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Anthracene-based bipolar deep-blue emitters
for efficient white OLEDs with ultra-high
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Blue organic luminescent materials are important because of their applications in illumination and full-
color displays, but those with high efficiency and stable emission are insufficient. Herein, two new luminescent
compounds,  10-(4-(10-(4-(carbazol-9-yl)phenyl)-2,6-di-tert-butylanthracen-9-yl)phenyl)-9,9-dimethyl-9,10-
dihydroacridine (Cz-TAn-DMAC) and 4-(2,6-di-tert-butyl-10-(4-(9,9-dimethylacridin-10-yl)phenyl)anthracen-
9-yl)-N,N-diphenylaniline (TPA-TAn-DMAC), comprising tert-butyl-modified anthracene, dimethyl acridine and
carbazole or triphenylamine groups are successfully synthesized, and their thermal stability, optical property,
electronic structure, and electrochemical behavior are measured and analyzed. They exhibit efficient deep-
blue emissions in neat films and bipolar carrier transport ability. The non-doped OLED based on TPA-TAn-
DMAC provides bright deep-blue light (CIE,, = 0.14, 0.18) with a high external quantum efficiency (fex) of
4.9%, and the doped OLED of Cz-TAn-DMAC radiates blue light (CIE,, = 0.15, 0.08) with a #e of 4.8%. In
addition, two-color hybrid warm white OLEDs with high-performance are fabricated by using TPA-TAn-DMAC
as the blue emission layer, thus achieving ultra-high stability, efficiency and color at high luminance over
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Introduction

Currently, more and more displays and smart phones have
shifted from liquid crystal display panels to organic light-
emitting diodes (OLEDs) panels due to various advantages of
OLEDs such as wide color gamut, self-luminescence, thinness,
and flexibility. In addition to display, white OLEDs (WOLEDs)
have the virtues of surface emission, low blue, soft light,
sun-like light, and no dazzle, which make them promising
candidates as next-generation lighting sources." However,
the lighting products based on WOLEDs have not been adopted
on a wide scale because of the exorbitant price and inferior
brightness and stability. The explorations on robust luminescent
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materials, optimum device configurations and advanced fabrica-
tion techniques are of vital importance.'’ ">

So far, among many device configurations for WOLEDs,
hybrid WOLEDs using a blue fluorophore and red, green, or
orange phosphors have been extensively studied because of the
efficient utilization of excitons for radiative decay and spectra-
stable emission. Because phosphorescent OLEDs can theoreti-
cally achieve 100% internal quantum efficiency, the performances
of hybrid WOLEDs are often determined by blue fluorescent
components.”*™” In 2014, Zheng et al., fabricated fluorescence-
phosphorescence hybrid WOLEDs with a total external quantum
efficiency (fex) of 21%.'® In 2018, Ma et al used a deep-blue
molecule with aggregation-induced emission (AIE) as the blue
emitter and a phosphor host to fabricate WOLEDs, thus achieving
a 7]y Of 19.6% at 1000 cd m™ 2> In the same year, Lee et al. reported
hybrid WOLEDs created by doping a yellow phosphor into blue
fluorescent material and a maximum 7y, Of 27.5% was realized."®
However, the decreased efficiency at high luminance remains in
most cases. In fact, although a few blue fluorescent emitters have
obtained the maximum 7. values reaching 10.7%,”° a majority of
the blue fluorescent emitters are still not satisfactory in terms of low
electroluminescence (EL) efficiency, poor color purity, and weak
stability, which undermine the performance of WOLEDs to a large
degree. Hence, the development of blue emitters with high efficiency
and high stability has always been attractive but challenging.*>*

This journal is © The Royal Society of Chemistry 2021
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To achieve deep-blue light and high EL efficiency, anthra-
cene derivatives are often used as building blocks owing to the
easy chemical modification and excellent photoluminescence
(PL) property.>>° However, because of the rigid and planar
structure, the anthracene group tends to form a close n—n
stacking, which will lead to PL quenching in the aggregated
state, and thus weaken the EL efficiency. To avoid such a
situation, the chemical introduction of twisted or branched
groups onto the molecules is often adopted to inhibit the close
packing of molecules.>**> Hence, to achieve deep-blue emis-
sion and high PL efficiency, the 9,10-positions of the anthra-
cene is substituted with relatively weak donor/acceptor with
twisted structures.’®™*® In this work, two custom-tailored
anthracene derivatives (TPA-TAn-DMAC and Cz-TAn-DMAC)
are designed and prepared. These compounds are equipped
with the branched tert-butyl and the nonplanar 9,9-dimethyl-
9,10-dihydroacridine (DMAC) groups to get out of the state of
close molecular packing in the aggregated state. Moreover, to
enhance the carrier transport ability, carbazole (Cz) and triphe-
nylamine (TPA) groups are introduced. Consequently, Cz-TAn-
DMAC and TPA-TAn-DMAC exhibit efficient deep-blue emis-
sions in the solid-state. Notably, they can not only function
efficiently in non-doped and doped deep-blue OLEDs but also
serve as blue component to create high-performance two-color
hybrid WOLEDs with superb spectral stability and extremely
low efficiency roll-off.

Results and discussion
Synthesis and characterization

Scheme 1 shows the synthetic routes towards these new blue
compounds, Cz-TAn-DMAC and TPA-TAn-DMAC. Compounds
1-5 were prepared by the reported methods.>***** Cz-TAn-
DMAC and TPA-TAn-DMAC were synthesized using Suzuki
couplings of 3 with 4 and 5, respectively, in good yields. All
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Scheme 1 Molecular structures and synthetic routes of Cz-TAn-DMAC
and TPA-TAn-DMAC.
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final products were completely characterized by NMR and high-
resolution mass spectroscopy, which are described in the ESI.f
Both Cz-TAn-DMAC and TPA-TAn-DMAC have good solubility
in dichloromethane, chloroform, tetrahydrofuran (THF) and
toluene, but poor solubility in water. Cz-TAn-DMAC and TPA-
TAn-DMAC have high decomposition temperatures (7ys) of 467
and 446 °C, respectively, at 5% loss of initial weight (Fig. S1, ESI).
Such a good thermal stability is favoured to fabricate high-
performance OLEDs using the vacuum-deposition technique.

Photophysical properties

Cz-TAn-DMAC and TPA-TAn-DMAC show similar absorption
maxima at ~393 nm (Fig. 1A) in dilute THF solution (10 M),
because of the nm—-n* transition of the planar anthracene core.
From the absorption onsets, the optical bandgaps (E,s) are
deduced to be 2.90 and 2.86 eV for Cz-TAn-DMAC and TPA-TAn-
DMAC, respectively. The PL spectra of Cz-TAn-DMAC and TPA-
TAn-DMAC in the dilute THF solution (10 uM) and their
evaporated films are shown in Fig. 1B. In THF solutions, Cz-
TAn-DMAC and TPA-TAn-DMAC have deep blue PL emissions
with peaks at 436 and 464 nm and fluorescence quantum yields
(®gs) of 60.2% and 50.7%, respectively. The redder PL emission
and lower @y of TPA-TAn-DMAC than Cz-TAn-DMAC can be
ascribed to its stronger intramolecular charge transfer (ICT)*®
in the polar THF solution because of the stronger electron-
donating ability of TPA than Cz, which is evidenced by the
solvatochromism experiment (Fig. S2, ESIf). In vacuum-
deposited neat films, the PL peak of Cz-TAn-DMAC is located
at 449 nm, which is red-shifted by 13 nm than that in the THF
solution, and the @y is decreased to 41.7%. This should be
caused by close packing among the planar carbazole groups
and thus enhanced intermolecular interaction in the neat film. By
doping CzTAn-DMAC in CBP (4,4'-bis(carbazol-9-yl)biphenyl)
host at a concentration of 10 wt%, the PL peak is blue-shifted
to 440 nm and the @y is increased to 74.5%, owing to the reduced
intermolecular interaction as well as rigidified molecular structure
by spatial constraint.’® Compared with THF solution, neat and
doped films of TPA-TAn-DMAC show bluer PL peaks at 459 and
457 nm and higher &y values of 53.7% and 71.5%, respectively,
because of the structure rigidification in the film state and the
branched TPA group that can better suppress close packing. PL
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Fig. 1 (A) Absorption spectra of Cz-TAn-DMAC and TPA-TAn-DMAC in

THF solutions (1 x 107> M). (B) Photoluminescence (PL) spectra of

Cz-TAn-DMAC and TPA-TAn-DMAC in THF solutions, neat films and

doped films (in CBP host at 10 wt% concentration).
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Table 1 Photophysical properties, thermal stabilities, and energy levels of the new compounds

Jem (nNM) D’ (%) T° (ns)
Compound Jabs (hm) THF  Neat/doped film* THF Neat/doped film* HOMO/LUMO (V) E,’(eV) THF Neatfilm T4 (°C)
Cz-TAn-DMAC 393 436 449/440 67.2 41.7/74.5 —5.18/—2.28 2.90 549 3.67 467
TPA-TAn-DMAC 394 464 459/457 50.7 53.7/71.5 —5.16/—2.30 2.86 2.63  2.52 446

“ Evaporated solid neat film and doped film in CBP host at a concentration of 10 wt%. ? Absolute fluorescence quantum yield determined by a
calibrated integrating sphere. ¢ Determined by cyclic voltammetry. ¢ Optical bandgap calculated from the onset of absorption spectrum.

¢ Fluorescence lifetime, measured at room temperature in air.

decay curves of both the compounds are measured in THF
solutions and neat films under ambient conditions (Fig. S3, ESIT).
The PL lifetimes of Cz-TAn-DMAC and TPA-TAn-DMAC in THF
solutions are 5.49 and 2.63 ns, respectively, which are very close to
those in the neat films (3.67 and 2.52 ns) (Table 1), indicative of
their fluorescent nature and the absence of dimer-like state, which
will result in a longer PL lifetime.

Theoretical calculation

To demonstrate the electronic structures, the optimized struc-
ture for the lowest singlet (S,) states of Cz-TAn-DMAC and TPA-
TAn-DMAC are calculated by the M06-2X/6-31G* basis set. As
shown in Fig. 2, they have relatively twisted conformations, and
the dihedral angles of anthracene plane and DMAC are relatively
large (54.41° for Cz-TAn-DMAC, and 55.67° for TPA-TAn-DMAC).
The twisted conformation and the presence of ter¢t-butyl groups
can avert close molecular stacking, which inhibits strong mole-
cular interactions and ensures efficient emission in the aggre-
gated states. To identify their transition characteristic, the natural
transition orbital (NTO) analysis for the optimized S; states is
calculated by M06-2X/6-311G*. The holes and particles of the two
compounds are primarily localized on anthracene, indicative of
the great contribution of anthracene to luminescence. The intra-
molecular charge transfer effect should be weak in both these
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4
51.27° P&,
‘59 2% e 49.00°,°%,, 0

i 20 SRS 1 ST ‘%% T S
Optimized 29 290 ‘o):‘ % P20 o Saca o33 f‘ o’ “::;
Structures 29 ‘ﬂ % oo Mo ot
Particle

Hole

Fig. 2 Natural transition orbital analysis for the S; states based on ground
state optimized structures of Cz-TAn-DMAC and TPA-TAn-DMAC, calcu-
lated by M06-2X/6-31G* and M06-2X/6-311G* basis set. The predominant
wave functions of hole and particle with the largest weight are illustrated.
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compounds, which is conducive to obtaining deep-blue
emissions.

Electrochemical behaviours

To investigate the electrochemical property, cyclic voltammetric
(CV) measurement was conducted on Cz-TAn-DMAC and TPA-
TAn-DMAC (Fig. S4, ESIT). Both the compounds show reversible
oxidation processes, with onset oxidation potentials (E,y) of 0.64
and 0.62 V for Cz-TAn-DMAC and TPA-TAn-DMAC, respectively.
Thus, the highest occupied molecular orbital (HOMO) energy levels
of Cz-TAn-DMAC and TPA-TAn-DMAC are calculated to be —5.18
and —5.16 eV by the equation of HOMO = (Eox + 4.8 — Eox ) (€V), in
which the E, value of F/F." (Eoxt) is 0.26 V. The HOMO energy
levels of Cz-TAn-DMAC and TPA-TAn-DMAC are close to those of
the commonly used hole-transporting materials, such as 4,4’-bis
(1-naphthylphenylamino)biphenyl (NPB, —5.2 eV),"” which benefits
the hole injection and transport. While the energy levels of the
lowest unoccupied molecular orbital (LUMO) are —2.28 and
—2.30 eV, for Cz-TAn-DMAC and TPA-TAn-DMAC, respectively,
determined by the equation of LUMO = HOMO + E,, where Ej is
the optical bandgap obtained from the onset of the UV absorp-
tion spectrum.

Electroluminescence

Because of the good PL efficiencies in neat films and high
thermal stability of both the compounds, non-doped OLEDs
with a simple configuration of ITO/NPB (40 nm)/emitter
(20 nm)/2,2’,2"-(1,3,5-benzinetriyl)tris(1-phenylbenzimidazole)
(TPBI) (40 nm)/LiF (1 nm)/Al (120 nm) are fabricated, where
the emitter is Cz-TAn-DMAC (device B1) or TPA-TAn-DMAC
(device B2), and NPB and TPBI are employed as the hole-
transporting and electron-transporting layers, respectively
(Fig. 3A). The devices B1 and B2 radiate blue EL emissions
peaking at 442 nm (CIE,, = 0.17, 0.15) and 462 nm (CIE,, = 0.14,
0.18), respectively, which are close to their PL emissions in solid
films, thus confirming that the exciton recombination occurs in
the emitting layer and the EL emissions result from radiative
decay of the singlet excitons. Device B1 shows good EL perfor-
mance with maximum luminance (Lpa) of 5026 cd m™?, max-
imum current efficiency (1jc,max) Of 3.8 cd A™", maximum power
efficiency (#p,max) of 2.9 Im W, and maximum external quantum
efficiency (Hex,max) Of 3.5%. Moreover, because of the higher solid-
state @ of TPA-TAn-DMAC, device B2 displays better EL perfor-
mance with Lya, of 9070 ed m ™2, 5¢ max Of 6.2 ¢d A", #p max Of
5.7Im W 1, and Hext;max Of 4.9%. These good EL performances are
comparable to those of the efficient deep-blue fluorescent OLEDs

This journal is © The Royal Society of Chemistry 2021


https://doi.org/10.1039/d1tc00432h

Published on 19 March 2021. Downloaded by South China University of Technology on 6/5/2021 1:14:46 PM.

Paper
11
EML
27 24 | -228230 !
— o 2.8
> .3 =
e £ |3
B z |z
S 41 =8
= N < |
> © mEmE
g 5] :
{=
wm 3 W ssesesss
-6
_7T
10°] [ 500
400
=, [ £
%1034 °©
£ <
3 L300 €
Y 2
2 1024 2
s L200 8
§ E
=10 "100 5
o
10— : o
2 4 6 8 10

Voltage (V)

View Article Online

Journal of Materials Chemistry C

LiF/Al

10 wt% TPA-TAn-DMAC

<
=
&
2
L7

N
S
2
3
s
e

Energy level (eV)

ﬁi :, 100

L0t

—o—B1
—o—B2
1024 ——B3
——B4 10?2

Current efficiency (cd A™")
2
Power efficiency (Im W)

380 480 580 680 780
Wavelength (nm)

10 T
10° 10' 102 108
Luminance (cd m?)

10°

Fig. 3 Device structures and energy diagrams of (A) non-doped devices B1 and B2 and (B) doped devices B3 and B4 using Cz-TAn-DMAC and TPA-TAn-
DMAC as emitters, respectively. (C) Curves of luminance—voltage—current density of devices B1-B4. (D) Plots of current efficiency and power efficiency—

luminance of devices B1-B4. Inset: EL spectra of devices B1-B4 at 10 mA cm

in the literature (Table S1, ESIT), and are highly indicative of the
great potential of both compounds as emitters for non-doped
blue OLEDs.

The theoretical value of the radioactive exciton ratio can be
calculated using the equation #ex = Pgfexcitonfeh-Hour, Where
Next 1S the external quantum efficiency, fexciton 1S the exciton
utilization efficiency, 7,y is the light out-coupling efficiency
(ca. 20-30%), and #., is the recombination efficiency of the
holes and electrons, which is ideally assumed as 100%. Accord-
ing to the equation, the #exciton Values of non-doped devices
based on Cz-TAn-DMAC and TPA-TAn-DMAC are in the ranges
of 28-42% and 30-46%, respectively. These #exciton Values are
higher than the theoretical limit of 25%, which is probably due
to the triplet-triplet fusion (TTF)."® To confirm the TTF mecha-
nism, the transient EL spectra of the non-doped devices are
measured (Fig. S5, ESIt), in which the delayed EL components
can be obviously observed. To distinguish that the delayed EL
originated from the TTF process rather than the recombination
of trapped charges,"®*® the magneto-electroluminescence
(MEL) effect is studied. The MEL responses of two non-doped
devices at multiple voltages are shown in Fig. S6 (ESIt). With
increase in voltage, the line shapes of MEL change obviously,
with an increase at low voltages and then a decrease at high
voltages, indicating the existence of TTF process in the EL
process,’®>* which accounts for the higher 7cycicon values than
the theoretical limit.

This journal is © The Royal Society of Chemistry 2021

-2

To further investigate the EL performances of both the com-
pounds, the doping technique is used, and doped OLEDs with a
configuration of IT0/1,4,5,8,9,11-hexaazatriphenylenehexacarbo-
nitrile (HATCN) (5 nm)/NPB (40 nm)/tris(4-carbazoyl-9-ylphenyl)
amine (TCTA) (5 nm)/emitters (20 nm)/TPBI (40 nm)/LiF (1 nm)/Al
(120 nm) are fabricated, in which HATCN and TCTA work as the
hole injection and exciton-blocking layers, respectively, and the
emitter comprised the doped film of Cz"TAn-DMAC (device B3) or
TPA-TAn-DMAC (device B4) in CBP host at a concentration of
10 wt% (Fig. 3B). The doped device B3 of Cz-TAn-DMAC radiates
stable deep-blue EL emission with a peak at 434 nm (CIE,,, = 0.15, 0.08)
at 1000 cd m ™2, which is very close to the blue standard of the National
Television Standards Committee (NTSC),>**® and shows high L
Nemmo Npmax Nextmax Of 4324 cd m ™% 3.1 cd A™Y, 2.8 Im W ', and
4.8%, respectively. exmax 1S Obviously improved compared with
that of the non-doped device, revealing that Cz-TAn-DMAC is
more suitable for doped devices because of the higher @ in the
doped film than in the neat film. The Lmnax, 7c,maxs 1p,maxs and
fext,max Of doped device B4 of TPA-TAn-DMAC are 6152 cd m~?,
5.1 cd A™%, 4.4 Im W, and 4.7%, which are close to those of the
non-doped device, demonstrating that TPA-TAn-DMAC can effi-
ciently function in both the doped and non-doped OLEDs (Table 2).

Carrier transport

Concerning the excellent EL performance of the two com-
pounds, its carrier transport ability is investigated by the

J. Mater. Chem. C, 2021, 9, 5198-5205 | 5201
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Table 2 EL performance of Cz-TAn-DMAC and TPA-TAn-DMAC based
deep-blue OLEDs

Von'Z an pr ﬂcxtb Lf ;LEI‘d
Device (V) (cdA™) (ImW™") (%) (cd m™?) CIE? (x,y) (nm)
B1 3.6 3.8/24 2.9/1.2 3.5/2.2 5026 (0.17, 0.15) 442
B2 3.2 6.2/5.5 5.7/3.4 4.9/4.3 9070 (0.14, 0.18) 462
B3 3.4 3.1/25 28/13 4.8/3.8 4324  (0.15,0.08) 434
B4 32 5.1/4.0 4.4/24 4.7/3.6 6152  (0.14,0.14) 454

“ Turn-on voltage at 1 cd m ™2, b ey e, and 7ey are the current, power,

and external quantum efficiencies, respectively, inorder of maximum,
and then values at 1000 cd m 2. ¢ The maximum luminance. ¢ CIE is

the Commission Internationale de L’Eclairage at 1000 cd m™ > Device
configurations: ITO/NPB (40 nm)/Cz-TAn-DMAC (20 nm)/TPBI (40 nm)/
LiF (1 nm)/Al (device B1); ITO/NPB (40 nm)/TPA-TAn-DMAC (20 nm)/
TPBI (40 nm)/LiF (1 nm)/Al (device B2); ITO/HATCN (10 nm)/NPB
(40 nm)/TCTA (5 nm)/10 wt% Cz-TAn-DMAC: CBP (20 nm)/TPBI
(40 nm)/LiF (1 nm)/Al (device B3); ITO/HATCN (10 nm)/NPB (40 nm)/
TCTA (5 nm)/10 wt% TPA-TAn-DMAC: CBP (20 nm)/TPBI (40 nm)/LiF
(1 nm)/Al (device B4).

space-limited-current (SCLC) method. Electron- and hole-only
devices with configurations of ITO/NPB (10 nm)/Cz-TAn-DMAC
or TPA-TAn-DMAC (80 nm)/NPB (10 nm)/Al and ITO/TPBI
(10 nm)/Cz-TAn-DMAC or TPA-TAn-DMAC (80 nm)/TPBI
(10 nm)/LiF (1 nm)/Al, respectively, are fabricated. Herein, thin
layers of TPBI (electron mobility = 3.3 x 10> em®> V™' s71)®
and NPB (hole mobility = 5.0 x 10~ * cm® V' s7')*” are used as
buffer layers between the emitters and the electrodes. Considering
the much thicker emitters layer (80 nm), the influence of thin
buffer layers with higher carrier mobilities can be excluded during
the calculation, and the mobility results primarily reflect the
intrinsic properties of Cz-TAn-DMAC and TPA-TAn-DMAC.>®

Fig. 4A shows the current density-voltage (J-V) characteris-
tics of electron- and hole-only devices based on Cz-TAn-DMAC
and TPA-TAn-DMAC. The J-V behaviors show ohmic characteristics.
With increase in voltage, the current density grows into space-charge
limited, which is quadratically dependent on the applied voltage.
The SCLC characteristics can be dealt with by the reported ways.>>>°
Fig. 4B shows the field-dependent hole and electron mobilities.
Under an electric field of 5.5 x 10° V em ™" the respective hole and
electron mobilities are 6.6 x 10 ° and 2.4 x 10 > em*V 's ! for
the Cz-TAn-DMAC, and 2.0 x 10" *and 8.2 x 107> ecm?* V' s~ for
the TPA-TAn-DMAC. Basically, the Cz-TAn-DMAC and TPA-TAn-
DMAC show relatively balanced bipolar carrier transporting feature;
however, the TPA-TAn-DMAC has faster electron and hole mobilities
than the Cz-TAn-DMAC, which is beneficial to improve the EL
performance.>

25,29

Hybrid WOLEDs

To obtain the full benefit of the excellent EL performance and
bipolar carrier-transporting feature of TPA-TAn-DMAC, two-
color hybrid WOLEDs comprising the doped film of orange phos-
phorescent  Ir(tptpy),acac(iridium(ur)bis(4-(4-tert-butylphenyl)thieno
[3,2-clpyridinato-N,C* Jacetylacetonate) and neat film of the blue
fluorescent TPA-TAn-DMAC are fabricated with a configuration of
ITO/HATCN (5 nm)/NPB (40 nm)/TCTA (5 nm)/TCTA : Bepp, : 3 wt%
Ir(tptpy),acac(12 nm)/interlayer (3 nm)/TPA-TAn-DMAC (8 nm)/TPBI
(40 nm)/LiF (1 nm)/AlL Moreover, the interlayer is composed of TCTA

5202 | J Mater. Chem. C, 2021, 9, 5198-5205
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and Bepp, (bis[2-(2-hydroxyphenyl}-pyridine] beryllium) with differ-
ent ratios. TCTA and Bepp, possess excellent hole- and electron-
transporting abilities, respectively. The interlayer has the function of
not only transporting carriers but also preventing harmful energy
transfer from the phosphorescent layers to the fluorescent ones, due
to the high triplet (T;) energy levels of TCTA (2.82 eV)** and Bepp,
(2.6 eV).°! Furthermore, the high T; energy levels of TCTA and Bepp,
make them possible co-host for the phosphors. Furthermore, the
weight ratios of TCTA and Bepp, in both the interlayer and host can
be adjusted, which plays a vital role in regulating the diffusions of
carriers and excitons (Fig. 5). By changing these ratios, the distribu-
tion of exciton recombination areas in the blue and orange layers
can be adjusted. Consequently, the color of WOLEDs can be tuned
in a regular way.

When the weight ratio of the co-host of TCTA:Bepp, is
maintained at 0.67:0.3, a series of WOLEDs (W1, W2, W3
and W4) are prepared by changing the component ratios of
the interlayers. As shown in Table 3, the device W1 with an
interlayer of sole TCTA radiates white light with color rendering
index (CRI) of 53 at 5000 cd m > and displays maximum EL
efficiencies of 22.9 ¢d A%, 15.1 Im W™, and 8.4%, which are
maintained at close values of 22.5 cd A™%, 12.6 Im W™, and
8.0% at 10000 cd m™?, indicating high stability of the device
efficiencies. Nevertheless, the efficiencies of device W1 are not
high enough, which is probably due to the fact that too many
holes pass through the interlayer to the blue emission region
and participate in the exciton recombination, while some of the
electrons are blocked outside the orange emission layer by the
interlayer. Hence, to improve the efficiencies, the electron

LiF/Al
TPBi
TPA-TAn-DMAC

e T Hosts Device WA {TCTA) .
Host: Ir(tptpy),acac 3 R . Device W2 (TCTA:Bepp,=4:1)
(tptpy)a - | TCTA:Bepp, Interlayer: Device W3 (TCTABepp.= :
ICTA L 5067:03 _ DeviceWs(Bepp)_._._._._.
o e e ST <
HATCN ! TCTA:Bepp, Device W5 (TCTA) i
i - 2 Interlayer: i f e :
[TOlglass . =0.2:0.77 Device W6 (TCTA:Bepp,=4:1)

Fig. 5 Magnification configuration of two-color hybrid white OLEDs and
the chemical structures of two emitters.
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Table 3 EL performance of the WOLEDs based on TPA-TAn-DMAC
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Device Von (V) I (cd m™?) ne’ (cd A™Y) Hext” (%) np° (Im W) CRI? CIEY (x, y)

w1 3.0 37000 22.9/22.9/22.5 8.4/8.4/8.0 15.1/14.4/12.6 53 (0.37, 0.40)
w2 3.0 57840 31.3/30.8/31.3 10.6/10.6/10.6 20.1/20.1/18.9 45 (0.41, 0.44)
w3 3.0 66430 39.6/39.4/39.0 13.1/13.1/12.8 26.4/25.8/23.5 42 (0.42, 0.46)
W4 3.0 76 200 46.1/46.1/45.5 14.7/14.7/14.3 31.9/31.4/27.5 38 (0.44, 0.48)
W5 3.2 62 540 48.2/48.2/47.3 15.1/15.1/14.7 31.8/30.3/27.5 37 (0.44, 0.49)
w6 3.0 64720 51.1/51.1/50.9 15.8/15.8/15.7 33.2/32.1/29.6 37 (0.44, 0.49)

¢ Von is the turn-on voltage, which is measured at 1 cd m

—2 b

L is the maximum luminance. ¢ #¢, #7p, and 7.y are the current, power, and external

quantum efficiencies, respectively, in order of maximum, then values at 5000, and 10000 cd m 2. ¢ CRI and CIE is the color rendering index and
-2

the Commission Internationale de L'Eclairage, respectively, obtained at 5000 cd m

Fig. 6
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transfer ability of the interlayer is gradually enhanced by
increasing the ratio of Bepp, in the interlayer. By this way,
more and more electrons pass through the interlayer to the
region of phosphorescent orange emission layer and partici-
pate in the exciton recombination. Obviously, from W2 to W3
and W4, the weight percentages of Bepp, in the interlayer are
increased from 20 wt% to 80 wt% and 100 wt%. In conse-
quence, compared with W1, there are significant improvements
in the EL efficiency, despite slight decrease in the CRI values.
Notably, when the interlayer comprises Bepp, only, and the
device W4 reaches the excellent maximum EL efficiencies of
46.1 cd A%, 31.4 Im W%, and 14.7% at 5000 cd m 2, and
maintains the high values of 45.5 cd A™", 27.5 Im W', and
14.3% at 10 000 cd m 2. Moreover, the maximum luminance of
device W4 can exceed 70 000 cd m~>. These results are in good
agreement with our expectation.

To investigate the impact of the ratio of TCTA : Bepp, in the
co-host on EL performance, devices W5 and W6 with the
co-host of TCTA:Bepp, (0.2:0.77) and interlayer of TCTA and
TCTA:Bepp2 (4:1), respectively, are fabricated. Significantly,
for device W1 and W5, although they have the same composi-
tion of interlayer, the EL colors and efficiencies are quite
different, which reveals that besides the interlayer, the ratio
of co-host can work on regulation of the exciton recombina-
tion region. Device W6 achieves the best EL performance
of 51.1 cd A%, 32.1 Im W%, 15.8% at about 5000 cd m™?,
and realizes the emission of low-blue and eye-caring white
light. Note that when the luminance increases from 5000 to
10000 cd m™?, there is virtually no efficiency loss (Fig. 6). Even
at a much higher luminance of 30 000 cd m ™2, #j¢ still remains
at 14.3%, indicative of a very promising prospect of practical
application. More importantly, for the hybrid WOLEDs, apart
from the permanence of efficiency, the stability of emission
spectra is very essential. As shown in Fig. 7, for devices W1-W6,
they all possess very stable spectra, and the (x, y) of CIE coordi-
nates vary less than (0.01, 0.01) from 5000 to 30000 cd m™ > or
higher, which is attributed to the relatively balanced carrier
transport and stable recombination region of the excitons.

Conclusions

In summary, two new luminescent compounds, Cz-TAn-DMAC
and TPA-TAn-DMAC, comprising an anthracene core with
branched tert-butyl groups and functional electron-donating
groups are synthesized and fully characterized. They possess
high thermal stability and bipolar charge transport ability and
exhibit strong deep-blue emissions at 449 and 459 nm with
good &Py values of 41.7% and 53.7% in neat films. The non-
doped device based on TPA-TAn-DMAC radiates bright deep-
blue light (CIE,, = 0.14, 0.18) with a high #exmax of 4.9%, and
the doped OLED based on Cz-TAn-DMAC displays stable bluer
emission (CIE,, = 0.15, 0.08) with a #cxmax Of 4.8%. The TTF
process is accountable for the high #exciton Values over 25% and
thus #ext,max Values. Moreover, by controlling the compositions
of the co-host and interlayer, high-performance two-color
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hybrid WOLEDs are achieved based on TPA-TAn-DMAC and
an orange phosphorescent emitter, thus affording ultra-high
spectral stability and efficiency stability. The excellent EL
performances of these compounds in deep-blue OLEDs and
WOLEDs clearly manifest their high potentials in display and
lighting devices.
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