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Abstract

Novel red phosphorescent emitter bis(4-phenylquinazolinato-N,C?) iridium(acetylacetonate) [(pgz),Ir(acac)], bis(1-(1’-naphthyl)-5-
methylisoquinolinato-N,C? )iridium(acetylacetonate) [(1-mniq)-Ir(acac)] and bis(1-(2-naphthyl)-5-methylisoquinolinato-N,C? )irid-
ium(acetylacetonate) [(2-mniq),lIr(acac)] have been synthesized and fully characterized. The electronegative effect of (pqz),Ir(acac) ligand
shows almost the same influence as the extended n-conjugation effect of (2-mniq),Ir(acac). Density functional theory (DFT) was applied
to calculate the Kohn—Sham orbitals of HOMOs and LUMOs in the iridium complexes to illustrate the N(1) electronegative atom effect.
Finally, lowest triplet state (T;) energies calculated by time-dependent DFT (TDDFT) were compared with the experimental electrolu-
minescent data. The calculated data for the iridium complexes agreed fairly well with experimental data. Electroluminescent devices with
a configuration of ITO/NPB/CBP:dopant/BCP/AlQs/LiF/Al were fabricated. The device using (pgz),Ir(acac) as a dopant showed deep-

red emission with 1931 CIE (Commission International de L’Eclairage) chromaticity coordinates x = 0.70, y = 0.30.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Organic light-emitting diodes (OLEDs) are one of the
most important low cost full-color flat panel display alter-
natives to liquid crystal displays. Since the red-emitting
phosphorescent dopants have been reported, OLEDs have
made great progress and received considerable attention
[1-5]. High-efficiency red emission could be anticipated
for display applications by carefully designing appropriate
ligands to form light-emitting iridium complexes [6,7].
Okada et al. [8] demonstrated a high efficiency red OLED
using Ir(piq); [iridium(III) tris(1-phenylisoquinolinato-
N,C?)] as the dopant, which exhibited a maximum emis-
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sion peak at 623 nm. The efficiency of the electrolumines-
cence device was 8.0 lm/W, 9.3 cd/A at 100 cd/m? and
6.3 Im/W, 8.4 cd/A at 300 cd/m?, and the CIE (Commis-
sion International de L’Eclairage) coordinate was (0.68,
0.33). Photophysical properties can be affected by extend-
ing the m-conjugation system of the ligand. Recently, by
modifying the ligands, we have successfully shifted the
red emission from 624 nm to 680 nm [9].

Quinazoline alkaloid can be found in Dichroa febriguga
Lour., it contains antimalarial constituents and has been
used in Chinese medicine [10]. Although quinazoline deriv-
atives abound in the nature, investigations focused on
using quinazoline as a ligand for iridium complex for
OLEDs are very limited. Because of the similarity in the
structures of 1-phenylisoquinoline and 4-phenylquinazo-
line, it is interesting to study the effect of the N(1) electro-
negative atom of the 4-phenylquinazoline on the properties
of its iridium complex. In this paper, we compared the
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4-phenylquinazoline ligand to a series of phenyl-methyliso-
quinoline ligands and applied the density functional theory
(DFT) to calculate the Kohn-Sham orbitals of highest
occupied molecular orbital (HOMO) and lowest unoccu-
pied molecular orbital (LUMO) for these complexes, and
lowest triplet state (T;) energies calculated by time-depen-
dent DFT in order to get a better understanding on the
N(1) electronegative effect.

2. Experimental

'"H NMR and "C NMR spectra were measured in
CD,Cl, solution on Bruker Avance-300 (300 MHz) or
AMX-400 (400 MHz) NMR spectrometers with tetrameth-
ylsilane (TMS) as the internal standard. The EI-Mass spec-
tra were recorded on a Bruker APEX II. The UV-Vis
spectra were measured in CH,Cl, solution on an Agilent
8453 spectrophotometer, and the photoluminescence spec-
tra were recorded in CH-»Cl, solution with a HITACHI
model F-2500 fluorescence spectrophotometer. Melting
points were measured using capillary melting point appara-
tus. HRMS spectra were obtained using a MAT-95XL
high-resolution mass spectrometer. Elemental analyses
have been carried out by using an Elementar vario EL
IIT analyzer. Phenyl-methylisoquinoline ligands and 4-phe-
nylquinazoline were synthesized using the process reported
by Yang [9] and Uff [11], respectively. Cyclometalated
Ir(IIT) p-chloro-bridged dimers were synthesized by the
method reported by Lamansky [4].

2.1. 4-phenylquinazoline (4-pqz)

4-pqz ligand was obtained from the condensation reac-
tion of 2-aminobenzophenone and formamide, according
to the literature method [11]. T, = 95.0-97.0 °C; EIMS:
mfz 206, [M]"; HREIMS calcd for C 4H (N>, 206.0844,
found 206.0843. '"H NMR (CDCls, 300 MHz): § 9.39 (s,
1H), 8.13-8.16 (m, 2H), 7.93 (t, J="7.7Hz, 1H), 7.78-
7.79 (m, 2H), 7.65-7.57 (m, 4H). 3C NMR (CDCls,
100 MHz) ¢§: 168.6, 154.3, 150.7, 136.9, 133.9, 130.2,
130.0, 128.6, 127.9, 127.1, 123.1.

2.2. 1-(1'-naphthyl)-5-methylisoquinoline (1-mniq)

1-mniq ligand was prepared by a modified method [9].
First, naphthalene-1-carboxylic acid phenethyl-amide was
synthesized and introduced with a cyclization process to
obtain 1-naphthalen-1-yl-3,4-dihydro-isoquinoline. After
deprotonation of this, the white solid product was obtained
in a 38.7% vyield. T, =140.9-141.7 °C; EIMS: m/z 269,
[M]"; HREIMS caled for C,H;sN, 269.1204, found
269.1206. 'H NMR (CDCl;, 300 MHz): & 8.72 (d,
J=59Hz, 1H), 7.99-7.87 (m, 3H), 7.63-7.44 (m, 5H),
7.37-7.24 (m, 3H), 2.75 (s, 3H). *C NMR (CDCls,
100 MHz) o: 137.2, 135.9, 133.7, 133.6, 132.3, 130.6,
128.7, 128.3, 128.2, 127.6, 126.7, 126.2, 126.0, 125.9,
125.8, 125.1, 18.9.

2.3. 1-(2'-naphthyl )-5-methyl isoquinoline (2-mniq)

2-mniq ligand was prepared as described in 1-mniq, and
the white solid product was obtained in a 19.6% yield.
T, = 115.8-117.0 °C; EIMS: m/z 269, [M]"; HREIMS
caled for ChoH;sN, 269.1204, found 269.1204. '"H NMR
(CDCl;, 300 MHz): ¢ 8.69 (d, J=59Hz, 1H), 8.17 (s,
1H), 8.01-7.81 (m, 6H), 7.58-7.53 (m, 3H), 7.42 (t,
J=74Hz, 1H), 2.74 (s, 3H). *C NMR (CDCls,
100 MHz) o: 1419, 137.1, 136.4, 133.9, 133.2, 133.1,
130.5, 129.5, 128.5, 128.0, 127.7, 127.6, 126.9, 126.8,
126.5, 126.3, 125.8, 19.0.

2.4. Bis(4-phenylquinazolinato-N,C")-
iridium(acetylacetonate), (4-pqz)>Ir(acac)

(4-pgz),lr(acac) was dried and column chromatography
was used to give red solid product in a 63.5% yield. EIMS:
mfz 702, [M]+; HREIMS caled for Cs3H,5IrO,Ny,
702.1607, found 702.1613. "H NMR (CD,Cl,, 300 MHz):
0 9.14 (s, 2H), 8.93 (d, J=8.5Hz, 2H), 8.40 (d, J=
7.7 Hz, 2H), 8.17 (d, J = 8.5 Hz, 2H), 7.95 (t, J = 7.8 Hz,
2H), 7.82 (t, J=28.0Hz, 2H), 7.02 (t, J=7.7 Hz, 1H),
6.76 (t, J=17.6 Hz, 2H), 6.51 (d, J =7.7 Hz, 2H), 5.35 (s,
1H), 1.80 (s, 6H). '*C NMR (CDCls, 100 MHz) §: 175.7,
165.3, 146.2, 142.7, 141.4, 134.7, 124.6, 122.3, 121.1,
119.1, 118.5, 116.3, 111.9, 111.4, 91.3, 18.3. Anal. Calc.
for C33H,50,Ny4Ir: C, 56.48; H, 3.59; N, 7.98. Found: C,
56.11; H, 3.73; N, 7.75%.

2.5. Bis(1-(I'-naphthyl)-5-methylisoquinolinato-N, C°)-
iridium(acetylacetonate), (1-mniq),Ir(acac)

Dark red solid. Yield: 56.8%; EIMS: m/z 828, [M]";
HREIMS caled for C4sHssIrO,N,, 828.2328, found
828.2330. '"H NMR (CD,Cl,, 300 MHz): 6 8.37-8.45 (m,
2H), 8.04 (d, J=18.6 Hz, 2H), 7.74-7.79 (m, 4H), 7.50-
7.55 (m, 4H), 7.32-7.37 (m, 2H), 7.02-7.18 (m, 6H),
6.92-7.00 (m, 2H), 2.76 (s, 6H), 1.82 (s, 6H). *C NMR
(CDCl;, 100 MHz) o: 175.3, 161.4, 146.9, 130.3, 127.0,
123.7, 121.9, 119.2, 118.9, 118.5, 117.8, 115.7, 114.6,
114.5, 112.7, 106.7, 90.9, 18.6, 9.3. Anal. Calc. for
C4sH350,NLIr: C, 65.28; H, 4.26; N, 3.38. Found: C,
65.15; H, 4.52; N, 3.19%.

2.6. Bis(1-(2'-naphthyl)-5-methylisoquinolin ato-N, C*)-
iridium(acetylacetonate), (2-mniq),Ir(acac)

Red solid. Yield: 62.6%; EIMS: m/z 828, [M]"; HRE-
IMS caled for Cy4sHssIrO,N,, 828.2328, found 828.2330.
'H NMR (CD-Cl,, 300 MHz): & 8.96 (d, J=8.0Hz,
2H), 8.62 (s, 2H), 8.53 (d, J=6.7Hz, 2H), 7.72 (d,
J=6.7Hz, 2H), 7.60-7.68 (m, 6H), 7.06-7.08 (m, 6H),
6.61 (s, 2H), 5.32 (s, 1H), 2.70 (s, 6H), 1.70 (s, 6H). *C
NMR (CDCls, 100 MHz) &: 158.5, 136.1, 133.7, 130.1,
126.4, 124.3, 1242, 121.7, 120.1, 119.2, 118.0, 117.8,
116.8, 115.4, 115.3, 113.1, 106.8, 90.1, 19.5, 9.3. Anal.
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Calc. for C4sH3sO,NLIr: C, 65.28; H, 4.26; N, 3.38.
Found: C, 65.16; H, 4.50; N, 3.24%.

3. Computational methodology

The ground state geometries for these four complexes
were optimized by density functional theory (DFT) level
of calculation with B3LYP [12,13] functional employing
Gaussian 98 [14] software package. Double-{ quality plus
polarization function basis sets were employed for all of
the ligands (6-31G™) and the Ir (LANL2DZ). A relativistic
effective core potential (ECP) [15] on Ir replace the inner
core electrons leaving the outer core [(55)%(5p)°] electrons
and the (5d)° valence electrons of Ir(III). Although the
geometries were fully optimized without any symmetry
constraints, the symmetries of theses complexes are very
closed to C, point group.

Time-dependent density functional theory (TDDFT)
[16-18] calculations were also performed with B3LYP
functional at the same basis sets level under optimized
ground state geometries to get excited state energies, which
give a vertical excitation (Frank-Condon principle)
approach that could be comparable to experimental data
of emission. TDDFT allowed the computation of excited
state energies, oscillator strengths, and the excited state
compositions in term of excitation between occupied and
virtual molecular orbitals. It is informative that TDDFT
provides correlation between molecular orbitals and
excited states. Similar applications of TDDFT have been
used to investigate the properties of cyclometalated iridium
(IIT) compounds [19,20].

4. Results and discussion

Phenyl-methylisoquinoline ligands and 4-phenylquinazo-
line were synthesized using the process reported by Yang [9]
and Uff [11], respectively. We prepared 1-phenyl-5-methyl-
isoquinoline (m-piq), 1-(1’-naphthyl)-5-methylisoquinoline
(1-mniq), 1-(2’-naphthyl)-5-methyl isoquinoline (2-mniq)
and 4-phenylquinazoline (4-pqz), and compared the proper-
ties of the corresponding iridium complexes using (m-
piq)»Ir(acac) as the reference material. As shown in Scheme
1, all ligands were reacted with iridium trichloride to form
dimers, [(C"N),Ir(pu-Cl),Ir(C"N),], followed by the reaction
with acetylacetone in the presence of sodium carbonate [4].
All procedures involving Ir(IIl) species were carried out
under nitrogen gas atmosphere despite the air stability of
the complexes. All of these materials were characterized by
'H, °C NMR, mass spectrometry and elemental analyses.

The absorption and photoluminescence (PL) spectra of
the iridium compounds in CH,Cl, are shown in Fig. 1.
The strong absorption peaks between 230 and 360 nm
can be assigned to the spin-allowed 'm—m* transition of
the cyclometalated ligand. Due to the perturbation from
iridium metal, these transitions have shifted with respect
to that of the free ligand. The band around 450 nm can
be assigned to the spin-allowed metal-ligand charge trans-
fer band ("MLCT) and the shoulder around 500 nm can be
assigned to the spin-forbidden *MLCT band [21]. These
bands are not observed for the free ligand precursors.

Asshown in Fig. 1, while the PL spectrum of the reference
material, (m-piq),Ir(acac), in CH,Cl, shows an emission
band at 623.5 nm, the other complexes (2-mniq),Ir(acac),

A A
X
() N 99
N N
AN _IrCly-nH,0 A X
ethoxyethanol Ir Ir

acetylacetone
N32CO3

(4-pqz),lr(acac): X=N, A=H, B=phenyl
(1-mniq),Ir(acac): X=C, A=CHj3, B=1-naphthyl

(2-mniq),Ir(acac): X=C, A=CH3, B=2-naphthyl

Scheme 1. Synthesis of iridium complexes.



2770 C.-H. Yang et al. | Journal of Organometallic Chemistry 691 (2006) 2767-2773

m-pig),Ir(acac)
- (4-pqz),Ir(acac)
— (1-mnig),Ir(acac)
2-mnig),lr(acac)

Absorbance (a.u.)
1

Emission Intensity (a.u.)

T T T T T T T T T T T T T
200 300 400 500 600 700 800
Wavelength (nm)

Fig. 1. Absorption and photoluminescence spectra of iridium complexes
in CHzclz

(4-pqz),Ir(acac) and (1-mniq),Ir(acac) exhibit bathochro-
mic shift at 629.5, 638.0 and 660.0 nm, respectively. Fig. 2
shows the EL spectra of the devices constructed with these
four iridium complexes recorded at a voltage of V'=7V.
The EL spectrum of (m-piq),Ir(acac) shows the red emission
band at 622.1 nm, the other complexes (2-mniq),Ir(acac),
(4-pqz)-Ir(acac) and (1-mniq),Ir(acac) exhibit red shift at
639.0, 650.3 and 669.5 nm, respectively. The EL spectra
for these complexes show the same trends as the PL spectra.
Interestingly, (2-mniq),Ir(acac) shows an emission band at
639.0 nm, whereas (4-pqz).Ir(acac) exhibits a 26 nm red
shift to give an emission band at 650.3 nm. This result
implies that the N(1) electronegative atom of 4-phenylqui-
nazoline for iridium complex disturbs the electron density
of the ligand, resulting in a decrease in the energy band
gap of (4-pqz),Ir(acac) and the bathochromic shift. Although
(4-pqz),Ir(acac) shows more significant red-shift than
(2-mniq),Ir(acac), the devices of these two compounds show
almost the same luminance efficiency (vide infra). This result
suggests that the N(1) electronegative atom of 4-phenylqui-
nazoline for iridium complex may have facilitated the effi-
ciency of OLEDs.

(m-piq),Ir(acac)

(4-pgz),Ir(acac)
- (1-mnig),lr(acac)

(2-mnig),Ir(acac)

Normalized Intensity

T T T T T T T T T 1
300 400 500 600 700 800
wavelength(nm)

Fig. 2. EL spectra of iridium complexes.

The HOMO energy of the iridium complexes was esti-
mated by cyclic voltammetry [22]. The voltammograms
were recorded at a Pt disk electrode (BAS Co.) in CH,Cl,
solutions containing 0.001 M Ir(IIT)-complex compounds
and 0.1 M tetra-n-butylammonium perchlorate as the sup-
porting electrolyte. The potential was reported against Ag/
AgNO; (0.01 M in acetonitrile). A typical cyclic voltammo-
gram of the (4-pqz),Ir(acac) as well as that of ferrocene is
shown in Fig. 3 for illustration. All of the iridium com-
plexes synthesized in this study underwent a reversible
one-electron oxidation/reduction process. The energy band
gap was evaluated from the long-wavelength absorption
edge using the theory reported by Burrows et al. [22]. From
the oxidation potential data and the absorption-edge data
collected from spectroscopic method, values of the HOMO
and LUMO of the iridium complexes were calculated [22]
and summarized together with the energy gap in Table 1.
The values of all the iridium complexes are comparable
with the values of Ir(piq); that were reported by Okada
et al. [8].

Devices were fabricated by high vacuum (10~° Torr)
thermal evaporation on pre-cleaned indium-tin-oxide
(ITO) glass substrate with the following structures: ITO/
NPB (50 nm)/CBP: 6% Dopant (30 nm)/BCP (10 nm)/
AlQs (30 nm)/LiF (1 nm)/Al The organic and metal cath-
ode layers were grown successively with a base pressure of
~1x107® Torr. In such a device, 4,4'-bis[N-(1-naphthyl)-
N-phenyl-amino]biphenyl (NPB) acted as a hole trans-
port layer, 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline
(BCP) as a hole blocking layer, tris-(8-hydroxyquinoline)
aluminum(III) (AlQj3) as an electron transport layer, 4,4'-
bis(N-carbazolyl)biphenyl (CBP) as the host material,
and iridium complexes as the dopant. The corresponding
CIE coordinates are x =0.67, y =0.33 for (m-piq),lr(a-
cac), x=0.70, y=0.30 for (4-pqz).Ir(acac), x=0.70,
y=0.26 for (1-mniq),lIr(acac) and x =0.69, y =0.30 for
(2-mniq),Ir(acac) (as shown in Fig. 4). All four devices
show red to deep-red emissions, following the same ten-
dency that was observed in their PL spectrum data.

Ferrocene
-
40x107 4| e (4-pgz),Ir(acac)
2.0x10°
—~ 0.0 4 _/«i::4,;::::::::ifﬁ:.’::: frm e
< o
<
[ -6
£ -2.0x10°
>
(]
4.0x10°
6.0x10°
T T T T T T T T T T T 1
1.2 1.0 0.8 0.6 0.4 0.2 0.0

E (V vs. Ag/AgNO,, Acetonitrile with 0.1M TBAP)

Fig. 3. The cyclic voltammogram of (4-pqz),Ir(acac) at a Pt electrode.
Scan rate: 50 mV/s, T =25 °C.
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Table 1
Electrophosphorescence, electrochemical data, HOMO, LUMO and energy gap data for iridium complexes
Compound Brightness LE Current Power CIE EL Eip (0x) HOMO (eV) LUMO (eV) Energy
(cd/m?) (cd/A)  density efficiency coordinates (nm) (mV) gap
(mA/em?)  (Im/W) (eV)
(m-piq)»Ir(acac) 3630 9.84 3.7 5.15 x=0.67 622.1 642 [341] —5.14 (—4.76)0  —3.11 (=1.77)  2.03 (2.99)!
941! 9.28 10.1 4.16 y=033
2057! 8.69 23.7 3.41
4103 8.27 49.6 2.88
80775 8.17 98.9 2.56
(4-pqz)-Ir(acac) 489141 3.14 15.6 1.64 x=0.70 650.3 880 [579] —5.38 (=5.10)%0 —3.46 (—2.22) 1.92 (2.89)!
1223 3.02 40.6 1.35 y=10.30
2570(] 2.93 87.6 1.15
4893 2.81 174.1 0.98
6800(! 2.29 297.4 0.72
(1-mniq),Ir(acac) 9tal 1.08 0.8 1.08 x=0.70 669.5 615[314] —5.11 (—4.72)0  —3.08 (—1.81)  2.03 (2.91)!
16 0.55 29 0.55 y=10.26
34kl 0.43 7.9 0.43
730 0.38 19.2 0.38
1536 0.36 424 0.36
(2-mniq),Ir(acac) 6871 1.83 19.6 1.83 x=0.69 639.0 567 [266] —5.07 (—4.64)%1  —3.04 (—1.90)*  2.03 (2.74)!
12950 1.47 39.6 1.47 y=10.30
2192 1.19 72.0 1.19
35054 0.98 124.5 0.98
5128 0.79 203.4 0.79

For each parameter, the data in different rows correspond to those measured at different voltage: ®: 6 v, ®h 7v, €k gy, [ 9y [l 10V and
Eyp = %(E; + E;) (vs. Ag'/Ag), values in bracket are E,/, vs. ferrocene/ferrocenium. CalOrbital energies calculated by density functional theory.

Electrophosphorescence data for the iridium complexes
are summarized in Table 1. The data indicate that stronger
bathochromic shifts (669.5 and 639.0, respectively) were

049 -
0.8

0.7 1

e (m-pig):2lr(acac)
m (4-pgz)2Ir(acac)
& (1-mniq)2Ir(acac)
A (2-mniq):Ir(acac)

680

0 -y T X
04 0.6 0.8
Fig. 4. CIE coordinates of (m-piq),lIr(acac) (0.67, 0.33), (4-pqz),Ir(acac)

(0.70, 0.30), (1-mniq),lIr(acac) (0.70, 0.26) and (2-mniq),Ir(acac) (0.69,
0.30).

observed when (1-mniq),lr(acac) and (2-mniq),lr(acac)
were used as the dopant. This result implies that 1-(1'-
naphthyl)-5-methylisoquinoline and  1-(2’-naphthyl)-5-
methylisoquinoline exhibit different electronic transition
dipole moments. This difference may disturbs the electron
density of the iridium complex and reduces the band gap
leading to the red shift effect. Because (4-pqz),Ir(acac)
shows a bathchromic effect of about 10 nm in comparison
with (2-mniq),Ir(acac), it is expected to result in poorer effi-
ciency. Interestingly, (4-pqz).Ir(acac) shows almost the
same emission characteristics in comparison with (2-mni-
q)2Ir(acac). This result suggests that the electron density
effect of the (4-pqz),Ir(acac) N(1) electronegative atom is
equal to that of the extended m-conjugation effect of (2-
mniq),Ir(acac), and the HOMO and LUMO values of (4-
pqz).lIr(acac) apparently drop-off with the introduction of
the nitrogen atom in N(1) in our data. As a result the
energy gap of (4-pqz).Ir(acac) matches up with that of
CBP and makes the hole transfer more efficient than with
(2-mniq),Ir(acac), as shown in Fig. 5.

DFT calculations on four complexes were performed
and contour plots of (4-pqz),Ir(acac) HOMO and LUMO
are presented in Fig. 6 for illustration purpose. All of the
(CN)Ir(acac) complexes that we have examined gave a
similar courtier of plots of the HOMOs and LUMOs. As
shown in Fig. 6, the HOMO (—5.38 eV) consists of a mix-
ture of two phenyls, an iridium center, a part of the N(1)
atom, and a part of the acetylacetonate orbitals while the
LUMO (—3.46 eV) is predominantly on both 4-phenylqui-
nazoline ligands. It is known from previous reports and our
calculation results that the isoquinolyl ligands do not
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2.7e¢V

2.9eV
3.0eV — 3.0eV
3.46eV] —
LiF
Al
NPB
CBP:6
%dope| pcp| '
ITO
5.38eV
5.7eV
6.1eV 5.9¢V
6.5eV
50nm 30nm 10nm 30nm

Fig. 5. Energy diagram of OLEDs using (4-pqz),Ir(acac) as dopant.

Fig. 6. HOMO (up) and LUMO (down) contour plots of (4-pqz),Ir(acac).
(The figure shows that the HOMO of (4-pqz),Ir(acac) is virtually mixing
of the iridium(IlI) 5d orbital with the m-system of two phenyl rings.
However, LUMO is ligand-localized n* orbitals of 4-phenyl quinazoline
polarized to quinazoline rings).

contribute markedly to HOMO. However, Fig. 6 shows
that the quinazolyl ligand N(1) atom does have some effects
on HOMO. This result illustrated why the HOMO of (4-
pqz).Ir(acac) was lower than (m-piq),Ir(acac). The contri-
bution of Ir-d and two phenyl n-orbitals to the HOMO
and the contribution of 4-phenylquinazolyl n*-orbitals to
LUMO were similar to those found in the related research
[19,23].

Table 2
Comparison of T energies calculated by TD-DFT with experimental EL
data

Complexes T, (eV) (cal.) EL (eV) (exp.)
(m-piq),Ir(acac) 2.05 1.99
(4-pqz),Ir(acac) 2.00 1.91
(1-mniq),Ir(acac) 1.88 1.85
(2-mniq),Ir(acac) 1.95 1.94

It is apparent from Table 1 that when we introduce N(1)
atom to the ligand, the CV and devices experimental data
correspond to the calculation results. The calculated value
of HOMO is close to the experiment value, however, the
calculated LUMO does not agree well the experimental
values due to the CH,Cl, solvent effect.

The T, for each complex calculated by TD-DFT reveals
a common characteristics arising from HOMO — LUMO
dominant excitation, slows *MLCT transition. These
results are compared with electroluminescence data and
summarized in Table 2. The calculated T; energy of the
iridium complexes agrees fairly well with experimental
data. These results suggest an application of TD-DFT for
predicting the emission of iridium complexes.

5. Conclusions

In summary, we have successfully designed and
prepared 4-phenylquinazoline and phenyl-methylisoquin-
oline cyclometalated iridium complexes as new dopants
for OLEDs, and estimated their HOMO, LUMO and
band gap in DFT method using the Gaussian 98 suite
of software. The results reveal a new direction in design-
ing new ligands for light-emitting iridium complexes. We
are preparing other isoquinoline and quinoline ligands
with the N atom at different positions, and studying
the behavior of the corresponding iridium complexes as
dopants for OLEDs. The results will be reported in the
near future.
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