RenDiEE Y

FR23F 9A 6H

= (2)

1Ll

BhRIT K 5z - £

Tz B



2ES

1. C-13 NMR [Z k5 E A

2. | FNICKFZFORBAFILDMHE
BEDEE




Y—ErOEYYREED TR

7 [/~ -
/ % _—\\ 54 Al
RKIXFvYI — '\ — | /| _ Tt
\ FZYUT4q - | \/ AN
N : NANIG NN
L1
—SMA | .
|||| 5 A B
» : A
| oA 11117 — 5 * 11177
AAOF v —+SmC 1 SmC W
= 11707 FZUVT4—
- W=
—rexarer S S
O R
N\ A
N N



R B MR

A
t/
I




O = NN W S 0

N
f

UL
g 0y 0

TN
NN
=N
=
.

\
)
§
\
\

N+H SmC#H
5
81 °C (N) 3 4| 43°C(SmC)
> 3
Z
M 1 JL”.” R .
0

2 7 12 17 22 7 12 17 22
20 / degree 20 / degree

N



SMCHEHANDFZT4—DEA

o bt A \QH.:'

> <__,'Q;_
/ i



A{ANMRM L FoNT-1ER
SMA-SMC*#RE53%

O 2021 O 4
1 10/— —
PPN V99 e
25

MONBIC: Cryst 79°C SmC* 101 SmA 118 Iso Liq

< /I ]

< \W o — ]
< W ]

SmC* SmA

A. Yoshizawa, H. Kikuzaki, M. Fukumasa, Liquid Crystals, 1995, 18, 351.
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Figure 7. The temperature dependence of the tilt angle deser
mined by optical microscopy and X-ray measuremens,
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Figure 11, The C-13 NMR spectra of (§)-MONBIC (a) in the
Sa phase (112°C), (b) at the S,-SE coexistence (100°C),
and (¢) in the §F phase (96°C) with sample spinning.
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Figire 12.  The temperature dependence of C-11 7, of (a) the
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Figure 16. The molecular deformation for the core part. The
estimated long axis is shown.
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Table 7. C-137,, (ms) for (5,)-MONBIC in the S, and S¥ phases with MASt.

Temper.uun:f‘(? Cu Cis Cy Cx Cia
Sa
110 0-32(0-29) 0-29(0-23) 1-33(108) 0-33(0.28) 045(04K)
105 0-29 0-24 1-34 03] 040
1004 0-10 008 030 011 013
S¢& (S¢)
95 014 013 0-48 016 014
90 0 13(0:10) 0-14(0-13) 0-49(0-86) 0-15(0:12) O 1T7(15)

t The values in parentheses are C-13 7, (ms) for (5, R)}-MONBIC in the S, and S¢ phases with MAS,
1 The SA-S& coexistence was observed st 100°C. The C-13 T, values were obtained from the peaks in the S, phase.
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Figure 17. The schematic representation of the molecular
orientation of (§)-MONBIC in the S, and S& phases.

Sa Si - S¢ S

Figure 18. The dynamic molecular deformation effect on the
reorientation of the director near the S5 to S& transition.
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‘ Molecular organization model by C-13 NMR study '

Molecular deformation

Interlayer permeation Cooperative
motion
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A. Yoshizawa & A. Yamaguchi, Chem. Commun., 2002, 2060.



N (80 °C) SmC (40.8 °C)
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Shape amphiphilicity & C-H/C-F amphiphilicity
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Dipole-dipole interactions

W

Competition

Segregation effect

Steric effect

% éﬁ % d}b Fluctuated lamellar structure Bicontinuous cubic phase
‘ Order through fluctuations i

A. Yamaguchi, Y. Maeda, H. Yokoyama and A. Yoshizawa,
Chem., Mater., 2006, 18, 5704.
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Frustration between packing entropy and electrostatic
core-core interaction

Frustrated phase Q Q
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Pictures: |. Dierking, Textures of Liquid Crystals, 168, Wiley-VCH, Verlag (2003).
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Liquid crystal 'blue phases' with a wide temperature range

H. J. Coles & M. N. Pivnenko Nature 2005, 436, 997
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Stabilizing blue phases

. Polymer-stabilized blue phases (Cubic BP)
H. Kikuchi et al., Nature Mater., 2002, 1, 64.

. Chiral T-shaped compound (Amorphous BP)
A. Yoshizawa, M. Sato et al., J. Mater. Chem., 2005, 15, 3285.

. Mixture of fluoro-substituted bimesogenic compounds and chiral dopant
H. J. Coles & M. N. Pivnenko, Nature, 2005, 436, 997. (Cubic BP)

. Chiral compound possessing a bent core (Amorphous BP)
C. V. Yelamaggad et al.. Chem. Mater., 2006, 18, 6100.

. Hydrogen-bonded self-assembled complex of chiral fluoro-substitutd benzoic
acid and pyridine derivative (Cubic BP)
W. He, et al., Adv. Mater., 2009, 21, 1.

. Binaphthyl derivative (Cubic BP)
A. Yoshizawa, Y. Kogawa et al., J. Mater. Chem., 2009, 19, 5759.

. Pinning effect of mixed cellulose ester membrane (Cubic BP)
M. Ojima, et al., Appl. Phys. Express, 2009, 2, 021502.



8. Nanoparticle-induced widening of the temperature range of liquid-crystalline
phases (Amorphous BP)
E. Karatari & Z. Kutnjak et al., Phys. Rev. E, 2010, 81, 041703.

9. Stable amorphous blue phase of bent-core nematic liquid crystals doped
with a chiral material (Amorphous BP)
S. Taushanoff, H. Takezoe, A. Jakli et al., J. Mater. Chem., 2010, 20,
5893.

10. Liquid crystalline blue phase | observed for a bent-core molecule and its

electro-optical performance (Cubic BP)
M. Lee, S-W, Choi, H. Kikuchi et al., J. Mater. Chem., 2010, 20, 5813.
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E. Karatari & Z. Kutnjak et al., Phys. Rev. E, 2010, 81, 041703.



Stable amorphous blue phase of bent-core nematic liquid crystals
doped with a chiral material

S. Taushanoff, H. Takezoe, A. Jakli et al., J. Mater. Chem., 2010, 20, 5893.
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Liquid crystalline blue phase | observed for a bent-core molecule and its

electro-optical performance
M. Lee, S-W, Choi, H. Kikuchi et al., J. Mater. Chem., 2010, 20, 5813.
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Fig. 5 Typical optical texture of the BP I of the sample composed
of compound 1 with 10 wt% chiral dopant under in-plane electric
field geometry (a) without the electric field, (b) with the electric field
(8 Vmm™'), and (c) after removing the electric field. The arrows indicate
the directions of the polarizers.



Theoretical prediction

Biaxial helix

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

L v W) NNy

Twist inversion

G. P. Alexander and J. M. Yeomans, Phys. Rev. E, 2006, 74, 061706.
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Design concepts

Chiral U Shape Chiral T Shape
NV, Vs
.- ot N, A) Biaxial helix
y ' .

Biaxial hels ] Twist interaction X
iaxial 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.
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Core-core interactions

7-PYP-60



Binaphthyl derivative with a cubic BP
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A. Yoshizawa, Y. Kogawa, K. Kobayashi, Y. Takanishi and J. Yamamoto, J. Mater. Chem., 2009, 19. 5759.
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Helical twist inversion
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T-shaped LC oligomer
- Chirality & molecular biaxiality-

‘ 07 “CeHia

(CHo)1g BPIII (25 °C)

CgH17

Cry 63 °C [N* 15 BPIII 28 (1.4 kdJmol")] Iso

N* (10 °C)

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



Crystal structure
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1. Gauche configurations exist in the central spacer.

2. The compound has a A-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.

V&
A

N ® o

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.



Introduction of a CN group to the T-shaped system
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Electrooptical switching in the amorphous BPIII
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M.Sato and A. Yoshizawa, Adv. Mater., 2007, 19, 4145.



Optical textures in the BP at 47 °C
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Introduction of a flexible spacer
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