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To improve the opto-physics, electroluminescence, and dispersibility of iridium (III) complexes in
polymer light-emitting devices, we synthesized and characterized two red-emitting heteroleptic cyclo-
metalated iridium (III) complexes of (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic), in which Piq is 1-phenyl-
isoquinoline, Tfl-pic and Brfl-pic are alkyltrifluorene- and dibromoalkylfluorene-containing picolinic acid
derivatives bridged with alkoxy chain, respectively. Compared to (Piq)2Ir(pic) and (Piq)2Ir(Brfl-pic),
(Piq)2Ir(Tfl-pic) exhibited higher thermal stability, better dispersibility and excellent quantum efficiency.
High-efficiency red emission with a maximum current efficiency of 6.28 cdA�1 and a maximum EL peak
at 608 nm was obtained in the (Piq)2Ir(Tfl-pic)-doped devices using a blend of poly(9,9-dioctylfluorene)
and 2-(4-biphenyl)-5-(4-tert -butylphenyl)-1,3,4-oxadiazole as a host matrix.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Third-row transition-metal complexes are well-known for their
ability to achieve high-efficiency phosphorescence at room tem-
perature.1,2 In theory, this kind of cyclometalated complexes has
100% internal quantum efficiency, because they can effectively
harvest both singlet and triplet excitons.3 As a result, RuII-, OsII-,
IrIII-, and PtII- based cyclometalated complexes have been signifi-
cantly developed and exhibited wide application in organic/poly-
mer light-emitting devices (OLEDs/PLEDs).4–7 In these reported
transition-metal complexes, iridium (III) complexes displayed best
electro- phosphorescence with an external quantum efficiency as
high as 27% in OLEDs and are considered to be a class of promising
electrophosphorescent materials due to their non-planar configu-
ration and short phosphorescent lifetime.8–13

However, there is a crucial issue of phase separation between
iridium (III) complexes and host materials to influence the doped
device performance. In order to overcome this issue, we once
incorporated a bulky tert-butyl group into a cyclometalated ligand
of 2-phenylpyridine and obtained a green-emitting heteroleptic
iridium (III) complex with improved dispersibility and high-effi-
ciency emission in PLEDs.14 Some groups reported a series of
high-efficiency iridium (III) complexes by introducing other bulky,
x: þ86 731 58292251
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rigid comphor-like alky-fluorene and dentritic architecture into
cyclometalated ligands to effectively suppress the aggregation
effect and improve dispersibility. Y Cao et al. reported the fluo-
renyl-substituted triarylamine on the cyclometalated ligand by
p-conjugation to improve the performance of the devices,15 Heeger
et al. exhibited the cyclometalated with a fluorene moiety,16 to
enhance the solubility of the materials, Samuel et al. introduced
the rigid moiety with alkyl-fluorene.17 H Tian et al. made the
highly efficient OLEDs by introduction rigid groups (carbazole,
diphenylaniline) in the cyclometalated complexes.18,19 However,
there is few report on making iridium (III) complexes by modi-
fying ancillary ligand. Kown et al. reported a new functioned-
ancillary ligand phosphorescent dendrimer system with carbazole
via a non-conjugated bridge.20 In this paper, we reported another
way to make high-efficiency red-emitting iridium (III) complexes
with better dispersibility in PLEDs. As alkyltrifluorene has a non-
planar configuration, excellent carrier-transporting and soluble
properties, attaching a alkyl-trifluorene into the ancillary ligand of
picolinic acid by a non-conjugated connection of a 1,6-hexyloxy
group is expected to make its heteroleptic iridium (III) complex
obtain an improved dispersing ability and high-efficiency emis-
sion in PLEDs. We designed and synthesized an ancillary ligands
of picolinic acid derivative of 6-(60-(900-octyl-200,700-bi(9,9-dioctyl-
fluoren-2-yl)fluoren-900-yl)hexyloxy)picolinic acid (Tfl-picH) and
its hetero-leptic iridium (III) complex of (Piq)2Ir(Tfl-pic).
For comparison, an analogous picolinic acid derivative of 6-(60-
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(200,700-dibromo-900-octylfluoren-900-yl)hexyloxy)picolinic acid (Brfl-
picH) and its heteroleptic iridium (III) complex of (Piq)2Ir(Brfl-pic)
were also made in which Piq is 1-phenylisoquinoline. The syn-
thetic route of two iridium (III) complexes is shown in Scheme 1.
Their thermal and electrochemical properties, as well as opto-
physical were investigated. For higher thermal stability and better
dispersibility, it is deserved for employing (Piq)2Ir(Tfl-pic) as
guest, a blend of poly(9,9-dioctylfluorene) (PFO) and 2-(4-bi-
phenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (PBD) as a host
matrix, also we obtained red emission with a current efficiency as
high as 6.28 cdA�1 at 9.8 V.
Scheme 1. Synthesis route of the (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic) complexes.
2. Results and discussion

2.1. Synthesis

2,7-Dibromo-9-octyl-9-(6-bromohexyl)-9H-fluorene (2) was
prepared by a further nucleophilic substituted reaction of compound
1 with 1,6-dibromohexane in 71.0% yield.21 Nucleophilic substitute
of 6-hydroxypicolinic acid with compound 2 provided methyl, 6-(60-
(200,700-dibromo-900-octyl-fluoren-900-yl)hexyloxy)picolinate (3) in
82.3% yield. Hydrolysis of compound 3 provided an ancillary ligand of
Brfl-picH in 91.8% yield. 2-(9,9-Dioctyl-9H-fluoren-2-yl)-4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolane (4) was synthesized by a Pd-catalyzed
coupling reaction of bis(pinacolato)diboron with 2-bromo-9,9-
dioctyl-9H-fluorene in 78.0% yield.22 Methyl, 6-(60-(900-octyl-200,700-
bi(9,9- dioctyl fluoren-2-yl)fluoren-90-yl)hexyloxy) picolinate (5)
was prepared from a Suzuki Pd-catalyzed coupling reaction between
boronic ester (4) and compound 3 in 61.0% yield.22 Hydrolysis of
compound 5 provided an ancillary ligand of Tfl-picH in 95.0% yield.
The iridium (III) complexes of (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic)
were synthesized by two-step procedures with a chloride-bridged
reaction of iridium chloride trihydrate with 1-phenylisoquinoline
and a chloride cleavage of the resulting chloro-bridged dimmers
[(C^N)2IrCl]2 with the ancillary ligand of Tfl-picH or Brfl-pic in over
50% yield based on the literatures.10,23 As non-conjugated hexyloxy
isolated effect, the Tfl-picH and Brfl-picH ligands have little effect on
the chloride cleavage. Elemental analysis and 1H NMR data of each of
two iridium (III) complexes are consistent with the expected formula.

2.2. Optical analysis

Figure 1 shows the UV absorption spectra of these iridium (III)
complexes in dichloromethane (DCM). Intense absorption band at
about 352 nm and two weak absorption bands at about 405 nm
and 468 nm are observed for each of two functionalized iridium
(III) complexes, in which the intense high-lying absorption band
is assigned to the intraligand-based p–p* transitions, and the
weak low-lying absorption band is assigned to the singlet and
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triplet metal-ligand-charge-transfer (1MLCT and 3MLCT) transi-
tion, respectively. However, both of functionalized iridium (III)
complexes presented more intense high-lying absorption band
and weaker low-lying absorption bands than (Piq)2Ir(pic),24

which have been reported by us, due to an introduction of the
dibromoalkylfluorene or alkyl-trifluorene derivative into the
common ancillary ligand of picolinic acid by non-conjugated
connection of 1,6-hexyloxy group. In these iridium (III) complexes,
(Piq)2Ir(Tfl-pic) displayed intenser high-lying absorption band.
The UV absorption intensity is significantly influenced by the
ancillary ligands of Tfl-picH and Brfl-picH.
Figure 1. The normalized UV–vis and PL emission spectrum of the (Piq)2Ir(Tfl-pic),
(Piq)2Ir(Brfl-pic), and (Piq)2Ir(pic)complexes in DCM and neat film at room
temperature.
The photoluminescence (PL) spectra of these iridium (III)
complexes are also shown in Figure 1. Nearly identical PL profiles
are observed for (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic) in DCM
solution or neat films. Both iridium (III) complexes displayed red
emission with a peak at 612 nm in DCM solution and 638 nm in
neat film, which is mainly characteristic of MLCT emission.10

Compared to (Piq)2Ir(pic), each of functionalized iridium (III)
complexes exhibited minor red-shifted emission wavelength of
6 nm in solution and displayed a blue-shifted about 16 nm in
neat film. It is due to the introduction with dibromoalkylfluorene
or alkyltrifluorene derivative formed the conjugated system in
solution. Also, the steric alkoxy and rigid fluorene construction
have an effect on the intermolecular in neat film, which induce
the hypsochromic shift. Consequently, the introduction of
dibromoalkylfluorene and alkyltrifluorene derivatives into irid-
ium (III) complexes can improve their PL quantum efficiency.
The photoluminescence (PL) quantum yield (FPL) was de-
termined to be 0.62(�10%) for (Piq)2Ir(Tfl-pic) and 0.66 (�10%)
for (Piq)2Ir(Brfl-pic) in degassed DCM solution at room temper-
ature by using (Piq)2Ir(acac) as the standard (FPL¼0.2),25 which
is three times higher than that of (Piq)2Ir(acac) and (Piq)2Ir(pic)
(Table 1).
Table 1
UV–vis absorption and emission maxima, oxidation potentials, and decomposition temp

Compound Absorptiona [nm] Emission [nm]

(Piq)2Ir(Tfl-pic) 301, 352, 408, 467, 612, 672, 636 (film)
(Piq)2Ir(Brfl-pic) 284, 353, 405, 468 612, 672, 641 (film)
(Piq)2Ir(pic) 297, 342, 401, 464 606, 657 (film)

a As 10�5 M solutions in DCM.
b As 10�3 M solutions in CH3CN containing 10�1 M NBu4PF6 as electrolyte versus ferro
c 5% weight loss.
2.3. Physical properties (TGA, DSC, and AFM)

The thermal stability of these iridium (III) complexes was
evaluated by TGA (heating rate of 20 �C/min) as shown in
Figure S1. (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic) exhibited a onset
temperature of weight loss (Td) of 358 �C and 311 �C, respectively,
which have a better stability than the (Piq)2Ir(pic) (Table 1).
Alkyltrifluorene moiety has better affected on thermal stability
than dibromoalkylfluorene moiety in these iridium (III) com-
plexes. In order to investigate their morphological property, the
differential scanning calorimetry (DSC) was also measured under
nitrogen atmosphere at a heating rate of 10 �C/min. As indicated
in inset Figure S1, an endothermic peak centered at 121 and
122 �C was observed for (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic),
which corresponds to their melting point, respectively. The DSC
curves revealed that both iridium (III) complexes are amorphous,
which is particularly favored for making OLEDs because aggre-
gation and crystallization will affect the device stability and life-
time significantly.26 For comparison of dispersibility in polymer
host matrix, the films of (Piq)2Ir(Tfl-pic) and (Piq)2Ir(Brfl-pic)
doped into a blend of PBD and PVK were made, and their surface
morphologies were recorded by atomic force microscopy (AFM),
shown in Figure S2. The doped film with (Piq)2Ir(Brfl-pic) dis-
played a roughness with Ra¼0.672 nm and the other doped film
with (Piq)2Ir(Tfl-pic) exhibited a roughness Ra¼0.242 nm, which
indicates that (Piq)2Ir(Tfl-pic) has a better dispersibility than
(Piq)2Ir(Brfl-pic) in the blend. The improved dispersibility of
(Piq)2Ir(Tfl-pic) is attributed to the multi-octyl chains and twisted
structure of the alkyltrifluorenes.

2.4. Electrochemical property

The electrochemical behavior of these cyclometalated iridium
(III) complexes was studied by cyclic voltammetry using ferrocene
as the internal standard and the data are listed in Table 1. Both of
the iridium (III) complexes showed a sole reversible reduction
wave (Ered) rather than a reversible oxidation wave (Eox). Thus, the
Eox had to be estimated by the energy band gap (Eg) and Ered

according to the formula, Eox¼EgþEred The energy band gap was
generally estimated from the low-lying absorption edge data. As
a result, the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) energy levels of
these iridium (III) complexes, ELUMO and EHOMO, were calculated
according to the following formula: ELUMO¼�(Eredþ4.34) and
EHOMO¼�(Eoxþ4.34).27 As LUMO and HOMO energies of PFO
reported in literature were �2.1 eV and �5.8 eV, respectively,28

both iridium (III) complexes here exhibited a matched energy
level with the PFO host and are expected to have a carrier trap role
and good electroluminescent performance in the PLEDs using PFO
as a host.

2.5. Electroluminescent property

As (Piq)2Ir(Tfl-pic) presented better integrated optical and
physical and electrochemical properties, it was chose as emitter
erature of (Piq)2Ir(Tfl-pic), (Piq)2Ir(Brfl-pic), and (Piq)2Ir(pic)

E ox b [V] E red b [V] Td
c [�C] F [%]

�3.12 �5.27 357 62
�3.27 �5.25 307 66
�2.68 �5.37 256 20

cene/ferrocenium.
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to make devices by solution process. The device configuration is
ITO/PEDOT:PSS (50 nm)/PVK (50 nm)/(Piq)2Ir(Tfl-pic)þPFO–PBD
(45 nm)/Ba (4 nm)Al (150 nm) (Fig. 2 inset), in which ITO/
PEDOT:PSS as the anode and Ba/Al as the cathode, PVK layer is
the hole transport (HT) layer, PBD behaves as both a hole-
blocker and an electron-transporter. In the emitting layer, the
doping weight concentration of (Piq)2Ir(Tfl-pic) varied from
1 wt % to 8 wt %, PBD weight ratio was 30% in the PFO–PBD
blend.
Figure 2. The structure of devices and the EL spectra of the (Piq)2Ir(Tfl-pic)-doped
PFO–PBD PLEDs with different concentrations.

Figure 3. Current density-voltage (L-V) characteristic of the (Piq)2Ir(Tfl-pic)-doped
PFO–PBD PLEDs with different concentrations.

Table 2
Performance data of the (Piq)2Ir(Tfl-pic)-doped PFO–PBD PLEDs with different
concentrations

Host Material Concentration
[%]

Turn on
Voltage[V]

lmax

[nm]
Luminance
[cd/m2]

h max

[cd/A]

PFODPBD 1 12.25 608, 657 323 1.03
2 5.5 612, 651 3567 3.69
4 6.0 614, 653 6549 6.28
8 13.0 608, 663 1455 1.53

Figure 4. Current efficiency-current density characteristic of the (Piq)2Ir(Tfl-pic)-doped
PFO–PBD PLEDs with different concentrations.
The electroluminescence (EL) spectra of the (Piq)2Ir(Tfl-pic)
doped PFO–PBD devices in the dopant concentrations from
1 wt % to 8 wt % are shown in Figure 2. Similar red-emitting EL
spectra with a peak at about 608 nm and a shoulder at about
652 nm are observed in all of the devices. The fact that no
emission from the host PFOþPBD appeared in the Ir (III) com-
plex doped blend film indicated complete energy transfer from
host to the Ir (III) complex expect 1 wt % doping concentration.
The phenomenon with complete quenching of the host EL
emission occurred at a much lower doping concentration has
been attributed by some references to the charge-trapping
mechanism (rather than to Förster energy transfer) followed by
recombination on the chromophore (Ir complex).29 We also note
that the shoulder intensity varied with the dopant concentra-
tions. It firstly increases with increasing dopant concentrations
from 1% to 2%, and then decreases with increasing dopant
concentration from 2% to 8%. The dopant concentrations have
significantly an influence on the mixing single and triplet
emission of MLCT.

Figure 3 exhibits the current density-voltage-luminance (J-V-L)
characteristics of the (Piq)2Ir(Tfl-pic) dopant PFO–PBD devices in
the doped concentrations from 1 wt % to 8 wt %. The applied
voltage increases with increasing dopant concentrations at the
given current density, which is attributed to the significant
carrier-trap of this iridium (III) complex. The best device perfor-
mance was obtained in the device at 4% dopant concentration. In
order to compare to the performance difference of these devices
with various dopant concentrations, the EL data of these devices
were summarized in Table 2 and the current density-luminance
efficiency characteristics of the devices are shown in Figure 4. The
maximum luminance of 6549 cdm�2 and highest current effi-
ciency of 6.28 cd/A were obtained in the device at 4% dopant
concentration. The (Piq)2Ir(Tfl-pic) complex displayed better EL
property than (Piq)2Ir(pic) in the PLEDs using PFO–PBD as host
matrix.
3. Conclusion

Two red-emitting iridium (III) complexes containing dibro-
moalkylfluorene- and alkyltrifluorene-based picolinic acid were
obtained. The iridium (III) complex with alkyl-trifluorene exhibi-
ted higher thermal stability, better dispersibility, and excellent
emission quantum efficiency compared to the iridium (III)
complex with dibromoalkylfluorene. High-efficiency emission
with a maximum current efficiency as high as 6.2 cd/A and
a maximum EL peak at 608 nm was observed in the alkyltri-
fluorene-containing iridium (III) complex-doped PFO–PBD devices
at 4% dopant concentration. This work indicates that an in-
troduction of alkyltrifluorene into the common picolinic acid by
a non-conjugated connection of 1,6-hexyloxy is available for im-
proving its iridium (III) complex optophysical properties and EL
properties in its doped PLEDs.
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4. Experimental section

4.1. Materials

All reagents were purchased from Aldrich, Acros or TCI compa-
nies. All reactions and manipulations were carried out under N2

with the use of standard inert atmosphere and Schlenk techniques.
1H NMR spectra were measured in CDCl3 solution on a Bruker DPX
(400 MHz) NMR spectrometer with tetramethylsilane (TMS) as the
internal standard. Mass spectra (MS) were recorded on a Bruker
Autoflex TOF/TOF (MALDI-TOF) instrument using dithranol as
a matrix. UV–vis absorption spectroscopy was measured by
Shimadzu UV-265 spectrometer at room temperature. Fluorescence
spectra were recorded on RF-5301 PC (Perkin Elmer) at room tem-
perature in dichloromethane. Cyclic voltammograms (CV) were
performed with a three electrode electrochemical cell in a 0.1 M
tetra(n-butyl)-ammonium hexafluorophosphate (TBAPF6) solution
in acetonitrile with a scan 100 mV/s at room temperature under
argon. A platinum wire and a KCl saturated Hg/HgO were used
as counter electrode and reference electrode, respectively.
A microplatinum (ø¼0.8 mm) was used as work electrode. 9-Octyl-
9H-fluorene was prepared by a nucleophilic substituted reaction
of 9H-fluorene with octanol based on the literature.30,31 2,7-
Dibromo-9-octyl-9H-fluorene (1) was synthesized by a bromination
of 9-octyl-9H-fluorene based on the procedure described by Ego.19

2-Bromo-9,9-dioctyl-9H-fluorene was synthesized based on the
precedures.32,33 The chloro-bridged dimmers of [(C^N)2IrCl]2 were
gained by the chloride-bridged reaction of iridium chloride trihy-
drate with 1-phenylisoquinoline based on previous literatures.10,23

4.2. 2,7-Dibromo-9-octyl-9-(6-bromohexyl)-9H-fluorene (2)

A mixture of 1 (2.63 g, 6.03 mmol), 1,6-dibromohexane (14.7 g,
60.3 mmol), aqueous sodium hydroxide (33%; 20 mL), and tetra-
butyl ammonium bromide (TBAB, 0.1 g) was stirred vigorously
under the protection of nitrogen for 1 d at 80 �C. The mixture was
cooled to room temperature and extracted with DCM (3�50 mL).
The combined extracts were dried over magnesium sulfate and
evaporated under reduced pressure. The excess 1,6-dibromohexane
was recovered from the mixture by Kugelrohr distillation (180 �C,
0.1 mmHg). The crude product was purified by dry flash chroma-
tography using hexane–DCM (v/v, 1:0 changing to 4:1) as eluent to
give the 2 (2.57 g, 71.0%) as a colorless oil. 1H NMR (CDCl3,
400 MHz), d (ppm): 7.54–7.52 (2H, d, J¼8.0 Hz), 7.47–7.46 (2H, d,
J¼1.6 Hz), 7.45 (2H, s), 3.32–3.28 (2H, t), 1.95–1.90 (4H, t), 169–1.66
(2H, t), 1.23–1.05 (16H, m), 0.86–0.81 (5H, t).

4.3. Methyl-6-(6-(2,7-dibromo-9-octyl-9H-fluoren-9-yl)
hexyloxy)picolinate (3)

To a stirred mixture of 6-hydroxypicolinic acid in CH3OH and
H2SO4 was added several drops benzene as dehydrate, the resulting
mixture was refluxed for another 24 h under the protection of ni-
trogen. After cooled, the mixture was poured into brine and
extracted with ethyl acetate (EA). The organic layer was washed
with brine for three times and then dried over anhydrous Na2SO4.
After removal of the solvent, the intermediate was gained. Then
a mix of this intermediate (0.61 g, 4.0 mmol), compound 2 (2.0 g,
3.34 mmol), acetone (60 mL), K2CO3 (4.0 g, 40 mmol), and KI
(0.5 g), the resulting mixture was refluxed for another 24 h. After
cooled, the mixture was poured into brine and extracted with DCM.
The organic layer was washed with brine for three times and then
dried over anhydrous Na2SO4. After removal of the solvent, the
crude product was purified by dry flash chromatography using
petrol ether (PE)–EA (v/v, 10:1) as eluent to give the 5 (1.84 g, 82.3%)
as a white solid. 1H NMR (CDCl3, 400 MHz), d (ppm): 7.68–7.62 (2H,
m), 7.52–7.50 (2H, d, J¼7.92 Hz), 7.45–7.43 (2H, d, J¼7.92 Hz), 4.28–
4.25 (2H, t), 3.94 (3H, s), 1.94–1.89 (4H, m), 1.62–1.57 (2H, m), 1.25–
1.04 (14H, m), 0.84–0.81 (3H, t), 0.59–0.58 (4H, m).

4.4. 6-(6-(2,7-Dibromo-9-octyl-9H-fluoren-9-yl)
hexyloxy)picolinic acid (Brfl-picH)

A mixture of compound 3 (1.0 g, 1.5 mmol), NaOH (50%, 5 mL),
anhydrous ethanol (5 mL), THF (10 mL) was stirred vigorously for
2 h at 60 �C, then for another 24 h at room temperature. The
mixture was poured into water and extracted with DCM and the
combined organic layer was dried over anhydrous magnesium
sulfate. The solvent was removed by rotary evaporation and gain
Brfl-picH (0.9 g, 91.8%) as a white solid. 1H NMR (CDCl3, 400 MHz),
d (ppm): 7.81 (2H, s), 7.53–7.51 (2H, d, J¼7.88), 7.46–7.44 (4H, d,
J¼8.0), 6.98–6.96 (1H, d, J¼7.44 Hz), 4.22–4.19 (2H, t), 1.96–1.89
(2H, t), 1.27–1.05 (20H, m), 0.84–0.81 (3H, t).

4.5. 2-(9,9-Dioctyl-9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (4)

A nitrogen-flushed three-neck round bottom flask was charged
with 2-bromo-9,9-dioctyl-9H-fluorene (4.0 g, 8.5 mmol), bis(pina-
colato)diboron (2.38 g, 9.4 mmol), potassium acetate (2.5 g,
25.5 mmol), and [1,10-bis(diphenylphosphino)-ferrocene] dichlor-
oplladium (0.27 mg, 0.34 mmol), complex with dichloromethane
(1:1). Dimethyl sulfoxide (DMSO, 60 mL) was then added, and the
mixture was bubbled with nitrogen for 15 min. After the reaction
mixture was heated at 80 �C for 19 h, it was cooled to room tem-
perature and poured into ice-water (200 mL). It was then extracted
with DCM (3�20 mL) and the combined organic layer was dried
over anhydrous magnesium sulfate. The solvent was removed by
rotary evaporation and the residue was passed through a flash silica
gel column with PE–DCM (v/v, 4:1) as the eluent to give white
crystals (3.42 g, yield 78.0%). 1H NMR (CDCl3, 400 MHz), d (ppm):
7.81–7.79 (2H, d, J¼7.6 Hz), 7.74–7.69 (4H, m), 7.32–7.31 (2H, d,
J¼5.52 Hz), 2.00–1.96 (4H, t), 1.39 (12H, s), 1.20–1.02 (20H, m),
0.83–0.79 (6H, t), 0.59–0.58 (4H, m).

4.6. Methyl-6-(6-(7-(9,9-dioctyl-9H-fluoren-2-yl)-9,90,90-
trioctyl-2,20-bi(9H-fluoren)-9-yl)hexyl)picolinate (5)

To a mixture of compound 3 (1.0 g, 1.49 mmol), compound 4
(0.85 g, 1.64 mmol), and tetrakis(triphenylphosphine) palladium
[Pd(PPh3)4] (86 mg) was added a degassed mixture of toluene
(20 mL), anhydrous ethanol (10 mL) and 2 M potassium carbonate
aqueous solution (10 mL). The mixture was refluxed for 24 h under
the protection of nitrogen. After cooled, the mixture was poured
into water (200 mL). It was extracted with DCM (3�20 mL) and the
combined organic layer was dried over anhydrous magnesium
sulfate. The solvent was removed by rotary evaporation and
the residue was passed through a flash silica gel column with PE–EA
(v/v, 25:1) as the eluent to give an oil product. (1.16 g, yield 61.0%).
1H NMR (CDCl3, 400 MHz), d (ppm): 7.86–7.76 (6H, m), 7.71–7.6
(10H, m), 7.41–7.34 (6H, m), 6.85–6.83 (1H, d, J¼7.98 Hz), 4.32–4.28
(2H, t), 3.95 (3H, s), 2.08–2.05 (12H, t),1.29–1.11 (56H, m), 0.86–0.82
(15H, t), 0.76–0.75 (12H, m).

4.7. 6-(6-(7-(9,9-Dioctyl-9H-fluoren-2-yl)-9,90,90-trioctyl-2,20-
bi(9H-fluoren)-9-yl)hex-yl) picolinic acid (Tfl-picH)

A mixture of compound 5 (1.0 g, 0.78 mmol), NaOH (50%, 5 mL),
anhydrous ethanol (5 mL), THF (10 mL) was stirred vigorously for
2 h at 60 �C, then for another 24 h at room temperature. The mix-
ture was poured into water and extracted with DCM and the
combined organic layer was dried over anhydrous magnesium
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sulfate. The solvent was removed by rotary evaporation and gain
Tfl-picH (0.93 g, 95.0%) as a white solid. 1H NMR (CDCl3, 400 MHz),
d (ppm): 7.86–7.76 (6H, m), 7.71–7.6 (10H, m), 7.41–7.34 (6H, m),
6.85–6.83 (1H, d, J¼7.98 Hz), 4.32–4.28 (2H, t), 2.08–2.05 (12H, t),
1.29–1.11 (56H, m), 0.86–0.82 (15H, t), 0.76–0.75 (12H, m).

4.8. Synthesis of (Piq)2Ir(Tfl-pic)

To a mixture of IrCl3$3H2O (0.3 g, 0.85 mmol) and water (5 mL)
was added 1-phenylisoquinoline (0.5 g, 2.44 mmol) and 2-ethoxy-
ethanol (15 mL). The mixture was refluxed under inert gas atmo-
sphere for 20 h. After cooled, the colored precipitate was filtered off
and was washed with water, followed by hexane. Then gain a red
solid (0.42 g, 78.0%). A mixture of [(C^N)2IrCl]2 dimmers (0.2 g,
0.16 mmol), compound Tfl-picH (0.5 g, 0.4 mmol), and
85–90 mg of sodium carbonate were refluxed under inert gas at-
mosphere in 2-ethoxyethanol for 12–15 h. After cooling to room
temperature, extracted with DCM and the combined organic layer
was dried over anhydrous magnesium sulfate. The crude product
was purified by dry flash silica gel column with DCM to gain the
goal product (0.28 g, 53.0%) as a red solid. 1H NMR (CDCl3,
400 MHz), d (ppm): 8.95–8.92 (1H, d, J¼8.4 Hz), 8.82–8.80 (1H, d,
J¼9.52 Hz), 8.62–8.60 (1H, d, J¼6.4 Hz), 8.12–8.10 (1H, d, J¼7.6 Hz),
8.04–8.03 (1H, d, J¼7.2 Hz), 7.94–7.92 (1H, d, J¼7.2 Hz), 7.83–7.57
(23H, m), 7.36–7.34 (6H, d, J¼7.2 Hz), 7.15–7.14 (1H, d, J¼6.4 Hz),
6.89–6.86 (1H, t), 6.66–6.61 (2H, t), 6.58–6.56 (1H, d, J¼8.0 Hz),
6.46–6.42 (1H, t), 6.3–6.28 (1H, d, J¼8.0 Hz), 6.17–6.15 (1H, d,
J¼7.2 Hz), 4.27–4.26 (2H, t), 2.07–2.0 (12H, t), 1.26–1.06 (56H, m),
0.81–0.68 (27H, m). Anal. Calcd for C121H140IrN3O3: C 77.44, H 7.52,
N 2.24. Found: C 78.94, H 7.60, N 2.34%. TOF-MS (MþNaþ): 1890.

4.9. Synthesis of and (Piq)2Ir(Brfl-pic)

It was prepared according to the synthetic procedure of
(Piq)2Ir(Tfl-pic). A red solid was obtained with a yield of 56.0%. 1H
NMR (CDCl3, 400 MHz), 8.97–8.95 (1H, m), 8.86–8.84 (1H, d,
J¼9.6 Hz), 8.64–8.62 (1H, d, J¼6.4 Hz), 8.14–8.12 (1H, d, J¼8.4 Hz),
8.10–8.08 (1H, d, J¼7.6 Hz), 7.97–7.95 (1H, d, J¼7.6 Hz), 7.84–7.77
(3H, m), 7.72–7.60 (6H, m), 7.53–7.50 (2H, m), 7.46–7.42 (4H, m),
7.37–7.36 (1H, d, J¼6.4 Hz), 7.20–7.18 (1H, d, J¼6.4 Hz), 6.91–6.81
(1H, t), 6.70–6.62 (3H, m), 6.48–6.44 (1H, t), 6.33–6.31 (1H, d,
J¼7.6 Hz), 6.18–6.16 (1H, d, J¼7.6 Hz), 4.28–4.25 (2H, t), 1.94–1.89
(4H, m), 1.62–1.57 (2H, m), 1.25–1.04 (14H, m), 0.84–0.81 (3H, t),
0.59–0.58 (4H, m). Anal. Calcd. For C62H56Br2IrN3O3: C 59.90, H
4.54, N 3.38. Found: C 60.73, H 4.94, N 3.30%.
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