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Although the use of tris(8-hydroxyquinoline)aluminum (AIQ) as
a green-emitting material has been studied extensively, terbium
complexes are still of great interésh the field of electrolumines-
cence (EL), because they offer several distinct advantagash
as 100% quantum efficiency theoretically, extremely sharp emission
bands, and the ability to modify the ligand without affecting the
emission characteristics of the central ion. However, the terbium
complexes, as EL materials, have not shown their advantages as
expected. The highest brightness and power efficiency reported are
2000 cd/m and 2.6 Im/W, respectively.This is believed to be
due to the unbalanced carrier injection and transport that would
cause recombination at locations other than the emitting fayer.
Our previous reportsshowed that the complex tris(1-phenyl-3-
methyl-4-isobutyl-5-pyrazolone)bis(triphenyl phosphine oxide)-
terbium, Th(PMIP)TPPO} (A), has very good electron-transport
properties, while Th(PMIRJEtOH)(H;O) (B)® shows only hole- Figure 1. Proposed energy level of the compounds. Chemical and crystal

transport properties. In this Communication, aiming at adjusting structures of comple. Ellipsoids are drawn at the 30% probability level,
carrier-transport properties to easily confine the recombination zone and hydrogen atoms were omitted for clarity.

in the terbium complex layer, a new terbium complex, tris[1-phenyl-

3-methyl-4-(2-ethylbutyryl)-5-pyrazolone](triphenyl  phosphine 4t 542 and 548 nm. A turn-on voltage 11 V, highest brightness 46
oxide)terbium, Th(eb-PMEJPPO C), was synthesized by modify-  ¢q/n2 at 17 v, and peak power efficiency 0.0022 Im/W at 14 V
ing the ligand. As the coordination number of lanthanide complexes \yere obtained with this device.
is changeable, the goal in making this modification is to enlarge gy introducing N,N'-diphenylN,N'-bis(3-methylphenyl)-1/4
the steric hindrance of the-diketonate and to make a surrounding biphenyl-4,4-diamine (TPD) and AIQ as hole- and electron-
which has no room for two TPPOs to coordinate to the central transport materials, respectively, device 2, with the configuration
Tb*" ions. Experiments revealed that the hole and electron were |To/TPD (20 nm)/complex (50 nm)/AIQ (30 nm)/Mg 0Ado. (200
more easily confined and balanced in this complex by proper device nm)/Ag (80 nm), was fabricated. Compared to device 1, the turn-
configuration, and a performance with the peak power efficiency on voltage decreased to 4 V, attributed to the step injection of the
11.3Im/W and brightness higher than 12 000 ctivas achieved.  holes due to the introduction of TPD (energy level shown in Figure
The new complex was characterized by element analysis, and1). The highest brightness and power efficiencies obtained from
its crystal structure (Figure 1) was determined by X-ray diffraction. thjs device were 20 000 cd§20 V) and 3.24 Im/W (10 V, 385
The Thb(lll) ion is surrounded by seven oxygen atoms, six of which cd/n?). The EL spectrum (Figure 2b) revealed that, despite the
are from thes-diketonate ligands and the other from the triphenyl major emission originating from compleX, a small peak at 520
phosphine oxide. The coordination polydron can be described as anm that came from AIQ was detectable, indicating that the charge
distorted monocapped trigonal prism with O(6) capping the face carriers recombined in both layers.
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O(3)—0(4)-O(5)-0(7). The average O distance of 2.305(5)
A (range 2.260(2)2.373(2) A) is a little smaller than the sum of
radii of TE* (0.98 A, seven coordinated) anc0(1.40 A)7

The photoluminescence (PL) and YVis spectra of complex

To prevent hole from entering the AIQ layer, a 20-nm hole-
blocking material, 2,9-dimethyl-4,7-diphenyl-1,10-phenylanthroline
(BCP), was inserted between compiexand AlQ in device 3: ITO/
TPD (20 nm)/complexC (50 nm)/BCP (20 nm)/AIQ (30 nm)/Mgr

C, measured from its 80-nm vacuum-evaporated film on a quartz Ago; (200 nm)/Ag (80 nm). The EL spectrum (Figure 2b) showed
slide, are shown in Figure 2a. The excitation spectrum overlaid that the emission came solely from the3Tlon. The Commission
the absorbance wavelength range well, indicating that the emissioninternationale de I'Eclairage (CIE) chromaticity coordinatesare
originated from the energy absorbed by the ligands. The main = 0.26,y = 0.60. Currentvoltage (V) and luminance-voltage
emission peak at 545 nm split into two peaks at 542 and 548 nm, (L—V) curves of device 3 are shown in Figure 3; the inset shows
which may be caused by the asymmetric coordinating environment the external quantum and power efficieroyoltage curves. At an
of the metal ion. Complexeé and B presented the same PL  applied voltage of 18 V, the light output reached 8800 &land
characteristics a€; however, their relative intensity was quite the peak external quantum and power efficiency of 21 cd/A and
different (for details, see Supporting Information). 9.4 Im/W were achieved at 7 V, 87 cdinCompared with device
The EL of a single-layer device, ITO/compl€x(80 nm)/Mg ¢ 2, the efficiency was enhanced nearly 3 times and was still larger
Ago.1 (200 nm)/Ag (80 nm) (device 1, Figure 2a) was identical to than 2.1 Im/W at 4300 cd/Mmbenefitting from the introduction of
its PL, with the main emission peak at 545 nm split into two peaks BCP layer that well confined the exciton in the complex, which is
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C (50 nm)/BCP (20 nm)/AIQ (40 nm)/M@Agdo.1 (200 nm)/Ag (80
nm) (EL shown in Figure 2b), the performance increased to 12 000
cd/m? at 18 V and 11.3 Im/W at 7 V.

What needs to be noted is that complexXesnd B presented
much lower EL performance than compléxdue to the unbalanced
carrier injection (for details, see Supporting Information). The
performance obtained from devices 3a and 3b (EL spectrum shown
in Figure 2b, inset), having configuration similar to device 3,
respectively using complexésandB as emitter, was 3100 cdm
3.61 Im/W and 2400 cd/f 2.60 Im/W, respectively. For device
2a, the recombination zone was mainly located in the TPD layer,
caused by the overly strong electron-transport feature of complex
A. For device 2b, in contrast, hole could not be completely
prevented from entering the AIQ layer, although BCP was used.

In summary, we report the synthesis and EL application of a
new terbium complex, Th(eb-PMHA)PPO. Remarkable EL per-
formance (12 000 cd/m11.4 Im/W) was obtained from this new
complex. This EL performance was a result of the relatively
balanced carrier-transport properties of this new complex, which
led to the recombination zone being easily confined in the emitting
layer. Our results revealed that higher efficiency EL performance
could be obtained from undoped lanthanide complex if carrier
injection was well balanced and the recombination was well
confined in the emitting layer. Modifying ligands to alter the
complex carrier-transport properties may provide a useful clue to
this requirement. It is reasonably expected that lanthanide complexes
can show their advantages as phosphorescent materials in OLEDs.
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Figure 2. (a) PL and EL of complexC. Inset: UV—vis and excitation
spectra measured from 80-nm vacuum-evaporated film on the quartz slide.
(b) Normalized EL spectra of devices 2, 3, and 4. Inset: Normalized EL of
devices 3a and 3b. All the spectra were measured at an applied voltage o
10 V.
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Figure 3. Current-voltage @), luminance-voltage ), and external
guantum and power efficiency (inset) curves of device 3.

important for phosphorescent OLEP§&orrest et al. reportédhe
external quantum 28 cd/A and power efficiency 31 Im/W obtained
from the phosphorescence mateféd-tris(2-phenylpyridine)iridium
[Ir(ppy)s]; however, that result was obtained from a doped device,
while in undoped condition the efficiency decreased by 1 order of
magnitude. WheiN,N'-diphenyIN,N'-bis(1-naphthyl)-1,tdiphenyl-
4,4-diamine (NPB) (whose HOMO level was 5.2 eV) was used as
hole-transporting material in device 4, ITO/NPB (10 nm)/ complex
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Supporting Information Available: X-ray crystallographic data
(CIF); synthesis, device fabrication, and PL, EL details (PDF). This
material is available free of charge via the Internet at http:/pubs.acs.org.
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