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Synthesis of Isophorone based D-π-A Type
Chemosensor for the Response of Hg2+

YOUNG-A SON1,∗ AND SUNG-HOON KIM2,∗

1Department of Advanced Organic Materials Engineering, Chungnam National
University, Daejeon, South Korea
2Department of Advanced Organic Materials and Science Engineering,
Kyungpook National University, Daegu, South Korea

A new bifunctional probe based on indole-isophorone conjugate for the distinct response
of Hg2+ and F− ion was demonstrated for the first time. The sensing property of 3 with
F− ion is due to the formation of H-bonds between F− ion and NH moiety which has
been enhanced ICT between NH and isoporone unit. Sensing mechanism of Hg2+ has
also been confirmed by competitive experiment. The association constant were found
to be 5.89×104 and 1.15×104 M−1 for the 3-Hg2+ and 3-F−, respectively. Theoretical
calculation was performed to explain the optical sensing property of 3 with Hg2+ and
F− ion.

Keywords Isophorone; Indole; Intramolecular charge transfer (ICT); Push; Pull; π
conjugation; Computational calculation

1. Introduction

The development of optical-chemo sensors is promising field due to their simplicity, high
sensitivity and instantaneous response [1]. Many chemosensors were developed for cation
or anionic species [2–5]. Among these sensors, bi-functional probes, which has been act
as a single host that can independently recognize two guest species with distinct visual
and optical responses via the same or different mechanism, have already emerged and
have gradually become a new research focus [6]. This type of chemosensor has used to
overcome many difficulties such as cross-talk, a larger invasive effect, etc. encountered
with the combination of several probes [7]. So for, some interesting dual-sensor have
been successfully constructed and recognized three types of combinations including metal
ion/metal ion, anion/metal ion, and anion/anion either simultaneously or consecutively [8,
9]. The design of other dual sensor for miscellaneous combinations of analytes is still in
high demand.

∗Address correspondence to Prof. Young-A Son, Department of Advanced Organic Ma-
terials Engineering, Chungnam National University, 220 Gung-dong, Daejeon 305-764, South
Korea, E-mail: yason@cnu.ac.kr and Prof. Sung-Hoon Kim, Department of Advanced Organic Mate-
rials Science and Engineering, Kyungpook National University, Daegu, 702-701 South Korea, E-mail:
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Synthesis of Isophorone based D-π -A Type Chemosensor [447]/95

Hg2+ is one of the most toxic and dangerous metal ion [10]. Hg2+ pollution occurs in
environment by various activities such as volcanic emissions, mining, solid waste incinera-
tion and the combustion of fossil fuels [11]. Noticeably, that mercury-containing chemicals
have been linked with a number of human health problems, including minamata, myocar-
dial infarction, and some kinds of autism, and can lead to damage of the brain, kidneys,
central nervous system, immune system and endocrine system [12, 13].

The smallest anion, fluoride, with high charge density is of particular importance
because of its roles in dental care and clinical treatment for osteoporosis [14, 15]. And
also, NaF functions as a potent G protein activator and Ser/Thr phosphatase inhibitor
that affect many essential cell signaling transductions [16–18]. However, excessive use
may create fluorosis resulting in the discoloration of teeth and skeletal fluorosis [19, 20].
As the smallest and the most electronegative atom, fluorine has unique chemical proper-
ties and can form the strongest hydrogen bond interaction with hydrogen bond donors.
Consequently, selective detection of these two toxic ions becomes essential either vi-
sually or spectroscopically. The visual detection of analytes has shown huge advantage
over sensing methods due to its quick response and simplicity as it does not require
any equipment for analyte detection [21–23]. Thus, much attention has been focused on
developing new methods to monitor Hg2+/F− in biological and environmental samples
Scheme 1.

Scheme 1. Synthesis routes for dye sensor (3).

Until now, there are different kinds of signaling mechanisms such as intramolecu-
lar charge transfer (ICT) [24], photoinduced electron transfer (PET) [25], fluorescence
resonance energy transfer (FRET), metal-to-ligand charge transfer (MLCT) [26], ex-
cimer/exciplex formation [27] and excited-state intramolecular proton transfer (ESIPT)
[28]. In general, isophorone moiety is a well-known example for push-pull type of ICT
dye [29–31]. Recently, we have prepared bifunctional isophorone (3) optical probes for
selective detection of F− ion in CH3CN medium by using ICT phenomenon [32]. As we
know that, the intramolecular CT phenomenon is highly solvent dependent [33], lead-
ing to altering the absorbance maximum of chromophore. This solvent environment has
been widely used for fine tuning of sensing property of such ICT based sensor. In this
line of our research, herein we also have been developing a dual chemosensor for both
Hg2+ and F− ion with distinct color changes. In connection with our continuing research
of chemosensors for biologically and environmentally important F− [32], herein we re-
port a highly selective optical chemosensor probe for F− in DMSO. Switch of selectivity
to Hg2+ was also observed after the tuning ICT by using DMSO. Hence, this Indole-
isophorone based receptor were prepared, characterized and employed as colorimetric
sensors.
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96/[448] Y.-A Son and S.-H. Kim

Figure 1. Effect of Mercury cation concentration on the absorbance of a 1×10−5M solution of 3 in
DMSO.

2. Experimental

All reagent and chemicals were purchased from Aldrich Chemical Co. and TCI. Solvents
were purified by standard procedures and used under moisture free atmosphere. The other
materials were commercial products and were used without further purification. Elemental
analyses were recorded on a Carlo Elba Model 1106 analyzer. UV-visible absorption
spectra were measured on an Agilent 8453 spectrophotometer whilst fluorescence spectra
were measured on a Shimadzu RF-5301 PC fluorescence spectrophotometer. Mass spectra
were recorded on a Shimadzu QP-1000 spectrometer using electron energy of 70 eV and
the direct probe EI method. 1H NMR spectra were recorded using a Varian Inova 400 MHz
FT-NMR spectrometer with TMS as internal standard. Melting point was determined using
an Electrothermal IA900.

Figure 2. Effect of fluoride anion concentration on the absorbance of a 1×10−5 M solution of 3 in
DMSO.
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Synthesis of Isophorone based D-π -A Type Chemosensor [449]/97

Figure 3. Benesi-Hildebrand plot of absorption titration data of 3 (1 × 10−5M) with Hg2+.

2.1. Synthesis of Propanedinitrile, 2-[3-[(1E)-2-(1H-indol-3-yl)ethenyl]-5,5-dimethyl-
2-cyclohexen-1-ylidene] (3)

2-(3,5,5-Trimethylcyclohex-2-enylidene)-malononitrile 1 (0.5 g, 2.7mmol) and indole-3-
carboxaldehyde 2 (0.4 g, 2.7mmol) were dissolved in 25 ml of 1-propanol. Piperidine was
added dropwise and the ensuing mixture was refluxed for 10 h, after which time, the desired
solid compound was removed by filtration and washed with 1-propanol and hexane (60%
yield) [32, 34].

1H NMR(400 MHz) DMSO-d6: δ (ppm) 1.03 (s, 6H, -(CH3)2), 2.57 (br s, 4H), 6.85
(s, 1H), 7.15 (m, 3H), 7.45 (d, J = 7.44, 1H), 7.58 (d, J = 16.04, 1H), 7.93 (s, 1H), 8.12 (d,

Figure 4. Benesi-Hildebrand plot of absorption titration data of 3 (1× 10−5 M) with F−.
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98/[450] Y.-A Son and S.-H. Kim

Figure 5. Effect of Mercury cation concentration on the absorbance of 3 (1×10−5M) with fluoride
anion (1×10−4M) solution in DMSO.

J = 7.4, 1H), 11.81 (s, 1H, -NH); EA: anal. calcd. C21H19N3: C; 80.45, H; 6.11, N; 13.41.
Found C; 79.74, H; 6.30, N; 13.16 %; EI-MS: [M]+, 313; mp: 250 ◦C.

3. Results and Discussion

3.1. Solvatochromism and Visual Detection of 3 in DMSO

To evaluate the solvatochromic behaviour of 3, we carried out colorimetric sensing study
in two different solvents such as CH3CN and DMSO. The colour of the chemosensor 3 in
CH3CN and DMSO is yellow and brown, respectively. Likewise, the electronic absorption
spectrum of 3 in CH3CN and DMSO exhibits at 460 and 480 nm, respectively. This is
indicating the exhibit intramolecular CT bands are highly solvent dependent. To keep this
point in our mind, we check the sensing property of 3 in both CH3CN [32] and DMSO, in
the case of CH3CN the chemosensor 3 is colorimetrical sense the F− ion alone. While in the
case of DMSO it has been sense both Hg2+ and F− ion. As depicted in Figure 1, solution
of 3 in DMSO turns brown to intense pink color after the addition of Hg2+. Whereas, the
solution of 3 was attain the green colour in the presence of F−. Hence, the distinct colour
change of 3 with Hg2+ and F− ion is containing the advantages over the other chemosensor.

3.2. Binding Studies Using UV-Vis Spectrophotometry

To ascertain the sensing properties of 3 towards Hg2+ and F− ions, we have carried out
the UV-Vis absorption spectroscopy studies. The electronic spectra of 3 at a concentration
of 1×10−5 M in DMSO upon addition of F− and Hg2+ ions are shown in Figure 1 and 2,
respectively. The receptor 3 had an absorption maximum at 480 nm which corresponds to
the intramolecular charge transfer (ICT) transition from indole N-atom to the malononitrile
(n-π∗) [32]. As shown in Figure 2, incremental addition of fluoride ion to 3 solutions, the
absorption peak at 480 nm diminished gradually accompanying the formation of a new
band at 640 nm. This new band is due to ICT between the receptor (>NH . . . F-) and
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Synthesis of Isophorone based D-π -A Type Chemosensor [451]/99

Figure 6. Proposed binding mechanism of 3 with Hg2+ and F− ions.

acceptor (malononitrile) units [32]. Likewise, upon the addition of Hg2+ (up to 1.6 equiv.)
to solution of 3 in DMSO, the intensity of the original absorption band at 480 nm decreased
gradually with accompanying of new peak at 520 nm. This bathochromic shift of ICT peak
was mainly due to the enhancement of ICT between the indole -NH and malonitrile. In
both the cases, shown the single isosbestic point it is indicating that there exists only one

Figure 7. Benesi-Hildebrand plot of absorption titration data of 3 (1×10−5M)-F− (1×10−4M) com-
plex with Hg2+.
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100/[452] Y.-A Son and S.-H. Kim

Figure 8. Electron distribution of HOMO and LUMO energy levels for the complex formation of
(1) 3-Hg2+, (2) 3-F−, (3) 3.

type of 3-F−/ 3-Hg2+ ion complex formation. The �λICT of 3-F− is greater than that of the
3-Hg2+, this can be further explained in the theoretical studies.

The association constant of 3 with Hg2+ and F− ion complexes, has been estimated
using the Benesi-Hildebrand equation (equation 1) [35].

1

A − A0
= 1

{Ka × (Amax − A0) × [Guest]} (1)

In both the cases the Benesi-Hildebrand plot is linear (Figure 3 and 4) and the associ-
ation constants of 3 with Hg2+ and F− were founded to be 5.89 × 104 M−1 and 1.15 × 104

M−1, respectively. The relatively higher values for the receptor-Hg2+ is indicating Hg2+

form the strong bond with chemosensor than that of the F− ion.

3.3. Competitive studies between F− and Hg2+ ions

With an aim to shed some light on the sensing property of 3 with Hg2+, we employed
competitive experiment between F− and Hg2+ on 3. It is well established that the sensing
behaviour of 3 towards fluoride ion is mainly due to the presence of H bonding between
NH and F− [32]. Therefore to find out the binding mechanism of Hg2+ with 3, we prepared
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Synthesis of Isophorone based D-π -A Type Chemosensor [453]/101

the adduct 3 (1×10−5M) with F− ion (1×10−4M), thus the 3-F− adduct solution was used
for the further photo physical study with Hg2+ ion (Figure 5). In the case of 3-F− adduct
the strong peak was appear at 640 nm, this is corresponded to the 3-F− species. Whilst the
addition of incremental amount of Hg2+ ion to the adduct solution, the peak at 640 nm was
sharply decreased, consequently the 3-Hg2+ ion peak was intensely growing at 520 nm, This
results indicated that the incoming Hg2+ ion replace the F− ion and it form the linkage with
NH group. (Figure 6). From this UV-Vis titration, the association constant was calculated
for 3-Hg in the presence of F− ion, the association constant was found to be 2.76 × 104

M−1 (Figure 7). This is indicating the F− ion was reduced the sensing property of 3 with
Hg2+ ion.

3.4. Computational Study

To insight the recognition abilities of 3 towards Hg2+ and F− ions, the theoretical calcula-
tions were performed using DMol3 program of Materials Studio 4.3 package calculations.
The HOMO and LUMO of simple 3 and their complexes with Hg2+ and F− ions are shown
in figure 8. The HOMO to LUMO excitation is responsible for ICT transition at 480 nm in
the electronic spectrum of 3. The energy gap between HOMO and LUMO (DE) of simple
3 is 1.808 eV, while in the case of 3-Hg2+ and 3-F− complexes, the �E values are 1.729 eV
and 1.529 eV, respectively. This results are clearly indicating the ICT transition in 3-F− is
very easier than that of the 3-Hg2+ complexes.

4. Conclusion

In summary, isophorone bifunctional derivative has been synthesised and characterized as
a new dual-function colorimetric probe for Hg2+ and F− in DMSO. The probe displays
high selectivity and extremely high sensitivity for Hg2+ and F− with distinct color changes
in DMSO. The salvatochromic character of chemosensor 3 has been confirmed by spectral
techniques. The Hg2+ and F− recognition could be easily monitored by UV-Vis absorption
spectra and naked eye. It has been demonstrated that the receptors can bind Hg2+ and F−

ions by H-bonding with indole N-H proton. The order of the strength of chemosensor-
Hg2+/F− interaction was found to 3-Hg2+ > 3-F−. The distinct color changes of 3 with
Hg2+ and F− has been used to detect these two toxic ions in environment.
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