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(i) FEMHIAE.  RAE 150 nmi) 40K SiO M HE
Stober LA K, #4330 mLZEL. 11 mLZ/KFI110
mL A& B F/K B F500 mLAEIRH, 76 R T RIZIE
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W AR S B A AL (LCT-5016C, dbJ7 i
i LREFF R ) B BERRE oA B BOIR A,
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W, TESC U HL R T R AT VA A B Y A A A H
SRS B A LT W R S (] 0 3

Yk S 648 (FE-SEM,  Sirion200, fif
SEFEIA D) RSB35 I IR, i ZE R
KB GIRE R |, B ARG % EAEEC 5
R 48 hBR B, IR THIE T8, WG
PEAT LR, ik B A 10 kV.
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Figure 1 (Color online) The second cooling DSC curves (a) and phase diagram (b) of SCB/DBS/SiO, composite gels with different SiO, contents.

The content of DBS was fixed at 2.0 wt%

fIRES, ¥95) 43 HH SiOf5 ] T 5 &E ik I+ DBS &
PRI, 3 () 38 1 U SCB, il 4 BE I 1Y Tsg 18
Wit H24Si0, & i KR L WA 3.0%H: 2 0 i
T Sio, A & 5 H 2, 52 m T 2 % K DBS £F 4 W 4%
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il fE— 5K & L, BP AT A 2% R R AL, Q& 1(b)
FioR.
2.2 WA A EIRNIESLAAE

E2 A AN [ESiO, & & Y SCB/DBS/Si0, & A BE K
PG R I . BRI AT AL, R IE SR ARE TR, A
A B e 34 5L B 5 2N B LT S R 4, R S0, Rl
JiE 7 TE 11 = 24 ) 2% Y2 A 460 T VA SC BN 45 [ 57
PRI Y S0, & THAK T2.0% M), W 5 e 1 1 55 A
KM SIONNT —FE, BN LT L. 4 &
H3.0%00 3 KR, SLEH R RIER gk, K
TR R A BE R . BRI A e, DBSHISIO, H 413% 1%
WY BT 4, RS S10, & it f3g i, — Jy T i 5 7Y
SiO, & fE—E R FRHLM LR ge g gh i A= K, (LR
A A 1) ) DU R R BAEAS D) — 5 TH T S10,3R 1
TEAE R IE, 5DBS— i [ 4135 18 i 47 4,
ER TR T B FRWE, MDBSHISIOLN &
W B — IR AUE, TR L A 4 iAo X, SR
TE R BR LU, L AR, T DBSHY4S
fm B 1SS, RIS AR AU Bk 5 ZUR 1 I 2 7 = T
WA T e SR E UL EE S, 7RG BB T
HdE IOE 2], HAA Y0 B S — 25 T B 20 & T

B2 (MR )N [RISIO, & &Y SCB/DBS/SiO) B A BEBE DG
BB Si0, FiE: (a) 0; (b) 0.5%; () 1.0%; (d) 2.0%; (e) 3.0%; (f)
4.0%. $5R N 500 pm

Figure 2 (Color online) POM photographs of 5CB/DBS/SiO, compo-
site gels with different SiO, contents: (a) 0; (b) 0.5wt%; (c) 1.0wt%; (d)
2.0wt%; () 3.0wt%,; (f) 4.0wt%. The scale bar is 500 um
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X — 25 5L 5 AR R I 0 Si0, 1% 5CB/DBSA & —
H, HAYDBSE & H3.0% F A BBk 4L
PSS Fif ply £F 2 2000 [0) R DL ER UM RO 36 A8, &
T — AL R R X 446 1 30 72 R Rl Ol 02,

i 3(a)a] %0, HiStober s B G A Si0, R #
— KIAEZ 150 nm. XA [F] Si0, 7 # 1 SCB/DBS/
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B3 SiO, ki T (@) FIRFSIO, &1 9 SCB/DBS/SiO, & A I e MRk 25 5 A THE I AY I3 i T AR L A (b)~(). B A BEI P Sio, &

M(b) 0.5%; (c) 1.0%; (d) 2.0%; (&) 3.0%; (f) 4.0%

Figure 3 FE-SEM images of SiO, particles prepared by Stober method (a) and the xerogels of SCB/DBS/SiO; after removing LC hosts by n-hexane
(b)—(f). Silica contents were (b) 0.5wt%; (c) 1.0wt%; (d) 2.0wt%; (e) 3.0wt%; (f) 4.0wt%
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T >3.0%MF, Si0,% T W H 31 5 T DBSIE B
22 hh, Wit — 2L B DBS M4 (T8 i, e 245 Wi
JREAR R 9 2 B, DT R AR AR 3R Y T, 30 7T RE 23 5% MR
FIR R Sy 2EPERE; [RIET, (140 M2 E 3(e) (), Al
LRI, SiO k. 1 A 3R 44 5 DBS MW 44 2 8] (1) 25 B
Si0, A A P kL F 22 18] 19 25 BRI B i ok, X0k
i ALE NP/ S

23 WAEABIRNDEFEI T

Pl 4(a) & A [R] 9H K S0, 7 i 1 TR A ) B 02 5 B G
Eh S AR 4. HIEATH, 548 Si0,/95CB/DBS
R HHE, BN SiORL T 5 1 52 A 8 1) i RE AT it
G —EFRE R, HAEMAMFEN0.1~100 rad/s
T FBL 9 R AR 1 — A, RIS ER R
St N . BEE AU T SR AN, EARRGE
B — e R R, I 4(0) TR, Si0,E
BALIIN0.5%H, B ABERE A G nli5%]10° Pa,
I ECRE R, Won i RIFR A SRS LE R
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Figure 4 (Color online) The frequency sweep curves with different SiO, contents for SCB/DBS/SiO, composite gels
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TG T IR F A 6 B 18 e 2 RO R TR Si0, & it
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FIH, ITAT R S D RE 25 IR HE O B IR 25 (OFF, R
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Figure 5 (Color online) The electro-optical switching (a) and responses (b) of SCB/DBS/SiO, composite gels with different SiO, contents
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F 1 RFESIO, &EHK SCB/DBS/SIO, B A& EEH Y Bt 4H 1%

Table 1 Electro-optical properties of SCB/DBS/SiO, composite gels with different SiO, contents

Si0, 75 k(%) 0 0.1 0.5 1.0 2.0 3.0 4.0

Veu(V/pm) 1.3 1.4 1.9 1.7 2.4 2.0 1.7

Vea(V/pm) 12.5 12.8 14.1 16.6 11.7 13.0 15.3

Ton(ms) L5 1.5 1.5 1.5 1.5 1.5 1.5

Zor(ms) 24.5 325 40.0 70.0 62.0 24.5 19.5
o i B ) g g R PT. i E2RIBE SR 3 45w

ZERIT AL, 24 S0, S5 <3.0%, 4Kk T 5 DBS
UEMB LG ECER, SHEUN, WS HGE RN,
Z M BIIRAEK, ot (HBEE TCHLAN KR35
A — AN 2 3.0% L I, Si0.0E T 5 T A B I
N T DBSM 2% S5k i) e de i, AR K 5 DBSM 4% 2
[P 25 B L S0, AT SRAA P FRAL T 22 ] 14 25 B35 47 JoT 34
K, WA RO, B3 A B W o fT PITFEAIR,
HEZE A Si0, 1 5CB/DBSEEIE AL, 1 i TX 7%
KRR, 7, L MEEARN 24k, H1.5 ms.

RPN

AR SORE 90K A AR R T 5 A B0 B
SCB/DBSH, i1 44 K ki 5 Bt 12 K ¥ DBS 2 [H] )
P9 250 07 ok e ] e e 1) 5 AH VR SCB. LT i A D
YK Si0,, FT il 15 1 R & 52 A BE IR 1Y) i B L i
i 10* Pat i £110° Pall b; SubRIN, H5AREMN
KORE T B VL A ) B R S A L, R A I 1 B R
RS A B ) A3 3 TR B LA 2. sk
HE— 203 R b M RHZE B SCHE F G A 1 5 S Y
FHARAE T 57
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Nano-silica enhanced liquid-crystalline composite gels

LI Qian', BI ShuGuang', ZHAO DongXu', LIAO YongGui'* & XIE XiaoLin'?

' Key Laboratory of Material Chemistry for Energy Conversion and Storage, Ministry of Education, School of Chemistry and Chemical Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China;
2 National Anti-counterfeit Engineering Research Center, Huazhong University of Science and Technology, Wuhan 430074, China

Soft micro-environment is one of the most important requirements for fast responses of liquid crystals (LCs) to external
stimuli; however, the drawback of poor mechanical properties for LCs limits their further applications. In this work, the
storage modulus (G") of the LC physical gels, nematic 4-pentyl-4'-cyanobiphenyl (SCB) and 1,3 :2,4-di-O-benzylidene-
D-sorbitol (DBS), has been greatly enhanced by the addition of nano-silica into physical gels. The composite gels are
formed through the synergistic effects of the nanoparticle and the gelator. The phase transition behaviors, morphologies,
dynamic rheological behaviors and electro-optical properties of the composite gels were investigated using differential
scanning calorimeter, polarized optical microscope and field emission scanning electron microscope, rheometer and LCD
parameter tester, respectively. Compared with the LC physical gel without nano-silica, with the increase of nano-silica
content from 0.1wt% to 4.0wt% at a fixed DBS content of 2.0wt%, the network texture of composite gels was changed
from nano-fibrillar to spherulite-like. The G increased firstly and then decreased with a maximum value of 1.5x10° Pa at
the nano-silica content of 2.0wt%. The threshold voltage (V};) and the off time (z) increased within 1 time and 2 times,
respectively. When the amount of nano-silica was only 0.5wt%, the G’ of the composite gel was improved to 10° Pa, an
order of magnitude higher than the gel without nanoparticles. Meanwhile, its Vi, and 7 only increased 46% and 63%,
respectively. This work opens a new window to the applications of LCs with excellent self-supporting ability and fast
switch responses.
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