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Research progress of carbon nanotube/liquid crystal composites
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Abstract: Today, various nanomaterials have shown remarkable potential in liquid crystal display and
non-display applications. Among them, carbon nanotubes and liquid crystal molecules have the same
anisotropic geometry, which is easier to disperse into the liquid crystal and has more substantial stability.
This review briefly reviews the carbon nanotubes/liquid crystal composite materials in recent years.
Firstly, the basic concept and classification of carbon nanotubes and liquid crystal materials are introduced.
Then, three common methods of dispersing carbon nanotubes into liquid crystal are described, and the
effects of carbon nanotubes on physical properties of liquid crystal materials such as phase transition
temperature, optical properties, electrical conductivity, dielectric properties and mechanics properties are
discussed. Finally, the applications of carbon nanotubes/liquid crystal composites in actuators, sensors,

handwriting tablets, high strength materials, and other fields are introduced. The understanding of the
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preparation, properties, and application of carbon nanotubes/liquid crystal composites will help to explore

the exact mechanism of the interaction between carbon nanotubes and liquid crystal molecules leading to

the improvement of liquid crystal thermal, dielectric, electro-optical, mechanical, and other physical

properties, and lay a foundation for the realization of related applications in the future.

Key words: carbon nanotubes; liquid crystals; composite materials; electro-optic properties; composite
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Fig.1 Schematic arrangement of thermotropic liquid crys-
tal molecules and orthogonal polarization micro-
graphs. (a,d) Nematic phase; (b, e) Cholesteric
phase; (c,f) Near-crystalline A phase''*' .
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Fig.2 Schematic diagram of lyotropic liquid crystal mo-

lecular arrangement. (a) Layered phase structure;

(b) Hexagonal phase structure; (c¢) Cubic phase
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Fig. 3 General formula of small molecule liquid crystal

structure

1o 3 R R TR R G A Ry B P Y
(0 E AT o3 O T R S 0 Y i R AR T o)
M e T4 b5 & e gE B Ho, gk
TR {55 4 W ST 23 O W T RS o W
HERL, 1 4 (a~b) o T A0 5% B i 23 1 U 3R]
g3 A M BE 7Y R 0 6 R, A 4 (e~d) .
e b A 2 SR LR AR T SR B e
TR A RE S B A3 TR R
G FU 1 — > It f B s AR A () B B AR EEO
B > AT A A, WP 4(e)

Forp, 6 A & o3 1 IR B AT BOR I R
AT AT 858 e 9 B A i B DA R 3 D T



1378 W5 Bos

37 %

WRAETE RS R
Bl 4wkl as i s B (a) WM =55 2L 5 (b) 2 NI
PEFHERL; (o) R HAM BE R s (d) EH M EE RS ; (e)
el
Fig.4 Schematic diagram of polymer liquid crystal struc-
ture. (a) Rigid main chain type; (b) Semi-rigid main
chain type; (c¢) Tail-linked side-chain type; (d)
Waist-linked side-chain type; (e) Shell type.
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Fig.5 Schematic diagram of the structure of CNTs. (a)
SWCNTs; (b) MWCNTs.
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Fig. 6 Schematic diagram of different orientations of car-
bon hexagons along the axial direction in CNTs.
(a) Armchair type; (b) Helical type; (¢) Zigzag
type.

R1 BAKRERFURESE

Tab.1 Classification of carbon nanotubes by chiral vector
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Fig. 7 Variation of CNTs aggregated with electric field

strength™

7 DL B FE I K, I B 245 B Bk 90 KA A
M R4 G MRS R)E, AR E S
WA 7 R A

25 LI, AT SR DO B KA B e R
T B A BILEE SR it 0 A T R 7 45 O i ok o A AR
TE LR B 4 K AE /R S A R B R R A K
TR TR S R TR S T AT SR 1k
Zik XS

4 IR E i ah A A AR AR

WA K BRI B AL T 32 A A S
S HL A 5 A A A T T PR T
4.1 HBAXRE/RBRESHHRHET

VO R A R W A 43 T BT AT A B R
AR A1) B S R, AH AR T R TV A ) T4 R
AE S TR B %% 70 T B A 4 Fh A R S 380 4% 1) )
A S B e AR R, BV 3 58 5L I8 T DA
T v 25 i) [ 1 AH 2 3000 R S 1 B AR IR LIl
T, WHR IR KA AR TR B . 58 R B W v
O3 A AR A, 23 i R AR R

Singh 487 FE 8] 51 AL /N 43 T W-3017 h
A3 RB A B A ECR 0. 01% F10. 02% Y £ BER
KRG, RABARNKEZ SRR T
AV AN T 0.5 °Co T BITFH R A hy S £ BE
B 20 K A8 5 A 431 18] - AH AR JH A 1) 51 4
A FPERE SR BT E . Dhar 45738 1 #4f 2# W ss th 3%
W, 2t 1) 5 AH W A T 4 B 0..01%6 #10. 02%
14 BABE ik 20 K A8 5 4l 1) B MR A B A TR R A
EEAR I 43 5 R 52,0 °C 54, 0 °C F155. 0 °C, R Fifi
HOBERRAUOKAT B A B AR R AR R A
R, iE 2B R, BT 45 S LA ANE 1
AR A AT 38 3 - R4S ) S M A B A 8 0 A
T P 1) B A T R A A R R R A AR
B

2% RSV — P TN S TR TR 2 A T
B AL BN IR IR RO R A & TR
6] B & 20 B0 MWCNT/LCP & & 0 k. T8 #E
IR L RE B 9N OK A I B AR 43 SO 0. 05% T
F 5%, BRAEREREM TG 255.9 C LT3 T
270.1°Co T W TR BN N & LCP il AR FR A
it 5 A4) B 11 M 1 35k T 5 22 BE B 44 K 8 TR] R
- LB AR T, DT 7E — 5 B B T A W



5114

FRWRAL , 55 « B 9A R AT /900 S B A AF 5 0 T 1381

PEIETT s S e sE M A SRR T Tt .

SR, Dalir 55 JABE R 49 K 4 18 A B 3L
Ik 1) 51 RH B Esens Y, S BLRE 5L BE BR A0 KA 42
A HREE AR T Bk o BEJS 5 e Y B BE Bk 44
KB AL MR AR RE T b e, a8
IR

~
8}

» Heating = Cooling

(%)
S &

14
>

N-I phase transition/°C

SWCNTs percent/%
P8 AN [ e 3 14 AR Tt 0 DK A Xk 4 725 TR B 11 S i
Fig. 8 Effects of different concentrations of SWCNTs on
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Fig.9 Effects of doping concentration on the nonlinear
absorption coefficient of the system. (a) Unmodi-
fied and unelectrified system; (b) Modified and
unelectrified sysyem; (c) Unmodified and electri-

fied system; (d) Modified and electrified system™.
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