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Thermally activated delayed fluorescence material-
sensitized helicene enantiomer-based OLEDs: a new
strategy for improving the efficiency of circularly
polarized electroluminescence

Meng Li', Yin-Feng Wang', Da-Wei Zhang"’, Dongdong Zhang3*, Zhi-Qiang Hu’,

Lian Duan’ and Chuan-Feng Chen"”

ABSTRACT A new strategy of thermally activated delayed
fluorescence (TADF) material-sensitized circularly polarized
luminescence (CPL) has been proposed for improving the ef-
ficiencies of fluorescent circularly polarized organic light-
emitting diodes (OLEDs) (CP-OLEDs). Consequently, a pair
of helicene enantiomers, (P)-HAI and (M)-HAI, were syn-
thesized. The helicene enantiomers with the rigid helical -
skeleton had highly thermal and enantiomeric stabilities, and
they also showed excellent photophysical properties, espe-
cially, intense mirror-image CPL activities with large lumi-
nescence dissymmetry factor (|gi.|) values of about 6 x 107,
Notably, the CP-OLEDs with the helicene enantiomers as
emitters and a TADF molecule as sensitizer not only displayed
better performance of lower turn-on voltage (V) of 2.6 V,
four-fold maxmium-external quantum efficiency (EQE,,,,) of
5.3%, and lower efficiencies roll-off of 1.9% at 1000 cd m >,
than those of the devices without TADF sensitizer, but also
exhibited intense circularly polarized electroluminescence
(CPEL) with the electroluminescence dissymmetry factor (gg;)
values of 2.3 x 10~° and +3.0 x 10~ Meanwhile, this study
also represents the first thermally activated sensitized fluor-
escent CP-OLEDs with markedly enhanced efficiencies and
intense CPEL.

Keywords: thermally activated sensitized emission, helicene,
electroluminescence, circularly polarized light, organic light-
emitting diodes

INTRODUCTION

Organic light-emitting diode (OLED) with chiral lumi-
nophore as emitter is the most prospective method to
directly emit circularly polarized electroluminescence
(CPEL) for the simple device architectures and unique
technological merits [1], which can not only reduce en-
ergy loss caused by the use of polarizers, but also has
important application prospects in future display and
photon technology [2-4], such as three-dimensional (3D)
display, optical communication and data storage. Since
Meijer’s group [5] reported the first circularly polarized
OLED (CP-OLED) using chiral polymer as emitter, the
strategy of obtaining CPEL based on CP-OLED has at-
tracted extensive attention and developed rapidly [6-16].
Especially, CP-OLEDs based on chiral fluorescent emit-
ters could not only successfully achieve the CPEL [17-
19], but also have the advantages of long device lifetime,
good stability and low efficiency roll-off. Moreover, chiral
fluorescent molecules with CPL activities are also cheap
and easily available [20-23]. However, the devices based
on fluorescent emitters generally suffer low efficiencies
for only 25% exciton utilization of the fluorophores
(Fig. 1a) [24,25]. To date, the highest external quantum
efficiency (EQE) of CP-OLED based on conventional
chiral fluorescent molecules is 3.09% [18], and thus the
low efficiencies of fluorescent CP-OLEDs would in-
evitably limit their practical applications. Therefore, how
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Figure 1 (a) Reported CP-OLEDs based on chiral fluorophore, and (b) new strategy of TAS-CPL for efficient CP-OLEDs.

to improve the efficiencies of fluorescent CP-OLEDs is a
key issue to be addressed urgently.

Recently, a new kind of chiral emitters with both
thermally activated delayed fluorescence (TADF) and
circularly polarized luminescence (CPL) properties have
been developed [26-28]. Since we reported the first
TADF-based CP-OLED with high EQEs in 2018 [29], the
fabrication of CP-OLEDs by using chiral TADF mole-
cules as the emitters has become a prospective strategy to
obtain efficient CPEL [30-35]. However, the reported
chiral TADF molecules were only used as emitters in the
devices, and the emitters were also required to have small
singlet-triplet gap (AEgy), large luminescence dis-
symmetry factor (g,,), high racemic energy barrier and
high mobility, simultaneously, which results in the diffi-
culty of their design and synthesis. Since the conventional
chiral fluorescent molecules are easily available, it is sig-
nificant to develop a new strategy for conveniently con-
structing efficient CP-OLEDs based on the conventional
chiral fluorophores without TADF properties.

On the basis of TADF material-sensitized (TAS)
emission mechanism [36-38], we herein report a new
strategy of TADF material-sensitized CPL (TAS-CPL) for
constructing efficient CP-OLEDs, with TADF material as
the sensitizer to improve exciton utilization, and chiral
fluorophore as the emitter to ensure CPEL activity. As
illustrated in Fig. 1b, the ideal TAS-CPL process is that
the exciton only recombined on the TADF sensitizer, and
the singlet (S,;) energy is promoted through an efficient
reverse intersystem crossing (RISC) process, then the S;
energy will be transferred to the chiral fluorophore
through fluorescence resonance energy transfer (FRET),
so as to emit efficient CPEL. Thus, the core of the TAS-
CPL strategy is to design chiral emitters, which not only
match the energy levels of TADF sensitizer to improve
the efficiencies, but also have intense CPL activities. He-
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licenes are a kind of polycyclic aromatic hydrocarbons
with helical chirality [39]. Their unique helical structures
and specific photoelectric properties make them become
one of the most attractive chiral fluorescent molecules in
recent years [40-45]. Although helicene enantiomers with
circularly polarized photoluminescence (CPPL) of high
Zium Values have attracted increasing interest and become
one of the hottest topics in CPL materials [46], the CPEL
of helicene enantiomers lag significantly behind. More-
over, helicenes usually suffer from difficult synthesis, easy
racemization, and low quantum yield. Thus, designing
helicene enantiomers with high g, values and utilizing
TAS-CPL strategy to improve exciton utilization (up to
100%), might be the most efficient method to achieve
efficient CP-OLEDs.

In this study, a pair of helicene enantiomers (P)-HAI
and (M)-HAI (Fig. 2a) were obtained conveniently by a
three-step reaction as well as enantiomeric resolution.
Since the helicene has a rigid helical n-skeleton, its en-
antiomers possess not only highly enantiomeric stability,
but also excellent photophysical properties, especially,
intense CPL activities with large |g,m| values of about 6 x
10 °. Moreover, the helicene-based CP-OLEDs with
TADF sensitizer not only displayed better performance of
lower turn-on voltage (V) of 2.6 V, four-fold EQE_,, of
5.3%, and lower efficiencies roll-off of only 1.9% at
1000 cd m °, than those of the devices without TADE

Figure 2 Crystal structures of the helicene enantiomers (P)-HAI (left)
and (M)-HAI (right).
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sensitizer, but also exhibited intense CPEL with the
electroluminescence (EL) dissymmetry factor (gg;) values
of —2.3 x 10 ° and +3.0 x 10 °, which represents the first
TAS fluorescent CP-OLEDs with markedly improved
efficiencies and intense CPEL.

EXPERIMENTAL SECTION

General methods

All the reagents and solvents were commercially available
and used without further purification. 'H and "’C nuclear
magnetic resonance (NMR) spectra were recorded on
Brucker® AVIII 500 MHz NMR spectrometers. High re-
solution mass spectra (HR-MS) were obtained on the
Thermo Fisher® Exactive high-resolution LC-MS spec-
trometer. High performance liquid chromatography
(HPLC) analysis and resolution were performed on an
Agilent 1260 Infinity. Analytical injections were per-
formed on chiral stationary phase using the column
(Chiralpak® IE, 4.6 mm x 250 mm) and the mobile phase
of hexane and dichloromethane. Single crystal data were
collected on a Bruker Smart APEXII CCD diffractometer
using graphite monochromated Cu Ka radiation. The
UV-vis spectra were recorded on a PerkinElmer® UV/Vis/
NIR spectrometer (Lambda 950), and the fluorescence
spectra and transient photoluminance decay character-
istics were measured using an Edinburgh Instruments
FLS1000 spectrometer. The optical rotation was de-
termined by a Rudolph Autopol VI Automatic polari-
meter. Circular dichroism (CD) spectra were recorded on
a JASCO J810 spectropolarimeter. CPL and CPEL spectra
were performed with a JASCO CPL-300 spectrometer at
room temperature.

Synthesis of compound 2

Maleic anhydride (4.9 g, 50 mmol, 5.0 equiv) was added
to a solution of diene 1 (4.7 g 10 mmol) in xylene
(40 mL) with vigorous stirring, followed by reflux for 3 h.
After the reaction mixture was cooled to room tem-
perature, the solvent was removed by rotatory evapora-
tion to give crude product, which was further purified by
recrystallization in acetic acid to give compound 2 (4.6 g,
81%) as white powder. 'H NMR (500 MHz, CDCl,) &
7.12-7.03 (m, 4H), 7.02-6.91 (m, 2H), 6.80-6.64 (m, 4H),
6.50-6.43 (m, 4H), 3.57 (d, ] = 13.1 Hz, 6H), 3.02-2.90
(m, 2H), 2.82-2.79 (m, 1H), 2.53-2.31 (m, 3H), 2.20-2.16
(m, 1H), 2.00-1.97 (m, 1H), 1.47-1.23 (m, 3H), 1.09-0.97
(m, 1H). ”C NMR (126 MHz, CDCly) 8 172.8, 172.0,
155.6, 155.5, 137.6, 137.4, 137.2, 136.9, 135.5, 134.5, 134.0,
133.2, 130.8, 130.5, 130.4, 130.2, 129.4, 129.3, 127.79,
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127.77, 127.4, 127.1, 126.8, 126.5, 125.6, 125.4, 110.7,
110.6, 56.24, 56.22, 45.5, 44.4, 40.4, 38.5, 30.3, 27.3, 26.8,
25.9. HR-MS (APCI): m/z caled. for C;H;;05 [M + H]'
569.2323, found 569.2346.

Synthesis of rac-HAI

A mixture of 2 (0.57 g, 1.0 mmol), palladium-charcoal
(Pd 10 wt%) (0.5 g), and sulphur (1.5 g) was heated at
300°C for 15 min. On cooling, dichloromethane
(5 x 30 mL) was added to extract the crude products.
Without further purification, the obtained crude product
with aniline (0.28 g, 3.0 mmol) in acetic acid (30 mL) was
stirred by reflux for 3 h. After the reaction mixture was
cooled to room temperature, the organic solvent was re-
moved in vacum, and the residue was purified by flash
column chromatography with dichloromethane and pet-
roleum ether (2:1, v/v) as eluent to give the compound
rac-HAI (0.33 g, 52%) as orange-red solid. Ry = 0.44.
Melting point (mp) >280°C. 'H NMR (500 MHz, CDCl,)
6 8.60 (d, ] = 8.5 Hz, 2H), 7.63-7.52 (m, 6H), 7.45-7.41
(m, 3H), 7.29 (d, ] = 8.9 Hz, 2H), 6.85 (td, ] = 7.6, 1.4 Hz,
2H), 6.77-6.73 (m, 4H), 6.37 (td, ] = 7.6, 1.4 Hz, 2H), 5.40
(dt,J = 7.8, 1.5 Hz, 2H), 3.70 (s, 6H). °C NMR (126 MHz,
CDCl,) 6 168.8, 155.9, 136.3, 132.1, 131.5, 130.23, 130.17,
130.09, 129.3, 129.2, 129.1, 127.8, 127.3, 127.2, 126.9,
126.57, 126.56, 126.1, 124.8, 117.6, 113.9, 56.9. HR-MS
(APCI): m/z calcd. for C,,H;)NO, [M + H]" 636.2169,
found 636.2175.

Enantiomeric resolution of the helicene enantiomers

HPLC with chiral column has been used in enantiomeric
resolution of rac-HAI to obtain the enantiomers (P)-HAI
and (M)-HAI The injections were performed on chiral
stationary phase using the column (Chiralpak® IE,
4.6 mm x 250 mm) and the mobile phase of hexane/di-
chloromethane (50/50, v/v) with flow rate of
50 mL min . Efficient semi-preparative enantiomeric
resolution of rac-HAI was performed by HPLC (Figs S1-
S3), which provided the pair of enantiomers (P)-HAI and
(M)-HAI (enantiomeric excess (ee) > 99%) in gram scale.

Device fabrication and measurements

The pre-coated indium tin oxide (ITO) glass substrates
were cleaned with Decon 90, rinsed in ultrapure water
and ethanol, dried in a infrared drying oven at 120°C,
then by plasma cleaning process. After pre-treatment of
the substrates, the devices were fabricated by vacuum
deposition onto the substrates for organic and metal de-
position successively with rate of 1-2 A's . The current-
voltage-luminance characteristics and EL of the devices
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were measured with a computer-controlled Spectrascan
PR 670 spectrophotometer and Keithley 2400 Source-
Meter.

RESULTS AND DISCUSSION

Synthesis and enantiomeric resolution

The helicene rac-HAI used in this study was conveniently
synthesized by a three-step reaction of Diels-Alder addi-
tion, dehydroaromatization, as well as lactamization
(Scheme 1), and also fully characterized by lHNMR,
CNMR and MS (see the Supplementary information for
details). Subsequently, the helicene enantiomers (P)-HAI
and (M)-HAI with ee values of up to 99% were obtained
on a gram scale by enantiomeric resolution using HPLC
with chiral column (Tables S1, S2). To verify whether the
obtained enantiomers racemized during device fabrica-
tion, we tested their enantiomeric stability by HPLC.
Benefiting from the sterically hindered phenyl at the 1,1'-
positions of helicene, the helicene enantiomer possesses
excellent enantiomeric stability, which displays no race-
mization even after multiple sublimation (ee > 99%;
Figs S4, S5; Table S3).

Electrochemical measurement and theoretical calculations
The cyclic voltammetry was then performed to investigate
the electrochemical properties of helicene enantiomers
(Fig. S6). Determined from the anodic oxidation potential
of (P)-HAI, the highest occupied molecular orbit
(HOMO) energy level of the enantiomer was calculated to
be -5.65 eV. The energy gap (E,) was determined to be
2.29 eV from the onset of the absorption spectra of the
helicene, and the lowest unoccupied molecular orbit
(LUMO) energy level of (P)-HAI was —3.36 eV, which
was calculated by the HOMO value and the E, (Table $4).
Besides, time-dependent density functional theory cal-
culations were also performed to simulate the geometrical
and electronic properties of helicenes (see the Supple-
mentary information for details, Fig. S7). The electronic
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Scheme 1 Synthesis of rac-HAI and its enantiomeric resolution.
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distribution covered the whole helicene, the HOMO was
mainly dispersed on the helical skeleton, and the LUMO
was more likely to be distributed in the carbonyl groups.
The slightly spatial electronic separation of HOMO-
LUMO ensure the helicenes to have excellent CD and
CPL activities.

Single crystal structure analysis

By slow evaporation of the solution of the obtained en-
antiomer in a mixture of petroleum ether and di-
chloromethane (1:1, v/v), single crystals suitable for X-ray
diffraction (XRD) analysis were obtained. As shown in
Fig. 2, both (P)-HAI and (M)-HAI are featured with
crystal structures, and their absolute configurations were
confirmed by the corresponding crystal structures. The
single crystal structures display helical skeleton with di-
hedral angle of about 50°, which could effectively prevent
the fluorescence quenching in solid state. Additionally,
the helicenes not only have intermolecular hydrogen
bonds and m-n interactions (Figs S8, S9; Tables S5, S6),
but also might have intramolecular nt-m interactions. As
shown in Fig. 2, the phenyl (A) group at 1-position of
helicene is only about 2.945 A from the aromatic ring (B)
of the helicene skeleton, which is short enough for energy
transfer, and thus results in long-wavelength absorption.

Thermal properties

The helicenes also possess excellent thermal stabilities
with decomposition temperature (T,) of 408°C and glass-
transition temperature (7,) of 316°C (Figs S10, S11). The
thermal and enantiomeric stabilities of the helicenes en-
sure that the high-performance CP-OELD can be con-
structed by vapor deposition.

Photophysical properties

The photophysical properties of the helicenes were then
investigated. Since the enantiomers (P)-HAI and (M)-
HATI only have differences in chiral characteristics, their
photophysical properties are almost identical. As shown
in Fig. 3, both the enantiomers exhibit an obvious ab-
sorption band from 400 to 550 nm, which can be attrib-
uted to their large m-conjugated skeleton. The absorption
of the emitter with long wavelength is favorable for
overlapping with the emission of TADF sensitizer.
Moreover, the enantiomers exhibit an emission peak at
547 nm, as well as relatively small Stokes shift. With the
increase of the solvent polarity, the emission spectra of
enantiomer (P)-HAI show a remarkable redshift from
528 nm (in hexane) to 585 nm (in dimethyl formamide
(DMF)) (Fig. S12 and Table S7). Meanwhile, the quantum
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Figure 3 Absorption and fluorescence spectra of (P)-HAI and (M)-HAI
in toluene (¢ = 1.0x10° mol L™).

yield and fluorescent lifetime of the helicene enantiomer
were subsequently measured in toluene to be 0.24 and
5.1 ns, respectively (Figs S13, S14). Thus, the radiation
transition rate (x,’) of the helicene is about 4.7x10”
(Table S8). The luminescent properties of these helicene
enantiomers are better than those of most reported he-
licenes [45].

To investigate the chiroptical properties of the helicene
enantiomers, their specific rotation, CD and CPL activ-
ities were then tested. The specific rotation of (P)-HAI
and (M)-HAI were measured to be -161° and +160° (¢ =
1.0 mg mL ™', CH,CL,), respectively. As shown in Fig. 4a,
obvious mirror-image CD signals of the enantiomers
were obscerved. For (P)-HAI its CD signal displayed
positive Cotton effect in short wavelength regions
(< 467 nm), and negative signal at its long absorption
band. Comparatively, the CD signal of (M)-HAI was
exactly opposite to that of (P)-HAIL The results indicate
the helicene enantiomers show good chirality in the
ground state. Moreover, CPL spectra of the helicenes
were also recorded (Fig. 4b). Benefitting from the good

luminescent properties and the chirality in the excited
state, the enantiomers exhibited perfect mirror-image
CPL signals with the gj,,, values of 5.9 x 10 for (P)-
HAI and +6.2 x 10 for (M)-HALI, respectively. The g,
values of the enantiomers with rigid helical skeleton are
larger than those of the most chiral luminophores with
other chiral elements [20,21]. Therefore, the helicene
enantiomers might be excellent chiral emitter candidates
for CP-OLEDs with intense CPEL activities.

To study the TAS-CPL process under optical excitation,
DPhCzTrz (3-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-
6,9-diphenyl-9H-carbazole) with wide energy gap and
4CzIPN (2,4,5,6-tetra(9H-carbazol-9-yl)-isophthaloni-
trile) with a small AEg; of 0.083 eV were chosen as host
and TADF sensitizer, respectively. As shown in Fig. S15,
obvious overlaps between the absorption of (P)-HAI and
the emission of 4CzIPN were observed, indicating effi-
cient energy transfer can be anticipated. In the co-doped
film, DPhCzTrz with wide energy gap was used as host to
avoid the aggregation quenching of TADF materials, and
the photoluminescence quantum yield (PLQY) of the co-
doped film was 0.33. Increasing the concentration of (P)-
or (M)-HAI, the emission band of 4CzIPN was sharply
reduced. When the concentration of (P)- or (M)-HAI was
about 3 wt%, only emission of the helicene enantiomer
was visible, indicating efficient energy transfer between
the sensitizer and the emitter occurred (Fig. S16). In
addition, the helicenes had significant solvation effect, so
in the polar host material of DPhCzTrz, their emission
spectra dispalyed obvious red shift (Fig. 5a). Moreover,
transient PL of the helicene in the co-doped film was also
studied at 580 nm. As shown in Fig. 5b, with the increase
of the concentration of (P)- or (M)-HAI, the lifetime and
ratio of the delayed part of 4CzIPN were reduced gra-
dually for its singlet energy being transferred to (P)- or
(M)-HAI through FRET. Meaningfully, the co-doped
films also exhibited obvious CPL activities (Figs S17, S18),
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Figure 4 (a) CD and (b) CPL spectra of (P)-HAI and (M)-HAI in toluene.
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Figure 5 (a) Fluorescence spectra of 4CzIPN, (M)-HAI, and co-doped films of DPhCzTrz: 100 wt% 4CzIPN: 3 wt% (M)-HAL (b) The transient PL
decay curves of the DPhCzTrz:4CzIPN:(M)-HAI co-doped films observed at 580 nm.

and a fraction of signals might have originated by energy
transfer from the up-converted 4CzIPN triplets, which
evidenced the TAS-CPL process under optical excitation.

EL properties

The EL performances of (P)-HAI and (M)-HAI were
further studied by fabricating multilayer OLEDs. For the
helicene-based OLEDs without TADF sensitizer (FL-
OLEDs), the co-doped film of DPhCzTrz with 3 wt% (P/
M)-HAI was used as emitting layers (EMLs). And for the
helicene-based OLEDs with TADF sensitizer (TAS-
OLEDs), the co-doped film of DPhCzTrz with 100 wt%
4CzIPN as TADF sensitizer and 3 wt% (P/M)-HAI as
emitter was used as EMLs. The multilayer OLEDs were
fabricated with the following architecture: 1TO/4,4'-
cyclohexylidenebis[N,N-bis(4-methylphenyl)aniline]
(TAPC)(30 nm)/4,4',4"-tris(carbazol-9-yl)-triphenyla-
mine (TCTA) (10 nm)/1,3-bis(9H-carbazol-9-yl)benzene
(mCP) (10 nm)/EML (30 nm)/4,7-diphenyl-1,10-phe-
nanthrolinesynonym (Bphen) (30 nm)/LiF (0.5 nm)/Al
(150 nm) (Fig. 6a). Since the properties of the two en-
antiomers were almost identical, the EL performance of
the enantiomer-based devices were similar as well (see
Fig. 6, Figs S19, S20, and Table 1).

For the FL-OLEDs, the (P)-HAI-based device emitted
yellow EL centered at 570 nm (Ag;) with turn-on voltage
(Vp) of 32V, maximum current efficiency (CE,,,) of
41cdA”', maximum power efficiency (PE,,,) of
3.41m W', and maximum EQE of 1.3%. Meanwhile, the
EL performances of (M)-HAI-based device were similar
to those of that based on (P)-HAI, which displayed Ag; of
570 nm, V; of 34V, CE,,, of 41cd A" and PE_,, of
35lm W, EQE, .« of 1.2%, respectively (Table 1).
Meaningfully, compared with the above FL-OLEDs, TAS-
OLEDs with TADF sensitizer displayed more efficient EL

904
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performances. As shown in Fig. 6, compared with (P)-
HAI-based FL-OLED, (P)-HAI-based TAS-OLED ex-
hibited Ay of 585 nm, lower Vi of 2.6 V, and four-fold
EQE,,., of 5.3%, as well as higher CE,,,, of 15.1 cd A 'and
PE, .. of 11.31m W . Intriguingly, the device also ex-
hibited extremely low efficiency roll-off of 1.9% (EQE =
5.2%) and 20.7% (EQE = 4.2%) at 1000 and 5000 cd m >,
respectively. Since the properties of the two enantiomers
were almost identical, their EL characteristics were si-
milar as well. And the (M)-HAI-based TAS-OLEDs dis-
played Ay of 585 nm, Vi of 2.8V, CE,,, of 145cd A"
PE,., of 10.61m W ', and EQE,,,, of 5.1%, respectively.
Meaningfully, the devices based on the TAS-CPL strategy
displayed higher efficiencies and lower turn-on voltage
than those of most conventional fluorescent OLEDs, and
their efficiencies roll-off were also lower than those of
most OLEDs with TADF emitters [24]. Moreover, the
transient EL decay curves were measured (Fig. 6d), re-
vealing clear spike after the voltage was turned off for FL-
OLEDs, which means significant charge trapping on do-
pant. In terms of TAS-OLEDs, no charge trapping on
dopant was recorded and high ratios of delayed parts of
0.76 and 0.77 for (P)- and (M)-HALI, respectively, were
observed, evidencing the efficient sensitizing process for
enhanced device performances.

CPEL activities of the helicene enantiomer-based
OLEDs were investigated as well (Table 1). As shown in
Fig. 7, the helicene enantiomer-based TAS-OLEDs dis-
played intense CPEL activities with opposing gg; signals.
And the gg; values of the TAS-OLEDs based on (P)-HAI
and (M)-HAI were —2.3 x 10 and +3.0 x 10, respec-
tively. Moreover, the helicene enantiomer-based FL-
OLED:s also displayed CPEL activities (Figs S21, S22), and
their gy values were —2.2 x 10° and +2.3 x 10>, re-
spectively, which were similar to those of TAS-OLEDs.
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SCIENCE CHINA Materials

ARTICLES

a -2.0-
-2.5
-3.0 1 LiF/Al
-3.51
< —4.0 1
A
= -45-
2
g 750110
-554
-6.0 4
—-6.5 4
-7.0
30nm 10nm10nm 30 nm 30 nm
b 104 TAS-OLEDs:
) —a—(M)-HAI
3 0.8 —o—(P)-HAI
S j
2 0. Fluorescent OLEDs:
» 06
S | —a— (M)-HAI
z —v— (P)-HAI
o 04
0.2
T T
500 600 700 800
Wavelength (nm)
d 100 e
TAS-OLEDs: Yo
. —a—(M)-HAI
T —e—(P)-HAI J10°
< FL-OLEDs: _
% —a—(M)-HAI £
.‘é 504 —v—(P)-HAI 4102 g
[0} [0]
3 g
€ ©
£ J100 €
3 5
0- Lo 10°
2 4 6 8

Voltage (V)

W@

5
o

m.‘.u,‘m .

TAPC Bphen TCTA
c 10
A J—
TAS-OLEDs:
—m—(M)-HAI
—_ —e— (P)-HAI
X
a A
wm
Fluorescent OLEDs:
—A— (M)-HAI
—v— (P)-HAI
01 T T T T v T T
0 1000 2000 3000 4000 5000
Luminance (cd m2)
. (M)-HAT.
“J\* Charge trapping — TAS-OLED
0.76 — FL-OLED
3 1073
8
2
2
S 400 A= Charge trapping (P)-HAI:
= 077 — TAS-OLED
w — FL-OLED
107"

Time (ps)

Figure 6 (a) The energy diagram and device structure of the helicene-based OLEDs, and the molecular structures of the compounds used in the
device. The EL performance of devices based on (P)-HAI and (M)-HAI (b) EL spectra (c) EQE-luminance characteristics. (d) Current density—
voltage-luminance characteristics. (e) The transient EL decay curves measured at the corresponding Ay;.

The above results indicated that by TAS-CPL strategy, the
CP-OLEDs with the helicene enantiomers as emitters can
not only significantly enhance the device efficencies, but
also obtain intense CPEL with considerable gy values.

CONCLUSIONS

In summary, we have proposed a new strategy of TAS-

April 2021 | Vol.64 No.4
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CPL for enhancing the efficiencies of fluorescent CP-
OLEDs by using TADF molecule as sensitizer and chiral
fluorophore as emitter. As a result, a pair of helicene
enantiomers (P)-HAI and (M)-HAI with sterically hin-
dered phenyl groups at the 1,1'-positions were synthe-
sized. The enantiomers with rigid helical n-skeleton had
highly thermal and enantiomeric stabilities, and also
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Table 1 EL performances of fluorescent OLEDs and TAS-OLEDs based on helicene enantiomers
Vi (V) A (nm) EQE, .. EQE ;g0 (cd m™)  EQEsgg (cd m™>) CE,,, (cd A™") PE,, (Im W) i1
A* 32 570 1.2% 0.98% - 4.1 35 +2.3x10™
B 3.2 570 1.3% 1.0% - 4.1 34 -2.2x107
Cc* 2.8 585 5.1% 5.05% 4.1% 14.5 10.6 +3.0x10”
p¢ 2.6 585 5.3% 5.2% 4.2% 15.1 11.3 -2.3x107

Fluorescent OLEDs based on a) (M)-HAI and b) (P)-HAI as dopants, respectively, and TAS-OLEDs based on ¢) (M)-HAI and d) (P)-HAI as

dopants, respectively. e) Turn-on voltage. f) EL peak of devices.

CPEL (mdeg)

4 ro
\'\ww s

= — (P}HAI

0.0101 e — (M}HAI L
. 0.005
> 0.0007 r
-0.005+
T T T T T
500 550 600 650 700 750

Wavelength (nm)

Figure 7 CPEL spectra and g versus wavelength curves of the TAS-
OLEDs based on (M)-HAI and (P)-HAIL

dispalyed intense CPL activities with |g,,| values of about
6 x 10 Notably, compared with the devices without
TADF sensitizer, the helicene enantiomer-based CP-
OLEDs with TADF sensitizer not only displayed better
performance of lower V; of 2.6 V, four-fold EQE,,, of
5.3%, and lower efficiencies roll-off of only 1.9% at
1000 cd m %, but also exhibited intense CPEL with g
values of =23 x 10~ and +3.0 x 10 . This study re-
presented the first TAS fluorescent CP-OLEDs with
markedly enhanced efficiencies and intense CPEL. Our
new strategy presented herein provides a promising
perspective for not only constructing efficient CPEL, but
also improving the efficiencies of fluorescent CP-OLEDs,
which could greatly promote the development of chiral
materials chemistry.
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