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Light-Driven Soft Actuators Based on Photoresponsive Polymer Materials
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Abstract Photoresponsive polymeric materials are a kind of functional polymers that can absorb photo energy
and undergo intra- or inter-molecular physical or chemical transformations. Accompanying the changes on molecular
structures and configurations, the materials exhibit the variations on certain macroscopic properties such as shape,
color, or refractive index in response to light. Since light is an environment-friendly, remotely controllable and
instantly operatable stimulus, photoresponsive polymers attract more and more attention. By rational design,
photoresponsive polymers can generate light-driven deformations or have shape-memory properties, thus they have
been led to undergo sophisticated movements such as contraction/expansion, bending, creeping, and rotation and
further assembled to various smart soft actuators, which have wide applications in artificial muscles, microrobots,
micropumps, microvalves and so on. This article summarizes the recent progress of light-driven soft actuators made
of photoresponsive liquid crystal polymers, gels, and shape-memory polymers. Their driven mechanism and
development prospect are also described.
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Fig. 1

display photochemically-induced transitions (a) reversible

Schematic representation of chromophores that

trans ( left ) and cis ( right ) photoisomerization of
azobenzene derivatives; (b) reversible photoisomerization of
(e)

triphenylmethane leuco derivatives into an ion pair under

spirobenzopyran  derivatives; dissociation  of

ultraviolet irradiation; (d) reversible photodimerization of

cinnamoyl group
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Fig.2 (a) Photographs showing the shrinking of the gel in
response to light; (b) Three microvalves work separately

upon irradiation with blue light!”’
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Fig.3 (a) Photograph of the dry polymer (0.02 g); (b)
photograph of the polymer swelled with water (55 g); (c¢)

schematic  illustrations  of  water removal of the
photoresponsive swollen superabsorbent polymer in response

to light™
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Fig.5 Photographs for the gel-to-sol and sol-to-gel phase
transition: upon photoirradiation with UV light at 355nm,
the supramolecular inclusion complex hydrogel 1 is converted
efficiently to the deoxycholate-B-CD derivative 2 and
azobenzene-branched poly (acrylic acid) copolymer 3 ( sol
phase) ; Upon photoirradiation with visible light at 450nm,

the sol phase is converted to the hydrogel 1™
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Fig. 6 (a) The light-active compounds containing a
cinnamic group; (b) Shape-memory effect of photoresponsive
polymers; (1) permanent shape, (2) temporary shape, (3)
recovered permanent shape; (c¢) An interpenetrating polymer
network film; (1) permanent shape, (2) corkscrew spiral
temporary shape, (3) recovered shape obtained by irradiation
with UV light; (d) Molecular mechanism of the light-active

shape memory effect!"’
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Fig.7 (a) Photographs of the shape transitions of the
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light; (b) Structures of monomer A6 and monomer tBA
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Schematic representation of photochemical phase

systems
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visible-light-driven microrobot!"’

T A A A AR . QNIRRT
SEEL A Y A 9K S

SEA , — 6.5 3 & e 1 R RS S A AR G
A R S 6 28 SR A AR 4k G BT iR 1, Palffy-Muhoray
SEARGE TN AR AR SRR B



<1172~ i

lvisible
e

2
3
5 ﬁ %
6
B2 JulkEhfcag. (1) AH,(2) 3R, (3) JeE s

BE(4) I (5) FEBE, (6) Fpr™
Fig.12 Photoactuated micropump: (1) inlet, (2)PMMA

cover, (3) photodeformable LC polymer, (4) outlet, (5)

pumping diaphragm, (6)pump cavity!*’

S14nm FYBOERE ST (P 2 th 4T 8, el 13
(a) BTz, 24 HI AT D' B B 37 70 K T A 90 T
I, I 2 A5 — B e A S O VR 1) B iR B
Bunning % FH RO I8 2 18 2R B9V = 4
TR R IR R A AR 2k 30Hz B3RS,
EBhERE RS 170077 AN 13(b) FiR, XJE
TAEAARBOE Y BN A8 ZOR W A 2T i AT T
WOEH IR I 1) HE B 5 4% O 38 B F DR 41 O 1) HE B
(Weigert 00 ) , 76 B 242 gh 1) B v B 61w 28
By A AR AR 7 A 2R T AR AT i b 4
3, Lee SFfl il s 7 — P ZURSE A 7 345 i
VORI R T 2R M iR ' R 4 L il
A I I —Fh R Tl SR R B I AT DA Ak
EF Y ol S R AT B AR AR R

Van Oosten 55 FHEE AT ENH AR il 48 HH T 25 UEF
EINREM AT 2R 38 4 1 43 51 % 360nm
F1490nm GG WL Y4 5T ASMA #1 DR1A #47
A, RENE BT B 1012 3 I S8 B £F B 42 Bl i
K/NTEEE . A 14 (a) B FH S5 C BR G

off

B 13 (a) WA 0 TR TR IR IR A DXURA% TT LA
Bede & Wi B E 5 (b) VR s 43 TR R TE O IR
T

Fig. 13

polymer sample moves away from the area of sustained

(a) A series of video frames showing the LC

illumination and the irregular rectangular LC elastomer
sample floating on ethylene glycol first folds then swims away

when illuminated™®’; (b) The LC polymer cantilever

oscillation activated by light exposure!? %!
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asymmetric motion controlled by the spectral composition of

C6BP

(a) Artificial light-driven cilia produce an

the light; (b) Photos showing the LC polymer cilia actuated

with UV light on water surface; (c¢) Chemical structures of

the monomers used to form the actuators in this study >’
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