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Functional coatings based on liquid crystalline polymers

FENG Wei
(School of Engineering Science, University of Science and Technology of China, Hefei 230027, China)

Abstract: Liquid crystal polymer (LLCP) has anisotropy in optical, electrical and mechanical properties
because its molecular units are arranged in a liquid crystal order. After the introduction of responsive
chemical groups, LLCP coatings have stimulus responsiveness and can respond to stimuli such as light,
heat and electric fields. The LCP coating can intelligently regulate its surface topography under external
stimulation, adjust the friction and lubrication properties of the surface, and affect the growth and
differentiation behavior of cells. This article reviews the latest advances in scientific research on liquid
crystal polymer coatings, focusing on their applications in regulating surface friction and lubrication
properties and in biomedical applications. At the same time, the article looks forward to the application
prospects of liquid crystal polymer coatings in future development and points out the scientific issues that
need to be solved.
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Fig. 1 Functional surfaces in nature. (a) Gecko’s pad
with dry adhesion function and its microstructure™™ ;
(b) Nepenthes with lubricating fluid; (c) Cells are
arranged in a certain pattern under the guidance of

external matrix'®.
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Fig. 2 (a) Anisotropic deformation of a monodomain liquid

crystal polymer after the order parameter is reduced
under external stimulation'™; (b) Deformation of a
vertically aligned liquid crystal polymer coating in
a patterned electric field"; (¢) Density reduction of
a liquid crystal polymer film due to free volume
voids caused by light irradiation. In contrast, the
photothermal effect did not lead to a significant decrease
in polymer density"” ; (d) Morphological changes on
the surface of a liquid crystal polymer coating with

alternating cholesteric-vertical orientation .
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Fig. 3

of fingerprint-textured LCP coating in an electric field'

(a) Surface topographies of 41 and = (1/2) topological defects in LCP after heating""; (b) Topographical changes

(c¢) Topographical changes and oscillations of LLCP coating

under the stimulation of polarized light field with polarization direction rotated""”.
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Fig. 4 (a) Optical and electrical dual stimulus responsive coating is used to control the surface friction coefficient, showing
the characteristics of sequential logic control'"”’; (b) Topographical deformation of the liquid crystal polymer coating

between two electrode plates ™.



55 2 1] oo AR ET WS RES I RETE R E 277
(a) Liquid crystal monomer
(0) (0]
7 “RT N 4+ gs—r—sH
T

Chain
extension

Crosslink

Liquid crystal oligomer

QLSRR EAS

Liquid crystal oligomer network

Monomer 1

NN ON/ @ N

Monomer 2

.............................

.............................

.-.vnm\\\. -nl \mlllm-\\\\\lum-

Height/nm
500

M’l‘\\\\cul“ W l"“‘-‘\“ﬁ\]]‘”‘—

0
Il l /
] || :a, 0”0 ',oo;,‘ Vi3,
|||a, ] | 55 ——b> , a. °° ’:\~/ a°°\.,3°a
P —
n

Adhesive state

FI5  (a) AT BRI R EE 0 LCON fb2t 26 4
Fig. 5 (a) Chemical structure of LCON with large deformation amplitude™"

underwater adhesion switching'**’,

4 LCP%} EEF4H £ @I F f ik
RIR D 7 e R

IR EREPTRER A L AN NN E TR e S i)
T FE A 25 P9 AR A 2 200 B AR W (AN g
) S TH] A W T AR W AN 48] 0 OC Y A
HIR Jefe 14 948 A 1) ) 05 il 20 JBE 456 0 i, R 47 2L
GURZARG o WAEHLY) R, WNA% T8 w5 A Y
I 2 TAT 5 0 14 s R AN ASL Y B 4 4 B o 3 BB A 2K
B 1k 3% T b B At 49y T O 5 I D43 35 RO
T o K 4B 3R 1 I T A9 LA UAE B AR 5 ko
HEARM WA K T ANRTE TR AN R ST K
T T AR BT 45 T

LCP ¥R E 5 T a] LI i il 48 2 1 i) kRS B

e s

Non-adhesive state

(b) AT T f2 4% B K R BRI DI 8 LCP IR JZ ™

; (b) LCP coating with surface inversion and

ﬂé%}i%‘%ﬁﬂﬁ AL Z A1, 38 ] LL G i oy i

24 5 A PR I 9 R S B AR T O A SRR 0 A
o XA URIZBORF T W R A W A
P, T RATE 5 5E A% 1R TR P A A7 14 0 T
AT 2l 285 81 5 3 1T A9 908 8 1 I O 0K 5l R A )
gy ZHT, WA R A W i A P A 1B P Ok )
VBT U B o Al G AR R ZH R IR A A
IE AT AR R A W R AR S T O UK B i
T 7E A TE IR A58 Bl o AR S R TR A 2R
EYWRIRAEIT A BORAE P AR . Gelebart 45
N 4 T 3 B A I A A LCP iR, o &
A A A R ik P S 3% 2 S b R B T e
P 6(a)) o 1856 BORNBAE T T L A
R VS v R T TN i R TR I 7



278 W5 Bos 55 40 %
E6  (a) JEisril SCB M LCPIGL4 " HLH R 2 ™5 (b) /W 8CB Y LCP M 48 "HLB /R B F ™5 (o) T LCPHY

SCB 5 e it ¥ 3 187 , FC0E ¥ S T LA 3 ok 0 4240 ¥ 590 SCB /8 B A2 A 00 Wy A 2 BB B A7 45 7

Fig. 6

(a) Schematic diagram of the LCP “sponge” mechanism for light-controlled secretion of 8CB"™'; (b) Schematic

diagram of the LCP “sponge” mechanism for electrical secretion of 8CB™"; (c) Lubrication properties of the 8CB-

infiltrated lubricating surface based on LCP can be adjusted by regulating the phase transition temperature of the

lubricant 8CB/azobenzene complex™”.
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Fig. 7 (a) Phase transition of liquid crystal lubricant causes state change of droplets on lubricating LCP surface'™ ;

(b) Phase transition of liquid crystal lubricant causes state change of bubbles on lubricating LCP surface and its

[31]

mechanical analysis™'; (c¢) Nano- and micro-scale materials dispersed in lubricated LCP coating can be selectively

[32]

released continuously/pulsed to droplets on the coating surface™™.
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Fig. 8 (a) Cell growth controlled by topological structure of LCP coating "3 (b) Directed cell growth controlled by nano-

grooves of smectic self-assembly “*; (¢) Directed cell growth controlled by morphology formed after washing out

non-reactive liquid crystal
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