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Figure 1 Synthesis routes for (a) poly(3-mercaptopropylmethylsiloxane) (PMMS) with thiol side-groups, and (b) the linear side-chain liquid
crystalline polysiloxane PMMS-g-(PB s-ran-Azo,,) containing both phenyl benzoate (PB) and azobenzene (Azo) mesogens and the schematic
reaction for the preparation of polydomain liquid crystalline elastomer LCE-P thin films (color online).
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Figure 2 FTIR spectra comparison of the linear side-chain liquid

crystalline polysiloxane PMMS-g-(PBs-ran-Azo,,) and polydomain
liquid crystalline elastomer LCE-P thin film sample (color online).
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Figure 3 DSC curves of polydomain liquid crystalline elastomer
LCE-P during the first cooling and second heating scans at a rate of
10 °C/min under nitrogen atmosphere (color online).
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Figure 4 POM images of the uniaxially stretched LCE-M film with
the stretching direction at an angle of either (a) 45° or (b) 0° to the
polarizer. POM images of the polydomain LCE-P film at (c) the initial
state, and (d) after rotating clockwise a 45° angle to the initial state. Pol:
polarizer, Ana: analyzer, scale bar: 250 pm. The white dashed arrow
indicating the uniaxial stretching direction for the LCE-M film (color
online).
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Figure 5 (a) Illustration of uniaxially stretching at 110 °C for the
preparation of mono-domain LCE-M films. (b) The formation of
dynamic C-N crosslinks at 110 °C via transalkylation reaction between
the triazole and alkyl bromide groups (color online).
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Figure 6 Stress-strain diagram of the monodomain LCE-M films
measured at temperatures of 30, 90, 130, and 140 °C (color online).
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Figure 7 UV-Vis absorption spectra evolution of spin-coated poly-

siloxane random copolymer with azobenzene side-chain groups of

PMMS-g-(BP s-ran-Azo,,) films under (a) 365 nm UV irradiation, and

(b) 450 nm visible light irradiation after reaching the photostationary

state for different irradiation time (color online).
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films under 365 nm UV light as a function of irradiation time (color
online).
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Fabrication of re-shapeable liquid crystalline elastomers with dynamic
C-N bonds and investigation of their reversible photoresponsive
bending behaviors

Zhongying Wu, Tianchi Xu, Dongzhong Chen’

Key Laboratory of High Performance Polymer Materials and Technology of Ministry of Education, Collaborative Innovation Center of Chemistry for
Life Sciences, Department of Polymer Science and Engineering, School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210023,
hin

fijespona’ing author (email: xtc@nju.edu.cn; cdz@nju.edu.cn)

Abstract: Liquid crystalline elastomers (LCEs) spontancously change their dimensions and shapes in response to
external stimuli, such as heat or light irradiation; however, LCEs based on conventional covalent crosslinks are
thermosetting materials and thus unable to remold or fabricate into complex three-dimensional (3D) soft actuators. In
this work, we prepared polysiloxane side-chain liquid crystalline polymers with both p-methoxyphenyl benzoate (PB)
and azobenzene (Azo) mesogens introduced as side groups through thiol-ene click reaction. Then a monodomain liquid
crystalline elastomer LCE-M film was fabricated by fixing the macroscopic alignment of mesogens induced by uniaxial
stretching upon heating to a higher temperature through C-N dynamic covalent bonds via highly efficient
transalkylation between alkyl bromide and triazole from azide-alkyne click reaction to achieve rearrangement and
regeneration of the crosslinked networks. The introduction of Azo mesogen with trans-cis isomerization characteristics
endowed the LCE-M thin films with reversible photoresponsive deformation properties of bending-stretching recovery
upon alternate irradiation of UV and visible light. With the separation of alignment method and driving mode of such
liquid crystalline elastomer material, the monodomain liquid crystalline elastomer LCE-M thin films can be repeatedly
and stably driven by light irradiation at room temperature, which is expected to be employed for the fabrication of
reshapeable flexible LCE actuators with faster photo response.

Keywords: liquid crystalline elastomer, soft actuator, dynamic covalent bond, azobenzene mesogen, photo-induced
deformation
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