
H ~ y t g  QE@U~&Q o ~ o U Z % &  tpOfBW4BiB haa~w tB'&srtg 

erhffps It;lmiao.t;Jrogy ga ovw f;n:m %ha ary&rpZUm pM%re, t o  

f s&;ropic kf  @id phwe fkrm,u@~ oaa ae mars 2 a . 2 ; ~ s d f  ate 

pharscsa, %heere ZntsmeUcate pl~iwsrr are eaJlteb mauphsg@a or 

Ziquid crsye ' t ;Us gbasa* %bux pusaeam; rrt~ir~a properties of 

~ ~ ~ & % b a l f i  X U 8  0 ~ t & ~ & L l r  & s l ~ C l s A ~  lurrf @%A6 ~ I ~ Q O % Z O J P & , ~ ~  

ern& ram8 progartiraar of Ifqatda 1Ur %be aBili%y t o  f l o w  0% 

t o  i o m  a r~an2uours. UquZd ( P L W ~ ~ & B  aibtxrZnrita by thexiad 

ekfZeatts, f .a*, aithear by hlrsa.tu~ or ay1~taZ OT by ctoor;lag a 

3.3qyid orra @dl& thar.motrupic lfquX13 orya%&b. %hare is 

anofher a l w a  02 liqu%a eqrstetlte ~ b t d n d  by 4It~solvlng cwtain 

srgaaicr aercrmpo&s in  auftr;tblrrs ~eXvmifrs. %'heae are utkkled 

2yotisopia ldqufd oqatla28. X n  =as *wia, we arse aolusiviely 

oon~wneQ w2th thtamotroplto Itiqdd aqrrtfa2tr. Por ganeral 

rev$crws of liquf d argataiks we m f r  t o  Cbaadmrs&br ( 1 9 7 7 ) ~  

de Oewnaa ($974) aftd Prlestley aX ( l974f .  

a#iero%ropy etan exhAbit Ziqu58 osgstalline pba@eo. 'Phe 

niolectulee have0 t o  be either rod-aha.& axt dlnacr-abped, Heso- 

plaa~e8 funnwl by the fatter type of molecru&a~9 have been 

diracavexed on3.y rtsacrn%ly (~handxm- et alt 1977). A l l  our 



rstudiee have bertrn made on l i q u i d  oryctale whtarsst moleaultilm~ 

a31% sod-&apad. 

lmtir~ Z&g~&b lolxystd~r. fn &mati@ liquid crys%aXf~, the 

~o lecu lea  tend f o &is p~PaZ3,aZ ts a oomrnon axits, (Bigare I 3s) 

d s a ~ t e d  by a btneadonless oPit reofor 3 , eelled the 'dlraotore. 

oa~bm ef the rdi-25B:u rrrolacruXers 62111kf no f ong range tratmlati-1 

order. Erpsxinanta rrhw that ff and m e  oqukdlsnt. A 

gera~ttio li-quS8 ary9fal Sa optfcldlAy u n l u i a l ,  (%he optia &e 

be- along ) paat t in  snd strongly blreixingent. 

axtar rromal t o  the lillrsotsx: (iigucs t .  lb). 2he s p i r a l  s%ruoture, 

acsatio U @ d  cmyrrtsTs. In amsaticr r;Lqui% oxyertrerls, the 

molertu'ls~~ m e  azzanged fn leryemer. %psntfing upon tihe larolecular 



Schematic diagram showing the molecdkr- arrangement i n  
different types of l i q u i d  crystals, vie., (a) nematic, 
(b) oholeateric, (c) smectio A, and (d) amectio 0. 



fnto several type,  h o w  theere only t;wo Lypea - b~g380tie A 

and smectAo C - w U 1  be oS in%weat t o  ua in the present thesfat. 

In the i~mserotic A phww (figure I .  te) thexs i p i  long 

range c~ri%ntatAozmZ o ~ 4 s r  but no long range positional or&= 

wftki.a each ZayerZ md the dime% or is par&lel t o  the lay@* 

normal, &rilldio%i@ .4 XS@d orgrertala are o p t i ~ d J d r  unh.xAal.. 

SIPecotle C r~ian be croPaidarsd a% a t;iltd forar o f  meotio A. 

XA thia phase, the nzofastlles in tsaczb, lsyar ass f i l t M  ath 

respect t o  fhe iqlcn aanal (figure 3. Id). 4nsctic C liquid 

crys2;orla rtre opticrall;lly F,Sax&sI;L. 

AX& the crhtrj:$~o.t;;tgsciarti~ properMe@ of nematic Uqu3.d 

erryietdla srws their e&l1Pai;@noa %a the or;lttntatfsn&l &orSng o f  

the moZecuTata. Henos i t  f i  a f  comi&exable Antemst t o  study 

how f i e  oxAentat;J,<rrroP1 psi?metar of tihe nrediua ~&UCfe8 

wfeb tez%pmatztrs, mere are arrsvexd. methail% of' BertemixxLrtqk the 

acienlrr t ionr i l  ordar p-araetsurr, In o w  work we have me4 three 

Uf irerat metboba, 'trJis (I) br maaawSng the birafringmae o f  

l iqa%d a r y ~ t a l a ,  (2) by $,WrweB (IR) d2Qhro;lmn atudief3, cYad 

( 3 )  bp the n u ~ l s a ~  megp&Ac n s w o e  (Hm) tec2ufdpua. 

BB wUJ. bar deaiczAbad Sjr ar fa*sr ereetaon li~u&31. cryrrldlos 

poaaralrls eu;cpatur~ e%l[rtirCicity (Ween 1925, fPrank 1958). 

arvature eTas$&a aoa3nrt;ats: deptmd strongly on the degree o f  

fhe 'Jlonprangrr loxAwatational of tha, If q~3.8 erqatal. Tn 

adUtlon, they t h r o w  umrsidg!~r~oIU Xi&% on the bepale of any 



point. Par mearswlng the snfsaOraplia propsr?tfet~r one needa a 

nonodoeain uurpla of We U q a d  oxyetel in wUoh la An f he 

8-e direc1tios throu&otaf %ha ~Wiplat ,  Ya~dk ly  &th@~ a hm0- 

gena~ua cu: a lnanreerCargltc d U ~ e n t ;  i s  wad. A BagnomneouatLg 

aXieed araap3e i s  one in whiah *he dirta&o~ i s  WdfrecMolclgi2 

and psrieitleS $0 the marimes errnoloslag the a ~ l s .  On the 

other hand, 53% a hoareotroplaaUy 8 3 A p d  ramp1e the director i l r r  

pe;jrgendi~tLLm t o  *he ~ ~ X Q B A ~  & ~ ~ i a a e a *  H~B&U&~WOUB ail& @+ 

ment i a  obtttand by the ~~~Ldiser~tAoxuLk mrBbfng of the gliidja 

p;lates (Ch*eLafn 1955) ox! by vaeuu~~ depos2.2ion ~f raiatdtrials 

U e  sZUcan monaxide at aaasa obliquer &rp us the 8ub~trate~  

[Jazmlxhg 1972). Thc hcmc~otTopie sligl~~~$Iwt i~ acmdk3.y obtained 

by %ree.t;ix&g the g l a e  plate@ wjith ~aa&tablra amrfaatax&a lZke 

1eci.t;hin osc aatyl trfnrathyl ammorrllwai bx@de. 

1.3 Oxdw parametrvrr 

In the ems of ulaiax.ttjr2 Xiquid  a r y ~ t a l s  w f t h  molaculas 

haviw *he shape of cylindr%cal roda, the degrabi~ o f  of:ien't&tf ona2 

order is erpeoified by that paame%cewc s defined oer (Zwdt&off 1942), 



Here 8 i s  Wta angle betwegn %he long -8 of tho, moXeculs sand 

the direator ff ) th. w mpreaents a s t a t i o t ~ c a  aver&~&~a o v a  

the whole ~ B I B ~ I S ~  

r .I ? ior o parfacztly order& &yardem md b = O the 

iaotsopio UquSd. 332 Uquftf oryerkiL8 %he va3Lueb of 8 ~~1,uilXy 

U e a  between 0.3 an4 0.9, the mhal value beAng dependent orr 

the materia2 and &ts tqprtratwe. 

@ma the tcerrtpertp'buxu of 8 ~tiuna%f e liquAd crrrgrratul 50 ra&sst4 

s 8ecreiitaesa noaateatozdk3.y d  drop^ %to z6tro dfocantfaiuowly 611; 

the 014310a%ia-2sotrapt~: *asu~~i.t;fen point* me abrupt &eap in the 

%?he w i a t d o n  of a at the ~ l r r ieaUs-n~tPc  Z;rawiStio~ 

paint dspeada upon the m%uze 03 txesaaitfan. XX it $a a 

iirait oMem txamsiWans 8 show ;so B l b l ~ ~ n * f Z a ~ ~ u ~  @ w e  at %ha 

Wwwi8j,on poi&, Orz s.Chm hwd, if fhert %ramf f $on $8 

a h o s t  a aeconilt order  .t;ram3ifione a 7tarIt8lrs Q B S ~ ~ ~ Z U Q U ~ ~ X ~ ,  buf 

it may &OW a dlleomt inuit;g in &ope (fui&t%TTran f 971 ), men 

%a, ramsacrtio p k a e  g o ~ a  over dtimatly $0 %he jtrss2;rupi~ phme, 

u Bf #ooxzt&rxusus 



'by %ha agplf sat ion af an at~f:n& torque suah aa a m q w e % A r s  

wi*hln the ample and tend t o  restore 3 t o  Oha ozkginal 

!Three indqoxrstent *pee of a2aar;tie BtetfosmatAorr~r are 

ptsataSb3e in -at&@ Ziqufd exyst&o rpar Xutmtzatred fa  f i w e  3.2. 

%sacs d~famettiom @&lei% aplrry, ttJrjtet eux$. bend a r e ,  ohmmferleed 

by the elaetio oonstanta Ltl, kZ2 an4 kl13 ~~'sspeotivaly. 

wtb o f  short range m.eUrs and the Bcaxa#i%y El&l *ha @an% tlmutaghoUt; 

the aarspXe, flet UEI ~ 0 1 ~ 5 d 1 8 - r  a C Q O ~ ~ L ~ ~ C I  ~yhafea w i t h  its O -&a 

along 3 at the ozigfn. lPor weak distort ions np-j in the 

if rat  approx3aat ion. 

At any paint ( x , y ,  l;) in the distartsd rnedftta 
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!be  three types of baeic d is tort ions  i n  a nematic l i @ d  
t. c P1, , ,  

Cirystal. 



B e  elastie &ee per unit volwpo be axprate~sed 

Sn the f o m  

kA hhas tho dfmena2ona af iur~e/dfetiulce and k13, af force. 

kA Ona kij ar. the il.stio @onstant& of the mediug. 

ki 1 0. LA #f 0,  li that# As an inh?Aneio defometion 88. Par 



a%bing sand Wpts (1971) haw43 argued WLat the osrroad 

dsrivativets of 3 maR6 oon.t;ributltontr t o  tihe e l a ~ t i s  f i l e 8  

go~ap~abltb to the SQUWU of  Z;he first d e r i ~ & l f ~ ~ e  

thi@ &a talcan into aaaount the aqweaeion for the free energy 

density takes bhe X- 

21he experimaaf 83 Z J rltete~&tined value8 of splay a d  b a d  
t t 

oonstanta are aefms11y r s l ~ e a  o f  klg and k 35' 
!i!i%ers i e  no 

method of cletemalaUy kq3 Bepaxp~teXy. %or the &% of simp%&- 
t 8 

aify re w i n  talrs L, r irl, a d k ,  = k  and w i l z  msumer %hat 
~ 3 5  53 

eqsaaTdon 3,3 i a  Psll4. 

J&icke.n (1962) ehovn tbaf [(P* 3 it2 + ( 3 z )2 - 
vn r on3 iacntioaXLy sat% d i e s  the IBrler"&a@ernge squotion 

snd henao doe. nut ccmtributa anything t o  the equation. o f  

equ2librim. ka4 S#oolvea susfiag. foxcreer a d  torque@ *%ah 

need not be aoxlrslfd~~~cwl *en the dArstctarc i~ atzongly mohorcsd 

$0 the =f~oe&. W@ @Yb, 



1.5 ElfrdxAngmc;rs and order paraatem s f  ptmno$io U q d d  

the dicwtor  and % As the rofiaetire indcu ai $be .xtr~axdinary 

fi Qa and a@ ars the poX~Asabi l i t fes  o f  the opedilmd for  

%he ardinasy an4 %%a ~aahWar;;&AWXy bw#as 

a a = a + j  & a s  
@ 

b i l l % i e o  a. and ol and *a xefxac'Cive indices q & % i s  mt 
61 Q 

a. and % with q and no (S8upe and r(aier 1461. ~ d r a s e ~ r  



dinit IabEhusu8- 3 969) * %be Iwu111;arbme~ ra f ornula UB@B ran 

asriso%r~$siur Isterrrsd. f i e l d  wbiah i a r  mere reaUstba in ol 

a a g d l w ~ r  1-e ar U q a B  -st&- #a the 02her had, Yukxj' 

fromdla m&erar uar8 02 an islot;ropirr infernal. f i e A r f  sad t;eni'isr 

t o  ovt~r-~@t5tof i t~ %he ~ e o t  of poZ(~~"isabf Uty . fiowev~r, 

%Us disas@aaey &@%&I both in the ~wasrtio and %b@ or;y&tsrllim 

pharsttb and aonwerquantw th6 ~ 3 2 4 6 ~  paxwrx.l;er which i ~ 3  the ratio 

o f  tfrsr atrmatrqpy fn the two plwae~~  d~ prrs%1;I~aUy Z;h@ IBCEI~II(B 

$32 both %he i?wgabau@x'~ and Vuk@* m@.W.lods (-&usudeul~a 3980, 

$ j l u ~ ~ ~ ~ g m  Bf abUmms%$'+ 39733 11 Pwthor, I- fomrttp3.a 

i a  the ~ h t p 2 s r  of . lolpsto'stc;ar, we lsfboad have i ~ a q ~ w f  

daea an Oamper~tm~ ~ 2 a k f . a ~  c s i  8-iQ Oo ueo Na'ug%b8~e;l~*d) 

ijsrazu3.a t&orrtaa '(IWware tomu31 o m  I t ~ ~ e l f  be US& t o  d a ~ i t ~ ~  tM5 

data f i c m  the vdLaes o f  8%. Pnd no. Hanus we hara uaed Vulcs* 

f amuJta 5n our cm%eul.a%f o w .  

czyrtal snd ax ' % urd as ar. the principal polorieabitities 



In the lsotropio medim, the poXmisation i s  

where 3 3 l a  the in ternel  Zield. 3 

hrrurairrg tha4; the inbe& ;t"ield la icou-kxopicr wer can wri te 

R ~ P  equations (1.5), (1.6) and (1.7) re get ,  

squation (1.6) c i a  ufov be used t w  evauets the densPl;y of the 

l i q u i d  cx.yal&. X i  It4 PP %ha A V D & ~ ~ P O  mmbe~: and Pi is 'fhe 



saoleoula~ weight, .d 1 whera P i s  the density. Substi- 

tuting this in equation (1.6) we get. 

_Ithe_re-entrsnt nanstia W e e .  &e wsual oequence of 

phP3L849 transition# obsertsd an croollnq; sr meaogera  thow wine; mectio A 

and nernaeicr phases Qa, 

me secomU nmaafAe ph-9, w a d  o~cturs at tcamparatursa 

%owe % h m  that of me mtwSde phPfil?~e i s  @&led the 'rob-atrant 

titmatiat phase, in malolby wi% aiI1152a3;r rs-entzanf phasslp 

sbamvsb 5n suparrczundualors, Bedli.rtin-3, etc. Nore r?wmtly, 

adis ek al (3977, $978) observed that; ems pure o y ~ ~ ~ o u ~ a  

alxra m b l l t  the re-eatrant niantis%Aai pbare at elemtd preemea. 

We O ~ ~ I P W I P ~ ,  $01 the firat % b e ,  %Be re-cantrant nemertlta 

phwe in thee, pu?e oo"rpounffts at. a-w~k~rl_o E , M ~ B U E ~ .  aZsnoaC 

s M t - w o u d y  ier%mAUm a b ~ e r v a t i ~ ; n ~  ware made Itn same o$ht3~r 

ccr~paunda by BaFdovLn et al (1979) ead %r& and O a s p ~ r o u x  (1979). 



!the tlmerr ompoms o~ar hvt3 stud&& ach%FsA% the 

rcb-811frae neanatle @me only in fhls  U O Q U ~ ~  wle. Ira 

sther wosiQIjr the xrs-mfrl~nt pham fn %ears empaunds i e  sun* 

matarea invol*trSng thtaaere laqowuZa, Tk~pfe ham elso bgarn 

deaarAbe4 %a the &apfer. 

Illf, thns earapo\ur;ctle ant3 x a k x ~ ~  3.n whSnh the re-6utl;rwt 

nsamtia pbee ttas Issten obowvea eo iar eoatafn aoltisaliltsrs 

having tfre s%ron&& polar oyam end-gmup* (A c1.ym01~oup hraa 

a 2surge Mpols momemf o f  4.05 d&m Ple- f t s  as.) ¶!he 

n&&buuring rnolecluLs;er of a w h  ctmpo-8 have &row ant%- 

par3Uel crorrelatPana (Mradhuraudanar aoB CWdriaaekhus 1973) 

rand Irisads t o  the ~ Q ~ & % % $ o s  of b&1~@3? 8f3~uGf iaPe at& 
intcsr-higkta"ti~ligp aroAoculos, 2 I i x ~ l t  erpsraOae#f;aZ @*dmee $or 

Subt3.e ohangeas t W n g  p3acre w&lMn mu BUsye~a o$ mob, 

oompoumle are prwmmsd t o  be rsspmmibls for dhe ocaumranae 

of Lhe re-entxmt nmaffcr ghaea, 

X n  &apt= IXI, we desrcrSbe $he uxpc~;eSntants uondu~tetl 

Z;s det~llnrins %.he ortiex p~iuaeless of ompaunds and aixtwreer 

exktbitfng *he re-err%rmt 1 a ~ c w t A c t  gbaasa. St i s  vary Uff20ult 

t o  gst good hcmoger~r~asusZy s l i p s d  &rawphi8 5n %her smeatio @me. 



Beakcia a new techalgae mar w a d  t o  deternine s w i t h  a hnraea- 

tropioally sUmad ample. 87 tUs technique the birefsPaz&w-xm 

was neaeured in the naaatict, antsotie 15 ruld re-en%rant afmatio 

phaeea and a d e r  pt~~amettwra were calculaled uang Quks' fomuJla. 

&sr =dm ~ ; ~ ~ T ~ Q % B I E I S (  have d m  b ~ c m  memured by the =rare8 

dichroiam method (~ellrecc a t  al 197Tlc P m n d e l a  and B e ~ s p a 3 . a  

3976) whi& again use of a ho~;neotxopiod~ Eslli@ed ample. 

Xn dhsp0m ZX wre d s ~ a r i b s  the trxyexixnsntal ttbchiAgutss 

wad t o  ttafttlrPiae t;h@ sa;pZag & band eZmtics oonstant~ o f  nernatis 

U q a d  cxyrstdrr, almg with ma a@creac?iary theory, CLlhe elaa%ie 

oowtmts  were measrpxrd by the welll  known IP'resrBcsrickse tramition 

tsohnipue (Rra~darfok8s Pnd Bepiawa, 1927). In this method 

a magnert;ic field i ~ s  wQkd t o  b; tat~xt  a w e f l  aligned nematicr 

raam#lar. Tn an apgmpr2ata seonstry the o r i a c d  fhld at 

the diatclrtEon ;just aetrsl in is a rneruJure of an eltuetiu 

comfmt of  tihe, atwiiplts. Pefi".mnt geomr~triea have t o  be uerlbd 

t o  meamare tho aplqy, bend an4 ewirrt dastic  ~owtrul t rs .  

m the larttax half of  *ins @haptar we prearent $ha 

xeraultkl of rneapl-rnta of 6Aastle canstarnta~ of the aaclapowzds 

erxhfbiting the re-entrant naat io  p ~ r e .  Zlfie bent3 eXeu~tf u 

oonstmt WEIIB rn+cssu~ fa both We noxsnal and the re-~nt;xant 

nematfcr phaaetr~, A Ught srra$tsrPng experislent lr58~3 ~ 8 e d  t o  ~ t u d y  

We vbir&a%ltopar of W a f  nurc~W&%ion~ i n  thew crcmpounds. 



poxpswa the cyano tsed poup m e  nixed togethm? the ati;xhurcp@ 

ubaw onZg %he rmnatfc metrropharaa. 2Me i s  rdfsa of axf:w:ett 

bo%h me crzanrponcrsnta of whit& hate molsaullrarr aonfdnhqg %he 

ayano $ad grwp. HOW~V'OX~ when onZy olte ad! the omaponatrs 

~WXZB&&BP of ~ d l ~ ~ l . e ~  with ~ya?io a d  moup*aotme of Phs 

minrt;urstr ahow the aurf ouer phenm-om of imEuaed mebt%fiia ~ B B O -  

soqWsia (park et al 19751 Oh f 977s Bqgden e t  al, 1978 an8 

othex~) .  We have rrptUed Wtii p,berare dhgrzms of three mcjh 

b-y ol-t;uxea and %bars@ are &van 3s a g f  rcrr: Ve 

AE dlxesrdg nifg3l~iomd fsGI%aogaa hiavAng 4th~ cjyaa~ aaacl 
# 

group have bilab~yar b;sZrrtoturs. lEfre arddlltian at a nmategerrr 

wBI& does not have crymo i~ltnt%-g3:utrp t o  Wsr WZngrl &out aome 

AnLeractiona f a v o ~ ; ~  the rSor01akton of hyearrrrr @dng xAee f o the 

amecs%ic A pharstet. Xt i a  09 intw(~1~1t to a-dy U5e efieots sf 

loaqp-ramge aad ah-range oPiim? 331 a& nitxtmarra. bfitkr airs 

l.a mAnd d.Sr olrBier garaaet9;ra mil dasrMo oonxjlmnea o$ a f e w  

af suuh JtnLxturoe were dstenninedw 19rerae otss~h~rvatfo#a are dslo 

presented in &aapter 0. 

mifPt;uze 01x8 of osrrpon@n.t;s ooxuaiertn o f  laoleoulsa wl%h 

tamfna2 cryma p a p  and the other aonbiats 02 I O ~ C K ? U ~ B ~  w i t h  

18% er:al* loyaao-&.r+aup. Xnt@.vestf ngly, thenare mix* ursbl  $& 

-bit inducrisd mdctZe phiwe. r6fitaaffvar fndicers and the 

replay elsaticr czonstant~ of some a9 these mirlwera havet been 



BtAfriah theory (qbl22t $965, Pe&fr%ch 1969, Ulboiu-Vfslstte 

st dl 1973) giwa a aaiCLafsaktorg exphrm.M~n of these elecl;so- 

po&tt;ltv~ ifi bdlwt;rricb surfrrot~ugy aegatZve c oaZaucrfSvity 

~ e o 4 z o p y .  Sseas of 5;he 8a;Cx4mras watfcrh erhS,biJ; im3uota8 mt3c4iia 

phase IS~QRJ  f;he8% &$3ca~%sslaWas AD Zhe neirna%la p b ~ e  jusl; 

Eatom the ea tcsc ra~  A-aema?i&e j;-.t&on po%nt, We have abeexv& 

aao-dhg.d~-~ pe~Zrtama ;L;a SU& m i x t ~ ~ ~ s *  Z ~ Q B ~  0b~8mta- 

(1976) found. *t;hat naat;fcr l i q u i d  oryratalns w&th 

Ugh positf ve bieleat~icr ~ s o t r o l g y  d s o  mflsrgo eXac4xahydro- 

4ymuaP~ B L O ~ ~ O Z I  W w  %he a a t i a  sf aa 63e6trie fA&d, &&&es 

he eb#38~t& (~uetm- 11978) % GU ~~Yktajnarrg a ~ e ~ h  ~ ~ & t 9 -  

gem b s t ~ g a  r68pstr~rstsf01ally t2ea%eoif &ec.t;xades aats m a 

ratplWf&ar, lRvtiag on% hlf tlE a aycZe dLBexnaU% vdtage 
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