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Abstract

Macrolactone 1 has shown different fluorescent response depending on the ionic or covalent character of mercury
compounds. This ligand also presents a very selective response to Hg(ClO4)2 versus Cd(ClO4)2.

Introduction

During the last years our research group has been interested
in studying crown ethers and related compounds containing
4,4′-bis(dimethylamino)biphenyl units in their structures.
One of the reasons that justify this interest is the fluores-
cent behaviour of the 4,4′-bis(dimethylamino)biphenyl units
when they have carbonyl groups in the 2,2′ positions that
makes them potential fluorescent sensors [1]. The design and
synthesis of this type of ligand has become very frequent due
to the advantages that fluorescence presents which include
simplicity of instrumentation, high sensitivity which allows
substrate sensing at trace level and, sometimes, direct visual
perception even in very dilute solutions [2].

On the other hand, mercury, cadmium and lead com-
pounds are among the most dangerous salt in sewages. For
this reason, the synthesis of efficient sensors to detect them
is very interesting. In this sense, some ligands have been
recently described to be use with this goal [3]

In our research we have prepared several lig-
ands containing crown ethers attached to the 2,2′-
bis(dimethylamino)biphenyl unit and we have studied their
fluorescent behaviour in the presence and absence of trans-
ition metal cations. Among all the studied compounds
lactone 1 [4] showed an interesting behaviour in the com-
plexation of different mercury and cadmium compounds
(Chart 1).

Experimental

Fluorescence measurements were made with an Edinburgh
Analytical Instrument. Fluorescence spectra were obtained
using a 1.0 × 10−5 M solution of 1 in spectroscopic grade
acetonitrile. No efforts were made to exclude water or air.

∗ Authors for correspondence.

Chart 1.

Metal solutions were prepared by dissolution of the appro-
priate perchlorate salt (or the mercury covalent compound)
in spectroscopic grade acetonitrile. All commercially avail-
able reagents were used without further purification. The
preparation of compound 1 was previously reported [4].
Fluorescence quantum yields were determined by compar-
ative procedure using tetramethylbenzidine (� = 0.13 in
acetonitrile λexc = 310 nm) as standard. The comparative
experiments were carried out using a 1 : 1 metal-to-ligand
ratio. Titration experiments were carried out to determine
complexation constants.

Results and discussion

The fluorescent behaviour of compound 1 was studied to-
wards different transition metal cations (Cd2+, Cu2+, Hg2+,
Ni2+, Pb2+ and Zn2+) and some alkali and alkaline-earth
cations (Li+, Mg2+, Ca2+). In these experiments it was ob-
served that presence in solution of cations Ni2+, Zn2+, Li+,
Mg2+ and Ca2+ (all of them as perchlorate salts) did not
substantially modify ligand fluorescence. On the other hand,
Hg2+ and Pb2+ produced a partial quenching of the fluor-
escence being the effect with Cu(ClO4)2 stronger because
almost a total quenching of the fluorescence was observed
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Figure 1. Emission spectrum of 1 in acetonitrile and in the presence of Pb2+, Cu2+ and Hg2+.

(some of these results are showed in Figure 1). These results
were hoped for because these cations are known as fluor-
escence quenchers via enhanced spin-orbit coupling (Hg2+,
Pb2+) or energy or electron transfer (Cu2+) [5] Finally,
Cd2+ gave rise to an increment of the intensity [6] in ad-
dition to a splitting of the emission into two bands (λ1 =
465 nm and λ2 = 575 nm), being the intensity of the second
band higher than this of the first one (see Figure 2).

Competition experiments, carried out using both salts
Hg(ClO4)2 and Cd(ClO4)2 simultaneously, demonstrated
that the spectrum was similar to this registered when only
Hg(ClO4)2 was present. Under these conditions only one
broad band was observed instead the two peaks correspond-
ing to the complexation with the cadmium salt. Thus, ligand
1 could be considered a selective fluorescent sensor for Hg2+
in the presence of Cd2+. This behaviour seems to indicate
that interaction between ligand 1 and Hg(ClO4)2 is stronger
than with the cadmium salt. One reason for this complexa-
tion can be found in the different ionic radio shown by these
two cations that makes mercury fit better than cadmium into
the crown cavity.

On the other hand, previous studies carried out with
compound 1 showed that this ligand was unable to com-
plex Hg(CN)2 into the cavity probably due to steric effects
[7]. However, it has been observed that the fluorescence of
compound 1 is clearly modified in the presence of this cova-

lent mercury compound (Figure 3). Thus, the fluorescence
spectrum of ligand 1 in the presence of Hg(CN)2 showed a
band at λmax = 500 nm (a similar value to that observed
in the ligand) which is 2 times the intensity observed in the
ligand. The increase in the emission involves an interaction
between the ligand and the mercury compound that neces-
sarily must be different to the classical co-ordination in the
cavity of the crown compound. This behaviour is interesting
because only few examples showing a fluorescence enhance-
ment with heavy transition metal ions have been reported
[8]. In addition, when both mercury compounds (Hg(ClO4)2
and Hg(CN)2) were simultaneously present, the presence of
the ionic salt seems to annul the effect of Hg(CN)2 because
the result was practically the same as that obtained in the ex-
periment carried out only with Hg(ClO4)2. This effect seems
to be related to the different character of the mercury in both
compounds that gives rise to different interaction with ligand
1. Thus, Hg2+ is complexed within the crown cavity whereas
Hg(CN)2 is unable to pass one of the CN group through the
cavity due to steric hindrance and the metal is complexed
involving one of the dimethyl amino groups. This different
behaviour allows detecting ionic mercury salts in the pres-
ence of covalent mercury compounds. These experiments
were carried out with other covalent mercury compounds
(Hg(SCN)2 and HgI2) and the results agree with the former
explanation.
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Figure 2. Emission spectrum of 1 in acetonitrile and in the presence of Cd(ClO4)2, Hg(ClO4)2 and mixtures of Cd(ClO4)2 with Hg(ClO4)2 and Hg(CN)2.

Figure 3. Emission spectrum of 1 in acetonitrile and in the presence of Hg(CN)2 and a mixture of Hg(CN)2 and Hg(ClO4)2.
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The behaviour previously described suggests that the
complex formed between the ligand and Hg2+ is stronger
than that generated by the interaction between 1 and the co-
valent mercury compound what is not surprising when it is
considered that the guest is not hosted inside the cavity.

Finally an experiment was carried out using Cd(ClO4)2
and Hg(CN)2 simultaneously. Under these conditions two
emission bands were observed at values similar to these
shown when only Cd(ClO4)2 was used but in the case of
the mixture the intensity of the emission was higher. This
behaviour can be understood if the ligand simultaneously
interacted with both substrates. The smaller ionic radio of
Cd2+ could allow the ligand to interact simultaneously with
this cation in the crown cavity and the covalent mercury
compound with the dimethylamino group. This situation
could be hindered in the presence of the bulky Hg2+ cation.

Conclusions

Firstly, we can conclude that ligand 1 acts as a selective
fluorescent sensor for Hg2+ in the presence of Cd2+. In
addition compound 1 forms different types of complex de-
pending on the covalent or ion character of the mercury salts.
This difference is related to the type of interaction between
host and guest. Thus, ionic salts place their cations inside the
crown cavity whereas covalent mercury compounds interact
probably with the external diamino groups.
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