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Luminescent lanthanide complexes with tris(2-pyridylme-
thyl)amine ligands exhibited anion-specific sensory func-
tions, and their anion selectivity and response sensitivity
were modulated by a combination of lanthanide center and
chiral ligand.

Since several inorganic anions play fundamental roles in
various chemical and biological systems,1 their specific re-
ceptors have been developed to monitor the targeted anions of
biological, environmental, clinical, and industrial interests.2
Among them, the lanthanide complexes have attracted consider-
able attention as promising sensory materials, because of their
unique coordination chemistry and intense luminescence with
long excited-state lifetimes.3,4 Typically, Lehn et al. observed
that the luminescence of cationic lanthanide cryptates was
sensitive to added I2 and phosphate anions,3 and Parker et al.
presented lanthanide cyclen complexes for selective detection
of bicarbonate anion.4 We report below that Eu3+ complex with
chiral tris(2-pyridylmethyl)amine ligand 1 acts as a luminescent
receptor effective for NO3

2 anion, while corresponding Tb3+

complex exhibits Cl2 anion selectivity.5 A series of tris(2-
pyridylmethyl)amine ligands are recognized as potential tetra-
dentate ligands for transition metal cations6 and useful plat-
forms for intelligent metal complexes.7 They also form stable
lanthanide complexes exhibiting characteristic lumines-
cence.8–11 Mazzanti et al. recently determined the crystal
structure of EuCl3 complex with parent tris(2-pyridylmethyl)a-
mine 2, in which three Cl2 anions directly coordinated with
Eu3+ center together with four nitrogen atoms of ligand.10 Thus,
this type of lanthanide complex has outstanding features as an
anion-specific luminescent receptor: three pyridine chromo-
phores of the ligand are well arranged to act as effective photon
antenna; and several vacant sites of the lanthanide coordination
sphere are available for incoming anion guests.12 Furthermore,
a proper combination of lanthanide center and chiral ligand is
expected to modulate the luminescent anion sensing proc-
ess.11

Eu3+ complexes [Eu-L](CF3SO3)3 (L = 1 and 2, Fig. 1) were
readily prepared by mixing stoichiometric amounts of ligand
and Eu(CF3SO3)3 in acetonitrile. UV and ESI-MS spectro-
scopic characterizations supported that the resulting complexes
possess 1+1 stoichiometry and stability high enough to use in
the solution.13 The luminescence spectrum of [Eu-1](CF3SO3)3
was measured upon excitation of pyridine chromophores at 260
nm by the addition of tetrabutylammonium salt including I2,

Br2, Cl2, F2, ClO4
2, NO3

2, SCN2, CH3CO2
2, HSO4

2 or
H2PO4

2 anion in acetonitrile. Fig. 2a illustrates that the addition
of 3 equivalent NO3

2 anion enhanced the luminescence
intensity at 618 nm by 4.9 times and significantly changed the
emission spectral shapes. In contrast, Cl2 anion induced the
modest enhancement (1.8 times) of luminescence intensity and
CH3CO2

2 anion offered slight spectral changes. The lumines-
cence lifetime of [Eu-1](CF3SO3)3 (0.8 ms) was increased by
the addition of 3 equivalent Cl2 (1.3 ms) or NO3

2 (1.5 ms)
anion, supporting that these coordinative anions replaced
acetonitrile, water or CF3SO3

2 anion bound at the Eu3+ cation.
Similar modulations of lanthanide luminescence have been
reported in several anion-coordination systems.4,12 Fig. 3a
indicates the anion sensing luminescence properties of [Eu-
1](CF3SO3)3. This complex was confirmed to effectively work
as a NO3

2 anion-specific luminescent sensor, and rarely

Fig. 1 Ligands 1 and 2.

Fig. 2 Luminescence spectral changes of [Eu 2 1](CF3SO3)3 and [Tb-
1](CF3SO3)3 by the addition of NO3

2, Cl2 and CH3CO2
2 anions in

acetonitrile. Excitation at 260 nm; Normalized based on UV absorbance at
260 nm; [1] = [Ln(CF3SO3)3] = 4.80–5.20 3 1026 M; [Anion] =
1.45–1.55 3 1025 M; Slit width was adjusted as 10.0 nm for excitation and
5.0 nm for emission.
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responded to I2, Br2, F2, ClO4
2, SCN2, HSO4

2, and H2PO4
2

anions.14 The circular dichroism signal of [Eu-1](CF3SO3)3
complex observed around 260 nm was also intensified upon
addition of NO3

2 anion, indicating that the effective coordina-
tion from NO3

2 anion modified the three-dimensional arrange-
ment of pyridine chromophores. Since the luminescence
phenomenon observed upon excitation at 260 nm included a
series of light absorption, ligand-to-lanthanide energy transfer
and lanthanide luminescence processes, the direct excitation of
Eu3+ cation at 397 nm was carried out to focus the effect of
anion coordination on the lanthanide luminescence process.15

The luminescence intensity observed at 618 nm of [Eu 2
1](CF3SO3)3 was increased 8.3 times by the addition of 3
equivalent NO3

2 anion, though other anions offered little
influence on the luminescence intensity upon direct excitation:
0.7 times for Br2; 2.5 times for Cl2; 1.2 times for ClO4

2; and
1.0 times for SCN2. The effective coordination from NO3

2

anion was thought to prevent the quenching of the excited Eu3+

cation.
Tb3+ complex [Tb-1](CF3SO3)3 preferred Cl2 anion to NO3

2

anion and exhibited different anion selectivity in the lumines-
cence sensing (Figs. 2b and 3b). The observed enhancements in
the luminescence intensity at 548 nm upon addition of 3
equivalent anions were estimated to be 5.4 for Cl2, 2.2 for
NO3

2, and 1.1 for CH3CO2
2, while F2 and I2 anions

suppressed the emission. Its anion sensing profile indicates that
the nature of lanthanide center dramatically modified anion
sensing selectivity. When achiral ligand 2 was employed, its
Eu3+ and Tb3+ complexes favored NO3

2 and Cl2 anions,
respectively. These complexes showed similar anion sensing
luminescence profiles to those of complexes with chiral ligand
1, but exhibited relatively lower sensitivity in the luminescence
anion sensing upon excitation at 260 nm: relative intensity of
[Eu-1] to [Eu-2] at 618 nm was observed as 1.5 for NO3

2 anion;
that of [Tb 21] to [Tb-2] at 589 nm was 1.3 for Cl2 anion. The
direct excitation of Eu3+ cation at 397 nm offered similar
chirality-enhanced luminescence: relative intensity of [Eu-1] to
[Eu-2] at 618 nm was observed as 1.6 for NO3

2 anion. Since
chiral ligand 1 offered higher efficiency of the lanthanide
luminescence than achiral ligand 2, further combinations of
chiral chromophoric ligands and luminescent lanthanide centers
promise many possibilities in the development of anion sensory
systems which are applicable for various targets.
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Fig. 3 Anion sensing profiles of luminescent lanthanide complexes. Conditions: see Fig. 2.

1219CHEM. COMMUN. , 2002, 1218–1219


