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SEHEIN , B85 SUBERFEAR TV, Vo BT 0T LU RESEHE N , SR )5 SUREAR , C 22800 98055

KR REVITEGI, SILFRLZIL, aTNa-Wr s s, REESMD R, mthkie

AW 3R A (PDLC ) J2 R it W0 70 7
R W BN BT IE B —Fog B OG5 G A R
T PDLC HA AR 0 G PEBE O M4k A Ll
L A R e R  PTRE E O IT
KB REE S AT AN ET R RS
AR 25 (PIPS) 1 45 1 PDLC JEE (1) i SR T
SR A RLAR 3 AT 50, B TR B ELAA B0 1Y)
HILE, R, PIPS ¥ B R N FH 85k T i 1 il
T PDLC B AR 77 7 A 2 2 () 02 4K
Sl AR & ICAZBUN R . R PDLC H G RE
8 PR 2R AL AE R A I BT R B W AR M B R
AW SR M AR A A ik
I, SRV A IR G TR T PE A ARG AR
SRR TAEBANT 2 60, 0 ul- W AL B 5
B (RAFT) B4 51 & 58 4 155 (Iniferter)
REEEEER GRS IE, KRG
PR R 4 T BT RE SR Al LA R
PP NS5 K B R G, i R Y ik BeIL R Y
FREESLRY) AR Y BIER A Y R
EWES RS R ] RAFT B4 il Iniferter 5
G AT EE &2 ERN KRS T
Iniferter ( RAFT-MI) , 3§ 3 5 79 4% 12 B fig ( MA)
PP W IR A, BT PIPS V45t DA A S B
Y1k B PDLC, BF9¢ RAFT-MI % & %) PDLC
OGP RE Y 52 M.
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M R (MA) (2, 2R — 57 TS
(AIBN) | PUSAALRR K O (St) AL RE =51
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B DU U (1, 4-TT R O R e AL TR,
2iRE=99.5% ) , =B FaHEFE 70 (RAFT 3250
L5k UL 1) $5 SCRR L7 ] 07 1 4, 25 2k 14

1 fi7R. Widh E7(Ty = 58°C, n, = 1.527,n, =
1.717 ,Ae = 11. 4, 4 5 ) BHE 7R B FRA
H).

1.2 EMEFRBEYHE

RN K+ RAFT 557 (RAFT-PS) 1)
Hil& T R AEE H G A St(0. 1 mol) (RAFT
R57 (1.2 mmol ) AIBN (0.1 mmol) , 7 A S 54
THFATE R—h R, a2 4 L DU BR
TR G TERRA AN N EAE A TUETHR
2 110°C s b, A RV 24 h. O 58 1 D
Jei , VKKV 1 45 1B SO, i A/ 5 D & VK P
fite =), SR JE K LG 12 i 21 TR b A T U0V (A
U8, 35°C H2S TR AR5 1 Ak oK, B o KAk -+
RAFT-PS, =% 4 92. 6% , 5E i 15 % (3% GPC il
SE4r TN 6100, PDI Ay 1.2, £5F AN 1E 1 K.
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e ER TR ) 4 54 HH B AL 1R (DCMB) . 9K J5 18 2%
A BEFET 9 5B R LB UOI A RAFT-PS
(2.0 g) GAALFE(L 0 g) AP ALER (50 mL) , ¥
RAFT-PS 5¢ 4= % fif , Fil i 9 Wi <} ¢ BCMB ( 10
mL) N2 R b, SR RN 17 he 45 1R R
IO, 2R Je R DG 2 e i T 321) P et R AT DL Al DK
35CHZA TR R A OB, My R 72 4

|
H2C=g—C—O—CH3
MA

CIHZCO/\/\/OCHZCI

BCMB ((chloromethoxyl)butane)

CH,
CH, ;
HOOC S h COOH
n
L, LS CHy

CH,CI
RAFT-PS-co-PCMS

Fig. 1 Chemical structures of MA, RAFT agent,

FRYESCER[ 9,10 ] 77 2%, 7550 e v 4% AC
Fem A K 4+ F RAFT-PS-co-PCMS (2.0 g) N, N-
TCHETHAREIE RN (1.5 g) (DU KR (10
mL) Jo/K SFE(20 mL) , &R T N 6 h. Kbeii
BB AT i Uk, DABR 2528 1 Je AL R NaCl.
SR S Hr U VR % 12 T 2] s b A T O TOE g,
A B DU S K g P SR G, PR B TE
. 35°C B TG IR kR, B 2 H i
Iniferter K4+ (RAFT-MI) , ;=% % 68. 0% , 4514
WK 1 pros. "H-NMR #%#% (300 MHz, CDCL,,8)
FAF L5 5. 6.726 ~7.256 () ,3.751 ~4.453
(—CH,—S—), 2.885 ~ 2.957 (—N—CH,—
CH,),2.070 ~2.172 (—CH—CH,—), 1.288 ~
1.454 (—CH—CH,—), 0.888 ~ 0.949
(—CH, ). —SCSNEW, [HALRL 5 11.2% (45
A BE IR BT
1.3 HFmiE&

F RAFT-MI 7] 5 & Bk MA $ A [a] L 451 e
Tl W, 5 BT IR A TP B A I TR
J& , BN WU S N 1TO 3 FEL 3 35 1 45 1)
Wb, &5 N 20 pm. SRS RAZI L & T 54

I A B R OR O 1 2R R W) RAFT-PS-co-
PCMS, P23 65. 9% , 45 4 1 fros. "H-NMR
#%H4 (300 MHz, CDCl,, §) FRAE45 H.6.716 ~
7.256 (%I ,4.522 ~4.579(—CH,Cl) ,2. 034 ~
2.169 (—CH—CH,—), 1.249 ~ 1.417 (—CH—
CH,—) ,0. 860 ~0.942(—CH, ). —CH,Cl f#%4k,
I 26. 4% (HE AR EEIRECRITH) .

CH, CH,
COOH

HOOC#/SYS\P
CH; S  CHy
Chain transfer agents (RAFT)

CH
CH coon
HOOC S ST
cHy L ® CH;

RAFT-PS (M,=6100, PDI=1.2)

CH
CH :
HOOC\ | f- S COOH
n
CH, S CH;

CH,SCSNEL,
RAFT-MI

RAFT-PS, RAFT-PS-co-PCMS and RAFT-MI

Je R E AL 4 h, B AT 5% A 6] RAFT-MI 35 4 1)
PDLC. HAARLT5 Uk 1 Fivs.

Table 1 The composition of polymer dispersed liquid crystal

prepared with various of RAFT-MI contents

Liquid crystal E7 RAFT-MI: MA

Sample (weight ratio) ( weight ratio)
1 50% 10:90
2 50% 15:85
5 0% 20:80
. 50% 25:75
5 50% 30:70

L4 BRI

JEM ' M (POM) W1%% PDLC JIE O LI
51 B SR A 9 TU-1810 2840 AT L4366 BE 3
(b0 A A BR S 1 A7) It i e
BE (I PR 550 nm, LIz SES ) M. &
W EERES R E A BRI LR (V)
SR Rk B T, BTG A B4 TR 46 H R
(Vo) B ICFRIKF T 5 BTG NG LI, Horp T
=T.+(T, . -T,)x10% ,T, =T, +(T
~T,) X 90% , T, HEKIBNCK, T, Jfie/NG
JeA N W CR & T, 5 T, B9 AR 10122800

max



872 2

T S &

2 i 2010 4%

S FRLOG i 2 4 Hh A A 43R 800, /P PDLC
ARG e AR AN IO T 24 i BT it 4 F ) i L
35 ST PR A 8 H AT O, 1R S B R Bh 2 R
PRSI, HAE T 7 B PR Wi TR 27 9 (8]
1§%E\%§[13] ,JEH M = T;ff - Toff ﬁ%@i‘lﬂ‘l‘l?&@
(T AR 2R Z JF OB IER) . REWH 7
TR HBERE % (1% (GPC) BRI E.

2 #RE5itiR

2.1 7A[E RAFT-MI & €%t PDLC AW 517
A

K2 J& i RAFT-MI 7 &5 53 %5053 51 o 10%
15% 20% 25% 1 30% I} fir il 5 g PDLC 351
PR e s (POM) B& . NIEL 2 AT LA Y, 24
RAFT-MI %5y 10% ¥ 1% 25% B, PDLC 4 &

F1A) VL i LT 4 A 788k B 340 50, L YR 1) R A2 B R
/0N, T A & PDLC A0 i (800 52 3R A ol 58
W (R, = k[ M [T]72 kS8 f2 w5, [ M
(1] 43 502 B MA FI RAFT-MI 7644 & rf (i v
fE). 78 PDLC R RZh HA OB 51 K DI 6E i
RAFT-MI {1 55, T2 B BE A 1) 3R G ol 38 gl
15, DRI TR B3 /N8 4 1) Y 0T . > RAFT-
MI & HE i 25% 380 2 30% B, W R 2 90
FH TS R 3. 302 iR FAEAR A I SE 38 5514 F
MEAEEES | & YIRE R RAFT-MI (1) & 5 34 Jin
i, i 5 PDLC e J5 % B R & W 3R 16 4 7 i
REARK , T AR 198 4 SO A ) YA 6 405 R Tk
T 0B S, B L RAFT-MI & &t 25% 34 &=
30% B}, W A 0 1 K.

Fig. 2 Polarized optical micrographs of polymer/liquid crystal (50/50 by weight) films of different concentration of RAFT-MI

a) 10% ; b) 15% ; ¢) 20% 5 d) 25% ; e) 30%

2.2 K[E RAFT-MI & £3f PDLC FF&EHRE
) 52 i

&l 3 J& i RAFT-MI 5t & 43 %053 4 8 10% |
15% 20% 25% #1 30% I} i il 5 ) PDLC (1) #8%
PEREMNZE. DK 3 ] LIARZE 5 F i, 24 RAFT-MI
TN 10% 5N 2 15% B}, FF A3 G2 mE S 3 hin
IR R E 2 () POM R ] LA HAE
RAFT-MI ¥ i 4 10% I, Wt A LGSO B9 98 X7
FE M RABRE LA, 1] RAFT-MI Y iR 15% 1,
ARV 2 T IE . PDLC (1 T 2538 06 R 5 5
TR0 T R 2R G W B A 2 T] 1 4 53 23 1) DG T 2 B A

Transmittance (%)
i
[«

—0—15%

309 7 ——20%
VZON 0,
)74 3w
0 5 10 15 20 25 30

Voltage (V)

Fig. 3 Electro-optical curves of PDLC prepared with

various RAFT-MI contents
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M TG 0 L 4l PDLC 4k F JF A5 B Y8 B
TSR T 5 R AW IR 0T R AH T L,
PRI B ) PDLC H A 1 5 () R A B O % Y
RAFT-MI £ & M 15% 352 30% i), FF A& L%
SR D P e A i L AR A AR B e D PR
# RAFT-MI &5 35, 8 sy 86 Y 5L AR 4y
SPRAMAERWI AR, X AL T 1 R A W SRR
YT 55 85 W S0 B 3T S5 FR TN REAE T AT 52
TREF I UC L.
2.3 A[E RAFT-MI £ &3t PDLC i V1 V,,
82 M

4 FIIE S 435002 B RAFT-MI J5t 1 5348055
B 10% 15% 20% .25% i1 30% Kt i 6 % 1
PDLC Wy B{ERE V, 22 b & A AT &V, 1Y)
kit E 4 g 2] LA B RAFT-
MI & 538 in, PDLC /9 V,, 288 FEAIL, 7T DL e
W 3.1 VIRIRZE 1.5 V, AR IE R B, WA S
T 4TI AR B, B E RAFT-MI 5 & (9 3
Jn,PDLC iy V,, MRS, AT AR WIY 16 V [
Kz 6.8 V, BRIV IR EE B K. K PDLC 5K 5)
L (Vi Vi) 558G 551 0 3 355 1 7 728 B
T, R /NA 5, Senyurt 7IN2H 4 38 [ A% 3% 55 Ak i
B, T DL AR IR S L R (W, V) L TRy
FHRIVRAIE LT, BEIRR G W AR 5y F =
B] DLRRAR ER ) 7,1 fE AR Sc s, T
RAFT-MI J&3 i 7] 9% 5 & i 25 19 4> F A 5 3k
LA, 1Ml ELRf % RAFT-MI #F PDLC {& & H g &
IG5 20 WL R G W AR 1 4 i
GRS, M7 T BARAIEO T  BE IR &Y
LR 43 F 1 BD AT S B AR CH: T, #E 0 S 3K
PDLC KB HL e (V, Bl V., ) BT REAIK.
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Fig. 4 V,, of PDLC with various RAFT-MI contents
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Fig. 5V, of PDLC with various RAFT-MI contents
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2.4 A[E RAFT-MI & =Xt PDLC XLt BB %
i

& 6 J& i RAFT-MI J5i & 53 %053 5 10%
15% 20% 25% 1 30% I} i il 4% 11 PDLC (5% E
FEAR A 2 K] N £ (& b il LA ), 24 RAFT-
MI &5 M 10% 4 hn3 15% iF, PDLC 4% 3 B
WA, MY RAFT-MI 5 4 A 15% 38 n %) 30%
B, PDLC [ B JEE 2R 3 /0. 3K 2 XL ok el 61 2 1)
POM & J- ] LI th 7 RAFT-MI ¥ B Ry 10% B,
VR A LABECRE 1 XA A, TS AR i S22, T
RAFT-MI ¥ i S 15% B, W & B ik 72 7 T2 A
PDLC ) X} b 5 90 & 300 10 R /N FOE R
M U R P AR A A, Xt R
. B RAFT-MI & 5 M 10% (1) ¥ B 338 Jin %)
15% B Ve BB, YRt et X KT ok, EL G BS) 1 9 i
TORRAR A KT 20% \25% \30% 14 , R i
FEI R (AT FERE . 5 0, b b P A, A2 Y ke
(3T S 33 R A 1 S AR 1 4 558 5 1) DG R 1) 5%
Mt T RAFT-MI 93k A 15% i Ji fin e s
fifi PDLC &b FFF25, VA0 I 4 S ka7 5

40 r D\

w
W
T

w
(=]
T

Contrast ratio

N
W
T

[u]

2.0

10% 15% 20% 25% 30%
Content multi-iniferter macromolecule

Fig. 6  Contrast Ratio of PDLC with various RAFT-MI

contents
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PR 3T B SR AR DT T, PR e s A PDLC HL
A T i B FEEE. TS RAFT-MI 3558 DA 15% 35
% 30% i}, B RAFT-MI & & i3, T8 i 8
G YR IT I R AR WAL, X AR 1L T Y
RAE W HARA T35 W R A 5 R I A GE
TETF A I S BRAR G- i D C , PRI {5 7% PDLC () %)
LY B8 5 T AR
2.5 [E RAFT-MI 4 £ 3%} PDLC i2[Z % 5 B9
=AU

K7 J& i RAFT-MI 1 &2 53 %053 51 o 10%
15% 20% 25% F11 30% I} fif ] 45 1) PDLC 43042
RO AR A B N2 & AT LU Y RAFT-MI
Tt 50h 15% 20% 25% Fi1 30% ) PDLC #f
AITEAZRL N R L 10% i PDLC FEAYTEAZ 300 55,
H. RAFT-MI JF 4350k 30% AORE 580 H 5 55 (1)
CAZER . PDLC (IC42 380 5 A W 3 1R R
i TR 2 1] ()l AT DG, il BB 5ER , PDLC (1)
OIS PDLC & & i RAFT-MI 554 14
HEINAEAS 3R A R v i) S B RO N, 14 T S %
BT DRGSR it (0RG 5 A Y)B E E H T f
3 PDLC 2 5 BLA 55 i 1230 0. T #E RAFT-
MI ¥ B I\ 10% 5 mH] 15% b}, 4 68748 f i
AR, 3 =R TR SO AR TR o 109% 44
AP AT K, 4l REAR 55, 1T RAFT-MI ¥R 0
15% B, PDLC PRIV 30T B AT 1, (H 2 20 A AR
ANIE) WA AR K, B RE K, Fr A2 R
B 55 ISR T R BE 209% %1 30% , g i L
A 8 5], R0 AR S W R/, TR T i RE L 15%
W& /1N, AELH L Mk BE R 10% (9 58, FF A A 20% 3|

» W
=S
T

Memory effect
NN N
o [\ &~ o

o
T T

o

=
T
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Content multi-iniferter macromolecule

Fig. 7 Memory effect of PDLC with various RAFT-MI contents
30% HARF I Ay 1B s 55 AL KN
3 #Fig

FIF RAFT |Iniferter 314 B B 3E R G5 G L
ZH e FE 1Y 36 P K 4> F RAFT-MI, 38 i 5 5
RAFT-MI {55 £ DA il £ DL 3 ks 2L 3R Wy o LA 1
PDLC, A] LI &5 4% il PDLC JR ) S W% 51 | el 38
PDLC {4 f G MR (R & IE 65 | B H e 1 A
L H R BE BE AR Z 808 ) - 24 PDLC ) RAFT-
MI %3t A 10% 35 5] 30% i}, PDLC 5 (1) 3 i il
T SCIR T SR I SN, FLJG N FL R J5 , PDLC
F ) JF 285385 S B S 38, B Je a2 UK 5 L
HLE (V) LRI HL IR (V) BEAIG, X LU B2 S 3 hm
SR Ie XA s iCAZ NI 55 . 1207 B AE S T A%
PDLC 3R 8h HL e (V,, Fl V) Y[R Bsp s S8 13
RN R, A BRI T 4% B 78 Y PDLC R
R
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PREPARATION OF POLYMER DISPERSED LIQUID CRYSTAL FILMS WITH
MULTI-FUNCTIONAL INIFERTER AND ITS CONTENT EFFECT ON
ELECTRO-OPTICAL PROPERTIES

QIN Ailin, WANG Yinghan
( College of Polymer Science and Engineering , State Key Laboruary of Polymer Materials and Engineering,
Sichuan University, Chengdu 610065 )

Abstract Polymer dispersed liquid crystal (PDLC) films were prepared by photopolymerization induced
phase separation ( PIPS) with living macromolecule , synthesized by RAFT and iniferter in sequential steps. The
living macromolecule with multi-iniferter was called RAFT-MI. The effects of RAFT-MI concentration on
morphologies , transmittance , threshold voltage (V,,) ,saturated voltage (V) ,contrast ratio and memory effect
of PDLC were studied in detail. It was found that the liquid crystal droplet of PDLC increased at first and then
decreased with the concentration of RAFT-MI varying from 10 wt% to 30 wt% ,while V,, decreased from 3.1 V
to 1.5 V and V_, decreased from 16 V to 6.8 V. On-state transmittance increased with the concentration of
RAFT-MI varying from 10 wt% to 15 wt% ,and then decreased gradually due to the mismatch between the
refractive index of liquid crystal and that of polymer matrix. In addition, contrast ratio increased from 2.2 to
4.0 at first and then decreased later; memory effect of PDLC was weakened. Therefore, the new combined
method of living radical polymerization RAFT and Iniferter successfully improved the electro-optical properties
of PDLC.

Keywords Polymer dispersed liquid crystals, Iniferter, RAFT, Polymerization induced phase separation,
Electro-optical properties





