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Solution processible imidiazole-based Ir dendrimers with oligocarbazole have
been demonstrated for nondoped PhOLEDS, revealing a maximum current efficiency

of 35.7 cd/A accompanied by asmall efficiency roll-off at high luminance.
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Abstract

By introducingt-butyl- or methoxyl-containing oligocarbazole inttee periphery of
tris(mesityl-2-phenyl-1H-imidazole)iridium(lIl) [(mpim)], two novel
imidazole-based Ir dendrimeiBu-D2-Ir(mpim); and MeO-D2-Ir(mpimy) have been
designed and synthesized through a convenientderstronization route. Due to the
effective encapsulation, the intermolecular inteoms and thus luminescence
guenching in solid states is found to be graduabuced following a sequence of
Ir(mpim); > MeO-D2-Ir(mpim} > 'Bu-D2-Ir(mpim)}. Compared with the bare
Ir(mpim); core (Pp. = 0.38 and = 0.26 us), accordingly, the film photoluminesa=nc
guantum vyield and excited state lifetime are impmbwo 0.54 and 0.39 us for
MeO-D2-Ir(mpim} and 0.88 and 1.09 ps fdBu-D2-Ir(mpimk. When these
developed Ir dendrimers are adopted as the emiktiyer alone'Bu-D2-Ir(mpim)
achieves an excellent nondoped device performameealing a maximum current
efficiency as high as 35.7 cd/A (13.2%, 37.4 Im/t@pether with Commission
Internationale del_Eclairage coordinates of (0245). Even at a high luminance of
1000, 5000 and 10000 cdfimit still remains to be 27.8, 24.7 and 21.8 cd/A,
respectively, indicative of the gentle efficiencylltoff. The result clearly
demonstrates the great potential of imidazole-bdsendrimers used for efficient

nondoped phosphorescent organic light-emitting esod

Keywords. PhOLEDs; imidazole; Ir dendrimer; oligocarbazalendoped device



1. Introduction

Phosphorescent organic light-emitting diodes (PhD&E capable of wet
preparation have attracted much attention in recgrdrs due to their good
compability with low-cost, large-area and flexibflat-panel displays [1-4]. Besides
small molecules [5, 6] and polymers [7, 8], dendnisncontaining transition-metal
complexes are believed to be a promising clasdemtreluminescent materials for
solution processed PhOLEDs [9-16]. Such phospherdstendrimers have both the
well-defined structures of small molecules andekeellent solution processibility of
polymers. Most importantly, they can not only maint the inherent emissive
properties from cores, but also realize prohibitedrmolecular interactions to reduce
triplet-triplet annihilation (TTA) in neat films lbause of the characteristic shielding
effect [17, 18]. Therefore, they are able to beepehdently used as the emitting layer
(EML) to fabricate efficient nondoped devices withany additional host. In this
case, the tedious doping technology and potentias® segregation would be avoided
to enhance device performance including efficienidfgtime and reproducibility
[19-21].

Nowadays blue- [12-14, 22, 23], green- [16, 18, 224- yellow- [30] and
red-emitting [31, 32phosphorescent dendrimers with a self-host fedtare been
developed for high-performance nondoped PhOLED<r&vthe outer dendrons act
as the hosts and the inner core plays the sameasoldopant. For example, with
tris[2-(2,4-difluorophenyl)-pyridyl]iridium(Ill)  [k(dfppy)s] as the core and

oligocarbazole as the dendron, a self-host blueidrimer B-G2 was demonstrated



to reveal a continuous enhancement in the devitaesfcy with increasing doping
concentration [10]. And the corresponding nondogedice was achieved without
loss in efficiency, thus giving a state-of-art ered quantum efficiency (EQE) of 15.3%
(31.3 cd/A, 28.9 Im/W) and Commission Internatienatlel_Eclairage (CIE)
coordinates of (0.16, 0.29). Furthermore, solutmocessed white OLEDs were
realized by simply blending a yellow phosphor
(>iridium(lD[5-trifluoromethyl-2-(9,9-diethylfluoen-2-yl)pyridine])  [Ir(Flpy-Ck)3]
into B-G2 [33]. Unlike the traditional host-basedvites, the host-induced power
efficiency losses could be eliminated, leadingrioraproved power efficiency of 58.8
Im/W along with CIE coordinates of (0.44, 0.45).

Albeit the successes, the adopted core in B-G2istsnsf the electron-withdrawing
F atom, which is proved to be readily cleaved tor&mn the device lifetimes [34]. On
the other hand, imidazole-based Ir complexes inemd®s of F, such as
tris(mesityl-2-phenyl-1H-imidazole)iridium(lll) [(mpim)], turn out to be more
stable than the F-containing counterparts [35, B®&anwhile, they show red-shifted
emissions towards a greenish-blue region, suitkdsl¢he fabrication of low driving
voltage and power-efficient white OLEDs [37, 38]ithvVthese considerations, here
we further report imidazole-based Ir dendrimefBu-D2-Ir(mpim)} and
MeO-D2-Ir(mpim} by introducing different oligocarbazole dendronstoi the
periphery of Ir(mpimy via a nonconjugated linkage (Figure 1). On theisba$ a
nondoped device configuration, a promising curedfitiency as high as 35.7 cd/A

(13.2%, 37.4 Im/W) is obtained. Even at a high lamce of 1000, 5000 and 10000



cd/n?, it still remains to be 27.8, 24.7 and 21.8 cdidspectively, indicative of the

gentle efficiency roll-off.

2. Resultsand discussion
2.1 Synthesis and char acterization

A post-dendronization methaimilar to our previous work [16] is utilized fone
convenient synthesis of the imidazole-based Ir demats ‘Bu-D2-Ir(mpim) and
MeO-D2-Ir(mpim}. As depicted in Scheme 1, 4-bromo-2,6-dimethylaailwas
firstly amidated with benzoyl chloride to afford
N-(4-bromo-2,6-dimethylphenyl)benzamidg),( followed by a dehydro-cyclization.
The resultant 1-(4-bromo-2,6-dimethylphenyl)-2-pyietH-imidazole @) was then
converted to 1-(4-hydroxy-2,6-dimethylphenyl)-2-plielH-imidazole 4) after a
successive bromide-to methoxyl conversion and deytetton under BBy
Subsequently, through a modified two-step compleratthe key intermediate
HO-Ir(mpim); functionalized with three reactive hydroxyl grouwwss successfully
prepared in an acceptable yield of 38%. Finallghvhe alkyl bromide oligocarbazole
dendrons 'Bu-D2-C4-Br and MeO-D2-C4-Br) in hand, a Williamsoeaction was
performed to easily produce the desired dendrim®&s-D2-Ir(mpim)y and
MeO-D2-Ir(mpim} in a high yield of 83-87%. Their molecular struetsi were well
characterized usindH NMR, MALDI-TOF spectra and elemental analysisg(fe
S1-S5). The total number of resonances in‘theNMR spectra of HO-Ir(mpina)

'Bu-D2-Ir(mpim) and MeO-D2-Ir(mpimy are equal to the number of resonances in a



single C~N ligand, indicative of the inherent; Gymmetry and facial isomer.
Moreover, both'Bu-D2-Ir(mpimy and MeO-D2-Ir(mpimy are thermally stable,
whose decomposition temperatufg, (corresponding to a 5% weight loss) is detected

to be 409 and 384, respectively (Table 1 and Figure S6).

2.2 Electrochemical properties

The electrochemical properties ‘&u-D2-Ir(mpim) and MeO-D2-Ir(mpimy were
investigated by cyclic voltammetry (CV) with feree/ferrocenium (Fc/Fgas the
reference. During the sweeping in dichloromethatteey both show multiple
oxidation processes with no reduction ones (FiQdr&Compared with Ir(mpim) the
first oxidation wave located at about -0.08 V candssigned to the central Ir core,
while the others at positive potentials are from thuter oligocarbazole dendrons.
Accordingly, the highest occupied molecular orb{taDMO) and lowest unoccupied
molecular orbital (LUMO) energy levels of 'Bu-D2-Ir(mpim and
MeO-D2-Ir(mpim}are estimated to be -4.72 eV and -2.10 eV, respdygficlose to
those of Ir(mpimy. The observation suggests that the incorporatiasligocarbazole
dendrons does not affect the electrochemical behafithe Ir core. In addition, we
note that the second oxidation wave occurs at U.5& ‘Bu-D2-Ir(mpim) and 0.40
V for MeO-D2-Irf(mpim}. The ease oxidation of the methoxyl-containing
oligocarbazole in MeO-D2-Ir(mpirg¥elative tot-butyl-containing oligocarbazole in
'Bu-D2-Ir(mpim} is understandablhen considering the stronger electron donating

ability of methoxyl thart-butyl. According to the literature [13], this iaviorable for



the hole injection and transport in a dendriticcémplex, which will be discussed
below. Moreover, the oxidation processes of thehmetl-containing oligocarbazole
dendron and the Ir(mpimxore may interact with each other (Figure S7)dile@to
the inferior reversibility and electrochemical glityp of MeO-D2-Ir(mpim);

compared withBu-D2-Ir(mpim).

2.3 Photophysical properties

Figure 3 shows the UV-Vis absorption spectra in hidimomethane and
photoluminescence (PL) spectra in toluene and fiforsthe imidazole-based Ir
dendrimers compared with Ir(mpig)As can be clearly seen, bdBu-D2-Ir(mpim)
and MeO-D2-Ir(mpimy exhibit two distinct bands including the weak ajpsion in
the range of 325-450 nm and intense absorptionnb@&@®5 nm. The first one is
attributed to the metal-to-ligand charge-transMt.CT) transitions from the inner Ir
core. And the second one is assigned to the ligentered (LC) transitions from the
inner Ir core together with the-n* transitions from the outer dendrons, whose
absorbance is found to be greatly increased diteiirttroduction of oligocarbazole.
With respect to Ir(mpim) additionally, their PL spectra in toluene remaisarly
unchanged with a 0-0 emission at 470 nm and O-ksam at 496 nm. Given the
nonconjugated linkage between dendron and core, oierved similarity is
reasonable, suggesting that the inherent emisditimedr core is independent of the

peripheral dendrons in solutions.



However, different PL behaviors are obsengdjoing from solutions to solid
states. As for Ir(mpim)without any dendrons, the PL spectrum moves tongdr
wavelength accompanied by a significant enhancemiefitl and 0-2 emissions. In
contrast, no obvious variation of the spectral ifgadnd only a bathochromic shift of
8 and 14 nm are observed Bu-D2-Ir(mpim) and MeO-D2-Ir(mpimy, respectively.
Because of the encapsulation from the outer desdtbe intermolecular interactions
and thus luminescence quenching in neat films aned to be gradually decreased
following a sequence of Ir(mpim» MeO-D2-Ir(mpim} > ‘Bu-D2-Ir(mpim). This is
further verified by the transient PL spectra (Fegul), in which the excited state
lifetimes are determined to be 0.26, 0.39 and 109 for Ir(mpim,
MeO-D2-Ir(mpim} and 'Bu-D2-Ir((mpim), respectively. And the film
photoluminescence quantum yield (PLQY) is corresipogly up from 0.38 of
Ir(mpim)s to 0.54 of MeO-D2-Ir(mpirmyand 0.88 ofBu-D2-Ir(mpim) (Table 1).

It should be noted that the encapsulation from methcontaining oligocarbazole
in MeO-D2-Irf(mpim} is not as effective as that fron-butyl-containing
oligocarbazole ifBu-D2-Ir(mpim). Besides the different steric hindrance between
methoxyl and-butyl, the triplet energy arrangement is tentdyivesponsible for the
above phenomenon (Figure 5). Although they are Wbogher than that of the
Ir(mpim); core (2.63 eV), the triplet energy is reduced frar83 eV of
t-butyl-containing oligocarbazole to 2.75 eV of nwthl-containing oligocarbazole
owing to the stronger electron donating abilityneéthoxyl thant-butyl. Thereby the

possibility of the back triplet energy transferrfracore to dendron may be increased



[39], leading to the reduced lifetime and PLQY ok®tD2-Ir(mpim} relative to

'Bu-D2-Ir(mpim.

2.4 Electroluminescence properties

To investigate the electroluminescence (EL) pragerof 'Bu-D2-Ir(mpim) and
MeO-D2-Ir(mpim}, nondoped PhOLEDs were fabricated with a confitjomnaof
ITO/PEDOT:PSS (40 nm)/Ir dendrimer (40 nm)/TSPOhith/TmPyPB (45 nm)/LiF
(1 nm)/Al (Figure S8). Herein, PEDOT:PSS
[poly(3,4-ethylenedioxythiophene:poly(styrenesutita)] serves as the hole-injection
layer, whereas TSPO1 [diphenyl(4-(triphenylsily@plgl)phosphine oxide] and
TmPyPB [1,3,5-tri(m-pyrid-3-yl-phenyl)benzene] aas the exciton blocking layer
and the electron-transporting layer, respectivBlgilar to their PL counterparts, two
developed imidazole-based Ir dendrimers both ginghb greenish-blue EL solely
from the central Ir core, and no emission residwenfthe peripheral dendrons is
detected (Figure 6a).The related CIE coordinates are (0.21, 0.45) for
'Bu-D2-Ir(mpim) and (0.22, 0.47) for MeO-D2-Ir(mpim)

As mentioned above, a better hole injection andspart can be anticipated in
MeO-D2-Ir(mpim} than in 'Bu-D2-Ir(mpim): because methoxyl-containing
oligocarbazole has a shallow HOMO level compared ttbutyl-containing
oligocarbazole. Therefore, the current densityagdt and luminance-voltage curves
distinctly shift towards a lower driving voltage ofn 'Bu-D2-Ir(mpim) to

MeO-D2-Ir(mpim}; (Figure 6b). For instance, the turn-on voltagé at/nf is down



from 2.8 V to 2.4 V, which is even smaller thanypoeisly reported self-host blue Ir
dendrimersg? In spite of this, a maximum current efficiency 38.7 cd/A and 21.1
cd/A, a maximum power efficiency of 37.4 Im/W arel® Im/W, and a peak EQE of
13.2% and 7.3% are realized for the nondoped devidéBu-D2-Ir(mpim) and
MeO-D2-Ir(mpim}, respectively (Figure 6¢c and 6d, Table 2). Comgbavéth
MeO-D2-Ir(mpim), the superior device efficiency fdBu-D2-Ir(mpim) can be
explained by the higher film PLQY originating frothe effective encapsulation.
Furthermore,'Bu-D2-Ir(mpim); reveals a gentle efficiency roll-off, and its et
efficiency slightly decays to 27.8, 24.7 and 21dBAcat 1000, 5000 and 10000 cd/m
respectively. In view of the obtained promisingfpemance,’Bu-D2-Ir(mpim) may
be also suitable for power-efficient white OLEDsthvaiut an additional host [33],

which will be reported by our group in due course.

3. Conclusion

In summary, two novel imidazole-based Ir dendrimease been designed and
synthesized with Ir(mpim) as the core and-butyl- or methoxyl-containing
oligocarbazole as the dendron. Benefiting from tredluced intermolecular
interactions in solid states caused by the effecéacapsulation, their film PLQYs
and excited state lifetimes are improved obvioushynpared with the bare core.
When a nondoped configuration is adopted, as dty@spromising current efficiency

as high as 35.7 cd/A is realized associated wigenrtle efficiency roll-off at high



luminance. The result clearly demonstrates thetgretential of imidazole-based Ir

dendrimers used for efficient nondoped PhOLEDSs.

4. Experimental section

General information: *H NMR spectra were measured on a Bruker AvanceNdB
spectrometer. Elemental analysis was performedyusiBio-Rad elemental analysis
system. MALDI/TOF (Matrix assisted laser desorptimmization/Time-of-flight)
mass spectra were performed on AXIMA CFR MS appardCOMPACT) using
2-[(2E)-3-(4-tert-butylphenyl)-2-methylprop-2-engéine]malononitrile  (DCTB) as
the matrix. Thermal properties of the dendrimersreweanalyzed with a
Perkin-Elmer-TGA 7 instrument under nitrogen at eating rate of 160C min™.
UV-vis absorption and PL spectra were measured witPerkin-Elmer Lambda 35
UV-vis spectrometer and a Perkin-Elmer LS 50B gpdlciorometer, respectively.
Phosphorescence spectra of the oligocarbazole alendvere measured at 77 K in a
toluene solvent. The film PLQY was measured usingnéegrating sphere (Binson
C9920-2) under N The transient PL spectra were measured under a&mbsphere
and excited at a 375 nm with Edinburgh fluorescespectrometer (FLS920).
Following a biexponential fitting, the corresporgliaverage lifetimes were estimated
according to the equation, = (A1 + Axr2d)/(Arrs + Astp). CV measurements were
carried out in dichloromethane with a conventiahaée-electrode system consisting
of a platinum working electrode, a platinum counéectrode, and an Ag/AgCl

reference electrode. The supporting electrolyte Was M tetrabutylammonium



perchlorate (n-BiNCIOy). All potentials were calibrated against the F&/Eouple.
The HOMO levels were calculated according to theatign HOMO = -eff,,°"™*' +
4.8 V), whereE,,"™is the onset value of the first oxidation wave. Ahd LUMO
levels were calculated according to the equatioMOJ= HOMO +Eg, whereEy is

the optical bandgap estimated from the absorptiaen

Device fabrication and testing: To fabricate nondoped PhOLEDs, a 40 nm-thick
PEDOT:PSS film was firstly deposited on the preankxd and UVO-treated ITO-glass
substrates (2@ per square). After baked at 120 for 40 min, then solutions of the Ir
dendrimers in chlorobenzene were filtered throudiftex (0.45um) and spin coated
on PEDOT:PSS as the EML. The thickness of the EMis wabout 40 nm after
annealing at 120C for 30 min. Subsequently, the substrate was feames! to a
vacuum thermal evaporator and a 5 nm-thick filnT8PO1 and a 45 nm-thick film
of TmPyPB was evaporated on top of the EML at @ Ipaessure less thanTorr (1
Torr = 133.32 Pa). Finally, 1 nm LiF and 100 nmwidre deposited successively as
the cathode through a shadow mask with an arrap4afhnf openings. The current
density-voltage-luminance characteristics were moweas using a Keithley source
measurement unit (Keithley 2400 and Keithley 20@@Jibrated by a silicon
photodiode. The EL spectra were measured using act@®can PR650
spectrophotometer. All the measurements were caoug at room temperature under
ambient conditions. EQE was calculated from theihamce, current density and EL

spectra assuming a Lambertian distribution.



Synthesis: All chemicals and reagents used in this work weeeeived from
commercial sources without further purification M@mts for chemical synthesis were
purified according to the standard procedufBsi-D2-C4-Br and MeO-D2-C4-Br
were prepared according to our previous work [10], 4

N-(4-bromo-2,6-dimethyl phenyl)benzamide (D): The mixture of
4-bromo-2,6-dimethylaniline (5.0 g, 25 mmol) andigye (4.0 g, 50 mmol) in 30
mL CH,CI, was stirred, and cooled to°G under ice bath. To this solution, benzoyl
chloride (3.5 g, 25 mmol) in 10 mL GBI, was added dropwisely under argon
atmosphere, followed by a stirring overnight atmotemperature. After the reaction
completed, the solvent was removed by vacuum ldistih. Then the residue was
washed by petroleum ether, and dried in vacuumue tipe crude produdt, which

was directly used for the next step without furtperification.

1-(4-bromo-2,6-dimethyl phenyl)-2-phenyl-1H-imidazole (2): 1 (7.6 g, 25 mmol)

dissolved in 50 mL xylene was added PCI8 g, 37.5 mmol) slowly. The mixture
was refluxed overnight under argon. When the reactompleted, the solvent was
removed by vacuum distillation, followed by add&@ mL THF and cooling to C.

Then 2,2-dimethoxyethan-1-amine (6.6 g, 62.5 mnmIIHF(10 mL) was added
dropwise under argon atmosphere, and the mixture stiared for 8 h at room
temperature. The mixture was added 30 mL 6 M HGH further heated to reflux

overnight. After cooling to room temperature, thixtore was poured into saturated



NaHCG; solution, and extracted with GBI,. The organic phase was washed with
water and dried over anhydrous sodium sulfate.llyinthe residue was purified by
column chromatography on silica gel with petroleetiner: ethyl acetate = 4.1 as the
eluent to give the produét (4.7 g, 58 %)*H NMR (400 MHz, d6-DMS0)5 = 7.50

(s, 2H), 7.29 (s, 6H), 7.28 (d= 1.2 Hz, 1H), 7.26 (d] = 1.2 Hz, 1H), 1.88 (s, 6H).

1-(4-methoxy-2,6-dimethyl phenyl)-2-phenyl-1H-imidazole (3): Methanol (20 mL) in a
flask was cooled to C with ice bath before sodium (2.1 g, 92 mmol) wedded. The
ice water bath was removed, and the mixture wa®dtuntil the sodium disappeared.
Then DMF (20 mL), Cul (3.5 g, 18.4 mmol) aBd3.0 g, 9.2 mmol) were added into
this sodium methoxide solution. The resulting migtwas heated to reflux for 4 h
under argon atmosphere. The hot mixture was ragiligred, and the filtrate was
poured into water and extracted with £Hp. The combined organic layers were
neutralized with 1 M HCI, followed by washing withater and brine, drying with
NaSO,. After solvent removal, the residue was purified &lica gel column
chromatography using petroleum ether.ethyl acetati0:1 as eluent to give the
product3 (1.8 g, 72%)*H NMR (400 MHz, d6-DMSO0)5 = 7.31 (ddd,J = 8.4, 5.6,
2.5 Hz, 2H), 7.27 (ddj = 6.6, 3.3 Hz, 3H), 7.22 (s, 1H), 7.20 (s, 1HB16(s, 2H),

3.78 (s, 3H), 1.88-1.81 (m, 6H).



1-(4-hydroxy-2,6-dimethyl phenyl )-2-phenyl-1H-imidazole (4): A solution of3 (2.7 g,
9.7 mmol) in dry CHCI, (50 mL) was cooled to C, and BBg (2.7 mL 1 M solution
in CH,Cl,, 29 mmol) was added dropwise. After stirring foin 4t room temperature,
the reaction was carefully quenched with methaiible solvent was removed by
vacuum distillation. Then the residue was recriig&tion by acetone to give the pure
product4 as white solid (2.3 g, 90%)H NMR (400 MHz, d6-DMSO)3 = 9.65 (s,
1H), 7.35-7.31 (m, 2H), 7.27 (dd,= 6.5, 2.8 Hz, 3H), 7.20 (d,= 1.2 Hz, 1H), 7.17

(d,J = 1.1 Hz, 1H), 6.60 (s, 2H), 1.79 (s, 6H).

tris(2-(1-(4-hydroxy-2,6-dimethyl phenyl)- 1H-imidazol - 2-yl )phenyl)iridium
(HO-Ir(mpim)): IrCl3-3H0 (1.0 g, 2.83 mmol) and (1.87 g, 7.08 mmol) were
added in a 30 mL mixture of 2-methoxyethanol (15)mahd water (15 mL). The
mixture was refluxed for 24 h and then poured im&der. The solid was collected by
filtration and dried in vacuum to give the chlomeged dimer. Next, the crude dimer,
silver trifluoroacetate (1.25 g, 5.66 mmo#),(1.5 g, 5.66 mmol), ethelene glycol
monophenyl ether (15 mL) and ethylene glycol (15 mkere heated to 1AT for 24

h under argon atmosphere. After cooling to room perature, the solvent was
removed by vacuum distillation. The pure product-H@pim); (1.1 g) was obtained
in a total yield of 38% by chromatography on silgel using petroleum ether : ethyl
acetate = 4:1 as eluefid NMR (400 MHz, d6-DMS0)5 = 9.75 (s, 1H), 7.12 (s, 1H),
6.72 (d,J = 7.5 Hz, 1H), 6.68 (d] = 2.7 Hz, 2H), 6.57 (s, 1H), 6.47 (= 7.3 Hz,

1H), 6.37 (tJ = 7.4 Hz, 1H), 6.13 (d] = 7.7 Hz, 1H), 1.93 (s, 3H), 1.74 (s, 3H).



General Procedure for the Synthesis of 'Bu-D2-Ir(mpim)s and MeO-D2-Ir(mpim)s: A
mixture of '‘Bu-D2-C4-Br or MeO-D2-C4-B(3.5 equiv.), HO-Ir(mpimy) (1 equiv.)
and cesium carbonate (5 equiv.) in DMF was heate&8DPC under argon atmosphere
for 24 h. The mixture was cooled to room tempegmtypoured into water and
extracted with ethyl acetate. The combined orgkayiers were washed with brine and
water, followed by drying with N&O,. After the solvent removal, the desired
dendrimers were obtained by silica gel column clatmgraphy using petroleum ether:
ethyl acetate = 6:1 as eluent fBu-D2-Ir(mpim); and toulene : ethyl acetate = 10:1
as eluent for MeO-D2-Ir(mpirg)

'‘Bu-D2-Ir (mpim)s (530 mg, 87%)*H NMR (400 MHz, GD): & = 8.49 (s, 4H), 8.01
(d, J = 1.8 Hz, 2H), 7.65-7.47 (m, 10H), 7.25-7.18 (rH),36.99 (s, 1H), 6.85 (1] =
6.4 Hz, 1H), 6.72 (dJ = 6.3 Hz, 1H), 6.69 (d] = 7.2 Hz, 1H), 6.64 (d] = 1.9 Hz,
1H), 6.57 (s, 1H), 6.34 (s, 1H), 3.41 (= 5.5 Hz, 2H), 2.03 (s, 3H), 1.73 (s, 4H),
1.65 (s, 5H), 1.45 (s, 36H). MALDI-TOF (m/z): 3388[M’]. Anal. calcd. For

Co1dH22drN1503: C, 79.46; H, 6.94; N, 6.35; Found: C, 79.40; k207 N, 6.21.

MeO-D2-Ir(mpim)s (485 mg, 83%)*H NMR (400 MHz, GDe): 5 = 7.89 (s, 2H),
7.74 (s, 4H), 7.53 (s, 1H), 7.46 (U= 8.6 Hz, 2H), 7.36 (d] = 8.8 Hz, 4H), 7.19 (d]

= 8.9 Hz, 6H), 6.97 (s, 1H), 6.83 @@= 6.9 Hz, 1H), 6.69 (1] = 9.6 Hz, 2H), 6.61 (s,
1H), 6.55 (s, 1H), 6.33 (s, 1H), 3.92 (s, 2H), 3(§812H), 3.43 (s, 2H), 2.01 (s, 3H),

1.76 (d,J = 6.5 Hz, 2H), 1.71 (s, 3H), 1.51 (s, 2H). MALDGF (m/z): 2996.2 [M.



Anal. calcd. For GaHis56fN15015 C, 73.33; H, 5.25; N, 7.01; Found: C, 73.24; H,

5.45; N, 6.98.
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Figure 2. CV plots for'Bu-D2-Ir(mpim) and MeO-D2-Ir(mpimy compared with
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< 0.5+ Ir(mpim), S —=—absorbtion =] 1.0
1 J —e— solution PL
o —o—film PL
£ 0.4 \ " 08 2
TH..' 4 \ 4 &
& 034 Y 06 2
& Y 2
5 1 h: 1 g
8 0.24 Y 04 E
[ = -
2 1 W‘ o
= 0.1 By, 0.2
K . “:
< ~ MAnn

0.0 . : oo
+~ 3.04 tR11.MD. ’ —s=—absorbtion - 1.0
c Bu-D2-Ir(mpim), &, —e—solution PL |
+* 2_5_. " film PL
2 408~
2 1 x 3
Z 2.04 1 <
5 ; ! 4062
£ 1.5+ \ 1 §
8 1 404 E
5 1.04 { =
= |
5 054 - 0.2
o -
2 |

0.0 = e TV 0.0
~ 3'0'. MeO-D2-Ir(mpim), ( +:§E‘l’£’:‘;’l‘_ 110
§ 254 film PL 1
.;12 | -4 0.8 z
3 2.04 1 <
= . <406 2
S 154 { &
Zo: 1 404 =
© 1.0+ ]
S :
S Y Jo2
% 0.5+ \\ ]
2 |
< 00 s 0.0

300 400 500 600 700

Wavelength (nm)

Figure 3. UV-Vis absorption spectra in dichloromethane and dplectra in both

toluene and films folr(mpim)s, ‘Bu-D2-Ir(mpim); and MeO-D2-Ir(mpimy.



10°4 _
— Ir(mpim),

> MeO-D2-Ir(mpim),
g ‘Bu-D2-Ir(mpim),
€ 10"
1
o
ol
@
N
®©
€ 107
o
zZ

10 . .

2 4 6 8 10 12
Time(us)

Figure 4. Transient PL spectra for thin films of Ir(mpignjBu-D2-Ir(mpim) and

MeO-D2-Ir(mpim}.



. T . T v T v
400 450 500 550 600
Wavelength (nm)

Figure 5. Phosphorescent spectra for the oligocarbazole dasdrompared with the

Ir core.



10° £ 107

1@ ——'Bu-D24r(mpim), T (b)
A1-0 —M;FODerlrrT;irp':m)_: (}‘E 102' L10° ™
5 1 FlY e
9"0.8- L 10° g
> 3
£ 0.6- F10* %
& L10° &,
b= 0.4 0
o £10° ;-
i 0.2 0 b
0.04{ — . . - 10°
400 500 600 700
Wavelength (nm)

5 © S 0 ]@)
< 102 oG 2 10

5 S X | 01 E
~— O=0 *D-Q_D_GDD >
‘:" S g 10’-A‘\\
[} = 0
© 8 O
= 1] &
ig 10 T
E o
5 2
E <)
= -1 o
3 . . . 10 10° , . .

10° 10’ 10? 10° 104 10° 10° 10° 10° 10*

Luminance (cd m?) Luminance (cd m?)

Figure 6. Nondoped device performance forBu-D2-Ir(mpim) and
MeO-D2-Ir(mpim}: (a) EL spectra at a driving voltage of 6 V; (b) remt
density-voltage-luminance curves; (c) current éficy and EQE as a function of

luminance; (d) power efficiency as a function ahinance.



Table 1. Photophysical, electrochemical and thermal prégeefor'Bu-D2-Ir(mpim)s

and MeO-D2-Ir(mpimy compared with Ir(mping)

Aavs(loge) @ Aem” Aem® o0 T° E/ HOMO ¢ LUMO® Ty
PL

[nm] (nm] (nm] [us]  [eV] [eV] [eV] [°Cl]

_ 251 (0.5), 270 (0.4), 284 (0.3),
Ir(mpim)s 471,497 475,505 0.38 026 2.63 -4.74 211
308 (0.1), 350 (0.1), 380 (0.1)

t _ 269 (5.3), 285 (1.8), 298 (5.2),
Bu-D2-Ir(mpim); 349 (4.7 470,496 478,499 0.88 1.09 2.62 -4.72 -2.10

_ 276 (5.3), 303 (5.3), 312 (5.3),
MeO-D2-Ir(mpim), 470,496 484,499 054 039 2.63 -4.72 -2.09
359 (4.7), 373 (4.7)

®Measured in 18 M dichloromethane®Measured in 1® M toluene;*Measured in
neat films;%Measured in neat films using an integrating sphemer N; *Measured
in neat films under Nwith an excitation of 375 nn¥®ptical band gap estimated from
the absorption onsetHOMO = -eEo,""* + 4.8 V), LUMO = HOMO +E,, where

E.>"*%is the onset value of the first oxidation wave.



Table 2. Nondoped device performance for the imidazole-bakedlendrimers

'Bu-D2-Ir(mpim) and MeO-D2-Ir(mpimy.

. Von® Lmax e ny® EQE® CIE®
Device - 1 4
V] [cd mi?] [cd AY] [Im W] [%] [x,y]
'Bu-D2-Ir(mpim); 2.8 20020 35.7/27.8 37.4/16.8 13.2/10.2 (0.215)0.4
MeO-D2-Ir(mpim} 2.4 38700 21.1/14.4 25.5/11.1 7.3/5.2 (0.22, 0.47)

Turn-on voltage at a brightness of 1 cé;fiMaximum values and data at 1000 cd
m? for current efficiency i(.), power efficiency #,) and EQE, respectivelyCIE at

1000 cd .



Highlights

1. Two imidazole-based Ir dendrimers capable of solution processing have been
developed for efficient nondoped PhOLEDSs.

2. Due to the effective encapsulation, the intermolecular interactions and thus
luminescence quenching in solid states is found to be gradualy reduced for the
developed Ir dendrimers.

3. Solution processed nondoped devices achieve a promising current efficiency as
high as 35.7 cd/A (13.2%, 37.4 Im/W) together with a gentle efficiency roll-off at

high luminance.



