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Yaowu He, Jingsheng Miao, Chaoyi Yan, Hong Meng

School of Advanced Materials, Peking University Shenzhen Graduate School, Shenzhen 518055, China

Abstract

In this work, a series of novel iridium (I1l) cyciwetallated complexeBF-Irl, BF-Ir2 andBF-Ir3
is developed by introducing a dibenzofuran moiety ithe main ligand. The photophysical, thermal,
and electroluminescent properties of these iridifil) complexes are systematically investigated.
Notably, the phosphorescent organic light-emittaigdes (PhOLEDs) wittBF-Irl, BF-Ir2 and
BF-Ir3 as the green emitters displayed the maximum EQHES.4%, 23.7% and 21.5%, respectively.
In addition, an impressively high PE up to 96.8Wh" is achieved in the device based BR-Ir3.
When the luminance reached 1000 and 10000 édthe corresponding EQE valuesB#-Ir3 -based
PhOLEDs could be maintained at 20.7% and 18.5%.s&heesults clearly demonstrate that
dibenzofuran-based iridium (lll) complexes haveagneotential for their application as green emstter

in PhOLEDSs to realize both high EQE and PE as aglbw efficiency roll-off.
Keywords
Dibenzofuran; Power efficiency; Iridium complex®h)OLEDs

1 Introduction

Since the first demonstration by Ching Tang andsWde in 1987 [1], organic light-emitting diodes
(OLEDSs) have attracted great attention due to tbeaellent advantages, such as great color quality,
low cost, flexibility and streachability [2, 3]. Bing the past several decades, tremendous endeavors
have been devoted to improve the performance of @i Encluding efficiency [4-8], stability [9, 10],
lifetime and so forth [11, 12]. So far, OLEDs haween widely applied in mobile display market [13],
large-area color displays and solid-state lightogrces [14].

In order to improve the efficiency of OLEDs, phospéscence is appraised as a potential process
since it can harvest both singlet and triplet estthrough spin-orbit coupling thereby realizii9%
of the theoretical internal quantum efficiency (IQ®hereas, fluorescence-based OLEDs exhibit only
25% of the IQE [15]. Several kinds of phosphorsehéieen developed, among them, iridium (llI)
complexes are considered as the most outstandimdidzdes for high performance OLEDs because of

their good stability and high photoluminescence mjuim yield (PLQY) [16, 17]. Owing to the



excellent features offered by iridium (lll) compéss they have attained increasing attention in
electroluminescent devices.

Recently, Zheng et al. [18] designed and synthdsigeeen emitting iridium (Ill) complexes
containing 4-phenyl#-1,2,4-triazole unit, and demonstrated phosphorésoeEDs (PhOLEDS) with
a maximum external quantum efficiency (EQE) andwaar efficiency (PE) of 31.4% and 57.1 Imiv
respectively. Kim et al. [19] reported a blue-em@tPhOLED with an EQE of 31.9% and a PE of 52.9
Im W%, Though, the high EQEs have been achieved in PiBB|LEhe PE, a crucial criterion for the
evaluation of energy consumption, still needs tanbgroved for the commercialization of PhOLEDs
[20-22]. Thus, there still remains a challenge &vealop a new class of iridium (Ill) complexes to
realize PhOLEDs with both high EQE and PE.

The charge balance in PhOLEDs is considered asaatifactor for achieving high performance,
however, electron mobility of electron-transportingaterials is far behind the hole mobility of
hole-transporting materials [23, 24]. With regaddiidium (Ill) complexes, extensive studies have
been conducted for the modification of 2-phenylgyré (ppy) ligands to improve the electron
transport property during the past few years [&g, Zhe introduction of electron-withdrawing group
has been considered as an effective approach emeahhe electron mobility, which leads to balanced
charge transport in PhOLEDs [18, 27-29].

As a well-known moiety, dibenzofuran group possesse/gen linkage in the molecular structure,
and has been widely utilized in electron-transpgwe host materials due to their high triplet egerg
level [30, 31]. Furthermore, many dibenzofuran-blasaterials exhibit decent performance in OLEDs,
thanks to its good thermal stability and high PL{32-35]. For instance, Kido et al. [31] reported a
series of dibenzofuran-based n-type exciplex hagerials and realized OLEDs with high-efficiency
and long life time. Zhang et al. [36] introducedbetizofuran group into thermally activated delayed
fluorescence (TADF) emitters and obtained the marnEQE of 25.1%.

Herein, inspired by the excellent features of didmdaran, we designed and synthesized a series of
iridium (Ill) complexes by introducing a dibenzofur unit into the main ligand. The difference of
ancillary ligands resulted in tunable emission te®Mith peaks in the range of 500-540 nm. All af th
three iridium (Ill) complexes developed in this du referred asBF-Irl, BF-Ir2 and BF-Ir3,
displayed high PLQYs of 0.76-0.80 in doped film&€iGQREDs containing our newly synthesized,
well-optimized iridium (Ill) complexes as green ¢tmis exhibited the maximum EQE of 23.7% and

impressively high PE of 96.8 Im Wwith extremely low efficiency roll-off.

2 Experimental Section

2.1 Instruments and Methods

'H NMR spectra were obtained on a Bruker AVANCE 3@6iz NMR spectrometer. UV-Vis

spectra were recorded on a PerkinElmer Lambda 7€ctophotometer. Fluorescence and



phosphorescence spectra at 298 K and 77 K wereectedl by a Horiba Fluorolog-3 in
chromatographically pure methylene chloride. Tramssiphotoluminescence decay lifetimes and
absolute quantum yields were also carried out ukiogba Fluorolog-3. Thermo-gravimetric analysis
(TGA) was conducted on TA2950 TGA system at a heatate of 1°C min* with a nitrogen flow
rate of 60 cm min™. Cyclic voltammetry measurements were performeigus conventional
three-electrode configuration where a glass casas used as the working electrode, a platinum wire
as the counter electrode, Ag/Aghl(®.1 M) in CHCN as the reference electrode4BBF; (0.1 M) as
the supporting electrolyte, and Fc/Fas the internal standard. Density functional tie(@FT)
calculations were performed with the PBEO functlamging the SDD basis set for iridium atom and

using the 6-31g(d,p) basis set for the other atwitis Gaussian 09 package.

2.2 Device Fabrication

Prior to the device fabrication, ITO glasses welteasonically cleaned with acetone, deionized
water and isopropanol three times. Both organic ametal layers were deposited by vacuum
evaporation under vacuum level lower than®1@rr. The thickness of each layer was measured by
quartz crystal monitors and the emitting area @heaixel is 16 mrh The fabricated PhOLEDs were
characterized by Keithley 2400 with BM-7AS luminancolorimeter in F-Star Optical Measurement
System. The electroluminescence spectra and ClEdicabes were further measured by PR-788
photometer. The forward viewing external quanturficiehcy () Was calculated based upon the

electroluminescent performance and electroluminesespectra.

2.3 General Synthesis of Ligands and Complexes

Scheme 1Synthetic routes of Iridium Complex8$-Irl, BF-Ir2 , andBF-1r3
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Scheme 1 depicts the overall synthetic procedufethe ligands and three Ir(lll) complexes,
BF-Irl, BF-Ir2, andBF-Ir3. All reactions were carried out under nitrogen @gphere, and solvents
were purified by distillation before further use(2-pyridyl)dibenzofuran (pyBf) was synthesized by
Suzuki coupling with dibenzofuran-4-boronic aciddaB-bromopyridine. Three Ir(lll) complexes,
BF-Irl, BF-Ir2 and BF-Ir3, were prepared by reacting Ir(lll) chloro-bridgetermediates with

N-heterocyclic carbene (nhc), 2-picolinic acid {piend acetylacetone (acac), respectively.

Synthesis of 4-(2'-pyridyl)dibenzofuran (pyBf). Dibenzofuran-4-boronic acid (12.0 mmol, 2.54 g),
2-bromopyridine (10.0 mmol, 1.58 g) and aligga(5 drops) were dissolved in toluene (100 mL) and
potassium carbonate aqueous (2.0 M, 15 mL) suesadgsiThe mixture solution was degassed by
purging with nitrogen for 15 min, and then Pd(PP1i0.3 mmol, 0.35 g) was added. After that the
solution was heated for 24 h at 1% under nitrogen. The resulting residue was putifig silica gel
column chromatography, which produced a white paw@e01 g, 82%) [37]'H NMR (300 MHz,
DMSO-ds) & 8.78 (d, J = 4.6 Hz, 1H), 8.40 (d, J = 8.0 Hz, 18423 (q, J = 7.7 Hz, 3H), 8.02 (t, J = 7.7
Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.55 (q, J = 7.0 Hz, 2H), 7.44 (t, J = 6.6 Hz, 2H).

Synthesis of N-heterocyclic Carbene (nhc)A mixture of 1-bromo-3-(trifluoromethyl)benzene0(0
mmol, 1.17 g) and benzimidazole(10.0 mmol, 2.24k3;O; (20.0 mmol, 1.38 g), Cul (1.0 mmol,
0.19 g), 18-crown-6 (0.10 g), and DMPU (1,3-dimétBy,5,6-tetrahydro-2¢d)-pyrimidin- one, 6
mL) was heated at 19 for 24 h in a sealed round-bottom flask underogi¢n. The mixture was
extracted with ethyl acetate (EA), and the interimed product was obtained by column
chromatography. Then, the intermediate productthedame molar quantity of GHvere dissolved in
15 mL of tetrahydrofuran (THF) and stirred at 8D for 12 h. The crude product was filtered and
washed with THF and EA, giving the product as whpitevder (1.62 g, 40%) [38}1H NMR (300 MHz,
DMSO-dg) & 10.20 (s, 1H), 8.26 (s, 1H), 8.17 (dd, J = 7.9,Hz, 2H), 8.11 (d, J = 7.6 Hz, 1H), 8.00 (t,
J =7.9 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.83707(m, 2H), 4.18 (s, 3H).

General Procedure for the Synthesis of the Ir Compixes.A round bottom flask was charged with
pyBf (4.0 mmol, 0.98 g), IrGt3H,O (1.5 mmol, 0.53 g), 2-ethoxyethanol (36 mL) an®H12 mL).
After heated at 85C in nitrogen for 24 h, the mixture was cooled ntliirectly filtered and washed
with water and methanol. The obtained dimer wasddim vacuum and used for the next step without
further purification. A mixture of the above dim@.2 mmol), ancillary ligand (1.0 mmol, nhc, pic or
acac), NaCGO; (1.0 mmol, AgO was used for the synthesisB#-Irl) and THF (10 mL) was heated at
100°C for 24 h in a sealed tube under nitrogen. Theiumixwas extracted with EA and further purified

by column chromatography to give the yellow solidthe yields of 50-70%.

BF-Irl. *H NMR (500 MHz, DMSOdg) 5 8.90 (dd, J = 8.9, 1.5 Hz, 1H), 8.82 (d, J = 72} k), 8.35
(d, J = 8.4 Hz, 1H), 8.21 (d, J = 5.4 Hz, 1H), 8(881H), 8.02 — 7.95 (M, 3H), 7.91 (d, J = 7.6 BHl),

7.74 (d, J = 8.2 Hz, 2H), 7.61 — 7.56 (m, 3H), 7-51.39 (m, 4H), 7.32 (tt, J = 7.5, 1.3 Hz, 2H}LZ.
(td, J = 7.1, 6.5, 1.5 Hz, 1H), 7.05 (ddd, J = B, 1.6 Hz, 1H), 7.01 (d, J = 7.5 Hz, 1H), 6.83] =



7.4 Hz, 1H), 6.60 (d, J = 7.7 Hz, 1H), 6.23 (d, ¥.Z Hz, 1H), 3.38 (s, 3H). HRMS (ESkhyz
calculated for GgHagFsIrN4O, [M + H]™: 957.2028. Found: 957.2019. (0.21 g, 54%)

BF-Ir2. 'H NMR (500 MHz, DMSO#dg) & 8.92 (d, J = 7.9 Hz, 1H), 8.85 (d, J = 8.0 Hz, 1848 (d, J

= 5.2 Hz, 1H), 8.23 — 8.09 (m, 4H), 7.95 (d, J 6 Az, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.78 (d, J.5 2
Hz, 1H), 7.76 (d, J = 2.5 Hz, 1H), 7.73 (d, J = BB 1H), 7.69 (d, J = 5.1 Hz, 1H), 7.61 — 7.43 (m,
6H), 7.39 — 7.30 (m, 3H), 6.32 (d, J = 7.9 Hz, 1B)13 (d, J = 7.9 Hz, 1H). HRMS (EShyz
calculated for GoHoslrN3O4 [M + H]*: 804.1474. Found: 804.1511. (0.22 g, 68%)

BF-Ir3. 'H NMR (500 MHz, DMSOds) & 8.83 (d, J = 8.0 Hz, 2H), 8.57 (d, J = 5.0 Hz, 28420 (td, J
=8.2, 1.5 Hz, 2H), 7.88 (d, J = 7.2 Hz, 2H), 7(d4J = 8.3 Hz, 2H), 7.54 (ddd, J = 7.3, 5.6, 15 H
2H), 7.43 (ddd, J = 8.5, 7.3, 1.4 Hz, 2H), 7.37Xd; 7.9 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 6.14J¢
7.9 Hz, 2H), 5.33 (s, 1H), 1.75 (s, 6H). HRMS (ES$NWz calculated for GH,JArN,O, [M + NaJ'":
803.1498. Found: 803.1538. (0.20 g, 63%)

3 Results and discussion

3.1 Synthesis and Thermal Properties

Scheme 1 shows the synthetic routes and chemicalfstes ofBF-Irl, BF-Ir2 andBF-Ir3. The
main ligand, pyBf, was obtained through Suzuki dimgpreaction with dibenzofuran-4-boronic acid
and 2-bromopyridine. Excessive pyBf was first redctvith IrCk*3H,0 to give the chloride-bridged
iridium dimer. The dimer was then reacted with etiént ancillary ligands to obtaBF-Irl, BF-Ir2
andBF-Ir3. All these iridium (llI) complexes are solubledommon chlorinated hydrocarbons solvent
and could be purified by column chromatography. Tdeemical structures were unequivocally
confirmed by NMR spectroscopy and high-resolutiasmspectra (HRMS).

The thermal properties &F-Irl, BF-Ir2 andBF-Ir3 were measured by TGA. The 5% degradation
temperature ATsy) of these compounds was measured to be:°@2for BF-Irl, 372°C for BF-Ir2
and 399°C for BF-Ir3 (Fig. S4). All the complexes possesaTay, higher than 356C, indicating good
thermal stability, which is essential for enhancitige stability of PhOLEDs at high processing

temperature.

3.2 Photophysical Properties

Moreover, under photoexcitation, these three comgsiexhibit strong emission at 506-536 nm
and an invisible shoulder at 535-567 nm with rathetrow full width at half maximum (FWHM) of
~60 nm (Fig. 1a, lines with symbols). MeanwhBd:-Irl, BF-Ir2 andBF-Ir3 show emission with the
peaks (shoulder) at 515 nm (544 nm), 533 nm (563 amd 536 nm (567 nm), respectively, at 77 K
(Fig. 1b) exhibiting pronounced vibronic structurébe triplet energies faF-Irl (2.62 eV),BF-Ir2
(2.45 eV) andBF-Ir3 (2.55 eV) were determined from the onsets in jeesa recorded at 77 K.
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Figure 1. (a) UV-Vis (solid line, in film) and PL spectrar(é with symbols, in methylene chloride) of
BF-Irl, BF-Ir2 andBF-Ir3 at room temperature. (b) PL spectraB#-Irl, BF-Ir2 andBF-Ir3 in
methylene chloride at 77K.

Table 1.Photophysical Properties of Ir (Ill) Complex@B-Irl, BF-Ir2 andBF-Ir3

Complex hab hem’ bt @' Ouf Tl k. k/x10°  HOMO'/LUMO!
(nm) (nm) (nm) (%) (%) (ns) (s) (ev)
BF-rl 311,361,405 443 506,535 515,544 46 76 322  3/11468 -5.16 / -2.43
BF-I2  311,367,414,468 526,557 533,564 60 78 290 7021088 -5.28/ -2.55
BF-Ir3  317,368,420,488 536,567 540,567 78 80 163  8MI5 -5.15/-2.36

@ Measured in thin film® Measured in methylene chloride at room temperaand 77 K. Absolute
photoluminescence quantum yields measured in nmeatkykthloride and co-deposited films of Ir
complex: DMIC-TRZ: DMIC-CZ (1:10:10) using an intedging sphere’ Photoluminescence decay
lifetime obtained in methylene chlorid®.Radiative rate constant.Nonradiative rate constants.

Calculated from cyclic voltammetry analydi€alculated from cyclic voltammetry analysis.

To reveal the photoluminescent characteristicsunfreewly developed green emitters in PhOLED
devices, the doped films &F-Irl, BF-Ir2 andBF-Ir3 in DMIC-TRZ/DMIC-CZ (the host utilized in
our PhOLED devices) were fabricated. All the entissspectra exhibit pure peaks, with the emission
maxima at 511, 533 and 542 nm ®F-Ir1, BF-Ir2 andBF-Ir3, respectively (Fig. S5). The emission
spectra measured in doped films fit well with theirresponding emissions in solutions, indicating
efficient energy transfer from hosts to these tkneéters.

To further elucidate the photophysical properties BF-Irl, BF-Ir2 and BF-Ir3, the
photoluminescence quantum yieldB.) were measured in methylene chloride by integgatiphere
(®em = 0.46-0.78, Table 1). For doped filmsBF-Irl, BF-Ir2 andBF-Ir3 in DMIC-TRZ / DMIC-CZ,
the PLQYs are much higher than their corresponsglaiges measured in solution, with 0.76, 0.78 and

0.80, respectively. The PLQYs 8f-Irl1 andBF-Ir2 in films were substantially higher than those in



solution, indicating stronger interaction with sas in the solution state f&F-Irl andBF-Ir2 than
BF-Ir3. The PLQYs of films better reflect the actual gimtysical properties of the devices and all
these three compounds possess high PLQY valudmim f

Furthermore, the transient PL decay lifetimes esththree compounds in methylene chloride were
investigated. As shown in Fig. S6, the estimattsditne () is 3.22us for BF-Irl, 2.90us for BF-Ir2
and 1.63us forBF-Ir3. Among themBF-Ir3 exhibits relatively short phosphorescence lifetimbich
can decrease the triplet-triplet annihilation amniglet-polaron annihilation processes, and thus is
beneficial to realize high-performance PhOLEDs Wity efficiency roll-off. Moreover, the radiative

rate constanit, and nonradiative rate const&ptcan be calculated by the following equations:
K= @em! Tem 1)
Dem= K/ (K + Kay) (2)

3.3 Electrochemical Properties and Theoretical Coputations

To study the redox properties BF-Irl, BF-Ir2 andBF-Ir3, cyclic voltammetry was adopted to
reveal the influence of ancillary ligand on fromtierbital energies. Fig. S7 overlays the cyclic
voltammograms of ferrocendF-Irl, BF-Ir2 and BF-Ir3, measured in N,N-Dimethylformamide
(DMF) with 0.1 M BuNPF; electrolyte. Based on the onset of oxidation pidérthe highest occupied
molecular orbital Eyomo) energy level are estimated as —5.16, —5.28 and5-BV (assuming the
ferroceneEyomo = —4.8 eV vs. vacuum) foBF-Irl, BF-Ir2 and BF-Ir3. Subsequently, the lowest
unoccupied molecular orbitaE(,uo) energy levels can also be estimated from cyatitammetry
data using the equatiof ymo = [Ereda = EFarc) + 4.8] (eV). All the data of photophysical and
electrochemical properties are summarized in Taldad Table S1.

To obtain deep insight into the photophysical aletteochemical properties of these iridium (l11)
complexes, theoretical computations of their etedtr structures were carried out by density
functional theory (DFT). As depicted in Fig. 2, tHOMO energy levels of thBF-Irl, BF-Ir2 and
BF-Ir3 were mainly located on the main ligands (57%, 8% 60%, respectively) together with the
d-orbitals of the iridium atom (34%, 30% and 34%spectively), while the LUMO were mostly
distributed over ther* orbitals of the main ligands (97%, 65% and 94%spectively). A large-scale
distribution of electron clouds on the iridium atémdlicates an efficient MLCT transition, resultiirg

high PLQY.
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3.4 OLED Performances
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Figure 3. (a) Device energy-level diagram. (b) Device comfagion and molecule structures of each
constituent layer.

To evaluate the electroluminescent properties, FHOH were fabricated with a configuration of
ITO / HATCN (5 nm) / Spiro-4-BPF (20 nm) / SpiroBRF (5 nm) / DMIC-TRZ: DMIC-CZ: Ir
complex (10:10:1) (30 nm) / ANT-BIZ (30 nm) / Lid (hm) / Al (100 nm). Herein, Spiro-4-BPF
(N-([1,2’-biphenyl]-2-yl)-N-(9,9-dimethyl-81-  fluoren-2-yI)-9,9'-Spirobi[®-fluoren]-4-amine) and
ANT- BIZ (1-(4-(10-([1,1'-biphenyl]-4-yl)anthrace®-yl)phenyl)-2-ethyl-H-benzo[d]-imidazole) act



as the hole-transporting material (HTM) and elestransporting material (ETM), respectively;
Spiro-3-BPF (N-([1,1'-biphenyl]-2-yl)-N-(9,9-
dimethyl-H-fluoren-2-yl)-9,9'-Spirobi[®1-fluoren]-4-amine) is used as a buffer material (Bid
facilitate the hole injection from HTL to the enniiy layer (EML); and Ir complexes are doped into
DMIC-TRZ
(5-(3'-(4,6-Diphenyl-1,3,5-triazin-2-yl)-[1,1'-biggmyl]-3-yl)-7,7-dimethyl-5,7-dihydroindeno[2,1-b]
carbazole) and DMIC-CZ
(2-(9-phenyl-#H-carbazol-3-yl)-5-phenyl-7,7-dimethyl-5,7-dihydnadieno[2,1-b]carbazole) hosts to
form the EML. The doping ratio of DMIC-TRZ: DMIC-C4r complex was 10:10:1, i.e. the doping
concentration is about 5 wt% fd@F-Irl, BF-Ir2 and BF-Ir3. The electroluminescent properties,
including current efficiency (CE), PE and EQE vertuminance, current density and luminance versus
voltage, as well as the emission spectra, are sliowig.4 and the key parameters are summarized in
Table 2.

Table 2. Summary of the Device Performance

b
Material Vol (V) r';]mz) € cee(cda PE (Im W™ EQE" (%) CIEY (xy)
BF-Ir 24 25840 521/439/311  62.8/383/168 1182.8/9.0 (0.30,0.61)
BF-Ir2 24 34920 87.1/66.6/540  912/582/31.4  72382/147  (0.40,0.58)
BF-Ir3 24 94160 793/762/68.1  96.8/79.8/486 5220.7/185  (0.42,0.57)
Inppy) ;acac 2.4 169000  57.1/56.6/55.1 63.0/556/360 155/154/150  (0.34,0.61)

2 Turn-on voltage at ca. 1.0 cdm® The maximum luminance recorded at 8.0 \ the order of the
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Figure 4. (a) Electroluminescence spectra recorded at 4(B)\Current density-voltage curve (left axis)
and luminance-voltage curves (right axis). (c) €ntrefficiency-luminance curves (left axis) and
power efficiency-luminance curves (right axis). ERternal quantum efficiency-luminance curves.

As shown in Fig. 4 (a), the devices based®&nlrl, BF-Ir2 andBF-Ir3 exhibit green emissions at
510, 541 and 545 nm, respectively, and the CIE dinates ofBF-Irl are (0.30, 0.61), approaching
closely to the s-RGB (standard Red Green Blue)dstahfor green color (0.30, 0.60). However, the
introduction of the N-heterocyclic carbene on theilkary ligand resulted in a lower PLQY and thus
led to a slightly declined EQE &F-Irl -based device.

Compared tdBF-Irl, the device wittBF-Ir2 displayed bettet, ., CE, PE and EQE of 34920 cd
m? 87.1 cd A%, 91.2 Im W' and 23.7%, respectively. The device with-Ir3 also showed good EL
performance with_ma of 94160 cd 1if, a peak CE of 79.3 cd ™A a peak PE of 96.8 Im Wand a
maximum EQE of 21.5%. To further figure out the itserof dibenzofuran-based iridium (Il1)
complexes, Ir(ppygpcac (bis[2-(2-pyridinyl-N)phenyl-C](acetylacetooptidium(lll)), a common
green dopant utilized in PhOLEDSs, was applied iov@mentioned PhOLED structure for comparison
purpose. The maximum EQE and PE exhibited by tcdewith Ir(ppy)acac were only 15.5% and
63.0 Im W *, respectively (Fig. S8), far behind the correspogdalues oBF-Ir2 - andBF-Ir3 -based
PhOLEDs.

These results indicate that high EQE of above 20@tRE of above 90 Im Wcan be achieved in
the devices with our newly developed dibenzofurasell iridium (11l) complexes. The high PE value
is a crucial factor for low energy consumption anednmercialization of PhOLEDs.

It is noteworthy that the device based BR-Ir3 displayed highlmay0f almost 16 cd m? and
extremely low efficiency roll-off. Low efficiencyotl-off values of 3.9% at 1000 cd fnand 14.1% at
10000 cd it were achieved, owing to the relatively short lifet of BF-Ir3. Furthermore, thanks to
the low hole/electron-injecting barriers, all thevites withBF-Irl, BF-Ir2 andBF-Ir3 showed low
turn-on voltage of 2.4 V, which is much lower ththat of green PhOLED reported previously [16, 18,
27, 29, 32]. Based on the above results, it isentidhat the dibenzofuran-based iridium complexes

demonstrate a great potential as green emitteBH@LEDs with both high EQE and PE.

4 Conclusions

In summary, a series of dibenzofuran-based iridjiincomplexesBF-Ir1, BF-Ir2 andBF-Ir3 is
successfully designed and synthesized. The chaisiitte of these complexes as green emitters in
PhOLEDs were systematically investigated. The PhiOd Rith these emitters displayed the maximum
EQE of 15.1% foBF-Ir1, 23.7% forBF-Ir2 and 21.5% foBF-Ir3, respectively, as well as exhibited
a high PE of up to 96.8 Im Wfor the device wittBF-Ir3. When the luminance reached 1000 and
10000 cd 7, the corresponding EQE values Bf-Ir3 -based device could be maintained at 20.7%
and 18.5%. This study suggest that the dibenzofbesed iridium (111) complexes have great potential



as green emitters to realize PhOLEDs with both IH@HE and PE as well as extremely low efficiency

roll-off.
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Table S1.Electrochemical properties of Ir (lll) ComplexBE-Irl, BF-Ir2 andBF-Ir3

CcVv uv
Compounds - -
Enowmo “(eV) ELumo " (V) Eq“(eV) Aonse © (NM) Eq°(eV)
BF-Ir1 -5.1€ -2.4: 2.7% 48¢ 2.5¢
BF-Ir2 -5.2¢ -2.5¢ 2.7% 501 2.4¢
BF-Ir3 -5.1¢F -2.3€ 2.7¢ 51¢ 2.41

? Estimated from cyclic voltammetry data using eguatEomo = [Eox — EFcre) + 4.8] (V).
® Estimated from cyclic voltammetry data using etuatE, yvo = [Ered — Ereire) + 4.8] (€V).
¢ Calculated frOfTEHOMo andELUMo USing equatior’Eg = (ELUMO - EHOMO)-

4 Estimated from absorption spectra of thin films.

¢ Calculated from théy,seiUsing equationEg = 1240 [gnses

500 100000
3 b) ‘E 50000
<* {10000 %
) = E
B £ 5000 5
K 230 3
= % {1000 3
2 o200} 500 §
g = £
g s o E
3 50
; ; ) 10
400 500 600 700 3
Wavelength (nm) Voltage (V)
100 1000
¢ d
)H." s e waa {500 ~ )
< S0 — L
e}
< £
& N {100 = 10}
- N !
< TN— A@’_A_A_M 50 2 <
s o1 g =
E o o
L5 10 @ i}
] I
s z
3 o
o n.
1 . 1 1 s
100 1000 10000 102 10° 1o
Luminance (cd m?) Luminance (cd m?)

Figure S8. (a) Electroluminescence spectrum of Ir(gaghac recorded at 4.0 V. (b) Current
density-voltage curve (left axis) and luminancetagé curve (right axis). (c) Current
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Highlights

1. A series of novel iridium (111) complexes with diheofuran moiety are synthesized through a
facile synthetic route.

2. All of our newly developed iridium (lll) complexafisplayed great thermal stability and high
photoluminescence quantum yields.

3. PhOLEDs with dibenzofuran-based iridium (Ill) compés as green emitters exhibited the
maximum EQE of 23.7% and impressively high PE o796 W .

4. Moreover, our fabricated PhOLEDs showed extremalw lefficiency roll-off at high
luminance.
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