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Highly E�cient Blue LECs Using Charged Iridium Complexes
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Two heteroleptic charged iridium (III) species comprising two cyclometallating ligands and a neutral
diimine ligand were synthesized and characterized, namely [(3,4,7,8-tetramethyl-1,10-phenanthroline-N-
N′)-bis-(2-(2,4-di�uorophenyl)-5-(tri�uoromethyl)pyridine-C6′,N)-iridium (III)]hexa�uorophosphate (UM01)
and [(3,4,7,8-tetramethyl-1,10-phenanthroline-N-N′)-bis-(2-(2′,4′-di�uoro-phenyl)-1H-pyrazole-C6′,N)-iridium
(III)]hexa�uorophosphate (UM02). Both complexes were used as the blue emitter in OLED and LEC devices. We
found that the optimized structure is ITO/PEDOT:PSS/complex:BMIMPF6(1:1)/Al. The UM01 gave a current
e�ciency of 1.14 cdA−1, whereas the UM02 shows a better CIE coordination at 0.19, 0.40.
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1. Introduction

Heteroleptic charged iridium (III) species comprising
two cyclometallating ligands and a neutral diimine ligand
of generic formula (C∧N)2Ir(N

∧N)+ have been of great
interest as multifunctional chromophores for advanced
optoelectronic applications [1�6]. The key properties of
these complexes are their high stabilities, high lumines-
cence quantum yields, short excited state lifetime and
tunable emission energies. The photophysical properties
of these phosphors can be tuned by varying the ligand
or its substituent groups and by the use of additional
ancillary ligands [7]. A charged Ir (III) complex is the
key component in highly e�cient organic light-emitting
diodes (OLEDs) and simple device light-emitting electro-
chemical cells (LECs) [8]. OLEDs and LECs have been
made and studied during recent years motivated by their
potential for applications in display and lighting. Today,
the devices that are still far from experiencing a success-
ful market entrance and many issues have to be solved
in order to make them a viable alternative to the cur-
rent display technologies. One big problem that should
be intensive studied is the development of the blue emit-
ter materials [9, 10]. For example, a charged iridium
(III) demonstrated by Henk J. Bolink give a blue-green
from LECs with a current e�ciency reaching 5.5 cdA−1

and a maximum power e�ciency of 5.8 LmWatt−1 [9].
Yong Qiu shows that LECs based on the charged irid-
ium (III) of (2,4-di�uorophenyl)-1H-pyrazole and 2-(1-
(4-tritylphenyl)-1H-imidazol-2-yl)pyridine give highly ef-
�cient blue-green electroluminescence with current e�-
ciency, external quantum e�ciency, and power e�ciency
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of 18.3 cdA−1, 7.6%, and 18.0 lmW−1, respectively [11].
Here, we developed the electroluminescence based on
OLEDs and LECs from a charged iridium (III) com-
plexes.

2. Experimental

All the chemicals were purchased from Acros organic
and used without further puri�cation, unless otherwise
noted. The UM01 and UM02 were synthesized accord-
ing to the reference by varying the C,N ligands [12]. 1H
and 13C NMR spectra were recorded on a Bruker Avance
300 spectrometer. Chemical shifts are quoted down�eld
from internal standard TMS. MS data were obtained us-
ing a Thermo Finnigan LTQFT instrument. Ultraviolet-
visible (UV-vis) spectra were recorded with Perkin-Elmer
UV Lambda 25. Photoluminescence spectrum and the
�uorescence quantum yields (Φf ) were identi�ed by a
Perkin-Elmer LS 50B Luminescence Spectrometer the
standard quinine sulfate solution in 0.01 M H2SO4, whose
�uorescence quantum yield is known to be 0.54.
[(3,4,7,8-tetramethyl-1,10-phenanthroline-N-N′)-

bis-(2-(2,4-di�uorophenyl)-5-(tri�uoromethyl)pyridine-
C6′,N)-iridium (III)]hexa�uorophosphate (UM01) (84%);
1H NMR (300 MHz, CDCl3) δ 8.51 (dd, J = 8.8, 2.4 Hz,
1H), 8.44 (s, 1H), 8.02 (dd, J = 8.9, 1.6 Hz, 1H), 7.95 (s,
1H), 7.41 (s, 1H), 6.75�6.65 (m, 1H), 5.74 (dd, J = 8.1,
2.3 Hz, 1H), 2.93 (s, 3H), 2.51 (s, 3H); MS (ES+)
m/z = 945.1627 (M+-PF6, 100).
[(3,4,7,8-tetramethyl-1,10-phenanthroline-N-N′)-bis-

(2-(2′,4′-di�uoro-phenyl)-1H-pyrazole-C6′,N)-iridium
(III)]hexa�uorophosphate (UM02) (78%); 1H NMR
(300 MHz, CDCl3) δ 8.36�8.31 (m, 2H), 8.09�8.03 (m,
1H), 6.86 (d, J = 2.5 Hz, 1H), 6.77�6.67 (m, 1H),
6.53�6.50 (m, 1H), 5.83 (dd, J = 8.3, 2.0 Hz, 1H),
2.88 (s, 3H), 2.48 (s, 3H); MS (ES+) m/z = 787.1784
(M+-PF6, 100).
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The electroluminescence of iridium complex was
dissolved in acetonitrile solution at a concentra-
tion of 12.5 mgml−1. Prior to the fabrication of
the electroluminescence, the ITO glass substrates
were thoroughly cleaned followed by UV-ozone
treatment for 10 min. A thin �lm of poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PE-
DOT:PSS) layer was spin-coated at 3000 rpm for 180 s
and baked at 260◦C for 10 min. For the host-guest
OLED device, the emitter layer was spin-coated with
the host 2-(4-poly(9-vinylcarbazole) (PVK) and 2-
(4-tert-butylphenyl)-5-(4-biphenylyl)-1,3,4-oxadiazole
(PBD) in 3:1 w/w with the complex followed by
1,3,5-tris(2-N-phenylbenzimidazolyl)benzene (TPBi),
LiF and aluminum cathode with a shadow mask under
high vacuum. For simple LEC device, the complex
�lms were spin-coated with or without 1-butyl-3-
methylimidazolium (BMIM)PF6 by varied the mole
ratios and then capped with aluminum cathode. The
electroluminescent properties of the resultant devices
were performed using a Keithley 2400 source meter, as
a power supply and multimeter, a Minolta LS-110, as
a luminance detector, and an Ocean optics USB4000
spectrometer.

3. Results and discussions

The molecular structure of target charged iridium
(III)complexes is depicted in Fig. 1. UM01 and

Fig. 1. The molecular structure of UM01 and UM02.

UM02 in dichloromethane (DCM) were characterized us-
ing UV-visible absorbance and �uorescence spectroscopy
as shown in Fig. 2. The complex displays strong ab-
sorption bands between 250 and 300 nm which can be
attributed to ligand-centered (LC) of the cyclometalated
phenyl pyridine (ppy) and phenanthroline (phen). While,
the weaker absorption bands about 400 nm and above can
be assigned to metal- to-ligand charge transfer (MLCT).
These characteristic are consistent with the previously
reported in the literatures [13, 14]. The emission wave-
lengths of the both complexes were found around 480 nm
which is compared to the blue-green color. We found that
both UM01 and UM02 give the quantum yield of 0.01.
We carried out DFT calculations to obtain the molecular
geometries and electronic information of the charged irid-
ium (III) complexes. The geometries of UM01 and UM02

Fig. 2. UV-Vis absorption and emission of UM01 and
UM02 in dichloromethane at room temperature.

were optimized at B3LYP/6-31G*:LANL2DZ. The fron-
tier orbital and energy gap of UM02 are shown in Fig. 3
where the LUMO is located on the phenanthroline lig-
and and the HOMO involves the iridium and phenylene
groups (Fig. 3). The calculated energy gap of UM02
shows a value at 3.37 eV which is in agreement with the
result from photophysical experiments (3.10 eV).

Fig. 3. HOMO and LUMO energies and corre-
sponding orbital contours of UM02 by B3LYP/6-
31G*:LANL2DZ. The Eg is de�ned as the HOMO-
LUMO energy gap.

In order to evaluate the electroluminescent properties,
complexes were �rst employed as emitting layer in both
host-guest LECs [15] and OLEDs [16, 17] where PVK
and PBD were mixed as the co-host. PEDOT:PSS acts
as hole-injecting layer to facilitate electron transport.
TPBi was used as an electron-transport/hole-blocking
layer. Unfortunately, both host-guest LEC and OLED
devices show weak current e�ciency less than 0.2 cdA−1.
This can be explained by the unsuitable energy level of
UM01 and host material [18]. Recently, the e�ciency
of the LECs devices can be improved by the addition of
ionic liquid (IL) [19�21]. To investigate, we optimized the
mole ratio of BMIMPF6. We found that LEC structure:
ITO/PEDOT:PSS/UM01:BMIMPF6(1:1)/Al was the ef-
�cient device with a maximum brightness of 1.037 cdm−2

and a current e�ciency of 1.14 cdA−1 (see Figure 4).
With the same structure, we used UM02 as the emitter
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Fig. 4. Brightness versus voltage curves of the device
based on UM01 and UM02 with a di�erent structure.

TABLE ILEC and OLED device performances of
UM01 and UM02.

ITO/PEDOT: Vturn on Lmax ηc max ηp max CIE

PSS/. . . [V] [cdm−2] [cdA−1] [lmW−1] (x,y)

. . . UM01: 13.5 52 0.04 0.01 N/A

PVK:40%PBD/Al

. . . UM01: 10.6 70 0.12 0.03 N/A

PVK:80%PBD/

TPBi/LiF/Al

. . . UM01: 3.6 1037 1.14 0.80 0.23, 0.43

BMIMPF6

(1:1)/Al

. . . UM01: 3.5 670 0.68 0.48 0.24, 0.45

BMIMPF6

(1:0.75)/Al

. . . UM01: 4.5 396 0.49 0.26 0.24, 0.44

BMIMPF6

(1:0.5)/Al

. . . UM01: 8.6 44 0.08 0.03 N/A

BMIMPF6(1:1):

PVK:80%PBD/

TPBi/LiF/Al

. . . UM02: 3.6 282 0.80 0.63 0.19, 0.40

BMIMPF6

(1:1)/Al

in LECs. We found that the UM02 give a better blue
CIE coordinate at 0.19, 0.40. However, the device shows
a lower current e�ciency of 0.08 cdA−1. Detailed elec-
troluminescent characteristics are summarized in Table I
and Fig. 4.

Conclusions

The blue electroluminescence LECs can be achieved
with the charged iridium (III) complexes. We found that
the current e�ciency can be improved to 1.14 cdA−1 by
the addition of IL at 1:1 mole ratio into the emitting
layer. The complex with C,N pyrazole ligand give a blue
CIE coordination at 0.19, 0.40. Therefore, this research
may be a useful and helpful data to develop an e�cient
real blue electroluminescence LECs in the future.
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