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ABSTRACT

A novel host material for efficient green and red electrophosphorescence devices is obtained by adopting the new molecular strategy of
nonconjugated linkage of carbazole and fluorene moieties. The new host combines characteristics of both carbazole and fluorene, giving a
large-gap host material suitable for green and red phosphorescent OLEDs. Green and red phosphoresecent OLEDs with external quantum
efficiencies up to 10% have been achieved with this new host material.

Phosphorescent emitters containing transition metals are ofeffectively confining triplet excitons on guest molecules, the
substantial interest for highly efficient organic light emitting triplet level of the host must be larger than that of the triplet
diodes (OLEDs}. In devices using such materials, both
electrogenerated singlet and triplet excitons contribute to the (1) (a) Lamansky, S.; Djurovich, P.; Murphy, D.; Abdel-Razzag, F.; Lee,
light emission so that emitting devices with 100% internal (H:H(Er};\.Agggzhdbg,';lg?:rzl%v(ﬁ’. '(Db)ELuF\(/)\;ref/LSBF;Tchr?;?\pinoncw\evEAEm

quantum efficiency are made possiBln phosphorescent  z: zhu, N.; Lee, S.-T.: Che, C.-MChem. Commur2002,3, 206. (c) Su,

OLEDs, to reduce quenching associated with relatively long Y.-J.; Huang, H.-L.; Li, C.-L.; Chien, C.-H.; Tao, Y.-T.; Chou, P.-T; Datta,

. . . . . . S.; Liu, R.-S.Adv. Mater.2003,15, 884. (d) Li, F.; Zhang, M.; Feng, J.;
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emitter® Correspondingly, the host materials must have rather

successfully achieved using the titled compound as a host

large energy gaps. To have a large energy gap, the extent omaterial.

conjugation in the molecule must be confined, which in turn

would usually impose constraints in molecular size. On the
other hand, for the molecules to form morphologically stable
and uniform amorphous thin films with typical processing

techniques, it usually requires the molecules to be bulky and
steric. Hence an exquisite and flexible molecular design is
highly desired to satisfy these conflicting demands for the
host materials of phosphorescent OLEDs.

In this communication, we report a molecular design for
large-gap materials adopting the nonconjugated linking of
large-gap moieties, such as carbazole and fluorene, that ar
the usual building blocks for large-gap materials or host
materials of phosphorescent deviée$The nonconjugated
hybrid of carbazole and fluorene combines characteristics
such as high ambipolar charge carrier mobility of fluorénes
and the low carrier injection barrier of carbazoles, giving
rise to a novel host material: difluorene substituted carbazole
(DFC) (Scheme 1) with a large triplet energy, a steric and

Scheme 1. Synthesis of the Carbazeté&luorene
Nonconjugated Hybrid DFC
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bulky molecular structure, and outstanding thermal and
morphological stability. This novel host material is suitable
for green to red phosphorescent devices, and highly efficient

green and red electrophosphorescent devices have been

(3) (a) Adachi, C.; Kwong, R. C.; Djurovich, P.; Adamovich, V.; Baldo,
M. A.; Thompson, M. E.; Forrest, S. Rppl. Phys. Lett2001,79, 2082.
(b) Sudhakar, M.; Djurovich, P. I.; Hogen-Esch, T. E.; Thompson, ML.E.
Am. Chem. SoQ003,125, 7796. (c) Avilov, |.; Marsal, P.; Bredas, J.-L.;
Beljonne, D.Adv. Mater.2004,16, 1624.

(4) (a) Baldo, M. A.; Lamansky, S.; Burrows, P. E.; Thompson, M. E.;
Forrest, S. RAppl. Phys. Lett1999,75, 4. (b) Holmes, R. J.; Forrest, S.
R.; Tung, Y.-J.; Kwong, R. C.; Brown, J. J.; Garon, S.; Thompson, M. E.
Appl. Phys. Lett2003,82, 2422. (c) Tokito, S.; lijima, T.; Tsuzuki, T.;
Sato, FAppl. Phys. Lett2003,83, 2459. (d) Yeh, S.-J.; Wu, M.-F.; Chen,
C.-T.; Song, Y.-H.; Chi, Y.; Ho, M.-H.; Hsu, S.-F.; Chen, C.Adv. Mater.
2005,17, 285.

(5) (&) Wu, C.-C.; Liu, T.-L.; Lin, Y.-T.; Hung, W.-Y.; Wong, K.-T;
Chao, T.-C.; Hung, T.-S.; Chen, Y.-M\ppl. Phys. Lett2004,85, 1173.
(b) Wu, C.-C.; Liu, T.-L.; Hung, W.-Y.; Lin, Y.-T.; Wong, K.-T.; Chen,
R.-T.; Chen, Y.-M.; Chien, Y.-YJ. Am. Chem. So003,125, 3710.
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The synthetic pathway of the novel host material DFC
through the nonconjugated hybridization of carbazole and
fluorene is depicted in Scheme 1. 94@H-Butylphenyl)-
carbazole (Lwas isolated with a 92% yield by Pd-catalyzed
amination of carbazole andt&rt-butyl-4-bromobenzene in
the presence of a catalytic amount of Pd(OAa)d PBus;
in o-xylene. Bromination of the cabazole derivatilevith
NBS in DMF at 0°C gave 3,6-dibromocarbazokewith a
yield of 88%. In contrast with the unsuccessful preparation
of Grignard reagent a? for further reactions, the treatment

f 3,6-dibromocarbazol2 with n-BuLi at —78 °C afforded

the dilithiated complex, which was trapped with fluorenone
to give diol compound (with a yield of 82%). Carbazole
and fluorene were thus nonconjugatedly linked. The Friedel
Crafts reaction of dioB with an excess amount of anisole
in the presence of sulfuric acid furnished the titled compound
DFC with a 56% vyield. It is noteworthy that the flexible
molecular design here fully allows one to fine-tune the
physical properties of materials by introducing different
functional groups through either the 9 position of carbazole
or C9 of fluorene.

The electrochemical properties of DFC were probed by
cyclic voltammetry (CV). DFC exhibits one reversible
oxidation peak at voltage of 0.77 V (versus Fc/FFand an
oxidation onset at 0.69 V, which is similar to that of
carbazole derivativel (with an onset at 0.71 V; see
Supporting Information, Figure S-1). Since a single fluorene
does not show reversible oxidation, it is therefore rational
to attribute the oxidation of the DFC to the oxidation
occurring on the central carbazole. The peripheral fluorene
moieties nonconjugatedly linked to the carbazole core appear
to play an insignificant role on the oxidation potential of
the whole molecule, but their addition efficiently blocks the
electrochemically active sites (C3 and C6) of carbazole and
may give the compound an extra electrochemical stability.

As shown in the optimized molecular structure of DFC
calculated with PM3 (Figure 1), linking carbazole and
fluorene through the tetrahedral C9 of fluorene and additional

Figure 1. Optimized molecular structure of DFC calculated with
PM3.
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aryl substitution on C9 of fluorene render the molecule rather ||| NN

steric, rigid, and bulky. The rigid linkage through C9 of

fluorene is strongly beneficial to the thermal stability of DFC, — DFC

as indicated by the high decomposition temperatdig ( Ll & —— Ir(ppy)3

corresponding to 10% weight loss) of 44& in the i —— Btpylr(acac)

thermogravimetric analysis. The steric and bulky molecular %

conformation also gives the material a rather high glass 3

transition temperature g of 180 °C as determined by < 06

differential scanning calorimetry (DSC; see Supporing ‘E‘

Information, Figure S-2), which is essential for morphologi- ﬁ 0:

cal stability of thin films. Due to the thermal and morpho- =

logical stability of DFC, thin films of DFC could be prepared 02

by vacuum deposition and vacuum-deposited DFC forms

homogeneous and stable amorphous films. 0'0460 — = . =
Figure 2 compares the absorption and fluorescence spectra Wavelength (nm)

] Figure 3. Normalized phosphorescence (77 K) spectra of DFC in

thin films (~100 nm), the photoluminescence spectra of the green
T T T T T T triplet emitter Ir(ppy} and the red triplet emitter Bfpy(acac) in

1.0 — — Abs of carbazole1 1.0 CHCI; slution, and the electroluminescence spectra of devices
~ — Abs of Fluorene —_ andB.
A —— Abs of DFC Low =
ey E —— PL of carbazole 1 e
s i ~—— PL of Fluorene i _ o o
= 0.6 Uil ——PL of DFC 06 8 triplet energy gap indicates that DFC is suitable as a host
-§_ - § material for triplet emitters with emitting wavelength490
§ 0.4 -04 g nm or energy gap< 2.53 eV (i.e., green and red). The
< I j; photophysical data (absorption onset energy) together with
i i 2 electrochemical data (oxidation potential) allow us to estimate
- T\ S L the HOMO and LUMO energy levels of DFC to bes.57
" 300 350 400 450 500 550 eV and—2.20 eV (relative to vacuum level), respectively.
Wavelength (nm) We have investigated the use of DFC as the host material

for green and red phosphorescent devices with the device
structures of: Devicé: ITO/PEDT:PSS (300 A)/TCTA
(400 A)/8 wt % Ir(ppy} doped in DFC (200 A)/BCP (100
A)/Algs (300 A)/LIF (5 A)/Al; Device B: ITO/PEDT:PSS

of carbazolel, fluorene, and DFC in CH@I All three (300 A)/TCTA (300 A)/8 wt % Btplr(acac) doped in DFC
compounds show UV emission in the range of 3886 nm. (300 A)/BCP (100 A)/Alg (600 A)/LIF (5 A)/Al The

A single fluorene shows substantially larger transition conducting polymer polyetheylene dioxythiophene:polystrene
energies in either absorption or fluorescence than carbazoleSulfonate (PEDT:PSS) was used as the hole injection layer,
1 and DFC. The features of the lowest absorption band and#:44"-tri(N-carbazolyl)triphenylamine (TCTA) as the hole-
fluorescence of DFC are very similar to those of carbazole ransport layer. The emitting layer (EML) consists of the
1, except for a~15-nm red shift in both spectra. Such ared 'arge energy gap DFC doped with 8 wt % of the common
shift is similar to that occurring on a carbazole when 9réen phosphdiac-tris(2-phenylpyridine)iridium (Ir(ppy)
introducing quarternary substitutions at 3 and 6 positfons. ©F réd phosphor bis(2-tbenzo[4,5e]thienyl) pyridinato-
Thus, the lowest absorption band and fluorescence of DFCN.C*) (Btpzr(acac))’ A thin layer of 2,9-dimethyl-4,7-
can be unambiguously attributed mainly to the lowestr* diphenyl-1,10-phenanthroline (BCP) was inserted bet\_/veen
transition of the central carbazole chromophore of DFC. the EML and the electron-transport tris-(8-hydroxyquino-
Thus, in terms of absorption and fluorescence of DFC, the lin€)aluminum as the hole-blocking and exciton-blocking
tetrahedral C9 carbon of fluorene seemingly serves as al@yer to provide exciton and carrier confinemeht A_L'F
spacer blocking the-conjugation of the carbazole core from  Serves as the electron-injection layer (see Supporting Infor-
extending to the peripheral substitution. For evaluating the Mation, Figure S-3 for device structures and relative HOMO
capability of DFC as a host for electrophosphorescent LUMO alignment of active layers).

devices, phosphorescence of DFC in thin films was also AS shown in Figure 3, the triplet energy of DFEZ.53
detected at 77 K. Figure 3 shows the phosphorescence€V) i higher than that of Ir(ppy)~2.42 eV) and Btgr-
spectrum of DFC, which exhibits a maximum at 490 nm, (acac) (~2.0 eV), ensuring that the triplet energy transfer

corresponding to a triplet energy gap of 2.53 eV. Such a ffom DFC to Ir(ppy} or to Btpr(acac) is exothermic and
that the transferred triplet excitons are well confined on Ir-

Figure 2. Normalized absorption and fluorescence spectra of
carbazolel, fluorene, and DFC in CHgI

(6) (@ Zhu, Z.; Moore, J. SJ. Org. Chem.2000, 65, 116. (b)
McClenaghan, N. D.; Passalacqua, R.; Loiseau, F.; Campagna, S.; Verheyde, (7) Adachi, C.; Baldo, M. A.; Forrest, S. R.; Lamansky, S.; Thompson,
B.; Hameurlaine, A.; Dehaen, W. Am. Chem. So2003,125, 5356. M. E.; Kwong, R. C.Appl. Phys. Lett2001,78, 1622.
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Figure 4. (a) I-V—L characteristics of devicd, (b) I-V—L
characteristics of devid, (c) EL quantum efficiency as a function
of current density for device8 andB.

(ppy) or Btpyr(acac)® As a result, the electrophosphores-
cence devices andB exhibit pure green EL from Ir(ppy)
and pure red EL from Bybr(acac) (Figure 3), respectively.
Furthermore, no emission from DFC is observed, indicative

Figure 4 shows the currenvoltage—brightness and
efficiency characteristics of devicdsandB. High brightness
of ~176 000 cd/mh and ~5340 cd/m are obtained for
devicesA andB (Figure 4a,b), respectively. Both devices
possess a rather low turn-on voltage~df.0—2.5 V (defined
as the voltage at which emission becomes detectable),
indicating effective carrier injection into the doped emitting
layer from adjacent hole-transporting and hole-blocking
layers. The maximal EL quantum efficiencies ar&0.5%

(at 0.5 mA/cnd) for deviceA and ~9% (at 0.01 mA/crd)

for deviceB (Figure 4c). The maximal power efficiencies
reach~25 Im/W for deviceA and 4.0 Im/W for device3.

Both devices show a gradual decrease in the EL quantum
efficiency with current, which is often observed in phos-
phorescent OLEDs and is usually attributed to tripkeiplet
annihilation? Nevertheless, at a practical brightness of 100
cd/n¥, the EL quantum efficiencies remain above 10% for
deviceA and 6.5% for devic®, which are still substantially
higher than that of fluorescent green and red OLEDs (3
5%) used in current OLED displays. When compared with
green or red phosphorescent OLEDs using the same triplet
emitter in a common host 4:4is(9-carbazoly)-2,2biphenyl
(CBP), the devices using DFC as the host show substantially
improved performance. For instance, the maximum EL
guantum efficiency of devicd& (~9%) obtained here is
substantially higher than that obtained with the CBP host
(~7%).” Moreover, these devices also show a less efficient
decay at high current densities.

In summary, a novel host material with nonconjugated
linkage of carbazole and fluorene moieties has been synthe-
sized and characterized. Green and red electrophosphorescent
devices using such a host material show remarkable external
guantum efficiencies and less efficiency decay at high current
densities.
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