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Recent progress of liquid crystal elastomer fibresin smart response field

YANG Hanrui, WU Dingsheng, ZHENG Siming, LYU Pengfei, WEI Qufu’
( College of Textile Science and Engineering, Jiangnan University, Wuxi 211422, Jiangsu, China )

Abstract: Liquid crystal elastomers (LCEs) are a kind of polymer network containing slightly cross-linked

liquid crystal units, which combine the soft elasticity of polymer networks with the anisotropy of liquid

crystal substrates. LCEs can realize non-contact motion under the stimulation of external environment via

programmed molecular orientation, which exhibit excellent elasticity and drive performances. Liquid

crystal elastomer fibres, a common form of LCEs, exhibit broad application potential in many fields due to

their sensitive response to various stimuli resulting from the high orientation of liquid crystal substrates

within the fiber, good programmability and excellent mechanical strength. Herein, the main preparation

methods and driving response mechanism of liquid crystal elastomer fibers were firstly reviewed. The

liquid crystal elastomer fiber systems with different driving modes were then analyzed, with detailed

introduction on the photoresponsive liquid crystal elastomers fibres. In the end, the latest research progress

in the fields of flexible sensing, self-oscillatory system, bionics, artificial muscle, and soft robot of liquid

crystal elastomer fibres were briefly discussed, and its development directions were also prospected.

Key words: liquid crystal elastomer fibers; intelligent drive; preparation methods; response types; driving

mechanisms; application
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Preparation methods and relevant parameters of different spinning methods
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Fig. 4 Preparation and application scenario of 3D printing liquid crystal elastomer fiber

2.2 EBNG AL i AR R AT 4

FR SO TR S IR AT Ak BROR BES PR AR IR K AR
e, ABH MG 2 PR ohy 28 SR AIG T IR I
M E LCEs 3R ol A%, A Ry —Fifr g e fill 84
D52, H T DL e R e ek R (A R A
FUBK oSk (] ) SR BERS FLRE AR A, IR PR A
A A SRR LR A, DT AR S G % . AGRAWAL
SR g T —Fh B A P LR S (R SR A
0.6s), ATHTFHFREMEAME LCEs, % LCEs 7£
A TR R Bl Kk 5N LCEs [%%, HAY
BIFREEEE (PG 5000 LA E ), Wi 3k 3]
30%. LCEs RMRE M F =R, HAEHTAY
o AR 57 S A A0 it %) o IR BE & A K R AT Y
4 LCEs R AKPIH-HEAT IR, X SRR
T RE FE NP GER | SRy $E = £F AR IK B AR TR, SUN
L2050 b AR AR AT R B AR MRS SR,
BEA B2 7 4l T s AR LT i i s T RE . AL
ARSI . SR SRR, WEEEM
ARSI R T X LCEs JE AR RY BRI, #fif% T LCEs
A RAPE AR R R, fE 1.25 Viem KR, 0.1 s
N, SR SRR 4R v] LA I8 280%/s
HIREPIRAE %; TRA>40% IR TS . i s =2,

[20]

Bi# LCEs £ ARAIAE, feis Ll p s R o
PR R AR AR T BN H TR R R 22—
2.3 NG R i AR R AT 4

3R] AT LCEs nY9K sl i 72 S Pl e 15
P ORGP 1 AR R M R, L e SO R PR A
Wy SV A v RS 35 o S R A, (S EC R A (i
ok B . ARG Y LCEs 4 TRFSEER R W BX
(LRG0 ] B — RIS REHS KR 96 LCEs #4
RH R A5

AR N TG RSN AR WE A I VE T, W
YKL T2 RETFE . ot T 0 RE S5 R 21 R M T
WML A R, T ML BE R s e
il RSBV 1 52 5 2 2 Rk R A AR R R 0 KR T 1 X
SR A S ) ) P PR TR, TR R 0 e ek o 3 2 O
T JR 30 DX P R P N R T e AN RS AR R
JEAE, AT DL R ) TR R AR,
LCEs T 3% 52 SR B LU L& 7= AU 4 9k 5l , 24
TR PEE AT B 335 A A TRLURE U R B, LCEs 43 H & [n1 &2 %)
WIRIEAR . 24 LCEs 1E A 40 M b% 35 0 16 1 56 B i
PR H L T A 6 3 0 R 1) 200 R %) 5 1 o8 1) O 4 A
AR = A S A HURAE 5 - HERRERA-POSADA
SRRVl AR AR A A K T £ T 45 ) S R A 1) B



* 66 °

A% 4m 4 T FINE CHEMICALS

41 4%

6] ) BERAL LCEs, JFPAl 1 ¥R I B2 9 K KL 1%
FLiH . PHUBPERERI 2 . BT LCEs AYZAE I
A AR Y R N S AL W SRR, SR TG i
T AN AL S R 18] 51 AR - 4% 1) [RIPE AR AR A o fr
i LCEs HYIEAMEAX LE I —, Joiksg kiR €
fraeiirizgl, WHRREER TR G T RS W
W, WEPERL TR AN G P . MR T Bk
IR, 2B LCEs RYM N A 2 H B
Zetmid mt, A HL-JCHLAY R A 2520 LCEs 19 )
FPERE . WU S0 5 o) 1o R 3 N 19 2%
il £ ¥ — AT LS B A% Rl e L 9K Sl Y LCEs , Heg)
A B ST AT LA o 52 W 7 i AT R 2 A

-’
Cross-linker

Spacer (dithiol)
c
ON Isotropic phase
OFF  LC phase o o
o . o ° L W o
s x " °~ » 0'5>.0 % o
° o ° ° AMF feo »
~ o
o v » @ PL o
x - = ol o
o
€ Fe;0,NPs &  Exothermic Fe;0,NPs

MIcgEdide, UM T IR 2Rt 2ett, il
£ LA AN R R 17 R (B %) LCEs, R URAS SEBLJR)
IS RGP 14 v 7 42 1), 58 9L 0 3 2R e AR
& ( M-PULCEs ) 3K gl /E AR T LCEs MIZE 53K
i Fl Fe;04 NPs RGN (&5, Hrd, LC AW
it AMF O 4'-J 5L 9¢ 6% 5 1 Fe;O4 NPs Tt 43
BTN 5%, 10%., 15%H]453 89 M-PULCE 43 45
it M-PULCE-1. M-PULCE-2. M-PULCE-3 ), 3jj
RETF R R LT di b RIS I BT, TR &R B B
AN TR Iy 68 %) G v 17 VL A Bt AR T AR AR, A BT
PESEREM N, LCEs FERIARMLER A . HLURE R AL 25
UL R A5 AN [ A3 s 7

M-PULCE network P Dynamic carbamate bond exchange

4 0 .= - ’ - ’
o i '—.’\\:— ------- 4 & \“ "‘f? \\1
Fe,0, 4 ) t“ ,1¢150 C &4 -:'¢
NPs |4 =S\ NS % R.__X
s 2N ¥ = & -
~, O O
MR “'J\O)L m ,,,-:\()JJ\qu.,'
~y, +H — +H
0
e Rro® o ~N
d H € H
= LC ph:
300 F—.—Blank PULCE C phase
«— M-PULCE-1 OF
250 . M-PULCE-2
&) —+— M-PULCE-
g 200 - [TTITTITITITTITITI I
g 150 It ~s0%
gm
5 r ON
) soff """ -5 mm
[TTITITI Iy
0 | | | 1 | .
0 20 40 60 80 100 120 Isotropic phase
Time/s

a—M-PULCEs W& BURER; b—ISE PR HAcHS R ; c—78 AMF &4+ F, M-PULCE WIRsI#LEI /R K ; d—M-PULCEs
FIATR] FesO4 NPs & f 0 i 28 ; e—BA%l%d 5519 M-PULCE B9 AH %% 725 3 1%

& 5

2.4 MR R R R S M A AT 4

VF 22 A 2R U AT 2 R K sl B i 4 2R FE AR e
AR, AFSSREFTIT . 22 AEMRR T IE R o A
F14 725" fh 200 T 16 )T 5K A A o 32X BE R IR BB
FRJR K, WEFER i o 1 2% 7R S TR0 I 0 57 348
PREFLEC2T U W 07 ARt L AR 2 A5 1T
XUZ, il 4 A HLECCHU o, WK B |
SAEZRGOKAMA (CNC). S fbf BIE MK 2 1L
SiO RSB o 5 AR i 2T Ak slOE R N 2F 4EAA L,
JRE W) 57 AR gty L AR T SRS R 358 2 0 383 A 7
BEFAL WIS SR ShRE, (LA BB, It
YRl R B A A | JGE AR AN S LA . KIM
SFRIBIAT — MR KGO, i 3D FTERHOR
il 1 — T 5 dok 1R Ao B 2T A 3 T AR B S ok R

TS E S R M-PULCE {1250
Fig. 5 M-PULCE actuators with dynamic carbamate bonds

[25]

AL I O R R AT 4 . i 3D ATERREANIA]
JRIE) LCEs S —HATHs RGP, HIfET £
Tt G 9% 455 400 A6 9 22 B8 AR AR ML 2 N ) BE 1% R 7
LCEs $f7#%. HARRIS P74 & T —FhZ iRm0
NI RGBS, BT n kiR IIE R RS
W B FR S pH A5k 5K 4 30N % A AT AR I |
K DGR G T 3 LW 1) 51 B 25 254, D iff
HAEF VS A A . e B At T 2% o 5L WA B
FHHT R
2.5 Stim Rz &R AT 4

T —FpiE s ae IR, AR 2 . AL
B AT YRR LS, FESEBRE I, 6T A
SEEUE BE ARG RS R o I TR R A
212 H A BRI SR OB I K T EUE



514 Yok, 4

TRt S AR 2T 4 7 R ) 7 40 14 F 5

e 67 -

Bell, TEJER BN T N EREs M & B A T 3 Y
S M A SO B B N, {2 LCEs &/ Hl
A A B 45 AT ) PR AR A AR &S S A0 AT Sy, (L 7= A e 4
R . etrdassh, fEehREc R, i o e
WEOOLE . SRR P A R, ] S BXS S0 N
S A ) o A R s 12
2.5.1 REFH A R AR Y

TR o1 — X 6 i B SRR A F 1 bR 43
T, AR T2 B LSRR, 2k k-
IR S #2020 FINKELMANN 28B1 k ifF5%
T AL A AT LCEs BYSGmi R BREh i fE, 4558
FW, HARLAMNE IS T 2k B i a4
MRS THI AR LCEs Hmt, HalLIERER
FE IR 3 A S 06 P, DT A 8L 4 9 25
JCA B P A R o A B I S A L A
AR 5 SO AR A 0045 1) S DR A 310 e 1 4%
mEMR A . EEAMNEL IR, YRR T3
i F LCEs FHEHT, KRS BRSNS

L, MEERS T BN T LCEs MgERT, 3
ERERLNGAE] A Sy GRS s e RT3 Lt
LIU 2555R F i 85 /B ik il £ 7 — R RES1
AT DIOGER S, i HoAT LGS . 8 i R O
NAEMB R R FEERGY M R A&, 4 F
TR P28 A S AT A B30, LA T i ol e o 5 1 4
AL E Z E AN (I 6). PANG ZB44k 4
TEAR AR R, FNFE A 2= A AR R 5 ] 284 T —FPilc d B
AHZR MR SR, SEBL T 38 81% MBI Sl 4 .
R IR, X A Y IO A5 A AR [ e TR )
W BRI AR RE , I AR RETE kA R - A4k
B VBRI, MR T 2R AR, AT SE L an it ok
Rolcds . B, YCEUEH LCEs WFoE 8 W 4 h e R
ForF A Rk i 7 20, T2 A RIS R,
M X 6 B 4 43 HE AT 2% 18 D g A0 A& i 19 DT 5% 2%
D sE Tt T REARAB A T DA AT R0 o IO S - i o -
IRFIPERE, AT H T HL N FH 450

a Actuation in air
80 80
coot BB ULEn | | o
Eo’ ....... 4 3
o i )
...... g
§40- ‘.‘- '540—
g PP 20800 g
2 8 0l A A 20}/
Fiber 3 : f
. ! I ! . 0
% 20 40 60 80 100
Irradiation time/s Number of cycles
b Actuation in water
80 80
Fiber 1
: ~6 | 1o o601
- ~ E{: 1 %
) 1
g | |f° At 8
t 3 N
g _g
2 &
b5y - - ?1\' Q
. /M 20 [ e 43 mm;
B =&Y
00 20 40 60 8 100 °
Irradiation time/s Number of cycles

K6 Fgiqezs < ( LHIA ) (a) AK ORFIRA ) (b) PREIRsITT N (R 4E K 3.5 mm ) )
Fig. 6 Photomechanical behavior of fibers in air (upper photos) (a) and water (bottom photos) (b) (The length of all tested

fibers was 3.5 mm) %

252 RE A KRG LIRS
TECIR B R M h , YR B & —Fp i FH Y 5 =8,
AT DL i £ Ao s CUniRE K . 41 i W B

VERT . 05K IR0 ) ot AR BE T e 2103 5 a5 i

Z b, MTSEBOEBOBAER . 4 m i 3
PP BB A BRSO R, — i RE i
LG M R, 75— BE I B2 D BARE
YERIT LCEs, kb T melE e itz b,



<68 ¢ M 4m 4 T FINE CHEMICALS

41 4%

AT S BR3P AR Y S BOB AR o
2.5.2.1  FETFBREEAS B N IR A S AR T 4
WRIEM R BB R R 2 | A1 88 M ) CNTs. 7R
RO EH ISR AL TR AR sp? 2o kBl 1
B F NS BRIT B RS, RGN K A B P
PR s A G PT S TR R, B
B SOt ERE, R IR E D i S R Sk
2R B #8 A2 ) T AT ORER 2 1 K CNTs B AT
FEIGEPEDS AT AW ISR TR 9% K )0 HLE HA sk
TEEE, KRR I BB P L B B A A TR SRR
LhYE b, nSEEA ROEIAERS . LIU SEPUUR B
FET 4% T—F LCEs B &4z, R MLt
AE CNC RN 3 TS TS K 242 00K 4
B HES o #E LCEs JEAR g | AT i 40 4 35 2% 1)
CNTs, KK T L4 2 rere ok shai %, 1
5 GB35 %) 40 MPa, I B B [ 7E 10 s LIPS . B
SR CNC WM AR R ZZf# T CNTs BIH1I RIS, 5
L4 g R N RAE Z B T — 2, YU R0
W IR R T —M e CNTs@LCEs & & 4F
e i . FEILLANCHIIRGT T, LF4EnT LT &
J7 1) & A RS il 28T [ B T 4600 511
Ffar, I AT DABHL T HIL PRI A 5 il R %A 8 B
FahfE, HU W& T —Fh [ 28 S8 00 50 AR 2F
BB, RAAEEA @RS PR S
PECH T 1000 NIEASTEAG IR BA B 0% 55 ) S5 45
FESCRIB N oT LASCIR S iy L il . B i S IK AR T
i H il ki . EE, AR R NSRRI A
TR T AT RETE . YANG 2514252 1) H 221 [7] K
PG &, TFR T —F BA RIREE A & N AE T
JEE MXene B4 AT IR sh 7% o B sh i B &
HEMAE ST, fEMSTE 3D =5[] By BT A T Ff A 5
HXH G PHURR N | SR
2,522 FRTSA R ARG N A R AR LT 4
REBEMB FEE RS . ROk S
B4 JE B L R M R TR T R R P R AT 1 2 3R
SRR T AL B LT, HA AR S5 B AR RN
SR AR 4 v s e R iR 9 AR A DL i
W, BT gick AR, RS E T T RLE
V& FKe sh g 5% 28 e, M fE T LCEs!™!,

ZHANG Z5EW R I8 T — b 90 AR 0 5 S AR 4y >k £

oG AhRE, AR S T AR, KR Ak
KB 2R3 G ER REAE AL LCEs . AR A0 K KL
T 1 A5 B IR R RN, OB b o FE
SEPLT LCEs BCHAURIR S . 140 KA/ e
TR K S A5 bR 6 IR R T B LR 10 S5 1) O PR 2 e
A, anmap R, SRShEHESE, [ HAER AE SR 340
BURBLH MBI RIS . YANG &R H = 6
P i A A T 4% T — ol B T T A G R 4 N
KRBT ARG S e, WFE R, T aak
T 5 BN, AR SRR T AR (TR AL
M 0.09% ) BARMITEOLT, B &Y Z st
SEREL T EE B K IR SEAE (& 7a ),
2.5.2.3  FETFAHPUMRI G B 5 50 A 27 4

AHOCIEE A BB R . o]
W e EL g S PR o TR, Heh R A LN T
Ykl FHLE TR SRR A%, YE 410
0 E R YR B 24 21 R B IR 9 R R R 2T 4 b, BF
SR, e B FE BRI IR, A
R EERDCSAL ., LIU 29750 15 WL AR R R R 5
MREIH T, AT —Fh & EN- B RR 75 4
FHE S BT 21 /A T £ Y 3 B TR AR, 1%
TR it S R 43 e A O 3 - o R R T 43 BB T LA
FEAE LT AM I BN, T DU R SR 4%
R AR, X R LCEs A AL T —Fh
WAL AR I 2 6 3R A S8R ) A SEL i [l 7o il e,
Hr, ADMET WEH MBS AL ), WANG 2518
P T —FP R Rk B T R IR AT Y B sl e
R T 45 SRS, 3 e TR S B A T — RSO 4 o 0
HAEMERL, B EEOLEE K (LN SEash) Sk
SEPR A ARAS ) B = 4 e e (S S L ),
TR R 2 e ELA ) N A R TS
26 ZEMMMNRKEEEETSE

TEN K A Ykt R, CNTs AUEA HLI IS
i, FICFHEMER, BR87EN LCEs M HES
2 o KIM 2P 5 45 ] CNTs/LCEs & & 21 4 b4 kL
CNTs JZ 77 1) . A0 B AECE:, ## xd ] ok i
TR R R AL . BRIk Ehe . LI S8
T 5 N ALY T R 22 3 R A DY 55 S B% A
( TASN) %8| A% LCEs Mg, 4 T —Fh
TASN/LCEs.,

NIR off
>
h

NIR on




— e g
AOHOEo
=/ 7 g © 7 \—=

| |
: | |
| | !
| l NIR On |
| | |
|
| NIR absorbing crosslinker: YHD796C (molar faction 8.82%, mass faction 17.06%) : - :
: | NIR Off = |
" |
| Mes—N._N-Mes : ) I
| A _O_é) >
(6] Ll | o |
| ’ o~ )0t CImRi= | |
| LC Y1709 Py st YNRon ANROT ||
monomer:
| (molar faction 89.84%, gg?;sfi:ﬁfi c;ﬁy“ | 2.00 M :; |
: o, IT70, | el [
I mass faction 80.98%) mass faction 1.96%) | \ |
| Two-step.  ADMET | g 1751 |
| |
l T usor |
|
| P ' 125+ X |
! el EEREE I |
| 00l
e et L HE S S SN
| ! ! 1 1 ! !
I @ YHD796C | 0 10 20 30 40 50 60 70 |
L L [lradiaiontime/s
P 7 G R A S B A T A O A L B A P B AR LT R IR ST (a) U5 wEWy - MR R R i i

PEORIG 3 TR (b) BIAELLAMCRIBC T (3RS TE e I | 3R Sh 3 2E (i el (c) 7]

Fig. 7

Polarizing microscope and transmission images as well as driving deformation of gold nanorods/liquid crystal

elastomer composite fiber under infrared light (NIR) (a)*’!; Chemical composition of thiophene-croconaine/liquid
crystal elastomer (b) and its physical diagram of actuation deformation, broken line diagram of driving rate change

under NIR stimulation (c)!”)
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Fig. 10 Schematic diagram of self-healing bionic intelligent driver and its driving process'®*
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