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A Hg-promoted desulfurization reaction of a thiocarbazone deriva-
tive was introduced in the design of a fluorescent sensor for
selective Hg(II) detection. Crystal structural and spectroscopic
investigations demonstrated the formation of a triazanaphthalene
ring and the “turn-on” responding for Hg(II) in aqueous media.

Recently, the development of selective and sensitive
fluorescent imaging tools capable of monitoring heavy- and
transition-metal ions has attracted considerable attention
because their wide use and subsequent impact on the
environment and nature.1,2 The design of sensors that give
fluorescent enhancement (FE) upon Hg(II) binding is a
particular challenge because, like many other heavy metals,
Hg(II) often causes fluorescent quenching via enhanced
spin-orbit coupling associated with the heavy atom effect,
which will facilitate the intersystem crossing process.3,4

Besides, the application of those “turn-on” Hg(II) sensors
to an aqueous environment introduces an additional com-
plexity to this problem.5 To date, a number of selective small-
molecular Hg(II) fluorescent sensors have been synthesized
through well-designed strategies.6,7 One of the attractive
approaches in this field is to use the Hg-promoted desul-
furization reactions, such as hydrolysis,8 cyclizations,9 and
elimination reactions,10 to promote the selectivity of sensors.

In these reactions, the FE is directly related to the concentra-
tion of Hg(II). Here we report a fluorescent sensor for Hg-
(II) detection by introducing an “off-on” fluorescent re-
sponse associated with a Hg(II)-promoted cyclization of a
thiocarbazone derivative, tetra-2-pyridylthiocarbazone (H2L1;
Scheme 1).

The ligandH2L1 was prepared according to the literature.11

The UV-vis absorption spectrum ofH2L1 exhibits aπ-π*
transition of the aromatic backbone at 345 nm in a H2O/
CH3OH (90:10, v/v) solution. In the presence of an equivalent
mole ratio of Hg(NO3)2‚0.5H2O, the absorption band red-
shifted to 395 nm, with the intensity decreased (Figure 1a).
A fluorescence titration of Hg(II) was carried out by using
a H2O/CH3OH solution ofH2L1 (5.0 × 10-5 M) at pH )
7.0. Initially, the fluorescent spectrum ofH2L1 showed a
very weak band at 530 nm when it was excited at 380 nm
(Φ < 0.001). Upon the addition of 1 equiv of Hg(NO3)2‚
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Scheme 1. Hg(II)-Promoted Desulfurization Cyclization
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0.5H2O to the above solution, the fluorescence intensity at
530 nm increased, accompanied by a new strong band at
around 635 nm with a∼100-fold increase in the integrated
emission (Φ ≈ 0.022; Figure 1b). The saturation behavior
of the fluorescence intensity after the addition of 1 equiv of
Hg(NO3)2‚0.5H2O and the linear response to the concentra-
tion of Hg(II) (see the Supporting Information) suggested
the formation of a new compound from equivalentH2L1 and
Hg(II).

Further evidence for this new compound came from the
independent synthesis of Hg(II) coordination compound1
by the reaction of equivalent Hg(NO3)2‚0.5H2O with H2L1

in CH3OH at room temperature.12 The X-ray crystal structure
study and elemental analysis were clearly indicative of the
occurrence of a Hg-triggered desulfurization and the exist-
ence of a cyclization product consequently.13

Compound1 was a centrosymmetric-related dimer (Figure
2). The Hg(II) ion was in a five-coordination environment,
bonded by a S atom, a N(1) atom of pyridine, an imine N(3)
atom, a pyridazine N(5) atom, and a pyridine N(2A) atom
from another ligand. The C-N and N-N bond distances in
compound1 were intermediate between the regular single
and double bonds, indicating the extensive electron delocal-
ization over the entire molecular skeleton. It is suggested
that a new pyridazine ring was formed by the desulfurization
of the Hg(II) ion. The decomposed SH- group was likely to
coordinate to the Hg(II) ion as an anionic donor, which was
confirmed by the significantly shorter Hg-S bond compared
with that shown in relative Hg(II) complexes derived from
thiosemicarbazones.14

This reaction could be employed for Hg(II) detection with
a high selectivity. To the H2O/CH3OH solution ofH2L1 (5.0
× 10-5 M) was added 5 equiv of other metal salts, and the
fluorescence intensities were monitored by excitation at 380
nm. After 3 h, the solutions ofH2L1 (5.0 × 10-5 M)
containing nitrate salts of Mg(II), Ca(II), Ba(II), Cr(III), Mn-
(II), Fe(II), Co(II), Ni(II), Cu(II), and even Ag(I) and Pb(II)
did not show any significant changes in both the wavelengths
and intensities of the emission, although most of the metal
ions had the potential to form stable 4:4 metal/ligand
metallocycles.15 Upon the addition of Zn(II) and Cd(II), the
luminescence intensities at 530 nm increased without any
new emission bands appearing. The separation of more than
100 nm between the maximum wavelengths of the emission
bands induced by Hg(II) and Zn(II) or Cd(II), respectively,
suggested no interference from Zn(II) or Cd(II) in the
fluorescent detection of Hg(II) at 635 nm. Because the Hg-
(II)-promoted cyclization reaction was irreversible and
controlled by the reaction kinetics, the presence of Zn(II) or
Cd(II) could not have any impact on the detection of Hg(II)
in such aqueous media.

The competition measurements were carried out by the
subsequent addition of other metal ions (5-fold excess),
including alkali [Li(I), Na(I), and K(I)], alkaline-earth [Mg-
(II), Ba(II), and Ca(II)], and transition- and heavy-metal [Cr-
(III), Mn(II), Fe(II), Co(II), Ni(II), Zn(II), Cd(II), and even
Pb(II) and Ag(I)] ions (Figure 3), to the solution of Hg(II).
The results of neither the new emission band nor the
enhancement in the fluorescence intensity associated with
the addition of Hg(II) were obviously influenced, which is
consistent with the hypothesis of the reaction mechanism.
The only exception is the case of Cu(II), in which the
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Figure 1. UV-vis spectra (a) and fluorescent spectra (b) (excitation was
at 380 nm) forH2L1 (5.0 × 10-5 M) in H2O/CH3OH (90:10, v/v) without
(s) and with (---) the presence of an equivalent mole ratio of Hg(NO3)2‚
0.5H2O.

Figure 2. Perspective view of the molecular skeleton of compound1. H
atoms were omitted for clarity. Selected bond lengths (Å) and angles
(deg): Hg(1)-S(1) 2.414(2), Hg(1)-N(1) 2.459(6), Hg(1)-N(3) 2.372-
(6), Hg(1)-N(5) 2.338(6), Hg(1)-N(2A) 2.361(7), N(5)-N(6) 1.320(9),
N(5)-C(12), 1.328(9), N(6)-C(18) 1.306(10); N(5)-Hg(1)-N(2A) 107.0-
(2), N(5)-Hg(1)-N(3) 67.9(2), N(2)-Hg(1)-N(3) 125.2(2), N(5)-Hg-
(1)-S(1) 110.4(2), N(2A)-Hg(1)-S(1) 99.0(2), N(3)-Hg(1)-S(1) 135.0-
(2), N(5)-Hg(1)-N(1) 135.0(2), N(2)-Hg(1)-N(1) 93.1(2), N(3)-Hg(1)-
N(1) 67.6(2), S(1)-Hg(1)-N(1) 105.4(2). Symmetry codes: A, 1- x, 1
- y, -z.
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luminescent signal was quenched obviously. So,H2L1

exhibited a selectivity for fluorescent detection of Hg(II) in
an aqueous solution.

Furthermore, the reaction of HgCl2 andH2L1 also gave a
mononuclear Hg(II) coordination compound2, with the
thiocarbazone group being desulfurized (Figure 4).16 As
shown in Figure 4, the Hg(II) center in compound2 was
coordinated by two Cl ions, an imine N(3) atom, a pyridazine
N(1), and a pyridine N(5) atom. It is clearly shown that the
Hg-promoted cyclization of theH2L1 ligand will not be
influenced by the presence of different anions.

Another solid proof of the Hg(II)-promoted desulfurization
and cyclization came from the isolation of neat Hg(II)-free

cyclization productHL .17 As expected, compoundHL itself
exhibited a bright emission band at about 670 nm in a
dimethyl sulfoxide (DMSO) solution. Upon the addition of
1 equiv of Hg(NO3)2‚0.5H2O, the fluorescence intensity at
670 nm increased dramatically. However, the presence of
other metal ions did not induce any obvious luminescence
changes of the cyclization productHL in a DMSO solution,
which confirmed the involvement of a specific interaction
between Hg(II) andHL . Titration tests (see the Supporting
information) of HL with Hg(II) exhibited that compound
HL could also act as a highly sensitive fluorescent sensor
for Hg(II) in a luminescence enhancement signaling behavior.

In summary, an ion-selective fluorescent sensorH2L1 was
prepared for detecting Hg(II) in aqueous media through Hg-
promoted intramolecular cyclization. The irreversible re-
sponse of the desulfurization reaction allows this sensor to
have the potential of being a fluorescent chemodosimeter.
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(0.44 g, 1 mmol) and Hg(NO3)2‚0.5H2O (0.33 g, 1 mmol) in 40 mL
of CH3OH were refluxed for 6 h. Upon the addition of 1.2 mL of
NH4S (8% aqueous solution) and further stirring for 4 h, a dark
precipitate formed and was filtered off. The crude product that was
obtained by evaporating the filtration under reduced pressure was
chromatographed on silica gel with a CH2Cl2/MeOH (1:1) solution
as the eluent. Yield: 0.18 g, 45%.1H NMR (400 MHz, DMSO-d6):
δ 9.35-9.37 (H, d,J ) 6.8 Hz), 9.26-9.28 (H, d,J ) 8.8 Hz), 8.96-
9.00 (H, t,J ) 8.0 Hz), 8.83-8.84 (H, d,J ) 4.8 Hz), 8.77-8.79 (H,
d, J ) 4.8 Hz), 8.72-8.74 (H, d,J ) 8.0 Hz), 8.59-8.60 (H, d,J )
4.4 Hz), 8.39-8.43 (H, t,J ) 7.2 Hz), 8.13-8.16 (H, t,J ) 6.8 Hz),
8.144 (H, s, NH), 8.08-8.12 (H, t,J ) 8.8 Hz), 8.00-8.02 (H, d,J
) 8.0 Hz), 7.75-7.77 (H, d,J ) 8.0 Hz), 7.67-7.70 (H, t,J ) 6.4
Hz), 7.64-7.70 (H, t,J ) 6.4 Hz), 7.56-7.59 (H, t,J ) 6.0 Hz).

Figure 3. Fluorescence intensity change profiles of 50µM of H2L1 in
H2O/CH3OH (90:10, v/v) in the presence of selected metal ions. The
excitation wavelength was 380 nm, and the emission was monitored at 635
nm.

Figure 4. Perspective view of the molecular skeleton of compound2. H
atoms were omitted for clarity. Selected bond lengths (Å) and angles
(deg): Hg(1)-N(1) 2.414(5), Hg(1)-N(3) 2.342(4), Hg(1)-N(5) 2.360-
(5), Hg(1)-Cl(1) 2.438(1), Hg(1)-Cl(2) 2.437(1), N(5)-N(6) 1.382(7),
N(5)-C(12), 1.356(6), N(6)-C(18) 1.346(6); N(5)-Hg(1)-N(1) 130.3-
(2), N(1)-Hg(1)-N(3) 67.6(1), N(5)-Hg(1)-N(3) 63.6(2), N(1)-Hg(1)-
Cl(1) 98.9(1), N(5)-Hg(1)-Cl(1) 102.2(1), N(3)-Hg(1)-Cl(1) 126.1(1),
Cl(1)-Hg(1)-Cl(2) 120.41(4).
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