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The preparation and behavior of liquid crystal molecules which appear electrochromis
m by electrochemical oxidation and reduction.
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Two kinds of liquid crystal compound having an anthraquinone and bithiophene moiet
ies were synthesized. The mesophases exhibited, have been characterized by means of polarized optical micr
oscopy observation (POM), differential scanning calorimetry (DSC), X-ray diffraction (XRD) studies. The ob
servation results, those phase was lamellar phase. Furthermore, those electrochemic properties were examin
ed by cyclic voltammetry (CV%. And the electrochromism of the liquid crystal compounds was also examined b
y UV-vis spectra.Moreover, the electrochromic devices were made and the color property in the electrochemi
stry was observed.

Finally mixture of an ionic liquid crystal and an electrochromics material was prepared, and it was examin
ed. However, they caused phase separation.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

HER)~—%ZHnWi-o1L 7 hanrn
Ry FRFORENMTOILTWAS, LaL,
INLRFERY)~—OF THHIERARY
FET7 2 PRHAVLBENTND Z ENEL, £
OO IHECHEEZEL WD, £2T
ZKHR T OMENNEZ FFOARETH 2 AL FH
WZHEH LTz, 2306 OZREMED DI T E
NTZIRREZ R OWME = Vi, E—
— DB FMELE LTl 2 D ATREME &2 kD
TWb,

FHxlx, ThETELCE U EOE R
aX ) R EAN LTRSS TEERKL, £
R IE DFE & BRAL PR EEIZ DN T
R EIToTE 7=, mMHEWVWZ El2Zibdk
AW, Btk Thdrx ) VK TIIRATH
LDOIZRL, ZEbFEiIcETT LIz e
X)) U ARTEAThoT-, £, X UED
ERALFRETTICB W T 1 EFHEITENMIT
-0.65 V(vs Fc/FeH) Th it aZ LT
WHLDOTHDHZ 2R LTET, Z0HD
AL DN SR RE THRE Y 2 2D DX BAE T
T»5H(Scheme 1), ¥7-, AEMCTHRATSH
T L7 hursnaIXLMENE, B4 s R
A IF Y — IVHEERTEODRER N D D
HOD, FHESFTOZO X 5 BREHOEIL
Wi, ThbEEicoLr s rasa I XA
MEHZOW TR LTV 5,

RO O RO OH
(2 =)
CL 0 —= A

)
-2H
(@) OR HO OR

IR A
Scheme 1 E L 2 iFE AR LIRS

A, vz haszua v 7 ERNER %
LHTWD, ZOMEIORFNTIERIFMIC
WEDOAEEESEDLZERFARETH DT
O, NI T34 RO T—T 4 VE—%ffib
b D T—RREEIATEHZLTH
b DI, BAX—rX—=72 EORKRT N
ARELTUSHBHfFEN TS, LL,
COMEIOMZEIZIEE AERY ~—TITb
TS ZENEL, MMLHEEEE IR
BRH D, T, Flrkld ORFFE &Rk
OFENE Z DR R oW g ey + 31 B 2 5
W, BONEHISHTWES, IKdatE 2B 1
AR /A N = B = BN % ¥ S A E SR AT 4
INTHECERN, OFOBRAMNE—THbHT=H
B FE D ) B — 7p R T.o T
FTHD N THINTWD, FNHDH
L CceAuesra=y NEET AR
moTBLIOAY) I FA 7 2HT 51k
BN OPRESNLTWS, LvL, W&
N TWAINLDOEF Sy U FHEEEKICE
WTHE, 1EFETICBWTRELE TN 2
HIEITLTHREONDHZ D720, EBALOH|EN
LV, F£72, AV IFAT = VFHIZEBWT

1%, BRLIRREE COARBEAETIR DB FHER STV
5o DFED, WTNOLEY b IETIREED
LOBLIREEO AR TORMR RO TH D,
BT, WO bkt &Y % BTl
SHEMERKRICE L THE LR TH
Do
2. WFEEDHBY

AU TIE, 2 OESEMET L7 FrIX
DT DR AETED LT MR OB RN T
R EEZ, Figl ITRTHFICER LT,

FoETh— r/
N
t T~
RF—
Fig.1 DA RE&Ly 1

il R =/ = B NWNI/p 15 R Y iy
HoONTFOFRTHEH LW, FLoSFOR
WEEDR I AEbEIIE, RAlRE TRV,
SF Y, BALIEYEZERAL( R I —) LI TTiEtE
IREE(T 7 2 X =) DA G DEIZL D,
5Bk 6 D EAL B BEALFNCAT 2 DK
Bay TR et BT 25 Th A 9 (Fig.2), £7-,
LHFCRBES L o> TV b &% E
Wi Cld & REMERIIR U EMEOR” 1
DV TR D 72 B E & FELRL R O
N2 AL B DO 5y THESE ICE AT D 2
ENTERVDPRNORNH D, 25D
ZEEBEZ, THETHX ORETHWT
X ) VEET VTS E—EMLE L, A
7 VHE R E TR R L
Jharua I XLERIT DD THE
N5 aEEZ D TV 5D,

FouFE— Fi—

Lo

-e l,'r +e

TRE

Dianion

!

>—, i Anion radical T’ﬁ‘@
SRR veura 2
= eype ™~ \
\y}_ ¢_T @f\: Cation radical k{4,

Pk

Dication

!

Fig. 2 DA it o0 DREALIE T K 2 AL

IhombiE ot eibix, X/ VUL
ZHT DAY TILABM THANLRA
~OBERL, FAT7 =B EAT B4k
AW TITIEENMN CHAOD LR WA ~DZE
LN TRREND, £77, 2THOWRERE LT,
TR T E—EL D DV R —EALICT



VE=U A=y NEBATDH L TEM
B2 LU COBBMMISVHITZAD Z ENTFHET
x5, ZOX) RREEILEMOAIRE B
L, ARG THE, Mk ONETEN T L
JrhursnuIRXLERATIHRBILEHD
Bl L ZD%E ) [ZHOWTHRRT S Z &% H
&t 5,

ARFFECTIE, 1) &t L ILIRETRAT S
X/ /‘EEZL) :I%ZL7:/E%%7\L7‘_
R T DERL, 2) T D DS IREE
é@mii%u@@ﬂm%m&*aﬁ)%@
FEARERE OV CHEMICHETT 5, S HIT 4)
BT R—E e LTOHRERET S
ZLEEHME LT RED D,

3. ROk

ARWFFETIL, bR OETENM T LY
a2 nv I XAERBT 5EBEEY DR
L ZDEH| ITOWTHLNETAZD
(1) FFI—-T77%87H—a=y FEHEE
L 72 RSB EE B O Ak & FH 288 & iR S
DOREE T OV CRE R 5,

(2) (1) CTHERBZIT-TALEWEIZOW
TOESALFNEBRILE R TICL > T b
VA =2 = 0N X‘L\bi%ﬁfﬁ#éﬁ#ﬁi%t/v%
BIRRIRICIE LB E + R R—I05s5 2 L
T DA% UV-vis-NIR X/\ﬁ kL TCHERR,
BOCFREORE « ZEER Z LT,
(3) (1) TARLEEEMLAE W ER
B EHEESE A EAL, EMRKIORSTIC
BRI K SR TEITH) 2T L7 bR
JaIRXLERBETHENTEE0EHE
mié

. WFFER R
ﬁb@ﬁ%?ﬁ,:ﬂifEV/a%/y
kOt Fax /) v 2E8ANLTERED T26
L, ZOMEEORE L BEXILFRMEE
\COWTHFREZ T C&E T2, &/ ViFERE
bt Ref )/ UiBER T, GRERD, Z0
Lol UEEDETICHE Y DB
EHLUE, 2SI L o ) U kE BE
kL, FF—¢t7en 4V :l“?z“71/imj®
HMAZITRW, ZOBRGETICEITH 7 v 3
ALEHREFLTWER, BLyF ) v RE
{EOWENZIZERmLS W EIL, 78771
%HV/w&Mﬁ ETDHF ) EMEED

LSEENNEECTH -7~ (scheme 2),

Br Br Br:
} fuming. HZSO4

Inseparated mixture

Scheme 2

BAETO®RSEMY, =17 rorn I Xa%k
DY AR EE & 7p o7, £ 2T, EMER
ZEUT, R ~—PEEMElO2=v &
LTHEEENTWS, Fi2, 2 ETHEAMN
B LT hIX ) U EBRKREFRFOLO L
EL /X UREE BOBbET S, ZhvE

TTL 7 huZuIXLERKETHHL0T

BRI 2 W2 T uE, ERbFrae
OENBEFIZBON N LOBIFTEAL
ThHo7,

TUNTXR ) UM E AT EICAET S50
DOFHER 1~5 DERRETT - 7-(Fig. 3),

Rl= d \ OC12H2s

Ci2Has
OC12Hos R

S.
CyoH.
CiaHas
5 CioHos

3

C12Has

o]
R? OCj,Hys
O#‘f 'KTOTI xjgme
OCy2Hzs
o

Fig. 3 & L7=7 v F T %/ UiFEk

HEEI~EDO N —2=y FTHLEF A
7 = VHERO AL Scheme 4 (Z9E> TH
BEOINETHED LB TET,

OCi2Hzs

OC12H:
M s o, s 12Hzs
"\ <§‘ S W
6

OCy2H2s
b OCy2Hzs

/ \
——»  BusSH \S p
y. quant

OC12Hzs

( Z (_Zr qc 12Hos  d Br\qc 12Has
- 81.3% Z y. 95.8% S 59.4% y. 84.6%
12H2s Has

CiaHas

10 11 12 13 14

12_° 5 qu _> CioH
V. 59.4% \/ S 1225—» S
CizHos

CizHazs

15

h 5.Ci2Hzs g
14— [>T — > Bugsn 4 S\ SN Cughzs
y. 84.6% S CagHps V- 955% \_/
18 19 CiaHas

OCizHzs

s
OCsHa
[\ s a I \) s,
SnBug Br OCppHpg — ——
Q\(\_'T + Y. 65% s OC13Hzs

a) cat. PACla(PPhs)s / toluene-DMEF, 110 °C, b) 1) nBulLi
/ dry THF, -78 °C, 2) "BusSnCl / dry THF, -78 C, ¢
Ci12H25MgBr, cat. Ni(dppp)Cl: / dry ether, 0 C to
reflux, d) NBS/ CH;COOH - CHCl3, 0 °C to r.t., e) 1)
nBuli/ dry THF, -78 °C, 2) (iPrO)sB / dry THF, -78 °C,
3) IN HCl aq. ) 12, cat. Pd(PPh3)s, 2M K2COs / dry
toluene - EtOH - H20, g) 1) nBuli / dry THF, -78 C,
2 nBusSnCl / dry THF, 0 °C , h
2-(tributyltin)-thiophene, cat.  PdCla(PPhs):  /
toluene-DMF, 110 °C

Scheme 3 BF A4 7 = VDAL

CITAMLEEF AT 2 v HE BT Y



YT BT N T X AL L
D7V T RIS EROD TR~ 72,

23
2
17 i
y.30%
22 1
y. 30% f an
o VARNS OCyHzs
4 OCyoHas
o OCyoHys

19 j

o
o \—> C12H25
y. 56% A Dad

ST CooHas
5

i) cat. PdCl:(PPhs): / dry toluene, reflux j) cat.
PdClL:(PPhs): / dry DMF, 80 °C

Scheme 4 =1 7 rr 7 b XLMEOERK

AR L7 1~5 1ZF NI RN P REE T
bolz, Sk, REMA > 7V U TR
SR, T2 0 Al ORE 2 1772 -
TWMERH D,

B LT 1~5 IZOWTENEFNRIR, B
IR0 DSCHllE & POM #Lill| 21T - 7=(Table 1,
2, 4L 51 TUoRIXR/)LEETFAFT =
VEALA L - 1 OFFEETH D, ZhHIT,
Ty NTXR UHEERORBMEEEE L, K
mtEDORBL AN > THK LT b O DR H
WIRB Loz, 72, 81225V TH, 1l
FHOBAD, SAKRBEED 7= P RIFE &2 35 L
holzDiEA 5, 1 & 21%, DSC HIEH:
WD, FIEIEE L BHEIERE T, FhENE
OB E—7 #8 L7z, &5i2, 1 & 2
O POM B85 7oL 24, 1 TlXKESE
B 115 CT7 b7 I F VI8 5 B ik
k2, 2128V T, BIRIERE 140 CTE
WA 7R A LT,

Table 1 Phase transition behaviors of 1, 2, 8,4 and 5

on heating process

Phase transition temperatures (°C) and enthalpies (kJ/mol)

Heating

Cr 108 (12.5) X 145.8 (18.4) 1

Cr; 73.0(12.0) Cry 145.8 (17.6) Sm 155.8 (14.6) 1

Cr53.9(32) I

Cr 1456 1

Ou | | W [N+

Cr88.4(28.7) 1

Table 2 Phase transition behaviors of 1, 2, 3, 4 and 5
on cooling process.

Phase transition temperatures (°C) and enthalpies (kJ/mol)

Cooling

1117(19) X 89.0 (4.8) Cr

1149.0 (21.9) Sm 121.0 (24.2) Cr, 9.3(10.8) Cry

Cr 246 34) I

Cr 1403 I

Ou i | (DN | =

Cr 476 (29.3) 1

Fig.4 POM texture of a) 1 at 115 °C and
b) 2 140 °C on Cooling.
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Fig.5 Optical texture and X-ray diffraction
pattern of 2 at 135 °C.
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Fig.6 a) Molecular structure and b) Phase
structure of 2.
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DERLFER R

1 OESIEFNEEZT A7V v 7 HRLE A
KU —(CVHEIEIZ L V1T-7= (Fig. 8a), CV
HEE, "BwNClOs Z#EME & L THY,

010 M ¥y 7 mu A X UK=L L, %
O A FAWT 1% (1.0 mM ) ZFR8 L7z,
1 OETM OB ATV ENLL B
-1.07 V &-1.54 V O A 7eig biE o 2 8
L7-(Fig. 8a), ZOFERENPLT > v TF ) >~
A TOTHINT =Fd e T =4 ®
BB RIERBRRE IS, T2, ZOv
TFNAMDEE ) T=Fy, V7= NTRE
MEFE--TnbdEtEZLND,

a)

-1.48V 9.98V
< 10pAl
~—
z
g
5
Q -
—-1.16V
«—-1.60V
-2.0 -1.5 -1.0 -0.5 0
Potential /V vs Ag / Ag*
b)
<§L 10 }J.AI
e
c
I
5
&)

I I I I I
-0.2 0 0.2 0.4 0.6 0.8

Potential /V vs Ag / Ag*

Fig. 8 The cyclic voltammogram of 1 (1.0
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Fig.11 POM textures of imidazolium liquid
crystalline and 2(1wt %) on cooling process
at a) 145°C, b) 115°C, ¢) 35°C.
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