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WMUXHNEOREE

The polarized vibrational Raman scattering measurement has some distinguished advantages.
First, the vibrational Raman scattering line is accompanied by the vibrational normal coordinate
of a molecule, so the polarized signal of the specific Raman line gives the orientational
information about the local structure of a molecule.A Secondly, the Raman scattering gives not
only the second-order parameter <P,(cos 3 )> but also the fourth-order one <P,(cosB8)>. The
<P,(cos B )>exhibits a larger sensitivity than<P,(cos 8 )>, so the polarized Raman scatlering
measurement is much effective in investigating the subtle change or difference in the molecular
orientational distribution of the liquid crystal than the other method. The ferro-, ferri-, and
antiferro-electricity are found in Smectic C (SmC) and the variant phases. These phases have
layered structures. The molecule tilts in a layer with respect to the layer. The c-director is
defined as the unit vector pointing the direction that is parallel to the projection of the molecular
long axis on the smectic layer. When the c-directors in the adjacent layers are oriented to the
same direction, this molecular arrangement is called a synclinic molecular arrangement.
Meanwhile, when the c-directors in the adjacent layers are oriented to the opposite direction, this
molecular arrangement is called an anticlinic molecular arrangement. The combination of
synclinic and anticlinic arrangements characterizes the SmC's variant.phase. The thermal
agitation triggers the change of the combination and leads the phase transition within the SmC's
variant phase. The change of the combination caused by the distribution of the c-director alters
the biaxiality in the phase. The observation of the biaxiality by the vibrational polarized Raman
scattering can trace the mechanism of the phase transition. The hindered molecular rotation
about its long axis increases the interlayer molecular interaction. The interlayer molecular
interaction causes the ferroelectric synclinic and antiferroelectric anticlinic molecular orderings.
The frustration and the competition between the synclinic and anticlinic molecular orderings
bring about many interesting phenomena in the ferro-, antiferro-, and ferri-electric phase.

This thesis contains six chapters. In Chapter 1, the basic concept of this thesis is described.
The procedure how the orientational order parameters are obtained from the polarized Raman
intensities is described in Chapter 2. The improved analysis of the polarized Raman scattering
provides more precise order parameters than those ever reported. The order parameters can be
obtained even from the small Raman intensities in the time-resolved measurement during the
electro-optic response of a thin sample cell (~1pm). In Chapter 3, the analysis is applied to the
system of MHPOBC in the thick homogeneous alignment cell [published in Phys. Rev. E, 63,
02176 (2001)]. The close relation of a biaxial molecular ordering to the successive transition
between the SmC” variant phases is investigated. An unusual change of the orientational order
parameters was observed with decrease in temperature. It was concluded that this irregular
variation of the order parameter stemmed from the biaxiality of the molecular orientational
distribution, which was attributed to the hindrance of the molecular rotation about its long axis.
This result suggests that the growth of a degree of the hindrance as the temperature decreases is

closely related 1o the appearance and the transitions of the phases because the hindered molecular
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rotation increases the interlayer molecular interactions. The molecular reorientation induced by
an external electric filed in SmC,” phase is studied in Chapter 4 [Jpn. J. Appl. Phys., in press
(2002)]. The reorientation can be described with the electric coherence length which relates to
the interlayer molecular interaction, the spontaneous polarization, and the field strength. The
theoretical model proposed before is verified. The electric coherence length estimated {rom the
experimental results was much larger than the theoretical prediction. This suggests the
necessities of the more precise theoretical description of the interlayer interaction and the
dependence of the effective spontaneous polarization on the phase. In Chapter 5, the molecular
orientational distributions of two types of the liquid crystal showing V-shaped swilching are
examined [published in Phys. Rev. Lett., 87, 015701 (2001) and Phys. Rev. E, 65, 041714 (2002)].
The “random' and “collective' models have a difference in the molecular distribution during the
switching as described before. The difference can be detected by the improved analysis of the
polarized Raman scattering. The process of the molecular reorientation in the V-shaped
switching is discussed in terms of the interlayer molecular interaction. The interlayer molecular
interaction is evaluated by the dependence of the c-director distribution on the dc electric field
strength. The obtained distribution of the c-director at the tip of the V was considerably broad
for one liquid crystal, while it is narrow in the other liquid crystal. These differences have been
explained, mainly, by the barrier between the ferroelectric synclinic and antiferroelectric

anticlinic orderings. The summary is given in Chapter 6.
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AT, BBV RBFELLZ T TREHOS FERA S A2 RICIRB S < & <5l
L FHIEBIZEID FREMIMOBVIOE BB EL REBELEMELELOTHY, FE (5 —
B)LEED (BARAE)ZSURNELIVEBRIN TV, BT llE TIRERBAIZ— o2k
LAR DA —F = N"GA=FZ—=DHB/ONDN, KR L TIHIO— WM DT A— 200 il %
FOBBHEOBFELRARDZOIITIUT U NMIOWTBRFR TRE2ES L, 4 —F —$F
A=F—%RDODLN TR THLEIT, EBIZ PCH-5 (trans-4-phenyl-(4-cyanophenyl)-
cyclohexaneiCEA L, TOHFNMEZHERL TN (FEE),

WA EIR B I~ A E 2B A 7oL KA MENRFEORZREFE(BBREDORE RS
MICEY BB EERT)EERTHILELNEETHD, TITAHL— P —REXEF MEH
A M T RORT A ELEMIE IR TV BEAAORIEEITROLEER S EERIL.,
HERFTHEMELT. SO FONFEASAEEMRIZRODMEIT FEE2RELE., ZOM
5 = 0 & o A #FlEL T, MHPOBC (4-(1-methyl-heptyloxycarbonyl)phenyl 4’-
octyloxxybiphenyl-4-carboxylate)# &a  ICHE A LZO K BRF B+ - AT ERH OHEEBITHEY
DFEMOAIC_IHESEEFECRNIBERFEEMICBEII L (E=%),

BHFRETAELINAFE BAEBHMOMBBIEAFTEREER L, 2. BHEBMHE~
BB TOLEVVEEMLUMOMERECS FERMLS Az EEBMIZHRELFIEREIZS VT
RFEMAPHDOA—F —NFGA—EZR TR LI ERoTWAIEEMER L, TSN -
BHEMOBIHBEREPERMICTFEINTOBEIVLINREZNI LA RLTRY, 8% EM
FAERBDAN=AMIFH LV REE X TV (ENE),

VFERBRIEEE R TG RICOWT, EREAITEL T D5 B2 58 7 04 F B 24 & 37~
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AERLPHRICFETDIEEHR L, 20 MBOBEICIVIL VT AT EFALS U AT
TAENENDIREAND = ABRIZE MBIz, TNETHRNPFR Thdotz V 2R ERIE
Erem TG RO ERICREREBL 52/ REThHE (BHE),

A X ORNBZEFICHARZLOTHY, MAMLTDICEVLDEEZLNS, $-, AL
DRFIZEENT, E BRI SCHESE IZ48 D7 3C (Phys. Rev. E, 2 #; Phys. Rev. Letters, 1 #: J. J.
Appl. Phys., 1 )L THEINTEY. A EFROBRHBIIEEITARLELOLHEEN
7o

HEZROEEHITICETIARKBRIZTASIRCEmS N, BFE BN - KRFEEHR S
DEFERRIEHPOIEED, TOZ WML FE RS HORBOMR. B FHEMED OITEK
BTORFERANFOREA. VFREBELEEHREROERBEAAD=AACET R LED
TR HIRCEDM BT ONT, 2 MICE > TERRERISEMMTbN, ZOKE, HED
MERNF T+ ITHAMLRDHY, ZLOFHMABBLNTOBER DL,

FBEACOVTEL, HLERXPHEMRE X TEPNTEY, BB FLOE LR TE,DD
TR RKEIZZEL TV DL BT EN, SBIZ. 8A30R D ABRE XL TIL. BEOBFE clE L+
XD~ EBRERINEET Thote B, ERELZERIEEN TN, WIS ZELTRY., 5
BREB—HLTAKELE,

BFHBEMEEOE., FOBRSFRIVEAOBEIZL - TEICKROIBIZHEIND. 1) &
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OSSN FIRESRO 4 EEO— R T =V ER I A A THD,

B X 1 E Introduction, 2 #F Experimental IZ#\\ T, 3 2 CHE F COREMEZ R~
k4 BEROIMEF LB LTV,

P 4 BT, EE T OAZMMET T, 1,3-E A= haF U R_UE(BNOYE 5-7 L4 0B
BEF-BNO)YDEERDOIMENRIZ DN TR RTINS, ZnHOEEIE, I E FIoB T, 445
R EERAMBE AZHEMEE A~ 5 K THEBLZEZTA. IMETIZ LT, iE
BIEE(TO). BMEMEBHEHCO)BEIZ, FiZx LTEBAMIZHB KT AIENENESR T
Do ZDZEF. INODOEETIE. MEIZL - CTHM BN HEE., #MMEEARNEIHLTE
BN R L ZLEBER T D, COEREREEZRD OB FEORK RLLBLTWS,
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