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New aggregation-induced delayed fluorescent
materials for efficient OLEDs with high stabilities
of emission color and efficiency†

Hao Chen,a Huijun Liu,a Yi Xiong,a Junchu He,a Zujin Zhao *a and
Ben Zhong Tang abc

Thermally activated delayed fluorescence (TADF) can harvest both singlet and triplet excitons to achieve

high electroluminescence (EL) efficiency for organic light-emitting diodes (OLEDs). However, many

TADF emitters generally suffer from severe emission quenching and exciton annihilation at high voltages

or luminance. To address this issue, in this work, two new luminogens, CDBP-BP-PXZ and CDBP-BP-

DMAC, consisting of an electron-withdrawing benzoyl group and electron-donating 9,90-(2,20-dimethyl-

[1,10-biphenyl]-4,40-diyl)bis(9H-carbazole) and phenoxazine/9,9-dimethyl-9,10-dihydroacridine are

synthesized and characterized. They exhibit high thermal and electrochemical stabilities and show

interesting aggregation-induced delayed fluorescence properties. They exhibit good EL performances in

nondoped and doped OLEDs with high electroluminescence (EL) efficiencies, very small efficiency roll-

offs and high emission color stability. The excellent EL performance of both luminogens disclose their

good application potential in practical display and lighting devices.

Introduction

In the past decades, organic light-emitting diodes (OLEDs) have
achieved great progress in full-color displays and solid-state
lighting sources, owing to their practical advantages, such as
self-luminescence, low cost, flexibility, high efficiency, energy
conservation, and so forth.1–5 In the rapid development of
OLEDs, the exploration of efficient and stable luminescent
materials plays the most important role. Conventional fluor-
escent materials can only harness electrogenerated 25% singlet
excitons, which limits the enhancement of their electrolumi-
nescence (EL) efficiencies.6–9 To date, there are some methods

for enhancing exciton utilization, such as phosphorescence,10–12

triplet–triplet annihilation (TTA),13–16 singlet fission (SF),17 hybri-
dized local and charge-transfer (HLCT)18–20 and thermally activated
delayed fluorescence (TADF).21–25

Among them, purely organic TADF materials have received
significant attention as the core materials for the third genera-
tion OLEDs owing to their high internal quantum efficiencies
(IQEs) of 100% achieved through thermally activated reverse
intersystem crossing (RISC) based on small energy gaps (DESTs)
between the lowest singlet excited state (S1) and the lowest
triplet excited state (T1).26–30 Therefore, OLEDs based on low
cost TADF materials can realize high electroluminescence (EL)
efficiencies, comparable to those based on noble metal-
containing phosphorescence materials.31–36 However, many
TADF materials suffer from serious concentration quenching
and exciton annihilation because of the long lifetimes of the
triplet excited states.37–40 Although this situation can be
addressed to some extent by employing a blend film containing
the host and the dopant as an emitting layer (EML) to reduce
concentration quenching, the doped devices still encounter
drastic efficiency roll-offs at high voltages, which becomes a
troublesome obstacle for the commercial application of TADF
materials.41–45

Aggregation-induced delayed fluorescence (AIDF) emitters,
which exhibit both TADF and aggregation-induced emission
(AIE) properties, are emerging as promising alternatives to
overcome these drawbacks.46–50 Actually, OLEDs based on AIDF

a State Key Laboratory of Luminescent Materials and Devices, Guangdong Provincial

Key Laboratory of Luminescence from Molecular Aggregates, South China

University of Technology, Guangzhou 510640, China.

E-mail: mszjzhao@scut.edu.cn
b Shenzhen Institute of Aggregate Science and Technology, School of Science and

Engineering, The Chinese University of Hong Kong, Shenzhen, Guangdong 518172,

China
c AIE Institute, Guangzhou Development District, Huangpu, Guangzhou 510530,

China

† Electronic supplementary information (ESI) available: Materials and instru-
ments, photophysical data, PL spectra and transient PL decay curves in the THF/
water mixture, PL spectra in different solvents, temperature-dependent transient
PL decay curves, PL decay curves in THF solutions under air and N2 atmospheres,
fluorescence and phosphorescence spectra at 77 K, carrier mobility spectra and
EL performance data in doped devices with different hosts. See DOI: 10.1039/
d1qm01625c

Received 16th December 2021,
Accepted 10th February 2022

DOI: 10.1039/d1qm01625c

rsc.li/frontiers-materials

MATERIALS CHEMISTRY
FRONTIERS

RESEARCH ARTICLE

Pu
bl

is
he

d 
on

 1
1 

Fe
br

ua
ry

 2
02

2.
 D

ow
nl

oa
de

d 
on

 1
1/

6/
20

25
 1

:4
7:

15
 A

M
. 

View Article Online
View Journal  | View Issue

http://orcid.org/0000-0002-0618-6024
http://orcid.org/0000-0002-0293-964X
http://crossmark.crossref.org/dialog/?doi=10.1039/d1qm01625c&domain=pdf&date_stamp=2022-02-22
http://rsc.li/frontiers-materials
https://doi.org/10.1039/d1qm01625c
https://pubs.rsc.org/en/journals/journal/QM
https://pubs.rsc.org/en/journals/journal/QM?issueid=QM006007


This journal is © The Royal Society of Chemistry and the Chinese Chemical Society 2022 Mater. Chem. Front., 2022, 6, 924–932 |  925

luminogens have presented excellent EL performances in non-
doped and doped devices, comparable to conventional TADF
materials but with noticeably enhanced efficiency stability.51–58

So, in this work, we wish to report two novel AIDF lumino-
gens CDBP-BP-PXZ and CDBP-BP-DMAC, constructed using
electron-donors of 9,90-(2,20-dimethyl-[1,1 0-biphenyl]-4,4 0-diyl)
bis(9H-carbazole) (CDBP) and phenoxazine (PXZ)/9,9-dimethyl-
9,10-dihydroacridine (DMAC) and an electron-acceptor of the
benzoyl group. The carbonyl therein can achieve effective n–p*
transition, which is important to enlarge the spin–orbit coupling
(SOC) to facilitate intersystem crossing (ISC) and RISC processes. By
comprehensive investigation, both luminogens exhibit high emis-
sion efficiencies and prominent delayed fluorescence in the solid
state, which make them ideal emitters for OLEDs. The nondoped
and doped OLEDs adopting both luminogens as emissive layers
display excellent EL efficiencies with very small efficiency roll-offs
and high emission color stabilities.

Results and discussion
Synthesis and characterization

The new luminogens CDBP-BP-PXZ and CDBP-BP-DMAC are
prepared through two-step reactions according to the synthetic
routes illustrated in Scheme 1. The Friedel–Crafts acylation
reaction of CDBP with 4-fluorobenzoyl chloride yields an
important intermediate CDBP-BP-F, followed by coupling with
PXZ and DMAC to afford target molecules CDBP-BP-PXZ and
CDBP-BP-DMAC, respectively, in good yields. Both molecular
structures are well characterized using NMR and high-
resolution mass spectra (HRMS). The detailed synthetic
procedures and characterization data of CDBP-BP-PXZ and
CDBP-BP-DMAC are presented in the Experimental section.
They have good solubility in common organic solvents such
as dichloromethane, chloroform, tetrahydrofuran (THF), and
so forth, but are hardly soluble in water.

The thermal stability of both luminogens is evaluated
through thermogravimetric analysis (TGA) at a heating rate of
10 1C min�1 under a nitrogen atmosphere. As illustrated in
Fig. 1A, both luminogens exhibit high thermal stabilities, with
very high decomposition temperatures (Td, corresponding to
5% weight loss) of 454 1C and 450 1C for CDBP-BP-PXZ and
CDBP-BP-DMAC, respectively. These high Tds are beneficial for
the fabrication of OLEDs using a vacuum deposition process.
The glass-transition temperatures of both luminogens are not
detected.

Electrochemical properties

Cyclic voltammetry (CV) is carried out on the CDBP-BP-PXZ and
CDBP-BP-DMAC solutions to determine the practical HOMO
and LUMO energy levels. As illustrated in Fig. 1B, both lumino-
gens show similar voltammograms with close oxidation and
reduction peaks. The oxidation potential and reduction poten-
tials are 0.26 and �2.03 V against the Fc/Fc+ redox couple,
corresponding to a HOMO energy level of �5.06 eV and a
LUMO energy level of �2.77 eV for CDBP-BP-PXZ, and the
oxidation potential and reduction potentials are 0.47 and
�2.13 V against the Fc/Fc+ redox couple, corresponding to a
HOMO energy level of �5.27 eV and a LUMO energy level of
�2.67 eV for CDBP-BP-DMAC (HOMO =�[Eox + 4.8] eV; LUMO =
�[Ere + 4.8] eV, where Eox and Ere represent the onset potentials
of oxidation and reduction relative to Fc/Fc+, respectively).

Electronic structures

The geometrical and electronic structures of CDBP-BP-PXZ and
CDBP-BP-DMAC are investigated via a theoretical simulation
conducted via density functional theory (DFT) and time-
dependent density functional theory (TD-DFT) calculations
with the PBE0/6-31G(d,p) basis set. The optimized molecular
conformations and calculated frontier orbital distributions of
CDBP-BP-PXZ and CDBP-BP-DMAC are displayed in Fig. 2. Both
luminogens have highly twisted structures with a separated
distribution of the frontier orbitals. The LUMOs are mainly
localized on the electron-accepting carbonyl group and parts of

Scheme 1 Synthetic routes and chemical structures of CDBP-BP-PXZ
and CDBP-BP-PXZ.

Fig. 1 (A) TGA thermograms of CDBP-BP-PXZ and CDBP-BP-DMAC,
recorded under a nitrogen atmosphere at a heating rate of 10 1C min�1;
(B) cyclic voltammograms of the solutions of CDBP-BP-PXZ and CDBP-
BP-DMAC, measured in dichloromethane (HOMO) and dimethylforma-
mide (LUMO) containing 0.1 M tetrabutylammonium hexafluoropho-
sphate. Scan rate: 100 mV s�1.
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adjacent aromatic rings, while the HOMOs are predominantly
focused on the electro-donating PXZ and DMAC units. However,
CDBP shows no contribution to the HOMOs of both molecules.
Hence, the HOMO and the LUMO are almost completely separated,
due to the nearly perpendicular connection of BP and PXZ/DMAC.
The efficient separation of HOMOs and LUMOs endows CDBP-BP-
PXZ and CDBP-BP-DMAC with small theoretical DEST values of
0.011 and 0.032 eV, respectively, which are small enough to allow an
efficient RISC process from T1 to S1 states.

Photophysical properties

CDBP-BP-PXZ and CDBP-BP-DMAC show analogous absorption
spectra in oxygen-free THF solutions with strong absorption
bands at around 327 nm and 328 nm (Fig. 3A), respectively,
which are generated due to the p–p* transition. Moreover, weak
and broad absorption bands extending to 430 nm are also
observed, which can be attributed to the twisted intramolecular
charge transfer (TICT) state between the benzoyl core and the
PXZ and DMAC moieties. The photoluminescence (PL) proper-
ties are also measured in solutions and films. In THF solutions,
CDBP-BP-PXZ and CDBP-BP-DMAC emit weakly at 575 and
534 nm, with low PL quantum yields (FPLs) of 2.6% and
10.9%, respectively. Because the electron-donating capacity of
the DMAC group is weaker than that of the PXZ group, CDBP-
BP-DMAC shows weaker TICT effects and thus bluer and
stronger emission than CDBP-BP-PXZ. However, the vacuum-
deposited neat films of CDBP-BP-PXZ and CDBP-BP-DMAC
radiate strong green and sky-blue lights with PL peaks at
528 nm and 488 nm, respectively. The blue-shifted emissions
from THF solutions to neat films are attributed to the
decreased polarity of the environment, in which the lumino-
genic molecules experience a weakened ICT effect. Meanwhile,
the FPLs are greatly enhanced to 77.4% and 59.2%, respectively,
in neat films, being more than 28 times for CDBP-BP-PXZ and
5 times for CDBP-BP-DMAC in THF solutions, demonstrating
that both luminogens have noticeable AIE properties.59,60

To further investigate the PL properties of both luminogens,
the PL spectra in THF/water binary solutions with varied water
fractions (fw) from 0% to 90% are recorded, where the THF
solution is a good solvent but water is poor for both lumino-
gens (Fig. 3B and Fig. S1, ESI†). By adding a small volume of
water into the THF solutions, the PL intensities are slightly
decreased, which is due to the enhanced TICT effect because of
the increased polarity of the mixture.61,62 The TICT effect can
be verified through a solvatochromism experiment, in which
the PL peak is red-shifted obviously along with the increase of
solvent polarity (Fig. S2, ESI†). But the aggregates are formed
when a large volume of water is added into the THF solutions,
and the PL intensities are greatly enhanced and apparently
blue-shifted, which can be attributed to the restriction of
intramolecular motion and thus the suppression of the non-
radiative decay. Moreover, both luminogens show very short PL
lifetimes in THF solutions. However, by adding a large amount
of water to the THF solutions, the PL lifetimes are greatly
increased and the delayed fluorescence proportions exhibit a
prominently growing trend (Fig. 3C and Fig S3, ESI†). Combin-
ing the excellent PL properties of both luminogens in neat
films, it is clear that CDBP-BP-PXZ and CDBP-BP-DMAC show
typical AIE characteristics.

In THF solutions, both luminogens show weak emission and
faint delayed fluorescence, with short PL lifetimes of 34.9 and
14.0 ns of CDBP-BP-PXZ and CDBP-BP-DMAC, respectively, due
to the vigorous intramolecular motions, which can non-radiatively
deactivate the excited state and undermine the ISC and RISC

Fig. 2 Spatial distributions of HOMOs and LUMOs, and DEST values of the
two luminogens, calculated using the PBE0 hybrid functional at the basis
set level of 6-31G(d,p).

Fig. 3 (A) Absorption spectra of CDBP-BP-PXZ and CDBP-BP-DMAC in
THF solutions (10�5 mol L�1) and their normalized PL spectra in neat films
(solid line) and doped films (dashed line); (B) PL spectra of CDBP-BP-PXZ
and (C) transient PL decay curves of CDBP-BP-DMAC in THF/water
mixtures with different water fractions (fw), where the concentration of
CDBP-BP-PXZ and CDBP-BP-DMAC is 10�5 mol L�1; (D) temperature-
dependent transient PL decay spectra of CDBP-BP-DMAC in neat films,
recorded under a nitrogen atmosphere.
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processes. But from the PL decay curves in THF solutions under air
and N2 atmospheres (Fig. S4, ESI†), it can be found that the PL
lifetime is obviously increased in the absence of O2 for CDBP-BP-
DMAC, implying the involvement of the triplet state. In neat films,
CDBP-BP-PXZ and CDBP-BP-DMAC exhibit distinct delayed fluores-
cence with lifetimes of 509.4 and 2009.3 ns and ratios of 19.5% and
32.4%, respectively. The RISC rate constants (kRISC) are 4.97 �
105 s�1 and 2.43 � 105 s�1 for CDBP-BP-PXZ and CDBP-BP-
DMAC, respectively (Table 1). Moreover, it can be found from the
temperature-dependent transient PL decay spectra (Fig. 3D and
Fig. S5, ESI†) that the PL lifetime is increased prominently as the
temperature increases from 100 to 300 K, demonstrating that the
delayed fluorescence properties originate from triplet to singlet
conversion via the RISC process under thermal activation. A small
DEST is favorable for an efficient RISC process to achieve the
occurrence of delayed fluorescence. According to the fluorescence
and phosphorescence spectra of the neat films recorded at 77 K
(Fig. S6, ESI†), the values of DEST are acquired from the onsets of the
spectra and measured to be 0.039 eV for CDBP-BP-PXZ and 0.043 eV
for CDBP-BP-DMAC, which are small enough to ensure the RISC
process and thus the generation of delayed fluorescence. The above
results indicate that CDBP-BP-PXZ and CDBP-BP-DMAC possess
evident AIDF features.

To further decipher their PL behaviours, the doped films of
CDBP-BP-PXZ and CDBP-BP-DMAC (20 wt% CDBP-BP-PXZ in
the 4,40-di(9H-carbazol-9-yl)-1,1 0-biphenyl (CBP) host and
40 wt% CDBP-BP-DMAC in the bis-(diphenylphosphoryl)-
dibenzo[b,d]-furan (PPF) host) are prepared and studied. The
doped film of CDBP-BP-PXZ emits strong green fluorescence
with a peak at 515 nm and a high FPL of 93.2%. The doped film
of CDBP-BP-DMAC exhibits sky-blue fluorescence with a peak at
495 nm and a FPL of 71.4%. The PL lifetime of CDBP-BP-PXZ in
doped films is as short as 293.9 ns and the ratio of the delayed
component is 10.0%. And the value of DEST is 0.096 eV, which is
small enough for an efficient RISC process. As for CDBP-BP-
DMAC in the doped film, the PL lifetime and the ratio of
delayed component are increased slightly and the value of DEST

is 0.043 eV, close to that in the neat film.

Electroluminescence

In view of the efficient PL performance with prominently delayed
fluorescence in films, the EL performances of CDBP-BP-PXZ and

CDBP-BP-DMAC in OLEDs are investigated. Nondoped OLEDs with
a configuration of ITO/HATCN (5 nm)/TAPC (25 nm)/TCTA (5 nm)/
emitter (35 nm)/TmPyPB (55 nm)/LiF (1 nm)/Al (120 nm) (device I:
emitter = CDBP-BP-PXZ; device II: emitter = CDBP-BP-DMAC) are
fabricated using a vacuum-deposition technique, in which the neat
films of CDBP-BP-PXZ and CDBP-BP-DMAC function as emitters,
hexaazatriphenylenehexacabonitrile (HATCN) serves as the hole-
injection layer, 1,10-bis(di-4-tolylaminophenyl) cyclohexane (TAPC)
and 1,3,5-tri(m-pyrid-3-yl-phenyl)benzene (TmPyPB) work as the
hole- and electron-transporting layers, respectively, and tris[4-
(carbazol-9-yl)phenyl]amine (TCTA) functions as the electron-
blocking layer (Fig. 4). Both devices are turned on at low voltages
of 2.6 V and 2.8 V, indicating that holes and electrons can be
effectively injected and transported into emitting layers for exciton
generation. Device I of CDBP-BP-PXZ exhibits strong green light
with an EL peak at 536 nm and shows a maximum luminance (Lmax)
of up to 53 539 cd m�2 (Table 2). The maximum current efficiency
(ZC), power efficiency (ZP) and external quantum efficiency (Zext) of
device I are 50.5 cd A�1, 46.5 lm W�1 and 15.5%, respectively. More
importantly, even at 1000 cd m�2, device I still holds ZC, ZP and Zext

of 50.3 cd A�1, 39.5 lm W�1 and 15.4%, respectively, revealing that
device I has excellent efficiency stability. Device II of CDBP-BP-
DMAC exhibits strong sky-blue light at a peak of 496 nm and shows
an Lmax of up to 13 505 cd m�2. The maximum ZC, ZP and Zext values
of device III are 24.4 cd A�1, 22.2 lm W�1 and 9.5%, respectively.
The Zext of this device remains at 9.3% at 1000 cd m�2, exhibiting a
negligible efficiency roll-off (Fig. 5A–D). In addition, both nondoped
devices exhibit high stabilities of emission color, and the emission
spectra show a negligible offset with the increase of voltage from

Table 1 The photophysical data of CDBP-BP-PXZ and CDBP-BP-DMAC

labs (nm) lem (nm) FPL
c (%) htid (ns) tprompt

e (ns) tdelayed
e (ms) Rdelayed

f (%) DEST
g (eV) kRISC

h (�105 s�1)

CDBP-BP-PXZ Solutiona 327 575 2.6 34.9 — — — — —
Neat filmb 344 523 77.4 509.4 26.0 2.5 19.5 0.039 4.97
Doped filmb 332 515 93.2 293.9 27.0 2.7 10% 0.096 4.12

CDBP-BP-DMAC Solutiona 328 534 10.9 14.0 — — — — —
Neat filmb 345 488 59.2 2009.3 19.1 6.1 32.4 0.043 2.43
Doped filmb 344 495 71.4 2432.9 22.1 6.1 39.4 0.043 2.71

a Measured in THF solution (10�5 M) at room temperature. b Neat film and doped film (for CDBP-BP-PXZ: 20 wt% doping concentration with CBP
as the host; for CDBP-BP-DMAC: 40 wt% doping concentration with PPF as the host), vacuum-deposited on a quartz substrate. c Determined using
a calibrated integrating sphere under nitrogen at room temperature. d Mean fluorescence lifetime evaluated at 300 K under nitrogen.
e Fluorescence lifetimes of prompt (tprompt) and delayed (tdelayed) components evaluated at 300 K under nitrogen. f Ratio of the delayed component.
g DEST = singlet–triplet energy splitting. h Rate constant of the reverse intersystem crossing process.

Fig. 4 Energy level diagrams of non-doped OLEDs based on CDBP-BP-
PXZ and CDBP-BP-DMAC.
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4 to 8 V (Fig. 5E and F), which is attributed to the balanced carrier
transport of the devices and stable recombination region of the
excitons. The space charge limited current (SCLC) method was also
carried out to evaluate the carrier transport ability of both lumino-
gens with the structures of ITO/TAPC (10 nm)/luminogens (80 nm)/
TAPC (10 nm)/Al (hole-only device) and ITO/TmPyPB (10 nm)/lumi-
nogens (80 nm)/TmPyPB (10 nm)/LiF (1 nm)/Al (electron-only device),
respectively.63 As shown in Fig. S7 (ESI†), at an electric field of
5.5 � 105 V cm�1, the electron mobilities of CDBP-BP-PXZ
and CDBP-BP-DMAC are determined to be 1.36 � 10�7 and 1.35 �
10�5 cm2 V�1 s�1, while the hole mobilities are 1.57 � 10�5 and
1.92 � 10�5 cm2 V�1 s�1, respectively. It can be found that CDBP-BP-
DMAC shows better bipolar carrier transport ability than CDBP-BP-PXZ.

To further evaluate the potential application of both lumi-
nogens, doped OLEDs with a configuration of ITO/HATCN
(5 nm)/TAPC (25 nm)/TCTA (5 nm)/CBP: 20 wt% CDBP-BP-
DMAC (35 nm)/TmPyPB (55 nm)/LiF (1 nm)/Al (120 nm)
for device III and ITO/HATCN (5 nm)/TAPC (25 nm)/TCTA

(5 nm)/PPF: 40 wt% CDBP-BP-DMAC (35 nm)/PPF (10 nm)/
TmPyPB (55 nm)/LiF (1 nm)/Al (120 nm) for device IV are
fabricated, where the CBP acts as a host and PPF serves as a
host and a hole-blocking layer. Both doped OLEDs of CDBP-BP-
PXZ and CDBP-BP-DMAC show low turn-on voltages at 3.0 V
and 2.8 V, EL peaks of 528 nm and 504 nm, and high luminance
of 60 899 cd m�2 and 31 007 cd m�2. The doped OLED of CDBP-
BP-PXZ shows higher peaks and ZC, ZP and Zext of 67.1 cd A�1,
56.5 lm W�1 and 20.8%, respectively. The doped OLED of
CDBP-BP-DMAC also achieves high maximum values for ZC,
ZP and Zext of 44.9 cd A�1, 50.4 lm W�1 and 16.8%, respectively.
Both doped OLEDs hold a very small efficiency roll-off at
1000 cd m�2 with high Zext values of 20.3% and 15.4%. All
these results demonstrate that both nondoped and doped
devices not only possess outstanding EL efficiencies but also
exhibit superb efficiency stability. The improved EL perfor-
mances in doped OLEDs relative to those in nondoped OLEDs
can be attributed to the enhanced FPL values. In addition, the

Table 2 The performance data of the OLEDs based on CDBP-BP-PXZ and CDBP-BP-DMAC

Devicea Von (V) Lmax (cd m�2)

ZC (cd A�1) ZP (lm W�1) Zext (%)

CIE (x, y) lEL (nm)Maximum value/at 1000 cd m�2

I 2.6 53 539 50.5/50.3 46.5/39.5 15.5/15.4 (0.355, 0.579) 536
II 2.8 13 505 24.4/23.9 22.2/18.8 9.5/9.3 (0.229, 0.445) 496
III 3.0 60 899 67.1/65.4 56.5/46.7 20.8/20.3 (0.322, 0.575) 528
IV 2.8 31 007 44.9/41.0 50.4/29.3 16.8/15.4 (0.227, 0.466) 504

a Abbreviation: Von = turn-on voltage at 1 cd m�2; Lmax = maximum luminance; ZC = current efficiency; ZP = power efficiency; Zext = external quantum
efficiency; CIE = Commission Internationale de I’Eclairage coordinates at 1000 cd m�2; lEL = electroluminescence peak at 1000 cd m�2.

Fig. 5 (A) Luminance and current density curves with the change of voltage of devices I–IV; (B) current efficiency and power efficiency curves with the
change of luminance of devices I–IV; (C) external quantum efficiency curves with the change of luminance. Inset: The photo of devices I and II at
10 mA cm�2; (D) EL spectra at 10 mA cm�2 of devices I–IV; (E) and (F) EL spectra of the CDBP-BP-PXZ in device I and CDBP-BP-DMAC in device II at
varied luminance.
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host materials also significantly influence the EL performances
of both luminogens (Table S1, ESI), partially due to the host-
tuning effect.64

Conclusions

In summary, two new luminogens CDBP-BP-PXZ and CDBP-BP-
DMAC comprising an electron-withdrawing benzoyl group and
electron-donating CDBP and PXZ/DMAC moieties are designed,
synthesized and systematically investigated. Both luminogens
have highly twisted structures to achieve small DEST values.
They exhibit high thermal and electrochemical stabilities and
typical AIDF characteristics. The non-doped and doped devices
using CDBP-BP-PXZ as the emitter radiates strongly with high
EL efficiencies of up to 15.5%, and 20.8%, respectively. By
adopting CDBP-BP-DMAC as the emitter, sky-blue emissions
with high EL efficiencies of 9.5% and 16.8% are achieved in
non-doped and doped devices, respectively. More importantly,
both non-doped and doped devices show excellent emission
color stability and very small efficiency roll-offs at 1000 cd m�2.
These excellent EL performances of CDBP-BP-PXZ and CDBP-
BP-DMAC demonstrate their great application potential
in OLEDs.

Experimental section
Synthesis and characterization

9-(40-(9H-Carbazol-9-yl)-2,20-dimethyl-[1,10-biphenyl]-4-yl)-(9H-
carbazol-3-yl)(4-fluorophenyl)methanone (CDBP-BP-F). Alumi-
num trichloride (0.467 g, 3.50 mmol) was added to a stirred
solution of 9,90-(2,20-dimethyl-[1,10-biphenyl]-4,40-diyl)bis(9H-
carbazole) (1.874 g, 3.3 mmol) and 4-fluorobenzoyl chloride
(0.632 g, 4 mmol) in dehydrated dichloromethane (50 mL) in an
ice bath for 15 min. Then, the reaction mixture was warmed to
room temperature and stirred for 3 h. The reaction was quenched
with ice water and hydrochloric acid (30 mL, 2 : 1 v/v), and
extracted with dichloromethane several times. The combined
organic layers were washed twice with water, and then dried over
anhydrous MgSO4. After filtration and solvent evaporation under
reduced pressure, the residue was purified by column chromato-
graphy on silica gel (dichloromethane: petroleum ether, 1 : 2 v/v)
to afford CDBP-BP-F as a white solid in 57.4% yield (1.422 g).
1H NMR (400 MHz, CD2Cl2) d 8.65 (s, 1H), 8.35–8.05 (m, 3H),
8.02–7.78 (m, 3H), 7.68–7.10 (m, 18H), 2.44–2.13 (m, 6H). 13C
NMR (10 MHz, CD2Cl2) d 194.68, 166.25, 163.75, 143.46, 141.88,
140.93, 140.83, 139.89, 138.44, 138.07, 136.89, 136.02, 135.20,
135.17, 132.46, 132.37, 131.05, 130.78, 129.46, 128.35, 128.29,
126.78, 125.93, 124.23, 123.58, 123.36, 123.32, 122.98, 120.87,
120.59, 120.24, 119.90, 115.35, 115.14, 110.46, 109.88, 109.65,
19.90, 19.87. HRMS (C45H31FN2O): m/z 634.2420 [M+, calcd
634.2415].

(4-(10H-Phenoxazin-10-yl)phenyl)(9-(40-(9H-carbazol-9-yl)-2,20-
dimethyl-[1,10-biphenyl]-4-yl)-9H-carbazol-3-yl)methanone (CDBP-
BP-PXZ). A mixture of CDBP-BP-F (0.90 g, 1.2 mmol) and 10H-
phenoxazine (0.26 g, 1.4 mmol) in deaerated and dehydrated

N,N-dimethylformamide (20 mL) was stirred for 15 min under
nitrogen at room temperature, and then potassium tert-butoxide
(0.27 g, 2.4 mmol) was added, followed by stirring at 120 1C for
12 h. The reaction was quenched with water (20 mL) and extracted
with dichloromethane several times. The combined organic layers
were washed twice with water, and then dried over anhydrous
MgSO4. After filtration and solvent evaporation under reduced
pressure, the residue was purified by column chromatography on
silica gel (dichloromethane : petroleum ether, 1 : 1 v/v) to afford a
yellow solid of CDBP-BP-PXZ in 72.1% yield (0.69 g). 1H NMR
(400 MHz, CDCl3) d 8.78 (d, J = 1.6 Hz, 1H), 8.25 (d, J = 8.0 Hz, 1H),
8.18 (d, J = 7.6 Hz, 2H), 8.14–8.07 (m, 2H), 8.07–8.03 (m, 1H), 7.62–
7.37 (m, 16H), 7.35–7.29 (m, 2H), 6.76–6.63 (m, 6H), 6.09–6.00
(m, 2H), 2.40–2.25 (m, 6H). 13C NMR (100 MHz, CDCl3) d 195.50,
191.21, 159.57, 144.04, 143.68, 142.41, 141.90, 140.92, 140.86,
139.70, 138.84, 138.36, 137.86, 137.08, 136.07, 133.92, 132.72,
131.07, 130.76, 129.13, 128.77, 128.42, 128.39, 126.94, 125.95,
124.40, 124.37, 123.83, 123.44, 123.34, 123.27, 121.79, 121.08,
120.82, 120.39, 119.98, 115.71, 113.42, 110.54, 109.91, 109.72,
20.22, 20.18. HRMS (C57H39N3O2): m/z 797.3037 [M+, calcd
797.3042].

(9-(40-(9H-Carbazol-9-yl)-2,20-dimethyl-[1,10-biphenyl]-4-yl)-9H-
carbazol-3-yl)(4-(9,9-dimethylacridin-10(9H)-yl)phenyl)methanone
(CDBP-BP-DMAC). The procedures are analogous to those
described for CDBP-BP-PXZ. Yellow-green solid; yield 67.5%.
1H NMR (400 MHz, CDCl3) d 8.81 (d, J = 1.7 Hz, 1H), 8.26
(d, J = 7.7 Hz, 1H), 8.20–8.13 (m, 4H), 8.11–8.07 (m, 1H), 7.63–
7.29 (m, 21H), 7.09–6.92 (m, 4H), 6.47–6.34 (m, 2H), 2.31
(d, J = 7.6 Hz, 6H), 1.72 (s, 6H). 13C NMR (100 MHz, CDCl3) d
195.70, 144.75, 143.66, 141.90, 140.93, 140.84, 140.61, 139.72,
138.49, 138.35, 137.87, 137.07, 136.10, 132.61, 131.06, 130.74,
130.49, 129.28, 128.82, 128.42, 128.40, 126.91, 126.46, 125.95,
125.37, 124.38, 123.86, 123.46, 123.44, 123.27, 121.07, 121.02,
120.82, 120.39, 119.98, 114.31, 110.52, 109.91, 109.71, 36.10,
31.18, 20.22, 20.19. HRMS (C60H45N3O): m/z 823.3564 [M+, calcd
823.3563].
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