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A tripodal ligand, tris(2-pyridyl)carbinol, affords a novel tetradentate
coordination mode in homodinuclear lanthanide complexes, which
exhibit remarkably short distances between metal ions. The strong
luminescences of Eu(III) and Tb(III) complexes with the ligand
demonstrate that the ligand has a suitable excited state for energy
transfer from the ligand to the Eu(III) and Tb(III) centers,
respectively.

The rational design and synthesis of ligands capable of
forming stable and strongly luminescent lanthanide com-
plexes have attracted a great deal of attention due to their
potential application as luminescent probes.1 To achieve
strong luminescence, concurrent control of solvation and
hydration around the lanthanide ion, and its high coordination
number, should be incorporated into the ligand design. To
this end, one promising strategy is encapsulating the lantha-
nide ion with the ligand, which has a large absorption cross
section with suitable excitation energy that can be transferred
to a metal excitation state.2 Consequently, a pyridyl group,
due to its large absorption cross section and modular synthe-
sis, is reasonable for use in designing strongly luminescent
lanthanide complexes. The stability of the lanthanide complex
with nitrogen donor ligands against moisture, however, is
generally not significant.3,4 Due to the oxophilicity of a
lanthanide ion (hard acid-hard base interaction), an oxygen

donor ligand appears attractive for strong complexation of
lanthanide ions. Further, when the oxygen donor consists of
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Figure 1. ORTEP drawing of complex2. The ellipsoids of thermal vibra-
tion represent a 50% probability. H atoms and triflates have been omitted
except for coordinating oxygen. Selected bond distances (Å) and angles
(°): Eu-N1 2.619(2), Eu-N2 2.548(2), Eu-N3 2.552(2), Eu-O1 2.292(1),
Eu-O2(H2O) 2.413(2), Eu-O5(triflate) 2.383(2), Eu-O8(triflate) 2.380-
(2), O1-Eu-N1 64.85(5), O1-Eu-N2 64.86(5), N1-Eu-N2 68.40(6).

Figure 2. Spectrophotometric titration of1 with Eu(NO3)3 in acetonitrile.
Arrows indicate spectral changes observed on the titration. Concentration
of 1 is 1.0× 10-4 M and of Eu(NO3)3 is 3.0× 10-3 M.

Inorg. Chem. 2003, 42, 6977−6979

10.1021/ic034816n CCC: $25.00 © 2003 American Chemical Society Inorganic Chemistry, Vol. 42, No. 22, 2003 6977
Published on Web 10/04/2003



alkoxide or carboxylic acid, the ligand would form multi-
nuclear complexes with a variety of geometries due to the
hardness,5 the oxophilicity, and the high coordination number
of the lanthanide ion. In this study, we investigated the com-
plexation of a ligand involving pyridyl groups and an oxygen
donor with lanthanide ions. Tris(2-pyridyl)carbinol (1), which
has three pyridine moieties with a hydroxyl group in the
apical position, aligns with our interest because of its variety
of coordination modes. Note that the previously known
coordination modes of1 are two tridentate modes: the
N,N′,N′′ symmetric coordination mode for Hg(II)6 and Co-
(III) 7 complexes, and the N,N′,O asymmetric coordination
mode for Co(III)8 and Ru(II)9 complexes, as shown in
Scheme 1.

We herein report the first examples of lanthanide com-
plexes of1, which involve another novel coordination mode,
the tetradentate N,N′,O-O,N′′ bridging mode, as shown in
Scheme 1. This unique coordination mode forms homodi-
nuclear complexes of Eu(III) and Tb(III) with remarkably
short metal-to-metal distances. In addition, we found that1

reaches a suitable excitation state to transfer its absorbed
energy to Eu(III) and Tb(III) metal centers.

Ligand1 was prepared in 40% yields using the published
method.10 2-Lithio-pyridine, prepared from 2-bromopyridine
andn-butyllithium in -80°C, was reacted with di(2-pyridyl)-
ketone, quenched with a small amount of MeOH, and recrys-
tallized with acetone.11

Mixing an acetonitrile solution of1 with 1 equiv of Ln-
(OTf)3‚3H2O (Ln ) Eu, Tb) afforded [Ln212(OTf)4(H2O)2]
(Eu, 2; Tb, 3).11 Suitable crystals of2 for X-ray crystal-
lography were obtained by recrystallization from acetonitrile
and ether.12 The X-ray crystal structure of a neutral complex,
2, is shown in Figure 1. The structure of3 is as isomorphous
as that of2 (Figure S1 of Supporting Information). These
two complexes have a homodinuclear and an eight-coordina-
tion structure in common with1, which coordinates in a tetra-
dentate manner, and the alkoxo-oxygen contributes as a
bridging donor. The structure has a center of symmetry in
the middle of two metal centers. Two triflates and one water
molecule coordinate to each lanthanide ion. Compound1
could well shield the water molecule from coordinating, due
to the fact that it encapsulates two metal ions in two ligands.
The bond lengths of3 are shorter by ca. 0.02 Å than those
of 2 due to lanthanide contraction, which corresponds to the
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Figure 3. Excitation (left) and luminescence (right) spectra of aqueous2 at 298 K. The emission and excitation wavelengths for the spectra are 619.0 and
263.0 nm, respectively. The concentration of2 is 3.3× 10-5 M.

Scheme 1. Coordination Mode for Tris(2-pyridyl)carbinol (1)
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difference in ionic radii for eight-coordination between
Eu(III), 1.07 Å and Tb(III), 1.04 Å.13 The metal-to-metal
distances are remarkably short for dinuclear lanthanide
complexes: 3.785(2) Å for2 and 3.743(2) Å for3.14

Furthermore, a 1 hreaction of Ln(NO3)3‚6H2O (Ln ) Eu,
Tb) with 1 in acetonitrile forms a precipitate which was
recrystallized with MeOH and H2O and determined as [Ln212-
(NO3)4(H2O)2] (Eu, 4; Tb, 5) by elemental analysis11 and
spectrophotometric titration of1 by lanthanide nitrate. The
titration analysis indicates that dinuclear complexes,4, 5,
were formed in acetonitrile. The data were fitted by a least-
squares procedure to the following equilibrium, which was
supported by factor analysis indicating three species, in which
solvation and anion coordination have been omitted as shown
in Figure 2.15 The calculated logarithmic formation constants,
log â22, are 10.849( 0.019 for4 and 10.974( 0.016 for5.

Ligand-assisted photoluminescence properties of the lan-
thanide complexes of1 were examined. The excitation and
fluorescence spectra of2 are depicted in Figure 3. The exci-
tation spectra, which are similar to the electronic spectra of
1, show a significant enhancement of luminescence intensity
when excitation is carried out in the UV region (π-π* band
of 1, electronic spectra appear as the end point of titration
in Figure 3), and no intense peaks are seen at the excitation
state of the metal center,5L6, at 394 nm. This indicates that

energy transfer from the ligand to metal center, sensitized
emission, is clearly observed. The fluorescence spectra show
that a forbidden transition,5D0 f 7F0, and a hypersensitive
transition,5D0 f 7F2, are expected for the noncentrosym-
metric coordination environment.3,16

The results of luminescence lifetime study by time-
resolved laser-induced fluorescence spectroscopy are sum-
marized in Table 1.17 The number of coordinating water
molecules,qH2O, is calculated by Horrocks’ equation for
Eu complexes18 and by Parker’s equation for Tb complexes.19

Irrespective of anions, two or three water molecules coor-
dinate to each complex in aqueous solution. This, however,
indicates that when coordinating anions are exchanged for
water molecules, the ligand remains shielded from the water
molecule under the moist condition.

In conclusion, homodinuclear lanthanide-carbinol com-
plexes have been synthesized in the structurally novel tetra-
dentate coordination mode, which is characterized by re-
markably short distances between metal ions. This coordina-
tion mode provides a new possibility for designing unique
complexes by synthesis of a heterodinuclear complex that
involves metal-metal interactions such as multistep energy
transfer or magnetic interaction. Further experiments to deter-
mine the magnetic properties of gadolinium complex with1
are in progress.
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Table 1. Luminescence Lifetimes and Derived Hydration States of
2-5

complex τH2O/ms τD2O/ms qH2Oa

[Eu212(OTf)4(H2O)2] (2) 0.37 3.1 2.3
[Tb212(OTf)4(H2O)2] (3) 1.1 3.0 2.6
[Eu212(NO3)4(H2O)2] (4) 0.38 3.1 2.2
[Tb212(NO3)4(H2O)2] (5) 1.1 2.7 2.4

a The number of water molecules which coordinate to lanthanide ion
and derived usingq ) 1.11(1/τH2O - 1/τD2O - 0.31) for Eu complexes
andq ) 5.0(1/τH2O - 1/τD2O - 0.06) for Tb complexes at 298 K.

2Ln3+ + 21 h [Ln212]
4+ + 2H+ â22
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