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Research progress in light-driven oscillators of
liquid-crystalline polymers

WANG Jian-chuang, WANG Wen-zhong, YU Hai-feng~
(School of Materials Science and Engineering , Peking University , Beijing 100871, China)

Abstract: Photo-responsive liquid-crystalline polymers (ILCPs) containing photoisomerizable molecular
switches (such as azobenzene, AZ) or photothermal agents (such as graphene), are a type of widely
investigated smart materials, which can undergo an order-disorder transition, inducing a macroscopic
shape change. Presently, light-driven oscillators of LCPs have been achieved mainly by two methods.
One is that the actuator displays chaotic swing for the nonlinear change of mechanical properties of
LCPs containing AZs under continuous UV or visible light illumination. The other is constructing
nonequilibrium systems and relying on the self-shadowing effect during motion. The actuator can real-
ize periodical and sustained motion without additional manual control components, which can be ex-
tensively exploited in light signal modulation, mobile robots, energy harvesting, mills, motors, etc.
This paper reviews the research progress of light-driven oscillators of LCPs in the past few years, and
also introduces its fabrication methods, motion mechanisms and application areas in details. Finally, it
provides a view of prospective of its future development trend for light-driven oscillators of LCPs.
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Fig.1 (a) Photo-isomerization of azobenzene; (b)

Photochemical-induced order-disorder phase

transition of LCPs. Reproduced with permis-

sion"'™, Copyright 2019, Wiley-VCH.
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Fig.2 (a) Fabrication process of the bilayer film;
(b) Mechanism of photo-induced volume
change in polymer containing azobenzene;
(a), (b) Reproduced with permission"*®’.

Copyright 2021, American Chemical Society;

(¢) Bilayer film bends towards the Kapton®

layer under UV light illumination.
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Fig.3 (a) Pictures of the bilayer film under continuous
UV light illumination; (b) Curves for deflection
angle with time of the bilayer film under continu-
ous UV light illumination; (¢) Schematic of cha-
otic-oscillating behavior of the bilayer film under
continuous UV light illumination; (d) Curves
for the rheology properties of trans AZ polymer
with different temperatures; (e) Curves for the
rheology properties of c¢is AZ polymer with dif-
ferent temperatures. Reproduced with permis-
sion"*), Copyright 2021, American Chemical

Society.
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Fig.4 (a) Schematic illustration of the Weigert
effect. Reproduced with permission™'. Copy-
right 2021, Wiley-VCH. (b) Schematic illus-
tration of the mechanism of the azo-LLCN can-

tilever oscillation.
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Fig.5 Fabrication of light-powered self-oscillators
by changing light intensity (a,b), length of
the strip (c,d), light source position (e, ),
loaded mass on the end of the actuator (g,h).
Reproduced from Ref.[51] with permission

from the Royal Society of Chemistry.
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Fig.6 (a) DSC curves of pure PVDF-HFP and the

GO/PVDF-HFP nanocomposite; (b) Scheme

illustration of the microstructure of the nano-

composite film showing shape memory
effect; (c¢) Scheme illustration of oscillation
of the composite film under visible light illu-
mination. (d) Schematic illustration of the
mechanism of the light-powered oscillation.

[52]

Reproduced with permission Copyright

2015, American Chemical Society.
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Fig.7 (a) Photothermal-induced order-disorder phase
transition of LCPs. Reproduced with permis-
sion.!"? Copyright 2019, Wiley-VCH; (b)
Schematic representation of the setup of the os-
cillator and the splay alignment of liquid crystal

(inset). Reproduced with permission”®’. Copy-

right 2017, Wiley-VCH.



5 W

537 &

w5 B
192 HLEET
(a)
stable form P-M1 unstable form M-M1
—— o ———
R= _O\)Lo’\/\/o\[(\
0
(b)
©
(d) 55
QU 50 fn A A A A A A ~A
k) —0
,E 45 0
g
g 40+
()
[_4
354

30
00 05 10 15 20 25 3.0
Time/s

B8 (a)srFHik Ml &b FRUERE P AT &R
B MBAFEEER; (D) G ) IR 3 &R B
P s (o ¥R 8h it B2 R M1-LCN i 1 21 Sh #4Oi
B (d) fr B 1 2 B IR B B R ) S fk
iheRe

Fig.8 (a) Chemical structure of molecular motor
M1 at stable form P and unstable form M;
(b) Schematic illustration of light-driven self-
oscillator; (¢) Infrared thermal images of the
MI1-LCN film during light-driven self-oscilla-
tion; (d) Temperature profile along the red
dot line at the position 1 and position 2
marked in the photograph. Reproduced with
permission*!, Copyright 2021, Wiley-VCH.
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Fig.9 (a) Schematic illustration of the light-powered

electric generator; (b) Continuous outputs elec-

tricity of an automatically self-shielding bilayer

film system upon continuous UV-light exposure.

[56]

Reproduced with  permission Copyright

2015, American Chemical Society.
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Reproduced from Ref.[51] with permission

from the Royal Society of Chemistry.
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plastic motor. Reproduced with permission"**,
Copyright 2008, Wiley-VCH. (b) Schematic
illustration of a light-driven plastic mill. (¢)
A vehicle composed of four LCE-CNT rod
wheels can move on a flat surface under light
illumination. Reproduced with permission™".
Copyright 2018, American Chemical Society.
(d) Schematic illustration of a light-driven arti-
ficial dragonfly device. Reproduced with per-
mission*”, Copyright 2021, American Chemical

Society.
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(h) Comparison of oscillating behaviours of
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from Ref.[51] with permission from the Royal

Society of Chemistry.
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