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Research progress of light-responsive cholesteric liquid
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Abstract: Cholesteric liquid crystals (C1.Cs) , characterized by periodic helical superstructures, exhibit
selective light reflection and dynamically tunable photonic bandgaps, making them promising platforms
for smart optical materials and tunable photonic devices. By incorporating photoresponsive molecular
switches, the molecular organization and helical superstructures of CLLCs can be regulated at multiple
levels through mechanisms including photoinduced configurational changes, chirality transfer, molecular
motion, and photothermal effects. This review systematically summarizes the molecular design
strategies, photoresponsive mechanisms, and structural regulation principles of azobenzene-, spiropyran-,
diarylethene- , hydrazone-, and overcrowded-alkene molecular motor-based systems, as well as other
emerging photoresponsive systems. Particular emphasis is placed on their applications in smart displays,
chiral luminescence, information encryption, adaptive optics, and soft actuation. The advantages and

limitations of different photoresponsive systems are comparatively analyzed in terms of response
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wavelength, tuning range, cycling stability, and device integration. Finally, future perspectives are

discussed with a focus on visible-light responsiveness, energy utilization efficiency, multimodal responses,

and scalable device fabrication, providing a reference for the further development of photoresponsive CL.Cs

materials.
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Tab.1 Comparison of photoresponsive characteristics and modulation performance of various photoresponsive CL.Cs systems
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(a) Chemical structures of M1 and 1.C242; (b) DFT calculated energies of M1 under different configurations; (c)
Transmittance spectra of the doped M1 cholesteric liquid crystal system under 365 nm irradiation for different dura-
tions ™ ; (d) Molecular structure of M2; (e) CD spectra of M2a in different states; (f) POM images of the M2b
chiral switch doped E7 in different states under different durations of 365 nm irradiation; the reflected spectra of the
M2b chiral switch doped CLCs system under 365 nm irradiation for different durations, with the corresponding re-
flected colors as illustrations'™ ; (g) Molecular structures of M3, 8CB, and S811; (h) POM images of liquid crys-
tal systems with different M3 doping concentrations (0. 05, 0.1, and 0.2 wt % ) ; the POM images corresponding
to the planar orientation states after UV irradiation, macroscopic photos, and confocal micrographs of the liquid

crystal systems™.
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Fig. 2 (a) Structures of spiropyran SP/MC, E7 and S5011; (b) Flowchart of color changes of the CLCs system based on

spiropyran under different stimulus conditions; (c¢) Demonstration of the synergistic effect of the structural color of

CLCs and the color of spiropyran dyes'®; (d) Demonstration of the multi-information encryption of the spiropyran

MC/Zn*" ink"™.
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(a) Structures of the photo-responsive molecules M4 and M5 and their isomerization process diagram; (b) Changes in
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Fig. 5

(a) Molecular structures of M18 and M19; (b) Schematic diagram of the construction of crowded olefin-based pho-

to-responsive CL.Cs microcapsule system; (c¢) Temperature changes of the CL.Cs microcapsule system constructed

by M18 and M19 under ultraviolet light; (d) Polarizing microscope images of the CL.Cs microcapsule system con-

structed by M18 and M 19",
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(a) Molecular structure of M20 and dopants; (b) CD spectra and CPL spectra of CLCs-M20 in the initial state and
PSS, state; (¢) CD spectra and CPL spectra of CLLCs-M20/NR-1:1 in the initial state and PSS, state; (d) Polarized
light microscope images of CLCs-M20 in the initial state and PSS, state; (e) Polarized light microscope images of
CLCs-M20/NR-1: 1 in the initial state and PSS, state"™’;
polymer dispersed cholesteric liquid crystal system; (h) Temperature-resolved reflection spectra of M21-PDCLCs sys-

(f) Molecular structure of M21; (g) Schematic diagram of

tem in its original state; (i) Temperature-resolved reflection spectra of M21-PDCLCs system after visible light irradia-

tion; (j) Temperature-resolved reflection spectra of M21-PDCLCs system after heat treatment™’
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Fig.7 (a) The chemical structure of M22 and its ability to achieve programmable structural color output in the CLCs sys-

tem"”™; (b) The preparation process of reconfigurable chiral photonic paper based on M23; (¢) The continuous con-
trol of structural color and reversible writing/erasing of patterns by the photo-responsive reconfigurable chiral pho-
tonic paper™ ; (d) The patterning preparation of flexible paintable CLCs soft photonic structures and wide-band-
width reflection control™; (e) The collaborative control of structural color and circularly polarized fluorescence in

the CLCs system based on M25"%".
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