (figure 4). This result is also in line with
other visual observation studies.
From the UV–visible spectra (figure 5), the absorption
spectrum of L2 is centred at 263 nm and is shifted to
345 nm on the addition of fluoride and thus the ligand L2
can be effectively used for the sensing of fluoride as well.
The UV–visible spectra of ligand L2 and mercuric ions
(figure 6) indicate that the receptor L2 can also act as an
efficient colorimetric sensor for mercuric ion as well. The
ligand L2 is having an absorption maximum at 262 nm and
on addition of mercuric ions, it is red shifted to 334 nm and
this result is also in agreement with our visual studies. Thus,
the receptor L2 can be successfully adopted for the sensing
of acetate, fluoride and mercuric ions.
The UV–visible spectra of L3 showed an intense band at
320 nm and on addition of flouride, the intensity of
absorption shifted drastically and are slightly blue shifted.
The visual observation also indicates that the yellow
colured receptor solution changed to colourless on addition
of flouride (figure 7).
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Figure 1.

General scheme for the synthesis of the receptors.
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NO2

COOH

1600 (C=N) (sharp), 1272
(N–O), 1565, 1508, 1484,
1459 (C–C aromatic stretching),
3100 (–OH stretching) (broad)

1615 (C=N) (sharp), 1232
(C–O), 1507, 1454, 1373
(C–C aromatic stretching),
1738 (C=O) (strong) 3100
(–OH stretching) (broad)

1615 (C=N) (sharp), 1230
(C–O), 1507, 1454, 1373
(C–C aromatic stretching),
1730 (C=O) (strong), 3100
(–OH stretching) (broad)

1615 (C=N) (sharp), 1278
(C–O), 1560, 1510, 1482,
1459 (C–C aromatic stretching),
3100 (–OH stretching) (broad)

H NMR-d6 DMSO, dppm

7.02–8.01 (m, 8H), 9.65
(s, 1H), 12.58 (s, 1H)

6.51–7.68 (m, 8H), 8.59
(s, 1H), 10.26 (s, 1H),
12.94 (s, 1H)

7.14–7.87 (m, 8H), 9.08
(s, 1H), 10.24 (s, 1H),
13.55 (s, 1H)

2.45 (s, 3H), 7.12–7.19
(t, 1H) 7.43–7.62 (m, 6H),
7.8–7.84 (d, 1H), 9.14
(s, 1H), 13.42 (s, 1H)

1

C NMR

117.4–165.4 (dC-Ar),
76.5–77.4 (dC-N)

117.2–163.7 (dC-Ar),
76.4–77.8 (dC-N)
194.5 (dCOOH)

117.5–163.5 (dC-Ar),
76.5–77.5 (dC-N)
196.6 (dCOOH)

119.3–162.4 (dC-Ar),
77.5–78.5 (dC-N) 29.0
(dCH3)

13

C13H10N2O3
M?–242

C14H11NO3
M?–241

C14H11NO3
M?–241

C14H13NO
M?–211

Mass spectrum
(70 eV, m/e)

Calculated: 11.57% (N),
64.46% (C), 4.57% (H)
Found: 13.16% (N),
60.59% (C), 3.99% (H)

Calculated: 5.80% (N),
69.7% (C), 4.56% (H)
Found: 5.79% (N),
67.71% (C), 4.38% (H)

Calculated: 5.80% (N),
69.7% (C), 4.56% (H)
Found: 5.71% (N),
67.12% (C), 4.43% (H)

Calculated: 6.63% (N),
79.62% (C), 6.16% (H)
Found: 6.56% (N),
77.38% (C), 5.85% (H)

CHN
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Characterization data of the synthesized receptors.

Compounds

Table 1.
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Optimized three-dimensional structures of the ligands.

Figure 5. UV–visible spectra of L2 with fluoride, inset shows
the colorimetric observation.

Figure 3. The visual colour change observed: L2 alone and on
addition of ligand (L2 ? F), (L2 ? acetate), (L2 ? Hg2?) and
(L2 ? Pb2?) (1:4 ratios).

Figure 6. The UV–visible spectra of L2 with different concentrations of mercuric ion and the inset shows the colorimetric
observation.

Figure 4. UV–visible spectra of L2 with varying concentrations
of acetate and the inset shows the colorimetric observation.

The UV–visible spectrum of L3 is centred at 320 nm and
on addition of varying concentration of mercuric ions, the
intensity of absorption slightly shifted to 325 nm (figure 8).
The ligand L4 (derived from p-nitro aniline) on treating
with different anions, the visible colour change from yellow
to purple colour was observed only in the case of acetate
alone. Thus, the ligand L4 was found to be a promising

candidate for the colorimetric sensing of acetate from other
anions as well as from Hg2?. From the UV–visible spectra,
the ligand L4 gave an absorption spectrum with a characteristic peak at 368 nm and on the addition of 4 equivalents
of acetate to the receptor, shifted the absorption maximum
to 381 nm. This red shift is quite concordant with the colorimetric observation (figure 9). Also, it can be noticed that
we can effectively adopt the receptor L4 for the sensing of
acetate.
Recently Velmathi and others [11] reported the potential
use of salicylaldimine Schiff’s base receptors for the colorimetric sensing of fluoride and acetate. However, the
same ligand reported by the above authors did not give a
promising colorimetric sensing for fluoride in our case.
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to detect or quantify the guest’s moieties in their lower
concentration ranges.

3.4 Determination of stoichiometry of the complexes
by Job’s plot

Figure 7. The UV–visible spectra of L3 with different concentrations of fluoride and the inset shows the colorimetric
observation.

On the basis of colorimetric observations obtained from the
different receptors, the binding stoichiometry of sensor–
anion complexes were determined by the method of continuous variation (Job’s plot). Ten solutions were made by
varying ligand: anionic ratio and keeping the total concentration of ligands and the anionic guest species as constant (2 9 10-5 M). The results indicate the formation of
complexes with a stoichiometric ratio of 1:2 (maximum
occurs at a mole fraction of 0.35) in the case of L2:F-, 1:2
in the case of L2:Hg2? (mole fraction occurs at a maximum
of 0.36), 1:2 in the case of L2:Ac- (mole fraction occurs at
a maximum of 0.36), 1:2 in the case of L3:F-, 1:2 in the
case of L3:Hg2? and 1:2 in the case of L4:Ac-.

3.5

Figure 8. The UV–visible spectra of L3 with different concentrations of mercuric ion and the inset shows the colorimetric
observation.

But it was found to be excellently selective and sensitive
towards the colorimetric sensing of acetate. This can be
attributed due to the change in solvent polarity in both cases
and due to the anionic solutions, we have adopted i.e.,
inorganic sodium salts of anions instead of tetra butyl
ammonium salts of anions. Also, Bose and Ghosh [13]
reported the visible and near-infra-red sensing of fluoride by
indole conjugated urea/thiourea ligands. In their reports also
the shifting of spectral lines towards the higher frequencies
due to the simultaneous formation of multiple deprotonated
species was observed only at a very high concentration of
fluoride, i.e., nearly equal to 12 or more equivalents of
fluoride anions. We have restricted our studies only up to
four equivalents of anions, as the purpose of a real sensor is

Possible mechanism of recognition of anions/Hg2?

The possible mechanism for the recognition of fluoride,
acetate and mercuric ions can be explained based on the
interaction between the ligands and the anions/mercuric
ion. The four ligands we have chosen can be categorized as
the ligand L1 containing an electron donating group, –CH3
as the substituent, the ligand L2 containing an electron
withdrawing group –COOH in ortho position to the carbon
doubly bonded to the nitrogen, ligand L3 containing an
electron withdrawing group –COOH placed in para position to the carbon doubly bonded to the nitrogen and the
ligand L4 containing a strong electron withdrawing group
–NO2 in para position to that of the carbon doubly bonded
to the nitrogen. The sensing mechanism of L4 on comparison with other three ligands can better be explained on
the basis of the more electron withdrawing effect of the
–NO2 group and it enhances the positive charge distribution on the –C–N bond and favours the strong anion
binding receptor sites in carbon and nitrogen. Also, the
hydrogen bonding is possible between the –OH group and
the acetate ion. The binding mechanism of acetate receptor
is depicted in figure 10.
The ligand L2 was found to be an elegant ligand because
L2 interacts strongly with the anions acetate, fluoride and
the Hg2?. The ligand L2 gave entirely three different colours on addition of acetate, fluoride and mercuric ion. The
possible interaction of anion binding can be explained based
on the electron withdrawing effect of –COOH group adjacent to the –C–N bond, which favours the anion binding
recognition. The co-ordinating ability of –OH and the
–COOH groups contributes towards the Hg2? sensing. The
pictorial representation of the binding mechanisms is shown
in figure 11.
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Figure 9. The UV–visible spectra of L4 with different concentrations of acetate and the right-hand side picture shows the colorimetric
changes with other anions and cations.

Figure 10. The binding mechanism of acetate receptor.

Figure 11.

The possible binding mechanism of L2 and Hg2?.

The ligand L3 was also found to be a good colorimetric
sensor for the acetate anion and the mechanism is exactly
similar to that of L4. The ligands L2 and L3 have differed
only in the position of the –COOH group and the pronounced colorimetric sensing of Hg2? in the case of L2 can
be attributed to the presence of co-ordination moieties in
adjacent positions as compared to L3. The L1 contains an
electron-donating –CH3 group and does not show any
promising colour change on interaction with the anions and
mercuric ions. Among the four ligands synthesized via
greener strategy, the ligand L4 was found to be an excellent
visual aid for the sensing of acetate, and the ligand L2 was
found to be an elegant tool towards the sensing of acetate,
fluoride and Hg2?.

4.

Conclusions

A colorimetric molecular probe bearing salicylaldehydebased Schiff’s bases such as 4-nitro-N-[(2-hydroxy phenyl)methylidene]aniline,
4-amino-N-[(2-hydroxy
phenyl)

methylidene]benzoic acid, 2-amino-N-[(2-hydroxy phenyl)
methylidene]benzoic acid, 4-methyl-N-[(2-hydroxy phenyl)
methylidene]aniline were designed and synthesized successfully by an eco-friendly greener technique using lemon juice as a
catalyst. This method is non-polluting and does not employ any
toxic materials. It is also a cleaner and safer method involving
mild reaction conditions and simple work up.
In organic medium, the receptor showed significant
spectral (red shift) and optical (from yellow to purple)
response to the strong basic anions such as acetate and
fluoride. The interactions of each receptor with other anions
were investigated by UV–visible spectral titrations. The
receptors showed optical, spectral responses towards F-,
CH3COO- and Hg2?. L2 is found to be a promising sensor
for all the ions tested. However, the receptor L4 was found
to be more selective and sensitive, especially towards
ACO-. The possible interaction mechanism can be
demonstrated via the electronic transition of HOMO that
gave rise to the red-shift phenomenon seen in the UV–
visible spectra of the donor–acceptor complex.
Thus the receptors synthesized via a simple greener
strategy were found to be an elegant tool towards the colorimetric sensing of the anions, especially acetate and fluoride and the cation mercury.
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