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Pamy organic canpounds a r e  known t o  ionn inter- 

mediate pharses between the cryeta l l ine  so l id  end the 

i so t rop ic  l iquid pheree by the aot ion of heat. l'he 

intermediate phaeee (oalled meeophaaes) have e w e  proper- 

ties o f  the  arystal ,  l i k e  opt ical  and d i e l ec t r i c  sntectropy 

and a l s o  the mech~nioal properties of a liquid. 'Phey 

tare hence cal led therrnotropic l iqu id  crystals .  1 

Liquid crysterlllne plaasee a r e  alao fomed i n  

solutions of ampNpNllc moleaulss fn water o r  other  

polar eolvents over a r w e  oS ooncentratiuna. These 

are eal led  lyotropia l iqu id  orystale. 

'She organla ccrrapounds whioh fom meaophhleee have 

moleoulee whlch are geometrically anisotropic. !?he 

moleoulee may be e i the r  elongated or disc shaped. Liquid 

aryetdls  omposed 09 elongated o r  rod l i k e  raolecuZedl are 



uommon. %he thermotropic meecinorphl8m i n  disc l i k e  

l~oleoulea was diecovered onZy Qmy recwztLy by 

Qandraeekhar e t  The stxuohrre su&gested by them 

i e  o d u m m ,  the  d i f ferent  o d u r ~ n s  fonnirw a t w o -  

dimensional l a t t i oa - l i ke  mr&y (figure 1.1). 

I n  t k i a  Weals,  we are oonaerned with thermotropic 

l iqu id  orystala of rod l i k e  moleoules. 

3 filts6el ulaesif ied meeophaaea i n t a  three types 

depending on the molecular eurrongemont. They are 

( i )  nematic, (ii) oholeeterio, eind ( i i i )  meotic .  

Ueraatioa. 

?!here is no long range t rans la t ional  o r  goatitional 

a rde r  f o r  the rtlalecule@ i n  thisj phase. But there i a  a n  

orientat ionel  order i n  that the nrolecules i n  this phwe 

%end t o  a l ign  themerelvos parallel. t o  soae comon d s  

cal led the d i rea tor  ( $ ) (nee f igure  1.2a). Heme an 

orientationaf, order parernetex IP l e  defined, the  value 

of whiah i t t  oherraatesiatia of *he material  and is a 





PlQUILF: 1.2 

&hemiltic representation of 
moleclrlar arrangement i n  
(a) nematio, (b) oholestcsria, 
(od emeotio A, ana 
(d) smeotia O phases. 



fu,action of tempcaratare. If f3 l a  the  Ptoyle between 

f ie  3 0 ~  moleaular ax is  and the d i rec tw.  

1 2 (z(%Jo@ e - 1)) where tRe outer b r a e e t a  denote 

the atatietrccrl  average. 2hs v&uo of e 1 for an 

ort¶emd ample  where the ~aaleaulee are exwat2.y p a r d l a 1  

t o  om anather and l a  w r o  i w  on Zsotropfa Ilyuid. 

A A 
In a Yi@rmtirr, n and -a rtre india t f  n@.%@hable, 

A 
i.e,, it is  apoler. Even thowh th% dirc~otion of n 

varies  from point t o  point i n  a nerrratZe, an aligra~ien* 

of the molacules where 2 h w  the aaam dimet ion  throu(gh- 

out 1s often mquireil I n  e;xp.cariaents. If the aoleoulea 

s r e  aligned prfillel t o  the surfecaa of tha contuLnezl, 

the iaU&mtmt f s  a d l e d  hcfaogi$neaoune ( f fg~ur~ 1 .%). X t  

i n e  obtoinsd by ulldirt?otiuru;rl m b b i w  of the eulfac;es 

of the aontaiasr, o r  by O ~ ~ P Q W  coati q e ~  of Blilioon 

aoaaxide or  am% oShar m a t e r i a  on the g h s a  suxfaaee, 

o r  by the appXlcration of a atrung raagmtf a f i e l d  i n  6% 

direat ion paxdleJ. t o  the swrfaaesr. An aUenra.stnt of the 

mo1ecu;Lecs pergendlaular t o  the walls of the caatainer 



I 
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pQWE 1.2: Suhematio regroeentat ion of (a) homogeneous 
an8 (b) hormeotropia alignments of l i q u i d  
urystals. 



i e  ualled homeotropie (Wgure 1.3b). % M a  i e  achieved 

by the application of a strong mapettc f ie ld  perpe?xU- 

oulax t o  the eurfaaes or by treating the aurfaaee by 

supfaatants. 

The x-ray diffxaation pattern of ia ranciola2y 

oriented nwittie conaiate of one 'inner r ing* (oloee 

t o  tha centre o f  ths  difftfraotion pateern) and one 

'outer ring*. LPhe inner ring is  fa in t  and diffuse and 

the outer ring is also diffuse. The diffraction angle 

corrsepondlng %o the inner ring is of the order of a 

few degrees and that corresponding t o  the outer ,ran& 

is of the order of 20'. fsotropic phases also have 

diffraction patterel  sWli*r t o  nematic6 but the innsr 

ring is generally more d52fuae. 20 distinguish the 

two phases by x-ray mclitne, one a m  uslie aligned samples. 

Box an aligned nematic, the rings sp l i f  up in to  orescents 

or ~potrr where- sm ieoitropf a medim owuoot be aligolsd 

and w i L 1  always show rings. 

The diffraution raaxlmwp at smaller an&;~es 



(inner ring) is rela%& t a  the length of  the raoleou3.e. 

%!ha way i n  wkfcfi this ring loplits up Per t;uo alfgmd 

naunaOio 1ntilaat;elo P;he deatree of &or% x w e  osder. 

'Ehe dif&fraclion maxime at Larger a u a a  (outer riw) 

fa  flue %u tne breadth ef the molocu3.s. 'Phs Uoe, a o l r a ~  

the cantree 06 the oufer rmaxiwt l r r  tharefire nomid t o  

the direction of the aolaauf,ue i n  an &ip;lacsd nacrple. 

By x-ray iliffraction aJtud&ea, da Vxierm"Crm 

established tha t  i n  meuy nmatia phasae there also exiata 

a ahor% range smeatic Like omler. (we w i l l  Maouua 

axarsatlo~s fn the next rseotion.) Thw, f o r  a &rwp of 

aolacu?.on in the nenatiic phase, edliilaed the oybotuu$iu 

s o u p ,  a &ort range t~anala%f ontal W a r  ~ x i 8 . l ; ~ .  The 

aaLcroulue i n  Lhe sefroup .we arrmg~il i n  la;yer&. If Wrta 

&e between Mxe long moleaulur culd the Leer is 

ei&niffcrtntly different from we, %he grwi~ i~ ~rtlX$d 

@keweB cyho%wtf@. If the angle io 90U, i t  i t i  a d l e d  

norm& cybotmtic. 

Por oybotsctXa nmstios, the intsnaitg o f  tfaQ 



inner  r i ng  i s  far greater  than t h a t  of the outer ring. 

Aligned samples of skewed cybotactic nematics give four  

d iscre te  spots whereas nomal cybotactia neuatics give 

only two spots. 

Oholeeterics 

!&e cholesteric phase is a l so  of tlle nematic type 

except t ha t  the rncleaules i n  tbis phase a r e  opt ica l ly  

ac t ive  which r e s u l t s  i n  a he l ica l  arrangement of the  

d i rec to r  (figure l.2b). "Bermodynamioally, t h i s  phase 

i s  usually considered t o  be iden t ica l  t o  the nematic 

phase. 

The x-ray di f fn tc t ion  pat* ern, o f  a choleaterio 

phase i t i  s imilar t o  that of a nmatic phase. But f o r  a 

monodomain sample of a cholesLeric the pa t te rn  ofitdned 

are rings whereas an a l i g ~ e d  nernakic givea two outer 

croscenler and two inner spots. 

h e c t i o s  

Saectic l iquid  crys ta ls  a r e  ~ C r a t i f i e d  s t ructures ,  



the wolecrulsar b e i w  axzaageQ i a  meLX defined ptm&tcl 

ls~yexa. a e c t i o s  we olaaaifidtd i n t o  eererrt3 type8 

&%pend2n& on the order within a  bye^ and on the inte,r- 

lftyar aorm3.atian. In We m c k i t f ~  GI the taoLe~~2.e~ 

are upri&t curd are untsyually spwed wkWfn the Zayar 

(figure 3 . 2 ~ ) .  These 5s thus a ~ ~ B i t i u m i l  o x d e ~  i n  o m  

dhaemion i n  afldition to %he orittntatiantlS. ceder. An 

oriented smectic I i s  crptiiaaUy uaiaxid., the  optic a x i l a r  

being: nom& t o  t h e  plane of %he layera. 

%%e *say d i f fma t lon  pattszme of randomly oriented 

smeetlc A phases have sn inner ring whluh i e  & f m q  snd am 

outer r i n g  which 1.8; qui te  diffuae. (There mag be nore 

than one iruzQr ring &8ar But thestr carreedond t o  the 

bi ifsxent orltsrs of aiffxttction. ) Par an d i y n e d  *ample 

the l m e r  ri= aonQenae~ i n t o  dwa O;JO~B the  ou1Iex 

r ing  inko two Uremen%o. 's?ho l i n e  that i s  drawn through 

%e spo?+a p8arpen& o u l w  t o  athe y r e f w t t d  direction 

of  the  8meat3.c plaaaa. !& l i n e  oao  oar^ dsw batveen t h e  

osntras o f  the m a x i m a  i n  %he outer ring rptmd.8 yorrpelidiuulac 



t o  the prefexrd dfrcrctian of Wm long axie of fhe 

moleo~acr. the x-ray p ~ $ D e x ~  of an aU&ned 

meot io  A, 1% o m  be eeen ehDt fbr sn&eaulea a re  mom 

ox lea8 perpendf&w to  the a~rrectio planes- 

%II dimetax a i  fhs inn@ riw (a? ths &Ln*6o 

betwarn the @paw) is used t o  d f ~ ~ b t s  %be layer 

aparoiag ti of W meotlo A pheslis. I n  n u w  w e i a ~  

%hie  oomsgonds t o  bhe nol8cuXtw lengWt;hl %he Xsx~@t]r 

bdng oiriraultpted i r o n  tho all $ram cmfi@are%ioa w l t h  

exteadad ohaim. But i n  erne casise, tMa is equ&k tM1 

w p ~ 0 m t a t 2 y  1.4 the ~~d~(rula~ I We w l l l  

bisouaa, t h i s  i n  eaape, deta i l  i a~er .  

2h6 outex zing i n  the mmattc A phwe aon*eepoa8rr 

t o  Bhc letwal dieii;amcra beOween she nalsaulee. m e  

&lit"use nature of the rgngimwffoates tha x&m3@ut dfatr&- 

bufion o f  the m~&rrules f n the layer, i.e., Ware i e  ao 

order with reapeat Do the a%n.ts%e of  gravity af the 

mdlb)0u~eu i n  rt*) phm of $he ly*re. 



moleoulea i n  t U a  pheuo are inclined t o  %he l q e ~  no- 

(fig\rre 1 .=). The UlLlt m e  tt in oaow io 

depend.nt on termpemtwe. 411itotfo U i& biaUaJ, 

Por an ussli@md samp;le, the x-ray BiSILePaofPu13 

pttem of the mectia A U are more ox lase abai2ar. 

But for  a well a 3 . A ~  sapecrtia A, tho l i ne  thxowh fhe 

Inner auuc%m (spots) an8 that throURh the w%sr ~ ~ ~ U C I P D B L  

(creer~entsr) sure perpenaiaulw eo emh otRw wharttas i n  

the pattern Sax all&rusd mwUo G ,  thay #e a t  an a@*. 

From the r-ray diffraotian patterm, tbe B i L t  ~tl&s can 

be detemined. 

3ttvesal other Oypes af mectice l i ke  fut#atio B, 1;L, 

E, B, eta. are  known. P~larosr ; r ray etud%es, their ~truotuzlw 

axe being esttablatahed. The oppearcuroa of ou*ex ring (or 

r i w )  &Tea a a l w  towwite the nature of ~noleoulw oxdw 

idthin Ute layer, %aus arewaftia S 0 knewn t o  have hexa- 

gonal cXoae paoked order i n  %he plane ol ths, layer an% 

mecrtia I) is raportied t o  be oubto. We erId.2 not dlsrtwsr, 

the stmcPrurre~1 detail8 of  smectice ham. 



1 .I aque~f~cs or m e  & m a ~ t i -  

sane typiasL er or rrrasaphssr. 

i n  thermotropic llqu%b oryefale are given belcw. 2hs 

t;rwiftonr wN& oaaur dwlw both the heating and 

oaollng wades w e  ratferd ;eo ta ekmn~utsopio while 

those wMoh oaour only In Wke oool lw mode a m  aalred 

aonotr opia, 

(ii) ~ 0 y a n o b e n ~ ; y l i d e ~ ~ p o a t y 1 c x y ~ l i a e  ((XBOOA) 

73.2'G 132.8'C lQ7,3% 
eolid +--+ mec.tftt A <-----$ jWnsatia +--+ iectroplo 



it) $-si~11pzJrl-I.~'-~0~tyl~enso~te 

130.8'~ !woo 
lsotrapio --.----) m a t l a  -+ srateoMo A -4 solid. 

Prm t b  gbm ex81~gic~s, it oan b.. seen thst with.  

inorsese i n  temperature., wual ly  traneitione t e e  p l s e  

fxon a well ordered pzlssle (Uke Wte ~ a l i d )  t o  a isms 

ordexed w e  (iike the lopreotio or m a t i e ) .  As the 

ferapesature is inaFessed further, the transition is 

f l W l y  t o  the isrotrqpio liquid phaae af 

?Chis ia what i s  =@ate& gemrally from the prinolples of  

themodyDami08. &Laor rJhile owlAng .the ample 2- the  

iaotropZe ghsee, one axperow tr8P&tt&one f r o m  thr me~uatia 

Co the  mnsolcta and a;heraafter t o  tht, w3.l ord SOUL&¶ 

pharee. 'Fhs xetsfatal t o  %he rtolfd phuee i e  ueuaZly aaaorylu- 

PIed by aupaoooliny. 



mhort range spoctia l i k e  translr t lonal  order a&$ 8rvelop 

i n  the phme. The preeeace of auoh eybctactlc poupe, 

referre8 t o  oss l i  er ,  can bar %ireotly verified by r-rag 

etu%ieo. If there $8 a ~ ~ ~ m a t i c - ~ e o t l ~  A traarrition, 

w i t h  the (Irsersaare i n  +iarspemture i n  the waa t i c  range, 

ths tnnsr ring la  Ulr x-ray diffkaoticn pattern becomes 

sharper so Ule aaectirp A phwe i r e  approached. Thls is 

d w  t o  fhQ apomtic 3ike aihoxt range osclerin& dereloped 

i n  f&e namutia phase ana i s  3 prstrunsltlonal sPi$cC. 

Hany relate8 gsropertf.os of tha, ktgertesl ohange ~ U B  a 

cPartaeipeme aad w e  aha11 hare ooaasion La refer Co such 

offeats observe& i n  our atudiev i n  the next few ohaptera. 

1.2 !the Re-entrmt -- Beharloux 

5 Re~arntLy, Cladia made o9 Zntereeting d i  rroooey 

whlle worlcing with s&cbres of p-[ (p-hsxyXaxyBenrry1idencae)- 

r~llinoJhanmronitri2e (Dm) a d  + p ~ e n o b e n s g l l a e n ~ - p - ~ -  

imtgloxyaailine, (OBOMk). She ob@wved that the ntnmatio- 

aerw-tia A t ral l~ll t ion temperature of these m&xtuxeie 

becrcaes mult;imdlued wish faoreming cronoenhration of )%BhB. 



2he sequence of tran~ftimw tW% eh. oWarred on 0oeUtrg 

tkur ~ p l o  18, 

tarpemfure then the awcltio &&me. @&is lowaa t e a r p r  

rshLre nerrrertiu phphase has b w n  deaigaertbd ae *rsrex&mn% 

aemaU~ phatltp' i n  &ncilugy fo  elmllax phluscss o b t ~ e m d  8% 

Uls nomal ta mpesaonduot i~  @me baaMary i n  W e r i a l s  

RBAB-CBOOA maivturemr behaved a,b.%brly on b o a  slides of 

the meatic phaeca - i t  whibitsd @harp pretps~to1ti~rurl 

inarerress as Lhs aapeotio pkraee is ap~braahad frocl bath 

aides. f t  ~ h l a  concluded that tlktare i r ~  no ascror;icwia 

dfffwanae battaeen the higher %epnpsra%aare (no.11Piotl) aemt io  

Bnd the re-sntrnt nematic phwea. 



pwror cuay)o~& lib 4*-n-oatylollty-4-ayruaabiphgyL (8 NB) 

the x%-%nbmtt neawtiu phase w&a obrremd by  U1wUrt et al. 

over a xmgs of pxeemmw (aPlaut 1.6 t*, 1.8 k b w )  

i n the sooUng mdle. m y  almo obruaved the sg-e&r& 

muratis p m e e  i n  ~ t w 0 8  of UBWA wlth HBAB m d  

i n  mixtwsrrr of ~ -p~anotranpyl id6~p-~orpl l ea i l ine  (am) 

otif h X-p-oyacnobanayXid~ns-~he~~y1~Uno (mm) &ex 

Ugh prsareurslr. 

Xn dZ1 Wee@ high presarre imetigaaensr where 

the re-entrant narraa%%a pkaeo i r r  a b ~ e m e d , ~  ?&em ie ea 

unusual AeparGure i n  the bbviaur  of a e  a-umea%%c d 

phase boundarg, in the aooliw Bode. Xn %he P-l' phase 

&ialg.ams abtaimd, the mmat1.c-ranreatlo A baundary i a  

found t a  be ?re-entrfaat;? , i .e. ,  i f i  csuxvelii sound ewiarde 

the grcsseux@ a z t m  rswzabU,ng the arc of an .l;Upec, 

Very xoosnKLy, re-enwant necnutic phaseat have been 

&soovexed i n  puss ooapuundu a% autnotlpherlc presswe by 

~aftuaudanst 0.t; cil. i a  our 1~bomter,~y. fim~louils st a,'' 
iron &ame aluo repo&ed the re-sntx,ant behaoiour in p w e  



oa*pounsle a t  atntoolphric prcraewcrr a t  about Che sane tima. 

'Phe pure aonqpounds showing the re-entranf namaticr 

phase, eyn%hesiee& by ~adashiva" i n  o w  laboratory we: 

&cyanophenyl-~-m~thyl-4(4-n-~eoylbcjnraoylaxy)ben~~te 

(1 1 OPSQE) ) and 4-oyanopheny1-3-mcsthy1-4(4-n-dodecyl- 

benzoyXory)ben4;oate (12 OPmH). The transition temperatures 

of %hwe namtogenet area 

(1) 1 1  OPWBB (on oooling) 

( i i )  12 CPMBB (on ooolSw) 

benxoylo~y-4~-cyanoatilbane (28). 'EBe lirs*rsition temperatures 

[ Z  - isotrogio, N - nematia, % - ~ntcctio A, 8 - solid]. 



PoUowlng t h i 8 r  Egyyen Yfuu 2S.a (EUDQ WPWOU 13 

haM a380 MporlEga the diarmmry of pure aaukpOPPMZII &wiw 

the ra-enbraat bebv ia r r  at r r a o ~ y h e ~ o  yrreanu;'e. 

%here, have bean sass sttmpts t o  @ve a ahaoxetiod 

expXamtion for the experiment& sesultw obtalzmd i n  the 

r e - en t r a t  phenunarm and t o  undaretd %he fherm&y-ia@ 

of  the mneetie A - reexttrant tramaition. Pereharsl p3zM 

~ r o e t ' ~  have shown that the emeetica A - re--enimsat naaa~ia 

pharssm tramtition loUowo frarr ths Landau theory i f  ene 

&@ewe@ the srxAotlanae of an optimm deflsify fw m o t i o  

oPSering. The ahage of the erneotAo I-nemetie phrtes bowndwy 

i n  Ohac P-2 plane for 6.3 CXZ3 ( in  ths aooling node) appeam 

to  fit exwf2g with that evEilwted ;Pram theow. A thema- 

d 

%ha phaes bcrundwiee and whiroh iaei l i fa taa de8emimtion 

o f  tha tarlous pernys~(ttexrs 8 a t d a n g . :  the phase b~undarg 

is preeentea by ~laxk'~. K L U ~  and w r s C y 1 6  hvac rth- 

that the anleatio A-nmatie phwr bwdaef.as fhPP$ msenb1~) 

am38 of ellipaes atin brs azal~eed by quadratic expausion 



i n  t(upgerature and pseasure of 4 b  GIbb@ free onergy. 

af m n t r t a n t  nem&ia mtxhxeo rrNrih Bsserib% the phase 

&iwrma,  A.m., w e  teaperatwe vexsw conaeutxaUon 

diagrwtie. 

X t  is t h u ~  seen thra t  W e  re-enimant phena~anonin 

liquid crrystalsr, both a t  eleva%& presoures at aWo8- 

phtrrto p x a ~ ~ ~ ~ r m m ,  ia one of %he rare ctxarngZtaa where a 

phaae ibranraition takers plaOe i r m  an apparentky more 

omlered arreotia sta%e at a higher teaperaturn t o  an 

apparently l eas  oxdtared lower teraperaturee mmetlo. 'Phe 

intereating dieo overlea have therefore opened up entirely 

aaw f i e l d  of inverrtigation. 

To underatanii $he phemanenon of the ooauxrenue of 

rs-sntxlwllt nmatia  phaae on a aalectular lsvel ,  s etuity of 

the yhyukc;d propsrt;i%a o f  tihe phase8 of the rrlystera exhi- 

bit&% *he re-en%ran% behaviowe beoomer arpaeaerucy. W t h  

*is i n  r; lsw,  rr variety ai experiPnento W e  been W e n  

up by tihe 8Uthox. The atucliss inolude Ugh pressure and 



roam presmzs x-ray studies, d ieXe~tr ic  studies an8 

conductivity studies. %?heha Fesulte of thsae AnwrstLga- 

t ions 4 m  the subject 818taa.1: of thia P;hssirr. 

"She @impound@ which eylrfbit the se-sn2raat 2imatio 

phase haw D P & Q C U ~ ~ #  W?f.%h a OysUlO (a @ g )  &pX?lAp t& O W  

antl, &Lon@ the low atoleculsl: a s .  twrdnd. poup  

ham a large aipdLe raospeat g = 4.05 debye. m e  contri- 

buMon f r o m  a s  cyaao group t o  Dha: dipole Ioamaat of $he 

molecule m a k e s  it hA@y polar. !l?httmafore. d l  the 

ceixpounda with ra cyan0 end &roup are  strm&Ly polam i n  

nature. 

Hadhusudana and ~randrhiselchar" have thme2;f tally 

show tha t  =oh p o h r  atolcawl@er arrma theaeelvae i n  tui 

iant ipsrdlel  clonfiwration wi%h the i r  m a r e e l  nai@bauce. 

Qray and J&on,20 in the i r  x-rv studies of 4'-aoctyl- 

&cyanobiphew (W - ai ampound whioh h w  a c-no end 

&rag) notioed Mat the h y e r  r?y&einll; i a  the Elmectia A 

pbes  i e  firs i n  exceue aaP1preul f o  Wle iaoleodLw: Zength. 

Laser, Udon W ~ o a k l s y ~ '  axxi axso ireadbetter e t  



id ln the ix  x-y%ay invesag;ltione o f  oyolnobiphslnyl~ 

t h a t  the  meaaured lager ap~loing i n  the m e c t i c  A phaae 

is equal t o  mwLy 1.4 t i l ~ b ) ~  the mrrleoul.&r lemth.  

TO %xQ&%&~ theess 2%i¶UXlPI, b i a ~ l ~ ~ l E t ~  l&ye~ ks%3%0%UXe 

of the a m a t i a  A phier~te wae yleoyoeed. - 2 4  xn this 

mcKt~aJ, Yihe polar wo11~tic earas w%%h the  a p n o  g;roup 

m r l a p  i n  +&e ~ . % d d l e  of the Payex@ anli the  mon-polar 

dLiphaaliu chains extead outwarrls i n  both the  dlrectione 

t o  the  layer b&ariee (etso fifl&ure 1.4). !Pa* eman t id l  

fea ture  of the etrmutuxs i e  that the strony; dlgoles due 

t o  &he oyano r ~ ; r m p ~  tecil t o  be OppUBled iPnll @we rzflioient 

paokiw o:' the oorsra. I n  the ireadbetter r n 0 & e ~ , ~ ~  Wrs 

al iphat ic  oiii&w ~uce held i n  thtt alk t s w  cont'axmtlon 

'%hfs interdsdf&-Catioa o r  head-to-tail ~ z ~ t r m n t  

of  tha molsculee whera the  arobgoifilo aelgmenta, overlap is 

cajlled the bilaywr s m c t i o  A. %?he antipamillel  @oxrelation 

between neiskbou~'iw molerzulss i n  crrm~~ouatl& with o y & n ~  emd 



tbhemtlo bS.p&cm o i  the bimoleoulsr unlt 
' 00x1 ~ O Z  em WOONW t o  I r d b e n ~  *r 

molroules ham a n  &om with kUdc(ld 
ohan oonmmt ion .  ~ o s !  *he brat expcrrimrrr$ol. 
N 4  o f  irho XL.utron moai%tcn?ing dafa, $ a 0. 



group@ is now wry well eat.rrbliehsQ by U ~ d h e t a a r  a t  &. 25 

i n  neutron aorttterring atudiss. %%a bilager etn*o*ure i e  

aug@;este& w being ~enrsntirdl for the re-entrant mmatio 

beha* our. 

~o~ooomiiqg t o  ~la&ita et the, abort range 

at$raotiva intecrautions of tihe non pol= t a i l a  s tabil iss  

P b  ~m~totics &*era. 9ppS'jiw pmcesewre rerrulte in t h s  

aorlp r e e o n  tryin@ t o  pack eWIt c lose r  t o & & e r  anLl the 

o m e t  of a stronci: rcepulelve foxoe sesis t intf  this ampreseion. 

asrtuarinlp that the pola-polar and non polar-non polar 

intarenotf 0118 must he ara~intnFnad t o  ensure the efe lb iuty  

of thca b l P a p r  ~ae tx t ia  A under pceaaure, Of&is t s t  sl. 

propoeed tha t  the? layer spacine probably expands with iracroe- 

s ing pzesuurcs. 1Chfa, lno~oxdfng t o  them aocounta f o r  thta 

txanniliorr between ths lese dew* sm@etfc and acre denatl 

neraatfe p h s s a  whiah oacur on trhe hi& preeaure aids of 

the re-entrant phase tiif agxamn. predict;ion crcsurd be 

teatedl on ly  by a Ugh preosusci x-my study of the ampoun8 

ohwing %he ro-antrant bshariom. 



I A high prcll6Wre X-l'ajr Q ~ P L  

H i &  pressure 5tuaSeer ~t U q a d  axyatrile h a w  

yield& several intle~zlewtiw reatulte i n  rcrcenl; yetam. 
26 

The preljljurs, induoad meaoaarphtam i n  laearwn aonrpounda 

wMch are normally non-naesoniorghia, ohhtn&e of the  nature 

of transit ion frarn rponotropio .tro e;raant;iotropia by -@he 

irppSopxtion of pressure, obr~ervrstion o f  beunited phaae, 

t r ip le ,  points and lz%orit&zr&L b&avlour w e  but a few 

exaspLcto. Phe c9iocovery of %he ss-entrait  newttic 

behariow at high preaawaa i t s e l f  i t 5  a m  more, emapls 

of a new pfitanamctnan oboexveil in kl@ preswra etudiee. 

dhile a number? o f  rnuuh hi& pprctaeure expsrLoen4.e 

have been eon&uo"cd don li %&it asyetale. no ~ X O B S U X ~  

xyray st?~dy, &iah 1s fhe only mthod of probing the alumgee 

a% the raoLsaulnr lev&, hs8 wes been A o n s  at %lib titae whlrn 

the pxeaent writer unbartook tf&e#es i ~ v a ~ t i g a % i o m .  A hiah 

gmneure x-ray ce31 which i 8  uaeful fur L i N d  ul.yojtd 

studicsa wa& Wersfora devralopsrOt for the fSrst time. 

a % a r  curirpirlering the applic&ilf ty of c3eversa. 



porraible aella,  (U1 <appamd biamaad atlvil ce l l ,  w i t h  sptsciaZ 

iea%urss of relevanae Z o  +ray study of Xiquid arystals  at 

N& preiP81UI:es wras deeigned and fsbri'icsted i n  our labomtozy. 

Jt i e r  e@~%nLially of the m e  type as thaS design%& at the 

Xertional Bureau of Standurde by PIernrm$.ni and Hlo~rk. 27 

All the colaponen%s of tho c e f l ,  except the parks whiah 

west; Q~t~xca diaaondms, were made o f  sterlnlerasl s t ea l  310. 'Ehe 

t rwla t i s l l :  y l & t s  anct tihe giaicon hsrui~phsrre, t o  whlch the 

diamonil tenvll~ we oearan%ed by epoxy, ware lllsrde af hA& 

owbun kt& u ~ c m t w  (IiCbIIC) etersl, b a t  fratetisd t o  a 

kurrdn@&a o f  about XU4 6cj-65 i u  order 60 Wxke the load! when 

the dframontls w e  preeaed toge%her. A ~tpring lnadsd lsvez 

a m  cisaembly generatea a uniiarm and ctontAauoualy *PUCIable 

forae ea a pressure b o l t  i n  roLntod & this p r n a ~ u r l s a ~  

the smple 3.3 the gasket in b&wwn We %o aiv%le. 

%hs! anvils wgre bxil;liant-cuti genr quality climonda 

jhoee eulets were romovt;rd by gxin$ia~~: aruf the fwes re- 

polished. B o a  the traotslstjfng plrrfe & the pi&ton hmi- 

a p k r e  which slast the d i a o n d a  fwt l i%a&a the uxfa &nd 



t i l* ing a l igments  *fob arrcs Rectsaaexg fox gdtttfag 

p e r a l l e l i m  of t h e  ~ t n v i l  surfaoes ~ O I ) P L ( L ~  fo the &amon 

'Phe anvZlo ware uscad i n  the gmketed a o n f i g u x a ~ i o ~ .  

~rtaonel ma nickel, idhioh were  often ua*e27 ae giiaket 

m&eri%loa wexe fnund t o  ba umuitable f o r  oontatn.in& the 

l i q u i a  crys ta l l ine  satziplo a t  Gfre re la t ive ly  Law preawrrea 

of o f e w  hmdxsd bars. Aftier ex&e.rirnentiug 'with urevulral 

materials, i t  rraa round ih& f,ralunLrlfutl f a  beat SuiCed 

for  the purpose. Tho ernvl.1 fclaea weru nadu 6u&$ky 

unequal i n  ty~~las ao thdt tho now o f  Qie gubket w t a x i a l  

wound the ooniaPtl rsuFfnce of the am1.lw w u u  wvi.3. aat8 

aa a suppox%&ng halt t o  %he gnaket. Thua, two Zmportktnt 

S'unctiona h a w  been mhi rtved. ( i )  ?i?hs l iqufd oxye t&Une 

eeu~ple i e  gla&ntainsd i n  ~ d r o s f a t i c  oor~dditldns for: 10% 

pexlodea o f  t h e  withaut any praauure leeA3, m a  (A%) !!?her 

o e l l ,  whicl~ 5.8 nomally used for  pressares 3c3y e,nd o. few 

tern of  kilobars only, i a  found euitab3.e fez $~aeaures rn 

low ner a few hularod be@. '2ypiclally the yrruketir were 

about 1 nun thick w i t h  a oentxal hole o f  1 mm diameter  i n t o  



a i o h  the semple i n  t.hCT poWbe~d f o m  WBB paeked 

awoidingt air pockart@. 

FOE %he deteraiaatfon of ththe preraaum sxpexienaab 

by the sample in the aell, the oonveatibnsl mby fluonr- 

i%~ence tsohuf tpe 28n29 .odd not bs enplaye4. FChLe fe 

bccnuee the presmrurs B M P ~  09" the ruby line flai guLtca 

amall and t:%s acaursay of tlte methad i a  2'3W bw8. Slnll~a 

wo tseres interedeted bn Eina mriutions of pressurs, ax& 

Indirect but atill accuxdGa nut%i-iocl was adopt&. J& this, 

an aocurafe *in o i t u '  opticpal d o t , u r r m i ~ ~ ~  on of th %ram&- 

t i v n  tamo,arature o f  ti;@ ample w%& U ~ S ~ C ~ B  @ P021owa. Ai: 

i-ury fixed prasaure, the tcmp@gafur@ wim waried slou3.y and 

the internsity o f  a Lacrer be= tranrmritted by tho aamp3.9 

war a~onttomt? by a phatcscsll. The intensiw wue fad to 

%he X axin am3 the ttmgnriiturt. to the X ;ratfa of n high 

acnaitivi ty YX rooorder. At the g W e  trunniti on, there 

w4w an abrupt afirzn~~.ta i n  &ntsnslity. me presnure exporiewrsd 

(by tho sampled wae, then road out i rm  arn saaurrpta P-T 

cflzzg~rm oP tho ample. The translti on %eqeraturaa at any 



pretssurica could b r.eyroduocsd t o  an ererouraey aZ $.2*~. 

The preaauxr values WQ ea.t;&wted to be ecmwte to 

of the o e U  aria dsrsrrcibed i n  ahapter XI. 

1.4 Bf gh ~ 8 8 u r s s  x-ray Stuify --- 
I?he ~ e l l  w a r ~  uoed for the wrmy imrestigatian of 

the pzeraplurca variatztion of thcs ifqf@r apiloing i n  %he anneatio A 

pheae 0% 8 WB, wbicsh, as npm2;ianed earlier, ehowe sa 

sc3-s3ntxanC narmatic pphaae i n  t l l e  presrjurse range o f  1.6 t o  

1.8 kbre.  Pox raswuaurin& ma931 vwiatiowl f n  the lager 

spacingl aaaumtejly, (A)  the s~ l%-t5f i lre  dllertstnoe w# 

kept lajsw ( i f )  XU-filf wed Ma mdiation fraa a 

f ins  Pwue tube ww wed Qempite the iaat that the An%eMli%y 

o f  %he bse~ l  vaa attenua%ed to a 1mge extent on pneser(l;cr 

throuc& the diamonds. The 9;1nto for elroh expomum was 

around 100 hous'e and the Zmapvtxoture was &ntntmd uon- 

stant t o  wlbhfn f l . 2 ' j e C .  T h  &ansi.bion tqdlz.a$tlzes o f  

the ample ~kzdt?r pscmuurs war@ ekeeked af.bor seoh exposum. 

9hey n r e  f w d  to be the %am am that before startine the 



8X~Q8UXa, ln8icat in(~ tha t  the pgslsesuse w ctonet+emt 

during the expoeure. Alao, the f r l imi t ion tcampwatunee 

of the w p X e  used were cheeked after eaah exposure at 

atznosgherio p e a s u r e  t o  detcrot my deaaapositlon of thta 

omtipound. It w a a  found that the tempexa4aares did not 

a h a g e  f r aa  ththaix inttial vatueer aremure& dharUer, provlw 

thereby tha t  fhe c0mparM did not undargc any deaampoaiticn. 

A new gasket paQkia& wlth fresh. B ~ U I L ~ ~ Q  wwa used for 

the eorperirnent a t  -oh mcpwure. A t  % m y  presrsm%, the 

pbotoy%aph w a  taken 3'0 below the norm1 naroral5lc-maotia A 

t r a m i t l o n  point t a dnislrte the effect ctof temperature on 

Layer r9gacrl~. %as diameter@ of the x 5 q g  -re raeslctured 

sraou~ately u e i w  a HL~oxo~%XU#~I;OPB~CB~ lIILtd am amparator. 

It wttoi found tha t  aa the pxeeraure is i p ~ ~ e a e e d ,  the 

spnolng Beomatsea more or  l e a s  l inear ly  at We rate of 
0 

a b m t  6.6 A per kilobar till the preseure raw her^ tr valu% 

of about 1.4 kbm. Beyond tMe  proapaurs, the e p m i w  

To see whether there is a teaperatme oim$ribution 



Oo $his mriatien,  tPI. layer epaainbf wiu, de4~~~~Lxrsd  at 

straosphcaria preimare over the ent i re  a e a U a  range at 

d l  fferen* t(188psr-ea, 2!her@ was no a h q e  i n  layax! 

apo ing  with temperature within t;hs lireies of awc sxperi- 
0 

mental aooursay (4 .1 - A). Heme w e  oan clenoludb tha t  thr, 

re-entrant behaviour of 8 OCB, &semtdl at ele~srtad 

prreaauma, it% arasuoisted wifh nn caxpwi on of the  meat io  A 

lwar spacing wi wsntlaipcated by Cladio r t t  'IPrt 

experinrental detallta annl the msults are  presented i n  

ohapter I T X .  

1 Born Praamne X-rax Studlein 

IOm thst the wrieirrtioa of 3.a.y~ #pb\Oill& ath 

pressuse far a pure @oatpound exhkbiting m-entran-t phsao- 

menon wtm established, it ms felt that it would b e  

lnterssffng t o  awry oub ran oncrurate detexmimtion of 

the temperatawe tmiatidulr of layer apae%w i n  the 8opeot%s A 

phaee i n pure crasngmndo aorhPbf tiza re-entxant n@astio 

phase at attooegherio pmmxe. a s p f e r  IV deals with 

thee* il~oestigntiona cponducrted bn two p u n  a-pcnuld. 



& ~ ~ ~ ~ e a ~ r l - ~ t h y l - ~ 4 1 - 9 - d a d c p ~ y I b ~ a ~ o y I o x y )  b@pg?,oalce 

(12 CPEIElB) a d  +ayaol;bhen~rl-%&tlbt1wZ-4 (rlczkundstay2 

bansoyLoxy)bttnsowte ( I 1  GPWB). Both tfi@ crgspowaet have 

a wZ&a arsreatio mmge. 

A@ the Dfimgee in the 1~sye.r epaoing tntolved wwe 

expcs~%ad tc be very sgzall, a bent qusxrt;~ crystal mono- 

a4rromtutar was eat up and n m w  x-ray cell waar daaignd. 

&so, the samplo-to-fllra di@tnnoe -5 kept laxaa. %he 

sanrpX% w m  taken in a Mktndenrcam csrpillrxy w k i ~ h  wars 

eubaeywa~tly svauueted rurd ae&a& t o  pwvent tfre tlecmpo- 

m i t i o n  o f  %he cormpaw%. 

'Eh@ x-ray photagraphs war% E&@n for sr21m& 

ar~uqylest. r . e  ew~rt'i~nsntd net up oad the ks%a?ad- 

2ollowed gave sPlarp x-ray w ~ O i o n m r ,  %oh 8xparsum ma 

~ u m 8  20 how8 and %ha %~lupetroture d u b 8  the raxpoeuJcs 

slaulB bcs isrmrfntalled t o  +Q.2!iQ0. *&e tr&nmltiaa t r ~ m p c  .. 
raturen of the xlmpl.rs i n  the rtrip2llrasy were c11.rsake8 &%ex 

rauh a~cpaaure t rr datcsot m y  deampoa3idlnn. The & i a ~ ~ t e r n  

of the rings ware aaourately mwuzed using a laomdenalto- 

meter and an aocn;lcatnta ua~pruca%ex. Tkca rdat ive  aaoururry 



0 

of the  ttlrraeuzemnta i o  ~ a t l ~ l l ~ t e i 3  t o  be b e t t e r  than  e.1 A. 

Ph% obaeunrcail behaviour 18 e r i m t X a r  i n  both the 

crrarpound~ @tudieit,. *en the, t;~.r*pan'&%we i s  draoxeweb 

from %he noma1 nematic-sraeotlc A .traasrition point, athe 

.Eke spacing inozeuatll~ from .the a d d l e  w&on of  the t 2 ~ t a ~ t i u  

mnm -&ill %he regian the s828atiu A - rta-enf;rrmt 
nnmt lc  tr.mtrt%ion pchinL. Ihca r:rzP?laGion i s  about 3A f o r  

12 W-alBl? o w r  a ttUnpaus~%mn ran&@ of nb out 80*0 4 1.4s 

for 11 CPmB aver c range of 513'0- The eqmrimenl; *hua 

u l e w ~ y  shows that  yome kind of stsuc*twal ahan&@ kin the 

armsotf.a bilre;ysr Wkes plme a8 s, pmaumor %o Ihe forrpa- 

t i on  aZ the re-ent;r&mt m&5t2o p h a .  

Exp~lnzernt t o  pm'w t h e  cmtipat.a;llel coathelati on '*fi -. -- ."- - - ..--- 
X I  h a  been rawtiomd saw3Aer %her% i n  oumyoundrs 

w i t h  BL teresinaf oymo group, the near neighbow some 

lsrtlonra are ant ipara l le l  end athe molecules foam a bilemr 

i n  the smectic A phase. A d i r ec t  osnfSsmuation of $he 

a n t l p ~ z r d l e l  aorrthexati on was provided by tho follawiag 



~~rperk~wnt. A pax* ~arsy~und with a ayaMO W9iiZ gx~k~y,  

4'-*Z+p011%jr~ 4-0~1~~~f~blpkitlzl;yX (503) W O$~.LC)PIBXI Poz! tPIe 

&.t;ud$. %he d56cZeet~ic omwtm6 and *tap reZz~ratSva in49)Y 

of @olu%ione ul: 5(k2f i n a n w  p a w  @&vent (benzene) 

ware mcl~iured over & r a g e  o f  cmtaat ra t iom at a tiempc 

ratura 3*C above dire rrer(18tla-LaoZr~pio tsmwiti au poSxh% 

o f  pure TCB. Fhs effective digole  toorsenti par aalaou3.a 

w auluuletfeil frm theae wwuraaenta. 

It waw found tha"coos very dilute salvtium the 

value af  the dip&% raopnent i e  5.3 debye, wilioh i a  tha 

cilipolsa mao~nsn% of an isolate8 ;nroleouLa o f  30331 %he dfpole  

rnotmnt m e  fauna t o  deorealas with the iaorga~e, in own- 

aentxatioa, Ohr, sffwtivtr dipole a-ne in the iuof;ropio 

pha~gl OE p w ~ )  9Cfr being 5.39 6a~)bya. v&ifl a~]1~1.a5;1iv~)Ly 

proves that  tho war n%i&tbour carrol~~tiuza~ are  @ti- 

pnrdLZsl f n 6aaah aompoutdrt. The m?sblults fcrrra the r i s ~ t  

part of ahapter V. 



uz ~hsr o a xs ~ n a  @proup t o  the s o ~ e o u ~ a ~  dsdpoJe momen% 

along; the lwg staleoular anjlrs i r t  4-05 i). PW.8 btrCfeutLt 

%he e l i e l s ~ t r i o  g r o p e r t i ~ ~ s  u f  %he ueafkiru. %he itf snlerrrzia 

animro.t;ropy A e n (ell - eL), W ~ X @ ~ B  ell m d  e, ia*a %he 

prlnoipe3 aleleUtrlc? csowtan%s naehiuicnrd pet-rdlal ouut 

~pcarpen&ioular %o the g t l c  ads ,  bacoaaers po~ieitfvo a i d  hsa 

a l81Fge vakur, lleYkc% ~ t r W ~ 3 . y  pt923l? cWi&&Uncl@ aso d.@a 

a b ~ i l a t e r i s e &  bx it nfstrny*..gr prooftlvo cZiuleo%x~ic ;uLinotropy. 

o f  the important c&?eegtenooe o f  thq3 ern.tij~e=all~l 

m a  t~o ighbw* cofrel~atiun in Lha bilwr$r siiruetr-txo, a& 

p a i n t ~ d  out by rYe3dhusudnnn am3 a b n d r a a a l . , ~ "  i s  % b t  %lira 

a.Versge ~di~ac*tricr aatl,.ttmt ii &E + 2 t L )  *~~0~ili! be L ~ P I O  5 '1 

t%an 4he eatrr?pola%mt duotr+opio value (sICp). "fh1.e) hhua 

been vct .c tSle4 expacfrocnSlilly i n  n number of' cyrrno oompwnas 

by %tna and ~hia~hidhar." ' P h q  uhoved tha t  s w walZ 

" =is deores~4 with deerewe o f  %eolporu;ture, which 

be attributed t o  the laoxtkwe ooS ani;lparrrUel oxdaxiw at 

loma? t emporams.  Benoe a study of the iiielatotxSo 

p r ~ p e r t i a s  of the cwpound$ k ~ & l n g  re-dandrent bath~viour 

l a  expcrotacl t o  reoeial iaEome*icm xegwt%iag tihe chmqgarr 



t k m  W a  place i n  the bSfaJrer, prior  t o  %?ha Eonn~Uoc6 

09 tho ro-en0rcznt mr~u%L;~c phwca. 

lgul x-ray ntwlies  eet&lSs;h.d that aubtie abngea 

i n  Ph6 bilrayer o$zxatuxe we m@poaoibis far th@ iorrrurtion 

o f  the  ra-enWmt t i a  phwie. &we .tk. J i e l ~ ) a t r i ~  

atuaies m e  important4 i n  u n d e m t w % ~  the natiwe of 

aoleculm arraoaiabiona i n  BiZ.twenc phtcsss, a mtudy of 

%he s t a t i c  dislecttrio oonstrnts, wan taken up i n  the two 

puss oompounda 11 aBB an8 12 DSivlBa and in o b i m y  

Paixture 6 ~Q3/8 OaP) ,  all of wbioh &ow the rs-entrant 

behaviour. me resul ts  are  diecnrelsard i n  the h t k K c  pax% 

of chapter Y. Both e,, (MB S, Wre manurure8 i n  hhe 

prssenoe of &L 80rong rpa@&io f i e ld  (15 X0surss) Jhich w c u  

usM fox i3bt&nin& good nUgmant ae the ample wnn coolet3 

~tstaa for the ~ ~ ( ~ ~ a w m ~ n t s .  fPha te?mpsz!~tue aaUSd ba 

mssururd t o  wfahin +Q.02TWO. !El%* oroaurrrcly of the re la t ive  - 
and the absolute sule~lrasy i p r  r e ~ k o w d  t o  be 2ih 



%he etuiiy of the rarlatim o f  the  p r i m i p l  dieleotrio 

oonetante of t he  eryetwe i n  fhe i r  ieotropic, n o n o l  nemutia, 

uaeot%o A an& rcr-entmt namatia phases hae given some into- 

restin& results. 

( i )  With asoreasing twuprature, c,, ixuoma9ear am¶ GL 

deorearree, thus showing the  norPlel behavatour exhibited 

by polar c q o m d e .  

( i i )  !i?he average dfelea%rio ocml;ernt g, evaluated fxom the 

mewured valuers of e,, and e, [whioh i e  less than 

the extrapolated ieotropia value (sic) due t o  the anti- 

pardllel  o rde r iq  of Ohe molea~sar] ehwe quite an 

unexpected variation. Pa the  kemyerature i c r l  dactruraeed, 

." 
r cleosaases t h r o ~ h o u t  the uwnetia range and WBI: a part  

of the srneotia range. On further aaoling, @tarts 

increamimg. i r r  gerhape related la some w a y  t o  the  

revers& i n  sign of the %hermil, expanraion of the layer 

epaa iq  dieaueued la ohapter IV. The inoreauing trend 

i n  Z aontinues r ight  throu* up t o  &most the  lowest tanpa- 

mtwce of the re-entrant nematic pharare, mere  i t  praatiaally 

merges w i t h  the extrapolated value o f  ee,* Thia izxereaee 

in 5 eignifiea a diertrreaee i n  antipaxallel oxlterlng as the 



re-entrant netnatio phwe i e  approwhed. 

1.8 Uielaatria Mr?pemlon 

iPhr 8ie loc t r ia  oonstanfa 8 ,, ww3 ei 09 llqttLd 

~ryatale  or^ $seguemay depandsnt, kl whibits thB nonepl. 

Debye m e  ralexation whloh usually occUT1p i n  the aSis re@on 

JIereeur e,, shows an addltioaal diarpw@lun i n  the low 

fiequenap. x?e@an. !&&a low frerquen~y rli~psretcn o f  a,, 

hrrs baren raxtsmively studied for a numbor o f  p a a x  rroprgoundat 

notably by h t n a  enB ~ ~ h i d h a r . ~ '  X t  w m  firart shown 

by ~ 6 1 6 ~  end g,uPs3* tha1; the ramcation ti- 

proporti oasl t o  the expoaentlrsl o f  (q + q,, )h'P where q 

is the nematio gotenti@l arul q ia the anrtivcrtim msr#y 
r) 

due to Wis<aoZYity Of %k% mdiW~. Thas d WtaX ~ * i V a t i W  

aerw M=(q + 9 ) therefore o m  be dstemrrcr8 by gleaaruring 
r) 

the twparxatwrs rparistfrnr of %& eofl s,, . Msuiae the low 

im~uemy solaration of s,, i n  .t;hs no-2 n m t i o ,  

mect io  A aad the re-antxmt namtio phrrse~r werr stWsd 

i n  botk the purer aoKIpoun8s 1 1 WPiafB. 12 (LPM3JS 9nd i n  the 

mtxture 6 W/& W, 



'the aispexrsrion of G,, i n  the frequrancp m@an 

1 t o  20 KEIa waa nerreured by a Wayne K a F r  brkdg8 

(B642) ~ e l n &  an extexwl sieuroe aad deteotw. Bar 

reealrur-ate i n  tha fxe~uexuay xamgs 100 ms t o  10 MX~P 

another Wayne Kerx bridge @602) w e 8  used i n  oonjunation 

with a Wayne Kacx (9K2613Z) sowoe and detorctar. The 

~lraur&mm er ror  i n  the betex,reinstian of the fxequemy o f  

relarcraan (fR) b f  at, is estianrted t o  be 7,g. llra 

si&f'icant resul ts  whioh sua~r@ out o f  t h ~ 5 s  studies 

a m  disouamsed i n  ohapter VP. Baaae of the i n t ~ e e t i n g  

obeet"vi&tione mlvde am: 

i The aat i ra t ion enor@ fo r  dielectzin irelaxa%ia 

is high i n  the nmmi3. nwmtia phafle than Chert i n  

the eraeotic phwar. ~ r u a n  and ~acrratnisbr33 h v e  

BiLeo ~ L l B i l f ~ :  obseroafiona on BOB. IPMe $at 

U o ~ % r a r y  t o  w b t  one w&d uxycrot sinoe the m c t i a  

phase i s  m o r e  o x & e ~ t l  and ha hi&e~ vfsawity 

than tha m m t i a  phase. Perhaps the bililyer sstruoture 

of the eineoXfc phwe saaohow Wces the rewitankttion 

of the  m&aaulee eaezer. 



ii la f i b  B ~ O % L Q  pfU*P1)~, *hB p20t 02 the St.9p~~nuy 

of rc.plrurstfim versua I/%! gives two diratimt 

8trdg;ht Urns with diffwent  aloprss (or iZif i 'e  

m n t  activation en@r&e@) indicrstting a k&nd of' 

atsuc%ural ahurwe i n  %he *ate@. A paat to be 

nosed t e  Ghat the tenppern%we at which the  &Lope 

ahmges rawXLy 6omesnrpoPds t o  tha temperature 

at wftl.& berrmea rs. rPmimm. 

iii lPPIe re-=mtrsnt nm&tlu phime him a ~ u a h  h&&er 

sotivaation aule~gy (the imxewo being more than 

69s) than the n mnratio phaae. T h i s  allearly 

show8 that the hin&anc~e t o  t i ~ e  reorlentation of 

the, moltaaulae i s  more i n  the  rtr-errtrwt t i e  

phase. 'i'hta i e  the f i r a t  exl.rarian@nM etSdsnce 

t o  8$aw that Oh8 aaoleaulzm aeeoaiationa diife- 

rent i n  t h  t;wa xleolauo ghurses. It rpw be 

mentfonsil hetss -that af the prsrpioue tnooxetlcerl 

&iacrusaloa~, of rea-exatrant behavlawll f~(1v8 assumed 

%ha% tAe  tw@ D.enmtio phrraes are iipentiou'l. 



X t  i s  worthwkLle t o  reca l l  an eburlier discussion 

xegwding the twupers%ure oarialtion of  2 i n  -the three 

re-entrant nelperfogexw atuaied wkich is indiemztfve of some 

structuraL change i n  the syatem. In  the study of the 

BieZectric Biapersion, i t  waS noticed tha t  there are  

differencrea i n  the n d  nematfo and the r een t r an t  nemati~ 

phaares. It i s  iw%rucUve and ir.~%eresrting t o  find wt 

whether the changes are refleoted i n  the frawport  properties. 

Hencre e atud y of the temporatwe dependence of tb principal 

eY.etttrlcal conduotivltiee of bhe pure oolapound 12 CPMBB and 

of the  bimxy mixture 6 OUR,& OCE) wna taken up. ! E m  experi- 

mental rtst up use8 .for memusLni; Lhe s'ta1;ic i t f e l~c t r3c  

constants was uraed Go met%euxe the co~xduut2vi'l;ie~s a ,, and cr,. 

IPhe accuracy of the rela%ivtt vaaiat ion of a , ,  wlil a, was 

+ 0.2%, and the absolute aacbu~?dcy w m  estimated t o  ba - 
about 3 t o  4s. '%he results f ~ x m  chapter VTL. 

me r a t i o  o f  the conduatS8v;tties R u,,/a, showa 

an intereating vwiat ion with %enpertrture i n  both ths 



syatmm studied. Ae the eOra~,erature i e  dsorefured Prom 

We nsaua-tfo-ieotrogic trsulrul.t;ion poina, R inorarburee 

Wsaugho~t the neroatfo range. I% trwcircrhee sr maximum 

M u e  cat cr tenuyclraturs aleare t a  the n-atie-eaao A 

t r w i t Z o n  point. On further ooollng, K tlacrsrcasr ovsr 

par% of the ameatfa xaafgo. SllmiXiar deorewe of R i n  the 

meat io  P @we haw bean obrprwvad lor @evexiill b i L ~ m  

mwatiwby awe&-Wowarerl a t  al. 34 After W e  deQTde~e, 

R ~ e a e c e e  with *the= &ear%Euse of teaperature, tbe 

rate of inaream beaoain$ very faa t  i n  *ioinity of 

t;he rs-entmnt. nemQia-srasotio A Zransltlon tetaperahrre. 

The inereaee aantinues even i n  tb ra--entrm1 nsaratia 

pWse. W e  h a r p  imraaae of R on appmaohing the 

Baaaclia A - re-entrmt nsleatla t r ami t ion  ragion fe 

sipEnfficreat. 3t inBi~ates a nemtio Ulre behavi- meat- 

feieetetd as a prefranraitional ef ieut  even i n  the ~ s s c t i a  

phtrae* 

SO~PPI of U l c r  sesults  of thraae inVeati(r;atiane have 

bwn pablished f n  fallow- gubliotrfiune of whicrh t he  



1 ate xi$-eatzwat pbap~eoon in 4'-flroatyloxy-4- 

oyb~ndrriphenglr A high prseeuro atudy of fhe 

errtcaottct A layer speralng (in oollebosatlon with 

t3. CW&raeelchm and W. b8usshldkmr) - Papru: iprsrr@n*@$ 

at tbe WrB litquid OryaW O ~ ~ e a c e  of Saolaliati 

Oountxictha, Budwest, ilw~ta,ry, &&p& 1979 

(to bs publI&ad in the Prooereclin&rr of the (fWgl:1pnae, 

2 A high preeaure r-rq c e l l  for l iquid ar*yyeWe r 

Prerer~uxo dlep%ndQnae of the a a ~ o % i o  A Layer apaotng 

OX 8 00B i n  re2ation to i W  r v s e n l r d  beha*iuur 

( in  uoJTabaratian w i t l a  N, -hfill~a) - YroaetMiiays 

of the Internnation& Ziiuuid Orystalra aoaierenae. 

33 ore, 1979. Xd. 5. , Iieyaen, 

Cond~n, p. 115. 

3 ?emperatwe dapenaenoe af the %meoticp A layer spanLng 

i n  $wo st?-amfrmt nsrntogeras, ( in crdLlaboraMon vith 

S. CbnZtrmBkhar and $.A. Sureah) - Pro~~&in$% of 

the Intern&?'clanal Liqaid OsysteiLs Conf~mnuzc~, 

Bangalom, 1979. Ed. 3. Ohandrnasefshar, HayBen, Lorulon, 

p. 131. 



4 Melectrio stucltaea o f  aanr ns-antrat nwfl.to&QlfPl, 

(in wollabarratimr w5W kh.R.Ratne 886 B. Uahar). 

Prowoe&inge 09 the In*emmkionral &&quid Osystezle 

aoWemnoe, Baqalonrt ,  1979. Eb. S. aRdrohsskhar, 

Heyben, London, p. 135. 

5 Bcperirrs~antd ei2tudies os %.he elect~icral. eoMuotiviGy 

02 two re-ttntrmo aemtogsna. (fn oollatrw~tfan 

&th B .B.Ratxlpa lvnd R. Shasfmidhar) - Preatsnted at 

the Eighth Intermtiatal Liquid CrysteiLs UonPareacsm, 

Kyoto, Japan, JuneduZg 1930, go be publiahad i n  

the mooejtta%ar of t;hu ~onParenad, in #olecuUx 

Uryeeale wad Zl,&uib bW~s'c&s. 
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