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Graphical abstract (synopsis)

Three new heteroleptic iridium(l11) complexes with 1,3,4-oxadiazol containing
ancillary ligands were synthesized and the OLEDs using one emitter showed superior
performances with a peak current efficiency (i7c) of 61.49 cd A™ and low efficiency

roll-off.
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Abstract
Using 2,4,5-trifluorophenylpyridine as a monoanoeyclometalated ligand, 2-(5-phenyl-1,3,4-

oxadiazol-2-yl)phenol, 2-(5-(4-fluorophenyl)-1,34adiazol-2-yl)phenol and 2-(5-(4-trifluoro-
methylphenyl)-1,3,4-oxadiazol-2-yl)phenol as amcill ligands, three new heteroleptic iridium(lIl)
complexes I (F346ppY)2POP, It (F346ppY)FPOP andlr(Fs46ppy).CFsPOP) were developed.
All complexes are green phosphofg¢ = 503 - 521 nm) with photoluminescence quantum
efficiency yields of 12 - 18% in Ci€l, solutions at room temperature, respectively. Tigamic
light emitting diodes (OLEDs) with the structure difO / TAPC (1,1-bis(4-(dp-
tolylamino)phenyl)cyclohexane, 60 nm) If(Fs46ppy).POP (6, 8, 10 wt%) : SimCP2
(bis(3,5-di(H-carbazol-9-yl)phenyl)diphenylsilane, 30 nm) / TPBL,3,5-tri(1-phenyl-H-
benzo[d]imidazol-2-yl)phenyl, 90 nm) / LiF (1 nm)M (100 nm) showed good performances.
Particularly, the device with 8 wt% doped concerdraexhibited superior performances with a
peak current efficiencyy() of 61.49 cd A" and a peak power efficiencyyf of 46.03 Im W
Furthermore, the efficiency roll-off ratios frometlpeak current efficiency to that at the practical
luminance of 100 cd fand from 100 cd fhto the benchmark brightness of 1000 c¢d im this
device are low, which are helpful to keep highcéincy at relatively high current density and

high luminance.

Keywords: Iridium complex; 2,4,5-Trifluorophenylpgine; 1,3,4-Oxadiazole; Organic light

emitting diode; Efficiency



1. Introduction

Phosphorescent iridium complexes play an imporgart in efficient organic light emitting
diodes (OLEDs) due to the high quantum efficienog ahort lifetime of triplet excited states
[1-20]. The strong spin-orbit coupling (SOC) inttméd by the central heavy atom can promote
the triplet to singlet radiative transition, so ttteuch complexes may exhibit unusually high
phosphorescence quantum vyields at room temperatOre. the other hand, since the
phosphorescence of iridium complexes primarily ioages from the metal-to-ligand charge
transfers (MLCT) and the ligand-centered (LC) titamss [21], the energy level of the excited
state can be controlled by tuning the energy leoklke ligands through substituent effects, which
leads to a wide flexible emission color range.

In this context, heteroleptic cyclometalated (CMigium(lll) complexes ((C*NjIr(LX), LX =
ancillary ligand) are promising phosphorescent nelte due to easy synthetic chemical
accessibility compared with the corresponding hempit Ir(C "N} complexes and good
photophysical properties [22-24)ccording to the density functional theory calcigdat the
highest occupied molecular orbital (HOMO) is bakycaentered on the Ir(lll) metal while the
lowest unoccupied molecular orbital (LUMO) is gealbr localized on the cyclometalated
ligands. Although most ancillary ligands do not matontribution to the lowest excited state
directly, they indeed alter the energy levels @f ¢ixcited states by modifying the electron density
at the metal center. Thus, the photophysical ptgpend carrier mobility of iridium complexes
can be tuned trough functional substitutes on bgthometalated and ancillary ligands. Our group
has reported high efficient phosphorescent OLED&tigducing tetraphenylimidodiphosphinate
(tpip) derivatives as ancillary ligands into Irfllcomplexes [25-29]. Tpip derivatives have
stronger polar P=O bonds, which may improve thetela mobility of the Ir(lll) complexes,
broaden the electron-hole recombination zone, baldhe distribution of holes / electrons and
reduce leakage current, particularly for the higipidg concentration, leading to the suppressed
the triplet-triplet annihilation (TTA) and triplgielaron annihilation (TPA) effects in the device
[30-32]. Therefore, Ir(lll) complexes attached ancillaryaligls with good electron mobility are

potential efficient emitters for OLEDSs.



1,3,4-Oxadiazole derivatives are good candidateglftron injection and transport materials
due to their high electron affinity, high photolurescence quantum vyield and good
thermal/chemical stability. Yang and Ma et. al.,[83, Tian et. al. [35], Bryce et. al. [36] and our
group [37] have reported efficient iridium complexes adeévices using 1,3,4-oxadiazole
derivatives as cyclometalated ligands to increasecbmplexes’ electron transporting ability and
consequently facilitate charge trapping acrossbilik for high performance OLEDs. However,
few heteroleptic Ir(lll) complexes using 1,3,4-ok@mble derivatives as ancillary ligands have
been reported [38,39]. In addition, fluorinatiomaanhance the electron mobility and result in a
better balance of charge injection and transferetovibrational frequency of C-F bond can
reduce the rate of radiationless deactivation. liliasis, as shown in Scheme 1, we synthesized
three heteroleptic Ir(lll) complexes using 2,4jBdorophenylpyridine Esseppy) as the
cyclometalated ligand and the  2-(5-phenyl-1,3,4dizol-2-yl)phenol and its
fluorof/trifluoromethyl substituted derivatives, 2-(4-fluorophenyl)-1,3,4-oxadiazol-2-yl)phenol
and 2-(5-(4-trifluoromethyl-phenyl)-1,3,4-oxadiazblyl)phenol, as the ancillary ligands. Here,
we describe the results of our investigation on slgathesis, structural characterization and

photoluminescence / electroluminescence propestideese Ir(lll) complexes.
2. Experimental Section
2.1 Materials and measurements.

All reagents and chemicals were purchased from cential sources and used without further
purification.'H NMR spectra were measured on a Bruker AM 400tspeeter or a Bruker AM
500 spectrometer. Mass spectrometry (MS) spectra wlgtained with an electrospray ionization
(ESI) mass spectrometer (LCQ Fleet, Thermo Fisk&m8fic) or matrixassisted laser desorption
ionization time-of-flight (MALDI-TOF) mass spectrater (Bruker Daltonic Inc.). Absorption
and photoluminescence spectra were measured on-a10¥ spectrophotometer and a Hitachi
F-4600 photoluminescence spectrophotometer, ragplctThe decay lifetimes were measured
with an Edinburgh FLS-920 spectrometer in degagsedCl, solution at room temperature.
Cyclic voltammetry measurements were conducted diP&A multifunctional electrochemical
and chemiluminescent system (Xi'an Remex Analytinatrument Ltd. Co., China) at a scan rate

0.1 V s', with a polished Pt plate as the working electroplatinum thread as the counter
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electrode and Ag-AgN$(0.1 M) in CHCN as the reference electrodetya-n-butylammonium

perchlorate (0.1 M) as the supporting electroliggether with FoFc as the internal standard.
The luminescence quantum efficiencies were caledlddy comparison of the emission

intensities (integrated areas) of a standard sartipielr(ppy):) and the iridium complexes

according to the equation (1) [40].

B,y =Dy (M)(ﬁfd)(?*)z 1)
std nk std

where @, and ®gq are the luminescence quantum yields of the iridinemplexes and
fac-Ir(ppy)s (0.4 [41]), respectively. Theqk and kg are the integrated emission intensities of the
iridium complexes andac-Ir(ppy)s solution, respectively. The A& and Ay are the absorbance
values of the iridium complexes arfdc-Ir(ppy)s solution at their excitation wavelengths,
respectively. Thew andngg terms represent the refractive indices of theesponding solvents

(pure solvents were assumed).
2.2 Crystallography.

The single crystal structures of complexes wergiadhrout on a Bruker SMART CCD
diffractometer using monochromated Ma Kadiation A = 0.71073 A) at room temperature. Cell
parameters were retrieved using the SMART softwaik refined using the SAINT program [42]
on all observed reflections. Data were collectadgia narrow-frame method with a scan width of
0.30° inw and an exposure time of 10 s/frame. The highlymednt data sets were reduced using
the SAINT program and corrected for Lorentz andapshtion effects. Absorption corrections
were applied using the SADABS program [48pplied by Bruker. The structures were solved by
direct methods and refined by full-matrix least&es onF2 using the SHELXS-97 program
[44]. The positions of metal atoms and their ficztordination spheres were located from
direct-methods E-maps; other non-hydrogen atome vi@ind in alternating difference Fourier
syntheses and least-squares refinement cyclesedindd anisotropically during the final cycles.
Hydrogen atoms were placed in calculated positioth i@fined as riding atoms with a uniform

value of Uiso.

2.3 OLEDs fabrication and measurement.



All OLEDs with the emission area of 0.1 tmere fabricated on the pre-patterned ITO-coated
glass substrate with a sheet resistance & $§*. The 60 nm hole-transporting material of TAPC
(1,1-bis(4-(dip-tolylamino)phenyl)cyclohexane) film was first degited on the ITO glass
substrate. The phosphor and SimCP2 (bis(3,3-Hg@rbazol-9-yl)phenyl)diphenylsilane) host
were co-evaporated to form 30 nm emitting layemfitovo separate sources. To optimize the best
device performances, the different doped conceotsbf the Ir(1ll) complex in the host (6, 8, 10
wt%) were applied. Successively, TPBi (1,3,5-tpfienyl-H-benzo[d]imidazol-2-yl)phenyl, 90
nm), LiF (1 nm), and Al (100 nm) were evaporatetle "acuum was less than 1%1Pa during
all materials deposition. The electroluminescenmecta were measured with a Hitachi F-4600
photoluminescence spectrophotometer. The EL claisiit curves were measured with a
computer controlled Keithley 2400 source meter vatlealibrated silicon diode in air without

device encapsulation.
2.4 Syntheses.

The syntheses procedures of ligands were liste&cimeme 1. The cyclometallated ligand
(Fs46PpY), cyclometallated Ir(lll) chloro-bridged dimef(Fs4eppy).Ir(n-Cl)],) and ancillary
ligand HPOP) were synthesized according to our previous ref2#8139]. All reactions were
performed under nitrogen. Solvents were carefutigdd and distilled from appropriate drying

agents prior to use.
2.4.1 Synthesis of the ancillary ligands (HLX).

5-Fluoro-benzoyl chloride (1.58 g, 10 mmol) was edlddropwise to a solution of
2-methoxybenzohydrazine (1.66 g, 10 mmol) andhyileimine (1.01 g, 10 mmol) in chloroform
(20 mL) at room temperature. The mixture was gifie 2 h and then filtered. The solid was
washed with water and ethanol to giMe(4-fluorobenzoyl)-2-methoxybenzohydrazine (2.59 g,
90% yield). A mixture oN-(4-fluorobenzoyl)-2-methoxybenzo-hydrazine and {20 mL) in a
50 mL flask was refluxed under nitrogen for 5 heTdxcessive POgWwas then distilled out, and
the residue was poured into water. The crude sobduct was purified by recrystallization from
chloroform/hexane to give 2-(4-fluorophenyl)-5-(2#moxyphenyl)-1,3,4-oxadiazole (2.30 g,

85% yield). Then, to a mixture of 2-(4-fluorophenryt(2-methoxyphenyl)-1,3,4-oxadiazole (2.30



g) in 50 mL CHCI, at -78°C was added BB(12.5 g, 50 mmol in 20 mL Cj€l, ) dropwise. The
mixture was stirred for 24 h at -78 and the resulting solution was poured into wadgtacted
with CH,Cl, (50 mL x 3 times) and then dried over anhydroudilso sulfate. The solvent was
removed under reduced pressure, and recrystatiizafi the residue from ethanol gave colorless
crystal of 2-(5-(4-fluoro-phenyl)-1,3,4-oxadiazolyBphenol HFPOP) with a 87% vyield.’H
NMR (500 MHz, DMSO¢) 5 8.10 (ddJ = 8.4, 5.5 Hz, 2H), 7.74 (d,= 7.6 Hz, 1H), 7.49 — 7.39
(m, 2H), 7.25 (tJ = 7.5 Hz, 1H), 6.90 (d] = 8.4 Hz, 1H), 6.63 (] = 7.3 Hz, 1H).
2-(5-(4-Trifluoromethyl-phenyl)-1,3,4-oxadiazol-2yphenol (HCF3POP) was synthesized
with the same procedure with 92% yieldl. NMR (500 MHz, CDCJ) 5 8.29 (d,J = 8.1 Hz, 2H),
8.06 (dd,J = 7.7, 1.6 Hz, 1H), 7.82 (d,= 8.2 Hz, 2H), 7.57 () = 10 Hz, 2H), 7.16 — 7.10 (m,
2H).
2.4.2 General syntheses of complexes.

A mixture of IrCk-3H,O (1 mmol) and~346ppy (2.5 mmol) in 2-ethoxyethanol and water (20
mL, 3 : 1, v/iv) was refluxed for 24 h. After codlinthe yellow solid precipitate was filtered to
give the crude cyclometalated Ir(lll) chloro-bridgeimer ((Fs4eppy).lr(p-Cl)]2). Then the
slurry of crude chloro-bridged dimer (0.2 mmol) attillary potassium salt (KLX, 0.5 mmol) in
2-ethoxyethanol (20 mL) was refluxed for 24 h. Aftee mixture was cooled, the solvent was
evaporated at low pressure. The crude product washed by water, and the column
chromatography using GBI, as the eluent gave Ir(lll) complexes which werdhfer purified
again by sublimation in vacuum.

It (F3.46pPY)-POP (yield: 56%): M.p. > 316C. *H NMR (500 MHz, DMSOd) 5 8.65 (d, 1H),
8.44 (d, 1H), 8.17 (dd] = 21.3 Hz, 2H), 8.01 — 7.86 (m, 4H), 7.83Jd&; 6.5 Hz, 1H), 7.59 (dd}
= 16.0, 7.2 Hz, 1H), 7.33 (8 = 6.4 Hz, 2H), 7.21 (t) = 7.0 Hz, 1H), 7.12 (&) = 6.6 Hz, 1H),
7.09 — 6.99 (m, 2H), 6.63 (d,= 8.1 Hz, 1H), 6.53 (1) = 7.5 Hz, 2H). MS(MALDI-TOF), m/z:
calcd for GgH1oF5IrN4O,, 845.77 [M]; found 844.82 [M-1].

It (F346pPY)FPOP (yield: 45%): M.p. >310C. 'H NMR (500 MHz, DMSOdg) 5 8.64 (d,J =
5.6 Hz, 1H), 8.44 (d) = 5.6 Hz, 1H), 8.18 (dd] = 20.5, 8.5 Hz, 2H), 8.01 — 7.86 (m, 4H), 7.83
(d,J=6.9 Hz, 1H), 7.42 (1 = 8.7 Hz, 2H), 7.33 (1 = 6.4 Hz, 1H), 7.21 (1 = 7.0 Hz, 1H), 7.12
(t, J = 6.6 Hz, 1H), 7.09 — 6.99 (m, 2H), 6.63 (= 8.6 Hz, 1H), 6.53 (t) = 7.5 Hz, 1H).

MS(MALDI-TOF), m/z: calcd for GegH1gFIrN 4O, 863.76 [M]; found 862.75 [M-1].
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I (F3.46PPY)CFsPOP (yield: 30%): M.p.: 29PC. *H NMR (500 MHz, DMSO¢) & 8.64 (d.J
= 5.6 Hz, 1H), 8.45 (d] = 5.7 Hz, 1H), 8.18 (dd] = 21.9, 8.4 Hz, 2H), 8.04 (d, = 8.2 Hz, 2H),
7.93 (t,J = 8.9 Hz, 4H), 7.85 (d] = 8.0 Hz, 1H), 7.33 (1) = 6.5 Hz, 1H), 7.22 (1) = 7.3 Hz, 1H),
7.12 (t,J = 6.6 Hz, 1H), 7.06 (td] = 11.0, 6.0 Hz, 2H), 6.64 (d, = 8.7 Hz, 1H), 6.54 () = 7.4

Hz, 1H). MS(MALDI-TOF), m/z: calcd for gHigFglrN4O,, 913.76 [M]; found 912.70[M-1].

3. Results and Discussion
3.1 Crystallography and thermal stability.

The single crystals suitable for X-ray diffractiostudy of two iridium phosphors,
Ir(F346ppY).POP andlr(Fs46ppy).FPOP, were obtained by controlled sublimation undethhig
vacuum atmosphere. The ORTEP diagrams of thesecdmplexes are depicted in Fig. 1. The
corresponding crystallographic data were colleatediable 1 and the selected bond lengths and
angles were listed in Table S1. The central iridiatom is chelated by two anionic C*N main
ligands and one monoanionic bidentate N*O ancilliggnd. The coordination sphere presents a
distorted octahedral geometry, with thes-C,C and transN,N in chelating disposition.
Concerning the designed ancillary ligands with ¢hiiags, the phenol ring and the oxadiazole ring
chelate with the iridium center via the O atom anbl atom, respectively, forming a relatively
rigid hexatomic coordination ring. The left freegplyl and 4-fluorophenyl ring present a rather
obvious dihedral angel towards the other two ririggrder to minimizing the steric effect. The
Ir-C and Ir-N bonds between iridium center and Gfhlin ligands are about 2.0 A and the Ir-O1
bonds (2.1 A) are the longest among all the coatitin bonds.

The melting points ofr(Fz46ppYy).POP, It (F346ppYy).FPOP and Ir(Fs46ppy).CF:POP are
322, 326 and 29iC, respectively. And they are thermally stable aipt®6, 408 and 39%C (5
wit% loss, Fig. 2), respectively, indicating thag tompounds are potential emitting materials used

for fabricating efficient and stable OLEDs with tplifetime.
3.2 Photophysical and electrochemical property.

The UV-vis absorption spectra of thér(Fs4eppy).POP, Ir(Fs4eppy).FPOP and
It (F346pPY).CFsPOP complexes in degassed @b at 5% 10° mol.L™ are shown in Fig. 3(a),

and the electronic absorption data are listed inlerd. The complexes showed almost the similar
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absorption spectra in the range of 230-450 nm.ifitemse bands at high energy (250-350 nm) are
assign to spin-allowed ligand-centerdC (n-n*) transitions ofFs4eppy and 1,3,4-oxadiazole
derivative ligands. The absorption bands obsertddveer energies extending into the spectral
region (350-450 nm) can be assigned to spin-allofwedt) ligands along with contribution from
metal-to ligand charge transfer MLCT transitione$b MLCT bands are attributed to an effective
mixing of charge-transfer transitions with highgmg spin-allowed transition on the ligands
through strong spin-orbit coupling of iridium at¢g#4®b].

Photoluminescence measurements were conducted aeraled CHKCIl, solutions at room
temperature (Fig. 3(b), Table 2). The complexed=s4sppy)POP, Ir(F346ppYy).FPOP and
Ir(F346PpY).CF3POP emit intense green phosphorescence with peaksmmaat 504, 503 and
521 nm, respectively, which are belong to the middCT and CT transitions. The major
emission peaks ofr(F346ppYy).POP and Ir(F346ppy).FPOP are similar, indicating that the
introducing of F atom in the ancillary ligand do¢sxifect the excited state of the complex greatly.
However, when the GFmoiety was introduced to the ancillary ligand, theximum peak of
Ir(F346PPY).CFsPOP red-shifts about 20 nm, suggesting the strongtreleavithdrawing unit
CR: in the ancillary ligand has effect on the chargedfer process. Moreover, the quantum yields
of the three complexesr(Fs46ppYy).POP, Ir(F346ppY):FPOP and Ir(Fz46ppy).CF3sPOP in
solution are 18%, 12% and 13%, respectively. Initedg the lifetimes of complexes
Ir(F346PPY)2POP, Ir(F346ppYy).FPOP and Ir(F346ppy).CFsPOP are in the range of
microseconds of 1.83, 2.14 and 1 &lin CHCI, solution (Table 2, Fig. S1), which are indicative
of the phosphorescent origin for the excited statesmch case.

The redox properties and HOMO/LUMO energy levelshef dopants are relative to the charge
transport ability and the OLED structure. To ceadtelthe HOMO/LUMO energy levels of the
present heteroleptic iridium complexes, the elettemical behaviours of them in degassed
CH,CI, solution were investigated by using cyclic voltaetry (Fig. 4). The HOMO levels were
calculated from the oxidation potentials and theM@ levels were obtained from the HOMO
data and band gap got from UV-vis spectra. Theicyebltammograms of the complexes
[T (F346PpY)2POP, Ir(F346ppY).FPOP and Ir(F346ppy).CF:POP in the positive range show
strong oxidation peaks, while the reduction peaksrmt obvious, demonstrating that the redox

process of the complexes is not reversible completehich is also observed in related Ir(lll)
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complexes containing oxadiazole units [33-39]. FtbmFig. 4 and Table 2 it is observed that the
differences of the oxidation peaks and HOMO/LUMOIues of the three complexes are
neglectable suggesting that the introduction of BAER; units has little effects on the the

HOMO/LUMO levels.

3.3 OLEDs characterization

Because HOMO/LUMO levels of the three complexes ammilar and the complex
Ir(F346PpY).POP shows the highest PL efficiency, the OLEDs udin@rs.eppy).POP as the
emitter were fabricated with the structure of ITOAPC (60 nm) Ar(F346ppYy).POP (6, 8, 10
wt%) : SImCP2 (30 nm) / TPBi (90 nm) / LiF (1 nmAV (100 nm) named G1 — G3, respectively.
TAPC and SIimCP2 were employed as the hole-trariegofayer and bipolar host material,
respectively. TPBi was used as an electron-tratisgoand hole-blocking layer. The energy
diagrams of the devices and the molecular strustafehe materials used are shown in Fig. 5.
Obviously, the HOMO/LUMO levels ofr(F346ppy).POP are all within that of host material
SimCP2. So, a good carrier trapping is expectethése devices, which is the dominated EL
mechanism. Furthermore, holes and electrons will vibel confined within the doped
light-emitting layer.

The current efficiencyrf;) versus current densify), power efficiency ) versus], J versus
driving voltage V), and . versus luminancel] characteristics of devices are shown in Fig. 6.
The key EL data are summarized in Table 3. All desiemit green light with the EL emission
peaks at 504 nm for G1 — G3, closing to the PL tspatof thelr(Fs46ppy).POP complex in
CH,CI, solution. The EL emission spectrum shapes aresdlmeariant of the current density and
also do not show any concentration dependent, atidg that the EL emission of the device
originates from the triplet excited states of tt@sphor and the energy can be transferred from
SimCP2 to the emitter [33].

The OLEDs usingir(Fs46ppYy).POP as the emitter exhibit encouraging EL performances
displaying low turn-on voltages of 3.4 - 3.5 V dngh efficiency. The maximunyc max and7, max
of G1 — G3 are in the range of 55.13 — 61.49 ¢dahd 39.52 — 46.03 Im W respectively.
According to the respective device, themaxand 77, max 0f 57.27 cd A and 41.82 Im W were

obtained in G1 (6 wt%) at 4.3 V. The device G2 viitivt% dopant concentration showed the best
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performances with g max Of 61.49 cd A (4.9 V) and &y max Of 46.03 Im W* (4.1 V). For the
device G3, it showed the comparative values to ah&1 with as., max Of 55.13 cd Aata7Vv

and arjp, max 0f 39.52 Im W at 3.9 V. The results suggested that for this aegitructure, the
optimized doped concentration is 8 wt%.

Gratifyingly, from the Fig. 6 and Table 3 it is @alsan be observed that the efficiency roll-off in
these devices is low, which is helpful to keep hadficiency at relatively high current density and
high luminance. For device G1, the roll-off ratimfsefficiency from the peak value (57.27 cthA
to that at the practical brightness of 100 cd (9.59 cd A') and from 100 cd ifi to the
benchmark brightness of 1000 céf 1#6.63 cd A') are 13.4% and 6.0%, respectively. For device
G2, efficiency roll-off ratios from the peak val(@1.49 cd A") to that at the brightness of 100 cd
m?(59.81 cd A) and from the brightness of 100 cd o 1000 cd i (54.56 cd A') are as low
as 2.7% and 8.8%, respectively. For device G3getheiency roll-off ratios from the peak value
(55.13 cd A)) to that at the brightness of 100 cé& (81.21 cd A") and from the brightness of 100
cd m? to 1000 cd rif (43.73 cd A)) are as low as 2.0% and 2.3%, respectively.

The good EL properties should be partly due to thapplication of
2-(5-phenyl-1,3,4-oxadiazol-2-yl)phenol as the Bagi ligand and 2,4,5-trifluorophenylpyridine
as cyclometalated ligand. The dopant acts as thedrma electron traps to retard the motion of
both types of carriers. The lower LUMO levels oé tiopants are particularly important for the
reason that the hole mobility of the TAPC is higart the electron mobility of the TPBi in OLEDs
[46], the exciton accumulation is expected in hiolecking layer (TPBi) near the interface of
emitting layer [r (Fs46ppYy).POP : SIMCP2) / TPBI) due to the high energy barrietwzen TPBI
and SimCP2 [47]. The accumulation of exciton wdluse the serious triplet-triplet annihilation
(TTA), triplet-polaron annihilation (TPA) of theidium complexes, and high efficiency roll-off
consequently. In our case, the 1,3,4-oxadiazols uas part of the ligand framework, will benefit
the electron transport properties. The good elaatmobility of the phosphorescent emitter would
facilitate the injection and transport of electrowkich broaden the recombination zone, balance
the distribution of holes and electrons, and redeakage current, particularly for the high doping
concentration, leading to the suppressed the TTRA &ffects [48,49], improved recombination

probability and high device efficiency, low efficiey roll-off.
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4. Conclusion

In conclusion, three new heteroleptic iridium(lll) complexes using
2,4, 5-trifluorophenylpyridine as a monoanionic oyoktalated ligand, 2-(5-phenyl-1,3,4-
oxadiazol-2-yl)phenol, 2-(5-(4-fluorophenyl)-1,34adiazol-2-yl)phenol and 2-(5-(4-
trifluoromethylphenyl)-1,3,4-oxadiazol-2-yl)phenoés ancillary ligands were synthesized.
Efficient EL devices ITO / TAPC (60 nm)¥(F346ppy).POP (6, 8, 10 wt%) : SImCP2 (30 nm) /
TPBIi (90 nm) / LiF (1 nm) / Al (100 nm) were fabated. Anp max0f 46.03 Im W and &, max Of
61.49 cd A are achieved at 8 wt% dopant concentration. Furthee, the efficiency roll-off
ratios from the peak values to that at the praldiicainance are low, which is helpful to keep high
efficiency at relatively high current density anidhhluminance. The study demonstrates that the
iridium complexes with 1,3,4-oxadiazole containiagcillary ligand are potential emitters for

efficient OLEDs.
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Table captions

Table 1 Crystallographic data far (Fs 46ppy).POP andlr (Fs 46ppy).FPOP.

Table 2. The photophysical properties of complekg$ s 46ppy).POP, It (F346ppY).FPOP and

It (F346PPY)CF3POP.

Table 3. EL performances of devices G1 - G3.



Table 1 Crystallographic data far (Fs 46ppy).POP andlr (Fs 46ppy).FPOP.

It (F346pPPY).POP It (F346pPPY)2FPOP
Formula CseH19F6IN4O;, CaeH1gF7IrN4O;
FW 845.77 863.76
T (K) 296(2) 296(2)
Wavelength (A) 0.71073 0.71073
Cryst syst Monoclinic Monoclinic
Space group P2/n P2/c
a(h) 11.2437(5) 11.3459(4)
b (A) 15.6194(7) 18.0095(7)
c(A) 17.6047(8) 15.7264(6)
a (deg) 90.00 90.00
B (deg) 1100.1100(10) 107.3820(10)
y (deg) 90.00 90.00
V (A% 3043.7(2) 3066.7(2)
Z 4 4
Pealca (g/crTT) 1.846 1.871
« (Mo Ka) (mm?) 4.465 4.439
F (000) 1640 1672
Range of transm factors (deg) 1.76 -28.42 1.77 28.3
Reflns collected 21911 21789
Unique 7629 7636
GOF onF? 1.009 1.024

R WR, (1>2s(1))
R2wR, (all data)
CCDC NO.

0.0238, 0.0546
0.0317, 0.0578
934801

0.0293, 0.0654
0.0404, 0.0678
934802

Ry = 3|Fo| — FllEFo|. WR,” = [SW(F.2 — FAYZw(F )] 2



Table 2. The photophysical properties of compleke$ s 46ppy).POP, I1(F346ppY).FPOP and

It (F346PPY)2CFsPOP.

Complex TWT? M abs® Aem, T ferd r® HOMO/LUMO ¥
[°C] [nm] [nm] [%] [ps] [eV]

1T (F3,46pPY),POP 322/406  252/394 504/530 18 1.83 -5.59/-2.95

It (F3.46PPY)-FPOP 326/408  253/393 503/530 12 2.14 -5.58/-2.92

Ir(F346ppY).CFsPOP  291/393  253/307 521 13 1.92 -5.58/-2.91

¥ T,.: melting point; T decomposed temperatur®;Measured in ChkCl, solution at room temperaturé:
Measured in degassed gH, solution at room temperatureusifeg-Ir(ppy)s as the standard sample & 0.4): ¢
HOMO/LUMO calculated based on the cyclovoltamme®y) diagram using ferrocene as the internal standard

and UV-vis spectra in dichloromethane. HOMO (e\)Eyx-Ey/2 £9-4.8, LUMO (eV) = HOMO +Epanggap



Table 3. EL performances of devices G1 - G3.

Vo) #p, max” (IMm WY e, max(cd A% Current efficiency roll-off (%)
Device
V) v Mo mad, V. 100Y 1000 77 max—100 cd/r”  100-1000 cd/m?
G1 3.5 41.82, 4.3 57.27,4.3 49.59 46.63 134 6.0
G2 3.4 46.03, 4.1 61.49, 4.9 59.81 54.56 2.7 8.8
G3 3.4 39.52, 3.9 55.13, 4.7 51.21 43.73 2.0 2.3

¥ Vumon turn-on voltage recorded at a brightness of In&d ® 7, e maximum power efficiency? nc. max
maximum current efficiency? current efficiency at 100 cd ™™ current efficiency at 1000 cd”m?” Current
efficiency roll-off (%) from peak value to 100 cd’p® Current efficiency roll-off (%) from 100 cd fto 1000 cd

m?2.



Scheme and figure captions

Scheme 1. The synthetic route of Ir(Fz46ppY).POP, Ir(Fz46ppy).FPOP and

It (F346PPY)2CF3POP.

Fig. 1. ORTEP diagrams of Ir(Fz46ppy).POP (left) and Ir(F346ppy).FPOP (right) with thermal
ellipsoids shown at 40% probability level. Labels are added on the atoms bonded to iridium

center. Hydrogen atoms are omitted for clarity.

Fig. 2. The TG curves of Ir(F346ppY)2POP, Ir(Fs46ppy).FPOP and Ir(Fs46ppy).CFsPOP

complexes.

Fig. 3. UV-vis absorption (a) and emission (b) spectra of Ir(F346ppYy)2POP, It (F346ppYy).FPOP
and |1 (F346ppYy).CFsPOP complexes in degassed dichloromethane (5 x 10° mol.L™) at room

temperature.
Fig. 4. Cyclic voltammograms of complexesin the positive range.

Fig. 5. Energy level diagrams of HOMO and LUMO levels (relative to vacuum level) and

molecular structures for materials investigated.

Fig. 6. Characteristics of devices with configuration ITO / TAPC (60 nm) / Ir(Fz46ppy).POP :
SImCP2 (30 nm) / TPBi (90 nm) / LiF (1 nm) / Al (100 nm): (a) current efficiency (77.) as a
function of current density (J), (b) power efficiency (77,) as a function of J, and (c) J versus

driving voltage (V), (d) 7. versus luminance (L).



E E
E F
F
~ d(PPh3)4/K2CO§l _IrCl38H0 al F
. AN THF/H,0 EtOCHZCHZOH/HZO Ir<CI:lr
5 Z °N N~
B(OH), Br o M2

Et3N POCI
s NHNH; Eg _@)L Pogs
_QJL CHCI3 N

OCH, H3CO

N=N -\
@ CH,Cl, O
h.cd R=H: HPOP KO
R=F: HFPOP

R=CF3: HCF;POP

F
F R=H: Ir(F ),POP
z =RIr(F346PPY)2
||— KRPOP T . F '\\’115 R=F: Ir(F314'6ppy)2FPOP
\ /Ir EtOCH ,CH,OH Ir\/ R = CF3: I (F346PpY),CF3POP
Z Nl O
N ! 2

Scheme 1. The synthetic route of Ir(Fz46ppY).POP, Ir(Fz46ppy).FPOP and

It (F34,6PPY)2CFsPOP.



Fig. 1. ORTEP diagrams of Ir(Fz46ppY).POP (left) and Ir(F346ppYy).FPOP (right) with thermal
ellipsoids shown at 40% probability level. Labels are added on the atoms bonded to iridium

center. Hydrogen atoms are omitted for clarity.



L] Ir(FaAGppy)zPOP
804 @ Ir(F3y4‘6ppy)2FPOP
A Ir(F,, ppYy),CF.POP

34,6

100 200 300 400 500 600
Temperature (°C)

Fig. 2. The TG curves of 11 (Fz46ppY)2POP, I1(F346ppY).FPOP and I r (F346ppYy).CFsPOP

complexes.
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Fig. 3. UV-vis absorption (a) and emission (b) spectra of Ir(Fz46ppYy)2POP, It (F346ppYy).FPOP
and Ir(Fz46ppy).CFsPOP complexes in degassed dichloromethane (5 x 10° mol.L™) at room

temperature.
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Fig. 4. Cyclic voltammograms of complexesin the positive range.
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Resear ch highlights

We synthesize Ir(I11) complexes with 1,3,4- oxadiazol derivatives.
The complexes own green emission peaks with various intensities.
One OLED shows a peak current efficiency of 61.49 cd A™.
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Table S1. The selected bond lengths (A) and angigsf(Ir (Fs46ppy).POP and

It (F346ppY).FPOP complexes.

Fig. S1. The lifetime decay curves of I{EFppyLPOP, Ir(k 4 pyLFPOP and

Ir(F3,4,0pyRCFPOP in CHCI, solution.



Table S1. The selected bond lengths (A) and angigsf(Ir (F346ppy).POP and

It (F346PpY).FPOP complexes.

Complex Bond length (A)
Ir(1)-C(1) 2.003(3) Ir(1)-C(12) 2.019(3) In(1)-N(1JB4(2)
Ir(1)-N(2) 2.038(3) Ir(1)-N(3) 2.111(2) Ir(1)-0(B.1215(18)
Angles )
C(1)-Ir(1)-C(12)89.04(10) C(1)-Ir(1)-N(1) 80.22(11)  @)aIr(1)-N(1) 98.76(11)
It (F3.460Py)2POP
C(1)-Ir(1)-N(2) 99.48(11)  C(12)-Ir(1)-N(2) 80.33(12)  N(1)-Ir(1)-N(2) 179.05(9)
C(1)-Ir(1)-N(3) 93.29(9) C(12)-Ir(1)-N(3) 177.21(10)  N(1)-Ir(1)-N(3) 83.16(9)
N(2)-Ir(1)-N(3) 97.76(10)  C(1)-Ir(1)-O(1) 174.21(10) C{2(1)-O(1) 91.73(9)
N(1)-Ir(1)-0(1) 93.99(9)  N(2)-Ir(1)-O(1) 86.31(9) N(3)-Ir(1)-O(1) 86.11(8)
Bond length (A)
Ir(1)-C(1) 1.995(3) Ir(1)-C(22) 2.011(3) Ir(1) -N(2)031(3)
Ir(1)-N(2) 2.039(3) Ir(1)-N(3) 2.105(3) Ir(1)-0(R.116(2)
Angles ¢)
It (F3.4,60PY).FPOP

C(1)-Ir(1)-C(22) 92.49(13)

C(1)-Ir(1)-N(2) 99.64(13)

C(1)-Ir(1)-N(3) 92.64(12)

N(2)-Ir(1)-N(3) 96.54(11)

N(1)-Ir(1)-O(1) 93.72(11)

C(1)-Ir(1)-N(1) 80.27(14) 220)-1r(1)-N(1) 99.66(13)

C(22)-Ir(1)-N(2) 79.73(13)  N(1)-Ir(1)-N(2) 179.38(11)
C(22)-Ir(1)-N(3) 174.10(12) N(1)-Ir(1)-N(3) 84.07(11)
C(1)-Ir(1)-O(1) 173.97(12) C(22(1)-O(1) 88.02(12)

N(2)-Ir(1)-O(1) 86.36(11) N(3)-Ir(1)-O(1) 87.18(10)
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Fig. S1. The lifetime decay curveslo{F; 46ppYy).POP, It (F346ppYy).FPOP andlr (F346ppy),CF:POP in

CH,CIl, solution.



