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Abstract: Electrophosphorescent light emitting diodes (LEDs) using phosphorescent dyes as triplet emitter, which
incorporate a heavy metal atom to mix singlet and triplet states by the strong spin-orbit coupling, can achieve the
theoretically 100% internal quantum efficiency. In this paper, we report on the performance and the energy transfer
mechanism of polymer based highly efficient electrophosphorescent LEDs. The effect of phase separation and
aggregation to the energy transfer between polymer hosts and phosphorescent guests and performance of polymer
electrophosphorescent LEDs were investigated. Finaly, the effect of introducing substitute group and ligand

modification of phosphorescent dyes on optical and electrical properties are reported.
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Figure 1. Possible paths of the emission from phosphorescent dye doped
light emitting diodes by the electrical excitation.

(a) Forsterenergy transfer (b) Dexter energy transfer
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Figure 2. Schematic representation of Forster and Dexter energy transfer
mechanism. The upper two figures showed the effective radius of Forster
and Dexter energy transfer. The lower two figures showed the Forster and
Dexter energy transfer process. Forster energy transfer mechanism implies
the induced dipole-dipole interaction between donor and acceptor, singlet-
singlet energy transfer and low doping concentration (1~2 wt%) and
Dexter energy transfer mechanism implies electron exchange between
donor and acceptor, triplet-triplet energy transfer and high doping
concentration (6~ 10 wt%o).
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Figure 3. (&) molecular structures of polymer host, phosphorescent dyes
and hole blocking material and (b) emisson spectrum of PVK and
absorption spectra of PtOEP and Ir(ppy)s.
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Figure 4. EL spectra of (a) PVK:PtOEP and (b) PVK: Ir(ppy)s
polymer electrophosphorescnet LEDs for different doping concen-
trations.
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Figure 15. The molecular structure of poly(Ir(ppy)(2-(4-vinylphenyl)pyri-
dine)-co-vinylcarbazole), P(VK-co-Ir(ppy)s).
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Table 1. Comparison of Photophysical Properties, Energy Levels and
Lifetimesof Ir(ppy)s and Ir(mpp)s

Complex HOMO(eV) *MLCT(eV) MLCT(eV)  Aen(nm) Lifetime
Ir(mpp)s 4.93 2.56 174 523 0.94 us
I(ppy)s 5.56 3.16 2.28 515 1.05 ps
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Figure 23. The molecular structures of blue phosphorescent dyes.
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Figure 24. The absorption and emission spectra of the (a) chloro and (b)
cyano phosphine complexes at 10°M solution in dichloromethane.
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Table 2. (a) HOMO Levels, PL Emission and Lifetimes of Chloro
Phosphine Complexes and (b) HOMO Levels, PL Emission, CIE
Color Coordination and Lifetimes of Cyano Phosphine Complexes
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Compound Ir(ppy).P(OPh);Cl Ir(ppy)oP(Ph)sCl Ir(ppy)oP(n-hu)sCl
HOMO (eV) 53eV 5.25eV 518 eV
PL (nm) 472 nm 485nm 492 nm
499 nm 510 nm 520 nm
Lifetimes 1.24 ns(485 nm) 1.19 us(492 nm)
(b)
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HOMO (eV) 5.63 eV 5.53 eV 5.46 eV
457 nm 463 nm 467 nm
PL (nm)
486 nm 494 nm 496 nm
6.59 s (457 nm) 3.95 s (463 nm) 4.12 s (467 nm)
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5.89 us (486 nm) 3.97 us (494 nm) 4.27 s (496 nm)
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Figure 25. The HOMO leve of phosphine complexes versus Tolman's
paramete, ;.
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Figure 26. (8) PL spectrum of Ir(ppy)P(n-bu)sCN doped PVK films
versus doping concentration and (b) EL spectrum of Ir(ppy)-P(n-bu)sCN
doped PVK devices versus doping concentration.
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Figure 27. (a) the low temperature (5.5 K) PL spectrum of 0.5 wt%
Ir(ppy)2P(n-bu)sCN doped PVK film at different delay time and (b) com-
aison of the decay profiles of the triplet exciton of PVK and 0.5 wt%
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