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A series of solution processible blue-emitting Ir dendrimers with N-phenylcarbazole 

based polyether dendrons have been developed via a convenient post-dendronization 

procedure. It involves the successful preparation of m-HO-dfppyIr with the reactive 

hydroxyl group at the meta position so as to eliminate the possible resonance structure 

between enol and keto, followed by the subsequent dendronization. Compared with 

the previously used method, this strategy is more effective for the synthesis of 

multifunctional Ir dendrimers since it can be easily extended to different cores and 

periphery dendrons. 

 

Page 1 of 9 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ► 

ARTICLE TYPE 
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Synthesis and Properties of Greenish-Blue-Emitting Iridium 
Dendrimers with N-phenylcarbazole-Based Polyether Dendrons by A 
Post-Dendronization Route 
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Fosong Wang a 5 
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Abstract: A series of solution processible greenish-blue-emitting Ir dendrimers with polyether dendrons 
that consist of N-phenylcarbazole (NPC) have been developed via a convenient post-dendronization 
method. It involves two steps: i) the successful preparation of a reactive Ir core, namely m-HO-dfppyIr, 10 

only when the hydroxyl group locates at the meta position relative to N atom in the C^N ligand so as to 
eliminate the possible resonance structure between enol and keto; and ii) the subsequent functionalization 
with NPC-based polyether dendrons to afford the first, second and third generation Ir dendrimers (Ir-
G1B, Ir-G2B and Ir-G3B) with ease and high yields over 60%. All these dendritic complexes possess 
good thermal stabilty with decomposition temperatures higher than 380 oC and glass transition 15 

temperatures higher than 200 oC. In addition, with the growing generation number, the intermolecular 
interactions between emissive Ir cores are expected to be effectively inhibited to avoid the luminescence 
quenching, which is confirmed by the blue-shifted emission peak and enhanced lifetime of Ir-G3B in 
solid states. As a result, on going from Ir-G1B to Ir-G3B, the maximum luminous efficiency moves 
upward from 4.7 to 9.2 cd/A for nondoped electrophosphorescent devices. Further optimization by doping 20 

them into a dendritic H2 host leads to the improved luminous efficiencies as high as 20.0-25.2 cd/A. 

Introduction 
Phosphorescent organic light-emitting diodes (PhOLEDs) with 

transition metal-containing materials, especially iridium (Ir) 
complexes, have attracted extensive attention owing to their 25 

capability to harvest both singlet and triplet excitons to realize a 
theoretical internal quantum efficiency of 100%.1-7 In a 
traditional fabrication process of PhOLEDs, Ir complexes 
together with suitable host matrixes are often deposited thermally 
to form uniform emissive layers.8-13 This technology is high-cost 30 

including considerable waste of functional materials, and heavy 
time and energy consumption. Therefore, it is desirable to 
develop Ir complexes suitable for low-cost solution processes, 
such as inkjet printing and spin-coating. To obtain this object, one 
promising approach is physically or chemically doping an Ir 35 

complex into a polymeric host.14-18 However, the multidispersed 
structure and batch-to-batch variation, characteristic of a polymer 
system, inevitably lead to unsatisfactory device performance 
compared with vacuum-deposited PhOLEDs. 

Phosphorescent dendrimers that consist of an emissive Ir core 40 

encapsulated by periphery dendrons have emerged as an 
alternative to solution processable triplet emitters since they 
combine the well-defined structure of small molecules with good 
solution processibility of polymers.19-21 According to the nature 
of dendrons, generally, the dendritic Ir complexes can be 45 

categorized into two classes: those that contain electrically 
insulating dendrons (phenylene,22-24 Fréchet25 and Müllen 
dendrons26 etc.), and those that contain electroactive dendrons 
(triphenylamine27-30 and carbazole dendrons31-34 etc.) to improve 
charge injection and transport capacities.35 We note that most of 50 

them are synthesized by a pre-dendronization method, which 
involves the preparation of dendronized ligands followed by 
subsequent coordination with Ir salts (Fig. 1). This route is not 
compatible with large dendrons due to their poor solubility in 
widely-used polar solvent system (glycerol and diglymer etc.), 55 

resulting in incomplete complexation and low yield31. Moreover, 
the degree of freedom seems to be very low when the dendron 
and core are modified to construct different Ir dendrimers with 
various optoelectronic properties. 

In this work, we report a post-dendronization strategy for the 60 

convenient synthesis of solution processible greenish-blue-
emitting Ir dendrimers with polyether dendrons made of N-
phenylcarbazole (NPC). As outlined in Scheme 1, two steps are 
involved: 1) A reactive Ir core with three hydroxy groups, namely 
m-HO-dfppyIr other than p-HO-dfppyIr, is firstly synthesized for 65 

the possible existed resonance structure between enol and keto 
induced by the hydroxyl position has a great effect on the 
complexation; 2) m-HO-dfppyIr is then readily combined with 
the NPC-based polyether dendrons36 to afford the first, second 
and third generation Ir dendrimers (Ir-G1B, Ir-G2B and Ir-G3B)  70 
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Fig. 1 Two methods for the preparation of Ir-cored dendrimers. 
in high yields over 60%. With these easily-obtained Ir dendrimers 
in hand, their photophysical, electrochemical and 
electroluminescent (EL) properties are investigated in detail. 5 

 

Results and discussion 

Synthesis and characterization 

Different from pre-dendronization, a post-dendronization 
procedure involves the preparation of an emissive Ir core 10 

functionalized with reactive groups, which subsequently reacts 
with the periphery dendron to give the final dendritic complex 
(Fig. 1). Obviously, the success of this method is dependent on 
the first step. So we at first tried to prepare p-HO-dfppyIr with 
three hydroxyl groups at the para position relative to N atom, but 15 

failed (Scheme 1). The failure could be reasonably ascribed to the 
possible resonance structure between enol and keto, which would 
further weaken the coordination ability of N atom in the C^N 
ligand. To eliminate this negative effect, we then tuned the 
position of hydroxyl group from para to meta, and successfully 20 

obtained the desired intermediate m-HO-dfppyIr with three 
hydroxyl groups at the meta position relative to N atom. 
Noticeably, the direct product of m-HO-dfppyIr, synthesized via 
a modified two-step reaction, has a dominant meridional 
configuration showing three sets of 1H NMR signals (Fig. 2). 25 

Under exposure to a 125 W UV light, it could be completely 
converted to the facial isomer with only one set of signals37. In 
addition, the existed sharp peak at about 10.39 ppm is an 
indicator of the reactive hydroxyl groups. 

Together with the NPC-based polyether dendrons that have the 30 

advantages of the ease of synthesis and electroactive function36, 
finally, m-HO-dfppyIr was post-dendronized to produce a series 
of solution processible greenish-blue-emitting Ir dendrimers Ir-
G1B, Ir-G2B and Ir-G3B in high yields of 60-70%. After the 
completion of the reaction, the 10.39 ppm signal corresponding to 35 

the hydroxyl group is found to vanish, and a singlet characteristic 
peak of the NPC moiety in the periphery dendrons appears at 8.11 
ppm (Fig. 2). Moreover, the resultant Ir dendrimers display only 
one simple set of signals in their 1H NMR spectra as the facial 
isomer m-HO-dfppyIr does, indicating that the configuration of 40 

the complex is not influenced by the post-dendronization. The 
chemical structures of all the dendrimers were further confirmed 
by 19F NMR spectroscopy, elemental 

 
Scheme 1. Synthesis of greenish-blue-emitting Ir-cored dendrimers. 45 

Reagents and conditions: (i) Pd(PPh3)4, Na2CO3(aq), THF, 70 oC; (ii) 
Iridium(III) chloride trihydrate, water, 2-methoxyethanol, reflux; (iii) 
silver trifluoroacetate, HO-dfppy, 2-ethoxyethanol, reflux; (iv) 125 W 
UV light, methanol; (v) Dn-Br (n = 1, 2 and 3), Cs2CO3, DMF, 100 oC. 

analysis, and matrix-assisted laser desorption-ionization time-of-50 

flight (MALDI-TOF) mass spectrometry. 

 
Fig. 2 The part of 1H NMR spectra of m-HO-dfppyIr and its 
corresponding Ir dendrimers. 

Thermal Properties 55 

The thermal properties of the dendrimers Ir-G1B, Ir-G2B and 
Ir-G3B were investigated by thermogravimetric analysis (TGA) 
and differential scanning calorimetry (DSC) at a scanning rate of 
10 oC min-1 under nitrogen atmosphere. As shown in Fig. 3a, all 
the dendrimers are thermally stable with decomposition 60 

temperatures (Td: at a 5% weight loss) higher than 380 oC. They 
also show high glass transition temperatures (Tg) above 200 oC 
(Fig. 3b). For example, Ir-G1B exhibits a Tg of 221 oC, and it is 
slightly increased to 242 oC for Ir-G3B with the growing 
generation. The high Tgs allow their films formed by spin-coating 65 

to be morphologically stable, which is favorable for the long-term 
reliability of the devices. 
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Fig. 3 TGA (a) and DSC curves (b) for Ir dendrimers. 

Photophysical and electrochemical properties 

The UV–vis absorption spectra in CH2Cl2 and 5 

photoluminescence (PL) spectra in toluene of the dendrimers are 
shown in Fig. 4a, and the data are tabulated in Table 1. The 
strong absorption bands below 380 nm are attributed to the spin-
allowed π-π* transitions of the C^N ligand 2-(2,4-difluorophenyl)-
pyridine as well as polyether dendrons containing NPC moieties. 10 

As the number of NPC increases, the intensity of the 
characteristic bands at 298/310/347/370 nm increases gradually, 
which is consistent with our previous report36. Meanwhile, the 
weak bands in the range of 380-460 nm are assigned to the metal-
to-ligand charge-transfer (MLCT) transitions of the emissive Ir 15 

core m-HO-dfppyIr. 
As one can see from Fig. 4a, the PL spectra of the dendrimers 

in solutions remain nearly unchanged since they all show well-
resolved emissions from the Ir core with peaks at 483 nm and 
shoulders at 500 nm. On going from solutions to solid states, the 20 

emission maxima move towards a longer wavelength from 483 
nm to 507-513 nm, indicative of aggregation to some degree. The 
observed red-shifts are 30, 27 and 24 nm for Ir-G1B, Ir-G2B and 
Ir-G3B, respectively. With the growing generation, the  

 25 

 
Fig. 4 UV-vis absorption and PL spectra in solutions (a), and PL spectra 
in thin films (b) for Ir dendrimers. 

diminished bathochromic effect implies that the intermolecular 
interactions between emissive Ir cores can be prevented because 30 

of the encapsulation from dendrons. In fact, when the periphery 
dendrons become larger, the emissive Ir cores could be isolated 
more and more effectively, thereby avoiding the quenching of the 

 
Fig. 5 The decay of the PL intensity for Ir dendrimers in films measured 35 

under argon atmosphere (λex = 355 nm). 
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Table 1. Photophysical, electrochemical, and thermal properties of Ir dendrimers. 

 λabs (log ε) a 
[nm] 

λem b 
[nm] 

λem c 
[nm] ΦP 

d τ c 
[μs] 

ΔEg e 
[eV] 

HOMO/LUMO f 
[eV] 

Td 
[oC] 

Tg 
[oC] 

Ir-G1B 298 (5.2), 347 (4.7), 388 (3.6), 
432 (3.0), 460 (2.1) 483, 500 513 0.41 0.64 2.64 -5.47/-2.83 389 221 

Ir-G2B 298 (5.6), 310 (5.4), 347 (4.9), 369 
(4.5), 388 (3.8), 431 (3.2), 460 (2.2) 483, 500 510 0.50 1.25 2.64 -5.34/-2.70 412 230 

Ir-G3B 298 (5.9), 309 (5.7), 347 (5.2), 370 
(4.9), 390 (4.1), 432 (3.2), 460 (2.2) 483, 500 507 0.46 1.56 2.64 -5.32/-2.68 432 242 

a Measured in CH2Cl2 at 298 K at a concentration of 10-6 M. ε is the absorption coefficient in the Lambert–Beer equation; b Measured in toluene at 298 K 
at a concentration of 10-5 M; c Measured in thin films at 298 K; d Measured in degassed toluene relative to fac-Ir(ppy)3(Φ = 0.40); e ΔEg: the optical band 
gap estimated from the onset of the absorption edge; f HOMO = -e [Eox + 4.8 V], LUMO = HOMO +ΔEg, where Eox is taken from the onset of the 
oxidation potential. 5 

 
Fig. 6 CV curves of Ir dendrimers. 

luminescence. To further confirm this, the film transient PL 
spectra of the dendrimers were measured. As depicted in Fig. 5, 
Ir-G3B with the third generation dendron decays much slower 10 

than Ir-G1B and Ir-G2B. And the average lifetime, estimated 
from a biexponential fit of emission decay curve, is up from 0.64 
μs of Ir-G1B to 1.25 μs of Ir-G2B and 1.56 μs of Ir-G3B. 

Cyclic voltammetry (CV) was used to characterize the 
electrochemical properties of the dendrimers. They all display 15 

multiple oxidation behavior coming from both the Ir core and 
NPC-based polyether dendrons (Fig. 6). As for Ir-G1B, the first 
oxidation located at 0.67 eV can be assigned to m-HO-dfppyIr, 
while the second one (0.72 eV) originates from the outer NPC 
capped with tert-butly groups. Apart from them, a novel 20 

oxidation process appears at a more negative potential of 0.54 eV 
for Ir-G2B and Ir-G3B, which is from the inner NPC with 
alkyloxy substituents36. According to the onset of the first 
oxidation potential, the highest occupied molecular orbital 
(HOMO) energy levels are calculated to be -5.47 eV, -5.34 eV 25 

and -5.32 eV for Ir-G1B, Ir-G2B and Ir-G3B, respectively. 
Compared with Ir-G1B, the elevated HOMO levels of Ir-G2B 
and Ir-G3B are expected to reduce the hole injection barrier, and 
thus improve the device performance. 

Electroluminescent properties 30 

To evaluate the dendrimers as the potential solution processible 
phosphors, nondoped PhOLEDs with a configuration of 
ITO/PEDOT:PSS (50 nm)/dendrimer (45 nm)/DPSF (50 nm)/LiF 
(0.5 nm)/Al (100 nm) were firstly fabricated (Fig. 7). In this case, 
DPSF (2,7-bis(diphenylphosphoryl)-9,9’-spirobifluorene) was 35 

used as the electron-transporting and hole-blocking material38. 
The corresponding EL spectra at a driving voltage of 8 V are 
illuminated in Fig. 8. All the dendrimers emit strong 
electrophosphorescence from the Ir core, whose profiles seem to 
be different from the PL counterparts in solid states (Fig. 4b). 40 

This is probably attributed to different excitation environment 
and microcavity effect in OLEDs.39-40 From Ir-G1B to Ir-G3B, a 
4 nm hypsochromic shift is observed for their emission maxima 
associated with a weakened shoulder at about 500 nm. As a 
result, the Commission International de L’Eclairege (CIE 1931) 45 

coordinates are blue-shifted from (0.23, 0.46) of Ir-G1B to (0.25,  

 
Fig. 7 Schematic diagram of EL device configuration, the molecular 
structure and energy levels of the relevant materials used in the device. 
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Fig. 8 EL spectra of Ir dendrimers at a driving voltage of 8 V. 

0.35) of Ir-G3B. The CIE variation again suggests the inhibited 
intermolecular interactions in Ir-G3B. 

Fig. 9 shows the current density-voltage-brightness 5 

characteristics as well as the luminous efficiency and external 
quantum efficiency (EQE) as a function of current density. The 
turn-on voltage of Ir-G1B is 4.6 V, which is gradually decreased 
to 4.2 and 3.9 V for Ir-G2B and Ir-G3B, respectively. As 
discussed above, this observation can be explained by the smaller 10 

hole injection barrier of Ir-G2B and Ir-G3B relative to Ir-G1B. 
In addition, the maximum luminous efficiency and EQE are 
enhanced from 4.7 cd/A and 1.8% of Ir-G1B to 9.2 cd/A and 
3.8% of Ir-G3B, respectively. The obtained improvement is 
mainly due to the reduced luminescence quenching induced by 15 

the effective isolation from the dendritic wedge. We note that 
these values are still lower than that of a previously-reported 
blue-emitting dendrimer B-G2 with a similar structure.35 The 
different linking position between Ir core and dendrons, which 
would affect the encapsulation density and photophysical 20 

property, may contribute to the poor nondoped device 
performance.41-42 The related investigation as well as the effort to 
directly synthesize p-HO-dfppyIr and its corresponding Ir 
dendrimers is under way. 

The device performance of the dendrimers can be further 25 

optimized by dispersing them into a dendritic host H2. The 
optimal doping concentration is 20 wt% for Ir-G1B and 40 wt% 
for Ir-G2B and Ir-G3B. As can be clearly seen from Fig. 9 and 
Table 2, the turn-on volgtages of doped devices lower down to  
3.4-4.0 eV, and their luminous efficiencies rise up to 20.0-25.2 30 

cd/A, which is about 2-5 times higher than that of nondoped 
devices. Different from nondoped ones, it should be noted that, 
the luminous efficiency of doped devices monotonically 

decreases with the increasing generation. We propose that the 
concentration quenching in a doped device is not the critical 35 

factor to determine the device performance any longer. Actually, 
the large intercore distance in a high generation Ir dendrimer 
would deteriorate charge transport and recombination of the 
emissive layer. Therefore, Ir-G1B with the smallest dendrons 
delivers the best doped device performance among Ir-G1B ~ Ir-40 

G3B. 

 

Fig. 9 The current density and brightness versus voltage (a), as well as 
luminous efficiency and EQE versus current density characteristics (b) of 45 

nondoped and doped electrophosphorescent devices for Ir dendrimers. 

Table 2. Device performance of Ir dendrimers. 

 Von a 
[V] 

L max 
b 

[cd/m2] 
ηext, max 

c 

[%] 
ηc, max 

d 

[cd/A] 
ηp, max 

e 

[lm/W] 
CIE f 
(x, y) 

Ir-G1B 4.6 420 1.8 4.7 3.0 (0.23, 0.46) 
Ir-G2B 4.2 298 2.5 5.9 4.3 (0.24, 0.41) 
Ir-G3B 3.9 221 3.8 9.2 6.9 (0.25, 0.35) 

Ir-G1B (20 wt %) 3.4 1388 9.7 25.2 23.3 (0.20, 0.46) 
Ir-G2B (40 wt %) 3.4 851 9.7 24.9 21.4 (0.20, 0.46) 
Ir-G3B (40 wt %) 4.0 783 8.2 20.0 15.7 (0.20, 0.43) 

a At a brightness of 1 cd/m2; b Maximum brightness; c Maximum external quantum efficiency; d Maximum current efficiency; e Maximum power 
efficiency; f Data measured at a driving voltage of 8 V
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Conclusions 
In conclusion, a convenient post-dendronization method has 

been demonstrated for the development of solution processible 
greenish-blue-emitting Ir dendrimers with polyether dendrons 
made of NPC. Since the possible existed resonance structure 5 

between enol and keto that is induced by the hydroxyl position 
has a great effect on the coordination reaction, m-HO-dfppyIr 
with three reactive hydroxyl groups at meta position relative to N 
atom is successfully synthesized, which is then attached to NPC-
containing polyether dendrons to afford Ir dendrimers with the 10 

first, second and third generation (Ir-G1B, Ir-G2B and Ir-G3B) 
in high yields over 60%. They all show not only good thermal 
stability with high decomposition (> 380 oC) and glass transition 
temperatures (> 200 oC), but also strong phosphorescence from 
emissive Ir core with promising luminous efficiencies up to 20.0-15 

25.2 cd/A. Owing to the compatibility with the structural 
modification, we believe that, this post-dendronization procedure 
would be easily extended to other emission colors by tailoring the 
central core and dendritic wedge. 

Experimental 20 

General information 

All chemicals and reagents were used as received from 
commercial sources without further purification. Solvents for 
chemical synthesis were purified according to the standard 
procedures. Dn-Br (n = 1, 2 and 3) were prepared according to 25 

our previous work.36 Poly(3,4-ethylenedioxythiophene): 
Poly(styrenesulfonate) (PEDOT:PSS) was obtained from H. C. 
Starck Baytron. DPSF was prepared in our lab following a 
literature method.38 1H and 19F NMR spectra were recorded with 
Bruker Avance NMR spectrometers. Elemental analysis was 30 

performed using a Bio-Rad elemental analysis system. MALDI-
TOF mass spectra were performed on an AXIMA CFR MS 
apparatus (COMPACT) using 2-[(2E)-3-(4-tert-butylphenyl)-2-
methylprop-2-enylide-ne] malononitrile (DCTB) as the matrix. 

Photophysical characterization 35 

The UV/Vis absorption and photoluminescence spectra were 
measured by a Perkin–Elmer Lambda 35 UV/Vis spectrometer 
and a Perkin–Elmer LS 50B spectrofluorometer, respectively. 
Solution spectra were recorded in dichloromethane for UV/Vis 
absorption with a concentration of 10-6 M and toluene for 40 

photoluminescence with a concentration of 10-5 M. Thin films on 
quartz for spectroscopic measurements were prepared by drop-
coating. All the above experiments and measurements were 
carried out at room temperature under ambient conditions. 
Solution PL quantum efficiency was measured in Ar-saturated 45 

toluene by a relative method using fac-Ir(ppy)3 (Φp = 0.40 in 
toluene) as the standard.26 The lifetimes of phosphorescence from 
the samples were measured in Ar atmosphere by exciting the 
samples with 355 nm light pulses with ca. 3 ns pulse width from a 

Quanty-Ray DCR-2 pulsed Nd:YAG laser. The lifetimes 50 

measured in solid films were obtained by a biexponential fit of 
emission decay curves, and average lifetimes could be calculated 
according to the equation: τav = (A1τ12 + A2τ22)/( A1τ1 + A2τ2). 

Cyclic voltammetry 

All measurements were carried out in dichloromethane with a 55 

conventional three-electrode system consisting of a platinum 
working electrode, a platinum counter electrode, and an Ag/AgCl 
reference electrode. The supporting electrolyte was 0.1 M 
tetrabutylammonium perchlorate (n-Bu4NClO4). All potentials 
were calibrated against the ferrocene/ferrocenium couple 60 

(Fc/Fc+). The HOMO levels were calculated according to the 
equation HOMO = -e [Eox + 4.8 V], where Eox was the initial 
oxidation peak value,28 and the LUMO levels were calculated 
according to the equation LUMO = HOMO + ΔEg, where ΔEg is 
the optical band gap estimated from the onset of the absorption 65 

spectrum.33 

Device fabrication and testing 

To fabricate OLEDs, a 50-nm-thick PEDOT:PSS film was first 
deposited on the pre-cleaned ITO-glass substrates (20 Ω per 
square) and subsequently baked at 120 oC for 40 min. Then, 70 

solutions of the dendrimers or mixture of dendrimers and H2 in 
chlorobenzene with a concentration of 10 mg/ml were spin-
coated onto PEDOT:PSS at a speed of 1200 r/min as the emissive 
layer (EML). The thickness of the EML was about 45 nm. 
Successively, a 50-nm-thick film of DPSF was thermally 75 

evaporated on top of the EML at a base pressure less than 10-6 
Torr (1 Torr = 133.32 Pa). Finally, 0.5 nm LiF and 100 nm Al 
were deposited as the cathode through a shadow mask with an 
array of 14 mm2 openings. The EL spectra and CIE coordinates 
were measured using a PR650 spectra colorimeter. The current-80 

voltage and brightness-voltage curves of devices were measured 
using a Keithley 2400/2000 source meter and a calibrated silicon 
photodiode. All the measurements were carried out at room 
temperature under ambient conditions. 

Synthesis of 2-(2’,4’-difluorophenyl)-5-hydroxypyridine (HO-85 

dfppy) 

A mixture of 2-bromo-5-hydroxypyridine (3.5 g, 20.0 mmol), 
2,4-difluorophenylboronic acid (5.1 g, 32.0 mmol), Pd(PPh3)4 
(693 mg, 0.6 mmol) in 50 mL THF and 30 mL 2 M Na2CO3 
aqueous solution was heated at 70 oC for 12 h under argon. The 90 

mixture was extracted with CH2Cl2 and dried over anhydrous 
Na2SO4. The product was purified by column chromatography on 
silica gel using ethyl acetate: petroleum ether = 1:5 as eluent to 
give a white solid. Yield: 96%. 1H NMR (400 MHz, d6-DMSO) 
[ppm]: δ 10.18 (s, 1H), 8.26 (d, J = 2.8 Hz, 1H), 7.92 (dt, J = 9.0, 95 

9.0, 7.1 Hz, 1H), 7.61 (dd, J = 8.6, 1.9 Hz, 1H), 7.34 (ddd, J = 
11.7, 9.4, 2.5 Hz, 1H), 7.27 (dd, J = 8.6, 2.9 Hz, 1H), 7.18 (dt, J = 
8.5, 8.5, 2.3 Hz, 1H). 

Synthesis of m-HO-dfppyIr 
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IrCl3•3H2O (1.8 g, 5.0 mmol) and HO-dfppy (2.2 g, 10.5 mmol) 
were added in a 160 mL mixture of 2-methoxyethanol (120 mL) 
and water (40 mL). The mixture was refluxed for 24 h and then 
poured into water. The solid was collected by filtration and dried 
in vacuum to give crude chloro-bridged dimer complex. Without 5 

further purification, the dimer was added in a mixture of silver 
trifluoroacetate (1.2 g, 5.5 mmol), HO-dfppy (1.3 g, 6.3 mmol), 
2-ethoxyethanol (100 mL). After heated at reflux for 24 h, the 
mixture was poured into water, filtered, washed with water and 
dried in vacuum. The mer-isomer product was obtained by 10 

chromatography on silica gel using CH2Cl2: ethyl acetate = 15:1 
as eluent and then transformed into fac-isomer product in 
methanol using a 125 W UV lamp for 8 h. Finally, the pure fac-
isomer product was obtained by chromatography on silica gel 
using CH2Cl2: ethyl acetate = 1:1 as eluent in a total yield of 15 

25%. 1H NMR (400 MHz, d6-DMSO) [ppm]: δ 10.39 (s, 3H), 
8.09 (d, J = 10.1 Hz, 3H), 7.38 (dd, J = 8.9, 2.5 Hz, 3H), 7.11 (d, 
J = 2.6 Hz, 3H), 6.78-6.46 (m, 3H), 5.98 (dd, J = 9.1, 2.4 Hz, 3H). 
19F NMR (376 MHz, d6-DMSO, δ (vs. fluorobenzene)): 1.6 (d, J 
= 8.3 Hz, 3F), 0.1 (d, J = 8.2 Hz, 3F). MALDI-TOF MS: calcd for 20 

C33H18F6IrN3O3: 811.1 found: 811.1 [M+]. Anal. calcd for 
C33H18F6IrN3O3: C 48.89, H 2.24, N 5.18 Found: C 49.00, H 
2.32, N 5.10.  

General procedure for the synthesis of Ir-GnB 

To a solution of m-HO-dfppyIr (1 equiv) and Cs2CO3 (3.3 25 

equiv) in DMF (5 mL) were added Dn-Br (3.3 equiv) (The 
concentration of mixture is 100 mg/mL). After heated at 100 oC 
for 12 h, the mixture was poured into water, extracted with 
dichloromethane. The organic layer was carefully washed with 
water and dried with Na2SO4. The crude product was purified by 30 

chromatography on silica gel using petroleum ether: CH2Cl2 = 
3:1 as eluent. 
Ir-G1B: Yield: 70%. 1H NMR (400 MHz, CDCl3) [ppm]: δ 8.28 
(d, J = 9.7 Hz, 3H), 8.10 (s, 6H), 7.37-7.29 (m, 15H), 7.19-7.11 
(m, 15H), 6.43-6.38 (m, 3H), 6.19 (d, J = 9.1 Hz, 3H), 4.77 (s, 35 

6H), 1.41 (s, 54H). 19F NMR (376 MHz, CDCl3, δ (vs. 
fluorobenzene)): 3.17 (d, J = 8.9 Hz, 3F), 0.43 (d, J = 8.6 Hz, 3F). 
MALDI-TOF MS: calcd for C114H105F6IrN6O3: 1913.3 found: 
1913.3 [M+]. Anal. calcd for C114H105F6IrN6O3: C, 71.56; H, 5.53; 
N, 4.39. Found: C, 71.47; H, 5.71; N, 4.30. 40 

Ir-G2B: Yield: 65%. 1H NMR (400 MHz, CDCl3) [ppm]: δ 8.32 
(d, J = 11.6 Hz, 3H), 8.11 (br, 12H), 7.67 (br, 6H), 7.60-7.57 (m, 
12H), 7.52-7.49 (m, 12H), 7.40-7.37 (m, 15H), 7.29-7.27 (m, 
18H), 7.20-7.18 (m, 9H), 7.14 (d, J = 8.9 Hz, 6H), 7.07 (d, J = 
9.0 Hz, 6H), 6.54-6.31 (m, 3H), 6.21 (d, J = 8.5 Hz, 3H), 5.16 (s, 45 

12H), 4.81 (s, 6H), 1.42 (s, 108H). 19F NMR (376 MHz, CDCl3, δ 
(vs. fluorobenzene)): 3.42 (d, J = 9.1 Hz, 3F), 0.55 (d, J = 8.9 Hz, 
3F). MALDI-TOF MS: calcd for C252H231F6IrN12O9: 3877.8 
found: 3877.8 [M+]. Anal. calcd for C252H231F6IrN12O9: C, 78.05; 
H, 6.00; N, 4.33. Found: C, 77.81; H, 6.10; N, 4.30. 50 

Ir-G3B: Yield: 60%. 1H NMR (400 MHz, CDCl3) [ppm]: δ 8.32 
(d, J = 11.4 Hz, 3H), 8.11 (br, 24H), 7.67 (br, 24H), 7.63-7.46 
(m, 72H), 7.41-7.38 (m, 27H), 7.31-7.28 (m, 33H), 7.24-7.21 (m, 
6H), 7.16-7.13 (m, 9H), 7.10-7.03 (m, 21H), 6.45-6.39 (m, 3H), 
6.20 (d, J = 8.8 Hz, 3H), 5.30-5.28 (m, 6H), 5.5.17-5.10 (m, 55 

36H), 1.42 (m, 216H). 19F NMR (376 MHz, CDCl3, δ (vs. 
fluorobenzene)): 3.51 (d, J = 9.2 Hz, 3F), 0.67 (d, J = 8.8 Hz, 3F). 
MALDI-TOF MS: calcd for C528H483F6IrN24O21: 7806.8 found: 

7806.8 [M+]. Anal. calcd for C528H483F6IrN24O21: C, 81.23; H, 
6.24; N, 4.31. Found: C, 81.20; H, 6.30; N, 4.28. 60 
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