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Four novel aggregation-induced emission (AlE)-active luminogens (p-DPDECZ, p-DBPDECZ, m-DPDECZ
and m-DBPDECZ) with triphenylethene-carbazole skeleton and para-/meta-substituted arylboron
groups have been synthesized. Their structures are fully characterized using elemental analysis, mass
spectrometry and proton nuclear magnetic resonance spectroscopy. The thermal stabilities,
photophysical properties, electronic structures, and electrochemical properties of these molecules are
investigated systematically using thermal analysis, UV-vis absorption spectroscopy, fluorescence
spectroscopy, theoretical calculation and electrochemical methods. The effects of donor—acceptor
interaction and conjugation degree on the photoluminescent and electroluminescent properties of these
compounds are investigated. The results show that these donor—AlE—acceptor type compounds exhibit
good thermal stability and electrochemical stability as well as AIE properties. Non-doped fluorescent
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OLEDs fabricated by using para-linked p-DPDECZ as an emitting layer emits a green light with a turn-on
voltage of 4.8 V, a maximum brightness of 30210 cd m~2 and a maximum current efficiency of 9.96 cd A™%.
While the OLED prepared with meta-linked m-DBPDECZ exhibits efficient blue light emission with a maximum
current efficiency of 449 cd A™! and a maximum luminance of 16410 cd m~2 The electroluminescence
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Introduction

Organic light-emitting diodes (OLEDs) have drawn considerable
attention owing to their potential applications in full-colour flat
panel displays and solid state lighting since Tang’s innovative
work of efficient bilayer electroluminescent devices in 1987."2
The synthesis of new luminescent materials and optimization of
device structures have been developed as the two ways to get
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properties of these compounds demonstrate their potential application in OLEDs.

efficient and long-life devices, and the light-emitting materials
play a vital role in the performance of the devices. So far,
scientists have made great efforts in designing and synthesizing
luminescent materials, now with a variety of high-performance
light-emitting materials on hand.>”® These light-emitting materials
can be divided into two types: fluorescent materials and phos-
phorescent materials.>"" The phosphorescent OLEDs (PHOLEDs)
have been demonstrated with an internal quantum efficiency of
nearly 100%, which is much higher than the fluorescent OLEDs."*™*
But the PHOLEDs usually suffer from high cost and rarity of
the noble-metal complex. Besides, the PHOLEDs are mainly
doped devices, whereas the non-doped devices are more
attractive because they are easier to be employed for mass
production and the devices are more reliable.">® Thus, it is
of great value to develop efficient fluorescent materials. So
far, high-performance fluorescent emitters for non-doped
OLEDs are still scarce since most materials do not possess
two crucial prerequisites; namely, showing high emission
efficiency in the solid state while having good charge trans-
porting properties.

Most thin films prepared from traditional fluorophores are
usually non-emissive or weakly emissive due to the strong

This journal is © The Royal Society of Chemistry 2016
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intermolecular n-n stacking interactions and radiationless
decay in the aggregated state (this phenomenon is known as
aggregation caused quenching, ACQ)."” Since the emitters in
the OLEDs were used as solid state, it is thus required to
overcome the ACQ effect in order to manufacture non-doped
electroluminescence devices. Many methods have been adopted to
alleviate the ACQ effect, but only limited results were achieved.'®>"
In 2001, a novel luminescent phenomenon named aggregation-
induced emission (AIE) was found by Ben Zhong Tang et al.,”
which offers a possibility to solve the ACQ effect. Different from
other methods, the AIE effect takes advantage of the molecule
aggregation rather than avoids it, which means that the luminous
intensity of AIE materials was enhanced with the increase of
aggregation degree. In dilute solutions, the AIE emitters are non-
emissive or weakly emissive because of the non-radiative decays of
the excited states which resulted from strong intermolecular
rotation or vibration. In the aggregated state, the intermolecular
motions were impeded, thus the AIE materials become strong solid-
state light emitters.® After Tang’ work, many research groups have
done a lot of work in designing novel AIE materials.**® Regarding
their superior solid-state emission, AIE molecules are considered as
perfectly suitable candidates as OLED emitting layer materials.
Some AIE luminogens have shown satisfactory performance in
OLEDs.””**

As we know, high-efficiency charge (electron and hole)
transportation is a crucial requirement for OLED materials.>*>°
If the emitting films possess both highly efficient charge-transporting
capabilities and light-emission with good quantum yields, the
construction process of the devices would be tremendously
simplified and consequently lower the cost of furnishing OLEDs.>”*
One common strategy to improve the charge-transporting capability
is to introduce electro-donor and electron-acceptor units to the
chromophore.***° Qin et al. designed an AIE-active compound
with excellent charge-transport properties, namely N,N-di-
(1-naphthyl)-N,N-diphenylbenzidine(tetraphenylethene-NPB). The
non-doped device based on tetraphenylethene-NPB exhibited
efficient charge-transporting and electroluminescence properties
with a maximum current efficiency of 13.1 cd A~ ".*' Liu et al.
synthesized and investigated a series of triphenylamine-
tetraphenylethene oligomers and polymers, the device exhibited
a maximum current efficiency of 11.2 ¢d A~".** Chen et al.
designed and synthesized two new tetraphenylethene derivatives,
tetraphenylethene-NB and tetraphenylethene-PNPB, which exhibited
balanced charge-transporting capabilities due to the diphenylamino
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and dimesitylboryl units. Their non-doped device showed excellent
current efficiency of 16.2 cd A™".*

As one of the earliest reported AIE structures, triphenylethene
(TPE) has attracted much attention because of the facile synthesis
and versatile functionalization.*>*> Based on TPE, many efficient
electroluminescent materials have been reported in recent years. For
example, Adachi et al synthesized two TPE-based (PDA-TPE and
TPA-TPE) molecules with strong AIE characteristics. They utilized
these materials to fabricate efficient OLEDs, the devices exhibited a
maximum current efficiency up to 15.9 cd A™".*® Chan et al
designed and synthesized two TPE-based carbazole compounds by
incorporating 9-carbazolyl and 3-carbazolyl into the 4-position of
TPE, the optimized devices made from the materials exhibited
blue-light emission with high luminance and the current efficiency
up to 11700 cd m 2> and 7.5 cd A", respectively.”” Chi et al.
synthesized a series of aggregation-induced emission enhancement
molecules by combining TPE, triphenylamine and thiadiazole into
one molecule, the fabricated non-doped red OLEDs showed a
maximum current efficiency of 6.81 cd A~".*® These remarkable
device performances aroused our interest. We assumed that by
introducing strong electron-donor and electron-acceptor to the
TPE structure, the resultant compound is likely to be endowed
with good charge-transporting capabilities and high efficiency
emitting properties. Carbazole and arylboron moieties have
been widely used as optoelectronic materials due to the excellent
electron-donating and -withdrawing properties, respectively. We
design to combine the TPE, carbazole and arylboron units into one
molecule to get new electroluminescent emitters and enlarge the
AIE library.

In this paper, we report four novel TPE-carbazole emitters
with para- and meta-substituted arylboron groups, abbreviated
as p-DPDECZ, p-DBPDECZ, m-DPDECZ and m-DBPDECZ (Fig. 1).
In these molecules, an N-ethyl-carbazole group was attached
to the 4-position of the TPE unit, then dimesitylboron and
(dimesitylboranyl)phenyl groups were linked to the para- or
meta-position of the 3-phenyl of TPE, respectively. We investigated
the effects of donor-acceptor interaction and conjugation degree
on the photoluminescent and electroluminescent properties of
these compounds. Our research results proved that construction of
donor-AIE-accepter type compounds is a method for obtaining
efficient emitters. In addition, by connecting the electron-donor
units with electron-acceptor moieties with different linkage modes,
we were able to control the degree of twisting of the molecules,
thereby getting materials with different colors. The non-doped

m-DBPDECZ

m-DPDECZ

Fig. 1 Chemical structures of p-DPDECZ, p-DBPDECZ, m-DPDECZ and m-DBPDECZ.
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OLED devices prepared with these materials also showed good
performance.

Results and discussion

p-DPDECZ and p-DBPDECZ were synthesized according to the
synthetic routes shown in Scheme 1. First, compound 1 was
synthesized by the Friedel-Crafts reaction of N-ethylcarbazole
with 4-bromobenzoylchloride in dichloromethane. Followed by
a nucleophilic addition of lithiated diphenylmethane and a
subsequent acid-catalyzed elimination of water, compound 2
was prepared in good yield. Finally, p-DPDECZ was obtained by
reacting lithiated compound 2 with dimesitylboron fluoride at
—78 °C in 69.2% yield. p-DBPDECZ was synthesized via the
Suzuki coupling reaction of compound 2 with [4-(dimesitylboranyl)-
phenyl]boronic acid, catalyzed by a palladium complex in THF/
water mixtures. The synthesis routes of m-DPDECZ and m-DBPDECZ
are similar to that of p-DPDECZ and p-DBPDECZ, the only difference
is that 4-bromobenzoylchloride is replaced with 3-bromobenzoyl-
chloride. Detailed synthetic procedures and characterization data
are described in the ESL{ All the compounds are readily soluble
in common organic solvents, such as tetrahydrofuran (THF),
toluene, chloroform and dichloromethane, but insoluble in water.

Since good thermal properties of the light-emitting materials
are beneficial to the stability and lifetime of OLED devices,
we evaluated the thermal properties of these compounds by thermo-
gravimetric analysis (TGA) and differential scanning calorimetry
(DSC) measurements. The TGA and DSC curves of these AIE
luminogens are shown in Fig. S1 (ESIf). The decomposition

0 1
/@*m
WB She N
A W

oo

n-BuLi, THF  PTSA
_—

OO

Tolune

W O
v ) 8o

n-BuLi, THF  PTSA

N

Scheme 1 Synthetic routes of the AIE luminogens.
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temperature (T4) of p-DPDECZ is 301 °C accounting for a 5%
loss of the initial weight. The T4 of p-DBPDECZ is 274 °C. The
meta-linked compounds m-DPDECZ and m-DBPDECZ possess
high T4 as 328 and 365 °C. These twisted molecules also possess
good morphological stability, as confirmed by their high glass-
transition temperature (7,) of 100, 115, 138, 146 °C, respectively,
which should arise from the rigid aromatic scaffolds of the TPE
units. The data are summarized in Table 1. The high T4 and T,
values show that these new compounds have good thermal and
morphological stability, thus fulfilling the thermo-physical
demands for electroluminescent materials.

The optical properties of these AIE luminogens were investigated
by UV-vis spectra and photoluminescence spectra. Fig. S2 (ESI)
shows the UV-vis absorption spectra of these AIE luminogens in
THF solvents (10 pM). As illustrated in Fig. S2 (ESIt), the spectra
of the four compounds exhibit different features. p-DPDECZ and
m-DPDECZ exhibit three similar absorption bands. The strong
absorption peaks in the wavelength of 300 nm originate from
the m-n* transition of the TPE moiety, the two weak absorption
bands at about 330 nm and 360 nm are attributed to the n-n*
transition of the carbazole scaffold and the intramolecular
charge transfer (ICT) from carbazole to dimesitylboron, respec-
tively. p-DBPDECZ and m-DBPDECZ exhibit a similar absorption
peak, the peak located at 300 nm corresponds to the n-m*
transition of the TPE moiety. But the ICT absorption of
p-DBPDECZ and m-DBPDECZ were blue-shifted and has partially
merged with the absorption band of the n-r* transition of the
backbone, indicating the weaker donor-acceptor interac-
tion than that of p-DPDECZ and m-DPDECZ, respectively.*’
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Table 1 Physical properties of the four compounds
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Jabs” Jem’ Jem® ¢ @° Te T/ HOMO/LUMO# B HOMO/LUMO' B
Com. (nm) (nm) (nm) (%) (%) (°Q) (°Q) (eV) (ev) (eV) (eV)
p-DPDECZ 300 507 507 0.4 99.3 301 100 —5.05/—1.75 3.30 —5.03/—1.69 3.34
328
362
p-DBPDECZ 306 499 495 0.4 48.6 274 115 —5.03/—1.67 3.36 —5.01/—1.53 3.48
332
355
m-DPDECZ 302 486 483 0.4 34.6 328 138 —5.00/—1.72 3.28 —4.99/-1.74 3.25
323
352
m-DBPDECZ 304 484 482 0.3 65.2 365 146 —5.10/—1.74 3.36 5.01/—1.68 3.33
327

“ Measured in THF. ” Measured in THF + H,O (1:9).  Measured in film. ¢ Absolute fluorescence quantum yield determined by a calibrated
integrating sphere. Measured in THF solutions. ¢ Absolute fluorescence quantum yield determined by a calibrated integrating sphere. Measured in
solid. / Obtained from TGA and DSC. ¢ Obtained from CV in CH;CN/n-BuyNClO, and estimated from HOMO = —(4.4 + Egjset); LUMO = HOMO + E,,.
" Calculated from the absorption edge, E, = 1240/Aonser. ' Obtained from DFT calculation.

The ICT absorption peak of m-DPDECZ is slightly blue-shifted than
that of p-DPDECZ, which may result from the stronger ICT effect
of the para-linked molecule than the metalinked molecule.
The difference of the absorption spectra between p-DBPDECZ
and m-DBPDECZ testified this point. It can be observed that
p-DBPDECZ exhibits ICT absorption while m-DBPDECZ has no
clear ICT absorption or the ICT absorption was blue-shifted as
merged with the absorption of m-n* transition of the carbazole
scaffold. At last, the absorption spectra of the four compounds in
various solvents were measured. As shown in Fig. S3 (ESIT), all the
compounds show similar absorption in various solvents, indicating
their electronic structures in the ground state in various solvents
are independent of the polarity of solvents. The data of absorption
spectra are summarized in Table 1.

In order to investigate the photoluminescence behaviors
of these four compounds, their fluorescence spectra were
measured in THF-water mixtures with different water volume
fractions (f;,). Herein, THF acts as the solvent and water acts as
the non-solvent. As shown in Fig. 2(a)-(d), the spectra of
p-DPDECZ, p-DBPDECZ and m-DBPDECZ were similar, while
m-DPDECZ exhibited some differences. p-DPDECZ, p-DBPDECZ
and m-DBPDECZ were practically non-emissive in pure THF
solution for the loss of energy by intramolecular rotations
in the excited state. The fluorescence quantum yields (@) for
p-DPDECZ, p-DBPDECZ, m-DPDECZ and m-DBPDECZ in dilute
THEF solutions are as low as 0.4, 0.4 and 0.4 and 0.3%, respectively,
measured by an integrating sphere. The emission spectra remained
almost unchanged when the water volume fraction was gradually
increased from 0% to 60%. Further incremental increase of the
water content led to an increase of the emission intensity due to the
formation of nanoparticles reducing the freedom of intramolecular
rotation. The spectra of m-DPDECZ in high water content solutions
(fiv > 80%) were similar to that of p-DPDECZ, p-DBPDECZ and
m-DBPDECZ. However, m-DPDECZ showed distinctive features in
low water content solutions. In pure THF solution, m-DPDECZ
exhibits a tiny emission peak centered at 393 nm, which is assigned
to the twisted intramolecular charge transfer (TICT) emission. As
the water content increases, the polarity of the solvents increases.
With the water volume fraction gradually increasing from 0% to

This journal is © The Royal Society of Chemistry 2016

70%, the intensity of the TICT peak was enhanced and the
maximum peak was shifted from 393 nm to 405 nm. When the
water content is further increased, the TICT emission vanished
on formation of aggregates. We inferred that the unique TICT
peak of m-DPDECZ may be due to its more twisted structure
and steric crowdedness than p-DPDECZ, p-DBPDECZ and
m-DBPDECZ. The maximum emission peaks of p-DPDECZ,
p-DBPDECZ, m-DPDECZ and m-DBPDECZ in 95% (water/THF)
solution were located at 507, 499, 486 and 484 nm, respectively
(Table 1). It is suggested that the phenyl of the (dimesitylboranyl)-
phenyl interrupts the conjugation of the molecular structure, thus
the ICT effect is weaker in p-DBPDECZ. Thus the emission of
p-DBPDECZ was 8 nm blue-shifted than p-DPDECZ. While the
meta-linked m-DPDECZ and m-DBPDECZ both have a very weak
ICT effect, the emission bands are at almost the same region.
meta-Substituted m-DPDECZ showed blue-shifted emission
than para-substituted p-DPDECZ because that the meta-linked
compound is more twisted than the para-linked compounds,
thus it has smaller conjugation degree.*! Fig. 2(e) depicts the
plots of relative photoluminescence ((I/I,) — 1) against the water
volume fractions (in the maximum emission peak). From the
solubilized state in THF to the aggregate suspension ( f,, = 95%), the
fluorescence intensity of the four compounds increased by an
approximate factor of 191, 139, 91 and 251. Thus, we could
unambiguously demonstrate the AIE-behaviors of these donor-
AlE-acceptor compounds. The fluorescence spectra of these solid
compounds are obtained by measuring their films and depicted
in Fig. S4 (ESIf). As shown there, p-DPDECZ emits green light
with a maximum peak (Amay) at 507 nm, which is consistent with
the emission peaks recorded from the THF-water mixtures. The
maximum emission peaks of p-DBPDECZ, m-DPDECZ, and
m-DBPDECZ were located at 495, 483 and 482 nm, respectively
(Table 1). The solid state emission spectra of these compounds
were in good agreement with their fluorescence spectra in
solutions. The @ values of p-DPDECZ, p-DBPDECZ, m-DPDECZ
and m-DBPDECZ in the solid state are 99.3, 48.6, 34.6 and 65.2%,
respectively, which demonstrated that these AIE luminogens are
high efficiency solid-state emitters. The PL properties of these
compounds indicate their suitability for the fabrication of OLEDs.

J. Mater. Chem. C, 2016, 4, 1228-1237 | 1231
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Fig. 2 PL spectra of p-DPDECZ (a), p-DBPDECZ (b), m-DPDECZ (c) and m-DBPDECZ (d) in various water contents of THF—water mixtures at excitation
of 350 nm. (e) Plot of (//lp) — 1 against water volume fraction (f,,), where I and / are the PL intensities without and with water in the THF—water mixtures.

The intensity was monitored at excitation/emission wavelengths of 350 NnmM/Amax.

The redox properties and the molecular orbital energies of
these compounds were investigated by cyclic voltammetry (CV).
Fig. S5 (ESIt) shows the cyclic voltammogram (CV) of these
compounds. p-DPDECZ exhibits two reversible oxidation and
reduction peaks. The oxidation peaks at 0.97 V and 1.23 V
probably originated from the oxidation of the TPE and carbazole
groups. Reduction peaks at —0.63 V and —1.65 V were assigned
to the reduction of the TPE and dimesitylboron moieties,
respectively. Similar CV curves were observed for p-DBPDECZ,
m-DPDECZ and m-DBPDECZ. The onset oxidation potentials of
p-DPDECZ, p-DBPDECZ, m-DPDECZ and m-DBPDECZ are
observed to be 0.65, 0.63, 0.60 and 0.70 V, respectively. Thus the

1232 | J. Mater. Chem. C, 2016, 4, 1228-1237

HOMO energy levels can be calculated with the empirical equation:
HOMO = —(E +4.40) eV, the HOMO energy levels are —5.05, —5.03,
—5.00 and —5.10 €V, respectively. The LUMO energy levels of
p-DPDECZ, p-DBPDECZ, m-DPDECZ and m-DBPDECZ are calculated
according to the optical band gap energy (determined from the
absorption onset wavelength) and Eyomo, the calculated LUMO
energy are —1.75, —1.67, —1.72 and —1.74 €V, respectively. All the
data are also summarized in Table 1. The CV curves remain
unchanged under multiple successive potential scans, indicating
the excellent redox stability of these compounds.

To get further insight into the photophysical properties of
these compounds, the optimized molecular geometry of these

This journal is © The Royal Society of Chemistry 2016
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Fig. 3 The optimal structure and HOMO and LUMO distributions of p-DPDECZ (a), p-DBPDECZ (b), m-DPDECZ (c) and m-DBPDECZ (d).

compounds have been determined using density functional
theory (DFT) calculations at the B3LYP/6-31G(d,p) level with
the Gaussian 03 program (ESIT). The orbital distributions of the
highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are shown in Fig. 3. As
illustrated in Fig. 3, the structure of p-DPDECZ adopts propeller-
shaped conformations with rotational freedom, which allows
for the facile conversion of the energy in the excited state via
a non-radiative pathway. Meanwhile, the non-planar conformation
of p-DPDECZ should prevent close molecular packing - especially
stacking interactions - in the solid state, leading to efficient
fluorescence in the condensed solid states. m-DPDECZ adopts
a more twisted conformation due to the meta-linkage mode. As
shown in Fig. 4, the dihedral angles of the biphenyl linkages of
p-DBPDECZ and m-DBPDECZ are 34.74° and 35.86°, respectively.
p-DBPDECZ and m-DBPDECZ adopt more twisted conformations
than p-DPDECZ and m-DPDECZ because of the dihedral angles
in the biphenyl linkages. The electron distribution of the
HOMO of p-DPDECZ is located mainly on the carbazole ring
and partly on the phenyl units of TPE, while the LUMO is
mostly located on the dimesitylboron moiety and to a lesser
extent on the TPE scaffold. In contrast to p-DPDECZ, the spatial
distributions of the HOMO and the LUMO is less overlapped
in p-DBPDECZ, which is attributed to its more twisted con-
formation and ineffective conjugation.*> The HOMO and
LUMO orbitals of m-DPDECZ and m-DBPDECZ are even more
detached due to the more twisted conformations and ineffective
conjugations. The separation of the HOMO and LUMO of
p-DBPDECZ, m-DPDECZ and m-DBPDECZ demonstrated that
their donor-acceptor interaction are weaker than that in
p-DPDECZ.*? And it is beneficial to charge balance and exciton
recombination in devices.”® This sort of HOMO-LUMO distribution
is typical for intramolecular charge transfer. The calculated

This journal is © The Royal Society of Chemistry 2016
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HOMO energy levels of p-DPDECZ, p-DBPDECZ, m-DPDECZ and
m-DBPDECZ are —5.03, —5.01, —4.99 and —5.01 €V, respectively.
The calculated LUMO energy levels are —1.69, —1.53, —1.74
and —1.68 eV, respectively. The energy gaps obtained from the
calculated HOMO and LUMO energy levels are 3.34, 3.48, 3.25 and
3.33 eV, respectively (Table 1).

The above studies have shown these compounds possess
good thermal and electrochemical stabilities as well as efficient
solid-state emission. To investigate their electroluminescence
properties, these compounds were employed as a light emitter
layer in non-doped OLEDs. Therefore, we constructed four
devices (M for p-DPDECZ, N for p-DBPDECZ, P for m-DPDECZ,
and Q for m-DBPDECZ) with the configuration of ITO/
HATCN(20 nm)/NPB(40 nm)/EMITTER(20 nm)/TPBi(40 nm)/
LiF(1 nm)/Al(80 nm), where dipyrazino[2,3-f:2/,3'-h]quinoxa-
line-2,3,6,7,10,11-hexacarbonitrile (HATCN) serves as a hole-
injection layer, N,N-bis(1-naphthyl)-N,N-diphenylbenzidine (NPB)
and 1,3,5-tris(N-phenylbenzimidazol-2-yl)benzene (TPBi) work as
hole-transport and electron-transport layers. The electroluminescent
spectra of the four devices are shown in Fig. 5(a). Devices M, N, P
and Q give electroluminescence at 524, 513, 489 and 500 nm,
respectively, which are slightly shifted compared to the emission
peaks of the films and the nanoparticles in 95% aqueous mixture,
indicating that the EL emission should be from the amorphous
emitting layers. Device M and N show green electroluminescence
with Commission International de L’Eclairage (CIE) coordi-
nates of (0.25, 0.52) and (0.23, 0.46), respectively. The CIE
coordinates are shown in Fig. 5(b). Device P and Q exhibit sky-
blue electroluminescence with CIE coordinates of (0.19, 0.30)
and (0.20, 0.34), respectively. The current efficiency-current
density curves are shown in Fig. 6. Current density-voltage—
luminance curves are depicted in Fig. 7. The relevant perfor-
mance data are summarized in Table 2. Device M displays
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Fig. 4 The optimized structures of p-DBPDECZ and m-DBPDECZ (stick model).
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Fig. 5 (a) Electroluminescent spectra of the four devices and (b) CIE chromaticity coordinates of the four devices.

promising green electroluminescence properties with a turn-
on voltage of 4.80 V, a maximum brightness of 30210 ¢d m™~>
(at 15 V) and a maximum current efficiency of 9.96 cd A™*
(at 9.2 V). Device N shows a lower turn-on voltage of 4.2 V, a
higher maximum luminance of 65150 cd m~> (at 15 V), and
a slightly lower maximum current efficiency of 8.60 cd A™"
(at 6 V). The maximum external quantum efficiencies of device

—=—Device M
—=—Device N

=— Device P
—=—Device Q

Current Efficiency (cd/A)

T T T T T T T
0 50 100 150 200 250 300 350 400
Current Density (mAIcmz)

Fig. 6 Current efficiency—current density curves of the four devices.
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M and N are 2.73 and 3.28%, respectively. To the best of our
knowledge, such high electroluminescence performance is
among the best for non-doped green fluorescent devices
reported previously.”'***® Device P and Q exhibit much
blue-shifted emissions than M and N due to the more twisted
and inefficient conjugation structure of the meta-linked com-
pounds. Device P was turned on at a voltage of 4.90 V and
reached a luminance level of 500 cd m 2 at 7.20 V and a
maximum luminance of 14980 cd m™? at about 15 V, the
maximum current efficiency is 2.53 cd A~'. Device Q exhibits
high efficiency with a turn-on voltage of 6 V, a maximum
current efficiency of 4.49 cd A" and a maximum luminance
of 16410 cd m 2. The maximum external quantum efficiencies
of devices P and Q are 1.26 and 2.16%, respectively. The
electroluminescent performances of devices P and Q are also
very impressive.*® The strong electroluminescence of these
materials may result from the efficient charge-transport capabilities
of the electron-donor carbazole unit and electro-acceptor dime-
sitylboron moiety. It should be pointed out that the electro-
luminescent performances were obtained in a non-optimized
test device under ordinary laboratory conditions. The device
performances may be further improved by optimizing the
process conditions.

This journal is © The Royal Society of Chemistry 2016
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Fig. 7 Current density—voltage—luminance curves of device M (a), device N (b), device P (c) and device Q (d).
Table 2 Performances of the four devices
Device Von‘Z (V) Lmaxb (Cd miz) CEmaxc (Cd Ail) EQEmaxd (OA)) PEmaxg (lm Wﬁl) j-ELf (nm) CIE (x7 y)
M 4.8 30210 9.96 2.73 5.43 524 (0.25, 0.52)
N 4.2 65150 8.60 3.28 5.07 513 (0.23, 0.46)
P 4.9 14980 2.53 1.26 0.99 489 (0.19, 0.30)
Q 5.2 16410 4.49 2.16 2.57 500 (0.20, 0.34)

“Turn on voltage at a brightness of 1 cd m 2 * Maximum luminance

¢ Maximum power efficiency. / Electroluminescence peak.

Conclusion

In summaty, we synthesized four novel AIE luminogens with electron
donor-acceptor structure featuring triphenylethene, carbazole and
dimesitylboron scaffolds. The structure was fully characterized by
'H NMR, C NMR, MS and elemental analysis. The properties of
these AIE luminogens with regard to their suitability for non-doped
OLED devices were studied in a multidimensional approach involving
thermogravimetric analysis (TGA), differential scanning calorimetry
(DSC), electrochemical analysis, UV-vis and photoluminescence spec-
tra analysis and quantum chemical calculations. The effects of
donor-acceptor interaction and conjugation degree on the photo-
luminescent and electroluminescent properties are also investigated
by the spectra and calculation. The results show that these AIE
luminogens exhibit excellent thermal and electrochemical stabilities.
And by controlling the linkage mode and the conjugation length,
the emission properties of compounds can be tuned. At last,

This journal is © The Royal Society of Chemistry 2016

¢ Maximum current efficiency. ¢ Maximum external quantum efficiency.

four non-doped OLED devices are prepared using these AIE
luminogens as a light-emitting layer. The device fabricated with
a para-linked compound exhibits a green emission with a
maximum current efficiency of 9.96 cd A~", while the device
based on a meta-linked compound showed sky-blue emission
with a maximum current efficiency of 4.49 cd A~". The present
results virtually demonstrate that combining an AIE-unit with
charge-transporting moieties in one molecule is a versatile
approach to obtain a high performance light-emitting material.
Our strategy provides a new way for the development of new
light-emitting materials.
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