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Organic light emitting diodes (OLEDs) have attracted much attention as a promising technology for flat-
panel displays, because of their novel properties such as ease of manufacturing, wide-viewing angle, low power
consumption and self-emitting ability. In principle, OLEDs based on phosphorescent materials can show much
higher emission efficiency than those based on fluorescent materials. Heteroleptic cyclometalated (C'N) iridium(III)
complexes [Ir(C'N),(L), where L= ancillary ligand] are very promising phosphorescent materials because of easy
synthetic chemical accessibility compared with the corresponding homoleptic Ir(C'N), materials. Although many
of these heteroleptic iridium(IIl) complexes showed good photoluminescence, only a few of them were reported
to show high electroluminescence (EL) efficiency, because of self-quenching and triplet-triplet (T-T) annihilation
problems which could cause significant efficiency roll-off at higher current density/luminance. To overcome these
problems, the design and synthesis of more efficient, new phosphorescent iridium(III) complexes are highly desired.
In addition, the relationship between ligand structure and photophysical properties has not been clarified at present.
In this context, author became interested in synthesis, structure, photophysical, electrochemical and highly efficient
electroluminescence properties of novel family of heteroleptic cyclometalated(C'N) iridium(I1I) complexes based on
sterically demanding amidinate and guanidinate ancillary ligands, as well as investigation of their structure properties

relationship.

In Chapter 2, synthesis, structure, photophysical and electrophosphorescent properties of amidinate ancillary
ligated heteroleptic iridium(III) bis-(2-phenylpyridyl)/amidinate complexes [(ppy),Ir{(N-RR")C-Ph}] were described.
These complexes exhibited bright yellowish-green phosphorescence with high photoluminescence (PL) quantum
yields (®p=0.30-0.40) in solution at room temperature. Highly efficient yellowish-green organic light emitting diodes
(OLEDs) were fabricated by using [(ppy),Ir{(N-RR")C-Ph}] complexes as phosphorescent emitters with various doping
level in 4,4'-N,N’-dicarbazolylbiphenyl (CBP) host to show high brightness 185000 cd/m?. High current efficiency



(ne) up to 111 cd/A and power efficiency (mp) up to 72.2 Im/W at 175 cd/m? were achieved in a very simple device
structure. More importantly, high power efficiency of 55 Im/W was obtained at high brightness of 1145 cd/m?. The
amidinate ligated iridium(III) complexes [(ppy),-Ir{(N-RR")C-Ph}] showed insensitivity to the doping concentration (up
to 100%) due to suppression of triplet-triplet (T-T) annihilation and intermolecular interaction by introduction of the

steric hindrance of amidinate ancillary ligands.

Chapter 3 describes synthesis, structure and EL properties of novel family of the phosphorescent heteroleptic
cyclometalated iridium(III) complexes bearing various guandinate ligands. These complexes showed high
phosphorescent quantum yield and short phosphorescent lifetime at room temperature. Many of these complexes
exhibited excellent electroluminescence (EL) properties such as high current efficiency (up to 137.4 cd/A), high power
efficiency (up to 45.7 Im/W), and low turn-on voltage. More remarkably, their EL efficiency was insensitive to doping
concentration in a wide range of current density. These properties make them highly desirable emitters for efficient
fabrication of high performance EL devices. The excellent EL properties of the complexes are obviously due to the
sterically demanding and electron-donating properties of the ancillary guandinate ligands, which could effectively
protect the metal center and prevent significant triplet—triplet (T-T) annihilation and non-emissive pathways caused
by intermolecular excited-state interactions. In addition, promotion of hole- injection and hole- transportation can be

expected in these compounds.

In Chapter 4 synthesis, structure, photophysical and electrophosphorescent properties of guanidinate ligated
iridium(III) complexes with various types of cyclometalated (C'N) ligands were reported. The emitting color
of the iridium(IIl) complexes can be tuned from 510 nm (green) to 650 nm (red). All complexes showed high
photoluminescence quantum yields (@p) from 0.28 to 0.77 with short emission life times ranges from 0.37 to 2.3 ps.
These iridium complexes showed high EL properties at various doping concentrations from 5wt % to 100% (non-
doped) with high current efficiency (nc) up to 125 cd/A and power efficiency (np) up to 43.6 Im/W. The efficiency of
all complexes showed high value at the current density 20 mA/cm?, which is the practical current density for OLEDs.
Due to steric hindrance of bulky guanidinate ligand, complexes showed no any obvious intermolecular interaction in

solid-state to reduce self-quenching and triplet-triplet (T-T) annihilation at high luminance/currents.

Chapter 5 reports fabrication of highly efficient single layer phosphorescent white organic light emitting diodes
(WOLEDs) based on guanidinate ligated yellow-emitting iridium(IIT) complex doped in electron-transporting
3,5-diphenyl-4-(1-naphthyl)-1H-1,2,4-triazole (TAZ) host molecule. The WOLED emits pure white light at 9V with
Commission Internationale de I’ Eclairage (CIE) coordinates (X=0.34, Y=0.33) at brightness of 1000 cd/m?. Highly
current efficiency (nc=20 cd/A) and power efficiency (Mp=7 Im/W) were observed. This approach has high potential

for display applications because of the simple device architecture and promise of low-cost manufacturability.

Chapter 6 describes synthesis, structure, photophysical and electrophosphorescent properties of 2,2"-dipyridylamido
(dpa) ligated iridium(III) complexes. 2,2 -Dipyridylamido (dpa) is a good chelating ligand and has been widely
used in coordination chemistry. A neutral dpa-coordinated iridium complex has not been reported previously.
2,2"-Dipyridylamido (dpa) ligated neutral heteroleptic iridium(III) complexes with various types of cyclometalated
ligands have been synthesized and structurally characterized for the first time. A neutral 2,2’-dipyridylamido

(dpa)-supported bis(cyclometalated) iridium(III) complex [Ir(ppy)2(dpa)] ((ppy = o-(2-pyridyl)phenyl)) emits



green electroluminescence with high current efficiency (123.5 c¢d/A) and high power efficiency (43.2 Im/W). When
2,4-difluorophenylpyridine (dfppy) was employed as a cyclometalated ligand, strong blue emission was observed at

room temperature.
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