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By introducing a highly ﬂuorescent 9,90 -bianthracene, ﬂuorocarbon (triﬂuoromethyl groups) with the
different linkage mode on the periphery of the 9,90 -bianthracene core, two novel blue-emissive materials
(BAn-(3)-CF3 and BAn-(4)-CF3) were synthesized and characterized. The high luminescence efﬁciency
and excellent stability rendered both promising materials in electroluminescent devices. The twisted
intramolecular charge transfer state was demonstrated to enhance the occurrence of singlet excitons in
the ﬂuorescent emitter, which was based on the 9,90 -bianthracene moiety. Speciﬁcally, the meta-linkage
BAn-(3)-CF3 device doped with sky blue ﬂuorescent material 4,4-bis[4-(di-p-tolylamino)styryl]biphenyl
showed that the singlet generation fraction was more than 25%, and presented an impressive luminous
current efﬁciency of 5.88 cd A1 and an external quantum efﬁciency of 3.15% with a high luminance of
over 12,000 cd m2. Noticeably, the para-linkage BAn-(4)-CF3 device exhibited an excellent efﬁciency
stability with almost unchanged roll-off on the current and power efﬁciencies, even when the brightness
approached 12,000 cd m2.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Organic light-emitting devices (OLEDs) have attracted great
interest for their applications in ﬂat-panel displays and solid-state
lighting resources [1e4]. For full-color displays and high quality
white light emission require primary RGB (red, green, and blue)
emission of relatively equal stability, efﬁciency, and color purity.
However, the development of a highly efﬁcient and stable luminogens with standard blue or deep-blue emission with Commission
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(CIE) coordinates in the range of
(CIEx < 0.15, CIEy < 0.15), which is essential in white OLEDs as one of
the three basic colors and is also the host for both the green and red
emitters in doped devices, is still an extremely challenge as a result
of its intrinsically wide band gap and the encountered problems of
stability [5,6].
Anthracene derivatives have been used widely as blue emitting
materials because they possess outstanding photoluminescence
and electroluminescence (EL) properties, as well as good thermal
properties. High efﬁciency blue OLEDs with high color purity have
been reported based on the material class [5e10]. Furthermore,
9,90 -bianthracene (BAn) and its derivatives are bulky and conformationally restricted structures, which prevents intermolecular
interactions and thus reduces the self-quenching effect, thereby
improving the EL performance [11e16]. Because of the intramolecular HeH repulsion between hydrogen atoms at the 1,10 - and
8,80 -positions, the two anthracene rings are oriented perpendicular
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to each other with dihedral angles of 82 e90 depending on the
substituents [14e17]. The two anthracene groups are electronically
decoupled because of orthogonal structure in the ground state,
while they exhibit a strong electronic interaction with the relaxation of geometric structure in the excited state. The BAn-cored
ﬂuorescence emitters with particular twisted intramolecular
charge transfer (TICT) characteristics realize the electronehole
recombination via an intramolecular conversion from chargetransfer excitons (immediate precursor) to a radiative singlet
exciton (ﬁnal state), which may contribute to obtaining highefﬁciency EL [14,16]. For example, Liu et al. reported an efﬁcient
9,90 -bianthracene-cored molecule enjoying twisted intramolecular
charge transfer to enhance radiative-excitons generation for highly
efﬁcient deep-blue OLEDs with a current efﬁciency of 3.7 cd A1
and an external quantum efﬁciency (EQE) of 3.9% [14]. Recently,
ﬂuorination has been used in the past decade as a route to induce
stability and electron transport or ambipolar transport in organics
by lowering both the highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO) energy levels
in the molecule or polymer, especially for OLEDs [10,15,18e22]. It
also has been used to adjust the emission spectrum and ﬂuorescence quantum yields. Moreover, the interaction between CeF and
HeC in ﬂuorinated organic compounds may promote molecular
organization and crystallization, which may enhance the chargecarrier mobility of organic semiconductors [18]. In our previous
work, a series of deep-blue materials of ﬂuorinated 9,90 -bianthracene derivatives (BAnFs) with varied ﬂuorinated phenyl rings
attached to the 9,90 -bianthracene core, were ﬁrst presented [15,16].
These highly twisted molecules designed in this way had nonplanar structures, which effectively suppressed self-aggregation
and facilitated the formation of stable amorphous ﬁlms. In particular, a deep-blue emission at the CIE coordinates (0.156, 0.083) with
a maximum external quantum efﬁciency (EQE) of 5.02%, has been
achieved using the host 4,40 -bis(N-carbazolyl)biphenyl (CBP) doped
with 10,100 -bis(3,5-bis(triﬂuoromethyl)phenyl)-9,90 -bianthracene
(BAn-(3,5)-CF3) [15]. Recently, we studied the performances of
these BAnFs as blue host materials [16]. The EQE of the BAnFs-based
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EL device was more than 5%, and the efﬁciency roll-off was negligible due to the excellent ambipolar transport of BAnFs induced by
appropriate ﬂuorination. We have found that the ability of TICTstate to enhance the occurrence of singlet excitons in the EL device that was based on the 9,90 -bianthracene (BAn) moiety.
Intrigued by the excellent EL properties of ﬂuorinated 9,90 bianthracene derivatives (BAnFs) in blue OLEDs, we systematically
synthesized the ﬂuorocarbon (triﬂuoromethyl groups) substituted
compounds by changing the position of the CF3 substituents on the
periphery of the 9,90 -bianthracene core. We studied the effect of
the introduced CF3 substituents on the meta/para-positions of the
phenyl ring in 9,90 -bianthracene derivatives. In particular, it is expected that the incorporated CF3 substituents on the meta-positions are highly twisted to the anthracene main unit and result in
amorphousness of the molecule and reduce the intermoleular
interaction. Thus, we expect that the triﬂuoromethyl-substituted
9,90 -bianthracene derivatives will be high efﬁcient and stable
blue light emitting materials.
2. Results and discussions
2.1. Synthesis and structures
As reported earlier by us, the triﬂuoromethyl-substituted 9,90 bianthracene BAn-(3)-CF3 and BAn-(4)-CF3 can be synthesized with
high yields via a one-step Suzuki coupling between brominated
9,90 -bianthracene (BAn-2Br) and the corresponding aryl boronic
acid in the presence of a palladium catalyst [15]. The chemical
structures and the synthetic routes of the compounds in this study
are shown in Scheme 1. We systematically synthesized the ﬂuorocarbon substituted compounds by changing the position of the
CF3 substituents on the periphery of the 9,90 -bianthracene core. All
compounds were isolated by column chromatography on silica gel,
and their molecular structures were conﬁrmed with 1H NMR
spectroscopy and elemental analysis.
To gain insight into the structureeproperty relationship, we
have carried out density functional theory (DFT) calculations

Scheme 1. Synthesis of BAn-(3)-CF3 and BAn-(4)-CF3 and chemical structure of BAn-(3,5)-CF3.
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(B3LYP/6e31G(d,p)) to obtain the optimized structures and orbital
distributions of HOMO and LUMO energy levels of the two luminogens. As demonstrated in Fig. 1, the two adjacent planar
anthracene units in the optimized molecular structures of both
compounds are nearly perpendicular to each other because of a
steric repulsion of the anthracene peri-hydrogen atoms (1,10 - and
8,80 -positions). The dihedral angles between the CF3 functionalized
phenyl rings and the adjacent phenyl rings of the 9,90 -bianthracene
core, are 103 and 87 for BAn-(3)-CF3 and BAn-(4)-CF3, respectively. This discrepancy can be explained by the different substitution patterns of the rigid structure and bulky size of the endcapping CF3 moieties on the periphery of the 9,90 -bianthracene
core in triﬂuoromethyl-substituted 9,90 -bianthracene derivatives.
These extremely twisted geometry conﬁgurations can prevent the
intermolecular interactions between p-systems and suppresses
molecular recrystallization, which improves the morphological
stability. The calculated spatial distributions of electrons in HOMO
and LUMO of BAn-(3)-CF3 and BAn-(4)-CF3 are mostly localized on
the 9,90 -bianthracene moiety. It implies that the absorption and
emission process may only be attributed to the pep* transition
centered at the 9,90 -bianthracene moiety, which is the same with
the BAn-cored ﬂuorescence emitters (CzBACz, BAnFs and 9,90 bianthraceneeﬂuorene hybrids) [13e15]. The HOMO energy levels/
optical energy band gaps (Egs) of BAn-(3)-CF3 and BAn-(4)-CF3 are
calculated as 5.2/3.1 and 5.2/3.0 eV, respectively, which are
similar to each other.
2.2. Thermal properties
The thermal properties of both materials were evaluated by
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC), and all key data were shown in Fig. 2 and Table 1.
BAn-(3)-CF3 with meta-linkage mode of CF3 exhibited signiﬁcantly
higher decomposition temperature (Td, corresponding to 5% weight
loss) of 357  C than BAn-(4)-CF3 with para-linkage way (251  C).
The glass-transition temperature (Tg) of BAn-(3)-CF3 was found to
be 266  C in the second heating scan, after rapid cooling of the
melted sample, which was also higher than that of BAn-(4)-CF3
(231  C). When the linkage mode is changed from the meta positions in BAn-(3)-CF3 to para ones in BAn-(4)-CF3, their melting
temperatures (Tms) are not with a big difference, but similar
(Fig. 2b), due to both compounds with same molecular weight. The
high stability of the amorphous glass state of both compounds is
attributed to the non-planarity of their molecular structures,
demonstrating that the perpendicular-type 9,90 -bianthracene core
along with the incorporation of the rigid structure and bulky size of
the CF3 moiety improves the thermal stability efﬁciently. Moreover,
the strong CeF bonds of CF3 groups can also improve the thermal
stability efﬁciently [19e21]. It clearly shows that both BAn-(3)-CF3

Fig. 2. TGA (a) and DSC (b) measurements for BAn-(3)-CF3 and BAn-(4)-CF3.

and BAn-(4)-CF3 have good thermal stability and very desirable
characteristics for vapor deposition in OLEDs fabrication.
2.3. Photophysical properties
Key photophysical properties of both materials are listed in
Table 1. Fig. 3 shows the normalized UVevis absorption and photoluminescence (PL) spectra of the two compounds in dilute CH2Cl2
solution and in solid state. The UVevis absorption spectra of both
compounds show very similar characteristic vibronic patterns
ranging from 340 to 400 nm, which can be ascribed to the pep*

Fig. 1. The optimized geometries and the molecular orbital surfaces of the HOMOs and LUMOs for BAn-(3)-CF3 and BAn-(4)-CF3 obtained at the B3LYP/6e31G(d,p) level.
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Table 1
Physical properties of the deep-blue emitters.
a
b
Compound labs
max soln /ﬁlm (nm)

BAn-(3)CF3
BAn-(4)CF3
a
b
c
d
e
f

400, 379, 359, 340/404, 382, 362,
343
400, 379, 359, 341/405, 383, 363,
344

a
b
lPL
max soln /ﬁlm
(nm)

FPL

Eoxd
(V)

HOMO/LUMOexp (DEg)e
(eV)

HOMO/LUMOcal (DEHOMOeLUMO)f
(eV)

Tg/Tm/Tdf ( C)

solnc

447/437

0.55

0.92

5.7/e2.7 (3.0)

5.2/e2.1 (3.1)

455, 470/446, 463

0.47

0.83

5.6/e2.6 (3.0)

5.2/e2.2 (3.0)

266/377, 423/
357
231/375, 422/
251

Measured in CH2Cl2.
Measured in solid thin ﬁlm on quartz plates.
Absolute photoluminescence quantum yield determined in CH2Cl2 using integrating sphere.
Measured in CH3CN.
Values from DFT calculation.
Tg: glass-transition temperature; Tm: melting point; Td: decomposition temperature.

transitions of the 9,90 -bianthracene core of the compounds
[13e15]. The absorption spectra of both BAn-(3)-CF3 and BAn-(4)CF3 in ﬁlms are only red-shifted by ca. 3 nm relative to those in
solutions. From the onset of the solid-state absorption spectra, the
energy gaps (Egs) of both BAn-(3)-CF3 and BAn-(4)-CF3 are estimated to be about 3.0 eV. It is worth nothing that the emission
maxima of both compounds have a slightly blue shift from the
solution to the solid state, indicating the absence of intermolecular
interactions in thin ﬁlms. This can be attributed to the twisted
geometry conﬁgurations that have effectively restrained intermolecular aggregation. Compared to para-linkage BAn-(4)-CF3
(446 nm), a slightly blue-shifted emission is found in the PL

spectrum of meta-linkage BAn-(3)-CF3 (437 nm), due to the
increased steric hindrance of bulky CF3 groups at the meta position
that interrupted the p-conjugation length. As we aim to obtain
blue/deep blue OLEDs, these blue-shifted emissions are beneﬁcial
to achieve good performance. The PL spectra of both BAn-(3)-CF3
and BAn-(4)-CF3 were also studied in different organic solvents. As
shown in Fig. 4, the PL spectra of both materials exhibited red-shifts
of 39e41 nm when the solvent polarity is raised from 2.4 (toluene)
to 5.8 (acetonitrile). This phenomenon is consistent with a variety
of the excited state from the locally excited state (LE-state) to an
excited state with the strong CT character involving the TICT
mechanism of the 9,90 -bianthracene core [14,15,23,24].

Fig. 3. Absorption of BAn-(3)-CF3 and BAn-(4)-CF3 (a), and absorption spectra of
DPAVBi and PL spectra of BAn-(3)-CF3 and BAn-(4)-CF3 (b).

Fig. 4. PL spectra of BAn-(3)-CF3 and BAn-(4)-CF3 in various solvents.
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We measured the absolute photoluminescence quantum yield
(FPL) that determined in CH2Cl2 using integrating sphere at room
temperature. The meta-linkage BAn-(3)-CF3 exhibited higher FPL of
0.55 than the para-linkage BAn-(4)-CF3 (0.47), both of which were
comparable to those of the 9,90 -bianthracene-cored compound
(CzBACz) and the 9,90 -bianthraceneeﬂuorene hybrids [13,14]. In
the PL spectra of their thin ﬁlms, both compounds exhibited narrow
emissions with FWHM (full width at half maximum) of about
50 nm. The high quantum yield and narrow FWHM of each compound made it an excellent candidate for use as an efﬁcient blue
emitting material in OLEDs.
2.4. Electrochemical properties
The electrochemical redox properties of both materials were
measured by cyclic voltammetry (Fig. 5). The HOMO energy levels
were estimated from the onset of oxidation potentials as summarized in Table 1. The meta-linkage BAn-(3)-CF3 has a slightly lower
HOMO level (5.7 eV) for the strong electron-withdrawing capability of CF3 substituent than that the para way (5.6 eV for BAn(4)-CF3). A similar situation was observed by our group for the
ﬂuorinated derivatives of triphenylamine, 9,90 -spirobiﬂuorene, and
9,90 -bianthracene [15,19,20]. The low-lying HOMO energy levels
resulted from the introduction of strong electron-withdrawing
triﬂuoromethyl groups could be beneﬁcial to the air stability
[21,22]. As no clear reduction curves were observed, the LUMO
energy levels of BAn-(3)-CF3 and BAn-(4)-CF3 were calculated to
be 2.7 and 2.6 eV, respectively (Table 1), by subtraction of the
optical band gap from the HOMO energy level. As shown in Table 1,
the experimental HOMO and LUMO energy levels were in excellent
agreement with the calculated values.

was the hole-transporting layer (HTL) and the exciton blocking
layer,
and
1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene
(TPBi) serves as the electron-transporting layer (ETL), the holeblocking layer and the exciton-blocking layer, BAn-(3)-CF3 or
BAn-(4)-CF3 was used as a blue emitting layer (EML). The device
conﬁgurations and the energy diagrams were shown in Fig. 6a. Key
device performance parameters were summarized in Table 2. The
EL spectra of both materials were nearly identical to the corresponding PL spectra obtained in the thin-ﬁlm state (Fig. 6b), indicating that the EL emissions were mainly contributed from the
ﬂuorescence of the blue emitters and the formation of excimer or
exciplex was effectively suppressed during the EL process
[9,14,15,25]. The non-doped deep-blue OLED using BAn-(3)-CF3 as
the emitter achieved excellent CIE coordinates of (0.15, 0.13) with
the emission peaking at ca. 444 nm, while BAn-(4)-CF3-based device showed pure blue emission characteristics of CIE (0.16, 0.17)
with peaks around 444 and 468 nm (shoulder peak), at 8 V. The
major difference between the two sets of emitters in emission
characteristics can be explained by the varied end-capping triﬂuoromethyl groups attached to the 9,90 -bianthracene core (see
Fig. 1). It was worth noting that both devices exhibited striking blue
EL color stability at various driving voltages. With increasing
driving voltage from 5 to 11 V, the EL spectra of both devices
remained nearly unchanged, and the CIE coordinate values showed
negligible variation, suggesting a remarkable voltage-independent
EL emission. The excellent color stability can be attributed to the
bulky orthogonal structures that may suppress the close packing of
molecules in the solid state [14,15]. The BAn-(3)-CF3 device has a
low turn-on voltage (at a brightness of 1 cd m2) of 4.3 V and

2.5. Electroluminescence properties
Both materials exhibited good thermal stability, deep-blue
emission and high ﬂuorescence quantum yield. To test the potential of as-prepared emitters for OLEDs, EL devices featuring the two
compounds as non-doped blue emitters were ﬁrstly fabricated with
the conﬁgurations of ITO/HAT-CN (5 nm)/TAPC (40 nm)/BAn-(3)CF3 or BAn-(4)-CF3 (20 nm)/TPBi (40 nm)/LiF (1 nm)/Al (150 nm).
Herein, ITO (indium tin oxide) and LiF/Al were the anode and the
cathode, respectively, HAT-CN (dipyrazino[2,3-f:20 ,30 -h]quinoxaline-2,3,6,7,10,11-hexacarbonitrile) was the hole injection layer
(HIL), TAPC (1,1-bis[4-[N,N0 -di(p-tolyl)amino]phenyl]cyclohexane)

Fig. 5. Cyclic voltammograms of BAn-(3)-CF3 and BAn-(4)-CF3 in CH3CN.

Fig. 6. Structures of the non-doped devices and the energy levels of the materials (a),
and normalized EL spectra of non-doped device using BAn-(3)-CF3 recorded at various
driving voltage (b).
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Table 2
EL performance of blue OLEDs.
EML

a
lEL
max (nm)

Vonb (V)

Lmaxc (cd m2)

hcd (cd A1)

hpd (lm W1)

d
hext
max (%)

hce (cd A1)

hpe (lm W1)

hexte (%)

CIE (x, y)a

BAn-(3)-CF3
BAn-(3)-CF3:3% DPAVBi
BAn-(4)-CF3
BAn-(4)-CF3:3% DPAVBi

444
468/492
444
472/496

4.3
3.8
5.5
5.1

2136
12,690
1919
14,200

1.11
5.88
0.94
4.38

0.46
2.69
0.36
0.36

1.01
3.15
0.85
2.29

0.91
5.58
0.93
3.60

0.43
2.58
0.35
0.36

0.93
2.98
0.84
2.05

(0.15,
(0.15,
(0.16,
(0.16,

a
b
c
d
e

0.13)
0.30)
0.17)
0.32)

Values collected at 8 V.
Turn-on voltage at 1 cd m2.
Maximum luminance.
Values collected at a peak efﬁciency.
Values collected at a current density of 20 mA cm2.

maximum current and external quantum efﬁciencies of 1.12 cd A1
and 1.01%, respectively.
To study the EL performance of BAn-(3)-CF3 and BAn-(4)-CF3 as
host materials, doped devices have been fabricated and evaluated
by using the well-known 4,4-bis[4-(di-p-tolylamino)styryl]
biphenyl (DPAVBi) as the blue ﬂuorescent dopant. The device
structures were the same as those of the non-doped devices, where
each dopant was co-evaporated with the host materials to give 3 wt
% dopant content. The CIE coordinates of DPAVBi-doped devices
were (0.15, 0.30) and (0.16, 0.32) at 8 V for BAn-(3)-CF3 and BAn(4)-CF3, respectively, which showed pure blue emission characteristics with peak at 468 and shoulder peak around 492 nm (Fig. 7).
The EL spectra of both devices also presented good color stability
with nearly the same CIE coordinates over the whole voltage range.
Figs.
8
and
9
showed
the
current
densityevoltageeluminanceeefﬁciency (JeVeLeh) characteristics of the
DPAVBi-doped devices. The key device performance parameters
and EL emission characteristics were summarized in Table 2.
Maximum luminance values of 12,690 cd m2 were obtained for
the BAn-(3)-CF3 device at 13.0 V and 14,240 cd m2 at 14.0 V for
BAn-(4)-CF3 device, respectively. It was noteworthy that excellent
efﬁciencies with maximum current efﬁciency of 5.88 cd A1, power
efﬁciency of 2.69 lm W1 and EQE of 3.15%, were obtained for the
device using BAn-(3)-CF3 as host material, which was much higher
than those of the BAn-(4)-CF3 (current efﬁciency of 4.38 cd A1,
power efﬁciency of 1.48 lm W1 and EQE of 2.29%). However, the
tripletetriplet annihilation (TTA) does not play a role in achieving
high EQEs because the brightness increases linearly with the increase of the current density at low current injection and less than
linearly at higher current injection [26,27]. Therefore, the improved
EL performance is related to the intrinsic factors of BAn-(3)-CF3 and
BAn-(4)-CF3, which can capture electron-hole pair enthusiastically

Fig. 7. Normalized EL spectra of DPAVBi-doped devices using BAn-(3)-CF3 recorded at
various driving voltage.

and convert it into the emissive exciton efﬁciently. The excellent
efﬁciencies could be attributed to the following facts: 1) Choosing
an appropriate host and optimizing the dopant concentration are
important steps toward high device performance [9]. As shown in
Fig. 3b, the overlap between the absorption spectrum of DPAVBi
and the PL spectrum of BAn-(3)-CF3 or BAn-(4)-CF3 was signiﬁcant,
€rster energy transfer, and
allowing efﬁcient host-to-guest Fo
consequently, highly improved efﬁciency. Both the blue EL spectra
of DPAVBi-doped devices showed bright blue emissions with
vibronic peaks around 468 and 492 nm, characteristic of the
emissions from the DPAVBi dopant, while the ﬁlm PL peak of the
host material itself was at a shorter wavelength. This result indicates that the emission of the host material completely disappeared with a small amount of DPAVBi (3 wt% concentration),
indicating complete energy transfer. 2) Carrier trapping at the
dopant sites is an important factor for achieving high device performance. The dopant HOMO, whose energy level (5.3 eV) is
higher than those of the host HOMOs (at 5.7 eV for BAn-(3)-CF3
and e5.6 eV for BAn-(4)-CF3), prompts the DPAVBi molecules to
serve as hole-traps. 3) Singlet charge-transfer state (1CT-state) and
singlet locally excited state (1LE-state) of the host transfer energy to
€rster energy transfer may have played an importhe dopant via Fo
tant role in obtaining high-efﬁciency electroluminescence with the
EQE value of the device above 5%, corresponding to the exciton
utilization efﬁciency of ﬂuorescent OLEDs over the limit of 25%
[14,15,27,28]. Assuming the light out-coupling efﬁciency of 20% and
the 100% holeeelectron recombination in OLED, we estimated the
exciton utilization efﬁciency of nearly 29% on the basis of quantum
efﬁciency in BAn-(3)-CF3 device, which broke through the spin
statistics limit of 25% (singlet/triplet ratio ~ 1/3). Especially, the host
molecules based on the 9,90 -bianthracene (BAn) moiety with a
particular twisted intramolecular charge-transfer state (TICT-state),
which participates in a charge-transfer intersystem crossing
mechanism, realizes transitions from the triplet to singlet CT-states
(3CT / 1CT) [14,15]. Notably, at the practical brightness of
100 cd m2, the roll-off value of EQE is only 9%. Upon increasing to a
high brightness of 1000 cd m2, the EQE of the BAn-(3)-CF3 device
is 2.35%, with a roll-off value of below 25%. Although the BAn-(4)CF3 device shows inferior performances to the BAn-(3)-CF3 device,
it exhibits an excellent efﬁciency stability with nearly none roll-off
on the current and power efﬁciencies with an increasing brightness
or current density. At a high brightness of 5000 cd m2, the blueemitting device based on BAn-(4)-CF3 still shows a high current
efﬁciency of 4.38 cd A1 (with almost unchanged roll-off) and an
power efﬁciency of 1.35 lm W1 (with a roll-off value of below 9%).
The high efﬁciencies of both devices as well as the low roll-off of
these efﬁciencies are attributed to their good balance of electronand hole-transport properties. The HOMO and LUMO energy levels
of CF3-substituted 9,90 -bianthracene derivatives are matched well
with the neighboring TAPC HTL and TPBi ETL (Fig. 6a), thus leading
to good injection of carrier charges and good conﬁnement of both
carriers and excitons within the EML.
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Fig. 8. (a) Current densityevoltage curves, (b) brightnessevoltage curves, (c) current efﬁciencyecurrent density curves, and (d) power efﬁciencyecurrent density curves for
DPAVBi-doped devices.

3. Conclusions
In summary, we have designed and synthesized two new
triﬂuoromethyl-substituted 9,90 -bianthracene derivatives, BAn-(3)CF3 and BAn-(4)-CF3, by changing the position of the CF3 substituents on the periphery of the 9,90 -bianthracene core. The two
compounds showed excellent thermal stabilities and pronounced
PL efﬁciencies. The non-doped OLEDs exhibited stable blue electroluminescence, which was attributed to the bulky orthogonal
structures that may suppress the close packing of molecules in the
solid state. OLEDs using these materials as a host material doped
with the blue ﬂuorescent dopant DPAVBi showed efﬁcient blue EL,
of which the meta-linkage BAn-(3)-CF3 device exhibited excellent
performance, displaying a maximum current efﬁciency of
5.88 cd A1, a maximum EQE of 3.15% and CIE coordinates of (0.15,

Fig. 9. EQE at different current densities for DPAVBi-doped devices.

0.30). Interestingly, the devices showed a signiﬁcant characteristic
of increasing the singlet exciton generation efﬁciency due to the
inﬂuence of TICT-states. The current and power efﬁciency curves
for the doped devices showed a relatively stable light output, even
when the current density approaches 300 mA cm2, and EL spectra
do not change in operating conditions. Our ﬁndings demonstrate
that the 9,90 -bianthracene derivatives with varied end-capping CF3
moieties attached to the 9,90 -bianthracene core have great potential for applications as blue emitter in OLEDs.
4. Experimental
4.1. Materials and instruments
The manipulation involving air-sensitive reagents was performed under an inert atmosphere of dry nitrogen. The 9,90 -bianthracene and 10,100 -dibromo-9,90 -bianthracene were prepared
according to the literature procedures [29,30], and other reagents
in the scheme were used as received from commercial sources. 1H
NMR was recorded on a Bruker 400 MHz NMR spectrometer.
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were carried on a STA 409 PC instrument at a heating
rate of 10  C min1 under argon. Photoluminescence (PL) and absorption spectra were recorded by a Horiba Jobin Yvon Fluoromax4 spectrophotometer and a Unico UV-2600 PCS spectrophotometer,
respectively. Absolute photoluminescence quantum yields (FPL)
were determined in CH2Cl2 using integrating sphere. Cyclic voltammetry was performed using a CHI 660E electrochemical
workstation at a scan rate of 100 mV s1. All experiments were
carried out in a three-electrode compartment cell with a Pt-sheet
counter electrode, a glassy carbon working electrode, and a Ptwire reference electrode. The supporting electrolyte used was
0.1 M tetrabutylammonium hexaﬂuorophosphate (Bu4NPF6) solution in dry acetonitrile. The cell containing the solution of the
sample (1 mM) and the supporting electrolyte was purged with a
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nitrogen gas thoroughly before scanning for its oxidation and
reduction properties. Ferrocene was used for potential calibration
in each measurement. All the potentials were reported relative to
ferroceneeferrocenium (Fc/Fcþ) couple, whose oxidation potential
was þ0.13 V relative to the reference electrode. The oxidation potentials were determined by taking the onset of the anodic potentials. The HOMO and LUMO values were estimated by using the
following general equation: EHOMO ¼ e(Eon
 Eox,
ox
on
þ 4.8) eV; ELUMO ¼ EHOMO þ Eopt
g , which were calculated
ferrocene
using the internal standard ferrocene value of 4.8 eV with respect
to the vacuum level.
4.2. Devices fabrication and characterizations
OLEDs were fabricated by conventional vacuum deposition of
the organic layers, LiF and the Al cathode onto an indium tin oxide
(ITO)-coated glass substrate under a base pressure lower than
1  103 Pa. Prior to organic layer deposition, ITO substrates were
exposed to a UV-ozone ﬂux for 10 min, following degreasing in
acetone and isopropyl alcohol (IPA). The thickness of each layer was
determined by a quartz thickness monitor. The effective size of the
OLED was 14 mm2. The voltageecurrent density (VeJ) and voltageebrightness (VeL) as well as the current densityecurrent efﬁciency (Jehc) and current densityepower efﬁciency (Jehp) curve
characteristics of devices were measured with a Keithley 2602
Source-Meter under ambient condition.
4.3. Synthesis of materials
The triﬂuoromethyl-substituted 9,90 -bianthracene BAn-(3)-CF3
and BAn-(4)-CF3 were prepared according to the procedures we
previously reported [15]. As shown in Scheme 1, the CF3substituted 9,90 -bianthracene derivatives were synthesized by the
Suzuki coupling reaction between brominated 9,90 -bianthracene
and the corresponding aryl boronic acid in the presence of a
palladium catalyst.
10,100 -Bis(3-(triﬂuoromethyl)phenyl)-9,90 -bianthracene (BAn-(3)CF3). 1.25 g, pale yellow solid, yield: 83%. Tm1 ¼ 376  C, Tm2 ¼ 423  C.
1
H NMR (CDCl3, 400 MHz): d 7.19e7.27 (m, 6H), 7.36e8.00 (m, 16H),
8.88e8.89 (m, 2H). Anal. Calcd for C42H24F6: C, 78.50%; H, 3.74%.
Found: C, 78.52%; H, 3.75%.
10,100 -Bis(4-(triﬂuoromethyl)phenyl)-9,90 -bianthracene (BAn-(4)CF3). 1.13 g, pale yellow solid, yield: 89%. Tm1 ¼ 375  C, Tm2 ¼ 422  C.
1
H NMR (CDCl3, 400 MHz): d 7.17e7.26 (m, 8H), 7.36e7.39 (t, 4H),
7.72e7.80 (m, 8H), 7.95e7.97 (d, J ¼ 7.6 Hz, 4H). Anal. Calcd for
C42H24F6: C, 78.50%; H, 3.74%. Found: C, 78.51%; H, 3.76%.
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