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Two iridium(I11) complexes containing carbene-based cyclometalated ligands and
pyridine-triazole ancillary ligand exhibit intense greenish-blue phosphorescent
emission. The greenish-blue and white OLEDs using the titled complexes as the

dopant emitters show effective electroluminescence efficiencies.
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Abstract

Two heteroleptic iridium(lll) complexes using carbene as cyclometalated ligands and
pyridine-triazole as ancillary ligand, namelyfpmi).lr(mtzpy) (1) and
(fpmi)al r (phtzpy) (2) [fpmi = 1-(4-fluorophenyl)-3-methylimdazolin-2-ylidene-G,C
mtzpy = 2-(5-methyl-H-1,2,4-triazol-3-yl)pyridine, phtzpy =
2-(5-phenyl-H-1,2,4-triazol-3-yl)pyridine], were synthesized and their structural,
photophysical and electrochemical properties investigated systematically. Both
complexes exhibit bright greenish-blue phosphoresceiggx €490 nm) with
guantum yields of about 0.50. Comprehensive density functional theory (DFT)
approach was then performed to gain insights into their photophysical and
electrochemical characters. The fabrication of organic light-emitting diodes (OLEDS),
employing complexe& and2 as phosphorescent dopants, was successfully achieved.
Among them, the device based brexhibited considerable power efficienoy)(of

11.43 Im W* and current efficiencys() of 11.78 cd A% With the merit of intrinsic
characteristic of complek, a white OLED comprised df and one orange phosphor
(pbi)2lr (big) achieved a pead, of 9.95 Im W' andy. of 10.81 cd A", together with
Commission Internationale de I'Eclairage (CIE) coordinates of (0.34, 0.40). The
results indicate that two iridium(lll) complexes reported here are promising

phosphorescent dyes for OLEDs.

Keywords: Iridium(lll) complex; Carbene; Triazole-pyridine; Greenish-blue emission;

Organic light-emitting diode; Density functional theory



1. Introduction

Solid-state luminescent materials have attracted great attention due to their enormous
potential applications in organic light-emitting diodes (OLEDs) and other
optoelectronic material technology [1-7]. In OLEDs, recombination of electrons and
holes in emitting layer gives rise to the formation of 25% singlet excitons and 75%
triplet ones. For conventional fluorescent OLEDs, however, the 75% triplet excitons
are usually lost due to the forbidden transition from the triplet to the ground state
during electroluminescence process. To achieve high electroluminescence efficiency,
efficient luminescent materials that can harness both singlet excitons and the
spin-forbidden triplet excitons are highly desired. Since the pioneering
electrophosphorescence works of Forrest and Ma et al. in 1998 [8, 9], intensive efforts
have been carried out to design and synthesize phosphorescent materials for highly
efficient OLEDs. The readily available, Ru(ll)- [10-13], Os(Il)- [14-15], Cu(l)-
[16-19], Pt(l)- [18, 20-27] and Ir(Ill)- [28—40] based phosphorescent complexes can
give effective harvesting of both singlet and triplet excitons endowed by heavy-atom
spin-orbit coupling (SOC), achieving nearly 100% internal quantum efficiencies in
theory [1, 8, 41]. In particular, iridium(lll) complexes displaying high quantum yields,
broad range of emission colors, excellent optical- and thermal- stabilities, as well as
short excited-state lifetimes have been regarded as appealing phosphors for optical
devices [4, 34]. To date, efficient red- and green- emitting iridium(lll) complexes
have been well developed througigenious ligands modification [18, 42-44].

Despite these advances in display technology, the development of stable



phosphorescent materials with wide band gap, which is essential for solid-state
lighting and flat panel displays, remains elusive and still challenge [45-50].

The above urgency prompts scientific researchers to develop appropriate design
strategy for iridium(lll) complexes with wide band galpsthis respect, a number of
intensive studies [4, 51] have been performed to obtain blue or greenish-blue
materials by structural modification. The general approaches [18] to achieving such
phosphorescent iridium(lll) complexes can be mainly divided into following sections:
i) introduction of electron-withdrawing groups on the phenyl rings of
2-phenylpyridine (ppy) type ligand such as fluorine, trifluoromethyl and cyanide, to
stabilize the HOMO energy level of the complexes [52-54]; ii) addition of
electron-donating groups to pyridine ring of ppy ligand, for instance methoxy and
methylamine, to increase the LUMO energy level [55, 56]; iii) using N-heterocyclic
ligand to replace pyridine ring to a higher LUMO, such as five membered heterocycle
pyrazole or trizole [57, 58]. Although widened energy &gan be obtained using
the methods mentioned above, a mixture of the ligand centered and
metal-to-ligand change transfer (MLCT) transitions may be found to gradually reduce,
leading to a relatively low quantum yield.

It is well known that N-heterocyclic carbenes (NHCs) have been widely used in
transition metal catalysts [59, 60]. Recently, the transition metal complexes containing
NHCs moieties have been proved to be promising luminescent materials for OLEDs.
Since they possess sulfficiently large covalent metal-carbene bonds that are beneficial

to stabilize the complexes [22, 61-70]. Furthermore, the strong ligand field of the



carbene can effectively further push up the energy of nonradiative d-d excited states
on the metal center, resulting in stable phosphors with wide band gap and high
guantum yields [65]. On the basis of these principles, Forrest and co-workers [63]
reported homoleptic iridium(lll) carbene phosphorescent complex showing
luminescence in the near-UV region with a relatively high quantum efficiency at room
temperature. In addition, Cheng et al. [44] have recently reported iridium(lll) carbene
complexes that show wide-range color tuning from blue to red emitting. Using
functional carbene groups as cyclometalated ligands brings a new and feasible way to
construct wide energy-gap iridium(lll) complex [46]. To date, however, iridium(lll)
complexes with carbene ligands showing blue or blue-green phosphorescence are
rarely reported. Thus, further design and synthesis of novel carbene-based iridium(lll)
complexes will be helpful to investigate their structure-property relationship and
develop more promising phosphorescent iridium(lll) complexes for full-color display.
Moreover, in numerous nitrogen heterocyclic ligands, 2-pyridylazole composed of the
strongo-donor property azole fragment together with #haccepting ability pyridyl
fragment, can enhance the chelate interaction and possess a very large intraligand
n-n* energy gap. Furthermore, such ligands exhibit fascinating photoelectronic
properties and can induce a blue-shifted emission, thereby they are regarded as the
alternative chromophore for obtaining short-wavelength luminescent materials [4, 71,
72].

With the aim of obtaining efficient, stable and wide band gap phosphors, we

herein designed and synthesized carbene-triazole based iridium(lll) complexes



(fpmi)2l r (mtzpy) Q) and (fpmi)2l r (phtzpy) 2 (fpmi:
1-(4-fluorophenyl)-3-methylimdazolin-2-ylidene-CG.C mtzpy:
2-(5-methyl-H-1,2,4-triazol-3-yl)pyridine; phtzpy:
2-(5-phenyl-2-1,2,4-triazol-3-yl)pyridine; shown in Scheme 1). Their photophysical
results indicate that both complexes exhibit strong greenish-blue emissions with
guantum efficiencies of about 0.50 in &Hp solution. They also enjoy excellent
electrochemical properties and thermal stabilities. Moreover, the theoretical
calculations have been performed to gain insight into their photophysical and
electrochemical properties. The vapor-deposited electroluminescence (EL) devices
using complexesl and 2 as dopants have been fabricated successfully. The
constructed greenish-blue and white OLEDs both exhibit good efficiencies. This
result reveals that these two complexes offer an opportunity for constructing high

performance OLEDs towards full-color displays.

2. Experimental

2.1 Materials and general information

All reactants and solvents employed in synthesis were commercially available without
further purification. The solvents for characterization were purified or dried by
standard methods. All of the reactions were carried out under a nitrogen atmosphere
using standard Schlenk techniques in oil batHsSNMR spectra were recorded 25

°C in dry CDC4{ or DMSO+#s on Bruker Avance 500 MHz with tetramethylsilane

(TMS) as the internal standard. The molecular weights of complexesi 2 were



recorded on Agilient 1100 LCMsD mass spectrometer. Elemental analyses (C, H and
N) were performed on a Perkin-Elmer 240C elemental analyzer. UV-vis absorption
spectra were recorded on a Hitachi U3030 spectrometer, and photoluminescence
spectra were recorded using a F-7000 FL spectrophotometer. The excited-state
lifetimes were measured on a transient spectrofluorimeter (Edinburgh FLS920) with a
time-correlated single-photo-counting technique. The photoluminescence quantum
yields @p) in the degassed solution were determined by an integrating sphere
(Edinburgh FLS920). Cyclic voltammetry (CV) was performed on a BAS 100 W
instrument electrochemical analyzer at a scan rate of 100hil €H,Cl, solutions

of supporting electrolyte tetrabutylammonium hexafluorophosphate ((TBAJRE

M). Glassy carbon electrode was used as the working electrode, an aqueous saturated
calomel electrode as the reference electrode and a platinum wire as the counter
electrode. Potentials were obtained using ferrocene-ferrocenium (Fctuple as

the internal standard. The solutions were deoxygenated with argon.
Thermogravimetric analyses (TGA) were performed on a Perkin-Elmer TGA-2
thermogravimetric analyzer, with temperature gradient set at 10 °C fmim 55 °C

to 800 °C under a flowing nitrogen atmosphere.

InsertScheme 1

Scheme 1. Synthetic routes and structures of compleixaad?2.

2.2 Synthesis



The carbene precursor 1-(4-fluorophenyl)-3-methyl-imidazolium iodkdgpMmil)

was prepared by reacting imidazole with 1-fluoro-4-iodobenzene using a modified
Ullmann coupling reaction, following by N-methylation of the resulting
N-arylimidazole with iodomethane [73] with a yield of 74%. The desired iridium(lll)
complexes were synthesized through a two-step reaction: firstly, the carbene precursor
and iridium(lll) trichoride hydrate were transformed into chloro-bridged iridium(lll)
dimers, following by adding a mixture of the ancillary ligand to give the desired
heteroleptic iridium(lll) complexes. In this paper the cyclometalated chloride-bridged
dimer [(fpmikIrCl]; was synthesized according to the described procedure by treating
IrCls-3HO with silver(l) oxide and carbene precursor imidazolium iodiggril in
refluent ethanol. The ancillary ligands 2-(5-methi-2,2,4-triazol-3-yl)pyridine
(Hmtzpy) and 2-(5-phenyl8-1,2,4-triazol-3-yl)pyridine Kiphtzpy) were

synthesized according to the literature [71, 74].

Synthesis of [(fpmi)2lrCl]o. A mixture of 1-(4-fluorophenyl)-3-methyl- imidazolium
iodide (Hfpmil) (4.93 mmol, 1.50 g), silver(l) oxide (4.70 mmol, 1.09 g), iridium
trichloride hydrate (2.35 mmol, 829 mg) in ethanol (70 mL) was heated to reflux
under nitrogen atmosphere for 24 h in the dark. The reaction mixture was cooled to
room temperature, and filtrated. The residue was washed witCICHhe filtrate

was concentrated under reduced pressure and the resultant solid was purified by silica
gel column chromatography using & as eluent to give a grey white powder

(18.4%)."H NMR (500MHz, CDC4, ppm):6 = 7.50 (s,J = 2 Hz, 4H), 7.11 (s] = 2



Hz, 4H), 6.87 (ddJ = 5 Hz,J = 8.5 Hz, 4H), 6.40 (dd] = 5.5 Hz,J = 8 Hz, 4H), 5.80
(dd,J = 2.5 Hz,J = 10 Hz, 4H), 3.87 (s, 12H). MS [m/z]: found 1157.1 (fHAnal.
Calcd. (%) for GoHaaNsClF4lry: C 41.52, H 2.77, N 9.69. Anal. found: C 41.57, H

2.80, N 9.70.

Synthesis of (fpmi)2lr (mtzpy) (1). A mixture of [(fpmi}IrCl], (0.10 mmol, 116 mg),
2-(5-methyl-H-1,2,4-triazol-3-yl)pyridine (Hmtzpy) (0.22 mmol, 35 mg), angCiK;

(0.22 mmol, 30 mg) in 2-ethoxyethanol (5.0 mL) was heated at 85°C under nitrogen
atmosphere for 12 h. After cooled to room temperature, the reaction mixture was
filtered. The residue was washed with methanol. The filtrate was concentrated under
reduced pressure and the resultant solid was purified by silica gel column
chromatography using acetone-ethyl acetate (2:1) as the eluent to yield a green-yellow
solid (85.7%)H NMR (500MHz, CDC}, ppm):6 = 8.10 (d,J = 7.5 Hz, 1H), 7.91 (d,

J = 5.5 Hz, 1H), 7.72 (d) = 7.5 Hz, 1H), 7.35 (dd) = 1.5 Hz,J = 7 Hz, 2H),
7.26-6.97 (m, 3H), 6.83 (d,= 1.5 Hz, 1H), 6.80 (d] = 2 Hz, 1H), 6.62—6.53 (m,

2H), 6.12-6.04 (m, 2H), 3.14 (s, 3H), 2.95 (s, 3H), 2.45 (s, 3H). MS [m/z]: found
703.2 (MH). Anal. Calcd. (%) for gHa3NgFoIr: C 47.85, H 3.28, N 15.95. Anal.

Found: C 47.89, H 3.30, N 15.96.

Synthesis of (fpmi).lr(phtzpy) (2). The synthesis of compléxwas similar to that of
complex1 except that the ancillary ligand 2-(5-methyi-2,2,4-triazol -3-yl)pyridine

(Hmtzpy) was placed with 2-(5-phenyH2l,2,4-triazol-3-yl)pyridine (Hphtzpy).



Yield: 75.5%.'H NMR (500MHz, CDC4, ppm):s = 8.23 (dJ =8 Hz, 1H), 8.12 (dJ]
= 8 Hz, 2H), 7.95 (dJ = 5.5 Hz, 1H), 7.77 () = 8 Hz, 1H), 7.37-7.33 (m, 4H),
7.06-7.00 (m, 4H), 6.83 (d,= 2 Hz, 1H), 6.78 (dJ = 1.5 Hz, 1H), 6.62—6.59 (m,
2H), 6.18 (ddJ = 3 Hz,J = 8 Hz, 1H), 6.09 (dd] = 2.5 Hz,J = 9.5 Hz, 1H), 3.16 (s,
3H), 2.99 (s, 3H). MS [m/z]: found 765.5 (MH Anal. Calcd. (%) for gHosNgFolr:

C 51.80, H 3.27, N 14.65. Anal. Found: C 51.82, H 3.31, N 14.67.

2.3 Quantum chemical calculations

The ground and excited electronic states of these complexes were investigated by
performing density functional theory (DFT) and time-dependent DFT (TD-DFT)
calculations at PBEO hybrid functional level [75]. Restricted and unrestricted
formalisms were adopted on the ground-state and the lowest-lying triplet excited-state
geometry optimizations, respectively. The "Doufle-quality basis sets were
employed for the C, H, N and F atom (6-31G*) and the Ir atom (LanL2DZ). An
effective core potential (ECP) replaces the inner core electrons of Ir leaving the outer
core (5s)(5p)° electrons and the (Styalence electrons of Ir(lll). The location of
molecular orbitals such as the highest occupied molecular orbitals (HOMOSs) and the
lowest unoccupied molecular orbitals (LUMOSs) were calculated at the ground states.
TD-DFT calculations were performed based on the optimized structures at triplet
states. Typically, the 10 triplet and singlet roots of the nonhermitian eigenvalue
equations were obtained to determine the vertical excitation energies. Oscillator

strengths were deduced from the dipole transition matrix elements. All calculations

10



reported here were performed with the Gaussian 09 software package [76].

2.4 EL devicefabrication and characterization

Patterned indium-tin-oxide (ITO)-coated glass substrates with the sheet resistance of
20 Q per square were subjected to a routine cleaning process with rinsing in Decon 90,
deionized water, drying in an oven, and finally treating in a UV-ozone chamber.
Organic layers and cathode were sequentially deposited on the ITO-glass substrates
without breaking vacuum (~5.0xT0Pa). A shadow mask was used to define the
cathode and to make four 10 mutevices on each substrate. The thickness of the
organic layers and metal were monitored in situ with quartz oscillator.
Luminance-current-voltage characteristics of the unpackaged devices were measured
simultaneously with a programmable Keithley 2400 source meter and a Minolta
luminance meter LS-110. The spectra of the devices were measured with an Ocean
Optics Maya 2000-PRO spectrometer. All the measurements were carried out at room

temperature in air.

3. Resultsand Discussion

3.1 Synthesis and structural characterization

Scheme 1 shows the synthetic routes and structures of comgdlexed 2. The
synthetic procedures are shown in Experimental Section. The comfilard® were
obtained from the reaction of the cyclometalated chloride-bridged dimer

[(fpmi)2IrCl], with the ancillary ligandHmtzpy and Hphtzpy, respectively, by a

11



bridge-splitting reaction. Then, the complexes were structurally characterizédl by

NMR, mass spectrometry and elemental analysis (see Experimental Section).

3.2 Photophysical properties

UV-Vis absorption and photoluminescence (PL) spectra of complexasd 2 in

CH.CI; solution at room temperature are shown in Fig. 1. Both compl@o&sess
similar absorption spectral features. The intense absorption bands in the spectral
regionof 260—290 nm (extinction coefficient~ 44000-50000 M cm™) for 1 and
260-300 nmg ~ 23000-30000 Mcm™) for 2, respectively, are mainly assigned to

the spin-allowedn—* transition characteristic of the free ligands. While, the
absorption bands at low energy from 300 nm extended to the visible region can be
attributed to a combination of singlet and triplet metal-to-ligand charge transfer
(MLCT) transitions, ligand-to-ligand charge transfer (LLCT) and spin-orbit coupling
enhancedr—n* transitions, which is similar to the previously reported works [67, 73].
Although complexed and 2 have similar absorption band shapes, a bathochromic
shifted absorption has been observed for complesxth respect to complek. This

can be rationalized by the additionally extended phergbnjugation system iR,

which extends the orbital energy of the triazolate moiety [71]. The PL spectra in
solution at room temperature (RT) and 77 K were also recorded and the corresponding
data are summarized in Table 1. Upon photoexcitation at 282 nm, complared2

exhibit intense greenish-blue emission at 486 and 490 nm, respectively, as shown in

Fig. 1. As for the PL spectrum of compl2xan approximately 4 nm red shift relative

12



to complexl is observed. With reference to the spectroscopic data of other similar
iridium(ll) complexes in the literature [44], complexe®nd?2 probably possess the
dominant®MLCT lowest-excited states rather than the ligand-centered -Gy
excited states due to their broad and structureless emission profiles at RT. The
apparent rigidochromic shift and vibronic fine structures of the emission spectra at 77
K are detected (see Fig. S4, Supporting Information), further indicating that the
excited-states characters bind2 are dominated bSMLCT transitions. This is also
supported by the theoretical calculatiovislé infra).

To further probe the photophysical properties, tidgir in the degassed GBI,
were measured at RT. For compldx the &p_ is 0.51, together with the
phosphorescence lifetimeg Of 130 ns. Meanwhile, thép, of complex 2 is 0.46 and
the t is 175 ns. These excited-state lifetimes on the order of microseconds are the
signature of phosphorescence for iridium(lll) complexes. Combining the equiations
= ¢p |/t andky = (1-@p)/1, the radiative ;) and non-radiativekf,) decay rates can
be calculated and the results are listed in Table 1. These two complexes show similar
k. value, but thdg value forl (3.9X 10° s‘l) is obviously larger than that f@r(2.6X
10 s, indicating thatl would be more advantage of designing high efficient EL

devices based on light-energy harvesting from the triplet excitons [77].

InsertFig. 1 andTable 1
Fig. 1. Absorption and photoluminescence spectra of complegesi2 in CH,Cl;

solution at RT.
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Table 1. Selected photophysical and electrochemical properties of complaxei2.

3.3 Electrochemical properties

The electrochemical behaviors of compleXesnd 2 were investigated by cyclic
voltammetry in CHCI, solutions using ferrocenium/ferrocene (FEjFas the internal
standard. The cyclic voltammograms are shown in Fig. S5 and the results are
summarized in Table 1. During the anodic scan at the rate of 100 MVWosh
complexes exhibit reversible oxidation peaks with potentials in the region of
0.65-0.67 V, which could be assigned to tH&/It’ oxidation [78]. Indeed, this
assumption is well supported by quantum chemical calculations. The HOMO energy
level can be estimated from the measured onset oxidation potential. The onset
oxidation potentials for complexet and 2 are 0.48 and 0.53 V, respectively.
Consequently, the corresponding HOMO levels are —5.28 eVdad —5.33 eV foR.

As discussed above, both complexes also exhibit similar absorption profiles. Hence,
these results clearly suggest that their HOMO levels for them are almost identical,
which locate on the carbene-based ligands and the iridium(lll) core. On the basis of
the spectroscopy data of absorption edge, the energy bandsgapstivo complexes

are calculated to be 2.98 and 2.93 eV, respectively. The calculated energy gaps
demonstrate the complexes may be potentially suitable greenish-blue emitting
materials. Complexes and2 display excellent electrochemical properties, which are

beneficial for the application on OLEDs. The electrochemical properties indicate that

14



the two complexes display excellent electrochemical properties, which are beneficial

for the application on OLEDs.

3.4 Quantum chemical calculations

To gain further insight into the photophysical and electrochemical behaviors, the
guantum chemical calculations were performed. The selected molecular orbitals and
orbital compositions that are mainly involved in the electronic ground states of the
titted complexes were obtained from DFT calculations. The geometries of these
complexes were fully optimized and exhibited a distorted octahedral geometry around
the iridium(lll) center. The HOMO and LUMO distributions are depicted in Fig. 2
and the important frontier orbital compositions for the involved orbitals are listed in
Table S1. The lowest-lying triplet state for each complex is calculated by TD-DFT

method and the results are summarized in Table S2.

InsertFig. 2

Fig. 2. Calculated frontier molecular orbitals of completend2.

DFT calculation results indicate that the LUMO of complealmost coincides
with that of complex2, which resides on the pyridine group and 1,2,4-triazol segment
of ancillary ligand. It is noted that the methyl and phenyl groups in the ancillary
ligand have no contribution to the LUMOs. Their HOMOs are mainly located on

cyclometalated carbene ligands and d orbital of iridium(lll) metal center. The

15



contributions of the different fragments (Ir, carbene ligand fpmi, mtzpy and phtzpy) in
the HOMOs and LUMOs are similar for both complexes. The HOMOs have a strong
weight on Ir and fpmi ligand (35.97%, 58.14% and 32.81%, 48.61% for com@dlexes
and 2, respectively), while LUMOs are essentially located on the ancillary ligand
mtzpy or phtzty (>98% composition for both complexes). Their results are given in
Table S1.

On the basis of the calculated phosphorescengeaofi2 in CH,Cl, media, the
lowest-lying triplet state (i) of complex 1 originates from the excitation of
HOMO—LUMO (61%) and HOMO-HLUMO (19%). As for complex2, the T
state originates from the excitation of HOMQUMO (80%). Accordingly, the T
states for both complexes have predominant charact@4L6IT (Ir atom to pyridine
and 1,2,4-triazol groups of ancillary ligands) atd.CT (cyclometalated carbene
ligands fpmi to pyridine and 1,2,4-triazol groups of ancillary ligands) mixed with a
small quantity of’ILCT (ancillary ligands to ancillary ligands) components (see
table S2) This attribution can be found in some similar reports on carbene-based
iridium(Ill) complexes [73, 79, 80]. The quantum chemical calculation results

correlate well with the experimentally observed emission bands of two complexes.

3.5 Thermal analysis
The thermal properties of complexeand?2 were investigated by thermo gravimetric
analysis (TGA) under a flowing nitrogen atmosphere (see Fig. S6). The TGA curves

show that, the decomposition temperatuiig$ With a weight loss of 5% are 385 and

16



396 °C for complexe& and2, respectively, indicative of the good thermal stabilities.
Noticeably, theTy value of complexX is much higher than that of complé&xwhich

may be due to the increased molecular sizes.

3.6 Phosphorescent OLED device

To evaluate their electroluminescent properties, compléxesd 2 were used as
triplet emitters to fabricat®evice 1 and Device 2 with the device configuration of
ITO/MoO3 (3 nm)/TAPC (30 nm)/TCTA (5 nm)/Bepfl0 nm)/POAPF:1 or 2 (10

wt%) (30 nm)/BPhen (35 nm)/LiF (0.5 nm)/Mg:Ag (120 nm), in which POAPF
(2,7-bis(diphenylphosphoryl)-9-(4-diphenylamino)phenyl-9'-phenyl-fluorene) was
used as the host material. Thin Mpldterlayer at the anode can enhance the hole
injection into TAPC [81]. TAPC
(1,1-bis(4-(N,N-di(p-tolyl)amino)phenyl)cyclohexane) and TCTA (44-tris
(carbazol-9-yl)-triphenylamine) serve as the hole injection and transporting layers,
respectively. Bepp (bis(2-(2-hydroxyphenyl)-pyridine) beryllium)s used as the
spacer and used to improve excitons balance between hole and electron
injection/transporting, while BPhen (4,7-diphenyl-1,10-phenanthroline) and LiF act as

the electron transporting and injection layers, respectively (see Fig. 3).

InsertFig. 3
Fig. 3. Device configuration and energy band diagram of the greenish-blue OLEDSs,

and the molecular structures of compounds used in the devices.
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As shown in Fig. 4 (apevice 1 andDevice 2 present greenish-blue emission at
472 and 482 nm, respectively, and no additional emission signals from POAPF were
observed, suggesting an efficient energy transfer from the host to the iridium(lll)
complexes. The CIE coordinates calculated from the EL spect2ewate 1 and
Device 2 are (0.18, 0.29) and (0.20, 0.35), respectively. Moreover, as illustrated by the
current density-voltage-brightness\(-L) characteristics in Fig. 4 (bRevice 1 and
Device 2 show low turn-on voltage at about 3 V. At the practical brightnesses of 100
and 1000 cd i, the driving voltages of these two devices still display low values
varying from 4.6 to 7.4 \Device 1 reveals attractive performance with a maximum
brightness I(may) of 1956 cd nmat9.8V, a peak, of 11.43 Im W' and a maximum
ncof 11.78 cd A%, while for Device 2, Lmax0f 3206 cd m?, maximumy of 11.09 cd
A and maximumy, of 8.40 Im W are successfully achieved (data summarized in
Table 2). Notably, these two devices still remain relatively high efficiencies of 6.08,
1.60 Im W for Device 1 and 7.15, 3.06 Im W for Device 2 at 100 and 1000 cd T
respectively. Such efficient EL performances, especially the low driving voltages at a
high brightness level make these complexes beneficial for the application on

flat-panel display and lighting source.

Fig. 4. (a) EL spectra of the greenish-blue devices at 7 \J-{b). characteristics for
Device 1 and Device 2; (c) np-L-#c characteristics for th®evice 1; (d) #p-L-7c

characteristics for thBevice 2.
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InsertTable 2

Table 2. Summary of device performances.

Moreover, encouraged by the successful development of the greenish-blue
OLEDs, we tried to fabricate white OLEDs usifgto combine with one orange
phosphor(pbi).lr (big) synthesized in our group [82]. The resulting white OL&M
has a configuration of ITO/Mof (3 nm)/TAPC (30 nm)/TCTA (5 nm)/POAPF:
orange emitter (7 wt%) (5 nm)/POAPE{10 wt%) (25 nm)/BPhen (35 nm)/LiF (0.5
nm)/Mg:Ag (120 nm). The general structure W is shown in Fig. 5 (a). It can be
found from Fig. 5 (b) that, the EL spectra contain two main bands located at 478 and
578 nm , which are ascribed to the emission from comblend the orange emitter,
respectively.The obtained CIE coordinates for this white OLED are (0.34, 0.40),
which closes to ideal white light with the CIE coordinates of (0.33, 0.33). As depicted
in Fig. 5 (c), theW1 displays a low turn-on voltage of 2.71 V and a maximum
brightness of 3910 cd That 8.6 V. An excellent performance wimaximumz of
10.81 cd AY, and a pealg, of 9.95 Im W' was obtained for this device. At a high
luminance of 1000 cd T the two elemeniV1 retained a favorable, of 7.61 cd A*
and anp of 4.17 Im W™, These results indicate the two iridium(lll) complexes are
appropriate phosphorescent dyes to fabricate efficient-performance white device. As
such, future studies will focus on device optimization of the doping concentration and

layer thickness to further improve the performance of greenish-blue and white
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devices.

InsertFig. 5
Fig. 5. (@) The general structure and (b) EL spectra at 7 V of the two-el&\ierft)

J-V-L and (d);-L-c characteristics for thé/1.

4. Conclusions

In summary, two new iridium(lll) complexes based on high-field strength
carbene cyclometalated ligands and triazole-pyridine type ligand were designed and
synthesized. Both complexes show intense greenish-blue emission with quantum
efficiencies of ~0.50, excellent electrochemical as well as good thermal properties.
The theoretical calculations have also been performed to ascertain the nature of their
excited-states characters and rationalize the photophysical and electrochemical
properties. In addition, the use of these two complexes as dopant, greenish-blue
phosphorescent OLEDs have been successfully achieved, exhibiting high efficiencies
of 11.78 cd A' and 11.43 Im W for Device 1, and good values of 11.09 cd’Aand
8.40 Im W for Device 2. Profiting from these favourable EL properties, a white
device utilizingl and an orange phosphbi).lr (biq) was fabricated, showirg. of
10.81 cd A' and 5, of 9.95 Im W' with CIE, values of (0.34, 0.40). The
pronounced results obtained in this work indicate that complexesi2 provide an

opportunity for constructing good performance OLEDs towards full-color displays.
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Table 2. Summary of device performances.



Table 1. Selected photophysical and electrochemical properties of complexek?.

Absorption) [nm]? PLRT PL77K T K Kr onset = HOMO LUMO
complex dp 2
(e, 10M7em™  Amax [NMP Amax [DM]P [nsf [10°67° [10°%671°  [V]° [eVl®  [evI®  [eV]
275(4.99),
1 474, 486 458, 483 0.51 130 3.9 3.8 0.48 2.98 -5.28 -2.30
342(1.11), 395(0.21)
280(2.97),
2 480, 490 465, 489 0.46 175 2.6 3.1 0.53 2.93 -5.33 -2.40

347(0.51), 405(0.05)

@ Measured in CkCl, solution with concentration = 2x610°M at RT:® k, andk,, were calculated according to the equatlers @p/t andky,

= (1-dp))/7; © Onset oxidation potentials measured by cyclic voltammetry using Fa#Rthe internal reference in g&t; @ Eg estimated from

the UV-vis absorption spectra ed§¢JOMO = — 4.8 £ eV;' LUMO = HOMO +E,



Table 2. Summary of device performances.

Von Limax [Cd Amaxat 7

Device ne [cd AP 7p [Im W CIEat7V
VI* m7, V] V [nm]

Devicel 3.06 1956,9.8 11.78/9.35/3.79  11.43/6.08/1.60 472 (0.18, 0.29)
Device2 3.02 3206, 9.6 11.09/10.61/6.56  8.40/7.15/3.06 482 (0.20, 0.35)

w1 2.71 3910, 8.6 10.81/10.64/7.61  9.95/8.18/4.17  478/578 (0.34, 0.40)

#V,n is the turn-on voltage measured at 1 cdm
b nc is the current efficiency recorded at max, 100, 1000 ¢d m

°np is the power efficiency recorded at max, 100, 1000 ¢d m



Captions of Figures

Scheme 1. Synthetic routes and structures of complexes 1 and 2.

Fig. 1. Absorption and photol uminescence spectra of complexes 1 and 2 in CH,Cl, solution at RT.
Fig. 2. Calculated frontier molecular orbitals of complexes 1 and 2.

Fig. 3. Device configuration and energy band diagram of the greenish-blue OLEDs, and the
molecul ar structures of compounds used in the devices.

Fig. 4. (a) EL spectra of the greenish-blue devices at 7 V; (b) J-V-L characteristics for Device 1 and
Device 2; (C) np-L-#. characteristics for the Device 1; (d) #p-L-1c characteristics for the Device 2.

Fig. 5. () The general structure and (b) EL spectraat 7 V of the two-element W1; (c) J-V-L and (d)

np-L-nc characteristics for the W 1.
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Fig. 2. Calculated frontier molecular orbitals of complexes 1 and 2.



Fig. 3. Device configuration and energy band diagram of the greenish-blue OLEDs, and the

molecular structures of compounds used in the devices.
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Highlights
» Two Ir(lll) complexes with carbene ligands are designed and synthesized.
» Both complexes exhibit greenish-blue emission with high efficiency of ~0.5.
» The experimental results are rationalized by the theoretical calculations.
» Greenish-blue OLEDs show good efficiencies of 11.78 TthAd 11.43 Im W

» A white OLED using one of them as dopant is successfully fabricated.



