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A ratiometric fluorescent sensor for zinc(II) with high selectivity
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Abstract

Spectroscopic studies revealed that the compound [N,N 0-di(quinoline-2-methylene) -1,2-phenylenediimine] (1) exhibited a rather high
selectivity toward Zn2+ over other metal ions, even Cd2+. In acetonitrile, the red shift of fluorescent emission from 396 nm to 426 nm
upon zinc binding is due to the formation of a 1:1 metal/ligand complex.
� 2007 Elsevier B.V. All rights reserved.
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Zinc ion is the second most abundant heavy metal ion
and well known to play an important role in cellular events
including structural co-factors, regulator of enzymes, DNA
binding, catalytic centers, and neuronal signal transmission
[1]. However, zinc is a metal pollutant of the environment.
Too much zinc may reduce the soil microbial activity caus-
ing phytotoxic effects [2] and it is a common contaminant
in agricultural and food wastes [3]. Therefore, the detection
of trace amounts of Zn2+ is a significant issue in environ-
mental and biological analysis. A large number of probes
have been reported and used for intracellular measure-
ments [4–9]. However, Zn2+ and Cd2+ have similar chemi-
cal properties, and the discrimination between them is very
difficult [10]. Up to now, only a few examples of fluorescent
chemosensor for Zn2+, which can distinguish Zn2+ from
Cd2+ to some extent [11], have been reported.
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Owing to the simplicity and sensitivity, fluorescent sen-
sors are often designed and synthesized for the detection
of physiologically important ions, molecules [12], or harm-
ful pollutants in the environment [13]. Recently, ratiomet-
ric fluorescence measurements have been conducted to
detect metal ions, which can increase the selectivity and
sensitivity and eliminate most or all of the possible variabil-
ity due to differences in instrumental efficiency and content
of effective dye [14]. Herein we report a novel Zn2+ sensor 1

(Scheme 1) based on the ratiometric fluorescence measure-
ment. Fluorescence studies show the high selectivity of 1

towards Zn2+ over other metal ions, even Cd2+.
Sensor 1 was synthesized by a simple and straightfor-

ward method with moderate yields (55%) by condensation
of 2-quinolinecarboxaldehyde with 1,2-phenylenediamine
in methanol [15,16]. All metal ions are from acetate salts.
In acetonitrile, the UV–vis absorbance spectrum of 1,
shows a strong absorbance at 347 nm ðe ¼ 4:85�
104 cm�1 mol�1Þ in the UV region. Titration of 1 against
Zn2+ led to a pronounced and red-shifted shoulder in the
UV spectra (Dkmax = 10 nm shift) with a well-defined isos-
bestic point at 351 nm (Fig. 1).

To determine the magnitude of Zn2+ induced fluores-
cence spectral changes of 1 as well as its binding affinity,
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Scheme 1. Structure of [N,N 0-di(quinoline-2-methylene)-1,2-phenylenedii-
mine] (1).

Fig. 1. Changes in UV–vis absorption spectra of 1 (10 lM) in acetonitrile
with various amounts of Zn2+ (0–20 lM).
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we performed a detailed spectrofluorometric titration stud-
ies. With the increase of Zn2+, the intensity of the emission
band at 396 nm decreased and a new band at 426 nm
appeared gradually, corresponding to a red-shift of about
30 nm (Fig. 2).

For an excellent chemosensor, high selectivity is a neces-
sary factor. The fluorescence titration of 1 with various
metal ions shows excellent selectivity to Zn2+. For example,
physiologically important metal ions which exist in living
cells, such as Ca2+, Mg2+, Na+, and K+ do not give any
response. Most heavy and transition metal ions, such as
Pb2+, Ag+, Mn2+, and Cr3+, also have no interference.
Fig. 2. Fluorescence emission (kex = 351 nm) spectra of 1 (10 lM in
acetonitrile). Inset: Titration curve of 1 with Zinc(II) (0–20 lM).
Fe3+, Ni2+, Co2+, and Cu2+ obviously quench the fluores-
cence, which always meet in the other metal ion sensors
[17]. Hg2+ and Al3+ induce slight fluorescence decrease
without red-shift. Cd2+, a d10 ion that often exhibits coor-
dination properties similar to Zn2+, also shows a decrease
on the fluorescence intensity of 1, but the magnitude of
the red-shift is less than that for Zn2+. The most dramatic
effect of fluorescence profile of 1 is observed in the presence
of Zn2+. As noteworthy from the data of Fig. 2, with
increasing concentration of Zn2+, a red shift and a partial
quenching of the fluorescence emission of 1 from 396 nm to
426 nm occurs. Both the quenching in fluorescence inten-
sity and the red shift are not kinetically controlled as the
time dependent incubation of Zn2+ with 1 does not alter
the emission intensity. This deduction is equally valid for
the interaction of other metal ions with 1, irrespective of
their spectral modulating features. It is interesting that
the emission point at 426 nm is also the isoemission point.

Fig. 3 shows the dependence of the intensity ratios of 1

at 426 nm to that at 396 nm (I426/I396) on the cations. It can
be easily recognized that high selectivity for Zn2+ is
obtained by 1. The competition experiments of Zn2+ mixed
with the metal ions show no significant variation in the
ratio fluorescence intensity (I426/I396, Fig. 3), although
Fe3+, Ni2+, Co2+ and Cu2+ have some fluorescence
quenching in normal fluorescence intensity at 396 ±
15 nm. These results show that 1 can be utilized to detect
Zn2+.

The stoichiometry of the predominant species in aceto-
nitrile solution is determined by using the Job’s plot
method [18]. Considering a global equilibrium of Zn2+

and n ligands Dq (1) on the form

Zn2þ þ nLð1Þ ¼ ZnðLÞn
where n is determined from the plot of the absorbance as a
function of the mole fraction v of the added ligand. In the
absorbance maximum
Fig. 3. Mn+-selectivity profile of 1: (grey bars) relative integrated emission
intensity of 1 + 2 equiv. Mn+; (black bars) relative integrated emission
intensity of 1 + 2 equiv. Mn+, followed by 2 equiv. Zn2+. 1, compound 1;
2, Na+; 3, K+; 4, Ca2+; 5, Mg2+; 6, Al3+; 7, Ag3+; 8, Co2+; 9, Cr3+; 10,
Cu2+; 11, Fe3+; 12, Hg2+; 13, Mn2+; 14, Ni2+; 15, Pb2+; 16, Cd2+; 17,
Zn2+. Conditions: [1] = 10 lM in acetonitrile; kexc = 351 nm.



Fig. 4. A proposed structure for 1 + Zn2+.
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n ¼ vmax

1� vmax

The formation of the adduct with a 1:1 Zn2+ � 1 stoichi-
ometry is evidenced, with logK = 5.30. The metal center
binds to the four nitrogen atoms of 1 and forms a
‘‘Y-Type’’ conformation, which is illustrated in Fig. 4, in
which the molecular modeling structure was energy-mini-
mized using Chemoffice 7.0 MM2 utilities.

In summary, this paper shows the specific fluorescent
behavior of 1 in acetonitrile solutions toward the Zn2+cat-
ion over other metal ions. Indeed, the free neutral 1 can
detect Zn2+ metal ion efficiently and selectively. The major
species in solution exhibits a 1:1 Zn2+ � 1 stoichiometry.
Further work in this direction is in progress.
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