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A chiral co-assembled exciplex host achieved
extremely outstanding narrowband circularly
polarized electroluminescence
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High-performance circularly polarized organic light-emitting diodes (CP-OLEDs) that can simultaneously
achieve narrowband emission and high electroluminescence asymmetry factor (gg ) values remain
a formidable challenge. In this study, a simple strategy utilizing a co-assembled chiral exciplex as a host
material was employed to fabricate high-performance CP-OLEDs. The exciplex was constructed from
chiral acceptor enantiomers (R/S-TRZ) and an achiral liquid-crystalline donor (CzTPA). Upon thermal
annealing, the resulting co-assembled films exhibited circularly polarized luminescence (CPL) with
a luminescence asymmetry factor (gm) up to 0.58. Introducing the achiral green multiple-resonance
thermally activated delayed fluorescence (MR-TADF) emitter to the exciplex host enabled high-
performance circularly polarized electroluminescence (CP-EL). The resulting device exhibited a large gg.

value of 0.28, a narrow full width at half-maximum (FWHM) of 33 nm, and negligible efficiency roll-off.
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materials, representing one of the highest gg values of reported narrowband emission CP-OLEDs to

DOI: 10.1039/d55c096849 date. It further establishes a general strategy for fabricating high-performance CP-OLEDs with readily
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Introduction

Recently, circularly polarized organic light-emitting diodes (CP-
OLEDs) have attracted widespread attention due to their capa-
bility for direct circularly polarized light emission for 3D
displays and next-generation lighting sources.*™ Since the first
case of CP-OLEDs in 1997,° various device emitting layers
(EMLs) have been explored, such as chiral organic small mole-
cules,*” chiral polymers,® chiral thermally activated delayed
fluorescence (TADF) dyes,”'° chiral metal-complexes,'"** and so
on."”*'* However, most of the reported CP-OLEDs have exhibited
low electroluminescence asymmetry factor (gg;) values in the
range of 10> to 10>, thereby largely limiting their application
prospects.”>™” In recent years, the chiral supramolecular
assembly strategy has emerged as a promising and efficient
strategy for developing high-performance CP-OLEDs."®* Our
group reported a series of CP-OLEDs with gg; values of 1072
order of magnitude based on chiral co-assembled EMLs.>*>¢
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available achiral emitters, thereby significantly broadening applications in chiral optoelectronics.

Nevertheless, further increasing gg;, remains challenging and is
critical for advancing high-performance CP-OLEDs.

Chiral multiple-resonance TADF (MR-TADF) molecules have
emerged as the ideal emitters for high-performance CP-OLEDs
owing to their high color purity and narrow emission.””*°
However, the prolonged delayed fluorescence characteristic of
MR-TADF emitters promotes exciton annihilation, which often
results in severe efficiency roll-off and shortened operational
lifetime in OLED devices.*"** An exciplex is an intermolecular
charge transfer state emission, generated by a completely
spatially separated donor-acceptor (D-A) molecular pair.**3*
The physically blended D-A molecules can realize balanced and
barrier-free charge transport, along with a more efficient reverse
intersystem crossing (RISC).***” These properties endow the
exciplex with significant potential as a host for MR-TADF
emitters, facilitating efficient Forster resonance energy trans-
fer (FRET) of excitons to the emitters, and suppress efficiency
roll-off of the MR-TADF OLEDs.***" Additionally, an exciplex
system featuring separated frontier orbitals would be favorable
for a small electric transition dipole moment (u), a large cos 6 (¢
is the angle between the magnetic transition dipole moment ()
and w). This is conducive to the preparation of CP-OLED devices
with large g values.*” In 2022, Yang et al.*® reported a chiral
exciplex host formed by a chiral donor and an achiral acceptor,
which sensitized an MR-TADF emitter via efficient FRET,
achieving CP electroluminescence (CP-EL) with |gg;| of 2.8 x
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Scheme 1
thermal annealing, and (d) FRET process; (e) the device configuration of

10~% and narrow emission. In 2025, He et al.*> developed a pair
of triptycene-bridged enantiomers. When combined with PO-
T2T to form a chiral host, the resulting CP-OLEDs exhibited
an enhanced |gg; | value of 2.19 x 10>, The chiral exciplex host
strategy provides a general approach for directly generating
high-performance CP-EL. However, this strategy usually suffers
from inherently low gg;, values, which continues to limit device
performance.

In this work, we propose an effective strategy for construct-
ing EMLs that yield CP-OLEDs with large gy values and
narrowband emission. The approach employs a chiral co-
assembled exciplex host, formed by doping an achiral liquid
crystalline donor with a chiral acceptor, together with an achiral
MR-TADF emitter, CzBN.** Specifically, the liquid crystalline
molecule CzTPA was designed as a strong electron-donating
unit, while axially chiral binaphthyl derivatives functionalized
with a 2,4,6-triphenyl-1,3,5-triazine moiety (R/S-TRZ) served as
chiral electron-accepting components (Scheme 1a). Then, chiral
co-assembled exciplexes (CzTPA), o,-(R/S-TRZ), o5 Were prepared
by doping chiral inducers R/S-TRZ into the achiral liquid crys-
talline molecules CzTPA (Scheme 1b). After thermal annealing
at 125 °C, the (CzTPA)y.0,-(R/S-TRZ), g films showed the stron-
gest CPL emission (|gjum| = 0.58, @p, = 34.47%) due to the
formation of regular helical nanofibers (Scheme 1c). Inspir-
ingly, introducing an MR-TADF emitter into a chiral co-
assembled exciplex host, the ternary co-assemblies showed
strong CPL emission with a small full-width at half-maximum
(lgum| = 0.42, FWHM = 33 nm) via a FRET mechanism
(Scheme 1d). Furthermore, solution-processed CP-OLEDs
employing the ternary co-assemblies as the EMLs achieved
CP-EL with an FWHM of 33 nm, a maximum external quantum
efficiency (EQEmax) of 2.0%, and gg;, of 0.28 (Scheme 1e). To the
best of our knowledge, this work is the first case of narrowband
CP-OLEDs based on chiral co-assembled exciplex host mate-
rials. Notably, this work can provide an efficient strategy for
achieving high-performance CP-EL with narrowband emission
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(a) Chemical structures of CzTPA, R/S-TRZ, and CzBN; schematic diagram of the chiral co-assembled process, (b) before and (c) after

CP-OLEDs.

from achiral emitters via a chiral co-assembled and energy
transfer process.

Results and discussion
Synthesis and characterization

The synthetic procedures and detailed characterization data for
CzTPA and R/S-TRZ are provided in the SI. Thermogravimetric
analysis (TGA) and differential scanning calorimetry (DSC) were
used to evaluate their thermal properties. As shown in Fig. S1a,
CzTPA and S-TRZ exhibited excellent thermal stability with
decomposition temperatures (Ty, 5% weight loss) of 479 and
472 °C, respectively, indicating that all compounds are essential
for potential applications of high-performance OLEDs.*
Subsequently, DSC was employed to investigate the phase
transitions. For S-TRZ, only the melting temperature (T,,) of 176
°C was observed. But CzTPA exhibited temperature-dependent
phase transition characteristics. The DSC curve of CzTPA
showed T, of 113 °C and isotropic temperatures (7}) of 186 °C
(Fig. S1b). Moreover, the temperature-dependent phase transi-
tion characteristics were further characterized using polarized
optical microscopy (POM) and small angle X-ray scattering
(SAXS). As shown in Fig. S2a, a clear threadlike texture was
observed upon the heating process, indicating its nematic
nature. Furthermore, a weak peak of SAXS profiles at 260 = 4.3°
exhibited the nematic ordering peak, and the weak broad peak
at 26 = 19° further confirmed the presence of a nematic liquid
crystalline phase (Fig. S3a).

Electrochemical properties

Subsequently, the electrochemical properties of CzTPA and S-
TRZ were evaluated by cyclic voltammetry (CV), and the results
are summarized in Fig. S4 and Table S1. According to the
absorption edge (Aonsec) and energy level gap (E,), the highest
occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) energy levels of CzTPA and S-TRZ

© 2026 The Author(s). Published by the Royal Society of Chemistry
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were calculated to be —4.97/—1.13 eV and —6.19/—1.97 eV,
respectively, which indicate that CzZTPA can form an exciplex
with S-TRZ. In addition, density functional theory (DFT) calcu-
lations on the models of CzZTPA and S-TRZ were also performed.
As shown in Fig. 1, the HOMO of CzTPA is almost completely
distributed on the carbazole fragments, while the LUMO of S-
TRZ is almost completely distributed on the triphenyltriazine
fragment, which indicates efficient charge transfer interactions
from CzTPA to S-TRZ.*® And the theoretically calculated HOMO/
LUMO energy levels of CzTPA and S-TRZ were located at —4.99/
—1.20 eV and —6.23/—1.97 eV, respectively, which were in good
agreement with the CV experimental data.

Photophysical properties

The UV-vis absorption and photoluminescence (PL) spectra of
CzTPA and S-TRZ were measured in spin-coated films. The
absorption band of CzTPA at 268 nm corresponds to the m-m*
transition of the carbazole moiety, whereas the absorption at
368 nm arises from the extended m-conjugated structure. For S-
TRZ, the absorption maximum at 269 nm is also attributed to
-1 * transitions (Fig. 2a). The PL emission peaks of CzTPA were
located at 423 and 442 nm, while S-TRZ showed a single emis-
sion peak at 393 nm. In order to achieve CPL emission, co-
assembled films (CzTPA),~(S-TRZ), were prepared by blending
achiral CzTPA with varying weight percentages (wt%) of chiral S-
TRZ. Intriguingly, the absorption spectrum of (CzTPA),~(S-TRZ),
was a simple overlap of the two components of CzTPA and S-
TRZ, indicating that there was no formation of charge-transfer
complexes in the ground state.*” Compared with the CzTPA
and S-TRZ, (CzTPA),(S-TRZ), exhibited a significantly red-
shifted emission, which indicated the formation of exciplexes
upon optical excitation.®® To further investigate the photo-
physical properties of exciplexes, the transient photo-
luminescence decay profiles were measured.>* As the wt% of S-
TRZ increased to 10%, (CzTPA),-(S-TRZ), displayed a signifi-
cantly increased fluorescence lifetime from 0.74 to 98.80 ns. The
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Fig. 2 (a) UV-vis absorption and (b) PL spectra of CzTPA, S-TRZ, and
(CZTPA),~(S-TRZ), in spin-coated films after thermal annealing.

results and photoluminescence quantum yields (PLQY) are
summarized in Fig. S5 and Table S2.

Chiroptical properties

The chiroptical properties of the R/S-TRZ and (CzTPA),-(R/S-
TRZ), in spin-coated films were investigated using circular
dichroism (CD) and CPL spectra. As shown in Fig. S6a, R/S-TRZ
exhibited good mirrored CD signals in the 200-350 nm range.
However, no CPL signals were detected (Fig. S6b). Meanwhile,
the films of (CzTPA),~(R/S-TRZ), exhibited weak mirror-imaged
CD bands with the new Cotton effect bands and CPL signals
before thermal annealing (Fig. S6¢c and d). Based on the CPL
spectra of co-assembled (CzTPA)y o,-(S-TRZ), g films annealed
at different temperatures (Fig. S7a), the optimal annealing
temperature was determined to be 125 °C. After annealing at
125 °C for 20 min, both CD and CPL signals of (CzTPA),~(R/S-
TRZ), were significantly enhanced (Fig. 3a and b), which indi-
cated that the thermal annealing treatment process promoted
the formation of chiral co-assemblies with a highly regular
arrangement.*> Among the tested compositions, the films with
8 wt% R/S-TRZ doping showed the strongest Cotton effect peaks
at 378 nm and CPL emissions at 488 nm (|gjum| = 0.58)
(Fig. S7b). Based on the above data, (CzTPA).g,-(R/S-TRZ) s
can be selected as the chiral co-assembled exciplex host for
making high-performance CP-OLEDs.
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Fig. 1 Optimized structures and calculated HOMO-LUMO spatial distributions of CzTPA and S-TRZ.
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Fig.3 CD spectra of (a) (CZTPA),-(R/S-TRZ), and (c) (CzTPA)g >-(R/S-
TRZ)0.08-(CzBN),; CPL spectra of (b) (CzTPA),-(R/S-TRZ), and (d)
(CZTPA)g.92-(R/S-TRZ) 0g-(CzBN), in spin-coated films.

To achieve high performance CP-OLEDs that combine large
ge values and narrowband emission, chiral co-assembled
exciplexes (CzTPA)y.o,-(R/S-TRZ), 05 Were selected as both the
host and energy donor, while the MR-TADF molecule CzBN,
known for its narrowband emission, served as the energy
acceptor for FRET. As illustrated of Fig. S8a, the absorption
spectrum of CzBN overlaps strongly with the PL of (CzTPA), o,-
(S-TRZ), s over the 387-501 nm range, suggesting that efficient
FRET can occur from the exciplex host to CzZBN upon photoex-
citation. Subsequently, a series of ternary chiral co-assemblies
were fabricated by doping different wt% of CzBN into
(CzTPA)g.95-(S-TRZ) 0. These ternary chiral co-assembled films
of (CzTPA)y 95-(S-TRZ)y.0s-(CzBN), displayed narrowband emis-
sion in the range of 495-500 nm and FWHMs of 33-37 nm,
respectively (Fig. S8b and Table S3). Intriguingly, narrowband
emission was preserved even at a low doping ratio of 0.3 wt%. In
addition to narrowing the emission peak, the PLQY of ternary
chiral co-assembled films was also significantly enhanced. The
PLQY of (CzTPA)y 9,-(S-TRZ)y.0s was only 34.47%, and that of
(CzTPA).92-(S-TRZ). ¢5-(CzBN), 903 Was increased to 68.82%. The
fluorescence lifetime and PLQY are summarized in Fig. S9 and
Table S3.

The CD and CPL spectra of (CzTPA), ¢5-(R/S-TRZ) 0s-(CzBN),
were further investigated. Before thermal annealing, the ternary
co-assembled films displayed very weak CD signals, similar to
films of (CzTPA)y.os-(R/S-TRZ)y0s (Fig. S10a). After thermal
annealing at 125 °C for 20 min, these films exhibited an obvious
doping ratio dependence behavior and enhanced CD signals.
With the increase of doped CzBN from 0.3 to 2.0 wt%, the
strongest cotton effect peaks at 373 nm decreased, suggesting
that excess of CzBN disrupts the chiral co-assembled process
(Fig. 3c).”® Corresponding CPL spectra revealed a similar trend:
the as-prepared films displayed weak CPL emission (Fig. S10b),
whereas after annealing, the optimized (CzTPA),o,-(R/S-
TRZ)y.05-(CzBN)g.00s film exhibited a strong CPL signal at
495 nm with |gj,m| of 0.42 (Fig. 3d and S10c).
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Morphology study

To deeply understand the chiral transfer and induction mech-
anism, the morphological evolution of (CzTPA)y.o,-(S-TRZ)o.0s
and (CzTPA)y 92-(S-TRZ)y.05-(CzBN)p 003 under different condi-
tions was measured using scanning electron microscopy (SEM).
The spin-coated films of all materials exhibited smooth surfaces
both before and after thermal annealing (Fig. 4a, d and S11a, d).
To better visualize the co-assembly behavior, diluted films
(0.2 mg mL™"! in toluene) and the aggregated states (2 x
10~ mg mL™" in THF/H,0 = 60/40, v/v) were prepared. SEM
images of the diluted films revealed the emergence of ordered
morphologies after thermal annealing, which were not
apparent in the before thermal annealing samples (Fig. 4b, e
and S11b, e). Notably, compared with the aggregates before
thermal annealing (Fig. S11lc and f), the aggregates after
thermal annealing formed highly regular left-handed helix (M-
helix) nanofibers (Fig. 4c and f), consistent with the significant
enhancement of CD and CPL signals. Furthermore, SAXS
profiles confirmed that the chiral co-assemblies develop a well-
ordered helical superstructure, characteristic of a chiral
nematic liquid crystalline phase (Fig. S3b and c¢).***

CP-EL properties

The film-forming properties of the EMLs are crucial for
achieving high-performance OLEDs. The surface morphologies
of the spin-coated films of (CzTPA)yo,-(S-TRZ)0s and
(CzTPA)0.95-(S-TRZ) ¢5-(CzBN), o3 were probed by atomic force
microscopy (AFM). As shown in Fig. S12, the AFM images of
films annealed at 125 °C reveal smooth and homogeneous
surfaces, with root-mean-square (RMS) roughness values as low
as 0.22 nm for both compositions. The absence of particle
aggregation or phase separation further confirms their excellent
film-forming ability. These results demonstrate that such chiral
co-assemblies are suitable for use as EMLs in CP-OLEDs.***
Subsequently, the EL performances of R/S-D devices based on
(CZTPA)g.02-(R/S-TRZ) 0s-(CzBN), o3 Were investigated. Solution-
processed CP-OLEDs were constructed with the following
architecture: indium tin oxide (ITO)/poly(3,4-
ethylenedioxythiophene): poly(styrenesulfonate) (PEDOT:PSS)

(25 nm, hole-injection layer)/(CzTPA)y ,-(R/S-TRZ)0.os-

Fig. 4 SEM (d-f)

images of (a—c)
(CzTPA)g.92-(S-TRZ)g.08-(CzBN)g 003 after thermal annealing ((a and d):
film, 20 mg mL~ in toluene; (b and e): film, 0.2 mg mL~*in toluene; (c
and f): aggregate state, 2 x 10> mg mL™tin THF/H,O = 60/40, v/v).

(CzTPA)o.92-(S-TRZ)0 0s and

© 2026 The Author(s). Published by the Royal Society of Chemistry
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S-D devices.

(CzBN)p.003 (140 nm, EML)/TPBi (35 nm, electron-transport
layer)/Ca (10 nm)/Ag (100 nm). The energy levels of the
devices, EL spectra, current density-voltage-luminance (J-V-L),
current efficiency-luminance (CE-L) characteristics and CP-EL
spectra are depicted in Fig. 5. All the characteristics of devices
are listed in Table S4. As a result, after the thermal annealing
process of EMLs, the R/S-D displayed a green narrowband
emission (Ag;, = 488 nm, FWHM = 33 nm) with CIE coordinates
of [0.13, 0.38]. Additionally, R/S-D exhibited commendable
device performances with turn-on voltages (V,,) of 7.5/6.6 V,
high maximum luminance (Ly.) of 4376/6471 cd m 2,
maximum current efficiencies (CEmay) of 2.1/3.4 ¢d A™%, and
EQE 2« Of 1.2%/2.0%. Furthermore, a low efficiency roll-off was
achieved, with the device retaining an EQE of 1.0%/1.7% at 1000
cd m~?, demonstrating the advantage of the exciplex host in
minimizing efficiency loss at high luminance for efficient CP-
OLEDs. Importantly, their CP-EL performances were also eval-
uated, and the device displayed strong CP-EL signals with high
gg, values of up to +0.28/—0.27 (e, = 488 nm) (Fig. S13), rep-
resenting one of the highest gg; values of the reported
narrowband emission CP-OLEDs to date (Table S5). These
results verify the effectiveness of the co-assembled exciplex host
strategy for highly efficient CP-OLEDs with narrowband emis-
sion and large gg;, values.

Conclusions

In summary, chiral exciplex host systems were successfully
constructed through the co-assembly of a chiral acceptor (R/S-
TRZ) and an achiral liquid-crystalline donor (CzTPA). By intro-
ducing an MR-TADF emitter into these hosts, ternary co-
assemblies were obtained that exhibited strong CPL with |g.
lum| UP to 0.42 arising from their well-defined helical nanofiber
morphology. Most importantly, these ternary co-assemblies
were successfully employed as the EMLs of solution-processed
CP-OLEDs. The devices achieved CP-EL with FWHM = 33 nm,
EQEax Of 2.0%, and |ggy| of 0.28. This study provides a simple
and general strategy for designing nearly roll-off-free and high
gr, CP-EL materials with narrowband emission using a co-

© 2026 The Author(s). Published by the Royal Society of Chemistry
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(a) The energy level diagram; EL spectra of the devices: (b) R-D and (c) S-D; (d) J-V-L curves; (e) CE-L curves; (f) CP-EL spectra of the R/

assembled chiral exciplex-forming co-host. We believe that
a multi-component co-assembled chiral functional layer might
serve as an ideal platform for high-performance CP-OLEDs.
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