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Abstract—The spectral-luminescent properties of europium(III) complexes with o-methoxybenzoic acid and
phosphorus-containing neutral ligands with an island structure and the compositions Eu(MOBA)3 · 3H2O
and Eu(MOBA)3 · L, where MOBA is o-methoxybenzoic acid and L is hmpa (hexamethylphosphortriamide,
tppo (triphenylphosphinoxide), and Et6pa (hexaethylphosphortriamide), are studied. It is found that the
excitation energy transfer to the europium ion occurs from the levels of both o-methoxybenzoic acid and
phosphorus-containing neutral ligands. The electronic absorption and luminescence excitation spectra, as
well as the Stark structure of the 5D0−7Fj ( j = 0–2) electronic transitions in the luminescence spectra of
mixed-ligand complexes of europium(III) o-methoxybenzoates, are analyzed. The highest luminescence
intensity is demonstrated by europium(III) methoxybenzoate with triphenylphosphinoxide.
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INTRODUCTION

Photostable coordination compounds of rare-earth
elements with carbonic acids and nitrogen- and phos-
phorus-containing neural ligands, as well as light-
transforming polymer materials based on them, can be
used in various molecular electronic devices, opto-
electronics, and organic light-emitting diodes and
lasers [1–7]. The advantages of luminescent aromatic
lanthanide carboxylates are high chemical and ther-
mal stability, radiation stability, and the possibility of
changing their composition, structure, and physico-
chemical properties by varying the ligand coordina-
tion. Promising compounds are mixed-ligand euro-
pium(III) complexes with o-methoxybenzoic acid.
For example, mixed-metal terbium–yttrium o-
methoxybenzoate with 1,10-phenanthroline was suc-
cessfully used as a component of light-emitting layers
in electroluminescent devices [8]. Optimization of the
spectroscopic characteristics of rare-earth compounds
by changing fragments of their crystal structure is an
important stage in the fabrication of efficient lumines-
cent lanthanide compounds, which can be used to
synthesize optical materials.

The spectral-luminescent properties of europium
compounds with methoxybenzoic acids and nitrogen-
containing neutral ligands have been studied [9–14],
but complex compounds of europium with phospho-

rus-containing neutral ligands have not been synthe-
sized.

In the present work, we report the results of inves-
tigation of the composition, structure, and thermal
properties of mixed-ligand europium(III) complexes
with o-methoxybenzoic acid and phosphorus-con-
taining neutral ligands with the composition
Eu(MOBA)3 · L, where MOBA is the o-methoxyben-
zoic acid anion and L is hexaethylphosphortriamide
(Et6pa), hexamethylphosphortriamide (hmpa), and
triphenylphosphinoxide (tppo).

EXPERIMENTAL
To synthesize mixed-ligand europium compounds

with o-methoxybenzoic acid and phosphorus-
containing neutral ligands, we used the following
pure-grade agents: six-water europium(III) chloride,
o-methoxybenzoic acid, phosphorus-containing
ligands (hexaethylphosphortriamide, hexamethyl-
phosphortriamide, and triphenylphosphinoxide).
o-Methoxybenzoic acid was recrystallized from 90%
ethanol.

Europium(III) o-methoxybenzoates with phos-
phorus-containing neutral ligands were prepared as
follows: to 1 mmol of six-water europium(III) chloride
dissolved in a minimum amount of distilled water
3 mmol of o-methoxybenzoic acid and 1 mmol of
698
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Fig. 1. Electronic absorption spectra of 10–4 М solutions
(C2H5OH) of (1) o-MOBA, (2) Eu(MOBA)3 · hmpa, and
(3) Eu(MOBA)3 · tppo in С2H5OH.
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Fig. 2. Luminescence excitation spectrum of Eu(MOBA)3 ·
tppo at 293 K, λrec = 612 nm.
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a neutral phosphorus-containing ligand dissolved in
15 mL of 90% ethanol were added. The solution PH
was increased to 5.5–6.0 using 10% ammonia solu-
tion, and the mixture was allowed to stand for precip-
itation. The precipitate was filtered, washed with a
water–ethanol mixture, and dried in air. The obtained
europium(III) complexes were fine-grained yellow
powders insoluble in most nonpolar solvents.

The luminescence excitation and luminescence
spectra were measured on an RF-5301 Shimadzu
spectrometer.

The electronic absorption spectra were measured
sing an RF-2550 Shimadzu spectrometer. The com-
pound concentration in 96% ethanol was 10–4 mol/L.

RESULTS AND DISCUSSION
The measured electronic absorption spectra of the

synthesized europium(III) coordination compounds
with o-methoxybenzoic acid and phosphorus-con-
taining neutral ligands are presented in Fig. 1. As is
seen, the complexation leads to a change in the posi-
tion of the band corresponding to the π–π* transition
of o-methoxybenzoic acid (λmax = 225–235 nm). The
obtained mixed-ligand europium(III) o-methoxyben-
zoates are characterized by a more complex shape of
the electronic absorption spectra than o-methoxyben-
zoic acid. The electronic absorption spectra of the
synthesized mixed-ligand o-methoxybenzoates with
phosphorus-containing neutral ligands exhibit addi-
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tional absorption lines typical for coordinated phos-
phorus-containing neutral ligand molecules. In par-
ticular, the spectra of Eu(MOBA)3 ⋅ tppo clearly
exhibit three absorption bands of tppo with λmax =
240–276 nm. The absorption band of o-methoxyben-
zoic acid in the electronic absorption spectra of this
complex compound is shifted to longer wavelengths by
4‒5 nm from its position in the spectrum of free
o-methoxybenzoic acid at λmax = 290 nm correspond-
ing to the singlet (Sππ*) transition [15, 16]. The
absorption spectra of neutral ligands (hexamethyl-
phosphortriamide and hexaethylphosphortriamide)
and o-methoxybenzoic acid in the absorption spectra
of the Eu(MOBA)3 · hmpa and Eu(MOBA)3 · Et6pa
compounds overlap in the range of 220–235 nm.

The luminescence excitation spectra of mixed-
ligand europium(III) coordination complexes with
o-methoxybenzoic acid and phosphorus-containing
neutral ligands consist of a broad high-frequency band
composed of the absorption bands of coordinated
ligand and the narrow lines of the f–f transitions of
europium(III) ions (Fig. 2). The luminescence exci-
tation spectra of the mixed-ligand o-methoxybenzo-
ates synthesized by us contain the bands of the ππ*
transitions of o-methoxybenzoic acid and the corre-
sponding phosphorous-containing ligand, which
leads to energy transfer from both the triplet levels of
o-methoxybenzoic acid and the levels of the neutral
phosphorus-containing ligand to europium.

The new synthesized mixed-ligand europium(III)
o-methoxybenzoates exhibit red luminesce (in solid
state and solution) at both room temperature and 77 K
(Fig. 3). The general character of luminescence
spectra in the series of synthesized europium(III)
o-methoxybenzoates with phosphorus-containing
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Fig. 3. Luminescence spectra of Eu(MOBA)3 · tppo at
293 K.
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neutral ligands is retained. The most intense bands in
the luminescence spectra of the europium(III) com-
plex compounds belong to the 5D0–7F2 electric dipole
transition. This transition is sensitive to substitution of
the neutral ligand in the mixed-ligand complexes,
namely, one observes redistribution of intensities of
individual lines and changes in the Stark splitting
structure of the 7F2 level. The luminescence spectra of
the synthesized new mixed-ligand complexes in the
region of the 5D0–7F2 electric dipole transition contain
up to three components. The 5D0–7F1 magnetic dipole
transition intensity is almost three–five times lower
than the intensity of the bands of the 5D0–7F2 electric
dipole transition. Splitting of the two edge bands of the
5D0–7F1 magnetic dipole transition considerably
changes with substitution of the neutral phosphorus-
containing ligand, which indicates the that it enters
the coordination sphere of the europium(III) ion. The
bands of the 5D0–7F4 electric dipole transition are
quite pronounced in the luminescence spectra. They
OP
are comparable in intensity with the band of the 5D0–
7F1 magnetic dipole transition.

We determined the integral intensities of the
5D0‒7F2 transition of europium(III) ions for the
synthesized mixed-ligand europium(III) complexes.
It was found that the europium luminescence intensity
in the complex compounds with phosphorus-con-
taining compounds is higher than in europium(III)
o-methoxybenzoate hydrate. Europium(III) o-metho-
xybenzoate with triphenylphosphinoxide is character-
ized by the maximum luminescence intensity due to
the strong donor properties of the triphenylphosphi-
noxide neutral ligand, the existence of a more devel-
oped π-conjugated system of efficient ultraviolet light
absorbers, and the absence of water molecules in the
coordination sphere of the complex compound.

Comparative analysis of the luminescence intensity
of the mixed-ligand europium(III) o-methoxybenzo-
ate complexes with phosphorus-containing neutral
ligands and the previously studied o-methoxybenzo-
ates with nitrogen-containing neutral ligands (we syn-
thesized and studied the luminescent properties of
europium o-methoxybenzoates with 1,10-phenanth-
roline and 2,2-dipyridyl) shows that the luminescence
intensity of compounds with phosphorus-containing
neutral ligand is 10–20% higher.

Thus, we have synthesized new luminescent
mixed-ligand europium(III) o-methoxybenzoates
with phosphorus-containing neutral ligands. It is
shown that excitation energy transfer to europium ions
occurs from the levels of both o-methoxybenzoic acid
and neutral phosphorus-containing ligands. The elec-
tronic absorption and luminescence excitation spectra
and the Stark structure of the 5D0−7Fj ( j = 0–2) elec-
tronic transitions in the luminescence spectra of euro-
pium(III) o-methoxybenzoate complexes are ana-
lyzed.
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