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Synthesis and application of
organosiloxane smectic liquid crystals
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Abstract: In order to improve the view angle,the haze of clear state and the bistable property of smart
window by polymer dispersed liquid crystal(PDLLC), we have synthesized an organosiloxane smectic
liquid crystal with long carbon chain and prepared simple optical bistable device by using this material.
This oganosiloxane smectic liquid crystal was synthesized from 10-bormodec-1-ene, 4 ’-hydroxybiphe-

nyl-4-carbonitrile and 1,1,1,3,3,5,5-heptamethyltrisiloxane in high yield. The molecular structure
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was confirmed by nuclear magnetic resonance (NMR) and elemental analysis (EA). We also measured
the parameters and the performances of this compound and the liquid crystal mixture by polarizing op-
tical microscope (POM) and differential scanning calorimetry (DSC). Simple optical bistable device
was prepared by several steps including substrate surface treatment, preparation of liquid crystal cell,
aging of the cell and so on. This optical bistable device has wide smectic phase temperature range
(—62°C~60°C), low driving voltage (50 V), excellent parameters at clear state Chaze = 0.06%,
parallel light transmittance = 90.34% ), good view angle and bistable property only need to be electri-
fied when switching the state. This organosiloxane smectic liquid crystal can be used to improve the
parameters of the smectic liquid crystal mixture. The preparation method is simple and economical,

which can also realize industrialization easily and plays an important role to promote the popularization

of smart glass market.
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W e T RARZS N % i W1 2 B2 PDLC 4
JCHCHEAE A RS JE 55 4 R W 2 AR iE W]
A TN A ] R IR 2 T R RE AR .
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FRCRL TR 255 Y % W b it o IS 38 L R BE (<< 100
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Fig.1 Synthesis of smectic liquid crystal 2
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2.3.1 47-(9- M- RO -B K F (D) 895 %

] 500 mL AFJEHE . m A 11.0 g (0.050
moD) 10-#-1-%$ 4 .10.7 g (0.055 mol) X ¥ KEHx
&M 10.4 g (0.075 mol) BB, ¥ 200 mL
DMF JIA L FE 120 ‘C R HEFE N 8 h, W HIE 18
PPl TR SO R A K R B K [
A Ak B £ 10 min, o U8, F /K U8 i 1A, 15 1k
AW 1KLY R A R AT AR Al ek 2 S
Be=6: 1 MYEWLFA, b T =8, A @ EdE. H 20
mL CFEE 450 A5 3] R 15.4 g, D45 A
% 4L E HPLC i 98.3 %, % 92% .,

2.3.2 47-(10-(1,1,3,3,5,5,5 -6 VL s &%
BB H)-BARF(2) &R

M 250 mL AiJE A, ITA 12.2 g (0.037
mol) 47-(9-Mi-%¢ E O -BR AR F (1),8.1 g (0.037
moD M 1.1,1,3.3.5,5-E F B mE & %E. 10 mg 1)
ANEFARR 150 mL PR BARY T 5HE 5 1
SRIG IR 8 ho Ji 25 ¥ 0 6 4 1144 2o i A 4
BLAEE c A BE=3 1 NVEBLH, bR e
m L ORE FRIR AR 14,3 g, I A5 WM (0 3 Al
HPLC 4 98.6 %, L% 70% .

FE i RS R T

"H NMR (CDCl;, 300M Hz) : & = 7.66-
7.59 (m, 4H, Ph-H), 7.50 (d, 2H, ] = 8.6
Hz, Ph-H), 6.98 (d, 2H. J = 8.6 Hz, Ph-H),
3.99 (t, 2H, J = 6.5 Hz, Ph-O-CH,), 1.84~
1.79 (m, 2H, —CH,—), 1.49~1.28 (m, 12H,
—CH, —), 0.60~0.55 (m, 2H, —CH, —),
0.13 (s, 9H, —Si—CH,),0.11 (s, 6H, —Si—
CH,), 0.07 (s, 6H, —Si—CH;,);

¥C NMR (CDCl;, 75M Hz) : & = 160.0,
145.3, 132.6, 131.2, 128.4, 127.1, 119.1,
115. 2, 110.2, 68.2, 33.6, 29.8, 29.7, 29.5, 29.
4, 26.2, 23.4, 18.4, 1.9, 1.4, 0.4.

TCR TR

CyoHiy NO; Sty » BB EH (Y0 C: 64.81, H:
8.88, N: 2.52; 3L ME (%) C: 64.99, H: 8.34,
N: 2.50.
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(1) PRI b AE B 0 0l 27 45 1) S P (A ) 2R
FH NAR-4T BB DL47 04X AE 25 “CHRLEE TS, M
JEUE (589 nm) , 4 JiT H 435K 5 %6 1Y BT B B 3T A
AH PRV i T R RE AR T R A W S
Pror R R AEw LI H R R R E RIR G WL
R S An, TR R, WL RLR
I H 2 A PR TR 1) G2 45 T S P A

(2) BRI S AL G 0 1 A HL 45 1) S (Ae) R
F HIOKI 3522-50 LCR 384X 7E 25 CIRE T,
W TR 43505 V6 4 T A B A ST R B R R i T TR
Al TR0 TR A W B A ) R Ae s
TR S 2 L DR I AT LAz HE M 4l A B A A B
I LA 1) S A

(OB Y DSC T #h 22 BT % 45 0
TA-2010 2= B4 B 43, 0 46 6L — 100 °C,
JNHGHE A 10 °C /min, FHEZE 300 C, 4% H 8 5
A LA 4 R S O R IR BE 5 AR e D' R B
(POMD 5 il 5 B 25 B X0 5% 1 AH 25 5% A7 I B Bt
TG W SR AL A 10 1 R 2R 1 A5 Ak, B 58 T &
BT AR ARG P TR S AR

CA) 0 JIT 45 B I 30 f AH SRRV Ak B P 1 2
B R NDJ-79 e 75 BT 78 25°CIR BRI xE
W I i 3B 5 06 1 T A I ST R B I A R
A BRI TR A W B T T B R B
ZRIEAR Logyl= D) CLogyl . IR& Y44l
3 T DA S A A R
32 B RSBNNELR

SR I 2 AR B R A 2 R
BN 1 TR K 1 AT LE IR B
EH FERY U S A AR Y, L —9.0 C F 59.2 °C,
MR IE 60 C L T IR UL AR A A BRI
¥, B2 kAW 2 ML mAH SR,

®1 kEY2HERSH
Tab.1 Liquid crystal parameters of compound 2
R/ ARAZ IR/
(mPa * s) C
2 0.140 8 0.85 2200 C-9.0 S5 59.2 1
W C Roandhil; SARARIE R A M 1 Fn4 R
W

EY An Ae




866

o531 %

Bl 2 A2 fFERIRE 59.0 CHFEHLH A &
2 &
Fig.2  Smectic texture of compound 2 at 59.0 C

during cooling
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Tab.2 Formulation of smectic liquid crystal mixture
LERUNR | R/ %
F F
e~ p-ero ) 1152
F F
F
= "
CsHy, — CN
o S, "
CgHyy O O CN 16.94
U Ve S
F F F
F F
F F F
(O CpreroCpr 1o
F F
LN/ \/
>SLO,SLO,SI o . . o 26.77
10 mg/ % 7g

T AL e
mfes ERAA

3.3.2 i & AE BT A bk AR ] 9K,
K 3.1 Rk ik vk L A5 3] T AR
RIAH SN T R iR, H DSC gthkan & 3 Fias,

®3 EFBERERASH

Tab.3 Parameters of smectic liquid crystal mixture

T A AR Y K g R
An 0.168
Ae 4.6
FH % (mPa » s) 1 800
HAAS R BE (C) C -62.06 S, 60.86 1

0.0

-0.14
@
g
= -0.24
B
® 62.03° 57.75°C
4.1113/g
86°C
-0.34
60.86°C
0.4
-200 -160 0 100 200 300
DN ¢ WE/C

K3 kR AHBC T B9 DSC il £k 121

Fig.3 DSC diagram of smectic liquid crystal mixture

53 B UL AR T IR 6 —62.06 °C#| 60.86 C,

3.4 EEENBESH[EHNHE
3.4.1 ITO 3k 3Bes % %

5 em X5 em B TTO BEEE, i A AT Bk %457
(9 F K, 40 CHEHL A 30 min, SR 5 LB+
JKAKEB IR 30 min, FHIC/KPIER 20 “C 8 H I/ B 30
min s B¢ I ARV R] L U5 B SRR TTO 3%
T P JE T P A T AL B — 1k A B R
3.4.2 B iR 6 6 AR

BE ) 5 A% 1 N F 35 bk s e T A R L i
BEFE 1 h 5. 0.25 pm (998 BT U8 L 3 8 5 A BC
IR AT B BB P, B TTO B B =
W B e R ML L, PR S E AR T 21 200 1/
min,12 s; 2 BERFE I .4 000 r/min, 30 s), 4T
ITO Ay PI ek 2.
3.4.3 FEBeyRT

TR R BERS F  A ROXUHE AR 110 °C A
15 min, X5 FHE Z 250 °C [4k 30 min, 4R B4
BEREEH.
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3.4.4 RS EM R &

¥ 2 7 ITO 3488 Fbric if 1TO 1, F 3
— R BEESHY TTO [ HHE B A 3% 55 04 DU > HE 34 Uk
GFAEIE DU 3, T00RR 4F P A L D B 10 pm 1Y
] B T~ 241 5 I Y& AE TTO 3L 3 R T, AR5 1 9 —
R ITO T RS M5 ES 5 min, K5
Pl UV AT 658K 16 mW/ em?”  TEILBER T R4
46 5 min, BIAS 225 14 5 75 10 WA & .

3.5 ERmENRESHEGHNK
3.5.1 L AHARRAL B H &

W LA 3.3.1 JREC A9 Al A TR Fh i #4 2 100 C
WHre HEA 344 AHIE 10 pm MR M E N, B84
P50l 15 2T R (1030 Al A SRS 284
3.5.2 L GHARBEBEMHG LR

K 3.5.1 BTl 45 0 3T b AHOBURS 2 2% 4R 2 AT m
M4 RS M T I LR 70 VA 50 He,
W10 s, REHHEIEMEO V. RE 5 K.
3.5.3 UL gh AR AL A B A ah ) oK

¥ 3.5.2 AL 1A 3 R DURR 2 28 AR 2E 47
B2 RN R 4 TR AT AR A e e i AT
9K 2y, 3K 2l 56 56 B AT 4 R R EEIRES . S
R E A 4 FrR

T4 ERENBRSHBENSH
Tab.4 Parameters of smectic bistable device
KBl 4 1 FE/ E R
7
HLE 50 V
% 50 Hz
T
B 50 V
2 000 Hz

T i 2 89.58/84.5

7 W2 0.06/90.4

4 I R AR U A 2 1F B ORI

Fig.4 Visual effect of smectic bistable device

3.5.4 5 PDLC K &9 A 21t
Fe AR A5 00T A SRR S B 5 T 7R
PDLC & 5 4T T 8 FLAY G B S 8O L, X E

SRR 5 Fiw,

x5 ERENESHEHSS PDLC ESHITLE
Tab. 5

Comparison of smectic bistable device and

PDLC films
2 PDLC Ji PDLC fii IR A
—1(20 pm) —2(15 pm) (10 pm)

KEEE 92.65 91.68 89.58
P &) 5.50 7.22 8.80
HEFE 9.68 7.66 0.06
H & AT 77.10 81.10 90.34
il &
UK 3 L 60 V 45V 50 V

PIEEES e o i HL PIESE

FATAFP AT LUAE W, T A HE A R
AR SR 10 pom, 1T 1 _LF BLE PDLC /Y
R g 20 pm B0 15 pm, JIF RLZE RS T L Bl AL
RE T PDLC W 25, 17 42 e Vi & 1 B 2
Je S {3 RS 1) RIS AR 25, BT AR L
PDLC &% S W& 25, 1 JF 2% (9 48 #4000 3k % B 2,
PDLC = i (W AETF A R AT — %8 1Y 25 B2 1 3T A
AR 25 0,06, JLTF- AR — 20, 1B 1 4l
b PDLC =2 thiF 2, NEL 4 ] LUE L JF
AR B . MRS E{CR 50 V.
SCHR ] 8CB 28 1Y I i AH B A SR AR 22, v] UL A
AR St S BRLAR 1) 4K B 485 A o T B AR AR R 119 3K B HL
HEEZMEM.

FATHHEZE T =5 PDLC /Y 7= W0 £ X
FE A 5 85 5 - PDLC 7™ 5 38 H 19 155 5 T 6 ) T A
RHLAPIRST , & Bl f RS, 7™ 5 0 7™
AR 56 SR X B A BR 4l PDLC 77 i & & 1 T %2
(R JE DR 22— o T 30T A R LR 285 T 5 4 ¥ A 0 £ i)
B, QR S BT BV ZE A ) R0 9 BT L A

A FR A2t A A0 B TRl B 5 3 0 .
3.6 it

(DPDLC F= i R BIEETI | L E 4R £
B FAE T L5 25 P B T | 7 S bl | 7 5 55 40 e
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Fig.5 Smectic bistable deviece from lateral observation

A PDLC Myt st 53 3% . B 5% PDLC % H
RN BA B RS TE ZRFLL b T
RA&, B PDLC 38 & JF 4E 1+ 4 3 Wi . 1 52 17
PDLC H i I JG Al 2 5 E 4 b 0 T 1 77 . T
AT ity A SURG S DU fige e T 3k 2 [ S, HL W R T AR
BT ICTRrLm i, J 70 R A8 ol A B 3t A7
HLOR Bl 1 HLF A T or i s, S AR — 3,
B AR AR H A

(2) HAx PDLC A7 76 ™ 5 19 90 £ 0] 80, 33X a5
JE i PDLC A B 9 5 B AT ok 22 1, HBE k3% . G
R BR A T IR WS4 AR E T
Aob 7 AR TR A HE 5 X T e R A Y e, 5 R
BT R AHDTHEE , BF LLIE A A T iR
7 AR S T DA TE & B o, 6% T ) Y
S oa MEBZHE T EME, TR —E M5
MORAS . W A AH BT R IR G B L
FENAEAE VL 14 ] 8, PR HL T 285358 52, 0L #f1 7 B
fAER KM LRSI,

Z * X #:

(3) BRI A SRR &4 %5 — 28 PDLC FT
PSR IR P A5, B LA By T AR P AE B B A
A — B E M, B, th T AT A ) 2
FYEC I, fr LA H AT B JE i PET B#F B, H
A 7 3 38 R e P P 5 I ol T A R A
A R AT LA AE L T LB A RS T R 0
R IR Bl e e 2s S SE HG n, BT LA H T R AE /)
RO 4B, 1 KR 18 4 4 D) 75 2 /N R P4
TCEERE N T 5 14 16 il VR XE

ARSCLL 10-PR-1-28 45 6 B2 SE I R S50RT 1,1,
1.3,3,5, 5 B ik 40008 o Joeh , 3 3 7 20 I i
DL = R A T — Bl A e S e A A 205 4 1Y) 3
fn AR IRCAR A, O B R SRR (NMR) LT R
A3 M CEAD AN T 2504 i 15 800 5 A1) O 't S8 13 e
(POM) Fil7R 22 #7942 AL (DSC) 55 % Hl & 2
BT IR | I K % 28 5 A Rk S K B 45 A 11 3
fm A FHR A B ] T A A AR L O DL
TR A o MR 25 T B SRR S R . 5
5 22 B 0 i AH TR A TC A 1 T A A R S
LA B B 3 AR 9E (—62~60 C) L B
MRS B (50 VDL, B A S F (=
0.06%, AT B F = 90.34%), 5 & LA A
S FE S AT LAACPE R 25 D0 46 i 55 2 3 H S B XA
AR . MR A T vk TR JRURE ) 15 OR AL
s 2 AT T SRR A AR B B 40 T S i
TR EEENE.
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