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Zuschriften

Die partielle �bertragung der Anregungsenergie vom IrIII- auf das EuIII-
Zentrum eines Komplexes aus diesen beiden Ionen f�hrt zum
Auftreten von weißem Licht. Mehr �ber die photophysikalische
Untersuchung dieser Energie�bertragungsprozesse finden Sie in der
Zuschrift von L. De Cola et al. auf den folgenden Seiten.
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Luminescent Assemblies

White-Light Emission from an Assembly
Comprising Luminescent Iridium and Europium
Complexes**

Paolo Coppo, Marco Duati, Valery N. Kozhevnikov,
Johannes W. Hofstraat, and Luisa De Cola*

Europium(iii) red emission receives increasing
attention for application in bioassays and in
sensors where its long-lived luminescence enables
sensitive time-resolved or “gated” detection of
the emission without interference from back-
ground or scattered excitation light.[1] Further-
more, the use of EuIII complexes for applications
in light-emitting devices has been described.[2]

EuIII complexes show little or no absorption in
the visible region of the spectrum and often
require the application of strongly absorbing
“antennae” for light harvesting to obtain efficient
photoluminescence.[3] Recently, energy transfer
from transition metals to lanthanides to obtain
near-IR (NIR) emission from Yb, Nd, and Er was
reported.[4] The use of a light-harvesting unit
based on a transition metal is extremely appealing
for applications in luminescence and electro(che-
mi)luminescence owing to the addressability of
the coordination-metal-based unit by both light
and redox reactions. To the best of our knowledge,
no transition-metal-based antennae have been
reported for the photoexcitation of EuIII. This
absence is most likely due to the high triplet
energy level required for the sensitization of this
lanthanide which few metal complexes can pro-
vide. We have recently reported on the tuning of
light emission in iridium(iii) complexes in the

“almost-blue” region of the visible spectrum.[5] Herein we
discuss the application of such systems for the photoexcitation
of a EuIII—terpyridine-based complex. Emission of white
light can be observed by the application of carefully designed
systems that allow a partial transfer of energy from the
excited IrIII moiety to the EuIII complex.

Complex 1 (see Scheme 1) was prepared according to
procedures reported previously for similar systems, purified

by column chromatography, and obtained as an amorphous
yellow powder.[5,6] The UV/Vis absorption spectrum was
consistent with the unsubstituted analogue 1a and showed a
MLCT (metal-to-ligand charge transfer) transition in the
visible region and p–p* bands that are attributed to tran-
sitions in the ligand in the UV region (see Figure 1). Complex
1 shows blue emission in CH2Cl2, MeOH, or CH3CN with

Scheme 1. Structures of the investigated complexes.

[*] Dr. P. Coppo, Dr. M. Duati, Prof. Dr. L. De Cola
HIMS, Molecular Photonic Materials
University of Amsterdam
Nieuwe Achtergracht 166
1018 WV Amsterdam (The Netherlands)
Fax: (+ 31)20-525-6456
E-mail: ldc@science.uva.nl

Dr. V. N. Kozhevnikov
Urals State Technical University
620002, Ekaterinburg (Russia)

Prof. Dr. J. W. Hofstraat
Philips Research
Prof. Holstlaan 4
5656 AA Eindhoven (The Netherlands)

[**] The authors acknowledge Roche Diagnostics, Philips Research, and
the Dutch Foundation for Scientific Research (SENTER, Project No.
TSGE3140) for funding the project. Dr. R. Williams and Dr. B. G��tz
are acknowledged for their help with time-resolved and gated
experiments. Dr. C. A. Schalley, Prof. F. V�gtle, and J. van Heyst are
acknowledged for mass spectrometry analyses.

Supporting information for this article is available on the WWW
under http://www.angewandte.org or from the author.

Angewandte
Chemie

1841Angew. Chem. 2005, 117, 1840 –1844 www.angewandte.de � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

http://www.angewandte.de


maxima centered at 460 nm and 491 nm (see Table 1) in
similar fashion to the unfunctionalized analogue 1a. The
quantum yield of emission, F, of a deaerated solution of 1 in
methanol is 17 %, which is significantly lower than that for the
unsubstituted analogue 1a (F = 27%). The lifetime, t, of the
emitting species 1 is 1.4 ms.

Complex 2 was prepared and purified according to
reported procedures[7] and was isolated as a white powder.
The complex shows absorption bands in the UV region (see
Figure 1) and the characteristic, well-structured emission of
EuIII complexes (see Figure 2). Emission is mainly observed
from the 5D0!7F2 transition, centered at 615 nm (see
Figure 2). This hypersensitive transition is an electric-dipole
emission that is forbidden in the free ion. However, when the
EuIII ion experiences a strongly asymmetric or strongly
interacting ligand field, this transition may be greatly
enhanced.[1a] The quantum yield of emission of 2 in an air-
equilibrated solution in D2O was 33 %. As can be seen by the
schematic formula and as confirmed by spectroscopic inves-
tigation in water by comparing the excited-state lifetimes of 2

in D2O (t = 1.9 ms) and in H2O (t = 0.25 ms), the europium
complex in which the EuIII center is coordinated to a
pentadentate cage-type ligand has a hydration number q =

3.9. Hence, complex 2 can bind up to 4 molecules of water or
solvent to fill the coordination sphere. Such a situation is ideal
for the assembly of a second metal complex through
carboxylate or chelating units. Indeed, when complexes 1
and 2 were stirred in methanol at room temperature, the
formation of an assembly of EuIII and IrIII moieties was
established by spectroscopic investigations (see below). Its
structure could not be determined by NMR spectroscopy
owing to the paramagnetic properties of EuIII and to the low
solubility of the product. However, FT-IR spectroscopy of the
sample in KBr matrix proved to be effective to highlight the
formation of complex 3 (see Figure 3). The disappearance of
the band at 1685 cm�1 in complex 3 which is associated with
the stretch of the C=O bond in the Ar-COOH moiety of
complex 1 suggests that the acid is coordinated to the
europium ion. Indeed, the C=O stretching band in complex
3 can be detected at 1409 cm�1, which is consistent with
previous reports on EuIII coordinated to four carboxylate
groups.[8] Furthermore, the disappearance for complex 3 of
the broad band at 3380 cm�1, which is associated with the OH
stretch of coordinated methanol molecules in the neat
complex 2, suggests that the solvent molecules have been
displaced by the insertion of 1 as a coordinating unit. ESI-
mass spectrometry confirmed 3 to be the main product with
an Ir–Eu adduct and traces of Ir3–Eu as byproducts (see
Supporting Information).

Evidence of the formation of the adduct and of the
absence of different equilibria in solution resulted from
photophysical characterization. Irradiation of the assembly
(diluted in CD3OD) with monochromatic light at l = 400 nm,
where only the iridium moiety has appreciable absorption
bands (e400� 1000m�1 cm�1), resulted in the emission of
almost-white light (Commission Internationale d�Eclairage,
CIE coordinates: X: 0.28 Y: 0.30) owing to the combined

Figure 1. Absorption spectra of solutions (5 � 10�5
m in methanol) of

complexes 1 (c), 2 (a), and 3 (d).

Table 1: Emission maxima (lem), quantum yields of emission (F),[a] and
lifetimes (t) of the emitting species.[b]

Complex lem [nm] F t [ms]

1[c] 460, 491 0.17 1.4
1a[d] 461, 490 0.27 1.4
2[e] 615 0.33 1900
2a[c] 615 0.12 1900
3[c] 460, 491, 615 0.07 0.48 (Ir)

1900 (Eu)

[a] Quantum yields of complexes 1 and 1a were measured by using
quinine bisulfate in 0.5m H2SO4 as a reference, whereas those of 2, 2a,
and 3 were measured by using [Ru(bpy)3]Cl2 in distilled water as a
reference (bpy= bipyridine). [b] A concentration of 5 � 10�5

m was used
for steady-state experiments. A concentration of 10�4

m was used for
time-resolved measurements. [c] Measurements performed in CD3OD.
[d] Measurements performed in dichloromethane. [e] Measurements
performed in D2O.

Figure 2. Relative steady-state emission spectra of solutions of com-
plexes 1 (blue), 2 (red; I/6), and 3 (black) in CD3OD upon excitation
at l = 400 nm (complex 2 was excited at l = 350 nm as it shows
negligible absorption at l = 400 nm; cps = counts per second). The
solutions all have identical absorption values at the excitation wave-
length.
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presence of residual emission of the blue–green emitting IrIII

complex and the sensitized red emission of the EuIII complex
(see Figure 2). Measurement of the quantum yields of
emission and time-resolved spectroscopy show that the
excited-state lifetime of the IrIII emitting species is strongly
reduced (t = 480 ns, see Table 1) as compared to a deaerated
solution of complex 1 alone in CD3OD (t = 1400 ns). The
sensitization of the EuIII moiety suggests an energy-transfer
process from the excited iridium moiety, which is the only
component that absorbs light at l = 400 nm, to the low-lying
excited state (5D0) of the EuIII center. If the emission of the
bimetallic system is detected with a long delay on a milli-
second scale by means of a streak camera, only the character-
istic emission of the EuIII-containing moiety is observed. By
comparison of the steady-state emissions of complexes 1 and

3, the efficiency of the energy transfer was determined to be
38%. This value was calculated by assuming that the quantum
yield of emission of the europium complex does not change
upon coordination of the iridium moiety. By comparison of
the lifetime of EuIII emission in complex 3 in CD3OD (t =

1.9 ms) and CH3OH (t = 0.7 ms), a hydration number of q =

0.78 was calculated for complex 3 which is significantly lower
than the q value for complex 2.

The shape of the hypersensitive emission band of 2 at
615 nm changes slightly upon coordination of the IrIII moiety
and indicates a lower degree of symmetry. To establish the
optimal stoichiometry of the adduct in solution through the
carboxylate group that belongs to the iridium complex 1, a
titration of 1 against 2 was performed. It was immediately
clear that the maximum intensity of the EuIII moiety upon
excitation of the IrIII-based moiety at 400 nm was observed for
a 1:2 stoichiometry of 1/2. When the number of IrIII centers in
solution exceeds twice that of EuIII, the emission is dominated
by the blue–green signals that originate from the IrIII complex.

To confirm that such a stable adduct can occur only with
complexes with an unsaturated coordination sphere, complex
2a[8] (see Scheme 1) was treated with complex 1 under
analogous conditions. The resulting solution showed only IrIII-
based emission upon excitation at l = 400 nm which suggests
that no energy transfer to the europium moiety occurred. The
difference in behavior is consistent with the hypothesis that
the carboxylate group of 1 coordinates to the EuIII ion in
complex 2, whereas for complex 2a in which the EuIII ion is
already fully coordinated by the cage-type ligand (q< 1) no
such assembly can be formed. Further evidence came by
adding the unfunctionalized IrIII complex 1a (see Scheme 1),
which lacks the carboxylate group, to a solution of complex 2 :
Also in this case, no EuIII emission was detected upon
irradiation at l = 400 nm.

In conclusion, we have reported the first example of
sensitization of a EuIII complex through the use of a
transition-metal complex in a d–f bimetallic assembly which
gives almost-white light emission. White electrophosphores-
cence is interesting for applications in electroluminescent
displays and in lighting devices, both for illumination
purposes and for backlights.[9] Investigations on electrically
generated white-light emission from complex 3 are currently
in progress as well as attempts to optimize the energy transfer
process and improve the solubility.
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