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Fig. 1 (a) Chemical reaction for the preparation of the photoresponsive main-chain CLCPs. (b) Schematic illustration of

mesogenic alignment caused by dip-drawing. (Inset) From left to right, morphologies of molecular orientation in the liquid

crystal oligomers, aligned oligomers, and aligned cross-linked CLCP fiber.
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Table 1 Characterization of the LC oligomers.

Reaction time (h)  Yield (%) M, *(g-mol™') PDI®

4 85 4932 1.12
6 83 7155 1.31
24 82 8219 1.41
48 86 8781 1.52

2 Determined by gel permeation chromatography (GPC).
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Fig. 2 (a) DSC curves and (b) POM images of the LC oligomer upon heating and cooling. Scale bars: 5 pm. (c) UV-Vis

absorption spectra of the liquid crystal oligomer in CH,Cl, (¢ = 5%107 mol-L™") upon exposure to 365-nm light (23 mW-cm™2)

and (d) followed by 530-nm light irradiation (27 mW-cm™2).
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Fig. 3 (a) POM photographs showing the texture of the CLCP fiber with different angle between the fiber direction and the
polarization direction of the polarizer. Scale bar: 100 um. (b) The 2D XRD pattern of the CLCP fiber. The X-ray beam is
perpendicular to the fiber direction. (c) Photoinduced bending and unbending behaviors of the CLCP fiber (6 mm x 20 pum)
upon irradiation with 365-nm UV light (32 mW-cm™) and 530-nm visible light (16 mW-cm™2), respectively. (d) Repetition
experiment for measuring the bending and unbending deformations of the CLCP fiber upon sequential irradiation with 365-nm

and 530-nm light in 5 cycles. (e) The magnitude of the bending angle versus with the irradiation time.
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Fig. 4 (a) Schematic illustration of the experimental setup. (b) Photographs of the CLCP fiber (1 cm x 20 um) that exhibits
photoinduced bending and unbending behavior upon irradiation with UV light (32 mW-cm™) and visible light (50 mW-cm™).
The size of the fiber is 10 mm x 20 um.
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Research Article

Photodeformable Main-chain Crosslinked Liquid Crystal Polymer Fiber
Actuators at Room Temperature

Xin Huang, Xin-lei Pang, Lang Qin, Yan-lei Yu"
(Department of Materials Science, State Key Laboratory of Molecular Engineering of Polymers, Fudan University,
Shanghai 200433)

Abstract Photodeformable crosslinked liquid crystal polymer fiber actuators have potential applications in soft
robots and other fields. However, due to the limitations of processing methods, it is still a great challenge to
fabricate fiber actuators that can undergo large and direction-controllable light-induced bending at room temperature.
Here, the main-chain liquid crystal oligomer with controllable molecular weight is synthesized by the Michael
addition reaction between primary amines and liquid crystal monomers containing azobenzene or phenyl
benzoate mesogens, respectively. On the basis, the cross-linked liquid crystal polymer fiber is obtained through
dip-drawing the melt oligomer followed by the radical polymerization. The chain extension reaction between the
primary amine and liquid crystal monomers effectively decreases the crosslinking density of the polymer
network, thus lowering the glass transition temperature. Meanwhile, the alignment and crosslinking processes are
decoupled by the strategy that the oligomer is stretched first and then the polymerization is implemented, which
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ensures that mesogens in the fiber are aligned along the stretching direction. Accordingly, the aligned fiber
exhibits reversible light-induced bending at room temperature, whose maximum bending angle is close to 60°,
and furthermore the bending direction can be adjusted by the light irradiation direction. The main-chain
crosslinked liquid crystal polymer fiber with large and direction-controllable deformation has great potential in
the field of soft robots. In addition, the method of processing oligomers and then polymerizing actuators is
expected to be combined with the template method and 3D printing to fabricate actuators with complex shapes,
promoting the development of photoresponsive flexible actuators and other fields.

Keywords Liquid crystal polymers, Photodeformation, Azobenzenes, Fibers



