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Abstract

We report on the synthesis and characterizatioa néw series of bipolar phenanthro[9,10-
dlimidazole based compounds. The derivatives arehlhighermally stable materials as
demonstrated by thermogravimetric analysis. Elecpbotoemission spectra of thin layers of the
materials show ionization potentials in the ran§e.d-5.4 eV. Spectroscopic properties of the
phenanthro[9,10-d]imidazole based derivatives wedetermined by absorption and
photoluminescence measurements. All the developaterrals were used as hosts in red
phosphorescent organic light-emitting diodes anckirthproperties were compared with
commercially available host materials. Results dath that a device with 2-[4AN(N-
diphenylamino)phenyl]-1-phenylphenanthro[9 dldmidazole exhibited superior performance with
peak efficiency of 15.9% ( 21.5 cd/A and 29.9 Im/¥hHd very low turn on voltage of 2.8 V.
Efficiency of the device is about 35-67% higherrthihose of devices containing commercial host

materials.
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Introduction

Applications of organic light-emitting devices(ED) based displays are expanding rapidly due
to their superior performance and flexibility as mgared with liquid crystal displays.
Phosphorescent OLEDs (PhOLEDSs) have particulathpa@ed researchers because of their higher
efficiencies compared with those of fluorescent OL&evices {]. In order to achieve the high
efficiency, the triplet energy should be confinedtbe phosphorescent dopant without endothermic
energy transfer to the host material. Multiple-lagenfigurations have been widely developed to
enhance efficiency of blue and green phosphorestig@t EDs. Red phosphorescent materials with
a lower triplet energy gap enable the simplificatmf the device architecture; however the lower
gap of the phosphors usually induces serious cdrapping, leading to higher operation voltages
[?]. There are only several reports describing radiicient red PhOLEDS®[ %, °]. Accordingly, it
is important to develop new host materials forig®ad) the red devices with high performance.

Carbazole and triphenylamine fragments possegsraecommendable properties, including
chemical stability, convenient modification and gar triplet energy etc.®[ 7, 8 ° 1° 1§
Consequently, many successful host or hole trabhspoaterials adopted carbazole or
tryphenylamine-containing designs. Our group sysitesl the carbazole based material, 3,6-di(9-
carbazolyl)-9-(2-ethylhexyl) carbazole (TCz1), whipossesses structurally rigid moieties and a
nonplanar molecular configuration, resulting in arphologically-stable molecule with a wide
triplet energy gap'f]. Sky blue PhOLEDs with a TCz1 host were demonstravith efficiencies of
up to 15 %, 31 cd/A, and 28 Im/W. We have also oleskrecently that carbazole-based bipolar

derivatives are effective host materials for PhOLé¥ices 3, *]. A green dry-processed device

showed a current efficiency of 61 cd/A and a poef#iciency of 62.8 Im/W. In this paper, we



describe a series of new phenanthro[3JJiGvidazole based derivatives for bipolar emittingsh
The red PhOLEDs with 2-[4N(N-diphenylamino)phenyl]-1-phenylphenanthro[9 dldwnidazole
(H2) as host material exhibited superior performanite peak efficiency of 15.9% ( 21.5 cd/A and

29.9 Im/W) and very low turn-on voltage of 2.8 V.

Experimental
Materials

3,6-Di(9-carbazolyl)-9-(2-ethylhexyl) carbazole (@1} was prepared by the procedure

TCz1 }J\

N

a2y
OQ

9H-carbazole 1), triphenylamine 4), 1-bromohexane, acetone, potassium hydroxide

described in literature [12].

(KOH), tetrabutylammonium hydrogensulfate (TBAHSphosphorus oxychloride (PO4l
dimethylformamide (DMF), chloroform, dichloromettggraniline, acetic acid, ammonium acetate
and 9,10-phenanthrenequinone were purchased fradnicAland used as received.
9-Hexylcarbazole2) was prepared by procedure described in the fitez4”]. 3-Formyl-9-
hexylcarbazole 3), 4-(diphenylamino)benzaldehydb) (and 4,4'-diformyltriphenylamines) were
obtained by a Vilsmeier reactiotf] using earlier described procedurés f?.
2-(9-Hexylcarbazolyl-3-yl)-1-phenylphenanthro[9,d[dmidazole H1). 3-Formyl-9-
hexylcarbazole3) (1.0 g, 3.58 mmol), 9,10-phenanthrenequinone2(§,83.94 mmol), ammonium
acetate (1.11 g, 14.40 mmol) and aniline (1.677g93 mmol) of were stirred in acetic acid (15 mL)
at 120°C under nitrogen for 2 h. After thin layer chrongrphy (TLC) control the reaction

mixture was cooled down to the room temperaturepnaed into ice water. The resulting residue



that had been formed was filtered off, washed widlter and dissolved in chloroform. The solution
was dried by Ng0O, and the solvent was removed by evaporation. Thdyat was purified by
column chromatography with silica gel using chlorafi/hexane (vol. ratio 2:3) as an eluent.
Yellow crystals, 62% (1.2 g), mp 202 °C. IR datB¢K 2925, 1714, 1599, 1495, 1454, 1417, 1381,
1353, 1238, 1142, 889, 816, 767, 748, 721 ctHd NMR 3y (CDCl, 500 MHz): 8.96 (d, 1H] =
8.0 Hz, Ar), 8.78 (d, 1HJ = 8.4 Hz, Ar), 8.72 (d, 1HJ = 8.0 Hz, Ar), 8.25 (d, 1H,)= 1.2 Hz,
Ar), 7.19 (d, 1HJ = 8.0 Hz, Ar), 7.82—7.72 (m, 2H, Ar), 7.73—7.55, @Hl, Ar), 7.56—7.17 (m, 7H,
Ar), 425 (t, 2H,J = 7.2 Hz, NCH), 1.90-1.79 (m, 2H, NCHCH,), 1.39-1.27 (m, 6H,
2xNCH,CH,CH,CH,CH,), 0.86 (t, 3H,J = 6.8 Hz, CH). **C NMR 8¢ (CDClk, 125 MHz): 151.74,
140.82, 138.69, 130.26, 129.32, 127.52, 127.45,3B26.26.05, 124.16, 123.10, 122.03, 120.90,
120.49, 119.34, 108.94, 108.56, 43.22, 31.55, 288P4, 22.55, 14.02. HRMS found: [M+H]
544.7236; molecular formulazgssNs requires [M+H] 544.7267. Elemental analysis foggB3aNs3
% Calc.: C 86.15, H 6.12, N 7.73; % Found: C 86H 6.14, N 7.71.
2-[4-(N,N-diphenylamino)phenyl]-1-phenylphenanthro[9 dldmidazole H2). 4-
(Diphenylamino)benzaldehydé&)( (1.0 g, 3.66 mmol), 9,10-phenanthrenequinone3(®@8 3.99
mmol), ammonium acetate (1.13 g, 14.66 mmol) anithan(1.70 g, 18.25 mmol) of were stirred in
acetic acid (20 ml) at 128 under nitrogen for 2 h. After TLC control the céan mixture was
cooled down to the room temperature and pouredidetavater. The resulting residue that had been
formed was filtered off, washed with water and diged in chloroform. The solution was dried by
NaSQO, and the solvent was removed by evaporation. Thmlymt was purified by column
chromatography with silica gel using chloroform/aeg (vol. ratio 2:3) as an eluent. Yellow
crystals, 64% (1.3 g), mp 285 °C. IR data (KBr)8851516, 1485, 1468, 1453, 1424, 1383, 1330,
1281, 1195, 1076, 1037, 966, 840, 747, 735, 726, & NMR & (CDCl, 500 MHz): 8.87 (d, 1H,
J=8.0 Hz, Ar), 8.76 (d, 1H] = 8.4 Hz, Ar), 8.69 (d, 1H] = 8.4 Hz, Ar), 7.78-7.69 (m, 1H, Ar),

7.68-7.40 (m, 9H, Ar), 7.30-7.21 (m, 5H, Ar), 7.1®0 (m, 7H, Ar), 6.97-6.89 (m, 2H, ArC



NMR &c (CDCkL, 125 MHz): 150.63, 148.56, 147.15, 138.83, 13023).23, 129.93, 129.38,
129.22, 129.18, 128.29, 127.90, 127.34, 126.30,6825125.13, 124.84, 124.13, 123.60, 123.09,
122.94, 121.81, 120.78. HRMS found: [M+H$38.6741; molecular formulazgH,-Ns requires
[M+H]* 538.6752. Elemental analysis fosg8,7N3 % Calc.: C 87.12, H 5.06, N 7.82; % Found: C
87.05, H 5.09, N 7.79.

Bis[4-(1-phenylphenanthro[9,1d}imidazol-2-yl)phenyl]N-phenylamine Ki3). 4.4'-
diformyltriphenylamine §) (1g, 3.32 mmol), 9,10-phenanthrenequinone (1.527.§0 mmol),
ammonium acetate (2.05 g, 26.6 mmol) and anilin@3(g, 33.18 mmol) were stirred in acetic acid
(20 mL) at 120C under nitrogen for 3 h. After TLC control the céan mixture was cooled down
to the room temperature and poured into ice wdtee. residue that had been formed was filtered
off, washed with water and dissolved in chloroforfine solution was dried by MaO, and the
solvent was removed by evaporation. The product peagied by column chromatography with
silica gel using chloroform/hexane (vol. ratio 1dg an eluent. Yellow crystals, 44% (1.2 g), mp
361 °C. IR data (KBr): 1738, 1599, 1536, 1514, 148%59, 1453, 1382, 1344, 1320, 1286, 1265,
1183, 1073, 1046, 957, 833, 759, 740, 723'clH NMR &, (CDCk, 500 MHz): 8.87 (d, 2H) =
7.6 Hz, Ar), 8.77 (d, 2HJ = 8.0 Hz, Ar), 8.70 (d, 2H] = 8.0 Hz, Ar), 7.78-7.71 (m, 2H, Ar), 7.69-
7.60 (m, 7H, Ar), 7.58-7.44 (m, 9H, Ar), 7.31-7.@8, 6H, Ar), 7.19-7.12 (m, 2H, Ar), 7.11-7.04
(m, 3H, Ar), 6.99-6.93 (m, 4H, Ar). Y3C NMR &c (CDChk, 125 MHz): 149.49, 146.69, 145.57,
137.84, 136.40, 129.23, 128.94, 128.72, 128.46,2128 28.11, 127.26, 127.00, 126.28, 125.28,
124.61, 123.80, 123.10, 122.07, 121.82, 119.77. SRMund: [M+H] 831.0147; molecular
formula GsgHsgNs requires [M+H] 831.0136. Elemental analysis fogoBssNs % Calc.: C 87.05,

H 4.74, N 8.44; % Found: C 87.01, H 4.77, N 8.41.

Thermal and photophysical characterization



Differential scanning calorimetry (DSC) measuretaemere carried out using a Bruker Reflex Il
thermos system. Thermogravimetric analysis (TGA} warformed on a Netzsch STA 409. The
TGA and DSC curves were recorded in a nitrogen spinere at a heating rate of I'min.

The absorption spectra were performed by using/a/ls Spectrophotometer (Shimadzu, UV-
1650PC). The fluorescent and phosphorescent spetimsaterials in CHCIl, were measured by
using a Fluorolog Il photoluminescence spectrom@teriba Jovin Yvon).

The electron photoemission method for measurenfanh@ation potentials ) of the solid state
layers of the studied compounds was exploited in1#]. The vacuum deposited layers of the
compounds onto commercial indium tin oxide (ITOptem glass substrates were utilized as the
samples for the electron photoemission measurememesdeep-UV deuterium light source ASBN-
D130-CM, CM110 1/8m monochromator, and 6517B Keighkelectrometer were used in the

experimental setup, which was similar as previodsiycribed [20].

Device fabrication

Indium tin oxide (ITO)-coated glass and OLED matlsriwere purchased from Nichem and
Lumtec. The latter were subjected to temperatuaglignt sublimation in a high vacuum before use.
After a routine cleaning procedure, the ITO sultetveas pretreated with UV-Ozone for 5 minutes.
The organic and metal layers were deposited on®@-ddated glass by thermal evaporation in a
vacuum chamber with a base pressure of € Térr. Device fabrication was completed in a single
cycle without breaking the vacuum. The depositiates of the organic materials and aluminium
were respectively kept at around 0.1 nm/s and & nThe active area was defined by the shadow
mask (2 x 2 mr). Current density-voltage-luminance characterirativas measured using a
Keithley 238 current source-measure unit and ahkait 6485 picoammeter equipped with a
calibrated Si-photodiode. The electroluminescerdgcsp were recorded using an Ocean Optics

spectrometer.



Resultsand Discussion
Synthesisand thermal propertiesof the materials.

The synthesis of 1-phenylphenanthro[9d]idridazole based host materiald (-H3) was carried
out by a multi-step synthetic route as shown ineBoh 1. 9-Hexylcarbazole2)( was firstly
synthesized by reaction of commercially availabdebazole 1) with an excess 1-bromohexane
under basic conditions in acetone. 3-Formyl-9-heaxjdazole §) was then prepared from the
compound2 by a Vilsmeier formylation procedure. 4-(Diphenyiao)benzaldehydesy and4,4'-
diformyltriphenylamine §) were obtained from triphenylamind)(by a Vilsmeier formylation
procedure in chlorofrom or dichloromethane, respebt. The objective materials, i.e. 2-(9-
hexylcarbazolyl-3-yl)-1-phenylphenanthro[9,dimidazole 1), 2-[4-(N,N-
diphenylamino)phenyl]-1-phenylphenanthro[9 dlimidazole H2) and bis[4-(1-
phenylphenanthro[9,18limidazol-2-yl)phenyl]-N-phenylamine H3) were prepared by the
reactions of the aldehyde3 5 or 6 with excess of 9,10-phenanthrenequinone, anilind a
ammonium acetate in acetic acid. The synthesizedlvatives were all identified by mass
spectrometry andH NMR spectroscopy. The data were found to be indgagreement with the
proposed structures. The materials were solubd®immmon organic solvents. Transparent thin films

of these materials could be prepared by spin cgpdtom solutions or by vacuum evaporation.
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Scheme 1. Synthetic pathway of the mateilsH3

The behaviour under heating of the objective malteH1- H3 was studied by DSC and TGA
under a nitrogen atmosphere. The data are sumrdanzeable 1 and presented in Figures 1 and 2.
It was established that all of the objective commmsudemonstrate high thermal stability. The mass
loss of 5 % (Tp) were at 386C for H1, at 414°C for H2 and at 448C for H3, as confirmed by
TGA with a heating rate of 2&/min. It could be observed that triphenylaminedohderivatives
(H2 andH3) demonstrate slightly higher thermal stabilityritthat of 9-alkylcarbazole containing
materialH 1.

All the compound#11- H3 were obtained as crystalline materials after sgsithas confirmed by
DSC, however some of the materials could be easihywerted to amorphous materials by cooling
the melted samples. The derivatid@ demonstrated very strorigndency to crystallization. DSC

thermo-grams oH2 are shown in Figure 1. When the crystalline samyds heated during the



experiment, an endothermic peak due to melting) (Tas observed at 28%. When the melt
sample was cooled down, its crystallizatiog(Was observed at 22€ to form the same crystals,

which were obtained by crystallization from solatio

_ o
T =223°C
N .
o cooling
()
o
2 ’ V
o 2" heatin =285 ©
v g Tm—285 C
1* heating
_ o
T =285°C
T T T T T T T T T T T
50 100 150 200 250 300

Temperature (°C)

Figure 1. DSC curves of compouR@. Heating rate: 16C/min.

Compoundddi1 andH3 demonstrated different behaviour during the DSCeerments. Thermo-
grams of compounH 3 are shown in Figure 2 as an example. When a dligstaample oH3 was
heated, melting was observed at 303 followed by fast crystallization at 32C to form new
crystalline modification, which melted at 36C. When the molten sample was cooled down, it
formed an amorphous material with high glass ttamrstemperature (@ of 184°C. The compound
H1 demonstrated an analogous behaviour during the SC When its crystalline sample was
heated during the experiment, melting was obseatekb2°C followed by recrystallization at 166
°C. The new crystalline modification melted then28# °C. When the melt sample was cooled

down, it formed an amorphous material with glaasgition temperature of 5Z.
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Figure 2. DSC curves of compouhi®. Heating rate: 16C/min.

Photoemission, absor ption and photoluminescence spectra
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Figure 3 (a) electron photoemission spectra of thyers of materialdHl, H2, and H3; (b)

absorption spectra, fluorescence spectra, and pbosgrence spectra of the compounds in

dichloromethane.



Figure 3(b) shows the UV-vis absorption spectra @n@dphotoluminescence (PL) spectra of
the fabricated materials dissolved in dichloromeéheecorded at 300K and 77 K. The PL spectra
measured at 77K aimed to characterize the triphergy of the compounds. In the UV-vis
absorption spectra, each material exhibits a pgakr@and 260 nm, which is related to the
absorption bands of the imidazole moiety in the¢hcompounds’}]. Notably, absorption peaks
appear at around 360 nm k2 and H3 whereas no peak appears fd, indicating that the
absorption bands should originate from the tripihemjne moiety 1. On the other hand1
exhibits respectively a highest-energy fluorescesmog phosphorescence peaks at around 404 nn
and 504 nm. Comparing the molecular structuréldf an extension of conjugation length design
was introduced in thel2 andH3 molecules. The fluorescence (and phosphoresceecds ofH?2
andH3 were respectively red-shifted to 423 nm (514 nng 426 nm (517 nm). Furthermore, both
H2 andH3 possess similar spectral profiles demonstratiag tite additional imidazole moiety in
H3 doesn't significantly affect its photophysical peaties. The triplet energy gap of each material
was higher than those found in orange or red phmspkthus enabling their use as host materials in
red PhOLEDs applications. The corresponding photsichl and thermal properties are

summarized in Table 1.

Table 1. Photophysical and thermal properties afpaundsH1, H2 andH3.

)Labsa (nm) )\'ﬂuo ° (nm) Xphosc (nm) Eg ¢ (eV) ET ¢ (eV) Ipf (eV) ng (D) Tdh (:)

H1 265, 279,332,36° 404 504 3.22 2.46 5.4 386
H2 258, 359 423 514 3.08 241 5.1 414
H3 263, 283, 376 426 517 2.97 2.40 5.3 184 448

® X abs absorption maxima in C4€l,. > A uo: €mission maxima of fluorescence in &H. © X phos

emission maxima of phosphorescence in.Cllat 77 K. Calculated from the absorption onget.
Estimated from the peak of phosphorescence spectiEstimated from the electron photoemission

spectral Determined by DSC' Analysed using TGA (5% weight loss).



Red phosphor escent OL EDswith different host materials

Considering the triplet energy gaps of compourddsH2 andH3 (i.e. 2.65 eV, 2.54 eV and 2.46
eV), we attempted to fabricate red phosphoresc&iiB3 with a simplified trilayer architecture
and investigate their EL characteristics. Genergfigaking, a host material should possess a triplet
energy gap higher than that of the guest to ensufiécient energy transfer as well as exciton
confinement $¥]. Furthermore, the emission of the host materal the absorption spectrum of the
guest should have an adequate spectral overlapdanergetic transitions. In this study, a highly
efficient red phosphor, bis(2-methyldibenizb]jgquinoxaline) (acetylacetonate) iridium (ll1),
[Ir(MDQ) .acac], was chosen as the emitter because of itscugntum yield and adequate energy
bandgap 1. On the other hand, to evaluate the performarfcth® fabricated materials, three
commercially available host materials suitable red-emitting guests were used for comparison,
including 2,6-dicarbazolo-1,5-pyridine  (PYD-2Cz), ,444"-tris(carbazol-9-yl)triphenylamine
(TCTA), and 4,4"-bid{-carbazolyl)-1,1'-biphenyl (CBPYJ ?°, 2"]. Figure 4 shows the absorption
spectrum of Ir(MDQ)2acac and the PL spectra of tdsted host materials, exhibiting different
levels of spectral overlapping. Furthermore, dd{f{gN-ditolylamino)-phenyl]cyclohexane (TAPC)
and 1,3-bis[3,5-di(pyridin-3-yl)phenyl]lbenzene (ByPB) were respectively selected as the hole-
transport and electron-transport layers due tor tegcellent carrier transport capabilities and
adequate energy gap® [*]. The tested device with a tri-layer architectuwas configured as
ITO/TAPC (40 nm)/ host doped with 2 wt.% of Ir(MD@¢ac (30 nm)/ BmPyPhB (40 nm)/ LiF
(0.8 nm)/ Al (150 nm), where the LiF and aluminiumere respectively used as the electron
injection layer and the cathode. The host matef@aisdevices A~E are as follows: PYD-2Cz,
TCTA, CBP,H1, H2, andH3. Figure 5(a) shows the chemical structure of tlgamic molecules

used while Figure 5(b) exhibits the energy levabdams of the tested red PhOLEDs.
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Fig. 6 (a) Normalized EL spectra at a luminancel®f cd/nf, (b) CIE coordinates, (c) current
density-voltage J-V) characteristics, (d) luminance-current dendityj) characteristics, (e) external
guantum efficiency versus luminance, and (f) lumo®efficiency versus luminance for Devices A

(TCTA), B (PYD-2Cz), C (CBP), DH1), E H2) and F H3).

Figure 6 depicts the electroluminescence (EL) dattarstics of the PhOLEDs, while the

corresponding numeric data are summarized in TAblehe normalized EL spectra of all devices



recorded at a luminance of 2L@d/nf are shown in Fig. 6(a). All devices showed pure
Ir(MDQ).acac phosphorescence, except for device A, whiolwatt an additional TCTA residual
emission, indicating the lack of sufficient dopingncentration of the emitter in the TCTA host.
Overall, the emission peaks could be clearly didige¢o two types. The emission peaks for devices
with TCTA, PYD-2Cz, and CBP hosts were located aiuad 600 nm, while devices with
fabricated host materials exhibited red-shiftedkgea611 nm) as well as wider spectral profiles.
As indicated, the full width at half maximum (FWHMf devices using commercially available
hosts is about 73 nm, while the devices with compsiHl, H2, andH3 possessed rather wider
FWHM values (i.e. 82~91 nm). Considering the dopouncentration of Ir(MDQ)2acac, thus
molecule stacking could be excluded as the causkeofed-shifted spectra. Instead, the saturated
red emissions in devices D~F resulted from therenmental polarity of solid films, making these
fabricated compounds more appropriate for use assha red-PhOLEDs with a saturated red
emission, thus reducing the difficulty of develapimaterials for use as red emitters. The CIE
coordinates of both the devices E and F were recbat (0.62, 0.38).

The current-voltageJ{V) curves of the tested devices are shown in Fig). &omparing the
order of the current density recorded at 6V, tlgpisace of the devices is as follows: TCTA3~
CBP> H2~ PYD-2Cz>H1. Not only does this result in different energy rieas between
HTL/EML and EML/ETL, but also the carrier mobilitgf the host materials influences device
current density. Based on the experimental resth&s,much lower current density obtained in
device D might result from the 9-hexylcarbazoleustire hindering the carrier transport][
CompoundsH2 and H3 both possess similar energy levels. Device E whihH2 host gave a
higher current density than device B, indicating that replacing the 9-hexylcarbazdigigment
with the triphenylamine moiety ifl2 improves the carrier transport. Furthermore, basedhe
molecular structure of compourt, compoundH3 has an additional imidazole moiety, giving it

an even higher carrier transport capability. Sitlee energy bandgaps &f2 and H3 are much



lower than those of the other tested hosts, theerdve turn on voltages ¢f2 andH3 are as low
as 2.8 V and 2.6 V. Moreover, the maximum luminaateevice F reached 15000 cd/rwhich
exceeded that of device C with a bipolar CBP he$8500 cd/r).

From the efficiency curves shown in Figures 6(e] éi), the inferior efficiency of device D
was attributed to the poor carrier transport abitf H1. A similar efficiency was obtained in
device A with the TCTA host, but for the opposigason. Higher hole mobility of the TCTA host
resulted in the accumulation of redundant holethh&EML, leading to carrier imbalance. On the
other hand, the performance of devices E and Forelgd very favourably. Devices E and F
exhibited EL efficiencies peak of up to 15.9% (2&dA and 29.9 Im/W) and 12.4% (18.3 cd/A
and 23.9 Im/W), respectively. These results in@idhiat the gradually improved carrier transport
capabilities forH2 andH3 could result in devices easily achieving carrialabce in a simplified
tri-layer architecture. In addition, although thmestral overlap between Ir(MDgicac andH2 (or
H3) is rather low as compared to that of the othestd)othere was no need to raise the doping
concentration to achieve effective exothermic epargnsfer. In contrast, device C with the
commonly used bipolar CBP host only produced a pedkrnal quantum efficiency (EQE) of
10.4%, which is much lower than that of devicesrBE-o0 Furthermore, the respective EQEs of
devices E and F recorded at 100 (and 1000) Td#mained as high as 14.8% (12.7%) and 12.4%
(12.1%). Closer inspection of the roll-off behawiaf the tested devices showed the estimated
values of external quantum efficiency declined bif at current densitiesl{,) of 9.2, 19.4, 73.6,
36.8, 37.6 and 112.7 mA/énrespectively, for devices A, B, C, D, E and Bpectively $']. The
mitigated efficiency roll-off behaviour observed dtevice F implies the existence of a diluted
exciton concentration in space without serious iearaccumulations at the HTL/EML and
EML/ETL interfaces. ¥, *)] The adequate energy levelsté8 enable abundant carrier injection
into the EML and thus enlarge the exciton formatzmme, simultaneously decreasing the triplet-

triplet annihilation and polaron quenching.



Table 2. EL characteristics of tested devices with diffiedleost materials.

Device A B C D E F
Host TCTA PYD-2Cz CBP H1 H2 H3
External [a] 5.3 8.5 10.4 5.5 15.9 12.4
Quantum [b] 3.6 6.6 9.8 4.7 14.8 12.4
Efficiency (%) [c] 1.9 4.7 8.6 3.2 12.7 12.1
Luminescence [a] 9.2 15.0 18.9 8.5 21.5 18.3
Efficiency [b] 6.4 11.7 17.9 7.3 21.2 18.2
(cd/A) [c] 3.3 8.4 15.7 4.9 18.1 17.8
Power [a] 9.6 12.8 18.6 6.5 29.9 239
Efficiency [b] 51 6.0 11.5 2.4 123 13.2
(Im/W) [c] 1.8 3.2 7.7 1.1 7.0 9.0
Von (V) [d] 3.0 4.1 3.4 4.8 2.8 2.6
J12 (mA/cmz) 9.2 19.4 73.6 36.8 37.6 112.7
Max. Luminance 2056 6879 13451 8914 10319 15207
(cd/mz) [Voltage] [8.6] [13.6] [11.2] [19.8] [15.0] [11.8]
Amax. (nm) 598 599 600 609 611 613
CIE1931 [b] |(0.59,0.40) (0.59,0.41) (0.59,0.41) (0.60,0.39) (0.62,0.38) (0.62,0.38)

coordinates

[c]

(0.58, 0.40) (0.59,0.41) (0.59,0.41) (0.60,0.40) (0.62,0.38) (0.62,0.38)

[a] Maximum efficiency; [b] recorded at 4@d/nf; [c] measured at £0cd/nf; [d] turn-on voltage

measured at 1 cdfm



In summary, the synthesis and full characterizatainthree newly developed bipolar
phenanthro[9,1@]imidazole based derivatives were reported. All teveloped compounds and
three commercially available derivatives were uses$ host materials in bis(2-
methyldibenzdfh]quinoxaline) (acetylacetonate) iridium (lll) basptiosphorescent red organic
light emitting diodes. The results indicated thaine devices with the newly-developed materials
exhibited superior performances to devices usinginaercial host materials. For comparison,
devices with commercial 4,4',4"-tris(carbazol-Suyphenylamine and novel 2-[AN(N-
diphenylamino)phenyl]-1-phenylphenanthro[9 dldmidazole as the host showed peak efficiencies
of 5.3% (9.2 cd/A and 9.6 Im/W) and 15.9% ( 21.%Acdnd 29.9 Im/W), respectively. Efficiency
of device containing new host material is about &Tigher than those of device containing the

commercial host materials.
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Bipolar phenanthro[9,10-d]imidazol e -based compounds have been synthesized and characterized.
The compounds are efficient host materials for phosphorescent OLEDS.
A red device with efficiency of 15.9% ( 21.5 cd/A and 29.9 Im/W) was demonstrated.



