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ブルー相IIIを用いた液晶ディスプレイ	




CN

分子間相互作用の設計による秩序の構築	




Strategy
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  Shape
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Dynamics
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Dissipative structure

Amplification

Self-regulation

Chemotherapy

A. Yoshizawa, J. Mater. Chem., 2008, 18, 2877.

Display devices



内容	


1．「分子内に秩序を持つ液晶分子」による階層
構造の構築 

 
2．液晶化合物が示す抗腫瘍効果	
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　　　　　　　　　　サーモトロピック液晶相の分類	


N

SmA

 SmC

N*

らせん軸

SmC*

らせん軸

ネマチック
キラリティ－

キラリティ－

ディスコチック

配向ベクトル

スメクチック

層法線



棒状低分子化合物が示すサーモトロピック液晶相	


層（Layer)構造の有無	
 分子長軸の傾きの有無	


N

N
O

N相	
 SmA相	


中西作　	


θ 

SmC相	




偏光顕微鏡観察	


N相	
 SmA相	


中西作　	


θ 

SmC相	




N相	
 SmA相	


中西作　	


θ 

SmC相	


X線回折測定	




液晶相発現の要素

１．分子形状と分極率の異方性

２．ミクロ相分離

３．異なる二分子間の相互作用

　　１）電荷移動相互作用

　　２）水素結合

　　３）イオン相互作用

４．金属錯体液晶
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斥力：排除体積効果

細長い分子は平行に並んだ方が排除体積は小さくてすむ。



N OH
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O

H OH OH

OH OH

引力：ミクロ相分離による液晶相形成



SmA相	
 SmC相	
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SmA-SmC相転移	
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C-13 NMR spectra without MAS 
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  " decreases in the SmA and SmC* as decreasing
              temperature.

Helical axisLayer normal
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core

tail

layer

Cooperative
motion

Interlayer permeation

 Molecular deformation

Molecular organization model by C-13 NMR study

A. Yoshizawa et al., Liquid Crystals, 1995, 18, 351. 
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We prepared an amphiphilic liquid crystal composed of a semiperfluorinated alkyl chain and a 2,3-difluoro-1,4-diphenylbenzene core, and

investigated its physical properties using polarized optical microscopy, differential scanning calorimetry, and X-ray diffraction analysis. The

compound was found to exhibit the smectic A to smectic C phase transition without layer contraction. The compound doped with a ferroelectric
liquid crystal exhibited a fast electro-optical switching with a response time of 10 !s in the chiral smectic A phase in spite of the absence of a chiral

smectic C phase. The phase transition behavior is interpreted using the de Vries cone model. # 2011 The Japan Society of Applied Physics

F
erroelectric liquid crystal display devices exhibit a
fast electro-optical switching with a response time
of a microsecond time scale.1) However, they have

a critical problem, that is, zigzag defects due to the layer
contraction at the smectic A–smectic C (SmA–SmC) phase
transition degrade the optical quality of the display.2)

Molecules in the SmA phase are orthogonal to the layer
plane, whereas those in the SmC phase are tilted with
respect to the layer normal. Therefore, the SmA to SmC
phase transition accompanies a layer contraction. On the
other hand, there are some smectic liquid crystals exhibiting
the SmA–SmC phase transition with a small layer contrac-
tion. ‘‘De Vries-like’’ liquid crystal materials are character-
ized by a maximum layer contraction of "1% upon
transition from the SmA phase to the SmC phase.3) De Vries
proposed some diffuse cone models that describe the SmA
phase as a lamellar structure in which mesogens have
a tilted molecular orientation and a random azimuthal
distribution.4–6) The de Vries SmA to SmC phase transition
is described as an ordering of the azimuthal distribution that
results in zero layer contraction. In de Vries I, the in-layer
director tilts in the same direction, while the azimuthal
angle is disordered from layer to layer.5) In de Vries II, the
molecules are tilted but the azimuthal angle varies even
in a single layer.6) According to the de Vries scenario, the
layer spacing is kept constant, while the in-layer director
tilts with respect to the layer normal from the SmA to SmC
phase transition. Therefore, de Vries-like materials are suit-
able for ferroelectric liquid crystal mixtures. ‘‘De Vries-
like’’ liquid crystals have been developed and their physical
properties investigated.3,7–14) Recent theoretical studies
suggest that calamitic materials combining low orienta-
tional and high lamellar orders can form de Vries-like
behavior.15)

Recently, we have reported an amphiphilic compound
possessing a semiperfluorinated chain that promotes lamellar
ordering and a 2,3-difluro-1,4-diphenylbenzene core that
promotes tilted layer ordering.16) The maximum layer
contraction in the SmC phase was found to be 2.0% at
T # TAC ¼ #40K. We have prepared a homologues series
of amphiphilic compounds and investigated structure-
property relationships. We report here a simple rod-like
liquid crystal exhibiting the SmA–SmC phase transition
without layer contraction.

We prepared an amphiphilc compound, 1H,1H,2H,2H-
heptadecafluorodecyl 7-{4-[4-(4-pentylphenyl)-2,3-difluoro-
phenyl]phenyloxy}heptanoate (1), and the molecular struc-
ture is shown in Fig. 1. The structure of the compound
was elucidated using IR and 1H NMR. We investigated
the transition behavior using polarized optical microscopy
(POM) and differential scanning calorimetry (DSC). The
material was studied at a scanning rate of 5 %Cmin#1,
for both heating and cooling cycles. On cooling, com-
pound 1 showed the following phase sequence: isotropic
liquid 175 %C (11.9 kJmol#1) SmA 112 %C SmC 69 %C
(39.0 kJmol#1) recryst; the melting temperature was 97 %C.
Enthalpy change at the SmA–SmC phase transition was
too small to be detected. Figure 2 shows the textures of a
sample of compound 1 on a glass plate with a cover glass.
The typical fan texture in the planar aligned region and the
dark texture in the homeotropic region were observed in
the SmA phase [Fig. 2(a)]. On cooling to the SmC phase,
the broken fan texture in the planar aligned region and the
schlieren texture in the homeotropic region was apparent
[Fig. 2(b)]. Furthermore, the strong change in color reflect-
ing an increase in birefringence occurred at the SmA–
SmC transition. This behavior is usually expected below a
de Vries transition.3)

We observed layer spacing in the SmA and SmC phases
of compound 1 as a function of temperature. The X-ray
diffraction patterns of the sample during cooling processes
were obtained using a real-time X-ray diffractometer
(Bruker AXS D8 Discover) equipped with a hot stage and
a temperature-control processor. A sample was put on a
convex lens, which was then placed in a custom-made
temperature stabilized holder (stability within &0:1 %C). The
phase transition of the sample under the X-ray beam was
monitored by observing the texture simultaneously using
polarized light microscopy with a charge-coupled device
(CCD) camera. Figure 3 shows the layer spacings of
compound 1 in the SmA and SmC phases as a function of
the reduced temperature T # TAC. As shown in Fig. 3, the
layer spacing in the SmA phase slightly increases from 44.09

C5H11

F F

(CH2)6 C

O

O (CH2)2 (CF2)7 CF3O

Fig. 1. Molecular structure of compound 1.
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内容	


1．「分子内に秩序を持つ液晶分子」による階層
構造の構築 

 
2．液晶化合物が示す抗腫瘍効果	




液晶オリゴマーの設計指針 
ー分子内への秩序導入ー	


 

Inter-layer correlation Intra-layer correlation

Biaxial helix

Intra- and inter-layer correlation

(a) Linear shape (c) ! shape

(d) Chiral U shape

Twist interaction

(e) Chiral T shape

(b) U shape

Biaxial helix

 



層秩序の調節による階層構造の形成	


N相へ層秩序の導入

d1

d2

異なる周期の共存

揺らぎの導入傾きの相関

Linear bent shape

Chiral linear shape

層の乱れ

U shape

!  shape

Taper shape



層秩序を持つN相	


A. Yoshizawa & A. Yamaguchi, Chem. Commun., 2002, 2060. 



     
Iso 146.5 N 124.0 SmA 117.2 SmC 109.5 SmC’ 99.7 SmC’’ 90 Cr 
	


28.5 Å	


相関長 
～103 Å 

A. Yoshizawa, A. Nishizawa, K. Takeuchi, Y. Takanishi, J. Yamamoto, J. Phys. Chem. B, 2010,  114, 13394.	




不整合なSmA 相ーλ型分子	


A. Yamaguchi, I. Nishiyama, J. Yamamoto, H. Yokoyama and A. Yoshizawa,  
J. Mater. Chem., 2005, 15, 2580. 



55 Å

エントロピーの不利をエンタルピーで補償	




Shape amphiphilicity & C-H/C-F amphiphilicity 

A. Yamaguchi, Y. Maeda, H. Yokoyama and A. Yoshizawa, Chem., Mater., 2006, 18, 5704. 



分子内の傾きの相関と分子間のキラル認識によるフェリ相の安定化	


A. Noji, N. Uehara, Y. Takanishi, J. Yamamoto, and A. Yoshizawa, J. Phys. Chem. B, 2009, 113, 16142. 
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スペーサー長の異なる非対称二量体液晶の混合による 
フラストレート相の誘起   m < n,   n: odd 

A. Yoshizawa, K. Yamamoto, H. Dewa, I. Nishiyama, H. Yokoyama: J. Mater. Chem., 13, 172 (2003). 

N

N
CmH2m+1 O O CN(CH2)n

mPYnOCB



Frustration between packing entropy and electrostatic 
core-core interaction

Frustrated phase
Intercalated SmA Intercalated SmA
6PY9OCB 8PY11OCB



12PY7OCBと12PY9OCB等量混合物のホメオトロピック領域 
においてパターン形成が形成し、温度によって振動した。 m > n, n:odd 

A. Yoshizawa, M. Kurauchi, Y. Kohama, H. Dewa, K. Yamamoto, I. Nishiyama, T. Yamamot, J. Yamamoto, 
 H. Yokoyama: Liq. Cryst., 33, 611 (2006). 
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N
CmH2m+1 O O CN(CH2)n









12PY7OCBと12PY9OCB等量混合物のホメオトロピック領域 
においてパターン形成が形成し、温度によって振動した。 m > n, n:odd 

A. Yoshizawa, M. Kurauchi, Y. Kohama, H. Dewa, K. Yamamoto, I. Nishiyama, T. Yamamot, J. Yamamoto, 
 H. Yokoyama: Liq. Cryst., 33, 611 (2006). 
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内容	


１．液晶相の分類と液晶相発現の要素 
 
２．「分子内に秩序を持つ液晶分子」による階層
構造の構築 

 
３．アモルファスブルー相（階層構造液晶）を用
いたディスプレイ 

 
４．液晶化合物が示す抗腫瘍効果	




ブルー相	


N*相	
 BP Iso 

極狭い温度範囲で発現　(0.5～2K程度)	


platelet	
  texture	
   fog	
  texture	
  



単純ねじれと二重ねじれの分子配向モデル	




三次元らせん構造 

（2重ねじれ円柱構造）	


45° 

BPI(体心立方格子) 
　	


BPIII(アモルファス) 

BPII（単純立方格子）	


fog texture 
(amorphous BP) 

platelet texture 
(cubic BP) 

・光学的に等方性（クロスニコル偏光子で光を通さない）	


・発現する温度範囲が狭い（通常1K程度）	

Pictures: I. Dierking, Textures of Liquid Crystals, 168, Wiley-VCH, Verlag (2003).  

液晶分子	


ブルー相	




Biaxial	
  helix	
  

Twist	
  inversion	
  
G.	
  P.	
  Alexander	
  and	
  J.	
  M.	
  Yeomans,	
  Phys.	
  Rev.	
  E,	
  2006,	
  74,	
  061706.	
  

D.	
  C.	
  Wright	
  and	
  N.	
  D.	
  Mermin,	
  Rev.	
  Mod.	
  Phys.,	
  1989,	
  61,	
  385.	
  

Theoretical prediction 

Helix	
  

Helix	
  



Design concepts 

Biaxial helix

 Chiral U shape

Twist interaction

 Chiral T shape

Biaxial helix

1. The two origins of the twisting power are thought to induce biaxial helix, which 
    plays an important role in stabilizing the double twist structures. 
 
2. A difluoro-substituted core might stabilize a cubic blue phase. 
 
3. A liquid crystal oligomer which has a tendency to exhibit a glassy state can 
    stabilize the amorphous phase. 
 
 



Binaphthyl derivative with a cubic BP 

O (CH2)6C
O
O

O (CH2)6C
O
O

FF

F F

C6H13

C6H13

glass 8 °C X 40 °C BP 72 °C Iso

A. Yoshizawa, Y. Kogawa, K. Kobayashi, Y. Takanishi and J. Yamamoto, J. Mater. Chem., 2009, 19. 5759. 



Molecular length: 35 Å 



Ⅰ-­‐6の冷却・加熱過程のDSCチャート	
  

SmX	
 BP	
 Iso	


Iso	
BP	
SmX	
 N*	


Cooling	


HeaRng	


2種類のねじれ	


スメクチック相由来の秩序が
残っているため二軸性ヘリッ
クスが失われN*が発現	


スメクチック相	


2種類のねじれ	




結晶から加熱時の顕微鏡写真	
  

(a) 	
  72.5℃　Cr	
  +	
  BP	
   (b)  77.0℃　Cr	
  +	
  Iso	
  
約29℃の温度範囲で共存	


BP	
  → Iso	
  

 Cr	
  	
  

単一化合物では極めてまれな相分離を確認	
  

・  液晶状態からではなく、結晶から加熱	
  



32 Å 
47 Å 

35 Å 52 Å 



結晶からの融解挙動	
  

Cr	
 cisoid	


transoid	


cisoid	


transoid	


Cr	
  -­‐	
  N*	
  -­‐	
  BP	
  -­‐	
  Iso	


Cr	
  -­‐	
  Iso	


相転移挙動	


結晶状態から加熱した際に見られた相分離は、二つのコン
フォメーションがそれぞれのドメインを形成したことによると
考えられる。	




アモルファスブルー相(BPIII) 

三次元らせん構造 

（2重ねじれ円柱構造）	


45° 

BPIII(アモルファス) 
fog texture 

・液晶分子が可能な全方位にらせん構造を形成する二重ねじれ円柱構造 
・光学的に等方性 
・液体と同じ対称性	




      T-shaped LC oligomer 
- Chirality & molecular biaxiality- 

O

C8H17O

O C6H13

O

(CH2)10

O

O

O

O

N
N

C8H17

Cry 63 °C [N* 15 BPIII 28 (1.4 kJmol-1)] Iso

*

BPIII (25 °C) 

N* (10 °C) 

A. Yosizawa, M. Sato and J. Rokunohe, J. Mater. Chem., 2005, 15, 3285. 



Crystal structure 

 

1. Gauche configurations exist in the central spacer. 

 

2. The compound has a λ-shaped structure instead of T-shaped. 

M. Sato, F. Ogasawara and A. Yoshizawa, Mol. Cryst. Liq. Cryst., 2007, 475, 99. 



Coupling between chirality and molecular biaxiality can organize a twisted 
configuration of the two mesogenic moieties within a molecule. 

1. The two origins of the twisting power plays an important role in stabilizing 
 the double twist structures. 
 
2. A liquid crystal oligomer which has a tendency to exhibit a glassy state can 
stabilize the amorphous phase. 

*



OO (CH2)n O CN(CH2)nONC

O
O

O

C6H13

O

*

C8H17O

O

O C6H13

O

O

O

(CH2)5
O

O

CN

*

Introduction of a CN group to the T-shaped system  

Cr 61 °C [ N* 41 BPIII 49 ] Iso n = 6: Cr 93 °C [ N* 91 BP 92 ] Iso 

n = 7: Cr 115 °C Iso 



Electrooptical switching in the amorphous BPIII 

Cr 61°C [ N* 41 BPIII 49 ] Iso 

C8H17O

O

O C6H13

O

O

O

(CH2)5
O

O

CN

*

 

Cell geometry Molecular structure 

　　　　　　　　　M.Sato and A. Yoshizawa, Adv. Mater., 2007, 19, 4145. 



Optical textures in the BP at 47 °C 

 

E = 0 

 

E = 8.2 Vµm-1 



 

 

無秩序（BPIII）ー秩序（N）相転移を用いた表示素子　	


　	




Response times for the rise and decay processes in the BPIII 

Electric-field dependence at 47 °C 
Temperature dependence with an AC 
field of 8.2 Vµm-1 



　　a-BPを用いた表示原理の確認 
１．配向処理（ラビング等）が不要 
２．良好なコントラスト 
 

　　　　　　課題　 
１）温度範囲が狭い。 
         41-49 °C 
２）応答速度の温度依存性が大きい。 
         45 ms (44.5 °C)  8 ms (48 °C) 
３）駆動電圧が高い。	






Amorphous Blue Mode Display 

・ガラス基板に配向処理をせずとも明暗のスイッチングが可能　 
・広視野角 
・高速応答	


ガラス基板 
（無配向処理）	


電極	


電圧無印加状態 

光学的等方性（暗）	


電圧印加	


電圧印加状態 

光学的異方性（明）	


BPの二重ねじれ構造
がほどけ液晶分子が
電場方向と平行に配向	


電圧除去	


キラリティーによるねじ
れによってBPの二重ね
じれ構造を形成	


A. Yoshizawa, J.the SID, 2008, 16, 1189.  



内容	


１．液晶相の分類と液晶相発現の要素 
 
２．「分子内に秩序を持つ液晶分子」による階層
構造の構築 

 
３．アモルファスブルー相（階層構造液晶）を用
いたディスプレイ 

 
４．液晶化合物が示す抗腫瘍効果	




人体	

細胞	


リン脂質細胞膜	


液晶状態（ラメラ相）	


抗腫瘍化合物の設計 
ー液晶性と薬理活性の相関ー 
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O CH2
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O CH
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H2C O O
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CH3

CH3
CH3

+

細胞膜を形成するリン脂質

ホスファチジルコリン

水に溶けやすい油に溶けやすい



Problems 

Cell membrane

O

O

OH

OH

OH
O

OH

O

O

CH3

H3C
NH2

Doxorubicin

Poor penetration and limited distribution
of doxorubicin in solid cancers



Drug Package Technology 
Improving Penetration in Tumors with Nanoassemblies of Phospholipids and Doxorubicin 

N. Tang et al.,J. Natl. Cancer Inst., 2007, 99, 1004.  
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Anticancer activity in vivo with low systematic toxicity 



Liquid crystalline states have become attractive in the 
pharmaceutial field, and some drugs in different therapeutic 
areas have liquid crystallinity [1,2].  For example, methotorexate 
with the strong anticancer activity exhibits thermotropic nematic 
phase.   

-O N
HO

O O

N

N

N

N

N

NH2

NH2
Methotrexate　	


[1]   Stevenson CL　et al., J. Pharm. Sci., 2005, 94, 1861. 
[2]   Bunjes H and Thomas R, J. Pharm. Pharmaco., 2005, 57, 807. 



Newly Designed Amphiphilic Compound 

N

N
C8H17 O(CH2)6CONH

OH

OH

OH

OH

OH
1

Mesogenic unit D-Glucamine

Flexible spacer



Materials for testing the anticancer activity against 
A549 human lung carcinoma cells 

N

N
C8H17 O(CH2)6CONH

OH

OH

OH

OH

OH
1

N

N
C8H17 O(CH2)6COOH H2N OH

OH

OH

OH

OH
PPY D-Glucamine

An equimolar mixture of PPY and D-Glucamine

液晶　◯　増殖抑制　◯

液晶　×　増殖抑制　× 液晶　×　増殖抑制　×

液晶　×　増殖抑制　×

A. Yoshizawa, Y. Takahashi, I. Kashiwakura et al., Chem. Lett., 2009, 38, 310. 



調節機能を持つ分子	


Cell membraneOut

In

Reorganization

Reorganization

O

OH
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O
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OH
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CN

O

OH

NC



構造が単純なネマチック液晶	


NC O (CH2)n OH

I-n



Method 

Human lung carcinoma A549 cells
(4 x 103 cells /well)

at 37 °C in a humidified atmosphere
5% CO2 for 24h

Various concentrations of sample
in DMSO

at 37 °c for 96h

Cells were released by trypsinzation
and counted using a Coulter counter.

Cell viability



薬理活性	


5 µMにおけるA549ヒト肺癌細胞株の増殖抑制効果	


化合物　Ⅰ‐ｎ	


0

0.2

0.4

0.6

0.8

1

1.2
S

ur
vi

va
l r

at
io

 to
 th

e 
co

nt
ro

l 

4      　   5 　        6　        7　　        8         9 　       10 

化合物Ⅰ‐n 

A.  Yoshizawa, Y. Takahashi, I. Kashiwakura, et al., Chem. Lett., 2009, 38, 530. 
Y. Takahashi, et al., New Investigational Drugs, in press.  



50µm 

I-7(500 µM)の偏光顕微鏡写真	
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水酸基の位置の違い	


・水酸基の位置の違いで正常細胞の抑制効果が異なった。	
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Iso 123 N 103 Cr 

Iso 70 N 50 Cr 

10µMにおける細胞増殖抑制効果	
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ネマチック液晶のヒト肺がん細胞に対する抗腫瘍活性	


１．液晶性と抗腫瘍活性に相関が見られた。 
 
２．１級水酸基は正常細胞とがん細胞を識別した。 
 
３．抗腫瘍活性の発現はG1期からS期への移行を遅くしたこと 
　　による。 
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