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A europium(IIl) complex with tetradentate Schift base ligands
(C,Hs);NH[Eu(3,5Clsalen);] was prepared, and its structure was
determined by X-ray crystal structure analysis. The complex has an
eight-coordinate mononuclear structure with two Schiff base ligands
in a meridional form. The complex displays emission bands
resulting from f-f transitions by excitation at 357 or 234nm in
acetonitrile.

The tetradentate Schiff base salen ligand (H,salen: N,N'-
bissalicylidene-1,2-ethanediamine) is a versatile ligand, and
many transition-metal complexes with salen and its related
ligands have been reported. Lanthanide(IIl) complexes with
salen-type ligands form various structures. For example, mono-
nuclear,' dinuclear,>” tetranuclear,® pentanuclear,’ and poly-
nuclear'®'? lanthanide(III) complexes have been prepared by
different synthetic methods, under various conditions. Photo-
luminescence is one of the distinctive properties of lantha-
nide(ITl) complexes. Many different photoluminescent euro-
pium(III) complexes have been reported.'® As for europium(III)
complexes with the salen ligand, photoluminescence properties
of mononuclear pipH[Eu(salen),] and dinuclear [Eu,(salen);]-
0.3DMSO have been reported.>> However, the structures of
these complexes have not been determined by X-ray crystal
structure analysis. When discussing the photoluminescence of
Schiff base lanthanide(IIl) complexes, the crystal structure
should be taken into account. In this study, we report on the
preparation, crystal structure, and photoluminescence properties
of the newly prepared mononuclear europium(IIl) complex with
tetradentate Schiff base ligands, (C,Hs);NH[Eu(3,5Clsalen),]
(H,3,5Clsalen:  N,N’-bis-3,5-dichlorosalicylidene-1,2-ethanedi-
amine). The Schiff base ligands used in this study are well
known and prepared easily. However, the europium(IIl) com-
plexes show new notable photoluminescence properties. To the
best of our knowledge, this is the first study of photolumines-
cence via two excitation states in a Schiff base—europium(III)
complex. The Schiff base—europium(Ill) complexes can be
developed systematically as new luminescence materials.

A yellow-white europium(Ill) complex, (C,Hs);NH[Eu-
(3,5Clsalen),], was prepared by the reaction of europium(III)
acetate with the Schiff base ligand in methanol. The Schiff base
ligand (0.203 g, 0.50 mmol) and Eu(CH3;COO);-4H,0 (0.100 g,
0.25mmol) were added to a methanol solution (30cm?)
containing triethylamine (4 mmol). The reaction mixture was
stirred at 60 °C for 1h. The resulting yellow-white precipitate
was collected by filtration and washed with methanol.'* The
reaction of Hjsalen with Eu(CH3COO);-4H,0 yielded a yellow
precipitate in a similar manner. However, the molecular structure
of the compound could not be assigned by elemental analysis.'>
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Figure 1. An ORTEP drawing of (C,Hs);NH[Eu(3,5Clsalen);]
with 30% probability ellipsoids. Hydrogen atoms attached to the
carbon atoms of the triethlylammonium cation are omitted for
simplicity. Selected bond lengths (A): Eul-01 2.377(2); Eul-02
2.285(2); Eul-03 2.285(2); Eul-04 2.322(2); Eul-N1 2.583(3);
Eul-N2 2.579(3); Eul-N3 2.588(2); Eul-N4 2.558(3).

An X-ray crystal structure analysis of (C,Hs);NH[Eu-
(3,5Clsalen),] was carried out.'® An ORTEP drawing of the
complex is shown in Figure 1. The two tetradentate Schiff base
ligands display meridional coordination,'” and the complex has
a mononuclear structure. The geometry around the europium(III)
ion can be described as an eight-coordinate square antiprism.
The five-membered N-N chelate rings assume a gauche form.
The H36 atom of the triethylammonium cation is strongly
hydrogen-bonded to the O1 atom of the complex anion
{N5--O1: 2.816(4) A}. The dihedral angles between the adjacent
two phenyl rings are 8.9(2)° for the two salicylaldehyde moieties
containing Ol and O4 atoms and 42.1(1)° for the two
salicylaldehyde moieties containing O2 and O3 atoms. Similar
crystal structures of mononuclear lanthanide(IIl) complexes,
pipH[Er(salen),] (pip: piperidine) and [Eu(Hsalen)(salen)], have
been reported."> The amine proton of the pipH cation is also
hydrogen-bonded to the phenolate oxygen atoms of the complex
anion in pipH[Er(salen),] (N--O: 2.746 and 2.832A). On the
other hand, no counter cation is present in [Eu(Hsalen)(salen)].

Emission and excitation spectra of (C,Hs);NH[Eu-
(3,5Clsalen),] in acetonitrile are shown in Figure 2. By
excitation with 357 or 234nm light, the complex displays a
sharp strong emission band at 613nm (°Dy — "F,) with weak
emission bands at 580nm (°Dy — Fy), 589, 595nm (°Dy —
F)), 654, 658nm (°Dy — F3), and 697, 706 nm (°Dy — 'Fy).
The Dy — F, transition is predominantly electric-dipolar in
character, and the emission intensity of the transition is sensitive
to the coordination environment around the europium(IIT) ion.'3
Two separate excitation peaks are observed at 357 and 234 nm.
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Figure 2. Emission and excitation spectra of (C,Hs);NH[Eu-
(3,5Clsalen),] in acetonitrile at 298 K. The emission spectra were
measured by excitation at 357nm (—) or 234nm (—). The
excitation spectra were measured with emission wavelength at
613nm. The concentration is 2.00 x 107°M. Measurements were
carried out in the same conditions.
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Figure 3. Electronic spectrum of (C,Hs);NH[Eu(3,5Clsalen),] in
acetonitrile.

The excitation spectrum of the complex is very similar to the
electronic spectrum in acetonitrile (Figure 3). The electronic
spectrum of (C,Hs);NH[Eu(3,5Clsalen);] shows absorption
peaks at 360 and 236nm (& =2.28 x 10*M~'em™' at 360 nm,
and 124 x 10°M~'ecm™! at 236nm). The former could be
assigned to 7—7r* transition of the -C=N- chromophore, and the
latter could be assigned to 71—7* transition of the phenolate
moieties.'”? These results indicate that the europium(III)
complex displays f—f emission bands by energy transfer from
the different excited states. The photoluminescence via two
different excited states has not been reported in pipH[Eu(salen);]
and [Euy(salen);]-0.3DMSO.>® The photoluminescence quan-
tum yields in acetonitrile obtained by a comparative method are
0.277 (Adex =357nm) and 0.0482 (Aex = 234 nm), respective-
1y.223 The luminescence lifetimes are 0.50 ms (Ao = 357 nm)
and 0.51 ms (dex = 234 nm), respectively. It is notable that the
quantum yield measured with 357 nm excitation is larger than
that measured with 234 nm excitation, whereas the lifetimes are
almost the same. The considerably different quantum yields by
excitation at 357 or 234nm may be originated from different
energy-transfer paths from the ligand to europium(IIl) ion.

The europium(IIl) complex, (C,Hs);NH[Eu(3,5Clsalen),] is
also photoluminescent in the solid state. The emission spectrum
in the solid state is similar to that measured in acetonitrile.>*?’
Since the shapes of emission spectra are similar in the solid state
and in acetonitrile, it is supposed that the complex keeps a
mononuclear structure in acetonitrile as well as in the solid state.
The quantum yield in the solid state obtained by an absolute
method at room temperature is 0.31 (A = 360 nm).
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In this study, a new mononuclear europium(III) complex
with Schiff base ligands was prepared, and its photolumines-
cence properties were studied. Further investigations are
necessary to elucidate the energy transfer from the two different
excited states. The influence of different diamine moieties and
counter cations for the photoluminescence properties of Schiff
base—europium(IIl) complexes is now under investigation.

The X-ray crystal structure study was carried out under the
Visiting Researcher’s Program of the Institute for Solid State
Physics, the University of Tokyo.
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