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gl o, ¥iholels e Lehmann*o] 1889
ol A gow ‘flissige Kristalle (liquid cry-
stal)’ o= |ELE AT B RFH Ak #ol
Friedel (8 A)5& o] #RiE7} Aot HERE &
HRE ofER o] MiEs TEESITh JhH
b 4] ‘mesomorph (#EREEL(2)) e HE {H
HE A& 54399, BAEE liquid crystal,
mesomorphic =& mesomorphous phase, meso-
phase, paracrystal, 3-2 paracrystalline phase
59 2ol BEHS 2 9or liquid crystal 7 me-
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mesogenic compound, ¥+ liquid crystalline
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Figure 1. Organization of liquid crystal phases:
(a) nematic, (b) cholesteric and (c) smecticA
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FHE 2 Jas AASF] Eo o] Al A4
o] & Flgure 1] 2o Fx Yt} nematic R
dAE 3t 33 24 (volume element)o]] 43}z
RE RFEY FFo] o= & wdo = Erel

Z Aot 2 RTES B\OE RNHEASHA (E
3z 9ol AAE 9% A A (positional long

range order) = E£AX] ¢Etl. cholesteric ;{kﬁ.
nematic phase &} 3F W 3HE E F3loH,
Fol Rfipe] T3 PHRTAZ L’/‘P‘“‘li 3
ol FxF stz ¢t wkAl9wte ® smectic ph-
ase o Al & T EY Hbol FAE Hded L@
3tz 9lo] smectic & HESt, T K
L o] FA 2o FF (smectic A)Y FE glow
23 o] & X 9 (smectic C). 7] E} smectic
B, D, E, F, G5o] &4#HA ot HEHRY 7
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thell Al o A st ot EafEdl s 9
o Al g o] HFE BekA ¥e I #
&9 vk Aot
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T STES B TrYEY] (super-
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texture E}% e EE RS e weEkA
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ERBrEE °a}°}‘°}: ek RS A TEEE 2
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TERH S %E"]D} }E. #HAy<¢] nematic order o]
e 5FEe B ez S=1olx %%
e i A= ﬁ?fﬁhc’l nprRtel 2 g ehas
orz S=00]v}, —HEAYCE nematic ¥EF
e EATHEBLEHY AF S=0.4~0.8¢]
o, E& olx i%E L&YY FSHE o &
HEEol whel sk BEE 7 AT vkek 2o
MmErl 9 o wet S A3 clearing
temperature o] A S & BE 0.3~0.4°]c},

°] o A} whalg Fo) HWikibAHe Yt EaET

EAgA ML 9 RN BRFE 2T SASS
Ein "}‘4"/} q8 A E AA EREFT W

= ASE gl gdA geh veadst 2

¢} &9 Zzb~gA4A (plastic crystal) S F25 S
E ASE seAdA BAatkEs A8 gl

R E obF debglen v e HEER
st oF fLBBRE B Ht]‘. Loty
AL o) FE HTE BE Pl o=
F4 02 FEAdA ERFE @Ak Bk
= adlg FA3Fs 9ltlrb  clearing temper-
e A4 A1 9ok FHERES 9T AT
b glex, o] &o] vrE kS ol E F =
{bEEo] ™ ol Al olm] AF vk AFo] o4
TEL disk-like me o) golr, ook 7]
Sedq B4 ol o= AE Az
(stiffness) & oloF dvt, LA+ (LEHk
FE AR S%E MIE lox 2, Wik
2w z# 9 RE R AERF ok ER
sloj of she BREMEe] Sl
o ERfel KRS texture = JEERAY 1£H
A Fefaele], BRAgel 3, A, B 2
o gk wk=t}l texture & #bLE
2 ORERRY HES #LE JheH, v
olAE& g [EM HEFAA FH Aot
2L ol x 7 $¢] v}el homeotropic E2
homogeneous texture E 7}2 4= v}, homeo-
tropic texture ol A& 4 T-59 Kol HHE &
o =Fel wEoz FfyelA EFE ] 1 ho-
mogeneous texture ol 4] = AFo] film ifjel] 4T
ol wpeFez widsta Sl ol&e JEEMY ik

o B
2
2=
]o
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Whel WhEw R S WMrdrAdes H
% Wgse &ﬁﬁh o B M g 2lch
2 o] pikulo B fRANS MY ItEh
RATHESFL resolution ] FHA] X& # = glch

olgd A= E EEMNIY Sinkez  alk

(scattering method) & HERIS}e] oF 3}, X-##,
B, 9 kT BELES S structural parame-
ter of =9~ wlzkdle] YL K5 Protel AT 4
AEH, o] A X-A E4He] e &
Qlel, ofwl ks S $el A ek Wk
o HEEE el &Yl 43E% parameter & —EAt
EE 2 scale o] gAE 2 A HA A
A, Mg AA—F AA4F 5 glolof P H
AR Aol £ ol Bl EAMEAIEY B
f (conformation) & <ofel e}, AR A€
o g G4 B 4$E Yol small an-
gle X-ray 4F2h¥ o] 01u~ , T FRRe]l 7S]
+ neutron, small angle hcrh scattering 1% 50}
7}A- HaEshol,

LRl Jigirh 71 Wo] 22o]s gy X4

EA Y, cross—polanzed mlcroscope o &% B

AR A <) EfEfye 2 HestAth, Ther-
motropic hquld crystal 9 ﬁj‘ g x®

X-ray diffraction 0.2 PigEs o] $teH, o+
5T b&elvt matRs] 751 =kdobxiel
t} nematic phase & oF3hq FHad Sz
(weak diffuse inner ring) %} 7FabA] ok Fals A
3.8 (strong diffuse outer ring) & X-A4 3] 2|
A re] v} £33 = mesogen & ZLr]d #
Aste], Axzele Q4 A7 A A Eo)
t} nematic phase 7} W& o] moke] X-A 3
AE B FE 0% uFo] ¥o} 24 oA
g 7 B 22 s & 5 v orien-
tation d A8+ X-A 32 z:#9 ¥ (splitt-
ing) & He Fr},

Cholesteric liquid crystal ¢} X-4 332 X
- nematic 7 -9} 9]¢ FFLLSFC, smectic A =
smectic layer 8] fFE o v} = 2 o] A
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’73] (sharp inner ring)%}
—r-D]- oriented sample
2e % mel%e u)
--% 0}0}1634 AR
W3k} Smectic C = smectic A & 7o)
EHE ALAEDS Yol £ VA TEE HE
1= orxented sample & A5 ulgke] FEEio]
E 4 )= doublets & vEhiich #ano X4
G De Vries'®ol] {ksto] BEIE A48 9+
HPerw, AaE £3] De Vries 2 #iRE =
of AR WS HT REE Rz ol
W iho] texture =
2 FE FEFE *Jﬂi”i"‘ol PEEE wid = stE %

R‘-

cross—polarized mitroscope

el BBE 2, )4 ¢ polarizer 9 analyzer
Apojoll o] b wbE i fe TS W&
9] optical texture = IS FA Bo] &

StmE g ARF olul R BeheA A
S ZA sk #hiie W oFshe, X FiReh
2 S Fshe Aol REelth,

£ (~100um) nematic A E3= A1 (threaded)
9] Schlieren texture & Xl 1 2 72 Aol
nematic o FFo]A1} T this
228t 4= 9]t} nematic o] B 2 3]
of 853t némadlA FERE L
um) A & point-like disclination &
= schlieren texture & Ho 9, &
9 Ae ol aaRel gk AR
St = dekgk 24 29 22 429 mar-
ble texture & nematic o] 4] .

e fe9 KEPRE EESH, fiAd Y
A AF3F v} 9l homeotropic texture of A} &=
el Kol YA FfretAl AES S gl
oz 2 birefringence & ¥.¢6] FA 2= pseudo-
isotropic textureojt}, ©] == A G4 F
(cover glass) & Axs HTEFS EEAIH
flash-like brightness & ¥ 4 gl & = 1k
B kel = s T BETEA BRE &
i AREART) T nematic RS 7t /b4 5
o] &#A gl

AAlEe] ZH2EE FEAY T FAREO]
Y2815 #:¢] mesogenic segment 2 X o] & H

ZelH A59 A 2% 19814 4¢

mr’
["O

)
B,
o

saz
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~ lo
o g g

-
f

e
(e}
y 24

g+ cholesteric liquid crystal phase & JER

=], nematic liquid cry rstal o] YeEHEHEQ fLA
& Avpste B &4 Tae] Al A A
cholesteric phase 2. g-gq}t‘,—, cholesteric ¥%
nematic ¥ 43 2 4] o] = 58 (isomorphous)
ol v #NEE ¥EEIE v % v] Z=3}r}, Cholesteric

phase 9] SGREFHME-S ] =7 BES By

o o o & o 7:1>

ol HEY 729 pitch 7F Lol fURSH) 8
7] W] F-o) o} 3*‘6] cholesteric—smectic A #

o8 EANAL ol B 27,
lesteric 45Bba S FIRISH]
ing o\} imEE WS @
o]}, Cholesteric phase &
=3 thA] WA S E novatic

Al Gt droplet F 9] WIS wHEA ¥ H
E3= batonnets #har FEE 71 whvHERS Wid
ol el ol Eol Ash 44
texture & UHETE, o] texture = ARIF &
s s A A e 4
Az ox g
“focal conic” texture £ planar” toxture 2 ¥
3e] 7] A7 AHA FH = o 22 bire-
fringence texture & B 4 9lt}, o] texture o]
As AEY Fo] Az
E5e] lor], 2" B i
(alignment discontinuity)e] >] <13}, = 37}
2] cholesteric mesophase 2| optical
A5 BFEHE Ao B 49 Grandjean step ©]
Qer, ol wedge Y55 A3 Jle AENA
&3] A 4 glr}. clearing pomt EFEe] VAR
Z0] cholesteric film o] Z5{7sbaL 1AL
pitch 4 29 23 A7 BFY S slev] de
texture 2}

154 F1 cho-

thermo-graph-

Q. N X1
T A o] =

“focal-conic”

texture 2.

Gennes?® & o] & “fingerprint(&£#)”
= ==,

B EAS] FAEe] mesogen F2Z7F L
By 71 flexible spacer o] f&k3}e] A5 o] A7},
v)Jd H4EEY] 7 7FA] o] mesogen 7] 7} 7] flexible
spacer & 53t FAES] AZAH P& AL
= smectic % faS o] £}, Smectic A A5+ uj
FAA(S)7} 0.8~0.97FA & =, smectic la-

yer o] 7|13} lameliar 7% =<9 smectic A
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= Ho Frh o]
focal-conic texture &] .ok o] S| wlz
= layered structure o] A #eio] Qo WL
4219 interface o] E}¢3 ¢ disclination line$-
Bo] F= Z3 focal-conic texture & ZFlo) F
A7} ¢ko}x]u] fan-shaped focal-conic texture &
Hall B 93 & ol & 4 g = 9 f
2 & 23 o] fan texture & “pseudo-isotropic”
texture 2 Wiz A7 FF ok ol 4T
fgol A5 FEwdd FirsA 7 o Eeln 7
A7) 2o 428 220l A9
759+ & psceudo-isotropic smectic A I &
AtE 27 f2 5 3T kBN St A
7174 gerh
Gl 7)&
7+ &3
focal-conic texture & Ho] &£}, = ZE nema-
tic phase &} 3-A}8F Schlieren texture & X.¢f
FA G AL ol 47 A= & sigul-
arity ok A-Z= ), Smectic C €] Schlieren tex-
ture == smectic A 2| pseudo-isotropic texture of
Areel gkl A BERel A,
Schlieren 2 oF-e H-=a}22] 7] 9-uldk(tilt direc-
tion) o] kel MRSt A FElE FHold
7] w3k flow alignment = Fol SEERHY of 3F
ZA) Fob, 2t Wik Al smectic C 2 ¥l
gL w] = smectic A 2 W& =9} zFo] batonnet
7} Y Efvbv} nematic o 4] smectic C 2 W 3 o
= A FAGE ) de
23 v YA 7w schlieren texture & W 5=
A% gltd, Smectic C & fn#styd E#H iso-

tropic liquid & ¥ 4% ¢li X smectic A %

9} C & focal-conic texture &

A t}, nematic

smectic C 7}

o}zl Wbk rhel =

“broken” fan texture Y} “broken”

wlo

N

striated texture 3

nematic phase & # /% isotropic liquid & 3}

T AR A sleh oleh 2E BEEE
g1 fbfael - }lr:‘ EE3] EET £ Jort

BEaiE A 2ol SR X A
22 Algs] Blgstelof geh. Z)eke]  smectic
phass (B, E, D, F5)&= =& A So|8 ELE
o AF-E ok ¢gHAA ggernz o) Fd 4
o RIS Bpelrl 2 gtk plEol A wEk X
314 moF 9 optical texture 9 FfHlE Yoz

7 e
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WREASRE D8EY RBuste
of et wel FA

Wahel st whE B data S Q)
#yste]l = DTA (differential thermal analysis)1}
DSC(differential scanning calorimetry):-S A}
&31H, W ®EE SWE $%he IR, NMR
o ESR 59 4Ae HEE A oo
eV RIS fEfEe] WE 4ESY response
o Bisted = o WEsF L8 E5T 4 A
$ 27 WA ol Retw Ak mEE
A Italy ¢ Pisa kX Chiellini 2549 9 9
Freiburg ko] Kothe ¥} 7R3 B4 W5
maFY B IR 2 spin labelling & %5 &
#i8e] ESRATE 17303 Qleut = #55d o
gk A7 2k, o] A= Massachusetts k9]
Lenz w9} 3% o2 {78t gloh,

E I A 2ol Hke Alsel Wik
o] olw] A AV F FEHEMS 5T
HEALEHE 4 o] optical texture & B{LE 3
Ao AT e o BAE WARKS 2
Alehs ERgikol o el A 8lg] o] nematic
phase o] FEHEM:Q 1L&4-2 2 o) cholestric
°® Tl A FL ojm] Z Fihike] <elA
{b4453} isomorphous §%] ZEse]  2iF|sl =
dolet, iz thel EATh

Stein §-2%0] wro| PHILEl
scattering k& Blie7bA] x5
5 TE k&%, 53] cholesteric #fhol B
o] FIM=Eglon to2 WHT Lawe W
TR B =88 & 4 e Hen o
Mol F5= 2 ek o] ke Eik - i
WS 2 {i Argshe. o] Jigkg AT Bl
5 el Mol

Bihs BHolv BEGSd T el 23t
o {7EA] Jighe g o #bE Eﬁg‘%’uii”ﬂ W
fh ke Bt o HRT FBES 9 S
St #odhol w2 Rigel e He I
ERGEANA de] ffste Jdevt BT %
e R obf ol molA ¢x g FE
B Fhafb i el st A=) ol it
o] &t response 7} =7 RFIG BLS R T

ol A AZE

small angle light
Aigt GoT 2

1)

e
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