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Circularly Polarized Mechanoluminescence for
Force-Insensitive Optical Information Decryption

Xiaolin Nie, Chunfeng Wang,* Xinye Lu, Gaofeng Lai, Zugang Li, Dengfeng Peng,
Weidong Chen, Deliang Zhu,* and Caofeng Pan*

Stimuli-responsive materials that exhibit circularly polarized luminescence
(CPL) have attracted significant attention for applications in chiroptical
sensing and information security. However, the development of CPL platforms
remains limited owing to the challenges in chirality control, reliance on
photoexcitation, and complexity of the decoding mechanisms. In this paper, a
force-insensitive chiroptical platform is presented, constructed by integrating
a mechanoluminescent phosphor layer with a photonic crystal layer. The
phosphor layer enables both photoluminescence (PL) and
mechanoluminescence (ML) emissions, whereas the photonic crystal layer
enables tunable photonic bandgaps, achieved by adjusting the cellulose
nanocrystal-to-glucose ratio. This structural design enables modulated CPL
with high dissymmetry factors (glum), reaching −0.512 and −0.573 for gPL and
gML, respectively. Further, the system shows distinct solvent-responsive
circularly polarized mechanoluminescence (CPML) behavior. Moreover, its
force-insensitive response offers a robust and light-free strategy for
information decryption, significantly enhancing security while simplifying
operation. These findings highlight the potential of the CPML platform for
next-generation chiroptical sensing and secure information technologies.
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1. Introduction

Chirality is a pervasive phenomenon in na-
ture, manifesting across a wide range of
length scales from molecular to macro-
scopic structures. As a classical chiropti-
cal phenomenon, circularly polarized lu-
minescence (CPL) refers to the differen-
tial emission of left- (L-CPL) and right-
handed (R-CPL) circularly polarized light
from chiral materials. Dissymmetry fac-
tor (glum) is the key parameter used to
quantify CPL, defined as glum = 2(IL –
IR)/(IL + IR), where IL and IR denote the
intensities of left- and right-handed CPL,
respectively. Owing to the unique chiral-
recognition capabilities, CPL materials are
promising for a wide range of advanced
technologies, including optoelectronic de-
vices, asymmetric synthesis, information
security, and stereoscopic displays.[1–10] In
recent years, the scope of research into CPL
materials has expanded beyond the chiral
lanthanide complexes to encompass a broad
range of materials, including chiral metal

hybrids,[11–13] perovskite materials,[14–17] and small organic
molecules.[18–21] However, conventional CPL materials are lim-
ited by undesirable, uncontrollable, and stimulus nonresponsive
glum values, which constrain their practical applications and hin-
der their functionality.
Photonic crystals (PCs) are periodic dielectric structures with

photonic bandgaps (PBGs) that enable the selectivemanipulation
of photons having specific wavelengths. Thus, they serve as ideal
platforms for enhancing the chiroptical-emission properties. Cel-
lulose nanocrystals (CNCs) are a sustainable, easily processable,
and structurally tunable class of natural PC materials, which can
form left-handed cholesteric liquid-crystalline structures through
controllable solvent-evaporation-induced self-assembly, making
them particularly attractive for chiral photonic applications.[22–24]

A distinctive optical feature of this structure is its selective trans-
mission of CPL. When guest emitters or composite emissive lay-
ers generate light at specific wavelengths, the CNCs can modu-
late the emission into CPL. The helical pitch (P) of CNCs can be
efficiently and precisely modulated by external stimuli, such as
electrolytes, ultrasound, thermal fields, or electromagnetic fields,
enabling accurate control over chiroptical signals. The quantita-
tive relationship between the PBG and P can be described by the
Bragg equation: 𝜆PBG = nave × P × sin𝜃, where nave represents
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the average refractive index of the material, and 𝜃 is the angle
between the incident light and the chiral layer.[5,25,26] When the
emission wavelength closely matches the PBG, the circularly po-
larized componentwith the samehandedness as the helical struc-
ture is suppressed, whereas the opposite-handed component is
selectively transmitted. In recent years, the PBG effect serves as
a determining factor for achieving high glum values. For exam-
ple, Yuan et al. demonstrated that the CPL signals, particularly
the glum value, could be effectively controlled and even reversed
through precise modulation of the PBG.[27] Yu et al. reported a
controllable and macroscopic production of printable CPL-active
photonic paints, achieving a maximum glum value of 1.6 by PBG
tuning.[28] In our previous work, a series of biomimetic hybrid
photonic films were fabricated. By leveraging hydrogen bonding
and the PBG effect, a high glum value of -0.650 for circularly polar-
ized phosphorescencewas achieved.[29] Additionally, we have pre-
viously demonstrated that CNCs can respond to moisture as an
external stimulus.[29,30] Consequently, moisture-responsive CPL
materials with PBG tuning can be developed, presenting promis-
ing opportunities for applications in smart sensing, novel infor-
mation encryption, and anticounterfeiting technologies.
However, owing to their intrinsic material limitations, current

CPL systems generally rely on specific excitation wavelengths,
such as high-energy ultraviolet or near-ultraviolet light, prevent-
ing their use under light-free or autonomous conditions. In con-
trast, mechanoluminescence (ML) materials, which dynamically
emit light in response to mechanical stimuli, such as compres-
sion, stretching, friction, vibration, or ultrasound, have distinct
advantages, including ease of fabrication, operation without ex-
ternal excitation sources, and broad applicability across diverse
environments.[31–43] Their unique mechano-to-optical energy-
conversion mechanism and force-light coupling effect have en-
abled innovative applications in areas such as advanced light
sources, wearable electronics, energy harvesting, anticounterfeit-
ing encryption, intelligent sensing, biomedical diagnostics, and
structural health monitoring.[44–53] These features present new
opportunities for developing CPL systems. In our previous work,
we synthesized an enantiomeric pair of 0D hybrid manganese-

bromide enantiomers, (R/S)-1, that produced circularly polar-
ized mechanoluminescence (CPML) emission.[54–56] However,
the dissymmetry of CPML is not clearly understood, and the crys-
tallinematerials are constrained by their poor reusability and lim-
ited applications.
Herein, we address the inherent reliance of conventional CPL

materials on high-energy excitation sources by drawing inspi-
ration from an ML system. Briefly, we developed an innovative
and reusable CPML platform that integrates ML phosphors and
PCs. The phosphor layer comprises CaZnOS:Mn powders em-
bedded in a polydimethylsiloxane (PDMS) matrix, and the PC
layer consists of CNCs and glucose. In this case, glucose acts
as a modulator for PBG tuning. Benefiting from the optimized
matching between the ML emission band and PBG, the platform
achieves asymmetry factors of −0.512 and −0.573 for gPL and
gML, respectively. Unlike conventional ML materials whose re-
sponses are sensitive to the magnitude of the force, this platform
achieves a force-insensitive gML values. With its high asymme-
try and stimulus-responsive characteristics, this CPML platform
offers strong potential for applications in information security,
intelligent sensing, and advanced optical technologies.

2. Results and Discussion

Scheme 1 illustrates the design of a CPML platform that elimi-
nates the need for high-energy excitation sources, enables force-
insensitive optical information decryption, provides a force-
insensitive glum value, and achieves an optimized asymmetric chi-
ral emission through PBG modulation. The platform comprises
two integrated components, including a phosphor layer and a PC
layer. The phosphor layer, with a thickness of 3.57 ± 0.05 mm,
is composed of a PDMS elastomer embedded with CaZnOS:Mn
phosphors that emit light upon mechanical excitation. On top of
this, a PC layer was fabricated via in situ self-assembly, with a tun-
able thickness of 95.67 ± 11.32 to 226 ± 19.03 μm governed by
the glucose concentration, and serves as a chiral photonic struc-
ture that modulates the ML via the PBG effect to generate CPML.
We employed CNCs, obtained via acid hydrolysis of commercial

Scheme 1. Design of a CPML platform featuring information decryption, force-insensitive glum value, and PBG-optimized chiral emission.
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Figure 1. Characterization of CNCs and CNC PC layers: a) TEM image of CNCs. Inset: 𝜁 -potential of the CNC aqueous solution. b) X-ray diffractometry
patterns, c) photographs and grayscale images, d) cross-sectional scanning electron microscopy images, and e) polarized optical microscopy images
of PC layers with various PBGs.

powder with rigid cellulose I structure (Figure S1, Supporting
Information), as the component for the PC layer. Transmission
electron microscopy (TEM) images reveal that the CNCs have
a well-dispersed rod-like morphology, attributed to the presence
of negatively charged sulfate groups (𝜁 -potential: −47.366 mV)
(Figure 1a inset). The CNC nanorods had an average length of
189 ± 30 nm (Figure S2a, Supporting Information) and a width
of 19 ± 3 nm (Figure S2b, Supporting Information).
Glucose was used to modulate the P value of the PC layer

and optimize the chiroptical asymmetry of the CPML platform,
thereby fine-tuning the PBG and enhancing the circularly po-
larized emission. PC layers with PBGs of 344, 381, 529, 600,
and 645 nm were self-assembled on the surface of the phosphor
layer by adjusting the ratio of the CNCs to glucose. The XRD
patterns (Figure 1b) exhibit three distinct diffraction peaks at

≈2𝜃 = 14.7°, 16.6°, and 22.6°, corresponding to the (11_0), (110),
and (200) planes of cellulose I, respectively, indicating that the
PC layer was integrated without disrupting the native structure.
However, the incorporation of glucose led to a noticeable shift
in the structural color, from bright blue to orange (Figure 1c),
indicative of glucose-induced PBG modulation, in accordance
with Bragg’s equation. Notably, the PC layers display more pro-
nounced structural colors when viewed through a left-handed
circularly polarized (left-CP) filter than through a right-handed
circularly polarized (right-CP) filter. Grayscale analysis of the
PC layers (Figure S3, Supporting Information) further corrobo-
rated this observation, with higher grayscale values recorded un-
der the left-CP filter, confirming the left-handed chiral nematic
structure. Cross-sectional scanning electron microscopy (SEM)
images (Figure 1d) reveal well-defined and periodically ordered
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layers, having P values increasing from 228 ± 2 to 414 ± 4 nm
(Figure S4, Supporting Information) with the increase in glucose
content, indicating a redshifted PBG. Concurrently, polarized op-
tical microscopy (POM) observations revealed distinct birefrin-
gence and fingerprint textures (Figure 1e), further verifying the
chiral nematic structure of the PC layers.
We employed a phosphor layer composed of CaZnOS:Mnpow-

der embedded in a PDMS matrix as the excitation source to ad-
dress the strong reliance of common CPL systems on excitation
sources. CaZnOS was selected as the host material owing to its
well-documented ML performance when doped with Mn or lan-
thanide ions. In this study, CaZnOS:Mn phosphors were synthe-
sized using a conventional high-temperature solid-state method
and subsequently characterized. As shown in Figure 2a, all the
XRD diffraction peaks can be assigned to the hexagonal phase of
CaZnOS (JCPDS No. 01-076-3819), confirming the synthesis of
the desired crystalline phase. From the X-ray photoelectron spec-
troscopy (XPS) in Figure 2b, distinct signals corresponding to Ca,
Zn, O, and S were obtained. Despite the inherently low sensitiv-
ity of XPS for Mn, the high-resolution spectrum reveals a clear
Mn signal, containing a characteristic peak at 641.9 eV that can
be attributed to the Mn2+ 2p orbital. Figure S5 (Supporting In-
formation) shows the irregular morphology and size distribution
of the phosphor powders, and a high-resolution TEM image of a
selected region near the sharp epitaxial edge (Figure 2d) showed
clear lattice fringes corresponding to CaZnOS (Figure 2e). Specif-
ically, (010) lattice planes with an interplanar spacing of 3.726 Å
are evident, indicating a well-crystallized CaZnOS phase. Ac-
cordingly, this observation is well-supported by the correspond-
ing selected area electron diffraction (SAED) pattern (Figure 2f).
From the high-resolution lattice elemental mapping images in
Figure 2g, in addition to Ca, Zn, O, and S, uniformly dispersed
Mn can be seen, confirming the incorporation of the Mn dopant,
as also shown by XPS.
As shown in Figure 2h, the ML intensity increases with

increasing Mn content, reaching a maximum at 2% doping.
Beyond this concentration, the intensity decreased owing to
quenching effects. Therefore, CaZnOS doped with 2% Mn was
selected for phosphor-layer construction. Figure 2i shows theML
spectra recorded under applied forces ranging from 1 to 4 N, the
emission intensity increases progressively with the applied force.
The powders produced a bright orange light that is visible to the
naked eye under bothwhite light and in the darkwhen stimulated
by grinding with a mortar and pestle (Figure 2i, inset). The corre-
sponding integrated ML intensity as a function of force is plotted
in Figure 2j, showing a linear relationship. Thus, CaZnOS doped
with 2% Mn exhibits strong ML emission and high force sen-
sitivity, making it a reliable basis for the development of CPML
platforms.
Inspired by the unique characteristics of ML systems, we

aimed to construct a CPML platform with the potential for ad-
vanced optical applications. In addition to the ML performance,
the employed phosphor (CaZnOS:Mn) also exhibits photolumi-
nescent behavior, enabling our CPML system to generate CPL
under optical excitation. Under optimal excitation at 336 nm,
the CaZnOS:Mn phosphors exhibit a prominent broad emission
band, ranging from 500 to 800 nm (Figure S6a, Supporting In-
formation) and centered at 591 nm. This emission is attributed
to the characteristic transition of Mn2+ ions from the excited 4T1

(4G) to 6A1 (
6S). Theoretically, the optimal alignment of the emis-

sion wavelength with the PBG results in a significant enhance-
ment of the gPL value (Figure 3a). To validate this strategy, the
CPL and emission signal, including CPL, gPL, and DC (emission
signal was recorded by DC voltage) spectra, were acquired us-
ing a spectrophotometer. As shown in Figure 3b, all materials ex-
hibit distinct R-CPL properties with varying CPL strengths. How-
ever, their DC spectra (Figure S7, Supporting Information) were
identical, indicating that the observed differences in the CPL sig-
nals originate from variations in the chiroptical properties of the
PC layer rather than luminescence from the CaZnOS:Mn phos-
phor layer. Next, the dissymmetry of the CPL was evaluated using
gPL, defined as gPL = 2(IL – IR)/(IL + IR). Theoretical gPL values of
−2 and +2 correspond to purely R- and L-CPL, whereas a value
of 0 indicates no CPL. As shown in Figure 3c,d and Table S1
(Supporting Information), the measured gPL values are −0.095,
−0.180, −0.405, −0.512, and −0.355. As the PBG redshifts, the
PL_591||CNC_600 sample exhibited the strongest CPL emission
at a PBG of 600 nm, achieving the highest gPL value.
The variation in the CPL intensity and optimization of the

gPL values are attributed to the tunable PBGs of the PC lay-
ers. These PC layers function as chirally selective optical fil-
ters, transforming their emissions into CPL through their he-
lical chiral architecture. Specifically, the left-handed chiral do-
mains suppress the transmission of L-CPL, thereby favoring R-
CPL emission, as evidenced by the negative CPL signals observed
(Figure 3b). As shown in Figure 3e, tuning the co-assembly
ratio of the CNCs and glucose results in PC layers with dis-
tinct PBG positions at 344, 381, 529, 600, and 645 nm. No-
tably, the PBG at 600 nm showed the greatest spectral overlap
with the PL emission of the CaZnOS:Mn phosphor layer, yield-
ing the highest gPL value of −0.512 in this system. In contrast,
the PL_591||CNC_344 combination, in which the PBG is spec-
trally distant from the 591 nm emission, exhibited a relatively
smaller gPL value, confirming the role of PBG tuning in modulat-
ing circular polarization. Notably, five reproducible and indepen-
dent measurements were conducted, confirming that the PBG
effect modulating the gPL values is repeatable and reliable. Fur-
thermore, CPL, gPL, and DC spectra were recorded after rotating
the PL_591||CNC_600 sample by 90° along the incident-light axis
(Figure S8, Supporting Information). The negligible changes in
the CPL, gPL, and DC spectra confirm that the observed CPL is
not a result of linear-polarization emission. To validate the gen-
erality of the CPML platform and the role of the PBG effect fur-
ther, we extended the system to commercially available ZnS:Cu
phosphors. As shown in Figure S9 (Supporting Information), the
PBG centered at 529 nm shows themost significant spectral over-
lap with the photoluminescent emission of ZnS:Cu@PDMS;
therefore, it is expected to yield optimized gPL values. So, the
PL_503||CNC_529 sample produced the highest gPL value of
−0.538 (Figure S10 and Table S2, Supporting Information), con-
firming the efficacy of PBG tuning in enhancing CPL dissym-
metry. Although the above system showed desirable CPL per-
formance, neither the phosphor layer nor its individual com-
ponents displayed any intrinsic CPL activity or characteristics
of chiral structures (Figures S11 and S12, Supporting Informa-
tion). This further confirms that the observed CPL signals origi-
nated from the chiroptical structure of the CNCs. To date, the cor-
relation between CPL properties and excitation-source intensity
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Figure 2. Characterization of CaZnOS:Mn phosphors. a) XRD pattern. b) Full-range and c) enlarged X-ray photoelectron spectroscopy measurements.
d) High-angle annular dark-field scanning transmission electron microscopy image. e) High-resolution TEM image. f) Selected area electron diffraction
image. g) High-resolution lattice image and corresponding energy dispersive spectroscopy maps of each element (Ca, Zn, O, S, and Mn). h) ML spectra
with various Mn concentrations. i,j) ML spectra as a function of applied force for 2%Mn-doped samples. Inset: photographs of CaZnOS:Mn phosphors
under white light and in the dark during mechanical excitation using a mortar and pestle.

has rarely been investigated. To address this issue, we examined
the CPL response under varying excitation voltages. As shown
in Figure S13 (Supporting Information), increasing the excita-
tion voltage from 620 to 740 V resulted in pronounced changes
in both the DC and CPL spectra. In contrast, the correspond-
ing gPL values showed negligible variation (Figure 3f; Figure S13

and Table S3, Supporting Information), indicating that the CPL
asymmetry was largely unaffected by changes in the excitation
intensity.
Owing to the distinctive ML properties of CaZnOS:Mn,

we examined the circularly polarized characteristics of the
ML emission from our proposed CPML platform. Although
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Figure 3. CPL properties with different PBGs (employing CaZnOS:Mn@PDMS as phosphor layer). a) glum-optimization mechanism via the PBG effect.
b) CPL spectra. c) gPL curves. d) gPL values from five reproducible independent measurements (n = 5; mean ± standard deviation). e) Reflection spectra
of CNC PC layers with different PBGs and PL spectrum of CaZnOS:Mn@PDMS. f) gPL values of PL_591||CNC_600 under different excitation voltages
(n = 5; mean ± standard deviation).

conventional CPL spectrometers are commonly used to quantify
the luminescence asymmetry of chiral fluorophores, they may
not be suitable for our system because a large linear motor can-
not be accommodated within the spectrometer sample chamber.
To overcome this limitation, we adapted a fiber-optic spectrome-
ter to enable asymmetric measurements (Figure 4a). Specifically,
a linear polarizer was positioned in front of the photodetector of
the spectrometer, and the CPML sample was observed through
a quarter-wave plate (converting L-CPL and R-CPL to linear-
polarized light with a plane of polarization at ± 45° relative to
the fast axis of the optic). As shown in Figure 4b, the handedness
of the CPML emission was first evaluated through azimuthal
angle-dependent intensity measurements, revealing a character-
istic hourglass profile. The maximum and minimum intensities
are observed at −45°/135° and 45°/225°, respectively. This polar-
ization behavior is consistent with that of the right-handed emis-
sions. Furthermore, the quarter-wave plate was removed, and
the azimuthal-transmission profile was re-examined (Figure S14,
Supporting Information). These results clearly demonstrate that
mechano-inducedCPL arises from chirality transmission and the
mode dependence of photons during resonance in inhomoge-
neous helical microstructures.
The gML values were calculated using gML = 2(IL – IR)/(IL + IR),

where IL and IR represent the intensities of L-CPML and R-
CPML, respectively. To obtain these values, we collected opposite-
handed CPML intensities (Figure S15, Supporting Information)

using a lab-made measurement system and applied the above
equation for quantitative analysis. As shown in Figure 4c and
Table S4 (Supporting Information), the measured gML values
are −0.089, −0.163, −0.426, −0.573, and −0.342. Among these,
the ML_596||CNC_600 sample exhibits the highest gML value of
−0.573, which corresponds to the optimal spectral overlap be-
tween the 596-nmML emission and 600-nm PBG (Figure 4d). In
contrast, when the ML emission shifted away from the 600-nm
PBG, the corresponding gML values gradually decreased.
Next, the system was extended to commercially available

ZnS:Cu phosphors to demonstrate the general applicability of the
PBGeffect onML. As shown in Figure S16 andTable S5 (Support-
ing Information), the ML_519||CNC_529 sample has the highest
gML value of −0.540, attributed to the strong spectral overlap be-
tween the ML emission of ZnS:Cu and PBG centers at 529 nm
(Figure S9, Supporting Information). These consistent and re-
producible results highlight the pivotal role of PBG tuning in
modulating the circular polarization of the ML emissions.
Further, the durability of the CPML platform was evaluated

by continuous mechanical cycling. As shown in Figure 4e and
Figure S17 (Supporting Information), the CPML emission and
gML values of theML_596||CNC_600 sample weremonitored over
2000 sliding cycles in continuous scratching mode. Its excellent
flexibility, recoverability, and stability render it well-suited for
diverse applications, such as mechanical sensing and wearable
electronics. As previously discussed, the emission intensity of
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Figure 4. CPML properties with different PBGs (employing CaZnOS:Mn@PDMS as the phosphor layer). a) Schematic of gML measurements using
a fiber-optic spectrometer equipped with a quarter-wave plate and linear polarizer. b) CPML intensity after passing through a quarter-wave plate and
polarizer. c) gML values of CPML platform with different PBGs from five reproducible independent measurements (n = 5; mean ± standard deviation).
d) Normalized reflection spectra of CNC PC layers with different PBGs, as well as the ML spectrum of CaZnOS:Mn@PDMS. e) Stability and repeata-
bility tests of as-obtained ML_596||CNC_600 over 2000 cycles, with an inset providing a detailed view of the test over 100 cycles. f) gML values of
ML_596||CNC_600 under different applied forces (n = 5; mean ± standard deviation).

ML materials increases with the applied force, whereas the CPL
asymmetry remains largely independent of the excitation inten-
sity. To examine the force dependence of the CPML further, we
investigated the relationship between the applied force and the
corresponding CPML dissymmetry factor. As shown in Figure 4f
and Figure S18 and Table S6 (Supporting Information), increas-

ing the applied force from 0.5 to 2.5 N results in a negligible vari-
ation in the gML value, confirming that the CPML asymmetry is
effectively insensitive to changes in mechanical stimulus.
Theoretically, any stimulus capable of altering the P value

of chiral nematic CNCs can modulate the PBG. In addition
to the additive-agent concentration, stimuli such as water or
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Figure 5. Solvent-responsive characteristics of the as-prepared CPML platform. a) Schematic of the solvent-responsive gML. b) Normalized reflec-
tion spectra of PC layers stimulated by ethanol-water mixtures, as well as the ML (and PL) spectra of CaZnOS:Mn@PDMS. c) gML values of the
ML_596||CNC_600 sample when exposed to ethanol-water mixtures with different volume ratios (n= 5; mean± standard deviation). d) Force-insensitive
optical-decryption process demonstrating the encoded information “1CPML6.”.

humidity can also influence P. We examined the effect of
ethanol-water mixtures on the gML values. Figure 5a shows the
solvent-responsive CPML behavior of the platform; when the
PC layer is exposed to the solvent mixture and a mechanical
force is simultaneously applied to the phosphor layer, a stable
gML signal is achieved. Upon stimulation with the solvent mix-
ture, the PC layer undergoes structural changes that shift the
PBG (Figure 5b). As the water content in the ethanol-water mix-
ture increases, the reflection band of the PC layer is progres-
sively redshifted. Notably, when the ethanol-water ratio reached
1:9, the PBG shifted to 612 nm, closely matching the ML emis-
sion of the CaZnOS:Mn@PDMS layer. This spectral alignment
results in the highest measured gML value (−0.546) for the
ML_596||CNC_600 sample based on the PBG effect (Figure 5c;
Figure S19 and Table S7, Supporting Information). This explo-
ration establishes a new mode of signal transduction, wherein
the composition of the solvent-mixture ratio is directly translated
into distinct gML outputs under mechanical force. The strong
correspondence and force-insensitivity properties between the
solvent-mixture ratio and gML-value output enable precise infor-
mation readout without signal overlap or susceptibility to en-
vironmental perturbations. A representative demonstration of
force-insensitive optical decryption is shown in Figure 5d, where
Morse code was utilized as the information carrier. Dashes (“-”)

and dots (“•”) were selected to encode information through com-
binatorial arrangements representing alphanumeric characters.
The decryption process began by applying a mechanical force at
a predefined solvent ratio, which served as an encryption key in-
accessible to unauthorized users. The resulting gML value was
used as the decoding criterion. Specifically, a gML-value thresh-
old of 0.3 was employed, values above 0.3 were interpreted as “-
” and those below 0.3 as “•.” Using this binary optical readout,
“1CPML6” was successfully decoded. This Morse-code-based de-
cryption protocol, coupled with CPML, ensures high decoding fi-
delity while guaranteeing that valid decryption is accessible only
to authorized individuals.

3. Conclusion

In conclusion, we developed a CPML platform by integrating a
ML phosphor layer with a PC layer. This platform represents a
notable advancement in the design of innovative and reusable
chiral luminescent materials, achieving effective chirality control
while eliminating dependence on photoexcitation. By precisely
tuning the chiral nematic structure of the PC layer throughmod-
ulation with glucose, we achieved adjustable PBGs, obtaining a
maximum gPL of −0.512 and gML of −0.573. In addition to the
PBG-governed chiroptical performance, the resulting platform

Adv. Funct. Mater. 2025, e26708 © 2025 Wiley-VCH GmbHe26708 (8 of 10)
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exhibited a distinct solvent-responsive CPML behavior, enabling
the effective detection and sensing of ethanol-water mixture ra-
tios. Due to the force-insensitive nature of the chiral signal, this
platform offers a new strategy for information decryption that
can operate under light-free or autonomous conditions, ensur-
ing both the accuracy and security of the information while sim-
plifying the decryption process. Our findings advance the under-
standing of CPML systemsmediated by photonic band structures
and underscore the potential of this CPML platform in future ap-
plications involving chiroptical sensing and secure information
technologies.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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