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(b) Polarized image of CLCEs prepared without and with an applied field and the SEM image of a cross section of the film
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(¢) Thermochromism in a representative CLCE film upon heating from 25 to 200°C
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Fig. 1 Preparation of CLCEs via a synthesis procedure leveraging field-enforced and surface directed alignment™™"’
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(a) The two-step crosslinking procedure to prepare the temperature responsive cholesteric liquid crystal elastomer film
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(b) The photographs of the film at different ~ (c) Photographs of programmed CLCEs viewed (d) Photographs of the beetle C.gloriosa
temperatures with LCP and RCP at different temperatures viewed with LCP and RCP
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(e) Schematic illustration of the shape and color change of the film. L*: left-handed circularly polarized light, R*: right-handed circularly
polarized light. The newly formed alignment director after stretching is indicated is n
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Fig. 2 4D chiral photonic actuators with switchable hyper-reflectivity""
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(a) Schematic diagram of the pixelated structural coluration platform, consisting of a base with air channels, a supporting layer and a MCLCE
membrane, which is pneumatically actuated reversibly at a pressure (p)
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(b) Cross-sectional diagram of the coloration unit at the pristine state (c) Example photos of the active structural coloration of a MCLCE
(L, to R,) and the actuated state (L, to R,) membrane subjected to an in-plane strain upon an arbitrary
out-of-plane deformation
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(d) Demonstration of camoutflages to match a background with periodic colour patterns and a background with irregular dots
of different colours using various configurations of coloration units
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Fig. 3 Broadband and pixelated camouflage in inflating chiral nematic liquid crystalline elastomers'™
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(a) Schematic illustration of molecular structure of CLCEs (b) Schematic of chiral nematic alignment in the film as the
material is strained
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(c) Schematic of the polymerization and programming process
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(d) Photo patterned chameleon skin, (left) shown in the LC phase (25°C) and (right) shown in the isotropic phase (120°C)
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Fig. 4 Reconfigurable, spatially programmable and photoresponsive covalent adaptive cholesteric liquid crystal elastomers™™”
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(a) Molecular structures used for fabricating CLCEs
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(b) Schematic process of fabricating CLCEs via a facile anisotropic deswelling method that combined two-stage thiol-acrylate
Michael addition and photopolymerization reactions
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(c) Red, green, blue and multi-colored CLCE films
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Fig. 5 Preparation of cholesteric liquid crystal elastomers via a facile anisotropic deswelling method""

Initial

(a) Photographs of a red-reflecting CLCE film being mechanically stretched (left) and POM image and the corresponding WAXD
patterns of the initial and 120% strained CLCE film (right) (scale bar=100 pum)
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(b) Schematic programming process and photographs of (d) Schematic illustrations of the process and photographs of programmed
CLCE:s through applying a strain of 60% followed by

CLCEs
thermo-activated bond exchange reaction at 80°C
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Fig. 6 Mechanochromism and programmable performance of cholesteric liquid crystal elastomers™™”
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(a) Optical images of the self-healing process of two segments of the CLCEs
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(b) Stress-strain curves and self-healing efficiency of self-healed CLCEs at room temperature for a different time
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(¢) "H NMR spectra of BDB in d-DMSO before and after the addition of D,O

(d) Optical images of a cartoon man pattern and a windmill pattern assembled by the self-healing CLCEs (scale bars=10 mm)
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Fig. 7 Self-healing performance of cholesteric liquid crystal elastomers'™’
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(a) Schematic representation of the preparation procedure for the patterned photonic coatings

(b) Ch-LC triple pattern formed by dual mask exposure of a single-layered coating and a gravure printed photonic coating
showing a Ch-LC green to Ch-LC orange contrast with improved resolution
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Ink synthesized using a thiol-acrylate Michael reaction RCP
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(c) Schematic representation of the main components of the chiral (d) Scheme detailing the optical response of the
nematic liquid crystal oligomer ink and the bar-coating procedure photonic film
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Fig. 9 Preparation of cholesteric liquid crystal elastomers via a direct ink writing method""
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Fig. 11 Main—chain blue phase liquid crystal elastomers™”
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Abstract: Main chain chiral liquid crystal elastomers, with periodic nanostructures, are a kind of soft
photonic crystals, including cholesteric liquid crystal elastomers and blue phase liquid crystal elastomers.
They can not only reflect circularly polarized light selectively, but also dynamically adjust their structural
color responding to changes in the environment, which could find wide applications in adaptive optics,
bionic camouflage, information encryption, intelligent soft robots and so on. With the development of new
material systems and advanced preparation techniques, researchers have explored various ways to design
and synthesize chiral liquid crystal elastomers for emerging applications. Main—chain cholesteric liquid
crystal elastomers are mainly prepared by parallel orientation, anisotropic deswelling, bar coating, and 3D
printing. The parallel orientation method is a traditional method, which usually occurs within liquid crystal
cells with planar—aligned alignment. Due to the interaction of liquid crystalline molecules with alignment
coatings, helical nanostructures’ self-assembly can occur. The parallel orientation method has been used to
design and develop photonic liquid crystal elastomers, 4D photonic actuators, inflating chiral nematic liquid
crystalline elastomers with broadband and pixelated camouflage, chameleon skin-like cholesteric liquid
crystal elastomers and other advanced functional materials. Based on the two—stage thiol-acrylate Michael
addition and photopolymerization reaction, a facial and easily scalable method has been proposed to prepare
uniformly colored large—area cholesteric liquid crystal elastomer films, which benefits from anisotropic
deswelling. The gel formation from the Michael addition adheres strongly to the substrate, restricting the
deswelling to take place only in the vertical direction and causing an in—plane orientation of the liquid crystal
director. The resulted film with helical nanostructures shows a robust, rapid, and reversible
mechanochromic response to strain, resulting in a broad color shift across the full visible spectrum. During
the bar coating method, the precursor was applied to a bare substrate at a certain temperature via an
applicator. Because of the shear forces during the bar coating process, the mesogenic molecules are able to
align along with a common director, resulting in the formation of cholesteric liquid crystal elastomers with
brilliant reflection color. The thickness of the film was controlled by changing the distance between the
applicator and the substrate. This bar coating method has important significance for the application of
advanced photonic crystal coatings. 3D printing is an emerging and advanced fabrication technique, and
current 3D printing technologies for liquid crystal elastomers include direct ink writing and digital light
processing. During the direct ink writing process of cholesteric liquid crystal elastomers, a viscous ink
composed of uncrosslinked liquid crystal oligomers is often extruded from the printing nozzle. The shear
force generated during the extrusion process causes the mesogens to spontaneously align along with the
printing path, forming periodic helical nanostructures that selectively reflect circularly polarized light.
Unlike cholesteric liquid crystal elastomers, blue phase liquid crystal elastomers are generally prepared
through injecting chiral liquid crystal materials into liquid crystal cells, heating to isotropic phase, and then
slowly cooling down. The liquid crystal precursors can self-assemble into a three-dimensional cubic lattice
without the assistant of the surface alignment. The resulting blue phase liquid crystal elastomers have
narrow photonic band gaps, which could enable functional implementations in nonlinear optics, lasing,
spectral imaging and energy applications. In this review, different preparation methods of main—chain chiral
liquid crystal elastomers are synthetically introduced. The state—of-the—art advancement and future
perspective of main—chain chiral liquid crystal elastomers are discussed. It is expected that this review could
shine new light on the development of advanced chiral liquid crystal elastomers and their emerging
applications in diverse fields such as adaptive photonics, soft robotics, electronic skins and beyond.

Key words: Chiral liquid crystal elastomer; Main—chain liquid crystals; Photonic crystal; Cholesteric
liquid crystal; Blue phase liquid crystal
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