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Abstract

A new pyrene based chalcone receptor 1 has been synthesized and utilized as a sensor for Pb2+ ions in aqueous media.  Receptor 
1 showed a highly selective and sensitive recognition of Pb2+ over other heavy and transition metal ions. The turn “off-on” fluorescent 
detection of Pb2+ by 1 is free from the interference of other metal ions. A possible PET mechanism is proposed for the “off-on” fluorescent 
enhancement. 
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(i) sensors are interfered with by other metal ions such as Hg2+, Zn2+ 
and Cd2+; (ii) only a few could work in aqueous solution [23-35]. 
Thus, developing fluorescent chemosensors that could overcome the 
disadvantages mentioned above is highly desirable. 

Herein, we report a thiophene derived chalcone bearing a 
pyrene scaffold 1 as a receptor for selective detection of Pb2+ in 
aqueous solution. Pyrene fluorophores have been extensively used 
for the synthesis of fluorescent chemosensors because of their 
unique monomer and excimer emissions depending upon the 
relative proximity between pyrene fluorophores [36]. The synthesis, 
characterization and the nature of binding of the receptor 1 with 
Pb2+-ion are explained by using fluorescence techniques.

Experimental methods
Materials and measurements

All the reagents were purchased from sigma Aldrich & Merck in 
analytical grade. 1H NMR and 13C NMR spectra were measured on a 
Brucker 300 MHz spectrometer, with chemical shifts reported in ppm 

Introduction
Lead poisoning is the most environmentally caused diseases 

[1,2]. Pb2+ is a kind of dangerous heavy metal ions, which pollute the 
environment and create a wide variety of health problems, such as 
irritability, anaemia, muscle paralysis, neurological damage, nerve 
disorders, mental confusion, memory loss, reduced IQ and particularly 
to children even at low doses [3-7]. Therefore, the detection of Pb2+ 
has a vital significance in monitoring the environmental pollution 
and medical diagnostics in environmental and biological samples. 
Nowadays, the development of fluorescent chemosensors for the 
detection of metal cations has attracted extensive interest due to 
their high sensitivity and selectivity [8-11]. Fluorescent techniques 
have become the potential tool for trace analytes due to operational 
simplicity, low cost, real time monitoring and high selectivity [12-
14]. Though, there are many fluorescence sensors for the selective 
detection of Pb2+ reported earlier, most of them show fluorescence 
quenching. However sensors with ‘turn-on’ responses are relatively 
rare [15-22].  In addition, the probes for Pb2+ have several drawbacks: 
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(in CDCl3, TMS as internal standard). LC-MS were determined on 
a LC-MSD-Trap-XCT Plus based on infusion methods. Absorption 
spectra were made on a Shimadzu UV-240 spectrophotometer. 
Fluorescence measurements were performed on a Jasco FP-8200 
spectrofluorimeter equipped with quartz cuvettes of 1 cm path length. 
The excitation and emission slit widths were 5.0 nm.  All emission 
spectra were recorded at 24 ±1 °C. Stock solutions for analysis 
were prepared (2×10-3M for compound 1 in DMSO-H2O, 1:1 v/v, 
HEPES=50 mM, pH=7.4) immediately before the experiments. The 
solutions of metal ions were prepared from nitrate salts of Na+, K+, 
Al3+, Cu2+, Cd2+, Hg2+, La2+,Pb2+, Zn2+, Co2+, Ni2+, Ca2+, Mn2+, Cr3+, Ba2+, 
Ce3+, Mg2+, Fe2+, Fe3+ and Ag+.

Synthesis of receptor 1 ((E)-1-(8,10-dihydropyren-1-yl)-3-
(thiophen-2-yl)prop-2-en-1-one)

Aqueous sodium hydroxide (4 ml, 10%) was added to a mixture 
of 2-thiophenecarboxaldehyde 0.2 g (1.78 mmol), 1-acetylpyrene 0.48 
g (1.96 mmol) and 25 ml of ethanol. The reaction mixture was stirred 
at room temperature for 24 h. The resulting precipitate was collected 
by filtration, washed with more ice cold ethanol. The precipitate was 
then recystallized from Chloroform. Yield 85 %. M.p. 180-181°C, 1H 
NMR (300 MHz, CDCl3): δ: 8.58-8.61 (d, 1H, J=9 Hz), 8.12-8.23 (6H, 
m), 8.00-8.08 (m, 2H), 7.73-7.78 (d, 1H, J=15 Hz), 7.41-7.43 (d, 1H, 
J=6 Hz), 7.27-7.28 (d, 1H, J=3 Hz), 7.23-7.24 (d, 1H, J=3 Hz), 7.04-
7.07 (t, 1H) ppm. 13C NMR (100 MHz, CDCl3): δ =194.28, 139.10, 
137.25, 132.69, 132.18, 131.02, 130.08, 129.62, 128.29, 128.26, 128.13, 
128.05, 127.36, 126.13, 125.34, 125.22, 125.05, 124.90, 123.84, 123.66, 
123.36, 123.04 ppm. LC-MS: m/z= 339.4852 [M+-H]+.

Results and Discussion

Synthesis and Characterization of Receptor 1

The fluorescent receptor 1 was concisely synthesized from 
2-thiophenecarboxaldehyde and 1-acetylpyrene in a single step 
condensation reaction (Scheme 1). The final receptor 1 was confirmed 
by NMR (1H and 13C) and mass spectrometry. (Supp. Info. S1-S3). The 
chemosensor is designed in such way that, it has a receptor-linker-
fluorophore unit. The pyrene scaffold acts as a fluorophore, which is 
covalently attached to a thiophene moiety (receptor) through a C=C 
spacer unit. The hetero atoms, oxygen and sulphur act as binding sites 
for the metal ion detection.

Selectivity studies of receptor 1

The fluorescence response of the chemosensor 1 towards various 
metal ions were performed at a physiological pH in DMSO-H2O (1:1 
v/v, HEPES=50 mM, pH=7.4) solution. Upon addition of 100 equiv. 
of Pb2+ to a solution of 1, significant enhancement of fluorescence 
with an emission maximum at 418 nm was observed compared to 
the sensor alone under the same experimental conditions. However, 
under the identical concentration of other metal ions (Na+, K+, Al3+, 
Cu2+, Cd2+, Hg2+, La2+, Zn2+, Co2+, Ni2+, Ca2+, Mn2+, Cr3+, Ba2+, Ce3+, 
Mg2+, Fe2+, Fe3+ and Ag+) sensor 1, produced no considerable changes 
in the fluorescence spectra (Figure 1). Therefore, 1 act as a highly 
selective fluorescence ‘‘off-on’’ probe for Pb2+ in DMSO-H2O (1:1 v/v, 
HEPES=50 mM, pH=7.4) solution.

For practical applications, the possible interferences by other 
metal ions were carried out through competitive experiments. The 
fluorescence changes of 1 was measured by the treatment of 100 equiv. 
Pb2+ ions in the presence of same equiv. other interfering metal ions 
including Na+, K+, Al3+, Cu2+, Cd2+, Hg2+, La2+, Zn2+, Co2+, Ni2+, Ca2+, 
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Scheme 1: Synthesis of Receptor 1.

Scheme 2: Proposed binding mode of 1 with Pb2+.
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Figure 1: Fluorescence changes of 1 (4 x 10-6 M) DMSO-H2O solution (1:1 v/v, HEPES=50 mM, pH=7.4) in the presence of various metal ions (100 equiv. of 
each, excited at 344 nm).

Figure 2: Fluorescence response of 1 (4×10-6 M) in DMSO/H2O (1:1 v/v, HEPES = 50 mM, pH = 7.4) solution.  The blue bars represent the fluorescence emission 
of 1 and 100 equiv. of other metal ions.  The red bars represent the fluorescence changes that occur upon addition of 100 equiv. of other metal ions to the solution 
containing 1 and Pb2+ (100 equiv.).
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Mn2+, Cr3+, Ba2+, Ce3+, Mg2+, Fe2+, Fe3+ and Ag+. The tested interfering 
metal ions showed no observable interference with the detection of 
Pb2+ ion (Figure 2).  These results suggested that receptor 1 could 
be used for the selective detection of Pb2+-ion in environmental and 
biological sample analysis.

Fluorescence responses and stoichiometric studies

Furthermore, the fluorescence response of 1 to various 
concentrations of Pb2+ was investigated as titration experiments. 

As shown in Figure 3, upon addition of Pb2+ (0-60 equiv.), the 
fluorescence of 1 gradually increased and remained steady when 
100 equiv. of Pb2+was added, implying that 1 interacts with Pb2+ in 
2:1 stoichiometry. The Job’s plot method (Figure 4) is used to find 
the complexation mode between receptor 1 and Pb2+ (Host-Guest) 
complex [37]. The complex showed a maximum mole fraction of 1 
is 0.3 at 418 nm established a 2:1 (1:Pb2+) binding stoichiometry. The 
detection limit of the sensor 1 is found to be 0.11 × 10-6 M-1, which is 
calculated using 3δ/S [38].   

Figure 4: Job plot of 1 and Pb2+ in DMSO-H2O solution (1:1 v/v, HEPES=50 mM, pH=7.4). 

Figure 3: Fluorescence titration spectrum of 1 (4 x 10-6 M) in DMSO-H2O solution (1:1 v/v, HEPES=50 mM, pH=7.4) upon addition of different amount of Pb2+ (0-60 
equiv. of each, excited at 344 nm) emission = 418 nm.
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Figure 5: Benesi–Hildebrand plot of 1-Pb2+ complex (2:1) binding stoichiometry.
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Figure 6: Fluorescence spectra of 1 (4×10-6 M) solution (DMSO-H2O, 1:1 (v/v), HEPES=50 mM, pH=7.4) in the presence of Pb2+ & EDTA (100 equiv.)

The binding stoichiometry is further confirmed by the Benesi–
Hildebrand plot between 1-Pb2+ (Figure 5) [39]. The association 
constant was determined to be Ka = 1.18 x 105 M-2 for the 1-Pb2+ 
complex. 

The recognition reversibility of 1 to Pb2+ was verified with 
the help of EDTA. As already discussed, sensor 1 alone show a 
weak fluorescence and after addition of Pb2+ there is a significant 
enhancement of the fluorescence intensity as an turn off-on process. 
Nevertheless, upon addition of EDTA to the same solution the 
fluorescence intensity got reduced and peak overlapped with that of 

the receptor 1 as an turn on-off process. This study indicates that the 
Pb2+ recognition process is reversible one as shown in Figure 6.

The IR spectrum of chemosensor 1 exhibited characteristic IR 
band in the region of 1429 and 1668 cm-1 corresponding to C=C and 
C=O stretching groups. However, as shown in Figure 7, in the IR 
spectra of 1+Pb2+, C=C stretching band is shifted to 1435 cm-1 and 
at the same time the C=O group shifted to 1660 cm-1 [40,41]. These 
differences in the IR band shift further corroborates that the carbonyl 
group took part in coordination with Pb2+ ions. 

Proposed coordination mode of the complex
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The proposed coordination mechanism of 1-Pb2+ was investigated 
through fluorescence changes as shown in scheme 2. For the sensor 
1, have no accountable fluorescence (turn-off) due to intramolecular 
photo-induced-electron-transfer (PET) process within the chalcone 
based pyrene unit [42-44]. Upon the addition of Pb2+-ions to 1, there is 
a gradual increase in the fluorescence (turn-on) enhancement which 
eventually inhibits the PET process. By combing all the above results 
such as, fluorescence titration spectrum, job’s plot and non linear 
curve fitting methods the possible coordination modes of 1-Pb2+-ion 
complex was found to be 2:1 (Host: Guest) binding stoichiometry. 

In addition, a pH titration experiment showed that receptor 1 and 
1+Pb2+ had stable fluorescence properties over a wide pH range of 5-9 
(Figure S4), which suggests that receptor 1 is suitable for biological 
application under the physiological conditions. The effective time 
taken by the receptor 1 for the detection of Pb2+ was also studied. 
The bar diagram (Figure S5) reveals that the receptor 1 can complex 
with 100 equiv. Pb2+ completely in 2 min. However, after that no 
considerable change in the fluorescence intensity was observed. 

Conclusion
In summary, we have designed and synthesized a new chalcone 

based pyrene receptor 1 as a sensor for Pb2+ ions in aqueous solution. 
Receptor 1 showed highly selective and sensitive recognition of 
Pb2+ over other heavy and transition metal ions. The turn “off-on” 
fluorescent detection of Pb2+ by 1 is free from the interference of other 
metal ions. This approach could be applied for the real level sensing 
and detection of Pb2+ in the environmental and biological samples. 
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