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2 A= A 2A Ak 2z olh, o] 7o A} Hod=d (1), B o4+ TNC (Twisted Ne-

'1‘:‘ he B | 1
§51E AAe 2 FIA Sodel sk MoHL matc Colloll 72 Ag54E Aol AYE 3
(nematic), A E (smectic) L] F#lx Hl Aoz, wz] 2A04 2 F2 AL ogdoln

2l (cholesteric) Ao] lowm], =2 AAo wute} 3 3#A of7lol ALE-EE =z %é‘" iy
H A5 ksl Aol o]&= 3 glek. A2 RC 9t B3HE, 4FAAE AA o Az Y AAY
Aol LCD & w# 3 olF 25 CRT o5 < 7heb3] AEdn Bow o T3S 4
o2 & tyaffo](display) A1Z& HFsHA stz gt

Table 1. Display market in U.S. and Japan
(A) Display market in U.S.(in million dollars). Total consumption in U.S. market
as supplied by U.S. and Foreign manufacturers.
DISPLAYS 1975 1977 1979 1980 1981 1982 1983 1984 1985 1987

ACTIVE DISPLAYS
Cathode Ray Tubes

(CRTs)

TV 496 633 7925 833.4 898.1 1146.21198.31209.4 1217 1231

non TV 29 40 473 493 611 746 841 875 921 103
Light Emitting
Diodes

multicharacter

displays 26 41 532 606 654 92 98.1 106.5 1152 137

lamp or single

character display 23 35 42  46.2 45 481 518 569 618 72
Gas Discharge 27 415 72 822 102.8 102.7 107.2 123.5 134.3 161
Vacuum Fluorescent

single character 1.5 2.0 23 52 56 62 67 7.3 8 85

multicharacter 20 2.2 6.1 7.1 8.0 85 167 174 187 23
Incandescent 143 5.2 48 5.0 53 56 61 65 70 75
Electroluminescent 3.0 23 42 52 52 56 65 80 10 13

PASSIVE DISPLAYS
Liquid Crystal
Displays 4.3 25 316 409 545 613 694 773 995 166
Electrochromic Displays
Electrophoretic Displays
Dispersed Particles In Development Stages
Ferroelectric Displays
Magneto-optic Displays
(B) Display Market in Japan (in Billion Yen. Approx 220 Yen—$1.00 U.S.)

1979 1980 1981 1982 1983
Liquid Crystal Displays 30.4 35 44 55 65
Light Emitting Diode 23.4 32 40 45 50
Vacuum Fluorescent 21.1 28 32 38 42
Plasma Displays 31 5 6 7 12
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Regular inverted

Fig.1. Classification of Liquid Crystal Structures
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vetl L Qe o]l E2 vl Axle} %9
of we} 2=el Ao|A K7tz oF 107} A
Abo] #lols]o} Qlrvh. =E 2b+s ¥Abel H
A5 dH 2FoE sk A
1A 3k mleko g widE]e] glont Exzlzle]
FAe wlmd o vote Ae) 542
el o ) o] A}& =|-g 2] Schlierend
(Schlieren texture) o] Wetslo] Az} 722 3
7} H3&Hn|7d o2 FAE 7] a Foll, Friedel
2 Al (thread) of] si%d3he 3] froflof|A] wh-
uie] Atolety W dlddct. 2®l2e v FalH
2 Aol xS epd Zleld] uvlele] Ake] ol E
©2 g ulele (chiral-nematic) ole}1®
= vlupgl 3t Ao} A
]A-] v} ;l 4 1% (helical structure) & 7t
FA4E vepd o
o] gk AA AL %7:11@] utel gk A2 o}
. XA= 33%”1_“]73 sloll A o} o) -=}ul
, Fulal Aol A9 of
‘ﬁﬂa gl g 47} el
) o] AF (po]ymorphlsm) olg}i 3, 0]

o,

ol
o o% mjo

o ot A fn
\.01. ok ©
2

-—

Solid .
*; Smectic & Nematic ¥ . |
qumd

Crystal
2o 727 W3S veich dshge A%
(enantiotropic) 2ol % ofg]7lx] W F o] 715
e, slod e kel by TxA S4E
22| sHs 7% (monotropic), 2lx ulufe] A
o] 4w vehtb 744 (reentrant) Fo| A3
Ha ek olu o] WulE] - FHkA (nematic-
isotropic) A+ W32 1x} A& (Ist order tran-
sition) o] . A& — | v}l (smectic-nematic)
}J-B:]§l° z] 7]_4 Azloﬂ ;q.g}_ \;}.Ew:‘ /knilal
A — 2" EIC (smectic A-smectic C)Abe] #H
3le dodgtd o8 2z A3 (2nd order tran-
sition) ol 4-3hct,

LCDoll 0|25+ TNC (Twisted Nematic
Cell, 28 3) ol M=t (nematic) Aol &

hil

slo), 7ld xS Hoshr] Yslo] Luke] Fa
ZHY AAAZ AL AY =4 FaAl 2 H A
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Isotropic

Top substrate

Fig.3. The Geometry of a Twisted
Nematic LCD
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(o]sF MBBA) o] Z23 4% 4743l 2

o e,

dieke g AL Aoz B Wl (D)

7} ¥ (convection flow), F=w&x 212w 9
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—40— tadefo] g HA 4|

we} S o o] wekA v BE 0.4-0.79 3& L+ A7 2ol HasHA widdct, —C=N 7|

Zech o] AMEE AYHog uoRE & 5 e A= 10-209] o) & kel AXE

Ag oi=atg, UV, IR, NMR, X- A 5L o z+-=},

g8, BY A2 EA) AR g Ahstol Aalel o
o] gk EAbujd-& FEAlof3ty] fsled A7 A5 WA ™ olowtE Aoz HEE

52 27|Ag 0|43} (field-induced align- (&)

ment), olollt HE, FAEY oluiy, FA el
ul4] (dielectric anisotropy), B3, ozl d
214 (magnetic susceptability) & ol#Ad o] F

gez%kn ( V- E))?‘f‘—%‘kzz(ﬁ’ 4 ><I—_..))2

+lk,3(t’>< 7x)?

gtk FRBANA Hy B A ke 4

< 2zt X, - Xek ool o] A RS AX= 2 BAF 4 0 o474 ki, ke, kst 747
—X, 8 Fo], o]5e o 2L g Hel 2 B E2 A (splay), 29 (twist), 22§

Poll wpeba] 9j3atol ol EAbuierel AAH (bend) EFA] Al4olmd, ik 10 —10"*dyn A

oh. S ojulAlel A AXIL 4 2 FUHF 29 #e Zerh o HIPHF 2740 =

9l o} X, o X, 7b Solw uE uivlEl el Ag Alsteict, TNC 9 ¢ A7|Ao] Erln HY

IX,] 7 [ Xu | 2ok 27] wfgell AX= oFolo} A Fz2 wdsA s, Ex A= w o= A

Table 2. Properties of MBBA

Molecular structure ~ CH30— @ —CH=N—- @ —CsHg

Molecular weight 267
C—N transition temperature (C) 21
N —1I transition temperature(C) 47
Order parameter at 20C 0.618
Viscosity at 25°C 7 (cp) 121
73 (cp) 23.8
72(cp) 41.6
Refractive index at 20°C ne(n,) 1.543
Ne(nn) 1.798
An=ne No 0.255
Dielectric constant at 25°C €; 5.2
€ 4.7
Ane=¢epp—€;1 —05
Magnetic susceptability xi(emu/g) —7.0%x1077
Xn —58%x1077
Ax=x,rx; 53 1.2x107
Elastic constant at 22°C ki (dyne) 22%107
Koz 2.2%x1077
ka3 7.45%1077
Conductivity at 25°C (Q-cm) onl o1=15
o >101

* 1="Perpendicular
11=Parallel

(264)
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Fig.4. Two-dimensional Illustrations of
the Three Basic Curvature De —
formations in the Nematic Phase

£ (m) ot ofell AukslE vkl @ =alE (To
rque) 2 A=, oA (raew) & THE A
22 &g 4 3o

TW=7]1d2/ﬂzkzz

22 48 (Q] MivlE —2nlE) H3 &
T ke7F mETl & twist W3 o] HAHol o
g HYPucoh w2 o2 o9k 7} (r4ecay) ©] Bl
S gk Aol AAw 28 A7 (Twrn-on)
& oAl 2

Teurn-on =0, (A e E?/4 m— nPkyp/d?) !

(265)

o) g AL B WSt Aoz Ags
oo} 3= A4 (field sequential color display)
M= k3] F23, 4 m secd] FHL 4
e 230 "ok TNCS) A9 ket Aol
2} 3k (backflow induced) ®ied wijf-of] o] ZFru
o @4 Holx 1 webA TNC ma2E (Twi-
st angle) &) ZAo| Fg s},

Fat oz Ain, 9o ujA Ao 5 23 8o
Atol2 58 27 (An) o] et o] ghol ok
ol 7AF FahEe Aol wid wiekal ol 4§t
TNCS| A% 994 FAE o vk Wl
S wet AAFeA 2 e ol
Ated# o2 mojAl ulv}e (spontaneously twi-
sted nematic) ollAl= A& 4 mm© 4359
7 8 3i7 hehte, ololatzl Al Ael wal} 4
w5 £l ol 33 (pitch) o] 7o) B2 At
o] o]},

2.3 IO o3t EXIHIA

AdA oz ZAolE o fAd ool A7
A A % (order parameter, S) Aloll4] 2] w3}
k] Az ul FabA Aol v)xE 3k (elec-
tro-optic effect) 2 tils] a2 28 ALy o)
Aol A 8= ok ozid AL 2
A 372 & Yok, (1) §A 529 (dielectric
effect), (2) e} &7} (piezoelectric or flexo-
(3} A 7155 & (electrody-
o ALe S8 9
#Alek (dynamic scattering)
(1)¢} 739+ TNCof| o]&5l

electric effect),

namic effect) o|t}, (2)
3¢ A¥e %

i °ﬂ 235,

ot (1) 2] §A o4k (dielectric anisotyopy)
& ol gshE AL $Auld S0l uet 27
oh22 3ol Vg 4 9ok

7}, 38+ = (Parallel Orientation, Friede-
ricksz-effect)

2 #5aclA A7 Fedell H8)slA wid 5 (ho-
mogeneous) Ae>0<¢l HAol A7|2(E)S A
o1 Fal Eab walo] v sim Felo) 474
w9 (homeotropic) & stAIXIt}. o|w] o] o§x]
A= 48 olukAdel sl A 7|Ae] ulak
22 vld3le = A 2BE (torque) 7} 223}



Table 3. Response Time

Type Dielectric  Associated Parameters

Response Time fnsec)

Rise Time Decay Time

Anisotropy ky 7
TN p kit [kss 2kaz)/4 /) 20-80 60- 150
GH p kn M 70-150 90-200
n kas /7 100-200 150-300
ECB p ku m 10-30 30-100
n ka3 72 20-50 50-200
PC p ka2 72 10-40 60-~200
DS n k /] 10-50 30-150
b, AR 2o It ed™ elas: 23 WAT o) HALS ul-L ) 0)9kA) 7hof| uha}
stic torque) o] wleh & 2H-E5}A 5| 7] o fol] ol 2t EAR YR = o] BE ALLEE 10~20umS
£ FE3ta ol wtel widSt=E SH7] Hsled A o) od W Zol thste] WFSA] 7k (rise time) o
ol 2 A g} (threshold voltage, Vo) ojA-g& 7o 10~30ms ©] i ©]8kA] 7} (decay time) -2 30-100
Fojok drt, olzidl Ealuled o] HolHAL ¥ ms& 5 olch(F 3).
e fAE oA, A - 'Y am oA v, 42 F =% (Perpendicular Orientation,

Aol Al71sh Aol FAlo) wheh ARzt of

Fig.5. Dielectric Deformations in a
Nematic Liquid Crystal
a) Parallel Orientation; Friedricksz
effect
b) Perpendicular Orientation; DAP

effect(electrically controlled bire-

fringence)

c) Twist Cell; Schadt-Helfrich effect

(266)

Electrically Controlled Birefringence Effect’

THE ool Sal (Ae<0) BRS
v %4 (homeotropic alignment) 2 3}o] = 7]
Ao}Fw 8l5be} 3o} Pz o) Yul 7}
A et olu] A7IA S 57} dighe] #H o)
7195 (electrodynamic effect) &2

2
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=
KA gl

god
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ol
=

o, V>V, o 4% Alse 72488 §=
S SEel, Ease 39 Bl waia
slv], o|Z DAP (Deformation of Aligned
Phase) % ECB (Electrically Controlled
Birefringence) 2t 1. gt}

o}, AR (Twisted Cell, Schadt-Helfri-
ch Effect)

o443 (TNC) o E517

ox A
o X
o

N

=

[f=]

(=]
]

vl 2] 4] 74

A2 o wju
o o

ot

w37tz
= AAT o] F-=xo) (linearly

polarized light) & & 34|17 = o} ghat ol 4
90" ZL A AxR 1o (twist) oA =
ot 4 viete & oduidke) wigks ojd 4
el o]Zlg Hat7) Ysho) kel whsk A o)A

=

=
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{chiral additive, cholesteryl derivatives)
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FUste ARG wWrez wd el Heh
2.4 FQ 8%

oletzte] RAHEA o] Fa Az Hajujod o
E4E o83l &3t A= (temperature
sensor) &} t]AE# o] (LCD)ol| 52 $45x
e, £EgA AAE F2 vohy s gl
£ElE 4% olgdel AE Mg, vty 2
A}, Azbgp 742 AR (microwave, IR, UV, x-
ray &), =3 % ¥ AR Goll &)
LCDollM 5 A-guby, 9ol ulel of2i7ix] F
Fol fAo] AL, odE Fof AFAHILC
D 24] 2]&34A) ¥ (refreshing type) ¢ TN-F
E & (twisted nematic-field effect) o4+ ] v}
719 % (memory type) ¢l SBE (su-
pertwisted birefringence) t] =&l o| 24, <}
A 7)o 23t #HEA ¥ 3} (thermo-electro-optic
effect) & o|&3h= AA o A=EA NG

o o
SEEES

Table 4. LC Display

A 7] % (ferroelectric effect) & o] &3} A3
A& AREIC NA -G AFEEc)

25 AFEF9l 4009 ©ldte] LCDol& F
2 d|v}e A (nematic mesophase) ©] A}&5 1
New, 7|dazg Fofslr] 9lshe] Lke] uy
gz 74 (cholesteric additives) 5 27}
AV FelLEHA F2 FetolyAdS e
+ATZEE 2w £4E FYskod AHgee
T= 4= 2 Ut o] MlvlEl§ o] &3he
¥ 1) #Atgl(dynamic scattering), 2) 7]
o] 7 (memory effect), 3) S=ul% (induced
alignment) & 5 4 9+&dl, #4tel(dynamic
scattering) 2 196811 Heilmeierol £]3}e], 7]
o] & 3 (memory effect) & 1969y] Z | Aw|2
FEAY H72 ¢ + stk Twrlgol 9
gl 229l J|v}E (twisted nematic) T2~} Cha-
telainol] o]3je] lojz o} wlE A fAZe)
o] (matrix display) o] ¢] o| &2 Schadt®} Hel-

o (R rfr o

ey

Type Principle = Material A€ Alignment  Biref. Voltg  Pheno. Remark
phase Change plate V)

TN Dichr. N + T tol 2 2—5 dark *

GH 2 color N +dye + Hg to 1 1 4—10 color

" " " - Ht to II 1 4—10 "

" " Ch+dye + F toHt 0 3—15 color

" " Ch +dye - Ht to F 0 " "

ECB diffrac. N - Ht to II 2 1—-10 multiple color **

” " N + Hg to 2 1-10 ”

" " N + Hd to IID) 2 " "

PC DS Ch + F tol 0 5—20  turbid Aok

DS DS N +cond - Ht to R 0 7—30 "

” " » + Hg to R 0 " ”

Thermal DS S + Hg to F 0 15—40 "

U U Ch + Hg to F 0 " "

* Good display appearance, multiplex capability, low thereshold voltage, narrow viewing field, needs

uniform alignment

*% Color uniformity, reproducibility
#x%k Rapid relaxation, high voltage
T : Twist

F : Focal Conic

TN : Twisted Nematic

DS : Dynamic Scattering

N : Nematic S

I : Perpendicular II

Hb : Hybrid
GH : Guest-Host

: Smectic
. Parallel

(267)

Hg : Homogeneous

Ht : Homeotropic
R : Random
PC : Phase Change

ECB : Electrically Controlled Birefringence

Ch : Cholesteric



— 44 — taFae]d A 44

frichol] 9sted At F 4= o050 stz Aok 2l o] 4ol utEAF A A}
257 9 LCD4 e, Fabuld, AH8AFE 45 4 9le gl AL g Fr TIEY
2oF Aejsled L5t P2 A g5 gch(E6). LCD £og

Schiff-basedl o] Y] A28 3 ¢l o) 7}
Aol s 417 wjeder] wjFolrh el %
7lo) ml7tele g =) o] Al zbel) E3 foslof

olefq AHe ALREE Saelsl 79 B
270] wheb b2k (£5) TVERl A% o
—20°C~60°Coll4] QbPAL $AT AL 27

Table 5. Temperature Requirements for Liquid Crystal Devices

Applications Acceptable Temperature Range (C)

Storage Operating
Commercial Calulators, —45 to 70 0 to 45
Clocks, Instrument Panels
Multimeters, Controller
Watches 0 to 55 8 to 48

Wrist Temp. of 28

Government Products —55 to 90 —55 to 70
Automotive Products —55 to 100 —55 to 70

Table 6. Some Commercially Available Nematic Liquid Crystals

Liquid Crystal Manufacturer Nematic Resistance
Range C Q*cm at 25C
Tolane binary mixture Anvar, France 0—59
Nematic Mixture#®11643 Eastman Kodak 15—97
MBBA#11246 " 19—45 6x10°
MBBA*#36320 Riedel-DeHaen AG, 21—44
Germany
" VARI-LITE 10—48
g Princeton Organics 22—48 50x10°
Chlorostilbenes Aldrich Chem.
#16407-0 and 16408-9 8—59
40-60 mole % mixture
Licristal Phase 4 E. Merck 16—76
5 " —5—175
5A y —5—75
6 —10—80
LC 250 Princeton Organics —5—65 5%10°
260 " 15—85
350 " 15—75 10" at 250°C
Nematic Liquid Crystals LC Industries 18—80
0—70 10%x10°
VL-(20)55-N VARI-LITE —20—55 4%10°
VL-060-N " 0—60 120x10®

(268)
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3w, Biphenyl &2 ol et st 717 o] )
A3 FAped o] 5k Azoxyd 2 UV HEx|
A o] HBe3dlv], Esteryd & 34 A Y7t £=
WA £723 Aol Qo] »EFHE glony

Az vl A A o] F7}3hed o] &

2 golAla A oL gt 1ok ester
£ ether?] ¥ #AF7)7F HEZ 9 Alx
ASH AFAAE r-AAE A A =l

WA ko] =@ Fo] 9tk TNCE Age ¥ obgsl dgg abeA ok 23 2% %+ 2,
zp F2A 718gE oke] FA oS e — 4 nonadienoic acid 4A-E =k=1} n-alipatic
C=N7|& ol&3l= #A$r) Mo, o= cardoxylic acidt HAA L =&z £3le A%

odRE olfolth Bxel AHE  Faslel

trans-p-n-alkoxycinnamic acid+ °#& & =le

o

oJelg WezAE BENUNE $EAE 2

=3

o]7] ) 3led phenyl 7| tHAlo] cyclohexane, py-

rimidine 5% £ 5to] BA 2] sjAdo] o]Fo] 1} cis- 32 ulex] Z3tl o] carboxylic
| 3 gleh acid 5 28§ 44 AL sk AL A4
% “l-—Zl Bt el dE S4 ARE sl Ao
3. ¥y =& os-o]zl 2] = A Aok F9 B} A%
#o| 7siel £melo], otsal vinlele] 7|
1. o 2o S8R E A3 ol w4 FAlo] EAY Falx
2 oA o| ulE-ofA
AHEU BAT2Y S4e W el Qo) oA
o 72 freldol gl B E2L 2 3.2. BB
pd) 0]z ZE 7l x]Ho 7o ok
E] a“]\_:f‘ g AT o'n':\l 37t wl:}-_ Alo‘jzio OI“Q'EI"C‘ ol = A]_{“_E"%FH-‘?-——‘?—OI
A deal A Ay TaE CUHSE ol o e ¥
b EgAH oA 2 PG EFEAL sl
R ~Q— x —O— A ot § F& 1 ojats] BN Qo]

ok, oi7l4 X of ¥ w]5u 44 g R,
3 R.: Alolse w5 4e Adse ¥
AFola, WrA oAE B 7ol 4AsAL,
olelgh kel Fxol upe oy Sy of
Askel As L5} AR D, o £x ol3
o4 e gdojaldon ebdae) Habe) F

240l —:!-74] UL/‘LE] —tﬂ o]
& 2A oA vlntel AL vpepe] 14| —v]o)El
BT Tepo] 20°C, lujel —ollx] AI}LE
Tw7}t 47°C o]} 0|9} #-A}et £l EBBASH
o] 2% (Eutactic) ETFE-L 0°Colsloll+ = v

p

Table 7. X, R, and R: of Nematic Liquid Crystals (R, —Q)>—X—<0>—R;)

X Compound End Groups R, R.
~CH=CH-— Trans— Stilbene CnHzns1 — Alkyl
~C=C- Tolans C:Hzn 1 O~ Alkoxyl
—~N=N- Azobenzene CrHzr+: COO— Carboxyl
—N :IlI - Azoxybenzene CaH2n+10CO0— Carbonic acid ester

(0] CN—
—CH =111 - Nitrones NO,—

0 CvHzz+11 COOCH=CH— Cinnamates

~CH=N- Schiff’s base Halogens
-0—-C—- Ester

1l

o]

— Biphenyls
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3t
azoxy 715 %+ A%

CH,0 —~O)— N n N ~<O)—CH,

0

vlobel 97} 16°C/76°Cldl ©) azoxy® F7}
Ao} N—0 ojAdal o] EjEol o]5e] E3HE
o 4 u]u}e] W $Jr}—5°C/75°C 7t 2 EefA] 2
F et

ojx 3 p— Aol L wtrlol whe} e}
gl Wyt 2A #s}ske o o714 —CN 7|7}
Az shd FA YA E A Fobske Aol o
#Hch #E —CNEl

n—CH,s —O)— CH=N <O CN
3 n—C;H, —O— CH=N —O—CN

o vl E 212 skl viete Werh —-30C
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CH.0 —0Or— N——l—N —O)—0—CH,

0

nematic)

7} cholesteryl chloride® T4 % (compen-
sated) E¢-Eol tidle] dlvlel 227} chole-
steryl chloride®] kol ula} vz 74 35p A

ZET7kollA diwts] wizkshA| W sheha 9lgel
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Fig.8. Change in Nematic to Isotropic Liquid Cyrstal Layer

Transition Temperature of MBBA
with added p-Anisaldehyde (@)
and p-n-Butylaniline (&)

1 Transparent electrode

2 Nematic domains

3 Pleochroic dye molecules
4 Polarizer

7} (dopant) 24 MBBAG®l anisaldehyde &2 5 Incident light
p-n-butylaniline & H7}3}H o] Ty, =7} =2 A Absorption
A ezl Ae & 4 Adh (=@ s8). A Wavelength of Incident light

3.3. Guest-Host A|AH

std wlima] & A3 AujsE odse $rs) 1
% olslell Al Heh3} = eu olei gt dAbe
spelbe whx) AlRE 4o QaiAae Ay
AdE 4 AFE Jepdch

LC7t A 714 slollA A% nelz oz wiods}
= 8% 2E Q8 #AE AAE (Guest) &
s A7 o] Fato| FFF JdL o]&3ld £
Fo] AAg Ar)H oz AAT F Yo (2

9). %9 Aol 2t vivle Ao T
Avl2 0.1~1%wt2] d&8=2 = isolar gr-
een M, methyl red5& Guest® A}&3}n],
methyl-red-§ £l Aol 4] A&t 2 2Lk 5ol
A gae) g ge oAl xakdo  AFEAL B7old LA ool 7 7
2 HgtsiA sk ol2|d Mo Agne A o FAT2H Ao aat ofe]s}x]o)n, o] 3}
z}xL_O,] 7+ 50l w8 s, o] pleochroic dye7} e FAWH L 9ol ute} bz} Schiff

A3 wid st WAl =& AHsS oA -base 2] 79 aldehyde &} amine o] Z=&ulLo)
Hroh o] G-H A]Agle 29 Sxoulye 7 o)slod Al Z=lw, azoxy, ester I stilbene 2
£ 93 T2 (homeotropic) oA & A& 4 ) 739 F23 $AwHS goksldd F 83 o)
I F s Aol E ALEdo HER A=A Tubol] ghdub-g Alamlof ofste] QdojA 4 gl
3, dyed] FE5ol @& S dxg 2 £ °JAAEE F 9o dlA]s]e] glet,
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Table 8. Examples of Synthetic Routes of Liquid Crystals

1) Schiff’s Bases
C:H0—<Q>—CHO+H*N—~ @ —CH:—C:H-0— O>—-CH=N-Q>—C.H,

2) Azoxy
0
(OH) 1
R—{O>—N=0+HO—NH-{Q>-0R—> R—O>—-N=N—-<O>—0R
+R—@—N=1II=@—OR
0]
R—{Q>—N=N-{Q>—R +H;0.—R—<{Q>—~N=N—-O>—R

(e))
3) Esters

NaOH SOCl.
HOOC - <0>—O0H +CICOOR—— HOOC— Qv —OCOOR——— CIOC— {Q>—OCOOR

Pyridine )
ROCOO - O>—COCI+HO— @ —0OR ——=ROCO0— Q- CO0—- O>—0OR

4) Chlorostilbene

AICI
RO— 05— CH,COCI+ {0 —OR' — RO— @~ CH,CO— 0> —OR’

PCl; ,
— RO—{{>—CH=CCl-{>—-0OR
5) Tolans
R—~Q-C~Q@-R —R-Q-C=C—Q@D-K
I
CHR'

where R, R, and R" are all alkyl.

Table 9. Synthesis Pathways Yielding Mixtures of LC
Reaction 1. Two different methods producting a mixture of esters in which the minor constituent
has a high nematic temperature range and the major component is monotropic.

0 0
n—QHm—@D—OH+O—g—@D*O—£—CHa
0 0
n—QHm—@D—O—g—@D—O—é—CHH%%)

0] 0] 0
+n—QHm—@D—O—£—@D—O—g~@D—O—g—CHd2%)
0 0

n—QHm—QD—O—g—GD—OH+O—é—CHz

Reaction 2. Oxidation of azobenzenes yields rounghly equal amounts of the two possible isomers.

Acetic Acid
CHsO- @"‘NzN_ @"‘C4HQ+H202

o) O

1 1
CHaO"@'—N=N— @—C4H9+CH30“ @—N:N— @—C4H9

(40%) (60%)

(272)
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