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The currently reported axial chiral molecules based on the 3,3’-substitution of the binaphthyl skele-
ton are limited by intrinsic fluorescence properties, resulting in generally low device efficiencies (EQE
< 5%) of related organic light emitting diodes (OLEDs). Herein, we designed and synthesized four pair
of chiral binaphthyl enantiomers (R/S-1—R/S-4) adopting acceptor-donor-donor-acceptor (ADDA) struc-
ture by introducing different thioxanthone modification groups on the 3,3’-position of 2,2’-dimethoxy-
1,1’-binaphthalene. Among them, emitter R/S-2 and R/S-4 obtained by enhancing intramolecular charge
transfer exhibited TADF characteristics due to relatively small AEsr of 0.12eV and 0.17 eV, and relatively
moderate SOC matrix elements of 0.28 cm~! and 0.10 cm~! between the 'CT and 3LE states. The CD
spectra of these enantiomers in diluted solutions showed perfect mirror images and reasonable g,,, for
small organic molecules (10-4-10-3). And the external quantum efficiencies (EQE) of 10.9% and 8.32% for
device A and B based on emitter S-2 and S-4 were highest compared with currently reported axial chi-
ral molecules based on the 3,3’-position substitution of binaphthyl skeleton, providing simple molecular
design strategies to construct efficient CP-OLED device.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Organic chiral small molecules have been arousing people’s
interest in recent years for potential applications in three-
dimensional display [1], optical spintronics [2], chiral phototransis-
tor [3], quantum information processing [4], information encryp-
tion [5] and chiral photocatalyst [6]. Electronic circular dichroism
(CD) and circularly polarized luminescence (CPL) spectroscopy have
become the most widely used techniques for configurational and
conformational analyses of chiral molecules. The CD spectrum is
often used to study the information of the ground state chiral
structure, while the CPL spectrum can help reflect the stereochem-
ical, conformational, and three-dimensional structural information
of chiral materials in the excited state [7]. Chiral luminescence
molecules can directly convert unpolarized light sources into cir-
cularly polarized light, ensuring the intensity of the emitted light
and simple equipment structure compared to the strategy of me-
chanically separating left- and right-circularly polarized light [8].
Nowadays, a series of materials possessing central chirality [9], ax-
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ial chirality [10], helical chirality [11] or planar chirality [12] have
been widely applied in the field of circularly polarized lumines-
cence (CPL).

The most classical chiral 1,1’-binaphthol (BINOL) derivatives,
which have both stable axial chiral configuration and electron-
rich  conjugated framework, have attracted extensive attention in
the field of circularly polarized organic light-emitting diodes (CP-
OLEDs) construction. In 2018, Cheng et al. reported a pair of chiral
enantiomers (S/R-6) containing 2,2’-dibutoxy-1,1"-binapthalene as a
chiral unit and tetraphenylethene (TPE) moiety as an aggregation-
induced emission (AIE) active group. The maximum external quan-
tum efficiency (EQEmax) and calculated electroluminescence dis-
symmetry factor (gg ) values are 0.48%/3.2 x 10-3 for device A
(5-6) and 0.45%/—3.0 x 10~3 for device B (R-6), respectively [13].
And in 2020, they designed and synthesized blue-emission chi-
ral enantiomers R-/S-3 incorporating 2,2’-methylene-dioxy-1,1'-
binaphthalene moieties as chiral sources and pyrene groups as flu-
orophores. The CP-OLEDs based on F8BT+10% S-3 showed maxi-
mum external quantum efficiency of 1.40% and relatively high gg
values 9.6 x 10~3 [14]. However, most of currently reported axial
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Fig. 1. (a) Chemical structures of investigated compounds R/S-1~R/S-4. (b) Schematic diagram of molecular design strategy and (c) molecular structures in crystal of R-2 and

R-4.

chiral molecules based on the 3,3’-position substitution of binaph-
thyl skeleton can only exhibit fluorescence, and the correspond-
ing OLED devices are generally showing low external quantum ef-
ficiencies (EQEs < 5%) due to the intrinsically inability to utilize
triplet excitons under electrical excitation. In order to improve the
efficiency of CP-OLEDs, thermally activated delayed fluorescence
(TADF) materials have become the ideal choices due to their the-
oretical 100% exciton utilization [15] and diverse design concepts
[16,17]. And a batch of chiral TADF molecules with high efficiency
and good luminescence asymmetry factors have been developed
recently [18,19].

However, most of the reported chiral TADF materials were de-
veloped by chiral perturbation strategies [18,19], which often lim-
ited the CPL properties due to the spatial separation of the TADF
luminophore from the chiral unit [20]. Considering the electron-
rich nature and stable axial chiral configuration of binaphthyl
skeleton, it is expected to obtain a molecule with both TADF
properties and intrinsic chirality when the binaphthyl donor unit
is directly linked to a suitable acceptor. Thioxanthone (TX) and
its derivatives have been considered as ideal acceptors for con-
structing efficient TADF system due to their high rate of intersys-
tem crossing, high quantum yield of triplet formation (60%—85%)
[21] and small singlet-triplet energy gap (AEst) [22]. In 2014, our
research group designed and synthesized TXO-PhCz and TXO-TPA
based on the thioxanthone unit. The OLED devices based on these
two TADF molecules showed good luminescence performance with
highest EQEs of 21.5% and 18.5% [23], respectively. Herein, we re-
ported a series of chiral binaphthyl-based enantiomers (R/S-1 to
R/S-4, Fig. 1a) by introducing different thioxanthone modification
groups on the 3,3’-position of 2,2’-dimethoxy-1,1"-binaphthalene.
R/S-1 and R/S-3 are composed of 2-position and 3-position sub-
stituted thioxanthone units, and then oxidized to R/S-2 and R/S-
4 to increase intramolecular charge transfer properties, respec-
tively. This series of molecules can be regarded as an arrange-
ment of acceptor-donor-donor-acceptor (ADDA) according to the
electron withdrawing/pushing ability of molecular structural units
and the assignment of conjugated units, in which the thioxanthone
at the terminal position as the acceptor, and a pair of naphthyl aryl
groups in the center of the molecules as the donor (Fig. 1b). Since
the intramolecular charge transfer (ICT) mainly occurs between the
axial chiral binaphthyl framework and thioxanthone, the emission
of the excited state is expected to possess intrinsic circularly polar-
ized emission characteristics. Among them, emitter R/S-2 and R/S-4
obtained by enhancing intramolecular charge transfer also exhib-
ited TADF characteristics, and device A and B based on emitter S-2
and S-4 showed maximum EQE of 10.9% and 8.32%, which were

highest compared with currently reported axial chiral molecules
based on the 3,3/-position substitution of binaphthyl skeleton.

R/S-1 to R/S-4 were synthesized by a series of simple and
scalable routes (Scheme S1 in Supporting information). We se-
lected R- or S-binaphthol as the reaction substrate respec-
tively, and then synthesized R/S-3,3’-diiodo-2,2’-dimethoxy-1,1’-
binaphthalene according to literatures previously reported [24].
Bromo-thioxanthone units were synthesized by nucleophilic sub-
stitution, hydrolysis, and condensation with 98% concentrated sul-
furic acid, and then the corresponding boronic esters were intro-
duced via Suzuki-Miyaura Coupling reaction. Finally, R/S-1 and R/S-
3 were synthesized by Pd-catalyzed Suzuki reaction with strong
base barium hydroxide, and R/S-2 and R/S-4 were obtained by oxi-
dation of R/S-1 and R/S-3 with 30% hydrogen peroxide. Their struc-
tures were fully characterized by 'H NMR, 13C NMR and high res-
olution mass spectrometry (Figs. S18-S36 in Supporting informa-
tion). The thermal stability of R-2 and R-4 were measured by us-
ing thermal gravimetric analysis (TGA) and differential scanning
calorimetry (DSC) under a nitrogen atmosphere (Fig. S1 in Sup-
porting information). Both R-2 and R-4 exhibited excellent thermal
stability with high decomposition temperature (T4, 5% weight loss)
of 435°C and 391 °C, respectively. R-2 showed high glass transition
temperature (Tg) at 176°C, and as for R-4, no obvious glass tran-
sition temperature was observed in the DCS experiment. The ther-
mal decomposition temperature and glass transition temperature
of these two compounds are relatively high among the binaphthyl
derivatives, which means that the compounds can be used in the
evaporation process of device preparation and ensure the normal
operation of the device [25].

Single crystals of R-2 and R-4 were successfully grown un-
der the condition of chloroform as good solvent and methanol
as poor solvent (Fig. 1c). According to the single crystal struc-
tures, it can be seen that R-2 and R-4 maintain the axial chi-
rality of the substrate R-binaphthol, and the dihedral angles be-
tween the two naphthyl rings are close to orthogonal (97.3°/94.1°).
The torsion angles between the planes of the donor naphthyl aryl
moieties and the acceptor thioxanthone reached a relatively large
value in their crystals (131.3°/108.1° for R-2 and 57.6°/78.6° for R-
4), which greatly facilitated the efficient separation of HOMO and
LUMO. Interestingly, two adjacent molecules in the dimer crystals
packing exhibited absolutely different torsion angles and confor-
mations (Fig. S2 in Supporting information). More specifically, the
other molecule’s twisted angles in R-2 and R-4 dimer crystals were
66.7°/49.2°/134.4° and 96.4°/26.4°/126.3°, respectively. Such large
dihedral angles and differentially twisted conformations could pre-
vent the formation of dentrimental species such as excimers [23].
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Fig. 2. The molecular structure, HOMO and LUMO electronic distributions, energy level and bandgaps (Eg) and oscillator strengths (f) of Sy for (a) S-2 and (b) S-4 calculated

by TD-DFT at the b3lyp/6-31 g(d,p) level.

In the dimers of R-2, the intermolecular S—O---r short contact dis-
tances between TXO units of adjacent molecules were 2.935 and
3.778 A. And no apparent -7 interactions, which might lead to
severe aggregated luminescence quenching, were observed due to
the distinct conformations of these two molecules. Intermolecu-
lar C—H---r interaction with distance of 3.113A and S—0---7 short
contact with distances of 2.906 A and 2.861A between TXO units
could be observed in the cases of R-4 dimers. All in all, there was
no particularly strong interaction between adjacent molecules in
dimers, but the different conformations in the dimer crystals still
brought some unique photophysical phenomena, which would be
discussed further later.

Density functional theory (DFT) calculations based on opti-
mized Sy structures at the B3LYP/6-31G(d,p) level were performed
to investigate the electronic distribution and excited-state energy
levels. Because the donor naphthyl aryl moieties and the ac-
ceptor oxidized thioxanthones of S-2/S-4 are chemically bonded
at a large torsion angle, the highest occupied molecular orbitals
(HOMOs) and lowest unoccupied molecular orbital (LUMOs) of
these emitters are distributed over the donor and acceptor moi-
eties respectively (Fig. 2), resulting in a weaken exchange inter-
action between the HOMOs and the LUMOs and thus a small
AEst. The electrochemical properties were determined by cyclic
voltammetry in anhydrous DCM and THF solution to evaluate
the HOMO and LUMO levels (Fig. S4 in Supporting informa-
tion). R-1 and R-3 have similar HOMO levels of —5.90eV and
—5.99eV, whereas R-2 and R-4 possess slightly deeper HOMO lev-
els at —6.03eV and —6.10eV, respectively. At the same time, the
LUMO levels of R-2/R-4 at —3.39eV/-3.45eV are much deeper
than R-1/R-3 at —2.82eV/-2.91eV, consistent with the enhanced
electron-withdrawing ability of thioxanthone upon oxidation and
DFT calculated trends. According to Fermi’s golden rule (kgjscox
(S1]8s0|T1)2/ AEst) [26], fast reverse intersystem crossing (RISC)
could be achieved by enhancing the spin-orbit coupling (SOC) ma-
trix element and reducing AEsr between the excited singlet state
(S1) and triplet state (T;) to construct efficient TADF materials
[27]. Time-dependent DFT (TD-DFT) calculations for the optimized
ground-state geometries were performed in order to further un-
derstand the excited states behaviors and spin-flip processes of
those molecules (Fig. 3 and Fig. S5 in Supporting information). The
lowest-excited S; for S-2 and S-4 (2.916eV/2.929eV) were domi-
nated by the ICT transitions with obvious decrease of spatial over-
lap of hole and electron wavefunctions, resulting in much lower

1CT energy levels compared to S-1 and S-3 (3.359eV/3.486eV). The
T, state of S-1~5-3 (2.597 eV/2.576eV/[2.588 eV) all exhibited simi-
lar local excited features where the hole and particle were entirely
localized in the vicinity of electron-donating binaphthyl moiety,
and therefore showing close 3LE energy levels. However, for the
3LE; state of emitter S-4, the overlaps of hole and electron density
distributions extended to a small part of the oxy-thioxanthone unit
in addition to the binaphthyl moiety, leading to a decrease in en-
ergy to 2.497eV. The triplet states of these emitters were closely
related to the local excited states of binaphthyl skeleton and thus
exhibited close energy levels. However, the oxidized compounds
S-2 and S-4 showed obvious ICT characteristics, which greatly re-
duced 'CT energies, thereby reducing the AEsy. The AEgr values of
S-1, S-2, S-3 and S-4 were 0.76, 0.34, 0.90 and 0.43 eV, respectively,
which were much higher than the experimentally measured re-
sults but consistent with the tendency of experimental results (Fig.
S8 in Supporting information). According to the El-Sayed rule [28],
the obvious difference in the excitation character of the S; and T
could facilitate the spin-flip processes and contribute to the RISC
processes. The calculated SOC matrix elements of S-1 and S-3 be-
tween the mixed hybrid local and charge-transfer (HLCT) S; state
and local excited Ty state achieved relatively large values of 0.55
cm~! and 0.63 cm~!, respectively. Despite their relatively large
SOC matrix elements, S-1 and S-3 were unlikely to exhibit efficient
reverse intersystem crossing and TADF properties due to their cal-
culated large AEst of 0.76eV and 0.90eV. On the contrary, S-2 and
S-4 processed much smaller calculated AEgr of 0.34eV and 0.43 eV
and relatively moderate SOC matrix elements of 0.28 cm~! and
0.10 cm~! between the !CT and 3LE states, which meant that S-2
could manifest faster spin-flip processes and stronger TADF prop-
erties than S-4 in OLED device applications.

UV-vis absorption and emission spectra were measured in di-
lute CHCl; solution (1 x 10~>mol/L, 298K) to investigate photo-
physical properties of these emitters (Fig. 4a and Fig. S6a in Sup-
porting information). Compounds R-1~R-3 exhibited strong m-m*
absorption peak bands at around 290 nm, while the conjugated ab-
sorption of emitter R-4 was red-shifted to 335nm, which could
be attributed to the molecular local excited (LE) absorption of bi-
naphthyl skeleton. Broad and featureless absorptions at the bands
from 350nm to 400 nm are assigned to ICT transitions associated
with electron transfer from the donor unit (binaphthyl skeleton)
to acceptor 9H-thioxanthen-9-one or 9H-thioxanthen-9-one-10,10-
dioxide moieties (TX or TXO). Upon photoexcitation, R-1 and R-
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spectra of (b) R/S-2. (c) R/S-4 in CHCI3 solutions (1 x 10~-%) at room temperature.

3 show deep blue emission in diluted chloroform solutions with
emission peaks at 428 nm and 416 nm, respectively. Meanwhile, the
corresponding oxidized compounds R-2 and R-4 emitted orange or
yellow-green light with emission peaks centered at 580 nm and
539nm, accompanied by obvious bathochromic shift and signifi-
cant reduction in emission intensity. We also noticed that this se-
ries of compounds have different degrees of red shift with the in-
crease of solvent polarity, which further confirms that they are all
typical ICT compounds (Figs. S8b-S11b in Supporting information).
No obvious solvent dependence of the absorption spectra was ob-
served for all compounds (Figs. S8a-S1la in Supporting informa-
tion). AEst were obtained by the wavelength of the first peak of
low temperature (77 K) fluorescence and phosphorescence spectra
in diluted 2-MeTHF solution (Fig. S7 in Supporting information).
The specific AEsr from R-1 to R-4 are 0.40, 0.12, 0.45 and 0.17 eV,
respectively. Enhanced electron-withdrawing ability after oxidation
significantly achieves a more efficient separation of HOMO and

LUMO, which effectively optimizes the energy level difference of
the molecule and realizes the transformation from a fluorescent
molecule to a potential TADF molecule. The photophysical param-
eters, frontier molecular orbital energy levels and DFT calculation
results are summarized in Table S1 (Supporting information).
Transient photoluminescence (PL) decay curves of R-2 and R-
4 doped thin films in the 1,3-bis(9H-carbazol-9-yl)benzene (mCP)
host (5 wt%) were measured to further investigate the TADF prop-
erties and emission mechanism. The doped films exhibited green
emission with emission peak at 540nm for R-2 and 550 nm for
R-4 (Fig. 5a) when excited at 375nm. Both fluorophores in mCP
matrix showed multi-exponential decay trend with prompt com-
ponent at nanosecond-scale and delayed components at microsec-
ond or even millisecond-scale in a vacuum environment at 300K.
R-2 doped film exhibited a prompt fluorescent lifetime (tp) of
36.8ns in the range of 200ns (Fig. S13a in Supporting informa-
tion), while two prompt lifetimes of 18.5/102.6ns could be fitted
for the R-4 based thin film (Fig. S13b in Supporting information).
The lifetime of 18.5ns corresponded to the relaxation from S; to
So and the latter lifetime of 102.6ns could be attributed to the
interference of the delayed component causing baseline drift up-
ward. For compound R-2, two delayed components with lifetimes
(T4) of 21.98 ps/169.9 us were observed inferring its RISC process
at 300K in a vacuum. And the delayed component proportion were
suppressed by the oxygen in air atmosphere like most traditional
TADF emitters (Fig. 5b). The delayed emission of R-4 displayed
much longer delayed-component lifetimes of 117.5 ps/1119 ps, and
also exhibited more pronounced oxygen quenching phenomenon
than emitter R-2 due to the longer residence time of triplet ex-
citons caused by larger AEsy (Fig. 5¢). As mentioned earlier, the
two adjacent molecules in the dimer crystals of both R-2 and R-4
showed absolutely different dihedral angles and twisted conforma-
tions. Therefore, the phenomenon of double delayed components
could also be attributed to the coexistence of two stable confor-
mations which might open up two distinct emission channels for
excited states. Additionally, temperature-dependent time-resolved
PL decay profiles of the isomers in doped films were conducted
at 300, 200 and 100K to further investigated the photophysical
properties of the delayed components (Fig. S12 in Supporting in-
formation). In the case of mCP:R-2, the lifetimes (74; & 74p) of
these two delayed components were prolonged and the propor-
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tions were also significantly reduced from 300K to 100K, which
was in line with the trend of traditional TADF emitters exhibit-
ing positive temperature dependence. More specifically, the over-
all TADF components proportion could reach 57.71%, 33.97% and
31.87% at the temperatures of 300, 200 and 100K, respectively. As
for mCP:R-4, the microsecond-scale delayed component (74;) man-
ifested an identical positive temperature dependence as conven-
tional TADF emitters, and the proportion increased from 29.35% to
41.63% when the temperature rises from 100K to 300K. In con-
trast, the millisecond-scale delayed component (7g4,) proportion
decreased slightly from 45.54% to 37.58% when raising the temper-
ature from 100K to 300K. This might be attributed to the fact that
R-4 can form exciplexes with mCP, but the exciplexes could not
successfully equilibrate with their components [29]. And the pho-
tophysical parameters of R-2 and R-4 doped films were summa-
rized in Table S2 (Supporting information). Variable temperature
test results were in Tables S3 and S4 (Supporting information).

In order to investigate the ground state chiroptical properties of
these enantiomers, we measured the circular dichroism (CD) spec-
tra of R/S-1~R/S-4 in a dilute CHCl3 solution (Fig. 4 and Fig. S6
in Supporting information). The CD spectra of these enantiomers
showed perfect mirror images and absolutely converse Cotton ef-
fects. Among them, R-1 and R-2 exhibited quite similar circular
dichroism trends showing positive Cotton effect in the short-wave
range from 240 nm to 270 nm and negative Cotton effect between
270 nm and 350 nm, which could be attributed to the characteristic
m-mr* absorption of chiral binaphthyl moieties. R-3 exhibited a pos-
itive Cotton effect from 240nm to 285nm and a negative Cotton
effect could be obtained in the range from 285 nm to 360 nm. Sim-
ilar to UV—vis absorption, the overall circular dichroism spectrum
of R/S-4 is red-shifted relative to R/S-3 accompanied by reduced
CD signal at short wavelengths and enhanced CD signal at long

wavelength. The largest g,,s values (Fig. S14 in Supporting infor-
mation) for R/S-1, R/S-2, R/S-3 and R/S-4 are —1.9 x 1073/1.2 x 103
(340nm), 11x1073/-11x10"3 (257nm), —7.1x 1074/8.6 x 10~
(328nm) and —7.4 x 1074/7.4x10~* (353 nm), respectively. Fur-
thermore, CPL spectra of enantiomers were also measured in both
solution (Fig. 15 in Supporting information) and thin film states
(Fig. S16 in Supporting information). Unfortunately, there is no ob-
vious CPL signal either in dilute CHCI5 solution for R/S-1~R/S-4 or
doped thin films in mCP host for R/S-2 and R/S-4. The CPL spectra
of those R- and S-enantiomers exhibited a weak mirror symmetry
relationship, resulting in alternating positive and negative signals
due to too weak signals and large noise. This situation has also
been reported in some previous literature [30], and we plan to use
polymers such as F8BT to induce chiral luminescence to enhance
the CPL signal of these molecules in our future research.

Based on the sufficiently small AEsr (0.12eV/0.17eV) and
reasonable PL quantum yields for doped films in mCP hosts
(36.9%/41.3%) of 2 and 4, we anticipated that they would be
used in efficient organic light-emitting diodes. To test their per-
formance, we fabricated OLEDs with optimized structures for
device A: ITO/1,1-bis[4-[N,N-di(tolyl)amino]phenyl]cyclohexane
(TAPC) (30nm)/4,4’,4"-tris(carbazol-9-yl)triphenylamine (TCTA)
(10nm)/5 wt% S-22mCP  (45nm)/1,3,5-tri[(3-pyridyl)phen-3-
yllbenzene (TmPyPB) (50 nm)/8-hydroxyquinolinolato-lithium
(Liq) (2nm)/Al (100nm), and for device B: ITO/TAPC (30 nm)/mCP
(5nm)/5 wt% S-4:mCP (20nm)/TmPyPB (40nm)/Liq (1nm)/Al
(100 nm), where TAPC act as the hole transport layers, TCTA and
mCP act as the exciton/electron blocking layers, TmPyPB act as
the electron-transport layers, Liq act as the electron-injection
layers. At the doping concentration of 5 wt%, S-2 device exhibited
electroluminescence centered at 540 nm, while the EL spectra of
S-4 device is accompanied by a narrowing of full width at half
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maximum and a redshift of the emission peak by 10 nm. The de-
vice A containing S-2 was turned on at a voltage of 3.9V and the
current efficiency, power efficiency, EQE and maximum luminance
could be up to 32.8cd/A, 26.41m/W, 10.9% and 3558 cd/m2. The
device B based on S-4 emitted yellow-green light with a turn-on
voltage of 3.8V, a current efficiency of 27.1 cd/A, a power efficiency
of 22.4Im/W, a slightly lower EQE of 8.32% and a maximum
luminance of 3023 cd/m? (Fig. 6 and Table S5 in Supporting infor-
mation). Considering the lower PL quantum yield of 2 relative to 4
in mCP doped films, we can attribute the higher EQE of device A
compared with device B to a smaller energy level gap between S;
and T; for compound 2 which promoted higher exciton utilization.
More specifically, the EQEs of 10.9% and 8.32% for device A and
B are equivalent to exciton utilization ratio of 98.5% and 67.2%
assuming a light out-coupling efficiency of 30%.

In summary, we adopted a chiral binaphthyl skeleton to con-
struct four pairs of novel thioxanthone derivative enantiomers,
named R/S-1, R/S-2, R/S-3 and R/S-4, respectively. Among them,
emitter R/S-2 and R/S-4 obtained by enhancing intramolecular
charge transfer and changing the substitution sites of thioxanthone
oxide exhibited TADF characteristics as well as some unique photo-
physical properties, such as the opposite temperature dependence
of R-4 doped film. The CD spectra of these enantiomers in di-
luted solutions showed perfect mirror images and reasonable g,ps
for small organic molecules (10-4-10-3). However, the CPL spectra
of those R- and S-enantiomers exhibited a weak mirror symmetry
relationship, resulting in alternating positive and negative signals
due to too weak signals and large noise. And using polymers such
as F8BT to induce chiral luminescence to enhance the CPL signal
of those molecules will be the subject of our future research. The
EQEs of 10.9% and 8.32% for device A and B based on emitter S-2
and S-4 were highest compared with currently reported axial chi-
ral molecules based on the 3,3/-position substitution of binaphthyl
skeleton [13,14,31], providing simple molecular design strategies to
construct efficient CP-OLED device.
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