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The binding and sensing abilities of BODIPY based 

fluorescent sensors 1 and 2 towards various anions have been 
studied by absorption, emission and 1H NMR titrations 
spectroscopy. Sensor 1 shows selective response toward fluoride 
anions through hydrogen bonding interaction, while sensor 2 acts 
as a highly selective ‘‘Off–On’’ fluorescent sensor for hydrogen 
sulfate anion in DMSO solvent. The fluorescence response of 
sensor 2 towards HSO4

 may be due to the suppressed PET 
(photo-induced electron transfer) process induced by the multiple 
hydrogen bonding interactions between sensor 2 and HSO4

. 
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Anion recognition and sensing is an area of great 
interest due to its vital role in environmental, clinical, 
chemical and biological systems1-4. Among various 
important anions, fluoride anions have gained great 
attention due to their role in preventing dental  
caries and osteoporosis. Excess of fluoride can cause 
dental or skeletal fluorosis, and is also associated  
with kidney failure and nephrolithiasis5, 6. Thus, 
considerable effort has been devoted to the 
development of techniques for detection and sensing of 
fluoride anions7-12. On the other hand, the hydrogen 
sulfate anion is especially important in biological and 
industrial areas. Recently, much attention has been 
focused on the development of techniques for detection 
and monitoring of hydrogen sulfate anions13-23. Among 
various methods, most of them are optical sensors and 
give fluorimetric/ colorimetric responses, which can 
be classified into two classes viz., non-Schiff bases 
and the Schiff bases. 

Fluorescent sensors appear as the most promising 
candidates for chemical sensing due to their 
simplicity, high degree of specificity and low 

detection limit24, 25. Among various fluorescent dyes, 
the BODIPY scaffold has been found to be as the 
most promising candidate for the fluorescent sensing 
and labeling due to its excellent photophysical 
properties, such as sharp absorption and fluorescence 
peaks, high stability and high fluorescence quantum 
yield26-28.  

Recently, Borisov and coworkers29 presented 
highly sensitive ammonia sensors based on BODIPY 
dyes for environmental monitoring. The most 
sensitive sensor has a limit of detection (LOD) of  
0.11 μg/L and the sensors show remarkable 
operational stability with no noticeable drift over a 
period of 2 weeks. Emrullahoglu and coworkers 
developed a BODIPY-based fluorescent probe with a 
phosgene-specific reactive motif, which shows 
remarkable selectivity toward phosgene. A prototypical 
handheld phosgene detector with a promising sensing 
capability that expedites the detection of gaseous 
phosgene without sophisticated instrumentation has 
been developed30. Our ongoing studies on the design, 
synthesis and evaluation of artificial fluorogenic and 
chromogenic probes for selective sensing of 
biological important species31-34 have led us to  
design a new BODIPY based fluorescent sensors 1 
and 2. In our current study, sensors 1 and 2 can 
effectively recognize F or HSO4

 via fluorescence 
and UV absorption changes. 
 
Experimental 

All reagents for synthesis obtained commercially 
were used without further purification. In the titration 
experiments, all the anions (in the form of 
tetrabutylammonium salts) were purchased from 
Sigma-Aldrich Chemical, stored in avacuum 
desiccator. 

 1H NMR spectra were recorded in DMSO-d6 
solution on the Bruker 400 MHz instruments, and 
spectral data are reported in ppm relative to 
tetramethylsilane (TMS) as internal standard. HR MS 
were carried out on QTof-Micro YA 263 instrument. 
UV-vis spectra were recorded on a Perkin Elmer 
Lambda 35 UV/Vis spectrophotometer, while 
fluorescent spectra were recorded on a Perkin Elmer 
LS55 fluorescence spectrophotometer. 
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Scheme 1 outlines the synthesis of sensors 1 and 2. 
The intermediate M2 was prepared through the 
condensation reaction of 4-nitrobenzoyl chloride with 
2,4-dimethylpyrrole according to a published 
procedure35. Reduction of M2 with Pd/C-NH2NH2 
gave another intermediate M1, which was reacted with 
salicylaldehyde or 4(diethylamino)salicylaldehyde as 
given below to afford compounds 1 and 2. 

Compound M1 (0.3 mmol), 2-hydroxy-
benzaldehyde (0.3 mmol) and one drop of acetic acid 
in EtOH (20 mL) were stirred for 4 h at room 
temperature. After completion of the reaction, the 
obtained yellow precipitate was filtered and washed 
several times with cold ethanol to yield the pure 
compound 1. Yield 85%. HR MS: Anal. (%): Calc. 
M+H=444.2053, found 444.2050; 1H NMR (400Hz, 
DMSO-d6), δ: 12.87 (s, 1H, OH), 9.06 (s,-N=CH,1H), 
7.69-7.12 (d,1H), 7.59-7.61 (d, 2H), 7.43-7.47 (m, 
3H), 6.97-7.01 (t, 2H), 6.19 (s, 2H), 2.49-2.50 (m, 
6H), 1.42 (s, 6H). 13C NMR: 155.661, 148.954, 
142.972, 140.858, 133.625, 132.556,131.450, 
129.184, 122.240,121.309. Anal. (%): Calcd. for 
C26H24BF2N3O: C, 70.44; H, 5.46; N, 9.48. Found: C, 
70.53; H, 5.41; N, 9.51. 

Compound M1 (0.3 mmol), 4-(diethylamino)-
salicylaldehyde (0.3 mmol) and one drop of acetic 
acid in EtOH (20 mL) were stirred for 4 h at room 
temperature. After completion of the reaction, the 
obtained yellow precipitate was filtered and washed 
several times with cold ethanol to yield the pure 
compound 2. Yield 83%. EI-MS: (M+H) = 515.2.  
1H NMR (400Hz, DMSO-d6), δ: 13.49 (s, 1H, OH), 
8.80 (s, 1H, CH=N), 7.35-7.49 (m, 5H, ArH),  
6.08-6.34 (m, 4H, ArH), 3.37-3.42 (m, 4H, CH2),  

2.45 (s, 6H, CH3), 1.36 (s, 6H,CH3), 1.04-1.14 (m, 
6H, -CH3). Anal. (%): Calcd. For C30H33BF2N4O: 
C, 70.04; H, 6.47; N, 10.89. Found: C, 70.11; H, 6.45; 
N, 10.77. 

Results and discussion 
The anion-binding properties of receptor 1 were 

studied in DMSO solution by UV-vis and emission 
spectroscopy. As shown in Fig. 1a, receptor 1 showed 
an intense absorption band at 499 nm and a weak 
absorption band at 348 nm. The band at 499 nm is the 
typical absorption band of BODIPY dyes, and the 
band at 348 nm is due to the existence of charge 
transfer transition within the whole molecule. The 
addition of fluoride anions to the solution of receptor 
1 induced decreasing of the absorption peaks at  
348 nm, but the main band at 499 nm had just a 3 nm 

Synthesis of receptors 1 and 2 

Scheme 1 

Fig. 1 – UV-vis spectra of 1 (5.0 μM) in DMSO solution upon 
addition of (a) 0–50 equiv. of F, and, (b) 50 equiv. of other anions 
(F, Cl, Br, I, AcO, ClO4

, HSO4
, H2PO4

) and 5 equiv. of OH-. 
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blue shift. The changes of absorption were saturated 
with the addition of 50 equiv. fluoride anions. During 
the titration process, a clear isosbestic point at  
380 nm was observed, indicating a single  
component was produced. In contrast, the addition of 
other anions (Cl, Br, I, AcO, ClO4

, HSO4
, 

H2PO4
) did not cause obvious changes in 

absorption (Fig. 1b).  
In order to determine the nature of sensing  

process, titrations of receptor 1 with [Salt]+OH  
was carried out. The absorption spectral changes 
of receptor 1 upon addition of [Salt]+OH  
were different with that of upon addition of F  
(Fig. 1b), which indicating a hydrogen bonding 
process involved in the interaction between receptor 1 
and F. As known to us, in a biological system,  
the hydrogen bond is the key interaction for  
proteins to selectively bind and transport a specific 
anion.  

Receptor 1 shows a bright green fluorescence with 
an intense emission band at 516 nm (Φ= 0.55, 
excitation at 498 nm) in DMSO solution. Compared 
to the minimal changes in absorption, the changes in 
the emission spectrum of receptor 1 were remarkable. 
With the addition of fluoride anions, the emission  
at 516 nm was quenched efficiently with an 
unchanged peak position (Fig. 2a), which could be 
attributed to the PET (photo-induced electron transfer) 
process36. The anion selectivity of the fluorescent 
response of the receptor 1 was also investigated  
(Fig. 2b). In the presence of 50 equiv. of other anions, 
no significant changes in emission were observed, 
whereas on F addition, the ratio emission changed 
about 50 fold. 

The protic solvents (H2O) were added to the 
solution of receptor 1 to check the reversibility of  
the responses of the sensors. Interestingly, when 
a small amount of water (2%, v%) was added, 
the absorption and emission of receptors 1 changed 
back, which suggested that the protic solvents 
destroyed the hydrogen bonding between 
receptors 1 fluoride anions. The above results 
indicated that the interactions between receptors 1 
and fluoride anions were hydrogen bonding 
interaction. 

The binding stoichiometry of receptor 1 with 
fluoride anions was calculated through the Benesi-
Hildebrand equation37. As shown in inset of Fig. 2a, 
the plot of 1/(FI-FI0) against 1/[F]0 shows a linear 
relationship (R = 0.99), indicating that receptor 1 

associates with F in a 1:1 stoichiometry. The 
association constant (K) of receptor 1 for fluoride 
anions was calculated to be 1.02×103 M-1. 

The anion-binding properties of receptor 2 were 
also studied in DMSO solution by UV-vis and 
emission spectroscopy. As shown in Fig. 3a, receptor 
2 showed an intense absorption band at 499 nm and a 
weak absorption band at 380 nm. The addition of 
various anions to the solution of 2 shows that only 
HSO4

 anions could cause obvious changes in 
absorption (Fig. 3a). Upon addition of HSO4

 anions, 
the absorption peaks at 380 nm decreased, with a new 
band at 430 nm appeared.  

The interaction of receptor 2 with HSO4
 was 

further investigated in detail through UV-vis 
spectroscopic titrations. As shown in Fig. 3a, with the 
addition of HSO4

 anions to the solution of receptor 2 
from 0–20 equiv., the absorption band at 380 nm 

Fig. 2 – (a) Fluorescence spectra (excitation at 496 nm) of 1 (5.0 μM) 
in DMSO solution upon addition 0–50 equiv. of F. Inset: Benesi-
Hildebrand plot assuming 1:1 stoichiometry for association between 
receptor 1 and F (516 nm). (b) Fluorescence quenching ratio I0/I of 
receptor 1 (5.0 μM) at 516 nm on addition of 50 equiv. of various 
anions (F, Cl, Br, I, AcO, ClO4

, HSO4
, H2PO4

).  
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decreased and a new red shift band at 430 nm 
appeared with a clear isosbestic point at 395 nm. 

The anion-binding properties of receptor 2 were 
studied in DMSO solution by emission spectroscopy. 
The  receptor  2  showed  quite  weak  fluorescence 
(Φ= 0.08, excitation at 496 nm) with an emission 
intensity at 512 nm due to the PET process from the 
lone pairs of electrons on the N atoms, which has 
inherent electron donating property, to the excited 
BODIPY fluorophore.  

As shown in Fig. 4, the addition of HSO4
 resulted 

in a remarkable fluorescence enhancement. With 
increasing HSO4

 concentration, the emission intensity 
of receptor 2 increased gradually, and the solution gave 
green fluorescence emission accordingly. The method 
of continuous variation (Job’s method) was used to 
determine the stoichiometry between receptor 2 and 
hydrogen sulfate anions (Inset of Fig. 4). The result 

indicated a 2:1 stoichiometry of HSO4
 to 2 in the 

complex. The anion selectivity of the fluorescent 
response of receptor 2 was also studied in DMSO 
solvent (Fig. 4b). In the presence of 20 equiv. of other 
anions (Cl, Br, I, AcO, ClO4

, HSO4
, H2PO4

), no 
significant changes in emission of receptor 2 were 
observed. 

Fig. 3 – UV-vis spectra of 2 (5.0 μM) in DMSO solution upon 
addition of (a) 50 equiv. of various anions (F,Cl, Br, I, AcO, 
ClO4

, HSO4
, H2PO4

), abd, (b) 0–20 equiv. of HSO4
. 

Fig. 4 – (a) Fluorescence spectra (excitation at 496 nm) of receptor 2 
(5.0 μM) in DMSO solution upon addition 0–20 equiv. of HSO4

. 
[Inset: Job plot for receptor 2 and HSO4

]. (b) 20 equiv. of various 
anions (F, Cl, Br, I, AcO, ClO4

, HSO4
, H2PO4

).  

Fig. 5 – Partial 1H NMR spectra of (a) receptor 1, and, 
(b) receptor 1 + 2 equiv. of F in DMSO-d6 solvent. 
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The 1H NMR titrations experiment was also carried 
out to clarify the sensing mechanism.  From the 
1HNMR spectrum, we found that the chemical shifts 
of phenolic proton (OH) of receptors 1 and 2 were 
12.87 and 13.49 ppm, respectively, which indicated 
intramolecular H-bonding with the imine nitrogen 
formed38, 42.  

As shown in Fig. 5, upon addition of 2 equiv. 
fluoride anions, the OH signal of receptor 1 
disappeared completely, the CH=N signal split into 
two peaks along with a small upfield shift due to 

through-bond electronic propagation effect induced 
by the hydrogen bonding, other aromatic H signals 
shifted upfield or downfield. 

As for receptor 2, upon addition of 2 equiv. HSO4
, 

the OH signal of receptor 2 disappeared completely 
and CH=N signal became broad and shifted down 
field (Fig. 6). From the above results, the F anions 
and HSO4

 indeed interact with phenolic OH proton 
of receptors 1 and 2, respectively, resulted in the 
changes in absorption and emission spectra.  

The proposed mechanism for the fluorescence 
change of receptors 139 and 240-42 to F anions and 
HSO4

 are shown in Scheme 2. The fluoride anions-
triggered PET process of sensor 1 was responsible for 
the ON-OFF emission. As for sensor 2, upon binding 
the HSO4

 anions, the PET process was prohibited, 
thus exhibiting OFF-ON fluorescent emission. 

In summary, we have developed BODIPY-based 
fluorescent sensors with tunable anions binding 
ability for fluoride and hydrogen sulfate  
anions. Further, this study may contribute to the 
development of more efficient ‘‘Off–On’’ fluorescent 
anion sensors. 

Supplementary data 
Supplementary data associated with this article are 
available in the electronic form at 
http://www.niscair.res.in/jinfo/ijca/IJCA_57A(02)186-
191_SupplData.pdf. 
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Fourth International Conference on Application of Radiotracers and Energetic Beams 
in Sciences (ARCEBS-2018) 

The Fourth International Conference on Application of Radiotracers and Energetic Beams in 
Sciences (ARCEBS-2018) is being held during 11-17 November, 2018 at Ffort Raichak, Kolkata, 
India. Organized by the Saha Institute of Nuclear Physics, Kolkata, India, ARCEBS-2018 is highly 
interdisciplinary involving applications of radioisotopes and ion beams in physics, chemistry, 
biology, environmental sciences and other interdisciplinary areas. 

The scope of the conference includes: 

 Radioisotope production
 Nuclear data
 Application of Radiotracers in Chemical Sciences
 Application of Radiotracers in Environmental Sciences
 Environmental Radioactivity
 Application of Radiotracers in Biological Sciences including Agriculture
 Radiotracers and Ion Beam in Material Sciences
 RIB and its Applications
 Interdisciplinary Research using Radiotracers or Energetic Beams
 Production of Medical Isotopes
 Synchrotron Research
 Superheavy Element Research
 Hyperfine Interactions
 Hadron Therapy
 Nanotechnology in Radiopharmaceuticals
 Accelerator Driven Systems

Last date for submission of Abstracts: 31 May 2018 
Last date for submission of Full Paper: 31 December 2018. 

Further information is available on: 
Website: https://indico.cern.ch/e/ARCEBS2018 
Email: arcebs.2018@gmail.com 


