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Abstract

In this study, five kinds of diacid proton donors containing two or three
siloxane linking groups in the center and variou aromatic rings at both
terminals were synthesized using Mitsunobu coupling, hydrosilylation, and
esterification. These diacid donors were mixed with pyridyl and bipyridyl
acceptors, respectively, to form H-bonded banana-shaped dimers and
main-chain polymers. The physical and electro-optical properties were
characterized by polarizing optical microscopy (POM), infrared
spectrometer (IR), thermogravimetric analysis (TGA), differential scanning
calorimetry (DSC), powder X-ray diffraction (XRD), and electro-optical
experiments. It was found that increasing the length of siloxane units and the
rigidity of aromatic rings would brooden the mesogenic ranges. As the
H-bonded bent-core structures were asymmetric, it showed wider ranges of
mesogenic phases. In addition, hydrogen-bonds also enhanced the thermal
stability of the H-bonded Structures. The anti-ferroelectric polar smectic C
(SmC Par) and ferroelectric. polar smectic C (SmC Pg) phases were
individually observed in these H-bonded dimers and main-chain polymers
bearing two and three siloxane units. The high spontaneous polarization (Ps)
values were obtained by increasing the number of aromatic rings, and by

introducing the asymmetric bent-core structures.
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4-Dimethyl aminepyridine; 99% Lancaster
Platinum(0)-1,3-divinyl-151,3,3-tetramethyldisiloxane Aldrich
complex,Solution m-xylenes{(~2% Pt)
Pd/C, 10% Acros
Potassium hydrogen carbonate Janssen
AT A R AR AT
75 A R
Tetrahydrofuran PHARMCO
Dichloromethane PHARMCO
Ethyl acetate GRAND
n-Hexane GRAND
Methanol TEDIA
Toluene TEDIA
N,N-Dimethyl formamide TEDIA

Xk ke THF 807 & BdrizE > £ 4 540 85 &k CH,ClL, &

o CaH 2% » A Z4H F o
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2-2 REHRRE
1. £ % ,% % (Vacuum Line & Schlenk Line )
2. 5B = ¥ 3% ik (Nuclear Magnetic Resonance)
4| %% © Varian 300 %)
W& > 2 ¢ ¥ Sample /3>t d-solvent ¥ > % #7p|i¥ 2 H &
PC kg|aric S B g o P HE =5 ppmo B & ¥ ¥
H % Hz »# r2d-solvent 3 p $(d-solvent?|# )es % singlet -

d ® % doublett * % triplet > m % multiplet o

d-solvent |'H Bc

CDCl, 7.26.,.0 77.36
DMSO 2.49 ,3.32 39.52
D-THF 1.72,3.57 25.26,67.2

AF Bt $ 2. d-solvent 7| %

3. ~% 417 (Elemental Analyzer):d i ~ EF £ RE " < Rp]

& o
4. # €& &~ 47 (Thermogravimetric Analysis * TGA)

3]%% : Du Pont TGA 2920 %
5. 77 £ ¥ £ &3+ (Differential Scanning Calorimerty » DSC)

7] 85 & Perkin Elmer Pyris 7 2|

DSC £~ ti#im it fhz 4 BHEF 52| E - @ * RE» L

TREBRE CRFHEFRLEESAL A 2SSmg 2 F o BB XKL LR



EY REFRFRIFEFER TASRS A DRLS TR F
BRBES ] 2 APEFEFPER -
6. 1%k st (Polarized Optical Microscope)
A% ¢ LEICA DMLP
Tk B AR = B K B fe & Mettler FP900 ¥ FP82HT &
2 BEE BB RS RN LY R RITR o F A K|
UHREEATEF RO 2 ERSAPEFEERFER - P RS
(T #- % Polarizer> ' # % Analyzer) HE &R LW F¥HA 5 90 & o
W R AR 2. 3 R AT RIZVE IR ks B iRk R Y aEi o F
A Felad R 2S5 BT ELR ) F 2 0 R L G AT
Bt KRV ATV LT e
7. X k¥ kA ¥R (Powder X-ray Diffractometer, PXRD )
X- bR RTARG AP HE TR HEERITRHFE G 22> F 2
— oI F > T T2 ARG I R F ARG R SR F ML F
FotenX-5tRE R AREF » ¥ 532 % M F ha (83 5% A 2 ¥R o X-
BRI, 7 % Braggs Law (nh= 2dsinO) & fif - A F %> F
# {5 % ¢ < e Bean line 17A1 &7 » #7% 2 3k h A=1.334431A -
8. iz bk ik (Infrared Spectrometer > IR)

A %L Perkin-Elmer Spectrum 100 7]

16



SRR L ERE AT B2

{Q
N
A
=
|
3
&=
a:..
ph
&

F 5 4000~400cm™ > @ 3t F A P02

=
=
il
'
)
F_ﬁ
%
=
kil
big
=i

RS - W ERST A SHFEETHHEYE A F RSV
AT HS RS BN AT IRBE S B RS2 ok AR
AR o F AR S 2 b kAR T FNSRE P A 4 i o
9. “4c#u R % st (Therm-control system)
A% ¢ Models FP 800, FP 900 (Mettler Instruments)
10. 3R X T
A% ¢ METTLER TOLEDO AG245
11 AZF RHEEER
2] 5 : BRANSON 521Q
12. v # & (Hot plate)
4] 8% ¢ Corning PC-420D
13.1TO % da 3 £ (cell)
A]%5 £ 4pi% & o parallel rubbing cell » 4.25 um > 1 cm®

14.

Pt

by

ma

A5 : DENG YNG DOV-60

l4

15. =& 42,4 4 B (Arbitrary Waveform Generator © AWGQG)

(:m

A 8% Tektronix AFG 3021
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16. i~ 4 ®B (Digital Oscilloscope)
A5 Tektronix TDS-3012B
17. 3 i % Jh*c~ B (High Speed Power Amplifier)

At B

h 2 N A A 4 BB
RN Z.E'_}‘&

-

i
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2-3 & = AR

Scheme |
0

0, e
OH

O

: N
O}—Q'o-anzz—si—o—s‘,i—Cnsz—O‘Q—{O
vl O
l 1id
0 | \ 0
>—©—o—cllsz—si—o—s‘i~C11sz—O’©—<OH

HO
1-3

liv

Z}—QZ@'O—CllHZZ_S%_(}%_CMHZZ_O‘@_@ C EZ
o by,
\ i

] | 0
Q >_©'O_C11H22_Si_o_8i—C11H22—0‘©—< 0
e | o)<,

HO
1-5

Reagents and conditions: (i) DEAD, PPhs, THF, r.t.; (ii) 1,1,3,3-tetramethyldi
siloxane, Pt cat., O,, r.t.; (iii) Pd/C, H,, THF, r.t.; (iv) Benzyl 4-hydroxy benzoate,
DCC, DMAP, CH)Cl,, rt..
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Scheme 11

Y oeed oo b a0
O'CllH22_S|_O_S|_O_SI_C11H22'O
o I o
ol O
'ii
- Oroeunigr ot dinod )¢
O—C11H25=SI—0=8i=0=Si—C;{H»—0
HO | S OH

o

Reagents and conditions: (i) 1,1,3,3,5,5-Hexamethyltrisiloxane, Pt cat., O,,
r.t.; (i1) Pd/C, Hy, THF, r.t. .
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Scheme II1

HOO . Br/\©
OH

O

L0 0

.

3-2

| | |
OO—CllHZZ—Si—O—Si—O—Sli—CllH22—OO
OH

HO
3-4

Reagents and conditions: (i) KHCO;DMF,100°C; (ii) DEAD, PPhs,
w-undecylenylalcohol, THF, r.t.; (ii1) 1,1,3,3,5,5-Hexamethyltrisiloxane, Pt cat.,
O, , Toluene, r.t.; (iv) Pd/C, H,, THF, r.t. .
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Scheme IV

o]

| | l o)
O-C11H22—Si—O—Si—O—Si—Cllez—O
HO | I [

OH

4-4

Reagents and conditions: (i) KHCOs;, DMF, 100°C;(ii) DEAD, PPhs,
w-undecylenylalcohol, THF, r.t.; (ii1) 1,1,3,3,5,5-Hexamethyltrisiloxane, Pt cat.,
O,, Toluene,r.t.; (iv) Pd/C, H,, THF, r.t. .



2-4 & %%

Scheme [

0
DEAD,PPh;
()A o + H,C=C—CoHrs—OH
oH THF
Q H
@O—CQH18~C:CH2 ( 1_1 )
& o

#-6.7g (29.4mmole) Benzyl -4-hydroxy benzoate,5g (29.4mmole)

w-undecylenyl alcohol » £ 8.18g (31.2mmole) triphenyl phosphine * &

—

EF F = = 0 1~ 200ml (dfy) THE 3 &2 - £ i1

v

14.18ml
(31.2mmole)diethyl azo dicarboxylate 40% intoluene » % 8 * * & —
% {5 > MCH,CLZ% Bk %5 » CHyGlp#rhexane 1 ¥+ 2 2 & - silica gel &

B @i kiR A S (1-1) 0 RBLVCIBP > & & 92% -

'H NMR (300 MHz, CDCl;) & (ppm) : 8.02 (d, 9Hz, 2H), 7.45-7.29 (m,
5H), 6.92 (d, 9Hz, 2H), 5.88-5.74 (m, 1H), 5.33(s, 2H), 5.03-4.91(m, 2H),
3.98 (t, 6Hz, 2H), 2.08-2.01 (m, 2H), 1.83-1.71 (m, 2H), 1.47-1.27 (m,
12H).

< H_ | | Ptcat, O,

O>—©—~O—C9H18—C—CH2 + H_Si_o_Ti_H - .
0-C11Hpp—SI-0-Si— 227

d 11M122 i || 1122 5 ( 1-2 )
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#-5g (13.14mmole) (1-1)¥ 1.14ml (6.26mmole) 1,1,3,3-tetramethyl

disiloxane;® & > A B 3% % 3T 4~ 0.36ml (0.036mmole)
platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex solution

in xylenes,(2%Pt) > &R T F - % 18 1L CH,CL % B~k &5 > CH.Cly
Brhexane 1 +“ 6 't & > silica gel &~ s iv > B R p A (1-2) 0 &

5.D2SilBP » & & 87% °

'H NMR (300 MHz, CDCl;) & (ppm) : 8.01 (d, 9Hz, 4H), 7.43-7.31 (m,
10H), 6.89 (d, 9Hz, 4H), 5.32 (s, 4H), 3.97 (t, 6.3Hz, 4H), 1.83-1.71 (m,
4H), 1.47-1.26 (m, 36H), 0.009 (s, 12H).

) | , P Pd/C, H,
>_®—O'C11H22_Si—O—Si—C11H22_O—©—< _PUC.H,
ol 5 o
O

Q 7
>_®—O_C“HZZ_Si_O_T_C11H22_0‘®_<0H (1-3)

HO

4% 7.87¢ (8.79mmole)(1-2) ## 0.78g (10wi%) Pd/C(10%) i3 **
THF> &3 5§ © F - % > ¥ &3 @ g H-Pd/C> 12 CH,CL 2 Methanol

WA S s EpiFe ¢ FMA S (1-3) *fELD2SI1IBA & & 85% -

'H NMR (300 MHz, D-THF) & (ppm): 7.93 (d, 9Hz,4H), 6.91 (d, 9Hz,
4H), 4.00(t, 6Hz, 4H), 1.83-1.71 (m, 4H), 1.47-1.31 (m, 36H), 0.03 (s,
12H).
C NMR (300 MHz, D-THF) & (ppm): 167.197, 163.57, 132.18, 123.82,
114.42, 68.59, 34.24, 30.43, 30.38, 30.18, 30.16, 29.94, 26.77, 24.05,
18.99, 0.235.

EA for C4oHgcO7S1, (715.12): Caled. C 67.18, H 9.30.; Found: C
66.74, H 9.33.
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O
] N 0
>_©>O_CllHZZ—Si_O_Si—CllHZZ_O@_< 4 ©/\O
" | | > OH

p o decunol O — o
DCC,DMAP @O 0—C41Hy7—Si—0O-Si—*“11M22 04@_<
S | 5

THF d

#- 3g (4.19mmole)(1-3) > 2.1g(9.22mmole) Benzyl-4-hydroxy

(1-4)

benzoate > £2 0.6g (20wt%) 4-(N,N-dimethyl amino) pyridine * 34 /& ¥ #
= = 73 » 150ml (dry) THF% iz > feokis ™ 0 £ e > 1.9g (9.22mmole)
N,N’-dicyclohexyl carbodiimide > %% BT & - % & > 2 CH,ClL % B~
k 48 » CH,Cl, 27 hexane 3 v+ Lib- Gl v silica gel &~ 3 it » 1874k jp 48

A 4 (1-4) » £ 8 D2Si2BP> & 2 80% >

'H NMR (300 MHz, CDCIl3).3 (ppm)=:18:16 (m,8H), 7.47-7.31 (m, 10H),
7.29 (d, 9Hz, 4H), 6.95 (d, 9Hz, 4H), 5.37 (s, 4H), 4.03 (t, 6.6Hz, 4H),
1.83-1.71 (m, 4H), 1.49-1.32 (m, 36H), 0.048 (s, 12H).

Q O>—<i>-o—c H sl—o-L-_CMHZZ—o-@—(O 0 Pd/C, H,
>—©*O 11H27~—= |I || 5 4@_<

e SN

Q | | _ 0
HZ\; <3 O>_©‘O_011H2r8i—o—s|l—cn"'22 OO_% C ZZH (15)
#-4.76g (4.19mmole)(1-4)£ 0.48g (10wt%) Pd/C(10%):% ** THF
hdF TR - % R E D B /RA-PA/C o 12 CHyCL, £2 Methanol

EHhoRFBEREY I FHMA (15 RED2SI2BA > & F 75% o
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'H NMR (300 MHz, D-THF) & (ppm) : 8.11 (m, 8H), 7.32 (d, 9Hz, 4H),
7.04 (d, 9Hz, 4H), 4.06 (t, 6.45Hz, 4H), 1.83-1.71 (m, 4H), 1.47-1.26 (m,
36H), 0.04 (s, 12H).
C NMR (300 MHz, D-THF) & (ppm) : 166.757, 164.560, 164.219,
155.612, 132.71, 131.65, 128.977, 122.30, 122.106, 114.955, 68.863,
34.255,30.442, 30.38, 30.17, 29.90, 26.75, 24.065, 18.998, 0.335.

EA for Cs4H740,,S1, (955.33) : Caled. C 67.89, H 7.81.; Found : C
67.75, H 8.09.

Scheme 11

Q | | | ) Ptcat, O,
>_©70_C9H18_(H3:CH2 + H—Si—O*Si—O—TI—H

Q 7 | 0
O'CllHZZ—Si—O—Si—O—Si—CnHZZ'O 2_1
;—Oj s e 9 /? (21)
#  S5g  (13.14mmole) 7 (1=1),1.56ml(5.97mmole) 1,1,3,3,5,5-
hexamethyltrisiloxane & & > A 3 % 32T 4 » 0.34ml (0.034mmole)

platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldi siloxane complex solution

in xylene,(2%Pt) » &8 T F - % {8 » NCH,ClL % B~k 45 CHyCl
Prhexane 1 +“ 5 't ] > silica gel &~ & it » (B o & B A F(2-1) > &

5.D3SilBP > & & 90% o

'H NMR (300 MHz, CDCl;) & (ppm) : 8.04 (d, 9Hz, 4H), 7.46-7.33 (m,
10H), 6.90 (d, 9Hz, 4H), 5.34 (s, 4H), 3.99 (t, 6.45Hz, 4H), 1.83-1.75 (m,
4H), 1.67-1.28 (m, 36H), 0.06 (s, 12H), 0.02 (s, 6H).
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%_@ ] @_é’ PAIC , H,
O'CllHZZ_SI_O_Sl_O_Sl_CllH22'0
& O o b N
o) | | ] 0
>_©"O_C11H22_S|‘O*SI—O_SI"CJ_1H22_04©_< ( 2-2 )
HO ] OH

% 5.79g (5.97mmole)(2-1) 2 0.56g (10wt%) Pd/C(10%) 3 *
THF > 23 5 T F - % > U@ J& 1 B PA/C > 12 hexane ff 4%

f o K BIREe F FH A (2-2) A5 D3SiIBA & F 86% -

'H NMR (300 MHz, DMSO) & (ppm) : 7.87 (d, 9Hz, 4H), 6.98 (d, 9Hz,
4H), 3.99 (t, 6.3Hz, 4H), 1.73-1.64 (m, 4H), 1.37-1.22 (m, 36H), 0.02 (s,
12H), -0.02 (s, 6H).

PC NMR (300 MHz, DMSQ) 8 (ppm).< 166.74, 162.17, 131.23, 122.91,
113.83, 67.57, 32.95, 29.27, 29.18,29.03, 28.98, 28.71, 25.57, 22.76,
17.75, 0.99, -0.06.

Scheme II1

0
HO 0 B KHCO,
OH + r/\© o HOO/\© ()
# 10g (53.14mmole) 6-Hydroxy-2-naphthoic acid > 7.57ml
(63.77mmole) benzyl bromide > £ 6.92g (69.08mmole) potassium
hydrogen carbonate » 3 /# § # = =t » /£ » 180ml (dry) DMF % f% > %
100C™ & - = 1 » *2 EA 5P~ k%5 > EA £ hexane 14+ 5 - 5 -

silica gel » &g it » (Fo & FE A (3-1)> “ELNPP > & & 88% o
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'"H NMR (300 MHz, CDCl5) § (ppm) : 8.56 (s, 1H), 8.06 (d, 9.3Hz, 1H),
7.86 (d, 6Hz, 1H), 7.71 (d, 9Hz, 1H), 7.51-7.32 (m, 5H), 7.16 (d, 9Hz,

1H), 7.13 (s, 1H), 5.41 (s, 2H).

o]
o/\© N HZCZE'C9H18—OH DEAD,PPh;
HO THF
o]
sonae
HzC=C-CqHi15-0 (32)

#- 5g (17.97mmole) (3-1) » 3.28g (19.05mmole) w-undecylenyl
alcohol » £ 5.05g (19.05mmole)triphenyl phosphine, 4 i# § § = =% > i+
> 200ml (dry) THF% f# > 493 > 309ml (19.05mmole)diethyl azo
dicarboxylate 40% in toluehew & W F F JE- = 1 > W CHCL % B~k
45 CH,CLy 2 hexane 1 +* 6.+ ] v silicagel» &g it » 8o & HiE A

$(3-2) » S5 VCIONPP > # & 85% o

'H NMR (300 MHz, CDCl3) & (ppm) : 8.47 (s, 1H), 8.02 (d, 9Hz,
1H), 7.66 (d, 9Hz, 1H), 7.60 (d, 6Hz, 1H), 7.41-7.24 (m, 5H), 7.10 (d,
9Hz, 1H), 6.97 (s, 1H), 5.82-5.70 (m, 1H), 5.32 (s, 2H), 5.02-4.90 (m,
2H), 3.86 (t, 6Hz, 2H), 2.03-1.96 (m, 2H), 1.73-1.66 (m, 2H), 1.39-1.23
(m, 12H).

(0]
0] oo
+ H-Si—0-Si-O-Si-H Pt cat., 02
HZCZE*CQHB*O | | | Toluene
o0 Y o cupnsi-o-s-o-bi-cur 0ol Yy o
— —Si—O0—-Si—0—Si— —
oot et oy £ e
o3 A

28



#-4g (9.29mmole) (3-2) » 1.10ml(4.22mmole)1,1,3,3,5,5-

hexamethyltrisiloxane 4 150ml (dry) toluene;% f%, feB¥ 3x % 3LT 4o »
0.24ml (0.024mmole) platinum(0)-1,3-divinyl -1,1,3,3-tetramethyl

disiloxane complex solution in xylenes,(2%Pt) » &8 & & | hris >
FAc#Fie - X > MCHCLE Bk ‘{ﬁ » CH,ClLb2 hexane 1 +* 4 i) »

silica gel» k4 it > 1774 k248 2 4~ (3-3) > 5LD3SINPP - #& 5 86% o

'"H NMR (300 MHz, CDCl3) & (ppm) : 8.56 (s, 2H), 8.08 (d, 9Hz, 2H),
7.84 (d, 6.9Hz, 2H), 7.74 (d, 8.7Hz, 2H), 7.52-7.33 (m, 10H), 7.21 (d,
9Hz, 2H), 7.13(s, 2H), 5.42 (s, 4H), 4.07 (t, 6Hz, 4H), 1.90-1.81 (m, 4H),
1.51- 1.27 (m, 36H), 0.08 (s, 12H), 0.05 (s, 6H).

| | I
OO_C11H22_’Si—o——si_o_sl|_C11H22'—OO
& O Ob
| el
Pd/C,HZs OO_C11H22_SI—O_SI_O_Sll_CllHZZ_OO (3_4)
THF  HJ OH

% 4.51g (4.22mmole)(3-3) % 0.45g (10wt%) Pd/C(10%)73 *+

THF > &3 § T F - = > ¥ &3 @ gP-Pd/C > 12 CH,Cl ¥ hexane

ML R o F EipiFe ¢ FHA S (3-4) R E.D3SINPA> & F 78% -

'H NMR (300 MHz, CDCl;) & (ppm) : 8.57(s, 2H), 8.05 (d, 8.4Hz, 2H),
7.84 (d, 9Hz, 2H), 7.73 (d, 8.7Hz, 2H), 7.16 (d, 9Hz, 2H), 7.10 (s, 2H),
4.05 (t, 6.6Hz, 4H), 1.86-1.79 (m, 4H), 1.49-1.29 (m, 36H), 0.06 (s, 12H),
0.02 (s, 6H).

C NMR (300 MHz, CDCl;) & (ppm) : 172.43, 159.37, 137.69, 131.87,
130.99, 127.68, 126.83, 126.02, 124.10, 119.97, 106.31, 68.16, 33.49,
29.67,29.62,29.43,29.17, 26.09, 23.24, 18.30, 1.30, 0.21.
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Scheme IV

O KHCO P
(O e 2O
: O

#-2.5g (11.67mmole) 4’-Hydroxy-4-biphenyl carboxylic acid > 1.66
ml (14.00mmole) benzyl bromide ¥ 1.52g (15.17mmole)potassium
hydrogen carbonate » 3 /# % % = =x » /£ » 100ml (dry) DMF % f% > %
100CC™ K B— X {5 » 11 EA fﬁ’*,&‘q’”ﬁ » EA 27 hexane 1 ' 4 i3 >

silica gel & &g i+ » (B9 & F 5 A $7(4-1) » %5 BPP, & & 90% -

'"H NMR (300 MHz, CDCls) 5'(ppm)=:8.12 (d, 6Hz, 2H), 7.62 (d, 6Hz,
2H), 7.53 (d, 6Hz, 2H), 7.49-7.35 (m, 5H), 6.94 (d, 6Hz, 2H), 5.38 (s,
2H).

0
HO DEAD,PPhs
o)

+ Hzczﬁ‘chls—oH -
D
L4
H,C=C-CgHig—O 4-2
2C=CCoMas o (4-2)

#- 3g (9.86mmole) (4-1) » 1.80g (10.45mmole) w-undecylenyl

alcohol » £ 2.77g (10.45mmole) triphenyl phosphine,4& /¥ ¥ % = =% » /1

» 200ml (dry) THF;% % » £ /2 > 1.70ml (10.45mmole)diethyl azo
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dicarboxylate 40% in toluene > &% E T & - * 1 > W CHCL % B~k
45 CH,Cl,¥2hexane 1 * 4 ' ] > silica gel » & it » {Fo & 48 A

¥ (4-2) > *5.VCIBPP » & & 82% o

'H NMR (300 MHz, CDCl3) & (ppm) : 8.13 (d, 6Hz, 2H), 7.62 (d, 6Hz,
2H), 7.56 (d, 6Hz, 2H), 7.48-7.32 (m, 5H), 7.00 (d, 6Hz, 2H), 5.88-5.74
(m, 1H), 5.39 (s, 2H), 5.03-4.91 (m, 2H), 4.01 (t, 6Hz, 2H), 2.05-2.00
(m, 2H), 1.85-1.75 (m, 2H), 1.51-1.25 (m, 12H).

0] | | I cat.,
Oo—c Hip- SI-O—8i~0~8i- CiiH -oo (4-3)
S 117122 | | | 117122 o
#- 3.63g (7.95mmole) “(4-2) 7+ 0.95ml(3.62mmole)1,1,3,3,5,5-

£

hexamethyltrisiloxane'Z 150ml (dry) toluene;% fi# > f B 3% % AL 4r »
0.2Iml  (0.02Immole) platinum(0)-1,3-divinyl -1,1,3,3-tetramethyl

disiloxane complex solution in xylene,(2%Pt) > 238 F * & 1 hris »
EAc#ie - X > MCHCLE Bk 5o CH,Cl,¥ hexane 1 +* 4 5 >

silica gel~ g% it » ¥ v ¢ FH A 4 (4-3) > *5.D3SiBPP - & & 83% o

'H NMR (300 MHz, CDCl3) & (ppm) : 8.12 (d, 6Hz, 4H), 7.65 (d, 6Hz,
4H), 7.60 (d, 6Hz, 4H), 7.48-7.26 (m, 10H), 6.98 (d, 6Hz, 4H), 5.40 (s,
4H), 3.99 (t, 6Hz, 4H), 1.84-1.75 (m, 4H), 1.51-1.28 (m, 36H), 0.056 (s,
12H), 0.026 (s, 6H).
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0 | | | 0
O_C11H22_8|_0_5|_O_S|_C11H22_O
—0 \ \ \ O0—
Pd/C,H2, O \ \ \ o)
O-C11H22—Si—O—Si—O—Si—Cllez—O (4-4)
THF  HO | | | OH

#-4.06g (3.62mmole)(4-3)27 0.41g (10wt%) Pd/C(10%)7% > THF

hdF TR - % UF &2 #EIRH-PA/C o 12 CHCL 22 Methanol

Eh o WFEIRED § HHA D (4-4) > ~5D3SIBPA > A F 88% o

'H NMR (300 MHz, D-THF) & (ppm) : 8.04 (d, 6Hz, 4H), 7.67 (d, 9Hz,
4H), 7.62 (d, 9Hz, H), 6.99 (d, 6Hz, 4H), 3.99 (t, 6Hz, 4H), 1.80-1.74 (m,
4H), 1.48-1.27 (m, 36H), 0.07 (s, 12H), 0.02 (s, 6H).

C NMR (300 MHz, D-THF) & (ppm) : 167.35, 160.34, 145.51, 132.73,
130.80, 129.73, 128.70, 126.62::115.55, 115.25, 68.43, 33.49, 30.43,
30.20, 18.91, 0.515, -0.099.

2-5 R PFE AR
1' ? ’ﬂ» rg‘}é:}i%l (pﬁ; Olmg) B" ﬁéﬁ‘??ﬁ’xl’}"%éﬁ—g?p%gyj
1:1 % &6 > e a3 487 (Main chain)i 42 & » £ 27 f&

Fope - gt 12§ 200 6] 0 fo - A (Dimer)

by
i

de o B ME R K 40mg TE o
D. Wi UTHFE CHCL 3 /3 0 & B 34gd ik B9 A Y

10 248> &% 23R B ERFED o

{w
34
pus
>
¥
N
¥
s
o
PP )
o~
[}
e
T
~
N
Ul
O
%
[—
(U]
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2-6 ik B pcgt (POM)
P l~2mg RN T R B RN S R R

B4 T B Rk A8 (isotropic state) £ 12 10°C/min % 8 3% &

HEHRSFETE G RN E R IPEGEERLAPERFR -

2-7 k=t &k &k (Infrared Spectrometer ¢ IR)
P~ 2~3mg t 5% 100mg 5% KBr »t#Fek o s & T B 35
R R AN e o R K E 4o # T isotropic JE & 0 10°C/min '3 §

Ik ipETREER -

2-8 # ¢ A 4% (Thermogravimetric Analysis » TGA)
B~ 2~Smg H &0 &F F T 10°C/min £ 40°C 4e £ 3 800°C » fE

BB ot s pEa A L W RAEER T

2-9 T AFHEE (DSC) #F=
Be2~Smg tk SH-E E A g ARG > RSP ER P
8% F 10C/min 0] 0 B % = S dcdp 0 AR B A A R 7

N
E

B2y FERBES ] 2 APEEFER o £ 1% kR A

(POM) > X-ray S+ % £ T £ P > P|7 B |48 H4p o
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2-10 Xk % &5 45 &k (Powder X-ray Diffractometer, PXRD )
B 3~Smgt S E e S e BT £ R 1 E R 0.0lmm2
PRI L AL B F R R RS R T Xray R Rk AR 4
BRI MRMALE LERMEIRLPERTFR  WHFELFR
B X-ray ) 180 f)» Fx RS F B B X (TS 2-DIEST R BB &
PR - KRR T AR R R0 A ETsT (scattering) » FP
PR R TGS & 74P 0 d Bragg’s Law (nh=2dsin®) > 3+ 5 1 5]

d-spacing > £ d 7 "Gt As F X T gk BRL Sy v F R4

en

& (Tilt angle) @=cos'(d/L) ¢

2-11 7% 8 ~ i F] 1T 4e

1. ™ TGA #£27 AR e e ffriegz £ 5 2R B T 01k X ik
SE TR HSE T AP 8 2 H % B 4P isotropic i & o

2. BA~Smgi &t AR > B OB e Aod T 4k Feisotropicif & 2
BN o cell gap=4.25um > TG f =lcm’ > T 7R
2z g (cell) 8 253 f? B~ 22 0Hp 0 FRd
SLE sm IR % 3% BE B eell TR B o

3. PHTHAMBERIE T T cell B 3 b FARE R

MALS > TIRFELTER -
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2-12 £ T &R

¥ gplp g @ehs 24 = & k2 Mtriangular wave
method) ~ 3 & ##& ;% (field reversal method) ' % %, J}ﬁé (Sawyer-Tower
diamond bridge method) » 2%~ p Fi&i- B &R - B * = & 42 o

i"w?r }I’Dm_%t%f_%t%“i R g #Elﬁ}i ) IR =

Iy
i

A S LI S JUERE R A A W LRI L

Rig TR R AR BT E LRI (AoRI2-12-1) > #Ar 1 IR

PEEG EAEA 0 Y B E R B TR AR (AT R ) T

A BRI A T e £ ik B ACAR (POM) BLERIR J KL o
Ps (spontaneous polatization valu¢) =[Vidt / 2RA  (nC/cm?®)

0 VAtE R PR G A (C) X R=3(KQ) ~ A=1 (em?) -~

Whe H Rtk R

[ RGETE

output

pit A L8 chl  ch2

3kQ AC input LI
output output

Bl2-12-1 M= 42 2R pFRCEL RELE R
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3-1 &= ﬁg#']#ﬁ 3t
3-1-1 Mitsunobu coupling
Mitsunobu''” & f&x 12 DEAD PPhyt (7 F o £ £ 2 g & Ji ) &

!

ERF B2 B ? B4 (alkoxyphosphonium intermediate ) > % §
POME T R AR A R (electrophilic site) (TAIE E HE B

Ao A s (inversion ) » M2 # ¥ 5 RCO, ~ RCOS ~ RCN' -~

~ 4

L

ArO ~TsO ~R3SiIO ~ T ~Br ~CI'~F ~CN > p & % A X

ERINEREE T LIS

)CJ)\’\ ™ PPhs

©
X
Rl 1
& HX R\ X
OPPh —
R Q ® ° inversion R™ H

alkoxy phosphonium salt

X=RCO;,, RCOS, RCN’, ArO’, TsO, R3SIiO, I', Br, CI', F ,CN’

® 3-1-1 Mitsunobu coupling * J& 1 1 ¥
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3-1-2  Hydrosilylation
= Karstedt’s platinum catalyst£? O, (co-catalyst)

Hydrosilylation'! %

A5 0% 2 44588 (PtColloid) > £ B #H 2L & #4752 0 1§ 2

¢ R AR g pE 22 A (vinyl group)it 7B R 2 & s (Hydrosilylation )

ST SR ST

EFeAPRE SR

A4
LL};}"%E‘ F}@ }_‘Z.F

EEHVRF

-~

2 BB FEJBPt

a

ALK %ﬁigw‘g‘ L HakEL o

Me |
Me\ ,/ Sl—O— i _Me
/Pt“um ( w umpt/ \
Induction | e/Slﬂ S %, I~Me
Period lt/l e N\ / e(
Karstedt’s platinum catalyst

O, (cocatalyst)

Pt,*(0-0) on
|
/‘ R'/\/ 3 +

H2 + R"O SIR3
colloidal platinum(0) species

H H HSIR a T
L | “P,%0-0) " W — | P00
R"O R3S'i’/ R5SI”
R= alkyl ,chloro,
alkoxy reductive elimination
Hydrosilylation

effect of water

and alcohols

H..
! T pt 0
R"OH P _-Pt"(0-0) R
R3S|'
R"=H, alkyl
HSIR3
reductive elimination
Pt%00) + H, + R3Si-SiRg
y>x

large colloid
®l 3-1-2  Hydrosilylation » Ji 1 1§ ]
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3-1-3  Direct One-pot process

Direct One-pot process ' 4 it f #2 DCC % {7 fia i* & % — ke
chad f o )L EEDMAP4 i F BT BEEAL U BT chingt
T+ IERAR s > 4 A g it $# 2 DCU (Dicyclohexylurea) o 4+ & &+

Foous BRI E A Al R e F T KR E > DCCenig

* FRE A TERS T EATHES 0 F RS A2 h DCU
( Dicyclohexylurea) + %%’ diBiR's 4 XM o fleHcE e DCU #

PERREL ERESL

®] 3-1-3  Direct One-pot process & J& 1% 1l
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32 % B4 4 &2 BT (TGA > DSCFH

Al T R PR (R 3-2-1~ & 322~ ] 3-2-1) »

VAR b~ BAF AR B B0 BT R 0 R o AR 4 3

o BRTHRL BT ARMF(FR S FRCEFRICAPL

WAL > it 8 20 K Bt e REE Y 2 o iR B4 IH e AR

TG APER D2S2BA FHR MU ASEY - B ¥ %R Flf

B G FROBIAH > BB o R LA RS S A FRRAE

THEE s wE T AP fom 3t 230 C BB A fE o

TGA

Acid

D2SilBA | D2Si2BA

D3S11BA

D3SiNPA | D3SiBPA

Td (C)

347.86 391.53

332.45

380.13 404.14

7 3-2-1 D2Si11BA ~ D2S12BA ~ D3Si1BA ~ D3SiNPA £2 D3SiBPA 2 TGA #

DSC
Acid Heating (°C, J/g) Cooling (°C, J/g)
D2SIIBA | K—76.16(2621)—K’ —15029 | 1—144.91(-24.46)— SmC— 132.05
(60.63)—1 (-23.45) >K’—72.97(-28.27)—K
D2Si2BA | K—101.49(8.79)— SmC —231.21 [—217.75(-17.72)— SmC —85.16
(17.88)—I (-5.59)—K
D3SilBA | K-—>62.46(-11.58 >K’—>126.49 | 1-137.30(-27.65) — SmC —> 83.29
(37.65)—>SmC—141.54 27.36) >I |  (-12.16)—> K’ —53.63(-7.43) 5K
D3SiNPA K—111.97(16.22)*>K’—>124.26 [ —>173.22(-21.24) - SmC — 114.65
(16.22)*—> SmC —>180.14 (24.10) —> (-17.09) 5K
I
D3SiBPA K—141.13(0.44)>K’—>151.64 I —5233.12(-25.25) - SmC — 137.46
(14.51)—> SMC —>248.47 (44.29) (-15.19) 5K
—I

% 3-2-2 D2Si1BA ~ D2Si2BA ~ D3Si1BA ~ D3SiNPA £ D3SiBPA z- DSC #
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D3SiBPA ] H |mK
| C BK
D3SiNPA 0 SmC
D3SilBA
D2Si2BA | H
| C
D2SilBA o
Di-Acids
40 80 120 160 200 240 280

Temperature (C)

B 3-2-1 D2Si1BA ~ D2Si12BA ~ D3Si1BA ~ D3SiNPA £2 D3SiBPA 2 DSC #: i ]
APEREFL VR A L PR (4 323 4 324 B 3-22-
B 3-2-3) - L% D2SilBA ~ D2Si2BA G 44f & ¥ e £ 2 47 d MG eteg
Hpph - A Y b RES kA sket D2SIIBA v D2SI2BA £ F A W M T
Tt eSS f BB TR T R 4 g1 4 iR e RS
AR T @ 1 POMELZ [- D2Si1BA (B3 4 4p A 3> & £ € o 474 M
B B Ao AR M o v Ba 48] (Main chain) & 4&4F & 0% & 4 F2 R -
°]- » D3SiBPA>D3SiNPA>D3Si1BA>D2SilBA » & & enfitddfl &7 & ARk i
Rl G AR R R L AR R R (Dimer) & 4547 £ 0% S AR #E R <
| ¥t core (III)m = » D3SiBPA>D3SiNPA>D2Si1BA >D3Si1BA » ¥} core (V)
@ = » D3SiBPA<D3SiNPA<D2SilBA<D3SilBA » #./ & 4£4F & $ (Dimer)

Gl

w

FHADEHE 47 FIHA R LA R 7 D2Si2BA i 4245 £ &

4 TR iR b -
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100

80 4

60 -

Weight(%)

40

20

100

— I-D2Si1BA
— II-D2Si1BA
I-D2Si2BA
— II-D2Si2BA

80+

60+

404

Weight(%)

204

T
100 200

— 1lI-D2Si1BA
— V-D2Si1BA

11-D2Si2BA
— V-D2Si2BA

T T T
300 400 500 600 100

Temperature(°C)

T T
300 400

Temperature(°C)

@] 3-2-2 D2SilBA -~ D2Si2BA iz 4£4f & 2. TGA Bl

DSC

Donor-acceptor

Heating ("C, J/g)

Cooling (°C, J/g)

Ureyo-urey

I- D2Si1BA

K—84.16(4.56)—K’—120.58
(61.32)—>K” — 136.64 (61.32)*

—I

[—111.46(-28)—K” —79.61(-8.2)—K’
—71.07 (-11.69) —»K

(22.82)—SmC = 18551

1I- D2Si1BA K—155:15 (108)—>1 1 —149.24 (-91.69)*— SmC Par —
146.5 (-91.69)* — K
I- D2Si2BA |K—129.24(20.4)—>K’><> 163.33 [ -1 — 181.89(-3.32)— SmC—> 110.82

(-2.4)— K’ —91.52 (-12.66)—K

161.41(2.83) — SmC —> 204.68

(35.01) >I

II- D2Si2BA K—187.37(35:47)—1 1—183.40(-10.27)—SmC—170.43
(-16.46)—K
I- D3SilBA |K —78.01(3.78) >K> — 102.16| T-574.99(-38.28) — SmC —66° —>K
(35.53) -1

II- D3SiIBA | K —73.46(11.23) 5K’ —> | 1—> 121.61(-22.85) — SmCPy —> 93 °
135.51(29.14) -1 K’ —43.58 (-1.54) 5K

I- D3SiNPA | K —100.73(36.05)* >SmC — | 1->104.43(-8.81) ->SmC —81.60
111.29(36.05) * —I (-11.25)->K

II- D3SiNPA | K —166.98(57.50)* >SmC — | 1 -—164.56(-54.73) * ->SmCP—>
174.99(57.50) * —I 146.55 (-54.73) * K

I- D3SiBPA | K —127.56(15.59) »SmC — | I-—129.73(-10.77) =SmC — 102.67
153.64(10.54) —I (-4.26) 5K

II- D3SiBPA | K —155.40(11.78)—>K> —

1 -193.26(-27.53) — SmCPy —
126.98(-1.89) K’ —105.93(-6.59) —
K

# 3-2-3 2 447 (Main chain) & 44§ & 4 2. DSC %
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DSC

Donor-acceptor

Heating (°C, J/g)

Cooling (°C, J/g)

III- D2Si1BA

K —120.46(75.2) — 1

1 —104.51(-83.4)* ->SmC Ppr—>
101.22 (-83.4)* —» K

V- D2SilBA

K —149.60(59) — I

[ —126.98(-23.4) ->SmC Ppr—
85.68 (-18.92)—K

II1- D2Si2BA

K —123.04(35.01)—K’ —
128.73(35.01—>K”—162.82
(11.04)—SmC—193° -1

[— 175° — SmC— 121.97(-8)—
K” — 100.07 (-9.87) —K’
—76.81 (-19.26) —K

V- D2Si2BA

K — 140.08(20.95) - K’ —
159.47(15.43) —» SmC — 174.7
b—>N —220 b—>I

I — 176 °— N—154.69(-17.23)
—SmC — 82.83 (-13.98) K

III- D3Si1BA

K —106.82(28.00) —>I

1 597.53(-26.72) - SmCPr —»77
b —->K

V- D3SilBA

IowI(g

K —85.75(-12186) K>, —>
101.97(9.97) »>K221=3139.23
(52.19) 51

1-5121.15(-21.82) - SmCPy —
83.22(-12.85) K

I1I- D3SiNPA

K —117:80(59.00) *—>SmC—>
123758(59,00) * 51

I —112.46(-43.70) * — SmCPy —
92.64 (-43.70) * K

V- D3SiNPA

K —114.01(51:67).2->SmC—
129.32 (51.67) * >I

I -110.92(-32.35) *~> SmCPy —
84.10 (- 32.35)* >K

II1- D3SiBPA

K —116.99(32.41) - SmC —>
152.35(4.89) —>I

[ -131.92(-3.41) —> SmCPp—>87 "
S K> 51.66 (-24.84) K

V- D3SiBPA

K —>148.57(43.62) — SmC —
167° 1

1 —149.44(-3.73)— SmCPy —
131.67 (-3.20) = K’ —> 95.09
(-17.83) > K

% 3-2-4 %8 (Dimer) & 4¢4F & 4 2. DSC %

KE S P Naw24p > SmCE B 7040 > Prars 487 & F 48T 22

PR > 1 e fbiptl

PONTELZ R SAp " B2 pEHER
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BK

II-D3SiBPA
BK
aK"
-D3SIiBPA K
osmC

II-D3SINPA

I-D3SiNPA

1I-D3Si1BA

I-D3Si1BA

1I-D2Si2BA

I-D2Si2BA

1I-D2Si1BA

) Main-Chain Polymers
I-D2Si1BA

40 60 80 100 120 140 160 180 200 220

Temperature ('C)

V-D3SiBPA mK
K

1I-D3SIBPA |K”
oSsmC

V-D3SINPA BN |

1I-D3SINPA

V-D3Si1BA

I-D3Si1BA

V-D2Si2BA ]

I-D2Si2BA ]

V-D2Si1BA

I-D2Si1BA Dimers

40 60 80 100 120 140 160 180 200

Temperature (C)

B 3-2-3 1 4&7)(Main-chain)#? 48 (Dimer) & 4£4F & 4= 2. DSC # i% B
33FEANT&RHZ IRFH

LW G AEER o o AP E R T Eipl BLRD2SIIBA -
D2Si2BA2 # & 447 & # HIREI# (4-B 3-3-1) » 22650 cm™ 5 e &
= B4 (0=C-OH...0=C-OH) 4 fici& ~ 2530 ~ 1950m™ & v vir— 25 fik 4%
&4 (OH.. N(Py))shF i > HF 2R 4 4E1F* 4 R LAMEAF
BIp ez it 8 FRE T RGerd Bl 48) 0 5P G 4E18% 4 @

GHAEER R A E
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,,,,,,,,,,,,,,,

! i
\/\ | : f%.
‘\ “\‘/ A !

‘ || i
- N \H‘ | P¢‘H _
S W k”‘ h J““ g
F LR Il L g
\ |
2650
— D2Si1BA i
p2suer DI-Acid —v Pyridine

T T T T T T T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

wave number(cm™) wave number(cm b
T

————————————

p f/'\\‘

NG ‘e'f(\ /U
T L
\“§ : % H,«N‘u V‘ﬂ \‘M\\‘ ‘v

——1-D2Si1BA — 11I-D2Si1BA I '
025 — V-D2Si1BA

— 1I-D2Si1BA . i
lI-D2Si2BA | o530 1950 Dimer

w2530 1950 Main-Chain h-D2sizen

T(%)
T(%)

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 [ 14090, 3500 3000 2500 2000 1500 1000 500

wave number(cm) wave number(cm”)
B 3-3-1 D2SilBA® vwD2Si2BA £ H-4 4245 £ # 2. IR §

3-4 % B3l & 4% &2 XRD #F3

d >t 5 5 B (Siloxane)? = =% & (Sublayer) » £ #it4a £ (Aliphatic
chain)fr$* & & +% (Aromatic bent core) 7} = fix 4 I§(Micro-segregation)
@ e 4+ & ook §% (Fluctuation) » 8% 3 44 + 3) = §8 T ik 7|
tp > 2 D2SilBA ~ D2Si2BA £ H & 44F & 2. XRD #icdy &g o1 (Aeif
Bl 47~ % 3-4-1) BE ] 4 FF - X ePFAET AR R 2
o A8 7% (scattering ) » % & AP R B T & F (hiE AL & (Tilt angle) = 3% 1>

EASRYT BT i AWML EANE MR R TIE

.
J\

D2Si2BA %8 XRD &2 %8 IR(4cB] 3-4-1)8 77 & 417 % 4 "L 8 &

45



BB @ %33 d-spaceing ¥ ~ > Tiltangle ~ %2

%/J\ sy 7RE

1 V-

D2Si2BA 7 176°C 4} % Nematic > 154.69°C # % 5 Smectic °

Relatively intensity (a.u.)
S —

———180°C 46.35 A
———160°C 43.75 A
A 140°C 4252 A

E— °
——120°C41.87A

100°C 41.87 A

D2Si2BA

T T
15 20 25
2 Theta(deg.)

T(%)

——RT |
304—50 |
100
20— 150
200
——250
280

T T T T T T
4000 3500 3000 2500 2000 1500 1000, 500

wave number(cm™)

41.87A

Bl 3-4-1 D2Si2BA 2 % § XRD £ %§ IR

XRD
Donor-acceptor Temperature | Miller | D-Spacing | Molecular | Tilt angle
(°C) index D(A) length | O(degree)
(abc) LA)
> D2Si1BA 140 (100) 39.31 44.72 28.48
a D2Si2BA 120 (100) 41.87 58.76 44.56
§ II- D2Sil1BA 147 (100) 52.65 67.98 39.25
z I- D2Si2BA 160 (100) 35.24 67.98 58.77
g, II- D2Si2BA 171 (100) 57.76 80.23 43.95
I11- D2Si1BA X X X 51.14 X
g | V-D2SilBA 120 (100) 46.81 64.82 43.77
g I11- D2Si2BA 150 (100) 34.33 64.82 58.03
V- D2Si2BA 130 (100) 51.12 67.98 41.24

% 3-4-1 D2Si1BA -~ D2Si2BA ¥ # % 445 £ 4 2. XRD 71| %

i 111- D2SilBA i S 4P #= Bl = % > 7 % % 3] XRD #cdy
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355 B E iR f 2 % T TE
ISR AP A BRI RILE (Ao B 49~52) 8 B}
schlieren texture # circular domain (%)% & F 2 ¢ 2L F M)A
(extinction cross brushes)) - R FTEI PRI IRAREL R
MR (4ot Bl 53) 5 Bz II-D3SilBA ~ V-D3SilBA (4r*t B 56)
7 Switching behavior 3 % ; 1-D2Si2BA -~ III -D2Si2BA 3 ¥ J & % ¢
17 circular domain » II-D2Si2BA ~ V-D2Si2BA - III-D3SiBPA (4 * ]
57) » 3 Chiral domain & % ; I-D3SiNPA - II-D3SiNPA 3 banana-tree
leaves > £2 I1I-D3SilBA 5 spiral-domainie
NPT & G 2k R R T iy B o (Y B
53~ %t 54~ 'R 55~ & 3-5:1)7 2 & § A ®(Siloxane) & 4t i
@7 03 B F AW (Siloxane) k SLEBT 0 X ARG S Ps B4
Lo ST e ;Hﬁ_ * ¥AL Ps lﬁ,ﬁ * 5 og At gk D2SilBA ¢
D3SilBA & 44f & 47 crk T ML F BF > D2Si1BA & 4547 & 4 & e i
FATEm D3SIIBA & 424f & 9 R AR T > Vi g #7
¥ 75 B (Siloxane)?; = =t & (Sublayer) » ¥ #it4é£ (Aliphatic chain)fr %*
# A % (Aromatic bent core) A} = g4 I (Micro-segregation) £ 5 @ 4
> + & K % A # (Fluctuation) > I d »> Kk & & FF eh 3 i &

(Decoupling) (£ % > £ F4BT fi s &> REERA 6 EL BT
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#1(Surface-stabilized FE switching) » @ #7#]# % 25 B(Siloxane)#ic F

R AL R AT AT R & 74P (Polar smectic C) o & 48 R 1207
o BAB T PR K B G AR PR R AR R B il R e i
gk R e (zig-zag bilayers) #TH = o ApAReNS B 3 AR

B AT RS A FIN L A R B SRR

‘FX

T ek S RS %ﬂ/—;ﬁiﬁﬁﬁ,f“ui’aa— SRR ET S T
ek dm ik LR A TR TREIRE T PEEEF BT
I 48 % 1+ (field induced antiferroelectric to ferroelectric ) =i & ; @ 4
TR R X TRE T ARG IR - e T AL S
PR tE - B2 o BT B iR S BB BRI B R
T EG pEEtE -

BEEFAPHEVNEBRAEFIEERZ: BRFIURE PAEET
7 3| # B 7 Ps iE(spontaneous polarization value) > d "5 58 ~ 'l
59 ~ %@ 60 ¥ Ty 7 @,ﬁ'ﬁ‘*f—f,ﬁr—g SR 44‘7@&&%*4?;(4&43;
CAERRERS T AT RAR CRFAMCERGBFLRT

q,_%%ﬁi,%,’f[]v;’\*éibé];d#gm I\O\ﬂﬂ351‘352 353

(D3SiBPA>D3SiNPA>D3SilBA) » D3SiBPA>D3SiNPA %t & & if &

100Hz » & % /& » D3Si1BA Zk& Mg & 200Hz » T & 5 > 4 Ik
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BIARFAA Ps BS G2 TFTORFTRS 4F 54 A FHF
B % 7 3 (Random motion) » »t /% fp AP & 45 8 R A~ SR F 0 A
T mEEEA LA TR d A PHASEIRTART R R
(circular domain) » J* PF¥54c R R HF MR B PR H A F UL F
Eph AR R pF A REF RS e TS TR

4 gF4E T4 (bistability ) > » fj&{ﬂ I B ET O EIS i R

RHBPT RS R RFETHRLEFRERBE I A
FERE B { L 5RE T RERR A T R 0 A Ao T HIE i S

o ¥ 3ER B ke 5 35 b T SR o B o BUE B e A 3 gt
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