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Highly Phosphorescent Iridium Complex for Organic Light Emitting Diodes
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Abstract: A bis-cyclometalated iridium complex (ffbi),Ir(acac) (ffbi=1-(4-fluorobenzyl)-2-(4-fluorophenyl)benzimid-

azole, acac=acetylacetone) containing benzimidazole-based ligand has been synthesized and used as an emitter in

organic light emitting diodes

(OLEDs). The results showed that this complex had a strong phosphorescent

character and the EL devices based on this complex emitted green light. For the device with the structure of
TCTA(40 nm)/CBP:1r(6.3%, 30 nm)/BCP(10 nm)/Alq(40 nm), the maximum brightness reached 41499 cd-m™ at a

voltage of 12 V and the maximum external efficiency reached 5.7% at a voltage of 8 V.
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0 Introduction

Light-emitting diodes (LEDs) using small organic
molecules are intensively studied after the initial work
by Tang and VanSlyke!" due to the potential applicat-
ion of these devices as low-cost alternatives in flat
panel displays. Among numerous devices, highly

efficient organic light emitting diodes (OLEDs) using
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phosphorescent dyes such as PtOEP, Ir(ppy)s, (ppy).lr
(acac), etc. and their derivatives have aroused great
interest, and much attention has been paid for this
area in recent years””®. By employing triplet-based
phosphorescent compound in OLEDs, where both
singlet and triplet excited states participate, therefore
the internal efficiency can reach 100% , and the

external quantum efficiency can approach 209%*",
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Most of the previous investigations on phosphore-
scent materials have been focused on the iridium
complexes because of their high efficiency and
stability. Prototype heterocyclic ligands used include
2-phenylpyridine, benzoquinoline and 2-phenylbenzo-
thiazole etc which coordinate to the metal center via
the formation of Ir-N and Ir-C bonds™. In these cases,
devices were prepared by vacuum vapor deposition
techniques. These works have shown that it is
possible to tune the wavelength of emission of the
complex by modifying the ligands. Additional efforts
showed that it was possible to reduce self-quenching
by the introduction of substitutional groups on the
appropriate position of ligand?". And also, fluorinat-
ed substituents in the aromatic ligand could result in
markedly reduced concentration-quenching of lumin-
escence and excellent volatility, hence helpful for
device processing!'>'¢,

Now we report in this paper a new iridium
complex for organic light emitting diodes. The main
ligand is a derivative of benzimidazole with substitution
on its 1- and 2-positions by 4-fluorobenzyl and 4-
fluorophenyl groups. The results show that the
complex has a phosphorescent property, and the
device based on this complex give a high brightness

and quantum efficiency.
1 Experimental

1.1 Reagents and instruments

Reagents were used as purchased without further
purification. Melting points were measured on a MP-
2D melting point apparatus and were uncorrected. 'H
NMR spectra were recorded with a Bruker ARX-300
spectrometer; elemental analyses were performed on a
Perkin-Elmer 240C instrument; mass spectra were
a VG-ZAB-HS UV-Vis

spectra were recorded on a Hitachi U-3300 model

obtained on instrument;
while PL spectra were taken using a Hitachi F-4500
fluorescence spectrophotometer. Current, voltage, and
light-intensity measurements were made simultaneou-
sly using a Keithley 2400 source meter and a Newport
1835-C optical meter equipped with a Newport 818-
ST silicon photodiode.

1.2 Synthesis of materials

1.2.1 Synthesis of 1-(4-fluorobenzyl)-2-(4-fluor-

ophenyl)benzimidazole

Iodine (0.06 mmol) was dissolved in 10 mL THF-
H,0O (1:1, V/V). To this solution was added 1,2-pheny-
lenediamine (3.0 mmol) and p-florobenzaldehyde (6.0
mmol). The resulting mixture was stirred al room
temperature for 3 h (monitored by TLC) then extracted
with CH,Cl, and purified by column chromatography
(5:1, VIV) as
eluent to yield the product. Yield: 80%. m.p. 88~90
°C; 'H NMR (CDCly): 6 8.15 (m, 1H), 7.88 (d, J=7.4
Hz, 1H), 7.65 (m, 2H), 7.30 (m, 3H), 7.15 (m, 2H),
7.07 (m, 3H), 5.43 (s, 2H); IR (KBr): 3 045, 3 067, 2
934, 2 846, 1 435,1 096 cm™; MS: (EI) m/z: 320.1
(51.9, M"), 228.9 (7.7), 210.9 (7.3), 108.9 (100), 82.9
(19.8). Elemental analysis for CyHuNoF,: Caled.: C,
74.99; H, 4.41; N, 8.75%; Found: C, 74.89; H, 4.45;
N 8.71%.

1.2.2  Synthesis of Ir complex [(ffbi),Ir(acac)]

1-(4-Florophenylmethyl)-2-(4-florophenyl)benzim-

on silica gel with hexane/ethyl acetate

idazole (2.5 mmol) was dissolved in 10 mL 2-ethoxye-
thanol, then iridium trichloride hydrate (1 mmol) and
3 mL water were added. The mixture was stirred in an
inert atmosphere at 120 C for 24 h, and cooled to
room temperature. The precipitate was collected and
washed with ethanol, acetone, and then dried in
vacuum. It gave a cyclometalated Ir () w-chloro-
bridged dimer. 2 mmol acetyl acetone, 5 mmol Na,COs
and the dimer complex were dissolved in 15 mL 2-
ethoxyethanol and refluxed in an inert atmosphere for
10 ~12 h. After cooling to room temperature, the
precipitate was filtered off and washed with water,
ethanol, and ether. The crude product was then
sublimated at 300~320 °C and 4 x 107 Pa to give the
pure complex. Yield: 68%. '"H NMR (CDCly): 6 7.71
(d, J=7.5 Hz, 2H), 7.04~7.38 (m, 16H), 6.35 (t, J=9.3
Hz, 2H), 6.03 (d, J=9.0 Hz, 2H), 5.68~5.86 (m, 4H),
5.31 (s, 1H), 1.85 (s, 6H); MS (ESI) m/z: 929.7 (M*);
Elemental analysis for C4;sH3FIrN,O,: Caled.: C 58.12,
H 3.58, N 6.02%; found: C 58.35, H 3.45, N 6.10%.
1.3 OLED fabrication and measurement

For studying the electroluminescent properties of
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this iridium complex, several devices using this
complex as dopant emitter were fabricated by vacuum
deposition of the materials at 1.3 x 10™ Pa onto a clean
glass pre-coated with a layer of indium tin oxide with
a sheet resistance of 25 () -square™. The deposition

rate for the organic compounds was 0.1~0.2 nm -s™".

The cathode of Mg/Ag alloy (10:1) was deposited by
the co-evaporation of magnesium and silver metals,

with deposition rates of 0.5 and 0.05 nm-s™, respect-

ively. The cathode was then capped with silver metal

(100 nm) by evaporation silver at a rate of 0.3 nm-s™.
2 Results and discussion

The liga nd 1-(4-fluorobenzyl)-2-(4-fluorophenyl)

benzimidazole was synthesized by an iodine catalyzed
with 2
equivalent of aldehyde at room temperature in air!"’.

THF-H,0 (1:1, V/V) was used as solvent. It showed
that 1, exhibited a powerful catalytic activity to this

condensation  of 1,2-phenylenediamine

reaction in an amount as low as 2mol%, which was
enough to complete the reaction within 3 hours with a
high yield. The iridium complex was then synthesized
via the “bridge-splitting” method utilizing the Ir-
chloride-bridged dimmer formed by the ligand with
irdium trichloride. The dimmer reacted with acetylac-
etone in the presence of Na,CO; in ethoxyethanol

afforded the corresponding complex with moderate

yield. The synthetic route is shown in Fig.1.

N,
@iNHZ I \>—©_F
+ OHC —Q‘F —_2 N
NH, THF-H,O

N
|@§>‘©_F ICl,

———
120 C,24h

H(acac), Na,CO;
120 °C, 12 h

Fig.1 ~Synthesis of Ir complex

The absorption and photoluminescence spectra of
the complex in dichloromethane are in Fig.2. In the
UV-Vis spectrum, the strongest absorption band lying
at 298 nm is assigned to ligand-centred (LC) -7
transition, which closely resembles the absorption
spectrum of the free ligand. It also shows a vibration
absorption peak at 310 nm. The absorption band 400
and 425 nm can be assigned to singlet '"MLCT" and
MLCT" states, based on the previously reported
cyclometalated iridium complex and the calculations
of Hay"®. Each of them is broad and featureless. The
comparable intensities of 'MLCT and *MLCT imply

the presence of significant singlet-triplet coupling due

to spin-orbital coupling.
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Fig.2  Absorption and photoluminescence spectra of

the complex

On irradiation with 400 nm light, the complex



%3

PR AR A W 00 E AU B B REBE Y 395

shows strong photoluminescence characteristics in
dichloromethane at 493 and 527 nm with a green
color. Both *MLCT and ligand-based *7-7" transitions
can contribute to the phosphorescence emission in the
complex. Strong spin-orbit coupling in the complex

leads to efficient phosphorescence. It exhibits a high
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solution phosphorescence quantum yield of 0.43 at
room temperature determined using Ir(ppy),(acac) as a
reference with a value of 0.344.

Fig.3 shows the configurations of the devices and

the molecular structures of the compounds used in the

devices.

(ftbi),Ir(acac) CBP

N

€

TCTA BCP

Fig.3 Structure of the device and the molecular structures of the compounds used in the device

A layer (40 nm) of 4,4 -bis {N-(1-naphthyl-/V-
(NPB) (device I) or tris[4-
(9H-carbazol-9-yl)phenyl]anine (TCTA) (device II') for
(30 nm) of 44" -N.N' -
dicarbazolebiphenyl (CBP) doped with 6.3% of ({fbi),Ir
(10 nm) of 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline  (BCP) for
hole and exciton blocking (HBL), and a layer (40 nm)
(Alg) for

phenylamino)biphenyl}
hole transport, a layer

(acac) as the emitter, a thin layer

of tris (8-hydroxyquinoline) aluminum
electron transport.

Both devices exhibit low turn-on voltages: 3.5 V
for device I and 3.4 V for device Il . The devices
(ffbi),lr (acac). The EL

spectra of device II at different voltages are shown in

emit light characteristic of

Fig.4. It was found that the spectrum did almost not
change when the voltage changed. That is, the EL
spectrum of the device was independent of the applied
voltage (6~15 V).

The current-voltage-luminance characteristics of
the devices are shown in Fig.5. And the important

device performance characteristics are collected in

Table 1. The maximum brightness of the device based
on this complex reached 41 499 cd-m™ at a voltage of
12 V and the maximum external efficiency reached
57% at a voltage of 8 V. The CIE (Commission
Internationale de 1" Eclairage) coordinates of the

devices show the green emitting character.
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Fig4 Electroluminescence spectra of device Il at
various applied voltages
It is worthy of noting that the device II has
much higher efficiencies and brightness than the

device 1 . Compared to NPB, TCTA has a greater

conjugation, it provides a more appropriate HOMO
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Table 1 Structure and performance data of Ir complexes-based OLEDs*
Turn-on New | L/ n./ n,/ CIE, 8 V
Device Device sructrue
voltage / 'V % (ed-m™) (cd-A™ (Im- W™ (x, ¥)
NPB(40 nm)/CBP:1r(6.3% 30 nm)/
1 35 3.85(6 V) 23908 (13 V) 12.12 (6 V)  6.63 (5.5V) (0.21, 0.56)
BCP(10 nm)/Alq(40 nm)
TCTA(40 nm)/CBP:1x(6.3% 30 nm)/
| 34 5.70 (8 V) 41499 (12'V) 18.61 8 V) 7.63(7.5V) (0.23, 0.58)

BCP(10 nm)/Alq(40 nm)

* The data for external quantum efficiency (7.,), brightness (L), current efficiency (7.), and power efficiency (7,) are the maximum values of

the device.
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Fig.5 Luminance-voltange-current characters of
devices I and II
energy level matching CBP'™, so TCTA is found to be
more efficient for hole transporting in the device

based on this complex.
3 Conclusion

In summary, we have synthesized a bis-cyclomet-
alated iridium complex containing benzimidazole-
based ligand. This complex has strong phosphorescent
properties. Green-emitting devices based on this
complex were also fabricated with high brightness and

efficiencies.
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