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Abstract

In order to improve the properties of H-bonded bent core mesogens,
mixtures of single/double hydrogen bonded banana-shaped compound
doped with covalent bonded banana-shaped liquid crystals were studied.
The phases were demonstrated by polarized light optical microscopy
(POM), differential scanning calorimetry (DSC), powder X-ray
diffraction (XRD), and electro-optical properties based on dielectric
responses as well as measurements of polarization reversal currents.

The temperature ranges of the B, phase of mixtures were extended
from a few degrees to forty degrees due to the contribution of
covalent-bonded LCs. Moreover, the spontaneous polarization (Ps) values
of single H-bonded LCs were increased from about 100 nC/cm’ to 500
nC/cm’ by increasing the percentages of the:covalent-bonded mesogens
linearly. The relationship between Ps-wvalues and applied voltages were
also studied. Compared with covalent-bonded LCs, saturated applied
voltages can be reduced by blending H-bonded mesogens with
covalent-bonded LCs. On the other hand, the antiferroelectric properties
of H-bonded LCs were improved and stabilized by doping with

covalent-bonded LCs.
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Compound Phase transition ( °C,[Jg'])

I-A12 ISO 108[4.4] SmC 88.7[32] cr'
I-A16 ISO 105.4[18.3] SmC 86.3[133.7] cr'
S12 ISO 112.7[43.8] SmCP 83.3[73.7] Cr
S16 ISO 117.2[41.5] SmCP 94.5[91.2] Cr
(I-A12)/S12 = (90/10 wt%) ISO 94.1[142.9] Cr

(I-A12)/S12 = (80/20 wt%) ISO 90.4[109.1] Cr

(I-A12)/S12 = (70/30 wt%) ISO 95.8[99.9] Cr

(I-A12)/S12 = (60/40 wt%) ISO 96[82:6] Cr

(I-A12)/S12 = (50/50 wt%) ISO 97.3 SmCP 96.6[72.4]° Cr
(I-A12)/S12 = (40/60 wt%) 1SO:95,9[44.9] SmCP 88.6[14.8] cr'
(I-A12)/S12 = (30/70 wt%) ISO"100[56.3] SmCP 76.7[46.7] Cr
(I-A12)/S12 = (20/80 wt%) ISO 101.6[53.5] SmCP 75.3[55.9] Cr
(I-A12)/S12 = (10/90 wt%) ISO 103.6[45.7] SmCP 76[59.2] Cr
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Cr
Cr
Cr
Cr
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[
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SmCP 76.9[39]
SmCP 77.9[62.3]
SmCP 87.4[83.2]

% 3-1-2.3 % DSCHK_135°C & & 5°Cug %438 T 55°C
(1-A16)/S12 iR 4% 4 5

SE SR D4 SISO->SmCPE SmCP->Crz_ 474,

[ o A

BRF BZEFL o FPHER""E G

¥

Compound

Phase transition ( °C,[Jg"'])

(1-A16)/S12 = (90/10 wt%)
(I-A16)/S12 = (80/20 Wt%)
(I-A16)/S12 = (70/30 wt%)
(I-A16)/S12 = (60/40 wt%)
(I-A16)/S12 = (50/50 wt%)
(I-A16)/S12 = (40/60 wt%)
(I-A16)/S12 = (30/70 wt%)
(I-A16)/S12 = (20/30 wt%)
(I-A16)/S12 = (10/90 wt%)

1SO 95.7[132.2]
ISO 95.8[95.5]
1SO 94.1[112.3]
1SO 96.4[82]
1SO 93.4

ISO 98.7[60.3]
1SO 99.9[54.3]
ISO 98.4[43.6]
ISO 102.4[46.6]

Cr

Cr

SmCP 89.1[70.91°

SmCP 86.2[23.2]
SmCP 85.3[23.4]
SmCP 73.9[51.3]
SmCP 71.3[59.2]

Cr
Cr
cr
cr
Cr
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TER I S5°CE Bl

% 3-1-2.4 4% DSCH_135°Cr2 & 4 5°Ceig

(1-AL6)/S16 R 4% % 7|> " B phAp S 1V B A 2 BB @74 > + "%

AN

%84 0 FR"D" 4 5 1SO->SmCPL SmCP->Crz- £ % @ 3 & o

Compound Phase transition ( °C,[Jg'])

(I-A16)/S16 = (90/10 wt%) ISO 96[146.3] cr'

(I-A16)/S16 = (80/20 wt%) ISO 96.5[129.2] cr'

(I-A16)/S16 = (70/30 wt%) ISO 95.9[134.1] Cr

(I-A16)/S16 = (60/40 wt%) ISO 96[117.6] Cr

(I-A16)/S16 = (50/50 wt%) ISO 96.1 SmCP 92[1297° Cr
(I-A16)/S16 = (40/60 wt%) ISO 99.5[48.7] SmCP 91.9[68.8] Cr
(I-A16)/S16 = (30/70 wt%) ISO 100.4[47.8] SmCP 89[80.4] Cr
(I-A16)/S16 = (20/80 wt%) ISO 103.6[51.8] SmCP 86.8[87.4] Cr
(I-A16)/S16 = (10/90 wt%) ISO 107.5[46.4] SmCP 86.1[87] Cr
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@)

\/ I-A12

(1-A12)/S12 = (90/10 Wt%)
(I-A12)/S12 = (80/20 Wt%)

(1-A12)/S12 = (70/30 Wt%)
(-A12)/S12 = (60/40 Wt%)

NS (I-A12)/S12 = (50/50 wt%)
(I-A12)/S12 = (40/60 Wt%)

(I-A12)/S12 = (30/70 wt%)

% (I-A12)/S12 = (20/80 Wt%)
(-A12)/S12 = (10/90 wt%)

‘\/ S12

—

ENDOTHERMIC

T T T T T — T T T T T T
60 70 80 90 100 110 120 130

Temperature(°C)

(b)

I-A12
(I-A12)/S16 = (90/10 wt%)
(I-A12)/S16 = (80/20 Wt%)
(I-A12)/S16 = (70/30 Wt%)
(I-A12)/S16 = (60/40 Wt%)
(FAT2)/S16 = (50/50 Wi%)
(I-A12)/S16 = (40/60 Wt%)
(I-A12)/S16 = (30/70 Wt%)
(I-A12)/S16 = (20/80 Wt%)
\ / (I-A12)/S16 = (10/90 Wt%)

\/ Sl6

—

ENDOTHERMIC

T T T T T T T o T T T T T T T
60 70 80 90 100 110 120 130

Temperature(°c)

B 3-1-2.1 & 135°C12 5°C/meig F "8 8 3 55°C2 (a)(1-A12)/S12-(b)

(|-A12)/516 ,:‘4, 51] rﬁ?gg J‘/__,‘; I/_E,:g%a o
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)

ﬂ J I-A16
w T (-A16)/S12 = (90/10 Wi%)
Y (-A16)/S12 = (80/20 Wi%)
ﬁ /W (I-A16)/S12 = (70/30 Wi%)
v (-A16)/S12 = (60/40 Wt%)
(-A16)/S12 = (50/50 Wt%)
(I-A16)/S12 = (40/60 Wit%)
(I-A16)/S12 = (30/70 Wt%)
(I-AL6)/S12 = (20/80 Wt%)
(-A16)/S12 = (10/90 wt%)

\ / S12

—

ENDOTHERMIC

T T T T T T T T T T T T T T T
60 70 80 920 100 110 120 130

Tem perature(OC)

(b)

= I-A16
T (I-A16)/S16 = (90/10 Wt%)
. 7 (I-A16)/S16 = (80/20 Wt%)
: TN />” : (-A16)/S16 = (70/30 Wi%)
: (I-A16)/S16 = (60/40 Wt%)
(-A16)/S16 = (50/50 Wt%)
(I-A16)/S16 = (40/60 Wit%)
(I-A16)/S16 = (30/70 wt%
\,/ (1-A16)/S16 = (20/80 Wi%)
\ (I-A16)/S16 = (10/90 Wi%)

V' si6

ENDOTHERMIC —

T T T T T T T T T T T T T T T
60 70 80 90 100 110 120 130

Temperature(OC)

B 3-1-2.2 j&_135°C12 5°C/me=ag & '8 8  55°C 2 (a) (I-A16)/S12 »

(b) (I-A16)/S16 % 7| e @ g iv o
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1207 (a) o (I-A12)/S12
. —=—(I-A12)/S16| A

110 ISOTROPIC

105+

100—. ‘

95
90

85

Temperature(oc)

80—-
75—-
70
65

60 T T T T T T T T T T T
0 20 40 60 80 100
Covalent-bonded LCs (S12 or S16) (Wt%)

120

(b) ~o- (1-A16)/S16 |
1157 —+—(-A16)/S12| -,

110
105 Q\g ISOTROPIC ONH,.,O

*
100

] P
95-_ SmC|
90 /

"

\2/8\0/ o
PSR,
s ¢ B SN

i S
80 \ /
] K
75 .\‘

70

Temperature(OC)

65

60 . . . . 7 : T . T : T
0 20 40 60 80 100

Covalent-bonded LCs (S12-0r-S16) (wt%)

B 3-1-23 (a) Bl 5 (1-A12)/S12 5 (1-A12)/S16 i & 4+ 4 4 50 3%
ARTES 0K ZodHEREARAE (IFA12)/S12 7 F w3 By §
Mt d (1-A12)/816 ez S Ap B R 2 B - (b) B 5 (1-A16)/S12 >

(1-AL6)/S16 ;8 & #t+ H 4 5 SR B0 b2 fr ] EANE ) ]
~ 2 (1-AL16)/S16 > @ F < F 2529 Wt 4 (I-ALB)/S12 chjke S 498 B

#%} Bl ¢ K7 & G EdAp o

LW 3-1-23 7 Mg o AT kP R B R A HACHE 50 wt%
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T s 335 & 4 By phase 0 F T,812 1-A16/S12 % 7% > 5 71.3
°C o i @ # (1-A12)/S12 5 (1-A12)/S16 & ;% &t % () 3-1-2.3a)
F O AP B et » g4 Pk B4 3 (S16) 0 (1-Al12)/S16
AFNT U B RS S RBHT (5 60wt%) B RE B
2. Tn2 (774 °C)> #2380 wt% ™ 3 # A 2 SmCP phase » FE7 24 °C
(@ 3-1-24) - sptm = > (1-A16)/S12 2 (1-A16)/S16 & e cimt i@ pb
AP A (B 3-1-23b): 8 Flafi R AL FET A2 RB
Bk (IFAL2)/S16 #H i 4 5 90 wi%e s - B AR Y F T MR
i & (S12 S16) *Fhe§ LR EER Bt 6] > &R iE Fd 4o r plsh
AR S AR E chd 4l | I ACE ATIE 00 wt% R i 4EIR B

4 4 BB i S Ap o

35

1 | (-A12)/S12
30| (-A12)/S16
| | (-AL6)/S12
[0 (-A16)/S16

25

20

15

10
5 I_I
O_JEIT
50 60 70 80 90

Covalent-bonded LCs (S12 or S16) (Wt%)

B, phase temperature range(°C)

B 3-1-2.4 (I-An)/Sk & % 7B, phaseif. /& T /& £2 & 4R 3804 6| M 4

Bl
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A oo (I-AL6)/S12 &2 (I-A16)/S16 7 12 1 » (1-AL6)/S12
sl (1-AL6)/S16 5 71k do Al 5 B > & 290 wt%x 4t (R AR B 7
) P 2 (1-AL6)/S12 = (10/90 wt%) ++ (I-A16)/S16 = (10/90
wt%) SmCP phase % 7 £ 7°C » crystalline states 8 & » 17 % 14°C o
TWA T d B2 Byphase A &d R BgRHAFARAEL > K
LR HRBIPEE <~ > aSI2 0 S16 iRk Hpip AL RE & Mo
BRERRL WA i sgr3 A S22 RERAFTRFET IR
Moo LR BRI Ch A KPP BCETR AR S 0 ?‘fg\ (1-A12)/812 =
(10/90 Wt%) £ (1-A12)/S16 =(40/60 Wit%) it #ic® « 7 12 jE @ &

#F o
3-1-3 Powder-XRD & 7|
80 wt% & B4R B HIIT S v P Ll IR 2 EP

fTF AR R EEIFF 3 HF R £ &R & d-spacing PR T -

2N L e C o B A B 5 4ol 3-1-3.1 ¥ ] 3-1-3.2 %7 7 o

-29.



€Y

Intensity(a. u.)

(b)

Intensity(a. u.)

@ 3-1-3.1 & 140°C*3 8 %

2N

335 90°C »

—-A12

—— (I-A12)/S12 = (70/30 wt%)
(1-A12)/S12 = (40/60 wt%)

—— (I-A12)/S12 = (20/80 wt%)

[L S12

10 15 20

2 theta

—I-A12
—— (I-A12)/S16 = (70/30 wt%b)

(I-A12)/S16 = (40/60 wt%)
—— (I-A12)/S16 = (20/80 %)
S16

N

% 7 erPowder-XRD ) » @ 2

o -

T T T T 1
10 15 20

2 theta

e da A 2. (a) (1-A12)/S12 > (b) (1-A12)/S16

2
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—I-A16

@ —— (I-A16)/S12 = (70/30 wt%)
(I-A16)/S12 = (40/60 Wi%)
——(I-A16)/S12 = (20/80 wi%)
S12
=
s
>
‘®
c
i ‘ ‘
YN
1
e
e —————
T T T T T T 1
5 10 15 20
2 theta
(b)
——I-A16
—— (I-A16)/S16 = (70/30 Wt%)
(I-A16)/S16 = (40/60 Wt%)
H ——(I-A16)/S16 = (20/80 wi%)
| S16
5
s
=
2]
c
Joi
=

T T T T T T 1
5 10 15 20

2 theta
B 3-1-3.2 £ _140°C*#:8 2 iz & 42 (a) (1-A16)/S12 > (b) (1-A16)/S16

2N

& 7| rPowder-XRDE] » @ & & 71 30 wtY% =  4ER B 47 7 & Bl E &

335 90°C > B dudp o
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’&‘s

% 3-1-3 (I-FAN)/SK & 7R 48 2 % o 4p 2 Rk 530 "5 8 1 Uk So AR B 7R

z_ Powder-XRD # 32 ! 2_ d-spacing B] % °

Compound Phase Miller index  d-spacing (A) 1\/([()Ale)culer tength
I-A12 SmC 001 32.5 51.7
I-Al6 SmC 001 40.2 57.7
S12 SmCP 001 35.7 51.1
002 17.8
S16 SmCP 001 40.9 58.8
(I-A12)/S12 = (40/60 wt%) SmCP 001 46.6
(I-A12)/S12 = (20/80 wt%)  SmCP 001 37.7
002 19.1
(I-A12)/S16 = (40/60 wt%) SmCP 001 47.5
(I-A12)/S16 = (20/80 wi%)  SmCP 001 439
(I-A16)/S12 = (40/60 wt%)  SmCP 001 442
002 22.2
(I-A16)/S12 = (20/80 wt%)  SmCP 001 392
(I-A16)/S16 = (40/60 wt%) SmCP 001 48.4
(I-A16)/S16 = (20/80 wt%) SmCP 001 43.7

R 3-1-31 W 3-1-32 ¢ W Mo w B AP § 60 wi%E

GER IR R HBBA,\_}«-FK, j;zn]m@] 7)4p > TE L] & B hE S »};
~ UL B A A ReNESE o AR R o A B Ak S G - TR

ML g ndEsE > NARERLAS T ZEOHRE o A

denE B ¥ Xray HE543t 5 ) ind-spacingtt i B ILEE AR A k19 L R
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3460Eﬂﬁﬁéﬁﬁﬁf’ﬁAi%%iﬁﬁmGWMRﬁ%igi

F Y L AT E B4 b3 < A @ 2thetai@ % + - % d-spacing

ol BRLR AP EAMTENTAL > S TGN AL R

LB R e r AR & IR B RTA 2 ehE BT AR ¢

EH

Voo L BRSNS B G e 2 R G - B AR i)
o X m AR hend w gestE o RARES3 o HZ s L
A F A ReMESE IO F S k7R RM em 2theta £ < 0 T Wk
ok kIR ER B > B - TG > PR 2T AN
2% > & 35 (1-AN)/SK = (T0/30Wt%) 5ids & 4p e & SR BR L 4R >
w BEIRE KPS kSRR de e R T R & 2 SmCP 4p

PEBERSFEASL  FREFERSHIAL AR S HFENEBT

3-1-4 k7 &R

3-1-4-1 & Wik du v G ¥ Ps B engl

45

AR - R ERB TR AT = A E RN BURIE

Spontaneous Polarization value (Psi& ) > » ¥ 1 g T_A F S otk & 248
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TREEFBT RS & R E I o Smectic C phasez i §» o »F B i
i+ 5i- B~ R 5 400 Vpp 0 45 5 5 60 Hzz. = % j& > jiédisotropic state#
BIRHIERFDTRY BE > #7F £ SmCP phase2 % fi (T B ¥
J& BB g P enin R R A ™ dp DR PR A 4D ¥ U B T 23R

RRYEY SAPEE SLAAFBIRH oL F 0 BT RSN

% SmCgPp > H ¢ T H£“S” % & synclinic » “F”# % ferroelectric » 2 "ff i

—\

sLtzm@Rrpipk st THE L4 A (anticlinic) # 5 SmCAPA > 2 ¢ 2
= T HECA” N L anticlinic 0 % TR E“A2E £ antiferroelectric 0 12

(I-A12)/S12 = (50/50 Wt%) ~Lei]s & Bl3-4=4-1.1 ¥ #F » 7] & /¢ Xray
1118 &R & F7 % SmC phase ©d B EAIR B ~BriEAp P L BT
* ESmCHE 7| e 7§ Byphase s wo ¥ 118 A 2 kA F % s Ap iR 43 4

4 —
&

% % Byphase o #7757 B4 B PsE Bl (B 3-1-4-1.3)

—\

FR LFE WEER L BB A > PsES B 4e 0 BT LA G
PR T LB R RSB B F TR PSE o

£ BB D 2R 31412 7 il % TR & domain
S ERBHGT e 311 S RRINAEP R BETRAEN P E
o Py 3D 3T 5] ¥ R % domain < ] ¥ B %0 B~ (1-A12)/S12

= (40/60 Wt%) #ih+c L& 3 651 Vpp #1POM Wit 5 f2 8 (W
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3-1-4-14) > PARAAZ HRRIEET BTl -
fan-liked domain » ¥ ¥} PR [B] 3-1-4-14 ¥ 5+ > B2 R 3 R BT Freni ik R

TR B H 4e > 2 H_Ps .9 %300 Vpp {5 AR R R ¥ AT R A

B 4e

e E T WSS AR S (a) # (o) 5 SmCsPe (b)

f—i SmCAPA °
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(a) (b)

(e) ()

W] 3-1-4-1.2 f£_140°C "% ;8 /i & 48 12 T /& 400 Vpp » #F & 60 Hz= & ji ¥
200x 2 % 47 5] 51 (a) (1-AL12)/S12 = (50/50 wt%) » (b ) (1-A12)/S12 = (40/60
Wt%) » (¢) (1-A12)/S12 = (30/70 wt%) » (d) (1-A12)/S12 = (20/80 wt%) -

(e) (1-A12)/S12 = (10/90 Wt%) » £ (f) S12 2 POMi T -
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] @ _ ol ® /

—=—(I-A12)/S12
/ 350
400 o
/ 300
300 250
-~ 200

200 o / 1504

100 4 |
100+
504
04 —a—a—8—n

04 [} L] L] L ]

Spomtameous Polarization (nClcmz)
"
Spomtameous Polarization (nC/cm®)

T T T T T -50 T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
Covalent-bonded LCs (wt%) Covalent-bonded LCs (Wt%)

w] © —+(-AL6)S12] @
e

400 4
400 350 4
300 4

300 -
/

200 /
100 4
100
50 4
04

Spomtameous Polarization (nC/cm?)

Spomtameous Polarization (nC/cm®)

T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100

Covalent-bonded LCs (Wt%) Covalent-bonded LCs (Wt%)
B 3-1-4-1.3 j¢_140°C"% 8 2 it du 4B F#%5 % & 400 Vpp- #7 & 60 Hz2 =
£ 2 (a) (1-A12)/S12 " (b)) (1-A12)/S16 - (¢) (1-A16)/S12 » ¢ (d)

(1-A16)/S16 & 7| » PsE$£ 42 4514 6] ] o
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a) (b)

(e) ()

W 3-1-4-1.4 (1-A12)/S12 = (40/60 wt%) /£_140°C"% 8 & 95°CpF fuHp &
60Hz = & T2 < 230m :(a) 24T RE(b) 5 106 Vpp
P> (c) % 306 VpprF > (d) % 452 VppP¥ » (e) % 651 VppEs » (f)

5 1651 Vppd % TR PE -
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180 — m  (I-A12)/S12 = (40/60 wt%) |

160—-
140-
120—-
100—-
80—-
60—-

40

Spontaneous Polarization(nC/cmz)

20

T T T T T T T T T T T T T 1
0 100 200 300 400 500 600 700

Applied Voltage(Vpp)

@ 3-1-4-1.5 (1-A12)/S12 = (40/60 wt%) j%_140°C*% i§ 3 % & 49 P¥ 2 Ps

BEHIE S 60Hzz = & A TR (Vpp) @ (5@ -

3-1-4-2 & % B3t G4 Ps i e B e

LA G ke fochPs B TRM o Bt 5 5] SOWt%rd b X 4R
o 'R IR £47)2 Vpp 0 P19 5 500 Vpp (7]
AR AT 2 cellgap 5 425 um > ARG - B0 RSk FALE
500 Vpp i 7 % i cell 43k ) » bizi&{rTL R A L& 5 1 400 Vpp
b Ps @enT dagk g1 0.9 frF i Ps BT AR TR T2 R
L 3-1-4-2.1 2 F] 3-1-4-2.2 - &R ® ¥ L Ao e B (RARET)

GAEF 5 Gt fot DIB s A R o REAERLTR B B G S
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BRFRERE > LEVURRLF R DTRY FH4foaPs B o

—m— (I-A12)/S12 = (50/50 wt%)
(a) 600~ | —®— (1-A12)/S12 = (40/60 wt%)

(1-A12)/S12 = (30/70 wt%)

1 —wv— (I-A12)/S12 = (20/80 wt%)
“‘g 500 — o (1-A12)/S12 = (10/90 wt%) | et
= <—S12 . d—q— <
) <+
£ =
5 400 - <
i /
N
8 300 < [ E— A S——
S ; /v“i'/v v v
1]
3 < o
8 200 ) v
8 | / o o O °—e—°—o o
§. 100 ‘. ALY
) n < 2 - e i B R el S B ]

,wey/-/' "
& _u
04 4\,/»—4 val
T T T T T T T T T T
0 100 200 300 400 500

Applied Voltage(Vpp)

(b) —m— (I-A12)/S16 = (50/50 Wt%)
—e— (I-A12)/S16 = (40/60 Wt%)
500 4 (-A12)/S16 = (30/70 wt%)

—v— (I-A12)/S16 = (20/80 Wt%)

—~ - = -0,
e (I-A12)/S16 = (10/90 wit%) AL,
S 400 | —<—S16 b

o — 4

= 5

k=4 <INy

3

S 300 -

g e

° ] / |  y—

/ M - y— V¥V V—V—V—V—V

% N

3 200 / v~

2 7 v/

g i

é v///.H/.,,.foffo—fo)o—o—o‘o)o—o

7] 100 - .//4 ./!'-’.,.’-’I\.’-—-‘-—l‘-—-~l

> ,V/./ !
o
0 'y 4’,
T T T T T T T T T T T T 1
0 100 200 300 400 500 600

Applied Voltage(Vpp)

W) 3-1-4-2.1 j£_140°C* 8 2 % & 4p F¥ (a)(1-A12)/S12 (b)) (1-A12)/S16

N

47 |Ps¥t 60 Hz= & A Vppll > Bl¥ mR % 1 s &#fr B o
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—mn—(1-A16)/S12 = (50/50 wt%)
—e— (I-A16)/S12 = (40/60 Wi%)
(I-A16)/S12 = (30/70 Wt%)

—~
Q
~

—v— (I-A16)/S12 = (20/80 wt%)

~ 500 (1-A16)/S12 = (10/90 Wt%) | | IPEPEPESE B
5 —<—S12 e b

0o —1

£ 4004 P

5 Va

g / !

& 8007 P '!/V’—’777’V’—’V“v/v\7’—’7
5 I

£ / o«

B < !

8 200 + / | v/://|././.7‘7.7.777—0—77./077070
% Y/// ] [ ] ] -

£ | yprm—a— " —m—8—pg— g g E—m g uy
S 100 DAl

5 o

. -
0 255
T T T T T T T T T T
0 100 200 300 400 500

Applied Voltage(Vpp)

—m— (I-A16)/S16 = (50/50 Wt%)

(b) —e— (I-A16)/S16 = (40/60 wt%)
500 — (I-A16)/S16 = (30/70 wt%)
—v— (I-A16)/S16 = (20/80 Wt%)
i (1-A16)/S16 = (10/90 wt%) | e a—a———a
400 —<—S16 i/(/"”’
//< I
| =
. . ! B
300 4/ Sl v

//)4/,/7 1
200 14

- e __gile e —© o 0 o 00
] W .\l
A 2l

Spontaneous PoIarization(nC/cmz)

ﬂ/’,’l\-'--/-\I/-\-\I‘I\-/-/-’-‘-‘IfI
100 - 7\ 1<
s/
i /
R >
0 - et
T T T T T T T T T T T T 1
0 100 200 300 400 500 600

Applied Voltage(Vpp)

B 3-1-4-2.2 j&_140°C* 38 3 % S AppF2. (a) (1-A16)/S12 > (b)

(1-A16)/S16 % 7| erPs¥t 60 Hz= & A VppBl Bl ¥ m 4 7 5 & frd Ro

3-1-4-3 4 % BB
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R 0AB- BRI A KT MR T 0 T HPA194 F F A E B kA
80 wt%+ 1 4% 5o i »cell gap =9 um> & ¢ 0.25 cm’> non-rubbed cell
3 SkHzT _180°C* 4R 2 3R iBARR ST 3 THIESATH
#c (& or Dielectric constant ) » % % 4c @] 3-1-4-3.1 ¥7 @] 3-1-4-3.2 #7571 o

L& )I?’%B V4B TR e L & d 3t Goldstone mode friF 2 A SmCP 4p
PO TARINT T RAES T AR E S e A lpER o AT Y MK
AR B R PRI PRS0 VO T g M ABR RN 2 AR
FHEEREA A RF AR FIREREAH R LA F AL
B o BOEHBEE 2k o AR AR 258 5 10~255 5 -
B2 FABT R BP &>10 1 F2 & £ DSCiP 1 2. SmCP phase
B R U2 o @ isotropicEerystalline Jhfk 2. 2355 | 3t 60 § ¢ > »
2 1-A12(98 °C) » 1-A16(98 °C) » S12(105 °C) » S16(105 °C) » (1-A12/S12)
= (20/80 Wt%)(92 °C) > (1-A16/S16) = (20/80 Wt%)(92 °C) *+* i % i
IR RPEEAE AR ¥ B ® R 0 455 5 5kHzI 1000 kHz > T &
“ACV=1Vpp 2% 4-H 3-1-4-3.3 #7757 o ¥ % 3L E SmCP phasez_ %
PR T BIPNE F H ed S TR MRARIT - ELE 0 AT

7% %y 2_orientation order 174 F RS ERE > BT R H2Z BiEA

PRRT X E R o A AT F %] o
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3-2 B i ke s fakd EUR LA T RBLET

&

iz

3-2-1 POM jL%&

AR ERIE 72100200 .0 90 WYk T AER 43 b b end
g4 (HIn-An>n=12>16) Zx 4R dH (Sk>n=12>16)
L (FHmik: L A) o FIET (IFAN)/SK i 7 #E 00 > ¢ 7 K %
oM % RE VR R TR & 4P FFX_POM T g%k 3] broken fan-liked % circular
domain ¥ 32 ] » 12 (11112-A12)/S12 %% 5 &) (B 3-2-1)c ¥ iv 5 K
74 (73 BIFER e A)S d & 8 Pl & Powder-XRD % & B ¥ 14
% 5 SmCP phase o ¥ #F »EESOBAEY A 4e > % f ¢ o5 fan domain
Z circular domain € BB ] 0 B 2K BEEFE DB o d BT A
AR 305 5 X F 1% R )3 & domain < ) o F P EES
(I1In-An)/Sk »t & Bt 13573 & fdpo @ (1-AN)/SK & 50 wt%+ i 4R

AR I
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(e) ()

B 3-2-1 j¥_140 °C*# ;8 ¥|liquid crystalline stater? 200x & & #7345 31 2_(a )
1112-A12 > (b) (11112-A12)/S12 = (80/20 Wt%) > (¢ ) (11112-A12)/S12 =
(60/40 Wt%) » (d) (11112-A12)/S12 = (40/60 Wt%) + (&) (11112-A12)/S12

= (20/80 wt%) > (f) S12 HPOM X IZ [ -
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3-2-2 DSC # i

B> 3-1-2 &91if » B R LW B #05 B4HE B iy B
LR 3-2-21 5 R 3-2-22 R % EEHREIZ Y 6B LB 3-2-2.3 5%
TR BB ELL 32213 4 3-2-24- 27 (11116-A16)/S16 = (90/10
Wto0) o Sk AR R BB R E 0 3 DSC ¥ 02 F S dp 0 B
R B AT SRR PR R S 2 ('f4k B W 3-2-2.3a) -

TR AT g HAREEERERLIPEBRES Y

’.‘E\ “

7 SmCP phase > i 5 i#EDSC » Powder-XRD 2 % T £ ip|#7 {7 F| %
# o & SmCP phasez_ /2 4% 4+ T, Bk . 5] TOwt%~80 wt% = i 4R 45 v* &
PRI B chk AR f 2 TBbn K od & KSR & 5 i Sodp % 7 )
f 60 Wt%~90 wt% £ ¥ 4HRB WL TIB A 94 20°C~37°C# R -

5 R 02 (11116-A16)/S12 = (20/80 Wt%) » 5% 37.4°C -
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5°Ceig F %58 2 55°C & B2 %

% 3-2-2.1 1* DSC/_135°Cri & 4 5
X d (SK)> HHE F4t% & (1HIn-An) 2 (11112-A12)/S12 ;2 4%

AP TEREARR TR RE BB ESL > FRA"A S FER AP -

Compound Phase transition ( °C,[Jg'])

1112-A12 ISO 96.8[35.4] SmCP 90.7[21.7] cr'
11116-A16 ISO 97.4[38.8] SmCP 94.7[63.5] Cr
(I1112-A12)/S12 = (90/10 wt%)  ISO 96.4[29.2] SmCP 89.9[35.5] cr'
(II112-A12)/S12 = (80/20 wt%)  ISO 98.3[30.5] SmCP 86.8[23.9] cr'
(I112-A12)/S12 = (70/30 wt%)  1SO 99.7[31.7] SmCP 86.4[26.8] Cr
(I1112-A12)/S12 = (60/40 wt%)  ISO 99.2[28.2] SmCP 84.6[27.4] Cr
(II112-A12)/S12 = (50/50 wt%)  ISO 98.5[24.9] SmCP 83.4[26.8] Cr
(II112-A12)/S12 = (40/60 wt%)  ISO 100.5[54.1] SmCP 80.2[59.5] cr'
(I12-A12)/S12 = (30/70 wt%)  ISO 101.7[48.6] SmCP 77.3[63.6] cr'
(I1112-A12)/S12 = (20/80 wt%)  ISO 102[52:1] SmCP 75.2[59] Cr
(I12-A12)/S12 = (10/90 wt%)  ISO 104.6[45.6] SmCP 79.4[68.7] cr'

% 3-2-2.2 4 * DSCH_135°C12. 5°C/merak 5 "5 8 3 55°CE Bl 2

(11112-A12)/S16 5 7[> 8 B PFAP R VB B 2 %2 B 74 > FiR"a"4 ;

SERRMP O E"D"E 5ISO->SmCPE SmCP->Crz2. #4%2 B 44, &

Compound Phase transition ( °C,[Jg'])

(I1112-A12)/S16 = (90/10 wt%) ISO 92.3 SmCP 87.7[85]° Cr
(II112-A12)/S16 = (80/20 wt%)  ISO 96.7[50] SmCP 86.2[21.9] Cr
(I1112-A12)/S16 = (70/30 wt%)  ISO 99.1[57] SmCP 83.5[22.5] Cr
(I1112-A12)/S16 = (60/40 wt%)  ISO 98.3[55.8] SmCP 79.5[42.1] cr'
(II112-A12)/S16 = (50/50 wt%)  ISO 100.8[54.2] SmCP 76.4[51.2] Cr
(II112-A12)/S16 = (40/60 wt%)  ISO 100[45.8] SmCP 75[54.2] Cr
(II112-A12)/S16 = (30/70 wt%)  ISO 97[30.7] SmCP 72.7[50] Cr
(II112-A12)/S16 = (20/80 wt%)  ISO 105.4[42.3] SmCP 80.7[71.1] Cr
(II112-A12)/S16 = (10/90 wt%)  ISO 104.6[31.5] SmCP 83.6[83.2] cr*
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% 3-2-2.3 1 * DSCi#_135°C12 5°C/m*# 8 & 55°C2

(11116-A16)/S12

R E PR CERE BB EIR L A S LA
Compound Phase transition ( °C,[Jg"'])

(I1116-A16)/S12 = (90/10 wt%)  ISO 98.3[56.9] SmCP 90.2[85.3] cr'
(I1116-A16)/S12 = (80/20 wt%) IS0 99.7[54.5] SmCP 86.8[67.5] cr'
(I1116-A16)/S12 = (70/30 wt%)  ISO 99.4[52.1] SmCP 82.6[60.8] cr'
(I1116-A16)/S12 = (60/40 wt%)  ISO 99.9[44.8] SmCP 79.2[42.5] Cr
(I1116-A16)/S12 = (50/50 wt%)  ISO 100.9[53.5] SmCP 75.9[42.8] Cr
(I1116-A16)/S12 = (40/60 wt%) ISO 100.9[50] SmCP 71.6[50.9] cr'
(I1116-A16)/S12 = (30/70 wt%)  ISO 98.4[45.4] SmCP 67.3[46.2] cr'
(I1116-A16)/S12 = (20/80 wt%)  ISO 102.1[45.4] SmCP 64.7[48.8] Cr
(I1116-A16)/S12 = (10/90 wt%)  ISO 104.9[43.2] SmCP 76.4[63.5] Cr

% 3-2-2.4 4 * DSCH_135°Ca2= & 5°Ceinit 5 "5 8 3 S5°CE B2

(1116-A16)/S16 248 5 7| IR P AR 1* 7k 2 #2 B 70 % > 1 "

15 5 €804 ¢ R 45 1SO->SmCPY SmCP->Cr2. #1% f& 4
B RIS B AR B S i B

Compound Phase transition ( °C,[Jg'])

(Il116-A16)/S16 = (90/10 wt%)  ISO 94.5 SmCP 92.9[118.1]°¢ Cr
(II116-A16)/S16 = (80/20 wt%)  ISO 96.2 SmCP 92.4[135.2]° Cr
(Il116-A16)/S16 = (70/30 wt%)  ISO 96.6 SmCP 91.5[129.7]° Cr
(Il116-A16)/S16 = (60/40 wt%)  ISO 95.5 SmCP 90.3[123.2]° Cr
(I1116-A16)/S16 = (50/50 wt%)  ISO 102.6[44.4] SmCP 90.2[73.3] Cr
(II116-A16)/S16 = (40/60 wt%)  ISO 100.4[43.7] SmCP 87.8[86.3] Cr
(II116-A16)/S16 = (30/70 wt%)  ISO 105.8[48.5] SmCP 86.7[100.3] cr'
(II116-A16)/S16 = (20/80 wt%)  ISO 106.5[48.1] SmCP 86.5[96.5] Cr
(Il116-A16)/S16 = (10/90 wt%)  ISO 110.9[41.6] SmCP 89.1[91.4] Cr
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TR B2 B o o R ESE L (11112-A12)/S12 » @
FoudHEFRAL (11112-A12/S16 i S AP B # F - (b) B 5

(11116-A16)/S12 > (11116-A16)/S16 8 B %t % 4% % 7R 350 b2z & @] >
He 2wz 4258 R K4 (11116-A16)/S16 > & F = = & 2,8 F A&
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JE B 3-2-2.3 % 3 (11In-An)/Sk7 #g o2 (I-An)/SKRR % » » ﬁ}u—fd\
HEE W aapiahi @3 k5 BB R S Ap s WAERB W 6T
s #50 (11112-A12/S12 x50 m = > (11112-A12)/S16 #c v { 7> eh
BAERB L EIZ PP BR (25°C 60 wt%k B4R B ) ¥ T8
B (72.7°C > TOwt% & B4R 32 ) 2 ik fufp (2 W] 3-2-2.3a B
3-2-2.4) ¢ 40 3-1-2 & it o d 3 P 4EA T S12 0% &R R BB T
S16 > & & iE B+ #i > & (11116-A16)/S12 4= (11116-A16)/S16 + 4= %
RS APDE R R S FR AR SR TR Ry R AT R LR A
(11116-A16)/S12 = (20/80 wWt%)y 5 3 & (L1 In-An)/Sk % 5 & £ 4

(IFAN)/SK & 71 ¥ #8257 & 4 diedi (374°C) 5 ® Tode i (64.7°C) &-
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3-2-3 Powder-XRD & 7|

R B nE &GRS b P 20 W% 0 50 W% > 80 Wt% 1E 5 v
oot R 3-1-3 &oril o 2INRBEIEL e C o GBI IS B R
3-2-3 14 3231 % 4 3-2-34 7 A F HER A hE B 2 Xeray S
b3~ died-spacing B FIRBER AT RO A g 2wy
rH WAL R E- RSB i d-spacing 32 3T E - B B s
FER o AR A T A LK Cap e ¥ b (11In-An)/Sk &
Powder-XRD B 2. d-spacing ‘s &g+ § &k b3 4c @ 7T *% > 512 (1-An)/SK
B0 AT £ fdEa P& SmCPphase’ ¥ S35 R L2 FF o
s— b7 5 (11116-A16)/S16.= (20/80 Wt%) #7 S16 2 4 & Sestis i+ %
AT el (B 3-2-3d) > a7 &F£2 6 2#F2 0 (d-spacing
AHcA 2z p ) oL 42032 55 (I-FAN)/SK v 7 e e E_
(IIN-AN)/SK 2 4 7|39 % T 48 % » 75 S H F 422 5 A F 4 % SmCP

phase °
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# 3-2-31 B R (Sk)> #»HE i 4xh (HIn-An) 2
(11112-A12)/S12 iR 3% & 7| ** "5 i T % 5o 40 FF #70] ¥ 2. Powder-XRD #*

7@ 4 2_ d-spacing Bl % o

Compound Phase Miller index  d-spacing(A) Moleculer
length(A)

[I112-A12 SmCP 001 47.2 54.5
[116-A16 SmCP 001 50.3 61.8
S12 SmCP 001 35.7 51.1

002 17.8
S16 SmCP 001 40.9 58.8
(I112-A12)/S12 = (80/20 wt%) SmCP 001 42

002 21.1

003 14.2
(I112-A12)/S12 = (50/50 wt%) SmCP 001 40.2

002 20.2
(I112-A12)/S12 = (20/80 wt%) SmCP: 001 38.4

002 19.2

% 3-2-3.2 (11112-A12)/S16 & 7" ;8 % i & 49 B¥ d Powder-XRD ¥ 2.

d-spacing ] % -

Compound Phase Miller index  d-spacing(A)
(I112-A12)/S16 = (80/20 wi%) SmCP 001 46.3
(I112-A12)/S16 = (50/50 Wi%) SmCP 001 44.2
(I112-A12)/S16 = (20/80 Wt%) SmCP 001 432
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% 3-2-3.3 (11116-A16)/S12 & 7" ;8 % i & 49 p¥ d Powder-XRD ¥ 2.

d-spacing ] % -

Compound Phase Miller index  d-spacing(A)
(I16-A16)/S12 = (80/20 wt%) SmCP 001 46.6
(IT116-A16)/S12 = (50/50 wt%) SmCP 001 42.7

002 21.4

003 14.4
(I116-A16)/S12 = (20/80 wt%) SmCP 001 37.7

% 3-2-3.4 (11116-A16)/S16 & 7" ;8 % i & 49 p¥ d  Powder-XRD ¥ 2.

d-spacing ] % -

Compound Phase Millerindex  d-spacing(A)
(IT116-A16)/S16 = (80/20 wt%) SmCP 001 48.1
(IT16-A16)/S16 = (50/50 wt%) SmCP 001 442
(I116-A16)/S16 = (20/80 Wt%) SmCP 001 40.1
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G

——1I112-A12
—— (I1112-A12)/S12 = (80/20 t%)
ﬂ (I112-A12)/S12 = (50/50 wt%)

—— (I112-A12)/S12 = (20/80 wt%)
s12

Intensity(a. u.)

2 theta

——112-A12
(b) —— (I112-A12)/S16 = (80/20 wt%)

(11112-A12)/S16 = (50/50 wt%)
—— (I112-A12)/S16 = (20/80 Wt%)
S16

Intensity(a. u.)

2 theta

W 3-2-3.1 £ 140°C*s 8 2 % & 4p 2 (a) (11112-A12)/S12 > (b)

(11112-A12)/S16 % 5] ciPowder-XRD ]
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—11116-A16

(a) — (11116-A16)/S12 = (80/20 wt%)
(1N116-A16)/S12 = (50/50 wt%)
— (11116-A16)/S12 = (20/80 wt%)
S12
=
<
>
k%)
2 T p T !
S 2
g EK\_/_/_\
T T T T 1
5 10 15 20
2 theta
(b) —11116-A16
— (11116-A16)/S16 = (80/20 wt%)
(IN16-A16)/S16 = (50/50 wt%)
I —(I1116-A16)/S16 = (20/80 wt%)
‘ S16
=1
<
=
k%)
c
[J]
£
T T T T T T 1

N
o
o 4
®
=
o
P
N
I
N
=
o
=
®
N
o

2 theta

W 3-2-3.2 j£_140°C*s 8 2 7 & 4p 2 (a) (11116-A16)/S12 > (b)

(11116-A16)/S16 % 5] criPowder-XRD ]
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3-2-4 T 2R

3-2-4-1 & W 4E7% & V- B ¥ Ps B 02 58
F P D2 32 3-1-4 &7 > LA T T /& 400 Vpp » 4 & 60
Hz=z 4 A T2 TP BRESAFNIEE > 3L AFBRTRE > 975 D
Rinw BRI POk REACELT dp DI hmR P L ED ) £ o
TR REE DR T AT FRHIERHET R 45 e s
(synclinic) # % SmCgPg » 2 ",/T‘. THE LT FHRXERELFTE I F
#L (anticlinic ) # 5 SmCAP, > 24 (H112-A12)/S12 = (70/30 wt%) 3= & »
L) 3-2-4-1.1 0 5 b T g ety PSS D 4k S0 > s K
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