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Circularly polarized luminescence with high
dissymmetry factors for achiral organic
molecules in solutions

Ming-Jun Ji1,2,3, Wen-Long Zhao1,2,3, Meng Li 1,2 & Chuan-Feng Chen 1,2

Circularly polarized luminescence (CPL) in solution offers several advantages.
However, it remains challenging for organic molecules to achieve circularly
polarized luminescence with high dissymmetry factor (glum) in solution.
Herein, a general strategy is developedbyplacing chiral nematic liquid crystals
(N*-LCs) behind the solution of achiral organic molecules. The selective
reflection-transmission mechanism of solution-N*-LC composite system
enables the generation of full-color and white circularly polarized light with
|glum| even reaching 2.0. This strategy demonstrates versatility, being applic-
able to both aqueous and organic solutions, and effectively achieving the
circularly polarized luminescence of multiple molecules with high glum values.
Additionally, CPL switching and logic gate applications are successfully rea-
lized by leveraging the selective reflection-transmission mechanism of N*-LCs
and the reversible acid-base responsiveness of the solution systems. This work
provides a general and robust strategy for achiral organicmolecules to achieve
circularly polarized luminescence with high |glum| values in solutions.

Circularly polarized light (CP light) is a kind of electromagnetic wave
with constant amplitude1–3. In recent years, due to its optical proper-
ties, circularly polarized luminescence (CPL) matrerials has wide
potential applications in fields such as 3D displays, optoelectronic
devices, chiral sensors, and anti-counterfeiting technologies4–10. Oneof
the most significant properties of CPL is the dissymmetric lumines-
cence factor, denoted as glum. The definition of this factor is given by
the equation glum = 2(IL – IR)/(IL + IR), where IL represents the emission
intensity of left-handed circularly polarized light and IR denotes the
emission intensity of right-handed circularly polarized light. According
to this definition, the theoretical values of |glum| can range from0 to 211.
However, the low glum value of early circularly polarized luminescent
materials have limited their practical applications. Therefore, to
achieve circularly polarized luminescence with higher glum values in
micro- or macromolecules, researchers commonly employ chiral
strategies, which typically involve covalently bonding chiral compo-
nents to luminescent molecules, resulting in a substantial body of
research12–20. Among them, circularly polarized luminescence in

solution systems offers several advantages, including higher sensitiv-
ity, reduced influence from light reabsorption and scattering, more
consistent molecular orientation, more uniformmolecular dispersion,
andpotential biomedical applications21. However, due to the reduction
in the degree of chiral assemble or the appearance of monomeric
states in solution, the |glum| values of chiral organic luminescent
molecules solutions typically ranges only from 10−4 to 10−322–26. More-
over, the synthesis of chiral organic luminescent molecules usually
requires complex chiral resolution processes, contributing to their
high costs. Therefore, developing a general strategy to achieve effi-
cient circularly polarized luminescence with high |glum| values in
solutions of achiral organic luminescent molecules remains an
important and challenging task.

Liquid crystals (LCs) occupy a thermodynamic state between an
organized crystalline solid phase and a completely disordered iso-
tropic liquid phase27–29. They exhibit a state of order reminiscent of
solids while retaining the fluidity of liquids. By introducing chiral
dopants into LCs, chiral nematic liquid crystals (N*-LCs) can be
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formed30–33. In recent years, researchers have leveraged the co-
assembly of N*-LC hosts with chiral or achiral luminescent guest
molecules, effectively amplifying or generating CP light with sig-
nificantly enhanced glum values through the selective reflection-
transmission mechanism of the liquid crystals30,33–49. These co-
assembly strategies of N*-LC include the ternary co-assembly of
achiral luminescent molecules - chiral dopants - liquid crystals, binary
co-assembly of chiral luminescent molecules - achiral liquid crystals,
binary co-assembly of achiral luminescent liquid crystals - chiral
dopants, and binary co-assembly of chiral liquid crystals - achiral
luminescent molecules. These approaches undoubtedly address the
challenge of achieving |glum| values greater than 1 in the aggregated
and solid states for circularly polarized luminescence. However, the |
glum| values in these co-assembly systems are difficult to further
improve to 2. This is likely due to the unevendispersion of luminescent
molecules within the N*-LC system and the disruption of the highly
ordered chiral assembly of the N*-LCs caused by the addition of
luminescent molecules.

Inspired by these work, to achieve circularly polarized lumines-
cencewith high |glum| values in solution fromachiral organicmolecules
and to verify whether the separation of luminescent molecules from
N*-LCs can further enhance |glum| values, we herein propose a general
and robust strategy. In this strategy, the achiral luminescentmolecules
were separated from N*-LCs and the N*-LCs were placed behind the
solution of achiral luminescent molecules (Fig. 1). Notably, it is found
that the |glum| values of these composite systems can all exceed 1.5 and,
in some cases, approach 2. This strategy is highly versatile. It is
applicable to a range of molecular types, including non-chiral fluor-
escent, phosphorescent, and thermally activated delayed fluorescence
(TADF) molecules. Additionally, this strategy can generate full and
white color CP lightwith high |glum| values in both aqueous andorganic
solutions.These results also demonstrate that when achiral molecules
are separated from N*-LCs, the absence of issues such as uneven dis-
persion of achiral molecules within the N*-LCs and the disruption of
the ordered chiral assembly of N*-LCs by the achiral molecules, allows

this strategy to further enhance the |glum| values of the N*-LC-based
composite systems for circularly polarized luminescence. Morover, in
this work, a molecular logic gate based on circularly polarized lumi-
nescence was successfully designed by leveraging the reversible
stimulus-responsive mechanism of luminescent color changes in
solution and the selective reflection and transmission mechanisms of
N*-LC.

Results
Preparation and characterization of N*-LC
Doping chiral dopants into liquid crystals is a widely adopted method
for preparing N*-LCs30–33. Herein, a series of N*-LC materials (R1–R9,
S1–S9) with varying chiral dopant ratios were prepared by doping R/S-
5011 into SLC1717 (Supplementary Tables S1, S2). These N*-LCs were
then encapsulated between two quartz plates, and their photophysical
properties were investigated using polarized optical microscopy
(POM), UV-vis absorption spectroscopy, circular dichroism (CD)
spectroscopy, reflection-transmission spectroscopy, and CPL spec-
troscopy. POM of R-type N*-LCs was employed as example to examine
the texture of the prepared N*-LCs (Fig. 2a–c, Supplementary Fig. S3).
The results of POM confirm the excellent compatibility of R-5011 with
SLC1717 and the successful construction of the cholesteric phase.
Furthermore, the classical oily streak textures observed in the POM
images suggest that the helical axes of the prepared N*-LCs are
oriented perpendicular to the quartz substrate30,50. UV-vis absorption
and CD spectroscopy are among the most effective and widely used
techniques for studying the chiroptical properties of compounds.
Supplementary Figs. S1, S2, S4, and S5 present the UV-vis and CD
spectra of the prepared N*-LCs. The UV-vis and CD spectra feature two
peaks: the first, located at 330 nm, corresponds to the absorption of R/
S-501116,51; while the second, attributed to the N*-LCs, shifts with vary-
ing R/S-5011 doping ratios. Notably, distinct CD signals are observed at
the absorption peaks of N*-LC in the CD spectra of R1–R9 and S1–S9,
owing to the formation of chiral co-assembled structures. R-type N*-
LCs consistently exhibit negative CD signals, whereas S-type N*-LCs

Fig. 1 | The schematic of the strategyproposed in this study. aThe selective reflection and transmissionmechanismofN*-LCs.bThe composition of thepreparedN*-LCs
in this study.
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displaypositiveCD signals. Importantly, the CD intensities of all N*-LCs
either approach or exceed the instrumental limit of ±30,000 mdeg,
indicating a successful transfer of chirality from R/S-5011 to the N*-LCs.

The chiroptical properties and ground-state chirality of the pre-
pared N*-LCs was confirmed through UV-vis and CD spectroscopy,
indicating their potential to convert unpolarized light into circularly
polarized light. It is well-established that the generation of high dis-
symmetry factors in CPL from N*-LCs is attributed to their selective
reflection and transmission mechanisms. Specifically, when an unpo-
larized light with a wavelength matching the selective reflection/
transmission band of a N*-LC passes through the N*-LC material, it is
split into two circularly polarized light with opposite handedness.
Among these, the circularly polarized light with the same handedness
as the N*-LC is selectively reflected, while the opposite-handed com-
ponent is transmitted and detected30,52. Therefore, according to the
definition of the dissymmetry factor, glum = 2(IL – IR)/(IL + IR), this
mechanism theoretically enables the generation of CP light with glum
values reaching the theoretical maximum of ±2. To validate this, the
reflection and transmission spectra of thepreparedN*-LCs and theCPL
properties of light transmitted through the N*-LCs at different wave-
lengths were all systematically measured (Supplementary Tables S3,
S4, Supplementary Figs. S6–S27). In terms of spectral peak positions,
consistent with the UV-vis and CD spectra, the reflection and trans-
mission peaks of the N*-LCs shift with changes in doping ratio. More-
over, for each specific N*-LC, the spectral peaks in the UV-vis, CD,

reflection, and transmission spectra can be directly correlated. CPL
measurements show that unpolarized light passing throughR-type and
S-type N*-LCs generates left-handed and right-handed circularly
polarized light, respectively. Furthermore, the CPL results reveal a
clear correlation between the wavelength of the incident unpolarized
light and the resulting CPL properties. Specifically, when the wave-
length of the unpolarized light approaches the reflection/transmission
peaks of the N*-LC, the CPL signal and dissymmetry factor increase
even reaching the theoretical maximum value of ±2 for circularly
polarized light. Conversely, as the wavelength of the unpolarized light
moves away from the reflection/transmission peaks, both the CPL
signal and dissymmetry factor decrease. For example, the reflection
spectrum of R7 exhibits a peak around 560 nm. Therefore, when an
unpolarized lightwith awavelengthnear 560nmpasses throughR7 via
its selective reflection-transmission mechanism, left-handed circularly
polarized light with a dissymmetry factor of 2 can be obtained. As the
wavelength of the non-polarized light deviates from 560nm, with the
DC intensity remaining constant, both the CPL signal intensity and the
glum value gradually decrease. At unpolarized light wavelengths of
520nmand600 nm, the glum value decrease to 1.7 and 1.6, respectively
(Fig. 2d–f, Supplementary Fig. S16). Similarly, for S7, its reflection
spectrum shows a peak around 520nm. Consequently, when 520nm
unpolarized light passes through S7, right-handed circularly polarized
light with a dissymmetry factor of -2 is generated. As thewavelength of
the light shifts away from 520 nm, the CPL signal and |glum| value

Fig. 2 | Spectrum of N*-LCs. POM images of a R4, b R7 and c R8, d CPL, e DC and f glum values of circularly polarized light generated after unpolarized light of different
wavelengths passes through R7. g CPL, h DC and i glum values of circularly polarized light generated after unpolarized light of different wavelengths passes through S7.
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gradually decrease, with glum value reaching −1.7 at 480 nm and
560 nm (Fig. 2g–i, Supplementary Fig. S25). Through this compre-
hensive series of CPL measurements, demonstrated the potential of
these N*-LC to convert unpolarized light into circularly polarized light
with high dissymmetry factors.

Circularly polarized luminescence of solution-N*-LC
composite system
After confirming that the prepared N*-LCs possess the potential to
convert unpolarized light into circularly polarized light with high dis-
symmetry factors, a general strategy for achieving circularly polarized
luminescence with high dissymmetry factors in achiral solutions was
proposed. The achiral luminescent molecules are first employed to
generate unpolarized light with varying wavelengths in solution. Next,
N*-LCs with selective reflection-transmission spectra that match the
emission wavelengths of solutions are selected and placed behind the
achiral solution. Through the selective reflection and transmission
processes of the N*-LCs, the unpolarized light generated by the achiral
solution is transformed into circularly polarized light with high dis-
symmetry factors (Fig. 3). To validate the feasibility of this strategy,
4-methylumbelliferyl phosphate disodium (4-MUP, Fig. 3), an achiral,
water-soluble fluorescent substrate for phosphatase detection, was
first dissolved in aqueous solution for testing. In aqueous solution, the
fluorescence emission spectrum of 4-MUP is shown in Supplementary
Fig. S34. Following the strategy proposed in this work, the emission
spectrum of 4-MUP in aqueous solution was compared with the
reflection spectra of various N*-LCs. The results revealed that the R1
and S1N*-LCs exhibited the bestmatching with the emission spectrum
(Fig. 4a). Consequently,R1orS1wasplacedbehind the4-MUPaqueous
solution, and the CPL performanceof the entire composite systemwas
tested. The results fully met expectations, as shown in Fig. 4b, the CPL
spectra displayed excellent symmetry after the inclusion of R1 and S1.
Moreover, the luminescence dissymmetry factors of circularly polar-
ized light emitted by the composite system reached the theoretical
values of +2 and −2, respectively (Supplementary Table S5, entry 1-2;
Fig. 4c and Supplementary Fig. S37). With this result, the CPL proper-
ties of a series of achiralmolecules in aqueous solution, combinedwith
N*-LCs, were tested using this strategy. Including disodium N-(ethox-
ycarbonylmethyl)-6-methoxyquinolinium bromide (MQAE), 6-meth-
oxy-N-(3-sulfopropyl)quinolinium (SPQ), 4,4’-bis(2-sulfostyryl)
biphenyl (CBS), lucifer yellow CH dipotassium salt (LY), rhodamine 6G
(R6G), sulforhodamine B (SRB) and rhodamine B (RB), as shown in
Fig. 3. The fluorescenceemission spectraof thesemolecules are shown
in Supplementary Fig. S34. As examples, Fig. 4a demonstrates the
matching of the fluorescence emission peaks of CBS, LY, R6G, RB, and
reflection spectra of S-type N*-LC. Therefore, by employing this strat-
egy, Fig. 4b, c illustrates that the CPL generated from these solutions-
N*-LCs composite system exhibited excellent mirror symmetry and
dissymmetry factors exceeding ±1.5, with some reaching the theore-
tical maximum of ±2. SPQ, MQAE and SRB exhibited the same results
with others (Supplementary Table S5, Supplementary Figs. S37–S39),
thereby confirming the feasibility of this strategy.

To verify the universality of this strategy, further investigations
were extended to a range of luminescent organic-solvent soluble
molecules (Fig. 3). From blue-light to red-light, including fluorescent
molecules such as 9,10-bis[N,N-di-(p-tolyl)-amino]anthracene (TTPA),
rubrene, and 4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminos-
tyryl)-4H-pyran (DCM); phosphorescent molecules such as Iridium(III)
bis(4-(4-tert-butylphenyl) thieno[3,2-c] pyridinato-N,C2’) acet-
ylacetonate (PO-01-TB) and Ir(mphmq)2tmd (REP); thermally activated
delayed fluorescence (TADF) molecules such as 9,9’-(sulfonylbis(4,1-
phenylene))bis(9H-carbazole) (Cz-DPS), 9,9’-(sulfonylbis(4,1-pheny-
lene))bis(3,6-di-tert-butyl-9H-carbazole) (tBuCz-DPS), 10,10’-(sulfo-
nylbis(4,1-phenylene))bis(9,9-dimethyl-9,10-dihydroacridine) (DMAC-
DPS), 10-(4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-9,9-dimethyl-9,10-

dihydroacridine (DMAC-TRZ), and 10-(phenanthridin-6-yl)-10H-phe-
noxazine (CPT-PXZ); multiple resonance-induced TADF (MR-TADF)
molecules such as 2,12-di-tert-butyl-5,9-bis(4-(tert-butyl)phenyl)-5,9-
dihydro-5,9-diaza-13b-boranaphtho[3,2,1-de]anthracene (BNC), and
DtBuCzB (TBN). Figure 4d–f using Cz-DPS, TBN, TTPA, PO-01-TB and
REP as examples, demonstrates the matching of the fluorescence
emission spectra of them with the corresponding reflection spectra of
the S-type N*-LC. Similarly, by placing the matching N*-LC behind the
toluene solution of these molecules, the composite system success-
fully achieved high-performance circularly polarized luminescence.
The CPL spectra exhibited mirror symmetry, with |glum| values greater
than 1.6, and even reaching the theoretical maximum of 2. Beyond
these five examples, other molecules soluble in organic solvents that
were selected in this study also demonstrated high-performance CPL
when using the same strategy in toluene solution (Supplementary
Table S6, Supplementary Figs. S40–S43). These results collectively
demonstrate the feasibility, universality, simplicity, and robustness of
this strategy for generating CPL with high |glum| values in solution. To
study the effect of the incorporation of luminescent molecules on
N*-LC, Cz-DPS was doped into R1 at three different ratios (1.4 wt%,
1.8 wt%, and 2.2wt%). As shown in Supplementary Fig. S46, after
doping Cz-DPS into R1, the glum values decreased from 2.0 (when
Cz-DPS was separated from R1, Supplementary Table S6) to 1.3-1.4.
This indicates that the doping of luminescent molecules has disrupted
the ordered assembly of N*-LC, thereby reducing the glum values.

White-light circularly polarized luminescence has recently gar-
nered significant attention from both academia and industry due to its
broad application potential in photoelectric devices, optical sensors,
information storage and optical anticounterfeiting53. Achieving white-
light CPL emission typically requires a mixture of either chiral mole-
cules emitting the three primary colors or two complementary-color
chiral molecules54–57. In this work, two mixed solutions were success-
fully constructed using complementary-color emitters, one in aqueous
and the other in organic toluene solvents. Specifically, blue-emitting
MQAE andyellow-emittingR6Gwere combined in the aqueous system,
while blue-emitting DMAC-DPS and yellow-emitting PO-01-TB were
mixed in the organic system. The fluorescence emission spectra of
both systems exhibit dual peaks, with the aqueous system emitting at
455 nm and 564 nm (Fig. 4g), and the organic system emitting at
468 nm and 559 nm (Fig. 4j). Their CIE coordinates are (0.31, 0.34) and
(0.31, 0.35), respectively (Fig. 4h, k), both falling within the white-light
region, thus demonstrating the successful preparation of white-light
solutions. Building on the N*-LC strategy proposed in this article, a
method to achieve white-light CPL with high glum values was designed
by placing two N*-LCs, each selectively reflecting blue and yellow
wavelengths, behind the white-light solutions. The experimental
results confirm this approach. For the aqueous system,white-light CPL
wasgeneratedwith glum values reaching+1.9 (R),−1.8 (S) at 455 nm, and
+2.0 (R) and −1.9 (S) at 564 nm (Supplementary Table S7, Supple-
mentary Fig. S44). Similarly, for the organic system, glum values
reached +1.6 (R) and −1.5 (S) at 468 nm, and +1.6 (R) and −1.8 (S) at
559nm (Table S7, Supplementary Fig. S44). These results further
validate the universality and versatility of the N*-LC strategy for
achieving high glum values circularly polarized light in solution.
Moreover, these results also indicate that when achiral luminescent
molecules are separated fromN*-LCs, the further enhancement of the |
glum| can be achieved.

Logic gates
One of the key advantages of luminescent solution systems over solid-
state systems is their ability to achieve tunable color changes, making
them suitable for applications such as probes. For instance, reversible
color modulation can be achieved through acid–base regulation.
When an appropriate N*-LC is placed behind the achiral solution, the
strategy based on the selective reflection-transmission mechanism of
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the liquid crystal, as proposed in this study, allows acid and base sti-
muli to function as CPL switches. In this study, a fluorenyl derivative
with two isoquinoline substituents, 5,5’-(9,9-dihexyl-9H-fluorene-2,7-
diyl)diisoquinoline (F6IQ), was synthesized. As shown in Supplemen-
tary Fig. S36, the fluorescence emission of a 300μL 1 × 10−2M toluene

solution of F6IQ occurs at 390nm, exhibiting a blue color. Upon the
addition of 50μL trifluoroacetic acid (TFA), the nitrogen on the iso-
quinoline group is protonated (Supplementary Figs. S30–S33), causing
the fluorescence emission of the F6IQ+TFA system to shift to 550 nm,
changing from blue to yellow. Subsequently, the addition of 150μL

Fig. 3 | Strategy diagram and molecular structure. Scope of achiral luminescent molecules tested in this study.
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triethylamine (Et3N) to the F6IQ +TFA system results in the fluores-
cence emission shifting back to 390nm, restoring the blue color. This
demonstrates that the fluorescence of F6IQ exhibits a distinct rever-
sible acid-base response.

As shown in Fig. 5a, b, the CPL signal of F6IQ in toluene was
successfully induced by R2 and S2, with a glum value of 1.9 and −2.0 at
397 nm (Fig. 5b, c). Upon addition of TFA to the toluene solution, the
DC signal shifted from 397 nm to 550nm (Supplementary Fig. S45),
consistentwith thefluorescence emission results.However, influenced

by the reflection of N*-LC, the CPL signal shifted to 460nm (Fig. 5b).
Without altering theN*-LC, the glum value of F6IQ-TFA decreased to 0.5
and −0.5 at 460 nm, 0.03 and −0.06 at 550 nm (Fig. 5d). Compared to
the original CPL signal at 397 nm (glum = 1.9 and −2.0), it can be con-
cluded that the CPL signal was “turned off” by the acid treatment.
Subsequently, upon addition of Et3N, the fluorescence emission peak
returned to its original position at 397 nm, and the CPL signal was
restoredwith an intensity similar to the initial state (glum = 2.0 and −1.9,
Fig. 5b, c). Based on the CPL switching behavior of F6IQ described

Fig. 4 | Spectrum of systems. a Emission spectra of 4-MUP, CBS, LY, R6G, RB and
reflection spectraof variousN*-LCs.bCPL spectra and cglum valuesof 4-MUP,CBS, LY
R6G and RB in aqueous solution with N*-LC. d Emission spectra of CZ-DPS, TBN,
TTPA, Rubrene, REP and reflection spectra of various N*-LCs. eCPL spectra and f glum
values of CZ-DPS, TBN, TTPA, Rubrene and REP in toluene solution with N*-LC.

g Fluorescence spectra (Illustration: fluorescence image of white luminescence
aqueous solution). h CIE coordinates and i CPL spectra of white luminescence aqu-
eous solution. j Fluorescence spectra (Illustration: fluorescence image of white
luminescence organic solution). k CIE coordinates and l CPL spectra of white lumi-
nescence aqueous solution.
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above, a molecular logic gate with multi-output capabilities was
designed using acid–base regulation of F6IQ and selective reflection-
transmission mechanism. To effectively construct the proposed logic
circuit, the freshly prepared toluene solution of F6IQ (1 × 10−2M,
300μL) was defined as the initial state of the logic gate. Four inputs
were specified: ultraviolet light (330 nm; INPUT 1), N*-LC (R2/S2;
INPUT 2), TFA (50μL; INPUT 3), and Et3N (150μL; INPUT 4). The
absence or presence of stimuli was assigned as logical inputs “0” and
“1” respectively. Outputs O1, O2, and O3 were defined as the presence
of fluorescence at 397 nm, fluorescence at 460 nm, and CPL activity,
respectively. The absence and presence of a signal were assigned as
logical outputs “0” and “1.” For fluorescence signals at 397 nm or
460nm, the output was defined as “1.” Similarly, the presence of a CPL
signalwas assigned as “1”. The truth tableand schematic diagramof the
logic gate are shown in Table 1 and Fig. 5e. For example, when 330nm
excitation (INPUT 1 = 1), placement of N*-LC behind the solution
(INPUT 2 = 1), addition of TFA (INPUT 3 = 1), and addition of Et3N
(INPUT 4= 1) were applied, the resulting output included CPL activity

with 397 nm fluorescence. The corresponding outputs for O1–O3were
1, 0, and 1, respectively. Thus, the designed logic gate operates under
various external inputs and outputs multiple types of information in
response to stimuli. This model provides an approach for developing
optical logic devices.

Discussion
In summary, this study develops a general and robust strategy for
achieving full-color and white circularly polarized luminescence of
achiral organic molecules in solutions using N*-LC materials doped
with R/S-5011 and SLC1717. Specifically, this strategy involves placing
the N*-LC behind the solution to convert unpolarized light emitted by
the solution into CP light through the selective reflection and trans-
mission of N*-LC. The resulting CP light generated by the composite
systemdemonstrates |glum| values exceeding 1.5, or even achieving 2.0.
This approach is applicable to both aqueous and organic solution
systems; accommodating various types of emitters, including fluor-
escent, phosphorescent, TADF, and MR-TADF molecules. At the
molecular level, this strategy avoids the complex chiral separation and
purification processes required for chiral organic emitters. At the N*-
LC level, this strategy avoids the disruptionof the highly ordered chiral
assembly of the N*-LCs caused by the addition of luminescent mole-
cules. Additionally, at the material level, these N*-LC materials are
simpler to prepare, more cost-effective, and highly tunable compared
to traditional optical components that rely on polarizers and quarter-
wave plates. These advantages underscore the potential of this strat-
egy for large-scale applications. Moreover, by exploiting the tunable
acid–base responsiveness of the solution and the selective reflection-
transmission mechanism of N*-LCs, switchable CPL features were

Fig. 5 | Reversible acid-base response and logic gate. a Schematic diagram of the
CPL switch achieved by utilizing the reversible acid-base response of the solution
and the selective reflection-transmission mechanism of N*-LC. b CPL spectra of

F6IQ, F6IQ + TFA, F6IQ+TFA + Et3N in toluenewith N*-LCR2 and S2. c glum value of
F6IQ + TFA + Et3N in toluene with N*-LC R2 and S2. d glum value of F6IQ + TFA in
toluene with N*-LC R2 and S2. e The schematic diagram of the designed logic gate.

Table 1 | Truth table of the designed logic gate

INPUT OUTPUT

In1 UV In2 N*-LC In3 TFA In4 Et3N O1 PL1 O2 PL2 O3 CPL

1 0 0 0 1 0 0

1 0 1 0 0 1 0

1 1 0 0 1 0 1

1 1 1 0 0 1 0

1 1 1 1 1 0 1
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employed to design logic gates. This general and robust strategy
provides inspiration and design concepts for constructing circularly
polarized luminescence materials.

Methods
Materials
Except CPT-PXZ and F6IQ, all reagents were purchased from com-
mercial providers without further purification. SLC1717, was bought
from the Nanjing Ningcui Optical Technology Co., Ltd. Chiral dopant,
R/S-5011 (99%), was bought from the Nanjing Sanjiang NewMaterials R
& D Co., Ltd. 4-MUP (98%) and MQAE (99%) were purchased from
MACKLIN. SPQ (97%) and SRB (95%) were purchased from Bide Phar-
matech Co.,Ltd. CBS (97%) and R6G (95%) were purchased from
Aladdin. LY (99%) was purchased from Leyan. RB (T.P.), NaH (60%
dispersion inmineral oil), phenoxazine (98%), 6-chlorophenanthridine
(95%) and 5-bromoisoquinoline (97%) were purchased from Innochem.
TTPA, Rubrene (98%), DCM (99%) and 2,7-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,9-dihexylfluorene (98%) were purchased from
Alfa Aesar. PO-01-TB (99%), REP (99%), Cz-DPS (99%), tBuCz-DPS (99%)
and DMAC-DPS (99%) were purchased from Yurisolar. DMAC-TRZ
(99%), BNC (99%) and TBN (99%) were purchased from FRST.
Pd(PPh3)4 (99%) was purchased from J&K.

Preparation of N*-LC
R1: SLC1717 (370 μL), R-5011 (10.69mg) and dichloromethane (5mL)
were added to a 20mL sample bottle. After ultrasonic treatment for
5min, the mixture was heated and dried with a hot stage at 80 °C to
obtained doped N*-LC. The doping concentration was 28.89 g L−1.
The preparation process of other N*-LC (R2-R9, S1-S9) were
the same as that of R1. The amounts of R/S-5011, SLC1717 and the
doping concentration of the corresponding N*-LC were shown
in Supplementary Table S1 and S2. Subsequently, these N*-LCs
are encapsulated between two 1.5 × 1.5 cm quartz plates for further
testing.

Spectroscopic measurements
UV-vis, reflection and transmissionmeasurement were conducted on a
PerkinElmer® UV/Vis/NIR spectrometer (Lambda 950). CD measure-
ment was conducted on a JASCO J810 spectropolarimeter. POM mea-
surement was recorded on Leica DM2700M upright materials
microscope. CPL spectra together with glum values are measured
and recorded at room temperature on JASCO CPL-300
spectrophotometer. 1H-NMR and 13C-NMR were recorded on AVIII
400MHz and 500MHzNMRspectrometers usingCDCl3 andTHF-d8 as
solvent. HR-MS was measured on the Thermo Fisher® Exactive high
resolution LC-MS spectrometer. Fluorescence spectra and transient PL
decay characteristics were carried out using an Edinburgh Instruments
FLS 1000 spectrometer.

Synthesis and characterization of CPT-PXZ
Under Ar atmosphere, NaH (0.25 g, 6.2mmol) was added to a solution
of phenoxazine (1.17 g, 5.6mmol) in dry THF (50mL). After the
resulting mixture stirred at 70 °C for 30min, 6-chlorophenanthridine
(1.00 g, 4.7mmol)was added to themixture. The resultingmixturewas
refluxed for 24 h. Cooling to room temperature, the pure product was
precipitated by filtering and recrystallization. Finally, the pure com-
pound was obtained as a yellow-green solid (1.13 g, 75%). 1H NMR
(500MHz, CDCl3): δ 8.73 (d, J = 8.3 Hz, 1H), 8.69–8.65 (m, 1H), 8.41 (d,
J = 8.2 Hz, 1H), 8.27–8.23 (m, 1H), 7.91 (ddd, J = 8.2, 6.9, 1.3Hz, 1H), 7.80
(tt, J = 7.1, 5.2 Hz, 2H), 7.69–7.62 (m, 1H), 6.84–6.77 (m, 2H), 6.73–6.67
(m, 2H), 6.56–6.48 (m, 2H), 5.96–5.90 (m, 2H). 13C NMR (126MHz,
CDCl3): δ 151.0, 144.1, 144.0, 136.0, 133.1, 131.8, 130.3, 129.1, 128.4, 128.1,
126.6, 124.6, 123.4, 122.8, 122.2, 122.0, 115.8, 113.8. HRMS (ESI) (m/z):
calcd. for C25H17N2O [M+H]+ 361.1337, found: 361.1335. Transient PL
decay spectra of CPT-PXZ was shown in Supplementary Fig. S35.

Synthesis and characterization of F6IQ
Under N2 atmosphere, 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-9,9-dihexylfluorene (0.31 g, 0.53mmol), 5-bromoisoquinoline
(0.35 g, 3eq), Pd(PPh3)4 (0.06mg, 0.1 eq), K2CO3 (0.37 g, 5eq),
toluene (16mL), EtOH (16mL) and H2O (8mL) were added into a
100mL Schlenk tube. After the resulting mixture stirred at 85 °C for
24 h and cooling to room temperature, themixture was extractedwith
ethyl acetate, dried and concentrated to get hold of the crude product.
The crude product was purified by column chromatography on silica
gel (petroleum ether: ethyl acetate = 8:1 as the mobile phase) to afford
F6IQ as a white solid (0.24 g, 77%). 1H NMR (400MHz, THF-d8): δ 9.19
(s, 2H), 8.34 (d, J = 5.9 Hz, 2H), 7.94 (d, J = 8.0Hz, 2H), 7.87 (d, J = 7.7Hz,
2H), 7.69–7.63 (m, 4H), 7.63–7.56 (m, 2H), 7.48 (s, 2H), 7.41 (d,
J = 7.7Hz, 2H), 2.10–1.96 (m, 4H), 1.05 (d, J = 12.9Hz, 13H), 0.85–0.72
(m, 4H), 0.67 (t, J = 6.7Hz, 6H). 13C NMR (101MHz, THF-d8): δ 152.2,
141.4, 140.5, 139.2, 134.9, 131.5, 130.2, 129.8, 129.7, 127.9, 127.6, 127.5,
125.5, 120.9, 118.84, 118.78, 56.3, 41.0, 32.5, 30.6, 23.4, 14.4. HRMS (ESI)
(m/z): calcd. for C43H45N2 [M+H]+ 589.3577, found: 589.3599.

Preparation of solution
All aqueous solutions used deionized water as the solvent. Except for
R6G and SRB, all aqueous solutions and F6IQ for logic gate were
configured according to the concentration of 1 × 10−2M. The light
cannot completely penetrate the solution at the concentration of 1
×10−2 for R6G and SRB, so for R6G and SRB, it is changed to the con-
centration of 1 ×10−3. All organic solutions used toluene as the solvent
and were configured with the concentration of 5 ×10−3.

Data availability
All data supporting this study including detailed methods and
experimental details, photophysical properties studies, are available in
Manuscript and Supplementary information. All data are available
upon request Source data are provided with this paper.
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