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The solution-processable host material, 3,3’-[bis(9-phenyl-
carbazol-3-yl)[benzophenone (BCzBP), containing donor-type
phenylcarbazole units and an acceptor-type benzophenone unit
was synthesized. BCzBP showed a high excited triplet energy
level and a high photoluminescence quantum efficiency with
tris[2-(4-tolyl)pyridineJiridium ([Ir(mppy);]) as a dopant, and
a high glass-transition temperature. Solution-processed green
phosphorescent OLEDs were fabricated with BCzBP. The
device with BCzBP as a host showed comparable efficiencies
to those of the corresponding device with 4,4’-bis(N-carba-
zolyl)biphenyl (CBP) as a host. At the same current density, the
device with BCzBP showed a longer device lifetime than that
with CBP, due to the high thermal stability and the bipolar nature
of the host compound, BCzBP.

Solution-processed organic light-emitting devices (OLEDs)
are considered essential for the next generation of low-cost and
large-area flat-panel displays and lighting sources.!"® Phospho-
rescent compounds are effective to improve the efficiency of the
device, compared with fluorescent materials.”® However, it is
rather difficult to achieve a long lifetime in phosphorescent
OLEDs, and the solution process makes it more difficult.>!? The
host materials for solution-processed phosphorescent OLEDs
require high energy level of excited triplet state (T;) not to
quench triplet exciton of the phosphorescent emitter, charge-
transporting ability for low driving voltage, high glass-transition
temperature (7,) for long lifetime and less vulnerable to heat
damage in OLEDs, bipolar property for electrochemical stability
of cation radical and anion radical states, and good solubility in
organic solvents for solution processability.'!~14

In this study, we report a unique molecular design of com-
bining phenylcarbazol as electron-donor unit and benzophenone
as electron-acceptor unit to give a novel bipolar host material of
3,3’-[bis(9-phenylcarbazol-3-yl)]benzophenone (BCzBP). The
compound exhibited high T, and high 7,. Solution-processed
green phosphorescent OLEDs using an emitter of tris[2-(4-
tolyl)phenylpyridine]iridium ([Ir(mppy);]) showed high external
quantum efficiency (EQE) of 9.8% and a long half-lifetime of
365h at a practical brightness of 1000 cdm=2.

The bipolar host material, BCzBP was readily synthesized
by the Pd(0)-catalyzed Suzuki—-Miyaura cross-coupling reaction
of two equivalents of 9-phenylcarbazole-3-boronic acid with
3,3’-dibromobenzophenone (Scheme 1). The chemical structure
was identified by 'H- and '*CNMR, mass spectrometry, and
elemental analysis. The compound was thoroughly purified
by train sublimation and the purity was higher than 99.9%,
determined by high-performance liquid chromatography (HPLC)
analysis. The thermal properties of BCzBP were investigated
using thermal gravimetric analysis (TGA) and differential
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Scheme 1. Synthetic route of BCzBP.
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Figure 1. Calculated spatial distributions (DFT, B3LYP/6-
311G+(d,p)//B3LYP/6-31G(d), Gaussian 09) of HOMO and LUMO
of BCzBP.

scanning calorimetry (DSC). The decomposition temperature
(T4, corresponding to 5% weight loss) was 487 °C, and T, was
116 °C. The much higher Ty and T, at 373°C and 62°C of
4,4’-bis(N-carbazolyl)biphenyl (CBP) is attributed to the high
molecular weight of BCzBP.'>!® This high thermal stability is
highly desirable for improving the lifetime of the OLEDs.

Density surfaces of the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO)
were calculated using density functional theory (DFT), shown in
Figure 1. The HOMO is located on the electron-rich phenyl-
carbazole unit, and its energy level is calculated at —5.61¢eV.
Conversely, the LUMO is located on the benzophenone unit,
and its energy level is calculated at —2.00 eV. The T, of BCzBP
is also calculated at —2.91 eV, using time-dependent DFT.

The ionization potential (Z,) corresponding to the HOMO
level of the BCzBP film was —5.87 eV, measured by photo-
electron yield spectroscopy. The energy gap (£;) was —3.32¢V,
determined by the UV absorption edge of the film. The LUMO
level was estimated at —2.55eV from the difference of the I,
and the E,. The photoluminescence (PL) spectrum of the film
was measure at room temperature and low temperature at SK
(Figure 2). The fluorescence spectrum was obtained at room
temperature with a maximum wavelength of 445 nm, while the
low-temperature measurement showed a red-shifted phospho-
rescence spectrum. From the edge of the phosphorescence
spectra, the T; level of BCzBP was estimated at —2.65 eV. This
value is high enough to confine the triplet exciton of the green
phosphorescence of [Ir(mppy);] (—2.55eV) in OLEDs. We
measured the photoluminescence quantum yield (PLQY) of
[Ir(mppy);] (12 wt %) doped in BCzBP or CBP film by selective
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Figure 2. UV-vis absorption spectrum (circle) and PL spectrum
(square) of the film of BCzBP, and phosphorescence spectrum
(triangle) of the film of the BCzBP at 5K.
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Figure 3. (a) Current density—voltage characteristics and (b) EQE-
current density characteristics of the devices using CBP and BCzBP.

excitation of [Ir(mppy)s] at 390 nm, where BCzBP and CBP
have no absorption (Figure S1). The PLQY of [Ir(mppy);] with
BCzBP and CBP are 65% and 69%, respectively. These high
PLQYs also support the efficient triplet exciton confinement of
the hosts.

The OLEDs with a configuration of ITO (130 nm)/triphen-
ylamine-containing polymer: 4-isopropyl-4’-methyldiphenyl-
iodonium tetrakis(pentafluorophenyl)borate (PPBI) (20nm)/
poly(9,9-dioctylfluorene-alt-N-(4-butylphenyl)diphenylamine)
(TFB) (20nm)/CBP or BCzBP: 12wt % [Ir(mppy);] (30 nm)/
bis(9,9-spirobifluoren-2-yl) ketone (SBFK) (10 nm)/1,4-di(1,10-
phenanthroline-3-yl)benzene (DPB): 25 wt % lithium quinolino-
late (Liq) (40nm)/Al (100nm) were fabricated.!” The hole
injection layer, hole-transporting layer, and emitting layer
were solution-processed by the spin-coating method from the
toluene and THF solution. The hole-blocking layer, electron-
transporting layer, and cathode were deposited by evaporation
in vacuum. The driving voltage of the device with BCzBP
increased compared with that of the device with CBP, suggesting
lower charge mobility in BCzBP than that in CBP (Figure 3a).
However, BCzBP exhibited higher efficiencies than CBP
(Figure 3b). At a luminance of 1000cdm™2, BCzBP showed
an external quantum efficiency (EQE) of 9.8% and a current
efficiency of 34 cd A~!, while CBP showed efficiencies of 9.0%
and 32 cd A~!, respectively. The roll-off of the efficiencies was
suppressed in the device with BCzBP. These higher efficiencies
and less roll-off of the efficiencies are because of a well-
balanced ratio of holes and electrons in the emitting layer,
derived from the bipolar property of BCzBP.

Luminance (arb unit)

Time/h

Figure 4. Lifetime characteristics of the devices using CBP and
BCzBP, measured at 5 mA cm 2.

Device stabilities were investigated under a 5mA cm™
driving condition. The initial luminances were 1700 and
1500 cd m~2 for BCzBP and CBP, respectively. The device with
BCzBP as a host showed much improved stability compared
with CBP (Figure 4). The half lifetime was 89 h for CBP, on the
other hand, it was 160 h for BCzBP. The longer lifetime of the
device with BCzBP is considered to be resulted from its high
thermal stability and bipolar nature.

In summary, we synthesized a thermally stable bipolar host,
BCzBP, consisting of electron-donating phenylcarbazole units
and an electron-accepting benzophenone unit. The 7, of BCzBP
was much higher than that of usual CBP. The solution-processed
green phosphorescence OLEDs showed higher efficiencies and
longer lifetimes, compared with the device with CBP.

Supporting Information is available electronically on J-STAGE.

References

1 A. C. Arias, J. D. MacKenzie, I. McCulloch, J. Rivnay, A. Salleo,
Chem. Rev. 2010, 110, 3.

2 T.-W. Lee, T. Noh, H.-W. Shin, O. Kwon, J.-J. Park, B.-K. Choi, M.-S.
Kim, D. W. Shin, Y.-R. Kim, Adv. Funct. Mater. 2009, 19, 1625.

3 B. Zhang, G. Tan, C.-S. Lam, B. Yao, C.-L. Ho, L. Liu, Z. Xie, W.-Y.
Wong, J. Ding, L. Wang, Adv. Mater. 2012, 24, 1873.

4 K. S. Yook, S. E. Jang, S. O. Jeon, J. Y. Lee, Adv. Mater. 2010, 22,
4479.

5 K. S. Yook, J. Y. Lee, Org. Electron. 2011, 12, 1595.

6 K. S. Yook, J. Y. Lee, J. Mater. Chem. 2012, 22, 14546.

7 Y. Sun, N. C. Giebink, H. Kanno, B. Ma, M. E. Thompson, S. R.
Forrest, Nature 2006, 440, 908.

8 Y. Kawamura, K. Goushi, J. Brooks, J. J. Brown, H. Sasabe, C.
Adachi, Appl. Phys. Lett. 2005, 86, 071104.

9 K. Peters, L. Wengeler, P. Scharfer, W. Schabel, J. Coat. Technol. Res.
2014, 11, 75.

10 K. S. Yook, J. Y. Lee, Adv. Mater. 2014, 26, 4218.

11 J. J. Kim, Y. You, Y.-S. Park, J.-J. Kim, S. Y. Park, J. Mater. Chem.
2009, 79, 8347.

12 B. W. D’Andrade, S. R. Forrest, J. Appl. Phys. 2003, 94, 3101.

13 S. Gong, Q. Fu, Q. Wang, C. Yang, C. Zhong, J. Qin, D. Ma, Adv.
Mater. 2011, 23, 4956.

14 T. Tsuzuki, S. Tokito, Appl. Phys. Lett. 2009, 94, 033302.

15 M.-H. Tsai, Y.-H. Hong, C.-H. Chang, H.-C. Su, C.-C. Wu, A.
Matoliukstyte, J. Simokaitiene, S. Grigalevicius, J. V. Grazulevicius,
C.-P. Hsu, Adv. Mater. 2007, 19, 862.

16 Y.-Y. Lyu, J. Kwak, W. S. Jeon, Y. Byun, H. S. Lee, D. Kim, C. Lee, K.
Char, Adv. Funct. Mater. 2009, 19, 420.

17 J. Kido, G. Harada, M. Komada, H. Shionoya, K. Nagai, ACS Symp.
Ser. 1997, 672, 381.

1936 | Chem. Lett. 2014, 43, 1935-1936 | doi:10.1246/cl.140807

© 2014 The Chemical Society of Japan


http://dx.doi.org/10.1021/cr900150b
http://dx.doi.org/10.1002/adfm.200801045
http://dx.doi.org/10.1002/adma.201104758
http://dx.doi.org/10.1002/adma.201002034
http://dx.doi.org/10.1002/adma.201002034
http://dx.doi.org/10.1016/j.orgel.2011.06.018
http://dx.doi.org/10.1039/c2jm31814h
http://dx.doi.org/10.1038/nature04645
http://dx.doi.org/10.1063/1.1862777
http://dx.doi.org/10.1007/s11998-013-9515-1
http://dx.doi.org/10.1007/s11998-013-9515-1
http://dx.doi.org/10.1002/adma.201306266
http://dx.doi.org/10.1039/b913122a
http://dx.doi.org/10.1039/b913122a
http://dx.doi.org/10.1063/1.1597942
http://dx.doi.org/10.1002/adma.201102758
http://dx.doi.org/10.1002/adma.201102758
http://dx.doi.org/10.1063/1.3073709
http://dx.doi.org/10.1002/adma.200600822
http://dx.doi.org/10.1002/adfm.200801319
http://dx.doi.org/10.1021/bk-1997-0672.ch025
http://dx.doi.org/10.1021/bk-1997-0672.ch025
http://dx.doi.org/10.1246/cl.140807

