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Division of liquid crystals into two groups (thermotropic and lyotropic) has long been considered
valuable upon discussing their properties and/or basic mechanisms of formation. Although the division
can be rationalized by simple theoretical models and computer simulations, real liquid crystals consist of
non-ideal particles (molecules). This project has aimed at establishing a new science of liquid crystals
under a unified view over the two groups. In short, it has been revealed that they are not so different but
share many aspects. The subject covered includes (1) Characterization of molecular arrangement in
thermotropic cubic (gyroid) phase with la3d symmetry, (2) Effect of molecular structures on their
aggregation and phase transitions in lyotropic systems, (3) Molten state of alkyl chains attached at end(s)
of mesogenic core in any liquid crystalline mesophases and its thermodynamic implication, (4)
Lyotoropicity in the most representative thermotropic series nCB, and (5) Liquid crystallinity of SmE
phase, which is the closest to normal crystals.

SERFHRERR
(SN - D)
EBER R R & &
2010 FZ 7,800,000 2,340,000 10,140,000
2011 F & 4,500,000 1,350,000 5,850,000
2012 F & 1,800,000 540,000 2,340,000
W E 14,100,000 4,230,000 18,330,000

i e (e
B D5 F - MR - BREWE LY
F—U— R kG, TAFAE o bhebt— —F et yvY, UF bV




1. WFFEBHAE 4O 5

72t Ia3d ° Pn3m DL FR%& 5
S T2 @ RIS DS R 7 TR0 G 78 & TR RIS
Wb, 29 LIEEITIEFICE ORIt E
D, BARPNERMITED R LEHENSEL
VWL WX LY. 2O LTEEETERT S
FRDOELI N HEE) Sl THDLZ LD,
ZOFRITIE, W75l C = H
fitk /)N B /@ (Triply Priodic Minimal Surface:
TPMS) & FE{XN 5 i 2s BB /e el &2 e
THoLEEZLNTE . FEE, (BLE) £
AR TIE (R 7 m) FABED R im 2 Kok
FTIDT=DIWAGET D DT, TPMS DB % E
AN EE LSS, AR R ma2iEE Ly
FTWHLIEORSTEY—F bRy 7]
Rl B W T O R iR N5 2 &
NihnoTW5 (K. Saito & M. Sorai,

Chem. Phys. Lett., 366, 45 (°02)) .

AN, ZOMOKRSTEY—F e
v 7RI BT DR OBERICB W T, &L
AAI T aT OB EAEERIZ X 5
BN L VEECTHD Z L ERET DA
RE2BG-. Thbb, {EWY—F bty
7R TH D BABH(n) (n: 45 F WD
TNFNVEHFORFBIRFH) BT 2 O
Fa—E v ZHTEHEOTRL S FFLRAE
WREFERZTER L TV A BRI Im3m fH T,
TV 3 SV EH R G O AL IR 7 R A
R+ EnTErvy (K. Ozawa et al., J.
Phys. Chem. B, 112, 12179 (08)). Z D L 5 7z
fER A R & &, B i AT 5 R0
RTHEEED X I RERE L ONITKRE
BB,

HEEENRB L T —F b vy 7k
DS 1TF -y VG
O TRE ] Xl EhT\nWbh Z &%
oML, bh—F ety ZEMmE U 4 b
0 vy 7R E R D FTREME 2 RN
L7=2y, BEboi@ v, PR ZFEc ik Lz
LE, MAIITHONCERLIWWERH S 2
ERHLMN o=, e ER LI L
T, MEOMHEEHE IS 95
Z LI AFIEIC B WD TA R O R R O S
HHZ DI TR, i OmkEEDORRK
BREICE T 2HICRELZ V6T DL
Ezbnb.

2. WMEOBEM

ZNE THIZIZHFE R ITON TE Y —
EThurbEyZEMmEV A bR E Yy Z7EED
FER LKA LN TH L, b
BB ERAR T 58 L WK B O 22
MY ERELL ZEEAMLETS.

3. WHED Ik
FERIEEZ E& L, ERFBL L TIEH
MESAEBLIES, 1t ORSh, TSRSt

T 7Y, BOIE (WrEik, il DSC),
XM (EBREZL & ONTHEDE) % E R
MUz, SEHI iR o, ENS o S AF
RN EZIT .

4. WFFERk R

(1) Y—Fbrb v rFa—E v 7KREHE
BT B o TR

BABH(n) 77+ DAEEICH KT 5 0 +NET
B ORRETE T Z 8Ly, o1l
NI TEHHAEERHDLZ END
MoT-DT, W R Lol a7 OEEMHE
HEOFEM ORI % 3 A 72

kKT hrbE—i (MEM) #HW\WT5
BABH®)® Ia3d SFADF = — ¥ v 7 fHIZD
W TR 2@ 217, D2 WoeA 7 ¥ =
J R THDHDEZAREETT —7 L LIS
Flil, @FNICESL TR, OHEMKRTT
MBI A) = b7 hEEOREER
IR, ZH5MCLE.
CORRIIMEER LS ELTAE L. 2
D X1 Paper of Editors’ Choice (237 E S 4L
5 L3RI, AR (2013422 A %)
BLOBZEHM (201249 H 7 B THA
ST, Eiz, 2013 FE D H AR AT L
HABMQ@OZENRE>TND.

(2) IBE-K*%

B ZTAD, BRI = EKDOFR
\ZEBIT 5T A TH-EFMERE (L) s
ONWTAREAEZITo7-. BEICHEOES
NTWEE /A LA VRORER L, 5
RN LC, M o B —ITh 4
BICEBEZFHFODTHNEA T I 7 ADER
BENTWDHZEEHLMNI L. ZOfER
ITHERERR L8 & L TAR L.

POPC, POPE L /KDRICEKIT ST A THE-
Wi Y I VAR R O B USINZh J O ft
L, KFREBOEE, ThbbKoOlkEE
DOEEMEAZP ST LT, BUE, #Xa2
FThHD.

(3) y—F bty ZiEE-T IV

WaaAE & LN D A & FE 8 L SmAHH
RBLLRWICBICn-~T X U HRAE L
722 DOFAXK %2 DSC & L FHMk OB 2RI &
DIERR L, IBEICL>T TN TFOT L
FLEHE ] 238D < TNAHIZIN A TSmA
MNFHEIND Z 2 RE L. /NAXHER
BT CE DLz BlT X % — iR (8CB
) Db O EBAERZER TR ST SmA
HTHDZ ENMERINTZ. FRINT-
SmAFH D J&g ] bR 23l R D SHEARAFE & [F]
CTHDHIZEND, nCBIZ DWW T Ak
RGN, HIEE TED TR K D
T e ERFER L. Z OREIIMEE RS



L TAFKRLEL.

FEAEICHREEF & LT N fHO B2 8 L
SmA fHZJEH L7232\ 5CB |2 n-A 7 # v %R
BLERIZBOTHREIRFHEMEANPFEE SN
HZ EERMEL, BMEE (FHZEHE) 2k
D A ORI A & IR L.
BEE A~ R BT 572912, 5CB
—n-A 7 H U RITBW TR LR A
FEOBINEZIT-7-. EEESFS TR REE %
Fd D Lz, e LTRET DU
HTW5D.

(4) CrEfH (SmE #H)

WA bW AR AR T 5 CrE A
T aTCB 55, B, FHMEREA~R
BT5HDIZHOWTITCIEMIZB W T T L%
VS EMRIRIEIC B D Z LI, AFZERRLARS A
Thhro Tz RS 13) 2%, SmA
LD EHILEWIIB W TH CrEFIZE W
TI T T VRV SRR IR TR RR, Rl
TFIREBIZHDZ LALLM L. 2D,
EBRTFIEE L CIELIETO DSC DA TEL R
S HIEGOEH L, 2 FEIZ O R U amns

BoNDZ EZEHE TCB b Ed THER L=,

ZOREFRITHERE R L4 E LTAE L.

nTCB tid@&< B rpyrariiEsbo
nPA NS & L C CrEFZRT Z & N T4R
ENT=oT, PR E LTERY B, &
VNG SNT-8PADCIEEMHD I ¥ 57 #2 )
B—a UETY, TRETICHREINTY

% CrEM L RO MEE 25> 2 L 2R LTz,

CORERITHRER L3 L L TAE L. HE
DORIPZnPAOFEMLCEETHD Z L &
L, HEEMAT, DSC B IO AT [ v
ZRAWERFHZ LY, SmE FHIZB W TT T2
TV VN PRI IR AR, BT 7IRRE LS
DT EEWPLNT L. T ORRIZBER
XELTERTTHD.

ZOXEIRENTET A AVENGFET D
WA, TIVH v & DRMNRIET L
RA T nTCB 2T V7 v 2R % EEr
Z4To7=. SmA FI° N fHZ 2@ sz
HOD, CrEFBIZT VBV AENT-HH
(T/vh I CE /1) ZRIBLT 5 Z &3,
DSC 35 X UYL EIZ Db o 72 X f
FHTIZ L - T, BAEICEEL, CE #HOENEL
FRIZBEBE © & o0 CHERF S 4L, mEEE D & h3
NBZ ERbhotz. ZoOEIX, BIE, i
L ELTHRETIHERZED TS,

TV B CrE F DR B & F ORI R
WA 5 FE Z, CrE FHOEE DO R 21T - 72,
Bl sl EHZ D WD T ORI ERRIC L 0 @R IX
$EET, BTO-DOBHRBRT LS OE
MR 2 e, nTCB @ CrE FH DR E 3L
KEZONTWELDO LTRSS 7 o
SEEEE L O L EHLMNILE, oz
X, CrEAHIZHESL S LT 3 RokR &2+

SHLO0, BIRESEM (SmEAH) & L ToH
NI THDZ EERLTWD., ZORER
WCOWTHLE L TOREZHERFL TND.

(5) M—HitgroHE L

TR L CE B O i, ), —
e VY ZEEICET 5 HEMEAEEM
ITRAFXF—OEEMEZRTHOLELEDbR
7=, AWIEBEO—R s L TEIT LT,
SmA FHDOFEAESC SmE FH D 2 7 v #1545 Bl &
DO ZE LT, a7 &7 X VEHDE
FPEDOFENZHESL, = be E—KEIZ X
DIREEEETE S G bl o=, iz &
D, A R S NS g BV T
B (4] THAHT AR AEHOMEES X
DR BRI HZ L o7z
BREHE X T-NEEEEYS - RERS
PRI ,2,4-6 & LT AT O L IRIT,
fER e LCHERERR 1,220 FELonEL
7.

5. FisEdin L%
(WFFeiRFE . WFZEsHE R OV EERF 22 512
X THR)

UdEREam ) (B 13 1)

1. ZEHE—HR
OTHEEICER LTEEA DS TR
0, AE, 40 ,2-9 (2013). (AFEA)

2. K. Saito, “What Roles Do Alkyl Chains of
Mesogens Play?”, Liquid Crystals XVI
(Editor: Iam Choon Khoo), Proc. SPIE,
8475, 84750C (9 pages) (2012). (&EHiH)
DOI: 10.1117/12.928682

3. T. Adachi, Y. Yamamura, M. Sumita, M.
Ueda, S. Ito & K. Saito, “Comprehensive
Characterisation of E  Phase of
6-Octyl-2-phenylazulene  (8PA)”, Lig.
Cryst., 39, 1340-1344 (2012). (&EHA)
DOI: 10.1080/02678292.2012.716458

4. Y. Yamamura, T. Adachi, T. Miyazawa, K.
Horiuchi, M. Sumita, M. Massalska-Arodz,
S. Urban & K. Saito, “Calorimetric and
Spectroscopic Evidence of Chain-Melting
in Smectic E and Smectic A Phases of
4-Alkyl-4’-isothiocyanatobiphenyl (nTCB)”,
J. Phys. Chem. B, 116, 9255-9260 (2012).
(EHEA)

DOI: 10.1021/jp303972s

5. Y. Nakazawa, Y. Yamamura, S. Kutsumizu
& K. Saito, “Molecular Mechanism
Responsible for Reentrance to Ia3d Gyroid
Phase in Cubic Mesogen BABH(n)”, J.
Phys. Soc. Jpn., 81, 094601 (6 pages)
(2012). (&FiH)

DOI: 10.1143/JPSJ.81.094601
6. T. Yanagimachi, S. Yasuzuka, Y.



10.

11.

12.

13.

. T. Yanagimachi, S.

Yamamura & K. Saito, “Cell Gap
Dependence of Nematic Backflow around
Annihilating Disclination Pair”, J. Phys.
Soc. Jpn. 81, 074603 (5 pages) (2012). (%
S5

DOI: 10.1143/JPSJ.81.074603

Yasuzuka, Y.
Yamamura & K. Saito, “Backflow-Induced
Asymmetric  Annihilation of Nematic
Disclinations under Strong Anchoring
Condition”, J. Phys. Soc. Jpn., 81, 034601
(2012). (&HA)

DOI: 10.1143/JPSJ.81.034601

. Y. Yamamura & K. Saito, “Effect of Cis

and Trans Double Bonds on
Conformational Disordering of
Hydrocarbon-Chain of Lipid, Unsaturated
Monoacylglycerols in Lamellar Phase of
Binary System with Water”, J. Phys. Chem.
B, 115, 14963-14968 (2011). (#&HiH)
DOI: 10.1021/jp205881f

. K. Kishikawa, M. Isaka, M. Takahashi, K.

Saito, S. Kohmoto, “Self-Assembly of
Compact Molecules Possessing Two
Carboxy and One Amide Groups into
Tubular Nano-Structures in Liquid Crystal
Phases”, Chem. Lett., 40, 1278-1279 (2011).
(E7AH)
DOI: 10.1246/c1.2011.1278
M. Jasiurkowska, P. M. Zielinski, M.
Massalska-Arodz, Y. Yamamura & K. Saito,
“Study of Polymorphism of
4-Hexyl-4’-isothiocyanatobiphenyl (6TCB)
by Complementary Methods”, J. Phys.
Chem. B, 115, 12327-12335 (2011). (&%t
A)
DOI:10.1021/jp201936x
Y. Yamaoka, Y. Taniguchi, S. Yasuzuka, Y.
Yamamura & K. Saito, “Experimental
Assessment of Quasi-Binary Picture of
Thermotropics: Induced Smectic A Phase in
7CB-n-Heptane System”, J. Chem. Phys.,
135, 044705 (2011). (&HH)
DOI: 10.1063/1.3615491
H. Mori, S. Kutsumizu, K. Saito, K.
Yamamoto, S. Sakurai & K. Sakajiri,
“Temperature-Jump Time-Resolved X-Ray
Diffraction Study of Cubic—Cubic Phase
Transition Kinetics in Thermotropic Cubic
Mesogen 1,2-Bis(4’-n-alkoxybenzoyl)
hydrazines (BABH-n)”, Langmuir, 26,
11605-11608 (2010). (& FEf)
DOI: 10.1021/1a101553j
K. Horiuchi, Y. Yamamura, R. Pelka, M.
Sumita, S. Yasuzuka, M. Massalska-Arodz
& K. Saito, “Entropic Contribution of
Flexible Terminals to Mesophase Formation

. K. Saito & Y. Yamamura,

. K. Saito,

. K. Saito,

Revealed by Thermodynamic Analysis of
4-Alkyl-4’-isocyanatobiphenyl”, J. Phys.
Chem. B, 114, 4870-4875 (2010). (& #ifH)
DOI: 10.1021/jp100301r

(i ER) Gk (RIFREDO )
1. K. Saito, “Chain Melting in Liquid Crystals

and Its Implication for Structure of Smectic
Phases” (invited), Tribute to Professor Jerzy
Janik - Neutron Scattering Spectroscopy
and Related Problems (Krakow, Poland,
March 21, 2013).

. K. Saito, “Towards Unified Understanding

of Thermotropic and Lyotropic Liquid
Crystals”  (invited), The 1st Asian
Conference on Liquid Crystals
(Fuji-Yoshida, December 17, 2013).

. K. Saito, Y. Nakazawa, Y. Yamamura & S.

Kutsumizu, “Molecular Arrangement in
nm-Scale Superstructure of Thermotropics:
Cubic Ia3d Phase of Liquid Crystalline

BABH(n)” (invited), 1st International
Conference on Emerging Advanced
Nanomaterials (Brisbane, Australia,

October 24, 2013).

RS, Y —F bR E Yy ZiRMmE Y

Fhu vy 7O ICmiT T (K
FHRRH) , 2012 iR el = (T8,
201249 H 4 RH).

CFEBE R, < FREEICIER LA O

S TEIE (2012 4RI FRBIIE S5

FoE ZEHEEE), B 48 HEIER
£ (KB, 2013458 H 24 AH).

. K. Saito, “What Roles Do Alkyl Chains of

Mesogens Play?” (invited), SPIE Organic
Photonics + Electronics, Liquid Crystals
XVI (San Diego, USA, August 13,2013).
“Restricted
Dynamics of Hydrocarbon Chain in
Lamellar Phase of Lipid-Water Systems”
(invited), 25th European Symposium on
Applied Thermodynamics (St. Petersburg,
Russia, June 27,2012).

“Calorimetry in Research of
Molecular Systems" (James J. Christensen
Memorial Award Lecture), 66th
Calorimetry Conference (Hawaii, USA,
June 14,2012).

“Molecular Dynamics and
Functionality of Bulk Substances: Some
Examples in the Case of Alkyl Chain”
(invited), 2nd CCFM International
Symposium on Center for Creation of
Functional Materials -  Coordination
Chemistry at the Front (Tsukuba, February
8,2012).




6. HFFTHEARR

(HIFFERES
TS —JR (SAITO KAZUYA)
B RE - BEME R - BifR
MIEEE S : 30195979

O E e

Ikt A (YAMAMURA YASUHISA)
FUR K - BEWE R - HEHR

fF7e %5 80303337

ZEMH HE& (HISHIDA MAFUMI)

P KRS - BHWE % - Bh#

98 %5 © 70519058



