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Efficient two-photon sensitized luminescence of
europium (IIT) complex based on hypersensitive transitions

Meng Shi (£ #)', Hua Li (£ #%)?, Mei Pan (% #)®, Fufang Su (%% %),
Lili Ma (& m)', Peigao Han (#3%)', and Hezhou Wang (£ #)*

! Shandong Provincial Key Laboratory of Laser Polarization and Information Technology, Laser Institute,
Qufu Normal University, Qufu 273165, China
2Xingtan College, Qufu Normal University, Qufu 273165, China
3School of Chemistry and Chemical Engineering, Sun Yat-Sen University, Guangzhou 510275, China

4School of Physics and Engineering, Sun Yat-Sen University, State Key Laboratory of Optoelectronic Materials and
Technologies, Guangzhou 510275, China
*Corresponding author: philipyes@163.com
Received November 9, 2010; accepted December 7, 2010; posted online April 11, 2011

Red frequency-upconversion fluorescence emission is observed in europium(III) complex with encapsulating
polybenzimidazole tripodal ligands, pumped with 930- and 1070-nm picosecond laser pulses. The lumines-
cence of transition °Dy —"F2 (612 nm) is induced by two-photon absorption of hypersensitive transitions
"Fo —°Da (465 nm) and "F; —°D; (535 nm). Analysis results suggest that the two-photon excitation
strength of these hypersensitive transitions is increased dramatically owing to the C3 symmetry of the

coordination field.
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Lanthanide ions and their coordination complexes have
inspired vigorous research activities owing to their unique
optical properties, such as high color purity and long
lifetimes!!], giving rise to many potential applications,
including biological imaging? and electroluminescent
devices. Given that the coordination chemistry of eu-
ropium(III) shows similarity to that of Ca®T and Fe®",
europium(III) ion is the most commonly used lanthanide
ion as luminescent probe in biomolecular systems. Re-
cently, with a combination of the advantages of both lan-
thanide ions and two-photon scanning microscopy, two-
photon sensitized luminescence of lanthanide complexes
attracts great attention, which is in favor of less-harmful
labeling and deep-penetrating bioimaging applications!®!.
In this new and challenging field, the most popular sen-
sitization mechanism is the “antenna effect”!, i.e., two-
photon absorption (TPA) of organic ligands and energy
transfer to lanthanide ion. However, it is an indirect
mode concerning both the synthesis of ligand with large
TPA cross section and the energy transfer efficiency from
ligand to lanthanide ion. So far, only a few lanthanide
complexes have been synthesized to meet the needs/®!.
Although the f-f transitions are allowed with two
photons!®!, direct TPA of Eu®* transitions could not
efficiently sensitize °Dg —"F5 (612 nm), which is most
desirable when the excitation wavelength is shorter than
820 nm. The problem that now requires further research
refers to how we can conveniently obtain lanthanide lu-
minescence induced by efficient TPA. “Hypersensitive
transition” is a unique property for lanthanide ions!”8]
As far as europium(III) ion is concerned, hypersensitive
transitions "Fy —°Dy (465 nm) and “F; —°D; (535 nm)
can efficiently sensitize Dy —7Fa (612 nm) in Eud*t-
doped inorganic crystals!”). However, the investigations
of sensitization mechanism based on the hypersensitive
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transitions in organic coordination environments remain
rather rare.

In this letter, we report a novel europium(III) coor-
dination complex [Eu(L;)(Antipy)s(ClOy4)s] consisting
of tris(benzimidazol-2-ylmethyl)amine ligand L, sec-
ondary ligand Antipy and anion ClOp (Fig. 1). In
this 7-coordination europium(III) complex with C3 sym-
metry, the hypersensitive transitions "Fy —°Dsy and
"F; —°D; are distinguished. Based on the TPA of
"Fo —°Dy and “F; —°D; transitions, the bright red
emission from °Dy—7F4 transition of Eu?t is observed.
Furthermore, the two-photon excitation strength of hy-
persensitive transitions “Fg—°Dy and “F;—°D; is two
orders of magnitude stronger than that of electric dipole
transitions.

Figure 1 shows the molecular structure of ligands
in Eu(L;)(Antipy)3(ClO4)s and Eu(L2)2(ClO4)s. In
complex Eu(L;)(Antipy)3(ClOy4)3, the secondary An-
tipy ligand is involved in coordination with three O
atoms from three different Antipy coordinated di-
rectly to the Eu" ion (dry—o = 0.2208(3)—0.2209(4)
nm) apart from four N atoms from the ligand
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Fig. 1. Molecular structure of ligands L1, L2 (left) and Antipy
(right).
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L1 (dgu—n = 0.2456(3)—0.2766(6) nm). The ClOz
counter anions exist in the crystal lattices to balance
the charge. For the purpose of studying the influence
of symmetry on hypersensitive transitions, another set
of europium complexes Eu(Ly)2(ClO4)s are synthesized
with pseudo-Oy symmetry.

The ultraviolet-visible (UV-Vis) absorption spectra
were recorded using a UV-Vis-NIR (NIR: near infrared)
scanning spectrophotometer (Shimadzu, model UV-
3101PC). The fluorescent spectra were measured by a
fluorescence spectrophotometer (Hitachi, model F-4500).

For the measurement of transient behavior, a Nd:YAG
picosecond pulsed laser with a repetition rate of 10 Hz
was used as the excitation source, its pulse duration was
40 ps (Fig. 2). The excitation wavelength was tunable
from 760 to 1090 nm. An optical multi-channel analyzer
was used as the recorder. The ultrafast laser beam passed
first through a couple of Nicol prisms that were used as
an attenuator to obtain a tunable excitation intensity.
The laser beam was focused into the sample by a lens of
focal length f = 5 cm. The fluorescence was collected
by a telescope system at the perpendicular direction of
the pump beam. An HA30 filter was inserted before the
input slit of optical multi-channel analyzer for cutting
off the excitation laser.

The fluorescence spectra of Eu(L;)(Antipy)s(ClO4);3
and Eu(Ly)2(ClOy4)3 were recorded in solid state at room
temperature. Figure 3 shows the excitation spectra of
Eu(L;)(Antipy)s(ClOy4)3 and Eu(Lg)2(ClO4)s under the
same experimental conditions by monitoring the emission
5Dy—"Fy of Eut. In the excitation spectra, the broad
excitation bands are assigned to the ligand-centered
electronic transitions. In the longer wavelength re-
gion of Eu(L1)(Antipy)s(ClO4)3 spectrum, direct metal-
based f—f transitions are sharp and evident, showing
the respective peaks at 465 nm ("Fo —°Ds), 526 nm
("Fp—°Dy), and 535 nm (“F;—°D;). Among these tran-
sitions, transition strength of “Fq—®°Dy is the strongest.
The "Fy —°Dy and “F; —°D; transitions are consid-
ered as the so-called “hypersensitive transitions” with
sensitive responses to surrounding environment. How-
ever, in comparison, these hypersensitive transitions are
too weak to be observed in the excitation spectrum of
EU(L2)2(0104)3.

The reason why "Fq—°Dy and “F; —°D; transitions
are distinguished in complex Eu(Lj)(Antipy)s(ClO4)3
but negligible in Eu(L3)2(ClO4)3 is that the inten-
sity of hypersensitive transition depends largely on the
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Fig. 2. Schematic diagram of experiment setup. LP: long-
pass filter; ND: neutral density; LF: CuSO4 liquid filter.
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Fig. 3. Excitation spectra of Eu(L1)(Antipy)s(ClO4)s (solid
line) and Eu(L2)2(ClO4)s (dashed line) monitoring the emis-
sion °D;—7 Fsy of Eut.
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Fig. 4. Emission spectrum of Eu(L1)(Antipy)s(ClO4)s at an
excitation wavelength of 465 nm.

environment of lanthanide ion. These transitions are
described by the term “pseudo-quadrupole transitions”
because they obey the selection rule |AJ|<2, |AL|<2,
|AS|=0[191. Observation of these peaks clearly indicates
that Eu®* is in a low symmetry site. The hypersensi-
tive transitions are evidently influenced by Judd-Ofelt
intensity parameter 2o, which is determined by the
asymmetry of the coordination environment of the lan-
thanide ion. For Eu(Lg)2(ClOy4)s, eight N atoms from
the ligand Ly occupy the corners of the slightly dis-
torted cube. In Eu(L;)(Antipy)s(ClOy4)3, three O atoms
from three different Antipy and four N atoms from the
ligand L; coordinate directly to the Eu®*t ion, the co-
ordination polyhedron can be assigned as a cube short
of one corner, Eu(L;)(Antipy);(ClO4); has an exact
Cs symmetry imposed by crystallography. Compared
with Eu(L2)2(ClOy4)s, the increase of the asymmetry
leads to the distinguished hypersensitive transitions in
Eu(L1)(Antipy)3(ClO4)s.

In the fluorescent emission spectrum of Eu(L)
(Antipy)3(ClOy4)5 (excitation wavelength Aexy= 465 nm),
the distinct emission peak of 611 nm corresponds to
the transition °Dy —"Fy of Eu®t (Fig. 4). The rela-
tive intensity of °Dy —7Fy is more intense than that
of Dy —7F; (590 nm), showing that the Eu®* ion
does not lie in a centrosymmetric coordination site. In
general, when the Eu?* ion is positioned in a higher-
symmetry environment containing inversion center, the
5Dy —7F; transition is predominant; on the other hand,
in a lower-symmetry environment without the inversion
center, the °Dy —7F5 transition becomes stronger. Fur-
thermore, it can be shown from the excitation spectrum
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Fig. 5. Fluorescence of Eu(Li)(Antipy)s(ClO4)3 at 930-nm
(solid line) and 1070-nm (dashed line) ultrashort pulse exci-
tation.
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Fig. 6. Fluorescent intensity as a function of the excitation
density at 930 nm. The fitting slope is 1.98.

and emission spectrum of Eu(L)(Antipy)s(ClO4)s that
the hypersensitive transitions "Fy —°D, and "F; —°D;
have high sensitization ability to °Dy—"Fs.

Figure 5 shows the emission spectra of Eu(Lp)
(Antipy)s(ClOy4)3 irradiated by focused ultrafast laser at
930 and 1070 nm. Strong red light emission is observed
clearly by the naked eye on the focused spot when fo-
cusing the ultrafast laser on the sample. Figure 6 shows
the relationship between fluorescence intensity and ex-
citation density. The excitation-output relationship is
an exponential line with exponent of 1.98, which indi-
cates that the up-converted fluorescence is induced by

a three-order nonlinear optical process, i.e., a TPA pro-
cess. The emission spectrum of Eu(L)(Antipy)s(ClOq4)3
excited by picosecond laser at 1070 nm is similar to that
by 930-nm excitation. In the two-photon induced up-
conversion spectrum, the emission of °Dy—7F5 is more
intense than that of °Dy—"F1, which is identical to the
one-photon emission spectrum. Although 930 and 1070
nm correspond to the wavelength doubling of 465 and 535
nm, respectively, it cannot be concluded that the uncon-
verted emission originates from the TPA of "Fy —°Dy
and 7F1*>5D1.

In conclusion, a new kind of europium-organic com-
plex is synthezied. The oscillation strength of hyper-
sensitive transitions depends on the coordination field of
europium(IIT) remarkably, from which very efficient lu-
minescence induced by TPA of hypersensitive transitions
is obtained.
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