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a  b  s  t  r  a  c  t

Lanthanide  complexes  are  widely  used  as  emitters  for applications  in  the  fields  of  bioimaging,  molec-
ular  sensing,  disease  diagnosis,  and  optoelectronics.  Particularly,  the high  luminescence  efficiencies
of  these  complexes  make  them  attractive  for electroluminescent  display  and solid-state  lighting.  As
color  purity  and  saturation  are  the  most  stringent  criteria  for red emission  in display  technology,
europium(III)  complexes  featuring  an  emission  peak  centered  at ∼612  nm  with  a  narrow  bandwidth
hold  great  potential  as  red-emitting  materials.  This  review  highlights  the recent  development  of  electro-
luminescent  europium(III)  complexes,  with  emphasis  on  correlations  between  molecular  structures  and
optoelectronic  performance.  After  a fundamental  introduction  on  the  optical  and  electrical  properties  of
europium(III)  complexes,  efforts  will  be  devoted  toward  the  controlled  synthesis  and  functionalization
of  molecules  for improved  charge  injection/transportation,  good  processability,  and  enhanced  emission
efficiency.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

The choice of the emitters incorporated in the emissive layer
(EML) of organic light-emitting diodes (OLEDs) dictates many
photophysical processes, such as emission color tuning, pho-
todegradation, radiative energy transition, as well as electrical
modulation of the devices [1–3]. For example, the frontier molec-
ular orbital (FMO) energy gap between an emitter and the
charge-carrier transporting material deposited in adjacent lay-
ers directly determines the drive voltage of the device. In recent
years, driven by pressing demands for lighting products, displays
and other commercial applications, much research effort has cen-
tered on improving electroluminescent (EL) efficiencies and device
stability. With these concerns in mind, researchers extensively
investigate purely organic dyes and transition-metal complexes
owing to their suitability as emitters for optoelectronic modula-
tion. Nevertheless, in view of complex electronic transitions, the
emission spectra of organic dyes and transition-metal complexes
are asymmetric and broad with a large full width at half maxi-
mum  (FWHM) of more than 3000 cm−1. This precludes the use of
these molecules to achieve high-definition display where high color
purity and narrow emission band are essential [4–6].

Luminescent complexes comprising lanthanides are known as
the emitters with high color purity owing to the characteristic f–f
transitions of the lanthanides [7–13]. In most cases, lanthanide
complexes have narrow emission bandwidths with FWHM smaller
than 100 cm−1, making possible the so-called monochromic emis-
sion. Therefore, lanthanide-based phosphors were often employed
in video display terminals with high color saturation, such as
cathode ray tube (CRT) and high-definition liquid crystal display
(HDLCD) [14,15]. Fig. 1a shows the spectroscopic components of
white emission from a commercial Lenovo ThinkVisionTM L197 LCD
display in which three primary colors were attributed to 1G4 → 3H6
transition of Tm3+ for blue at ∼430 nm, 5D4 → 7F5 transition of Tb3+

for green at ∼545 nm and 5D0 → 7F2 transition of Eu3+ for red at
∼612 nm.  Therefore, one would intuitively expect the prospect of
developing lanthanide organic phosphors for OLED applications.

In terms of OLED performance with high color purity in red
emission, EL Eu3+ complexes present an unique opportunity as
red-emitters for those striving for advanced technology solutions.
In favor of inorganic Eu3+ emitters with comparable 5D0 → 7FJ
transition intensities (J = 1 and 2), Eu3+ complexes provide an
asymmetrical ligand field that drastically facilitates the 5D0 → 7F2
transition to yield an essentially monochromic single-band red
emission at 612 nm (Fig. 1b). For common organic compounds,
the generation of red emission typically requires a FMO energy
gap of less than 2.0 eV, which is apparently too small for real-
izing energy level matching with adjacent charge transfer layers
(CTLs). However, the matching of the energy levels with CTLs is
feasible in Eu3+ complexes because their FMO  energy gaps can be

Fig. 1. (a) Emission spectrum of white-light area of Lenovo ThinkVisionTM L197
display, recorded with a PR-655 Spectra Colorimeter at 150 cd m−2; (b) typical pho-
toluminescence spectrum of organic Eu3+ complexes.

precisely controlled by ligand modification and functionalization.
Owing to the highly localized emission nature of Eu3+, moder-
ate ligand conjugation and functionalization would not influence
emission color purity of the resulting complex, thus allowing for
convenient molecular design and integration of multiple functions.
Since both singlet and triplet excitons can be harvested during EL
processes, it is believed that the theoretical internal quantum effi-
ciency of the devices made of Eu3+ complexes can approach to 100%
[16].

In this article, the importance of Eu3+ complexes as EL materials
for optoelectronic applications is reviewed. An overview describing
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