
Iciqu.ui& arm tinu er, os t h e  J &$elf eua;gerter, 

ww adoiiel~ of & ~ % g a % f u ~  %ha$ we &nt@m~ll~~bi@%@ be%- 

ween Bhs a~$r'ballimaer @oUd %@ i@otrapia Zi'rulia. 

BI Zi;lu9d ary&.:.r;&f h a  fialQl%y, w h i o h  An rams aasee 

l g t ~ y  bls a-~&b,br~ $0 t u b  U X  I U ~  crldfmsy l iqufd ,  whdle ,  

s0$9 O ~ ~ Q X  ~XOB:~CUBIP* U k e  b l l ~ ~ l f r n  ~ P T B  xwln&- 

socarif r r i  fhme oP am hbta&~e%r~jtlo oxye$aulUas plweee. 

mwltang orgrsacs o ~ ~ ~ p o u n d a  awpasecl o f  woXersulraks having 

ahape anilsotrqgy a m  Lnwn to ts~frlbLO Liiiufd cs~yn%;~aUirso 

phrJsas (or anasophelsssr). %@a* in, p a r r x l  w e  elvaei f ie4  

i n l o  ($1 thonaoW@pic! lf#iuld e x y ~ t a l s  mat ($2) l ya tmpia  

I t y u l d  ~ x y : . ~ . . . t ; o r l ~ .  f n  th@aaaotropicl Z i ~ u f d  cws;%~rPr, Zhe 

tednaitlom t o  %he ntsxraphea f a  obtano8 by t h e  a f f e o t  

s f  he&. On Lhe o%kr ban&, ly&rapla mrpwrrplhiaru %@ 

&mu@% about by the infXurnoe nf' laolven%o. $om $mar& 

raiesenosst o m w i n g  tke oorbjeot orst thar meanigdrapba: by. 

c2ktua&rslgcekh&z (15373, 4s Ltc3snQs (I9741 lirrul Pxiclootley 

e t  a1 (1574f.' 



bee% )QIm for er long tbcb fatrta* the d h a m r j r  o f  

Zkiluica c~cyewwla by WefnL'tsw i a  O t 3 E l a 3 ) ,  laaswenla 

oompoundw ~aapo.a& of alsa  X $ ~ Q  aols~tPlsr, w e  Cliaaevsrrd 

OBL& ree~ntfjr by r?baat&wekii%z 4% alW2 Xn th i s  *@ai r  

we are ~xeXpl~,AvrZ~ ~ u m ~ r n e d  WOW ttterxaotrople l i q u i d  

ary@Wltn o f  re& lika rrrclaoulortl, 

&%i*de13 ~herr l l i ed  tha3rr;rot f ~ p f o  Ui&id ~ z y ? ~ .  tePl$ 

af rod 1 3 m  rrboulcsre ineo three typrss d e y n d i w  upon 

Lbe malaaulw rir"mlgckm#an$. %hay w e  (P) mara61sr 

($9) aaaleiatcarisr, and ( i i k )  

w i t &  % t h s l ; ~  icne3 axcsre hao;fn$ a pcr%@nds~l snencm tnlniorvm 

icr a Oifro~tiion a;etrol5erl tp l  preferre& CUsrzoffcon oi33Jed 

t h e  ddSr@etb+ ( i? 1). ?he isx.ss0.a;ta.r l e  apolaaia, i .r., 4 
8m8 -2 are SadPstPnmlsfrabb2e. Fhca paperticsa af ,flmmatio 

JfguiA osya$rsLe indiattta lh00 BlrPs BI yaaaxara l a ,  @pti~i%Ply 

unimix9isl (ogttp? dicnk; 1, pori%ioe and e~tson&y 

l?ir@frAagp)nt;, {BZcsuen$Xy, bicaucrak neafola%io& hksvs b s ~  

ai~~avdpraa SPL I ~ Q S Z O ~ ~ Q  0x8 ~~giemr') 



Pbe 0holeaterio phw, aolrpoaed o f  opt iaAly  

aohive raolar~arJ;an, i n  eaeentisl l j t  an I pharrr w i *  a 

s a m  arls saxma% *lao the d i r e ~ t t ~ ~  (fig .I .11B). 'Ehia 

h e l i s l t y  &par0@ i3ertihlD ulbLque ep%i411 pr0pertLea So 

the plhsn. 1- *erg hi@ ~ ~ p t t a d  ~atrat~a?? p w r  aad 

u ~ l a 0 0 i v e  sefis@UOn, both arlonlff aha t w l &  aria. 

B l o m l l ~ ~  %hn pi%& of a a h e l ~ a t e r f a  t a  hiabChry wnmitioe 

t o  tertiprrrtktscr. For ark prwa%iosl guspowa, the 

oholesterkanr are tMrsedynaaioalky idont toa l  t o  n a c t i o a .  

Rat i n  raaant  t i aea ,  eerr  akoLasterS~r cumgounda k v e  

bars 2Valmd bb go t h r w h  @a fnterlslrdiale wiklotl 

$he blue phaae k i w e  ma1 ti- i n t o  t he  i so t rop ia  phase. 

we '.caha;t2 so% ba Ssttasamted i n  %Re alroLesterio Mrsa i n  

thfa t;herin. 

In  the meat%@ A phaaa, ( alao refer rad  t o  aa, 

A @arm), the ave rwe  srian0ntAon of  %be snolcbawlea is 

tlre lata,er ~onaeil w i t %  a l iquid  i i h e  orgwaisiatian 
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( c )  ( d  

PI@. l . l g  Schematic diamrun showiry: the  mole cu l n r  tarrangernen t 
i n  dif Perent tynes of Liau id  c -yn tq l s ,  v i z .  , ( a )  nematic, 

(b) oh o l s s tor i c ,  ( 0 )  amectic A, and ( d )  amectic C .  
-B 
n deno.tes the d irec tor .  



riPblrr the layera  (iS@.l . lo).  &a5at%6 h l iquid 

aryst;a&s are opaicually uaicaalal, the %fin r s l a  b0ia.g 

n.rrmaJ, t;o t W  g l m ~ e  of the Layers. 

!$meoSlo G Osn be r o @ ~ % e d  a A t i f  ted r o m  & 

s n e c t l o  b .  Xa thia ghaw, the nokurmlcj, i a  eakah 

kiauirji lager a m  t i l + ~ d  with r a ~ p s o t  t o  t& irrm 

aomgil ( f ig.  L.Xa). meatio o l l q u l ~ #  csrnrtrnxln are 

o p t i o a l  l y  b i a r i a l .  

Hont m a a w n l o  ao2eaulcla blars oanPr& laronoiiic 

oorcla w lx loh  aso cgutte rigid and r@ls*SlvaLy f l e x i b l e  

alltyl ahalna  a t  one @r both end@ (fig.. 5.2). 

Me give belw bane aypiaial exmplog  o f  aomp~unde 

rxkkib50ln.g aenor,Mlssn along with t h e  saquencs oi &am@ 

trw.oltt .ana. 



Chem i c n l  ntructure of a typic.23. mseogerlio 

compound 





To car monMforntrin a m p h  o f  er srnaa~ticr or &motfa A 

%&quid ~ 1 ~ 8 % a l r s  $ ira in &he EBUM~ drPrei%hPlmn $houyhsrut 

tha smanple. X f J  h ~n ramp%@ csnslcrz3srrP b6Qwsen tu@ gbm 
surfaoea, the dYi-sacWtnrr i r  &L-b dorig er ditlftctior), 

g;sr:$llesl %o the sawfeaaa %ban Jtt i s r  raiirrxed Zo rrs 

T P O P O ~ S I U D U ~  a l J & w n d  (fig- l .pa), YB @an be &$datacad 

An tab bl phssca by ugiamcfacarsl rubbing o i  a s  eur$acrs7 

or By cor~ting the %wiraaser BE an ~ b l t ~ u e  t~n&&di with 
8 r i l loaa  mnoxlde, sr if the, C1im~glleG10 &niib:obrepg 

AX? 0 , by oppXxi,ing a etrasg &*ratfa f'i@l.d i n  a 

QSrc~crticn pmdlel to the ~iurliloss, Haogsmoue alelie 

wnf n i  the: dirthodor in &he P ghwrEa c a n  brs: cdb%&i8crdHa by 

o~olinp, almly a homg6oeow3y la2twsd amr1.a ires the 

11 phnkabe,, rasp@af*~.rlXy i f  the mcscaicl A -nmatSo tvmaitlon 

i w  nesrly nrcslcoaa Order in awaa%ti.ar, Z i l  %he dlxerotor 

i e  t&llt$n~d p@TE"panb2oulaJ: bo the au;*F&aes, tM esILfp 

rnrad 2s sesd tcr ba h(3~1(1@t~@"0~)io ( f i g .  tr3blr  TbEhl:. Oarn 

be r f f e a f e d  by trcuatinad that @uriaeer w i t h  aurPancrtanGs 

X i %  leai$hin w oc~ltgrl Biriiraethyx bapriaoaioa, brolobds, or 

it A ~ ) o  , by pn~plygng a atraw lonEplaeiG Pi@18 pwpendr- 
o u X ~ r  t o  the  aswrfuacae. !&tar swcC9c A l$cyui(l erysZral8 

OtPn ' ~ 6  re' i t l ~ @ L & r  ~li~fku c&Y@ie& i l k  t ag  ha01~)0tr0~3a 

a%-%@, slsr $he Zaysra wowka ysafar t a  be yurmlI@l fa  the 

boun8lrk: , latas. 



Schematio representation of (a) homg)geneohs 
and (b) hmeotropic alignments. 



of @avlty. Ths 8speulaba o f  allgnmcbnh of  aroleoulrse an 

the unilaxfd S y b @ e  Se rgdloified by apn 0rlent;&t;P6n&f 
9 o~aer  par~erer  s aelrlrr u 8 rn & G K  - t ) ,  

whe.c8 O f* ma ~in135a1 btwaell the 1wg af Wie 

molaraala thre tairetator 2 , tale bar in4 lc~OW la 

cptatl@tlca& .tl*srtr&gs* Pez perf@@$ ~s~irntatIon, when all 

t h  a e r l ~ ~ u t e e ~  ase oll@e4 in c;a atlnglta dirps%%t;ion 6 rn 0 ,  

ant3 fos the c2anp'1Qt@Pg dleror8ered inootlcogric g'hare S r 0.  

XB t kc  3 pheass 8 h a  an inb@m&.abe Y @ ~ U Q  (9M ~ @ @ P * E L Q ~ B  

with ilsemmcs e t f  t a ~ m ~ @ t u r e .  Tfh8 FA%@ OP QQD~FBWLIB ef 

3 i e i  enhamete ae OM ~zraarslatia-4cotsapio pcdril a@ 
approeul~a8 ;in& Pri tnll'b amaa &ro@ i'f:..::cru~l;inuoliioiy 

u Sliuit~r r,b21a Cc :zero ::it F* in.4f~%?&ng 8 C E r n t  order! 
c(3: 

pham LrsrtaiCion, 'C%:os o r j? ra rbkz f icd  wr4Fr pQria,et;@r 

ha: tlutcrndrrod exp.luria~aen2;~,k~$ by e t u 8 y i ~  v:,wiam 

p h y ~ ~ i o . ~ ? .  ~,rcpca?rf;ie@ 15ka 8tal.amglastic m.) o: t~ lac i I  

& % % G Q ~ Y .  WP;)~.CT* 



the satabilA%y of War o~caatL;ltfWly @&ere& B phase 

when %&a number dmar2ty rsf Mits ano5rau3es @roe%&@ 

oegt~iiur r+ iL~ue  eeors~l i a  tncr eboaslas cf iaentserrsalmuiers 

attracrUvcs iahelt;3ctiwle, Later Kv;~iur an& &up@ i l  

devaloj,ra& n shplza atatik, tioak moharhici.al t lmorg ear 
?$he B p b a s  %a@& eatircrEy an anPsotr'opPo attrbativa 

Im%ra~&~%ailone art3 kgncriw tha shape kirrkyot~apy 

aompX@kelj. Xn %his t;fx~icsgy, tltr cfipele-8lpaXs par3 aX 

tb airnlaolragic: d i~gsc@ian ioc%ar f a  81p.pgcaarpMf Co btrrtwrol- 

aim the s t a b i l i t y  02' %he tJ phase. An a d p i l o  of tihe 

w~orwer3 %Iriam~Qnslo @rcq erlles o f  v~ioamts aamatbra 

Zi,&trfa cry<,%&& mbw@ tlbot mt&*sotrapio i r ; k i & $ ~  anA 

@$1ir?~a0t&v~ Sntexactlemi p b y  iwor'twt; ~ 1 ~ 9 3 :  La &@tar- 

raid4 %hsrcs preyie~tPes. "-" ~a %e man f&@ld. 

apprt~xierat*tian, %he moXeeulnr SLwltalbutSan ZunoUun can 



(Its) & E % ~ G S ~  - 
%?b.f.,s artate of untfom dlr@o%r ot.lent&.t;lulrr 

is the co&lgumtlon ui8R Chs Xm@@jc.tt frat) emrw fop 
s ama%lo sgnwiplg, &Y muah, Zfl war@ fa  a O U P ' V ~ ~ E ~  

o f  the &dira~tor, rera%or&rq ~;WUM@P; 6- im@ p h y  

CqL&ar& Ea EBP%US@ the ~llb&liBI $0 GI $93888 @I1 WSfw~1 

alf-gwa*. %ha aarY*iZIurdb. @I t h e  disffetBP Om be 

uraa;ayo@& la& three @a@ie 4of~sa~tic9Da1, v& 8;. , a p l ~ ~ y ,  

k w h %  and Bern& ~.,,hllofz ars ~ol%c~s;t9etalXy r@fiz@?~mIPII1)&1 i b t  

Yfg .  1.4. &I@ e . h ~ . b i ~  f m @  ancar@ ?ie.nsity of a noxi- 

u~sifwmSXy s ~ ~ i a n t r ~ d  skuapls i s  given by 



(a 

SPLAY 

I i 
1 1 1 , I .  

( c )  

TWIST 

( b) 
BEND 

FIQ.1.4 t The three type6 of basio distortions i n  a 
nematio l i a i d  crystal 



i9fffxaatfon a w e  N few aei&roc,a) can& M BU$(I*P gin& 

CdbSPraafirta an&;Xs d 20') ;arrrS b OW a s  d ? f  fusuoe. 

LlaatP'r~gSe $&@@a have *@&lYnr cPBZEractiurt pSbQCfrm * 
but the 3.nmz ring 2s gcanas~.alXg arrrcm e"lirffu@s thaa %hat 

far the ao fre%poMin  24 p h ~ a @ ~ .  a&@$& #ara,ry?le@ etrs 

&8Wa8r%ay UQL(?~, to d l ~ @ t y ~ g ~ P a h  %@tween tire tug  pW@en 

by XFag %rr&.hai+&uts&. Rn th* aanc r:'% sr ~utmtie dam4  

w f  th 2 % ~  Barwtar a0m& $a %ha inaAdaaiQ9hf beas, i$r9~ with 

an atxl@rnLif, mar&mPt 3 field, the ~lrzgs s p a i t  up X&o 

(hr61~168ntb). W ~ G X Q W  Paotropf o mdium aaunct be alir nco8 

m d  o m  tEmca %r; eakiSbit rA r g e  * 

The wtar x"5ag fs a@ot.i%)Q)a $0 tjhe amriil~g $0$~0inePll~f 

b@Cwcagln the naareui: nc.f ~ h b o w a  in %he dXxsotZan ,per- 

pBn6fauXns to the dSreotur. The worg ttntlr ring @ss.dliPs 

up whrsln %he nBnntio ir  elf &.kveta S~omiatSon @bout 

t k e  mttn Alreotion of the Z.ong wig? o f  the aolv~rtula8~ 

%&a erei300n48 a-ce Cosmd in s Qfrscliua g@x~;:i.~aka&Za~br 

to t h ~ e  Oiraotar. 



like erkaet m ~ , e  tml81.. One o w  thSsrlr o f  as wap of 

mlrarlicas .in the ;?Y pbejcb (o~;~%SBICP a eyb~Caatld graup) 

5% wMck l"t saoPcci31@# &*re armgad in b j t a r t r s ,  4.e. 

fn w'hfah EB ehorb ~?BR&B fXTm*htlm& arC1w C X ~ ~ E .  

f P  the P ~ Z B  b e t w ~ ~ f l  %he lorig molacvrlar ax&@ svld %he! 

sm~%ct;lo ilk@ layer: $ 8  O f  fterent f ~ ~ 9 . e ) r r a  50' (tl81eatbc 0 

l i k e  E P ~ ~ B C )  the &FOIIP I.:;; b a r n  g&&y(IKZ-,,~g~ . 
li %he arxgla le 90", then it i., esa1Jeb Pre:j:ml, a@o- 

$actfa, The 0m13 &if jPg&gtl~n j.:atte)en@ of alli:md 

saaf:'hna of ek@wlaad a ybcjtac ti 3 neairxtl cri caraaia t rsP Eoup 

r.np;icL& wF.lg.raa:i %os&:21 laybotarlta*~ agave ordy t w o  epotrr. 

&periwntaR& i t  i a  weL3. knnwsL Lhgsl tFs! loucer 

mmbexa o f  a h w l o g s u s  eaprloa (S.o., po~;.:oetnda w i t h .  

slmallar a%kyl. aha5n8) gxhPblt op"l2y tlrQ 84 phabm.. Pkar A 

appaarr: wh&n t h e  u,ZkglL ~lludni l a  mail61 reln%%oe%f 

long  (f ig; .  1.9). %*'?re fl'ir~t enmectog,:rita ira btm eeaes @law@ 

er @erocrnd ardel: or  a r@f&tf+ely wrlak f5cs.t; oraes amcttft! A -  

namtio (&-%) tmmI+ion. Ae We c$hada Zengkh ;h fnar@oa~catll, 

tk* ne.m$ie mnee diecrasl~tea and %tie kwdt af Chsr A-Q 

baani-ltfon f nerelaaarai; ff&t*2&$ J. fib), and .f&mlXy beyond 

oertuj.n le 'qth,  2hi-a .A pbl~~61  eat^ ova$ alxlsttly f o %kite 

i;eaatr~o$ic priasill , The:::@ ob~?erv*xa om oon be Ww8?0sla& 

an the b a ~ l s  0:' the ai;ssutmp%lrsa t h s l t  *ha ~ s t r ~ ~ s w t  





in%csnaoXsoulxrr aftractioor ilraterebctlam w e  c0oMingrd 

ta *ha a9sooaat5~ ~ o r e e  o t  aoXrsouXea. %!tila wouPlE 

abvtowceily Zaaal! to $he faw&.c;ian of a ldwcsratsf 

mtant aP wolrouler' [otlrartse$@rf @$do of  @aratl o phase) 

havAng ~ e 4 ~ a t l v s 2 y  b a g  a%$P o h a n @  aB baBeel .the, apn8rs. 

"Phls ilr the phg8icaaP idea behiai3 &1dillm*a9' wlaoubcal: 

%hatory of thco d @f&&ucra. 166 cxDeinrgad &he ki@r-*up 

% i i s ~ r y  0 f  %Re n85matIa~ ta %%a r gbrcd bg as@uoin$ ao 

dambf t y  wave abirc; %ha Mi;wctor an8 PaatrcQaroS~~ e 

I r~nc- . . l~~L ion&Z ar:Ylarr &r?~r~m~e.E~lrr. A@asutaitx 4 k ~ t  %he 

t;~anlr?;&r$a7$:n1 ant3 ndi*xl@atation& arnter~ ak?r ;oul$leii, 

f4a  m e ,  pastxiale eff ,~trLbuCSa%l buxi~'c2~n f a  w s f ~ b f a ~  a6 

2xa goes2 ~ r - o  u?~ere w <@OB(-~-) (2-T---- )) Pe the aoupbeeslil order 
... 

j>arm~ti:a%t;mr, a n+. ~ E S X ~ [ - ( ~ ~ ~ / ' U ) ~ ~  wklsre ro i a  05 me o g & m  

at' ;Fb+ I s a ; & ~ h  u f  the rfa;2d p r t  w f  Oh@ mtaXscuXe, d thar 
P 

lugcr  thfcrlrns8s mi3 9 (* asZ-,-&_=?) *nt, or&@ntatioPlu1 

O I : ~ W T .  ;::&r&c!e?t;er and k3 Bloltsiwnn crrntei,Cant. JFrw 

cnat:&y @an C3m Re gsaa;llp wrbftsn ar~6 ~ Y I B I  8a2aLICioara 

mi&@atdr:g; t % e  f ree anesay euPa o f  %tie  TOP;*^: 



%tabdl oaloulsrtisne b a e ~ d  .Lul ahkc bB6bw bl"#a*cfly 

reprclQu~aras %he ~ a ~ y r @ z " i @ @ ~ f * &  tr?@nd 9s aa. Punet i~n o f  

ah&m Xernya. Xm ~,ar%LouLar, the %ht;txcaory yrai%ftsta 

that Ehs A-% +itiaern..i%tara I@ c% saooM aa~8hl? @ha :-w.?L@r 

I f  the ratla (%aTi'2Ex) < 0.M i a  @eP Pire% Q M ~ F  

for Mgtiesr catStre. 

q, m 29nid., 6 bat%%& t k ~ @  fayas h;pae$q; ant3 eg a phshae 

faotor  whish Qeflnaa %":a ;~oait;ian of the .lrpLayasu and 

IyI %Bm apP&%ude o f  Glzw Bmiity wrave (dssaea o f  ~ m @ c ? t S ~  

oram). 2 . h ~ ~  !\OQ(PXI& arid ?~f&el: wda11 ITIBXS~W ~ G B  kmsdly 

saen Sm the, azty rll9.ff.xSac2kir~a ya"0~0r'n Zrw the A phase 

of must+ car W* amb>3u~a'7  ~ . u a  O ~ ~ ~ ; ~ A C ~ P I W  ~inursoiclal 

density m@duJ&tir*n along t!;e a"l&uetar. 8'2& 3.6 ds l~&@t@ 

sctrlrmtlctllg fhe onnrpcMhlc d\ Jru,y@rin& w i t h  i f ta  sin@- 

m3:3;1J, daw:,Ly wave. 

%us t h m  ix pkiaria fa n:~aa;.slclerisred by a two aompeu- 

#tarn$ ordas ;~~s~BI*IBI*Qx. 'fathe ?$wo et)m;;~owdlytt? %pa the ;%m?lltud@ 



S d i a n r t i c  d i - ~ g r m  of s :noc t~c  A phase with i t 8  one 
dirnrs-naionnl density wave a l o q  the average direc t i  Ql 

of the molecular sxie . 



1ayer er~ucL9~~i4. wlrAah w~rPlr$& riary hL& esl"~&;;gu. %era@ 

t!@Ela.~?rait3u3sna are th@~aP'oroa Sorlli&aan An wm. idasrl. A 

phar:@. T h i ~  ?,a. ~i 'ralo&ow t;0 %Pi@ W ~ P C ~ \ C #  of $t f l m g s ~ t i ~  
9 

fJ8;ld  CUP^. a ) i a  a asu~b,,~rwoslc3uortar. IE)zo a l l ~ ~ e r  &nealogy 

tratweer- &aaacrr,d ~z*dor &-H L s w i t i o n  un&@x azrl 2 
8: -  toetiam am3 S U ~ B L  o @ ~ & u u G c ) E - ~ o x ~ I  m -2 t ~ ~ r & l t i  us 

18 aa6u.c a :-%:;saati~ fd .a i3  PI%. rwci&,,Msnd Xlx rSe Usunaa8. 

B ~ e 8  on %~;saro ;i;n&ni:jv ha 1.1 stdi,t;e& [(I) &e Blveegmkco 

of  twist, and  berid ( ~ ~ i m k h a t ~  OQ ( P I Q B ~ C ? ~ ~  it- 

nasmtio t;r*nt-ition ;,uirct,) is w&p~~1);6&ad trwh the mGi@%iQ 

@&tie, rsrnLf (li) a reduaGii>n Zn BP ~9 ncm%iQ snaple 

w ~ k h  a our1 2 tyga e, t  acsrfarmti~m due eo the i f q ~ a l a ~ u n  

of tkir: Oyqki oe wouroa-&us@ d ~ f ~ r n ~ z  %&an f m m  t B &  A pfhP1~0. 

'&&a l r s  q~:crin analo6,cers to ehcs raduclfon c,xf %be ~ ~ 1 : t w ~ -  

e~a@ricL~xcrrara i~a  :r:et&l tr-wx~ i.tf on ;:oPnl waas %ha 

atdtaoa a f  3:aa eaQerrtrwX mrlalqna%ta fi~fo3.4. d Xarge nunahrr 

o f  experf8~cts~D invsu tS~ril)llcr&% have? bean o t t a x ! l f p r f  nu% 

cpa ro?rk$atz-d~? $ale a,f.~~":rgar.p(b 09 twPat and ban% &@3itla 

Gent: L ~ R ~ G Y .  19 :;a the nb12es kr~xj,  ~ . : I~s .w:  ~ G F :  baen no 

kuantlt(8t;bvs C nla6j3;t;ii: t?$ c r ~  air" i; :;G ssound  ,,?redin t l , . ~ n .  



we bve  war40 'the fir&% mobusdlsumb t s i  the yrtraee 

$$sgx?arn e?;f zM w s Zan~t%on sf I ~ W X  2 t i ~ ~ t  a r ~ o n +  

f!.%Pu POT&: Ithe s&$o@L mt'ter iP% b~FS@)ter Xf, 

1 '6 - Wa&fS~&xctln --.-.IIW*tY.wM-~. f~ ro l~ i  1&me0&~ d p h ~  I-Ylt,.. 

Eue om d i m n ~ j o m l  t x m ~ 5 a ; f e m k  ard~r  row& 

i a  the A phase 5cb mtrefJaet;ob i a  X m y  &iffr'wtlm prabtcrm. 

Wndomily @xiantend meotlta A ~ p 5 s e  d o e  aharrp inmar 

rSng and 8 AifEtJsa outssl r&w. I n  fen s;plii@ad -@do&oGtn 

~laq~loa, %Pis lnrror dOlfz&~.Gion i a  corsasb? %rated f Y) 

'Brag&: rc;:~eto* srLoq; eke dicaal;ur an3 t3n.a aurar rlw In 
two OPBIPPC~X~%A The lAr r i& joinlw %he f me%? lepotkg irr 

rtcaritt~~l 60 %he X f  ne gain@ Clnraugil the oie;itr.asue: She 

oataar mximr;  irdPfaatini; th@% 2h.r direotGss i* .paqoM9d- 

aulai" f a  :ccl.cLier yI:?n%cs. The i!i; t ~ & ~ a @  batwacnn %b 

Annap sped:: :  A,,:. re:;.:3 t& to 'th t? l i r ~  c c UI>C~S?A~&; (or lzsgras 

BhL&rnon::s) cnrPA.f3% t?-;et: BiaLwaon ths outerr dl.ffAa@s auxiatpl 

ca~r iar  p~o8u t p r  the ksigft,.%i:tnur b%%w@@n naAprstbcazfw 

.mol@uul.ss in ttre :lS.;~,t~e ilf the c?qebc#;. 



Ona @ass i tntuft lval~ ~ a p s o t  b b t  %he Layes 

wpastlng a3' tir s m c t i o  X Zkrrid  oxye ta5 $as eywsl  $0 the 

eoleoulor: X@.rary;%h, ae 4Ja SnlYd~eDd ;Pow4 for a21 weakly 

golw QO~PCOUMB tmEUJllng n t ~ i f f e 4  By w (Whiub will 

brla scspes-tisd i n  ~hwjfc~t? 1If 1. Hawcmr, fkla &E+ ria* tsua 

far danpeunda w f  %h a w o q l y  poXar can@ (FEEQU~PP, 88 w f Z 1  

be dlsouased in tlac nerC few pr&@whBJ. 



of &kalrrrtx&o oom2;wt At  (a a,, - st , @ere 1~aBes 

ecroMoa@) an& kenera a r%%at;fveQ %w voXta&o for 

ogrrat%m me di&plsgy@. IPlrr vary ffrsO ~ ~ ~ C m r s t f o  

study @f bho Qlshelrlcs igrrcpsxuras aP @uoh ~onryaun&@ 

by hhadti?g led eta inJ;~~re~Cia abfausmt;ior~ a f  a 

p o a l t i t ~  ;St%%@ io tb wean disXea&r&a cacnrad;mllt - (a,,  * 2ci)(33 a% fhe n-t&l*r..I~la$r0pf(3 tramiOlon 

paint (%$. &i# ware in%eryral& bf luiPadbueeudm and 
suQ 

(~hm&ra@ekl*ati?q 8~sIe- tseaa aatiparrrnlle1. d1ao3par rrosm- i 
lortiona bidilfwidi@n mi@bowiw raoZeoulas. W &ftsoanl;inumat 

deasrrsr~ie in tAe untlptarr&ineX ariltwiugy 2&f "rauZ%ar f n 

a yoeit5ve j m ~  Sro 5. Xt Pa, w@x%hwMXe noting here 

$ha% the -kg E l r a t  statLIP;G.f@ral Weosry of t%s I pawe 

wlaar nlven bp Born in 1916~' by Prstaumiw &at s.t;canp: 

longltudin& laipoles sadooiatred with %Be red Xi&? &ole- 

cukes wcsule2 &ire refact t o  P f%xr@@8motrib ordar, 1ETowerer, 

a@ we brave nctt,ard mrX:liiar, 'the direut~t  M a  beon I o ~  

%a b8 k ~ p ~ l a z  an4 Lhk a-X trami%L@ni i s  of orBisr 

dharsto$er, wU@h care oon2;rm~ f o  $he x+slPZts o f  t h e  

B~ra*ap t)iecrrj. I ks  therrmlaody-c gccoyorfti$ae 05 tbc H 

ghoras baa b r s a  usXL rxg%alnrd by &ia9erA@upe %$pa 

ah@or$@S* We @ut%in@d @bn;pmf$*~*  lPht 8 9hasC &Pi 

3-diamlsiona arlilat5i. an8 the wtigcsrra22el ~urxsPattmunea 

bettarson nei&hbowfnlf mrlsowly palrar lu~Tdcu.l$l fitam only 

a &haze fawe O ~ & I C I $ C ~ % ~ .  Laerr Xr&y wd 8eatrl~B 



@o9t$rrring?, iawrcrt2gattam Ln bo%h the A and l4 

ghreere, 26*27 exhibited by crdo1poundar w ~ l r  omno cad 

a ~ o u p o  reveallad lwc~x ~ j & i @ i n g ~ i  .4 19wioo %he rtroxle- 

a u h s  Sexlgtk wl~Sak le a dS,.crrrE ~oasaywxkas o f  th8  

g l n t f ~ a x ~ ~ l ~ ( l l  inter&etlm# barhean ssi@bowlw mOZ~tcbulles 

&n enbaa u ~ o u n d ~ .  AS we lave, a&@& aa~Lisr ,  tXro 

strowoat Zn%esnroleouJsas arttrsao$$onas asa thoat"1.&@a Oa 

%he rSe:&B maleoulae. asscsa, end %Ire aldftion%X :3i.~,iokirr 

interrol;lcna rt;avow$ng wa nn2ipms;ilrl orLgbnWd6icn 

Ieaaba tcs tbe afr&a%\rra, @horn In fig:.$ ."P Thlto &n%er- 

dlgfdahie3n a f  Char iaor~oulaes with an aver.1.ap or the 

erramtie aorw ir kat>*& aa bfllzyar stsuahkcs, &PUF~A@F, 

the enGipar#&Usl kntsrwctiaaaar o m  kea axpeat~d tta ?,@a& 

f a  farmtii~n wz *antipar@xxef p $ ~ i r o  \ a~tnoe a %.*lira 

me$csn;uEe would Isel *IClruan.&Ps\tsd* I r k  i t a  fmlcr.rr lal?eardotib,m 

4 t h  baW We a@La~elmX#~ta o f  ,iFM p@&x. An in%@ree%i~ 

ccsaurrqwnee o f  bhe ionaat4 on 02 such anCi@x&rsZlatl p4ro  

Ss t h a t  %My are arruala aorr ~.m~namlet;3t.ic than the ZIPL1IVtBuPI 

Ipalrtroul@e wM@h are bfghlg a s m l s 2 o  &caw@ a f  the 

grrerenee esf the d k y l  chutn at om @a$ anit a polex! &rcsup 

srC the u%h%r. The ;lait% a.Wve ~lkyl, @lhuJui 4% b ~ t h  ~ F L B  

ran,~a arid LM ~ l c ~ ~ i ~ ~ i x n  mauaha,nt'li Earg<bp~tq t;l;e ocandi%ioar 

a f  l0rmt9orn, of the a pR12#e 1.4 new v , I U ~  far rho p&& 

w d  hano@ araay apwh cmpeulbfad ~ i t X  PCZDZ~$Z~Y p o u r  cyan@ 

a? 1~2tca axid &grot~po akiw tihe A ~ ~ x a r n .  2@ A pn- 



FIGURE 1.7 ----- 
Schematic dirzgrnrn o f  ~ p n t i p r a l l e l  l o c a l  etucture i n  
pntyL-cyanobiphenyl. The repi:rtt d j ~ t % n a e  alorlg t h e  

nematic a x i s  i P U ~ O U Z ;  1.4 tlVno R the m 01.0 c~xlnr lan  7th . 
( After Leadbetter et  aL . 2 6 )  









10-A t~e~nalM;ion painti at 139"O ant1 c ~ ~ n  E l f  Crr;~n@f %i rwrr 

s t  i'49*F1. efonnc~wsrt2y t h e  ratio (ga,'TtzS) 2! 0.'?8 

m d  acasralw t a  tlsa &efiiJlm'a or;ttclariool'\f tkrould 

@xMbiZ only a sw6rsd osdlbr 1-A txanttitlon, QchuLJy, 

howaver, d% ha@ a aMe~aOely atrot& $lr@t a r d s l ~  &-A 

fraoraefdton. rn-r and bu&emky4' &ev@%ope,af ri), peaan 

fieid ?ibeoq of %he A p h ~ e  wiZXl 81 oouplSn& tastwcsan 

tkt% f i re l ;  md the treeen& ttrermlationd araax paarumtor 

t o  s r ~ o ~ u n t  for %h:a ly . xray iwaaPige3tz ant# $7 

hajive r@ve&e.abb that a35 an& ~ i ~ a l b ~  ampcrerndrs groseoae 

"blliryer speac&n$$. olotle Po Cwktr, %?I@ lactlaau2aa: 9JBagth 

(8,:  g12aae) \and fk%rkhr~f, i n  !may ca@atzr, .cn P&& +&ri@tr 
ol" ~i&?a*.'G;%" !B p3X.pc$"~hd+QR9, 

Oailor&mtr&e and Jiexr;~&ilul%A u cu8o@g"b$hil$ by 

raQrPrsrrr~erdlnts by Si&iw,& a t  alYC rnvedlt~d a elear ?*ire& 

osarr A-A .t;rcnnaLEiarr 1Pncr in the b4mr.y gkaae dA.&e~w 

o f  m'j an4 isrs*tbl-bia*butyXmAPina f ~ B A ) .  'PEIBI 

i a  a wsakl~  pobr aoajjom exhibftlng maronaYayr&r A ghuee 

with aa layer epar;;lnp~ neaa3.y %%w1 24 tkaa P*alseuhE 

3eixth (A$ gharscl), hwter r w  i n 9 w a e ~ c e ; f o w J ~  &how& 

Chaa; the &-A tFm@Pf i o n  Barmn@lXl& t t g  %Pat ~*.sQ~B a am4- 

Payer ip phase an # kri&i%yar % ~ h w c ~ .  %!ti@ pr@~osed 

rsolaculw erFra&e&@ntsi i n  tho $*e, p)rrie@ia are uhpwn tn 

f 9 kieort~tly, M)7 a h4@h@~ hauloeb~at raf OBL5 bt~ 



The molecular nrrul~~ement i n  ( a )  the A1 pheee, 

and ( b ) the A2 phase . 



~iiaec.M. a A (~1913,letk ic~eo.i::i o &n%naBgg~%ss 2) haw been dS eoo- 

*orad in ~ll OW puse oom3aurdcr5' ~ u l s  sixkrfps. 
iX' 

46 IPhls 

bar a long rmpct, i7orlodizi%gl of  /-.I 1% B in thr plaultl 

%he difi"dtferrr+i & ph~lllbl)~ have bh6n @no@ldl*;ebn for  

by $:mat e t t  ~1~~ an %he b m l a  sf a Landau tthccry, b y  

w a w 2 n g  a otsmpst;i%bsn ktwecarj t.wa csri?lex, y~rn!ne taro, 

ona o f  t;?nca& oorrprspwd# i;ts tha ruiu@.f. ~ B B  i"d@n?$l t~ wava 

a ah ra $$av~xen$tlr N 1, a& t;he et   WE. ~rise$: *ern the  
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Schematic d i%gr? rn  o f  the arrangexer~t, o f  rnol:::cules i n  
the  ~mec:tic ant iphase  (jif) 



aatigamXXe1 {OX mtiZezzaekatxi~) 1~P;ar~oQJuw 

betweer nei&bourW arulcaeules, whZoh &i"*s ria* tu 

anotnessr aerrsri~;y wave w i l i h  o waveliawth >L munull *tho 

@ails&crtio phme* arxhfbPtbrl kg auah 1llghI.g pspJar a481gmtla~ 

w e  dseaprlbed rse 'irwtm$e&* aroua@tloea, the *fr"run%rrr 

t ian*  w k s l 3 ~ h  mt af $128 po8sibiLity QO E b  ahroltmclour, 

axiwtanas o f  two d@mlty wavoa in thar nredium. 

War .4avca u M s r W s n  Itray stradiear on ranrng ca~auade 

wlDh tit @Raa&oarf, etrrustura a b l h r  t o  that of S 5 ,  with 

the enBdttioaaal S@r~.l;urar that a bu2leg w+hy& ax? m$bmry 

Parferal woug in o0%cllab &a ?&a a m m t i a  4c~rs- 

ur%&in%i m@%iPotion far @&dying theerb J W ~ ; , O U S ~ N  Came 

df?m the goat %hat &evmt'h ma twelfth mmtsra of 

boysulcpbenyl-3 '-ara%b%-4'-(4'*'-carllxyl, Bsnaojrrgacy)benaoea te 

earla* (nO~mtd)(@se fia.O,ll) whluh were aoax,Ucas t~ynGEpa- 

~aiatnd l a  ear: Iczsbus;.u*,cs~%$ were amengflt the firat pure 

awmpou&a wPlfah ware Powd to axhibit QcPter relFIntrvrrtO 

aom.eia p&arae a t  at;m~.,phari~ preaaue~. 32 mca colrrgauartta 

rtudiiad Pa thira $ha@%@ sree &at by in&cerohmgioff $he two 

end grap81 of MnmB a(716aasa. Me hraro a r i l t ~  a%edlr~BI 

aamrpoutrilia, LLn whiah %he ayaxko &ow,- i o p  r@rtl&ae& ed.ther 

by 'tkm lagZ*l?o group e~ @ bbrdnr  la-bsa, The bulky tyfw1 

or meGboxg lotasal 6~kmps cawid@rablg xedwria tha, bfiarr- 

asla.cuXar in@eg&cr ti on ener& ylra cawrmgared t o  tiaosa in the 
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4 -cyanophenyl  - 3 - methyl - 4'- ( 4 - n -alkylbenzoyloxy ) benraotes 



oerae o f  p83. i a  %wn isera@ 100 aasrtirain iatsxa- 

ai t lrr& atsw Slarairtwssr 3ike a ~aaes3ifslrrXy brwk UP 

at Ojke bilaynywr arx4uatus@e in oroz: uaaaihgouW@. %he 

Way dyiaweetli~~ktime an tbm4r ompaun&c~ are %he srubjec$ 

rmzt%er 02' ohapCa Xf 5 f .  

l .re3 Pieleat~fo asna tango eft n m t i a  arr8 
smarufita ABd o r 2  t;biiEs 
7-- *w"- * ---"- --.-- 
Ne&a%Pa and ante@%: 6 A lid~&& ~ ~ y r l a a l l ~ t  Belraqi: 

uaaxio2 Tnaiw two $i@le@trAct OOMtaxrtrsra el( ao?nr;l the 

dlseetoz am& E& 131 a @ Z I Q I ~ & ~ O P . ~ W  dXS~(?tf~r) . *  The 

va2uea of! t!%@ aaiata bropie 4iel#atr%~ @ex@ ChPnle deg>cs& 

@8a Y-W&O@ faQ%oz\a,  is*, (1) rnol@otphr pbl&rS#i~~bf U t y r  

(li) 8tsmf.tMe am& nnr"eer1 diapm5kk9tan of  *baa ddypohr 

graupe, (i&&) Intcsrml. Zia1al w b i ~ h  i& not erzey to ~afau-  

Istat the & d ~ ~ t r @ p i O  ~ i e d f ~ ~  d ~ s d  (if) OA'A@B%&~~W& 











Molar percentage of  7CB 

PfWME 1.12 

Phacse diagram of tnbxtwcar, aZ 4*a-~ty5-4-ayaaob5phmg.3. (7CB) 
with ( 2-hydmxy ) -p-cv~hoxybenlqylictens-p' -bru%yZaniXine (OHaBBA). 
(Reproduced f ram 6k) 









FIOIJh'E 1 .lL - 
Ref m c t i v e  ind ice s  of  2-oyano-4-hepty lphenyl-4 ' -pentyl- 
4-biphenyl carboxylatb [ ~ P C ~ C N )  5BC J plotted against  
r e l a t i v e  temperature (T~~-T), TNI being the  nematic- 
i so tropic  trans i t ioh  temperature. (Reproduced from r e f . 6 7 ) .  
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