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Soft material with intense photoluminescence obtained by dissolving
Fu,03 and organic ligand into a task-specific ionic liquid
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A task-specific ionic liquid containing a carboxylate group with
the ability to dissolve metal oxide and organic ligands has been
used as the solvent to prepare lanthanide complexes without the
addition of extra solvent; thus a soft material with intense
photoluminescence has been obtained by directly dissolving
Eu,03, 2-thenoyltrifluoroacetone (TTA) and 1,10-phenanthroline
(Phen) into the task-specific ionic liquid.

Ionic liquids have attracted considerable attention during the
past few years due to their very low vapor pressure, their wide
liquid range, their good electric conductivity, their large electro-
chemical window, and their potential as solvents for liquid-liquid
extraction.! Furthermore, many ionic liquids are colorless or
have only a slight (yellowish) color and are transparent through
almost the whole visible and near-infrared spectral regions.? This,
together with their excellent stability, makes them very interesting
as optical solvents. Therefore, it would be an interesting topic to
investigate the spectroscopic behavior of lanthanide complexes,
and whether lanthanide-doped ionic liquids can be regarded as
new luminescent ‘soft” materials.® Lanthanide complexes show
intense luminescence in the visible and near-infrared regions with
many favorable properties such as narrow emission bands, long
decay times, and a large Stokes’ shift. Actually, lanthanide
compounds have gained widespread attention as potential
materials for light-emitting diodes, medical and biological
applications.* Some recent studies demonstrate the use of
room-temperature ionic liquids (RTILs) in photochemistry and
spectroscopy. >

Despite the wealth of literature on the use of ionic liquids as
‘green solvents’ for organic reactions, as catalysts, and as
unique solvents for the IL./aqueous extractions, there are rela-
tively few studies on the luminescence properties of trivalent
lanthanide ions in IL. >*° In addition, most of lanthanide
complex-containing ionic liquids to date were prepared by
dissolving the lanthanide complexes in the corresponding ionic
liquid. Nevertheless, this always requires the preparation of
lanthanide complexes in advance. It would be very interesting
and attractive if one can obtain luminescent lanthanide

School of Chemical Engineering and Technology, Hebei University of

Technology, Tianjin, 300130, ChinaE-mail: lihuanrong@hebut.edu.cn;

E-mail: wangyige@hebut.edu.cn; Fax: 0086225264294,

Tel: 0086226020044 1

tElectronic supplementary information (ESI) available: ESI1: Decay
curve of IL-Eu. ESI2: Excitation and emission spectra of
Eu(TTA);Phen in the solid state and in IL. ESI3: Decay curve of
IL-Eu-TTA-Phen. See DOI: 10.1039/b810631b

complex/ionic liquid by directly dissolving lanthanide oxide
and organic ligand into ionic liquid without the addition of
extra solvents. Recently, Binnemans and co-workers have
reported the dissolution of metal oxides in a task-specific ionic
liquid (TSIL) containing carboxylate.® This encouraged us to
try an alternative way to obtain lanthanide complex-containing
ionic liquids by directly co-dissolving lanthanide oxides and
organic ligands into a task-specific ionic liquid.

In the present work, we report an original method to
introducing a highly luminescent lanthanide complex into
ionic liquid by directly dissolving Eu,O3; and the organic
ligands TTA and Phen into the task-specific ionic liquid
3-(5-carboxypropyl)-1-methylimidazolium bromide. To the
best of our knowledge, this is the first report in this regard.

3-(5-Carboxypropyl)-1-methylimidazolium  bromide  was
prepared according the previously reported procedure.” An
interesting property of the ionic liquid is its ability to dissolve
Eu,05 because the europium oxide can react with the carboxylic
acid from the ionic liquid to form carboxylate complexes and
water.® IL-Eu was obtained by dissolving an appropriate amount
of Eu,O3 into the synthesized ionic liquid; IL-Eu-TTA was
prepared by dissolving TTA into IL-Eu, and IL-Eu-TTA—Phen
was synthesized by dissolving Phen into IL-Eu-TTA. Both
IL-Eu-TTA and IL-Eu-TTA-Phen are highly transparent and
luminescent as shown in Fig. 1. However, irradiating IL-Eu with
UV-lamp (365 nm) produces no obvious emission.

Fig. 2 shows the excitation and emission of IL-Eu. Several
discrete f—f transitions can be observed at 362 ("Fy — D),
380 ("Fy —°G»), 395 ("Fy —°Lg), 415 ('Fy — °D3) and 465 nm
("Fy = °D»), the most efficient excitation wavelength being at
395 nm.® After excitation at 395 nm, the emission spectrum of
IL-Eu clearly shows the emission bands centered at 579, 592,
615, 650 and 697 nm, corresponding to Dy — Fou
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Fig. 1 Ionic liquid and organic ligand used in this study (top) and the
procedure for obtaining lanthanide complex in ionic liquid (bottom).
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Fig. 2 Excitation (---) and emission (—) spectra of IL-Eu.

transitions, respectively. The luminescence decay curve is
found to be mono-exponential and the luminescence decay
time of the “Dy level is 0.136 ms (see ESI¥).

The ionic liquid shows an intense red photoluminescence when
irradiated with UV radiation upon dissolving the organic ligands
TTA and Phen into the europium(iir) ion-containing ionic liquid
(Fig. 1). The excitation and emission spectra of IL-Eu-TTA-Phen
are shown in Fig. 3. The excitation spectrum obtained by
monitoring the Dy — "F, transition at 612 nm displays a broad
excitation band peaking at 377 nm, which may result from the
n — ¥ transitions of the organic ligands. The absence of
negligible intensity of the intra-4f® transitions in the excitation
spectrum indicates that an energy transfer occurs from the ligands
to the central Eu® " ions. Excitation of the ligands (337 nm) leads
to sharp emission peaks arising from transitions between *Dy —
F, crystal-field components (/ = 0, 1, 2, 3, 4) while no broad
emission band resulting from organic ligand molecules in the blue
region can be observed. The typical red color of europium
emission is mostly attributed to the strongest transition
Dy — F, centered at 613 nm. The fine splitting of the Dy —
’F, europium peak into distinct crystal field components points to
a ‘crystalline’ lanthanide ion environment, rather than an
amorphous one and indicates that in fact a europium complex
is formed in the ionic liquid.” The excitation and emission spectral
features are very similar to that of the ternary complex
(Eu(TTA);Phen) both as solid and dissolved in the IL (see ESIY),
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Fig. 3 Excitation (---) and emission (—) spectra of IL-Eu-TTA-Phen.

which further proves that both TTA and Phen are coordinated to
the metal ions. In addition, the non-observation of Eu®* intra-4f°
lines in the excitation spectrum of IL-Eu-TTA-Phen compared
with those of the ternary complex (Eu(TTA);Phen) both as solid
and dissolved in the IL suggests that the IL contributes to enhance
the Eu® ™ sensitization process with respect to direct excitation into
the 4f lines.'® Furthermore, the detection of a single line for the
5Dy — F, transition, the local-field splitting of the F 1.2 levels and
the higher intensity of the Dy — ’F- transition indicate that the
Eu’" local coordination site has a low symmetry without an
inversion center.!' The *Dy emission decay curve was monitored
within the Dy — ’F, transition under the excitation wavelength
maximizing the emission intensity. The decay curve is well-
reproduced by means of a single-exponential function, yielding a
Dy lifetime value of 0.793 ms. IL-Eu-TTA displays similar
luminescence behavior to IL-Eu-TTA-Phen except for its much
shorter lifetime (z = 0.34 ms) and lower splitting of the °Dy — "F,
transition. The prolonged lifetime compared with IL-Eu could
be ascribed to the removal of water molecules from the first
coordination sphere of Eu® " ions by the organic ligands (Phen).'?

The *D, quantum efficiency (¢) and the number of the water
molecules, 7, coordinated to the Eu®™ ion can be estimated
on the basis of emission spectrum and lifetime of °Dj, state by
using the following equations according to ref. 13. Assuming
that only nonradiative and radiative processes are involved in
the depopulation of the *D, state, ¢ may be defined as:

q = ki/(ke + k) e

where k., and k, are the radiative and nonradiative
probabilities, respectively. The radiative contribution maybe
calculated from the relative intensities of the *Dy—'F,
(J = 0-4) transitions (the transitions Dy-"F, with J = 5
and 6 are either not observed or are very weak) and can be
expressed as:

_ Ao1Eo- 4 Sy

k
' So-1 4= Eo-y

2
where A4, ; is the Einstein coefficient of spontaneous emission
between the D, and F, level, usually considered to be equal
to 50 s~', and E, ; and S, ; are the energy and the integrated
intensity of the >Do—'F, transitions, respectively.

On the basis of the empirical formula suggested by
Supkowski and De Horrocks J r,'* we can estimate the number
of water molecules (n,,) coordinated to the metal ions in the
material, which can be written as:'

g = 11 (kexp — ke — 0.31) 3)

where ke, is the reciprocal value of the D, lifetime. The data
obtained are summarized in Table 1. From the result, it is

Table 1 Experimental D, lifetime, calculated radiative and non-
radiative °D, decay rate, D, quantum efficiency value, experimental
quantum yield and number of waters coordinated to Eu 3"

ion in
IL-Eu-TTA-Phen
7/ms 0.793
ky/ms ™! 0.491
kpe/ms ™! 0.770
q (%) 39
Ny 0.5
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reasonable to assume that most of the water molecules have
been expelled from the first coordination sphere of Eu®* ions.

In  summary, 3-(5-carboxypropyl)-1-methylimidazolium
bromide is a useful task-specific ionic liquid that can be used
for dissolving europium oxide and organic ligand.
Consequently, a soft material has been obtained by directly
dissolving Eu,O3 and TTA as well as Phen into the task-specific
ionic liquid. The obtained soft material shows high lumines-
cence and could find potential applications in emission displays
and laser dyes despite the low concentration of lanthanide
complexes in the ionic liquid (ca. 3 mol%). We are currently
improving our method by adding water to the ionic liquid to
increase the concentration of lanthanide ions and lanthanide
complexes.® Our preliminary results indicate the concentration
of lanthanide ions in the ionic liquid can reach 33 mol%. The
extension of this method to lanthanide complexes other than
those of europium are being done in our lab.
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