
4.1 f ntroduution 

We caw i n  chapter X f l  Wsrt t h s  fonmtion of the 

re-entrant IbBmatia phase at high p3ccreatxw is assooiatdl 

w i t h  an (~~pe~rzsioza of  fhe a m ~ t i o  1 layer ep1~0f.w with 

inaxewe i n  p r e s w e  as red ind*s8 prodluted by rna62.8 

e t  $1.' I n  the light of' she above result, it voulft ata 

of' irPportanos t o  study the mixtation of' the Zsyrer slgrraing 

wSth te~eperatwe i n  oonrpMurrfre exbibif iw re-entrant 

behv iow a% 16atrPwpherio greleewca. (Phs Piret  X-rsyr inves*i- 

gation of such a aanp-d ww by WUon et dl.,2 who 

leltudicrd the srmeat&a A layer spacing as s fwrctfon of 

Oua]aclraWmt far sr irrrlxhrr. of BJ-(plhwyloyybenaiy1idene)-p 

&nobenrsan&trlXe (IiBAB} i n  N-;p-oyancbanql&6ene-p;1b. 

oatylixtyeinilfne (tE3aoA). l'lzta Beixture ie  kxbwn $0 sxWbit 

the re-entrant t i a  @we aver a ~ a a ( ~ *  of o ~ n a e n t ~ s r t l o ~ . ~  

'Phey ZouM Chat iclr a sample of 7.7s E a b S  in QBOOA, %he 



Layer epaoing i n  the rameotLa A phase inorrt~urea aonti- 

tglouely with dearease i n  taaP~ratura, over the ent i re  
0 

msotio A phase. The lapr rap,curiw varied IImm 33.5 A 
I )  

et the naeot;io k-neaaatio trarrriMtfon t o  53.8 A very eLa8e 

t o  tfre meotta A - rwentzm* nerpcrt;tc trazzoikion. !&la 

re~elslentrr a variation of abwt 1 f i  mr a t~uppera%w 

rango 0.f ailout gOcO. tPha mw-entrant m a t i c  yhaae Piers 

&ao been obaeirvad i n  binary m%xtuxes o f  w e  t e d n r r l  

aanpolrnr liqufd oryntrala with H 0013 rznd CBWA, at strsrurr- 

pher1a pmaaurea by $?@elan a t  For an aquiaolar 

awple 02 8 OaB/C1SWA, whltah, shows We re?-e&rcsn* namt&a 

phase, they hare @laadis& the varlartioa o f  UyBr thiokmas 

ae a Sumtlon of temperature. 1Mrey Bid not f i n i E  any 

twaperaturss dependerne af layor spaoigg f u r  the mixture. 

Re-eatrant nenratio phases have been dilroovwlcrd i n  

pure a q & a  at  atmoaphexic prsatmre bg Medhwudrrna e t  al. 5 

i n  o w  labmattory. A* &out $%I@ eame t.lme, Ibxiloufn of a. 6 

alao reported the  obammtion of rs-antran* behadcur i n  

s m e  other puxpe Wmpounds at a-oapheria ~ X ~ S B U T B .  



With 5he aWlabiUty of pw?a oapouadra exhibftdng 

the ra-sntxsrrt nimaWo p W e  at  a-osphario prseewro, it 

vsie f Q l O  that it w ~ u l d  be noet in$erestiog rbio oaxy out 

ain rrcroumte def nation af the tmpexature depeni3uace 

02 the enmati0 A liaytbr spacina;. fn W s  ahapter, we 

prsleno %he reaulta a2 aur Pxavscet.i&a%Lon on two pura 

re-sntrani; -a%Oplem. We w i X 1  aoapsrcc our rcssu1ts with 

thr X-rray a%lrdirs i n  s w  athex pure oampounxls cshewiw the 

e ** a l e 7  clnd bi Zievrelus ts$ al. , l a t e r  i n  the clnapfes. 

a) Oorrrpounds. 'Ibs crarpouaBa wed i n  our ewezttip~~ate 

are +oyanopheny1-'faae~l4~4-leaodeaylbsn~ylofy)b.mao*te 

st2 omB3) arad the eorzwpondiw undacy3 hui~oXoSua (11 UPHBB). 9 

3!heir stxuc$uxal famulae are &own i n  figwce 4.1. Both 

conpaunda were f i r a t  report& by pml&hwu&psne e D  t o  

ShW o aonotxogic xeetsltrrpnt mlaatio pknaea. 1Jhe trantritioa 

tmpratuirea ae detemined by t h e m  ;Pniom@aopy wfng a 

HeftXex lsP52 wed i n  aoajuaction w i t h  k"P5 taruporatwe 



4 -  cyanophenyl- 3-methyl-  4-  ( 4 - n  - 
dodecyl  benzoyloxy 1 benzoate 

(12 CPMBB 

4-cyanophenyl- 3 - methy l- 4-  ( 4  - n - 
undecyl  benzoyloxy ) benzoate 

(11 c P M B B )  

Sturotural iomulae o f  12 C P m  and 11 CPlr[BB 



'Psamition twap~rraturea i n  *C (en oooltng) for 12 CPRBX3 

and 11 GPHBB st a*ot&?krica pr6ernrre 

It l a  seen that Ba%h them owpound?# keve a wide t6nrpe~aW~~ 

rmge o f  mea'tia A p h a e ~  - about WmQ for 12 an4 irbwf 

5Dm0 far 11 WPZIln. 

b)  The gloatKIhrasator a s % - -  'She detemination o f  -- - 
the i w e r  epmfng w a e  oar~ied out photaesphdoarlly uaZrrg 

0% radiation ( fram Philips SW1730 Frrqg &emratox) 

aonDahroarator is oP Johs~lsraon'fj type. In th&8 a quast. 

oryetdl plat% i e  oon@avo-o$L%&i&y to  the 

radius an while the ayUnder %rie i i v  perdAlel t o  (10 7 1) 



t ion of 8 mn.ow vavelmgth xmge due t o  eelective refleatlon 

STam the planes asacrrdiqg Oo Brag#$*@ Zav. For fha Ouira 

rrrdtrt%i@n, the zwUula 02 deacsatian (i.8.. We rMius of 

Qumaturcr o f  the 03:yoW) ie 916 mar, .Une dlatanc% &crra the 

euba iocnre t o  ory;etd uentre f e  80 raaa anb t he  dis%milnoe ilMa 

the aryatal 08ntre t o  WB iwU1 l ine  (foaal lea&+&) is 

210 m. %ha sample we8 pboad a% We foouu o r  thsl aona- 

ObrmWar. %?ha earn* fmus ww Be%.ermined by t&iw a 

sorjes of tzi& phot@&rapha of the beauli, uloae t o  the 

e~peoteQ focal epot. 'Pn rointollse the, dAvergenoe of ths 

%-re@ bsm, the exi t  slit of the eronoohrewo%or was 33arrrrw.8 

dam t o  &mat T m. B e  set up l e  shown i n  figur~) 4.2. 

a )  The simple Boldor ond Qlhe heater. 9Ch. s(u11p3.g -- 
hold*~  an& the eX111ctCloPil & r n % u e  wed lsa aainteLin the 

t a p e r a t w e  of the maple at Bny desired valw axe gives 

scholmertio&ly i n  figare 4.5. lEhs ample holder i e  nerd8 

of oopper. Z t  has a 1 nms bale t o  ool l imte  the X-EW bears. 

me difiraatdld X-ray barn errtergesl uut af tha s a p & @  holaer 



FIGURE 4.2 

The monochromator used i n  the  experiment 





t b o u h  a aonfoal apertussl, vhoee axla oalnoldss wiZh 

tha t  of the cnolliuurtor. IEho aanioal angle of the apedure  

is abaut 45.. whioh is m o r e  fhan adaqua$@ for the X-xay 

dlffraotion s tudies  of these oamap~undrr. %ere is a 0.75 l~lll 

di3~glat;er h o b  a t  the aentre of  tihe sea3pl.e holder, t r t  right 

angle6 ta the  iaaPaent X-may bem. % h r o ~ ~  th i a  hole, u 

X1is1dtvmrm capill&ry cronCFwining, the srcrirapY.ple cam be finarted. 

The k~eatarr uonsitstrs of  u ufrou2ar a~ppez  tube ef  

about 6 ae Len@ and 5 cpl aiweliaz. Nicthrwe wire i s  

wound r~u>un8 it@ outer auzfaoe. By ad juraiily tb uaxrent 

thsaugh tho wire the teurpaature i l a ~ i d a  the haatex aan be 

merint;&ned at an$ deeixed vsilue. P M@ly a b b t l i s s d  power 

a p p l y  waf, used t o  miMaclee eslectria ipurre~it fXuutuatians. 

A projecitian i s  prayidad Sn +ifhe hestor Oo mstah 8he 

notah at the heap of the smplp~ holder. 'Bite help* 4bc p l m e  

%ha ~arapls  hol8er exactly i n  the  same gaei t ien  everytime 

Wre aampla i s  mouzGod. Em rjrunyle-lo-film distance thaw 

remf ner m9ltased. Mylor @herp%e of thfakknerser 6 ~;tioroae, 

@ue& t o  copper ring6 tha t  me eorewed fa* the  b d y  of the 



heater, mom@ aa t t fw  wlniiowa. %see &#?era* &r 

aurX%ImtB rsd %h;he??ebgr 6YOid trmrpmw- il#OuaWoZW 

ineide the hater. 

d)  H@wurment of C~np~ra-. A ohranel-prlunel 
11- 

themooauple, one juaatlon of  is i n  oon%a@t wibh 

We Lind-n oarpillary, w a  usad i n  conjunctian with a 

472 d i e t  panel meter t o  rowewe the temperature of the 

pimple. Tha Waraoooouple ww oal%bratcpd by %&I.= 

strm8&t ea~sgles l i k e  aaabsnsal, b o n a l ,  phanacotin, 

benaanlilid , yrma%o*y.ontsols i n  L4Wernanrx ccrpillariea 

end obssmlng t b  Oransitiozm v iawf ly .  '&e %emperwtura 

of the eamp&.m in the aiapt1Lm.y a w l &  be re& anii U a -  

WmcT for long pcariode of Umae to witkin *0.25eU. - 
e) Xr1"ay meaeruranentrr. d i e  288 atma o f  the @WW was t o  ----- ".-- - 

an~rtslurts mwd.1 Ohsnrns is the, layer ape*ain$, tPle sample- 

to-film Aia-tcunlae wdls kept quite, I.arg(s (orpprmirslately 460 ma). 

ample ww taken in the pmdered foam i n  a Zim3e~aann 

oapdflary whoas diameter i s  about 0.5 mn. The o a p i S l l q  

m a  then evaouafsd annl aenled t o  gremnt tfra deo(*~l>wition 



of the ooraponncf. I t was p1a~csb i n  %he sanple hoMer 

i n  goeltion, rtox%al t o  $he X-ray beam. 

%!he inteneity of We diffXuclCion mazkna obtained 

for the & l ~ d  s8$rp1ea win be hi@ sime these asa 

oonuentrarted i n  Wo epotlr. me dlsiidmoe between %he sgota 

obtained ten be aoturpLte%y memured. In our ctxprzersnta, 

pan silieyned sample oould be obtained since the compWs 

having terprenal u p n o  groups hove a tenrlanuy t o  align 

btxaeoWopically. 2ho hoare o t r ~ p i  ca l ly  aligned ample uslad 

i n  aur Bx@riarenfs wao  obiia&wil by slowly olooXJw the 

senapLe i n  @be Lindamruur oapillwy f r o r n  the iootrbpia ghaee 

t o  the  amclu*Atia plume. U s i n g  the aPl@ae& saaple &on& with 

m o n o a b m t i c  'hem gar% very &sup X-xay r(~KLeutlon6. 

A 90n'k~Qt p3?int o f  the X-my p h O t O g X ~ p b  i t3  atran i n  

figure 4.'4. 

exposure $$ma, wat, al?oufiU ewnty hours at 

e ~ o h  tmpexatwe,  t;hb t ~ m ~ e ~ n t u z * ~  i t e a l i ,  as BBQfd earlier, 

being msaintRine& t o  - +0.25'(3, *The d l f  f rac t ion maxim bearme 

vexy d i f f w e  on appronahiq: %he hl(*os %eYn~)f#r~%~C! 



X-ray d i f f r a c t i o n  p a t t e r n  o f  t h e  a l igned 

sample 



a*rtlatia f r e m t i o n  point. 5'02 3k;trs m~ltlon, tRg lager 

a p c r a i ~  wzls not detennfned 4n this region. @tar  the 

oampl@tion o f  a s  experfme& , %ke ntlu~tatio-isotropko 

wianaition tmgera%~;urs o f  %ha sanple i n  the astlled oayi- 

l l a r y  waa rsitetw.-tained cand wee Paund t o  b e  una2tered 

(within the crmrp~rrlarental emor of ;tQ.2!j60) even a f t e r  twenty 

nap, %is @hawed %hat the scmpouncp d id  nckt *mlargo aw 

decmpoait i  ou during the exd,apiaent. 

4h Eimetera of diffraction lcir&lr obtdne8 

were i~easursd by te3r;iw trraoerar of l;he f i l m ,  uagaiffed 

five times, i n  a aiorodemitoraeterr (Joyae Lwbl ,  Model, ~ C S )  

an8 by ~ i w  an ~ o ~ a t ; s  c - ~ i t i j ~ ~ ~ t ~ X  (UWB ii;il&@~ LW). 

samples at @3noh t a a ~ e r ~ ~ s r ,  EItttf data wflw hili;hAg 

ooaeiaCent, From tihe izrtwnul oomiertemy of tire data 

evalua%ed f r m  the  diPf%raiat mmurBaaexlt;a at eiwh t 

satare,  i t i s  satinsfed t h a t  the wle%iva aaaurmp o f  the 

Payer spacing macaewcpnent i s  be@tsr Sham 4 . 1  i, me - 
data we* brought t o  the &@olu%e soale by wing mcr 

100 refleation o f  p-deoanoic acid, the Id ' rP3,ue ei this 



a) . X-rw phol;wraphs mre taken a t  

ef %this tm~@aua8. The dismtat"tr of  ths riq$i wkd the 

layer spcaaiwa euaIu%t@d f r o m  t h a m  at differon* t a p e -  

rertwcls WB) given l a  table 4.2. The data yra plotted i n  

fus@sr c o a l i ~ ,  the vrlriaWon of layer q s a i x &  , xevera~  

uiga and *be epaoiq @sarta inerresraine; w i t h  dwreaas o f  

%wperekure. This fgorenafw trend of layer spacing 

is &out 3g variation f n the layer spacaing. 



laaperotwe atmeter o f  &@ye?? erpwing 
( *a) rlrs rise; (ma) (B 

------"----------."--".--," "--- 

62 27.625 44.44 

65 27.886 44.03 

70 28.05 43.77 

76 20.1 1 43*6fi 

82 28-31 49.37 

a8 28.56 4). 29 

94 28-33 43 -26 

100 28.42 43.20 

106 ze.51 43.06 

112 2t3.42 43.20 

I 18 28.56 47.52 

1 24 26.24 43.47 

$30 28.047 4.577 





%able 4.3 whi& =la plot%& i n  f igure  4,6. Be rpuige of  

the saeotio A phaere lor tNer ompound i t#  funmnrsl2etr than 

Wet i n  12 U W B .  me i~oxo&ae i a  the lsLgr(sr sp6~Qing i n  

t h i s  aappound i e  lees pranaunaed than i n  12 tYPRBl3. T U B  

e 
imreeee is about 0.6 A, whicph i e  about 1.4h vaxistion 

i n  tihe apaeing. 

,Tho errox bar  i n  the Beatermination of the lay= 

apaaing i a  awked i n  both the iimjusee 4.5 and 4.6. 

%he rasu l ta  thereface provide u aeouz w i d e m e  o f  

a etnactuur;rl ohanget taking plarrca i n  the mect io  bilayer 

a@ a greoureor t o  the Zawl%tion o f  the re-entrcrtrt armnatlc 

ghanre. 

E l @  m y  mantion hex@ the re(~ul.fje reported mim%;ly 

by the &wwh group on arherp gum aolapounde wktoh ahow the 

re-entrant betiaeoux at  atxuioospheric preesure. aiardouln 

ist hava inve~t ik ,~+mt the &l i fesen t  phaees of the 

eighth h~1~01o&ue 0% $ha 4-cryrraobighenyl-6 i-n-mlkoxgbarnsoate 

castsrs by X-ay diffreotion. Within %he laoouraap o f  W e i r  
D 

erperimntaZ e r r o r  (20.4~) they did not f%nd m y  varitstSon 



Sayer nrpwooiqg oi the mea-o A ptSaare e f  
11 at d.%ffer% fempsmturtra. 

Ufslaafrts of L w a r  
Pempurislsure the riw r3gaGaint3, C'J) (w) 





oS layw spaoiag w i t h  ikmperrature i n  the waeatia A @we. 

lierei2ut e t  as8 barn a lso  studied the nariiiitloa a f  Payer 

sga~ia~& i n  4-n-oo tylrm;3rbeaeroy1~~~r4'~0y~n011ti1be~0. 

The seqwlDae of phase trgdsSffons fn t h l l r r  ola~gouad i n  

%he oooldq nn&e is, XaetropSa 4 neaaat&e -4 a re~Oic  A-+ 

ne1118tSa + saecp+&t;io A +  s U d .  f t  thus showa two rca- 

entrant phases. The X-ray lstody pesfomad on fhiar pure 

campound ahowed tha t  the higher temperature mecltio A has 

a layear spxraing ' d '  &reatex than the roleoular leng$h *Le. 

It hna thus a bi1a;yar e t r u a t w .  I n  the rea+ntrait 

emectlc A phase, tihe lagcsr spacing i o  appraxirnateLy esqual 

t o  lnoleoular length. Elenas 1% i a r  a kaonohpr '  

BmQtia A. Xn i&ie higher tarayexatwo aw(toUo ir with o 

bilaycsr structure, mrtets the nmatla-mwnactfc A l t r w i t i o n  

point, %be value of  ( d h )  i a r  fuund t o  be equerl to 1.24. 

piith C!%cr~aae In twi~erature,  the viiLve of dl% uontinuouely 

decrtamasae. Berm the rameet~c A - re-entrant mw~p;t i~  

trerwxtioa point, the  rafue beoaaer~l 1.11. The dlwnge i n  

the lqyex ~pauiry( is %hue, quite large, about 108 over a 

Csmperature rms of about tOO°C, No appreciable oht.tnae 



wsnrs fovnd in %he antixe rtbsntrant mwcastr A W r .  

%?he oalw o f  d/Ti in thlrs phaas i r  found t o  be 0.99, 

Thus the behaviowr obeerved in thfrr a u m j ? d  i a  

yuiee Qiffortsnt &oua Chart observed f a  our OD~~OUII(IOI. 

8altavwtht~laars th% xoauLt;a do ~l~lphwim Mathat otn~ehrxal  

ohangee in the bilaysrr amrrawment w e  imparbat f o r  

Zox-~a&tAon oP thsa re-entrcmt n w t l o  phase. 
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5.1 Intraduotlon 

It mser mentioned i n  ea r l i e r  chapters that the 

rs-enW& phmnoaanon ww obeerw~d'-~ i n  elnoet 9iU tha 

ootilpawrl(8 whioh have a ayano end moug e l o w  BbQ l o w  

m l s  of  t he  molaaula. %Us t e w l r p l  ~ C ~ Q W  i~rm the one 

whioh ia mspowibble fw %he polar astwa o f  the molecule. 

f t  wscll aleo sta$ed ea r l i e r  Ohat i n  euuh atmmgly polar 

ampsunas the oo~xs3.aUan be.bw.en iraighbowing molstlules 

i s  a n t i p w a ~ e ~  .' ~eaen t ly ,  ~ i a r  wcas ao&imrd i n  aau*ron 

etudlea of Buah 0 0 1 ~ p o ~ n a ~ . ~  An important caneeyucmoe of 

antiparallel  araaoa3ation of Zhe aroleoule# i e  mat the mean 

dielao%xfo uon~tiant a in the nreeopbase betlames Leas thtLn 

the i ~ o t r o p i o  value (els). b6aa~8d of tbe dsorcaaae i n  

m t i g a m ~ e l  om~~brixxg i n  the icso*ropicr p-rs.lf K- il, 
1 the average tfieleotrio aonaternt; = $a,, 4 2e,) whexe 6 ,, 

an8 cl am the pxirupipaZ dialeatr ia  conetant;zi meaiweb 

P - ~ ~ Q Z ,  innd &W~ndf%uUZ' %O a% 0pti0 caUi8. Ratm rend 



-0htahsr~~*'3 har. srptbrinrsn%~rw rarlfi'lsa *bat li i s  

l eas  than the extxapolated isotrogio value i n  a mu~lber 

o f  ogano cor~pouftber. %!he sxpex1menta.l QUPVW also shawrt3 

tha t  ii ae well cus sib Beexbb183@ with ;heorewe i n  tmpe- 

xsture, which w a i n  may be ad;triButed t o  the iaorsare of 

ant;iparalXel ordering at lower teavperahxes. In tha 

f i r a t  papast of Wait# chayter we psesent a awe cTirsct 

evidacre o f  the a.n%ipauedlral aorrelatiun tam3 its infAucame 

QB hfua die lectr ia  gropelrtias. 

We maw i n  ebaptorm X I X  and IV Chid serubUe Wngus 

i n  *he bilayex #%nkatuxe as ewidenoed by Jt.xry. atuUels, 

are  responsible for the xcenk:ant bahadoux. A tmtudy of 

Wne dieleatxlo progerbies of theae compoulds ahowing the 

xe-sn*rmt ~)ma?&a phaar i a  *erefore af oonaiderrzble 

inrgcgl'tame, einots S t  1s expwted t o  re=& the nnOuMl of 

the nroletpulwr msoaiatione i n  We different phaeee. We 

have udextalen a detailed & m a t i g a t i o n  of the e t a t l ~  

dieleatzic oonatarxto (s,, and sl) i n  the nomdk &ma%la, 

slaeetio d and %he xe-en0zlcurt natPatfc p h a s e  af .t:hree 

syoteara. Iwr, of thee8 r*re pure ccgiyoWs while the fhfrd 



nerneUcr ghaee an ~ o o l i n g  the smpXe R Q ~  t b  swo t io  A 

fiwcl, at ia%mosphexio presmm. 1Ehe resul ts  obt&rr~d 

regamling the rarSsrfion of the s t n t i a  dSelsatria aogstan%rJ 

wkth ttam;peratura su?a disausred f n  the la$%@%? p e t  of %kLs 

chapter. 

He-rment or the dfslautrio a~netan7r of s o l u % i o ~  
o f  5OI.l i n  btbnesm 

W@ have d~taxralllbld the eXf~at lve  dipole rnoraant per 

molertule of 4 *-%I-@ n6yl-Wymoblpheayl (SUB) by ~~leasuxln& 

the a idetat r io  aonrrtat (el$ the reiraotive index 

(nI2) of r ~ ~ l u t i o n s  of 5m i n  a nonpolar ~ o l v e n t ,  vier., 

The d1tlltsotrj.o aonstantrP w e  meaaured wZng, a Wayne 

Kerr B642 bridge and %he re i rmt lve  lndtuste by t;hs pxiaPr 

Rif3th~d" urlag a goniolneter rapcrctrmeturr. iPh@ dipole 

manat p is calaultlb.ed the (;YggenbSm sqwt ion  14 



4'- n-  penty l  - 4- cyanob ipheny l  
( 5  C B )  



where IfA is the Avagadro number, 

k the B o l t m e i ~  constant, 

E the dielectr ic constant of the solvent, 1 

nl the refractive index of the .solvent, and 

U the molar o oncentrati on. 

811 the measusments were carried out a t  the sane tempe- 

rature of 58'0, which i s  about 3.C above the nematic- 

isotropic transition temperature (35'0) of pure 5aB. 

!!he dipole momeat & of pwe 5QB a t  9'0 i a  ualcu- 

latad using the Maiar-Meier equation 15 

4nMgP hP 
E "  1 +  

sti2 
(a; * -) 

M 3kl! 

where f' is the density, 

h (the cavity f ield factor) 5 + , rri 
1 F (the reacltion f ie ld  Eaotor) 5 --- # 

1 - Z f  
4xM.(2e - 2) 

where M i s  the moleoular weight and 2 ,  the mean polaxisability. 



me traluee d b t  we ham ueed i n  the a&onlartiom a m  

me a p o l e  mmente whioh are em1,wted at d i f f ~ e n f  

oonoerutraWona artt plotted fn fgguxe 5.2. It i e  laeen 

tihat w i t h  the decrease of cponaentxa%ion (or ia tsre~e of 

di lut ion),  the dipole# m w n t  p ina01claes l insar1y e'ti firart. 

ds tnta oaaentmation &c~~reaaee balow &bout tho 

tariat&on of p beuoareo muuh Imter. Sax croneeatration&! 

lea& than 5$, & imrerieeer vwy rapidly. '2he value of ir 

o b t & W  on axtrapolation t o  infinite dAlutlon i e  5.40 debye, 

9!Mis it3 the dipole mgaent of an irolil tsd ao&euula of 5aEl. 

Ligpem e t  &-'@ bare ale0 reported o ratudy of the deter- 

nxinattlon of the dipole matent of 4 * - ~ ~ t y l - b c y a a o b i p h . ~ p ~ X  

(TUB). Par aolutioae o f  differaplf oomentrationa of  7CO) i n  

n-oatrure, $hey Ram obtained result% uhioh are e&alZar to 

aura. "Phe i a a t  that the dlpolo, mansnt dearawse with 

inorease of ~onarsntratlon (*a 3 . 3 9  i n  the Saatrapio pha(10) 

grwea ooncluaively that the mar neigblrow: uorrelationa 

care m % i p ~ & % e # x  i n  IIucsh 0WpOk@8. 



CONCENTRATION [ W E I G H T  % I  



syntbaisei3 i n  o w  l&watory. 2!he &xtum w a ~ .  g i m  t o  

us by Dr. P.E.Gbdfe. I?h8 ohalniad ratsua%urea QZ %he p u ~  

oo8lpaunda and Lhoas of  the aamponarrts of the PztxWcs aro 

is dropfa  phwe ara &$van 19 table  5.1. 

5.3 

21~s~~sitlon taarperaturcus (in *a) o f  1 1 @H5B, 12 WHBB 

arnd 35.8 t 64.2 weight mLx+ure o f  6 Om In El OaB on 00olimg 

Isotropic - nsenatia 192.5 148 7B.5 





Both *he pure oaapoarnds h m  Wide msomeorpNa -er~ 

m~Eb C&reater than thin* of the mixture. &a mentioned i n  

5.1 the re-caatrantr a ~ t l o  p W 6  i n  a31 ths Wkr6e a p t -  

w a s  obtalnrd by oooUng the smple fram the  awafflo A 

phase. Measumenta coulg be made i n  the rcenfrant; phm8 

of 11 WMBB for a tempamtarre rasge of about 8.0. 1s 

12 .t;hia range was l e s s  then 3% fn the  sti,xtww, 

the merdinl;a oould be taken f o r  s x-e of abou* 6%. 

b) fPhe i l ie laat r ie  ael l .  %e d i ~ l e o t r i c t  QoneWnta w e r .  - 
smlwtc?l& by lneaaurlng t b  oaipacitare o f  a p h ~ ~ a l l e l  plate 

oapaoitor without ancZ with the saiapLa. iQha &ahematfa 

di*;dxp Qf. the dielect r ic  U Q B ~  i n 3  raltuwn i n  fi6- 

5.4. !Cite attll aonsfatad of two t i n  oxide oouOeit &Pee 

pxatiee w h i c h  etarvsll ae .Isotru%es. 'She separu%iun bstvrren 

the %wo pl%$ea warr fixcad by lrryUx apaaers. &s @ornuatire 

t o  Ql&liSM%e fhe aon%ribution of mylam, t o  the aip?aait~mae 

a f  tha oell. 'Ebe wf i re  arvhs of  tbs elffoemd~fi waa &out 

1 aq.m. %he platee w e e  held i n  s ~ogpak~ fxms 



Sahsmatio 8iagraa of  (a) dieleatrio oe l l  and (b) hsaber. 
1 4  Electrodes. 2. Bevel 3. Qopper clamp. 4. Qopper plate 
5. Braes eorewe 6.  Windowa 7. Clapper cap 8. Heoprene gaeket 
9. Hassles 10. Braee nu%a 11. Themoaouple. H repnssenta 
the direatian of the magnetic f ield f o r  E, measurements. 



aad ware m x d  Ugh$ly w&nst eath other udng a 

copper plate a bWYer to amid w*.a pr*assing on She 

@am gla*eii. Zlrs PQQ-BE s lo t s  mads tn the aoppex 

plate and the fmme a e m d  wit abawvacion window@. 

0) Efesrtigq. whmat;&o dilrepcm oaf %ha heater ua.8 

i e  shown i n  fAgure 5.4(b). It om&ate of 8 lbng IFacr&m&u- 

lax a w e s  tube with nicrhsme wAadliags on the mfex sucfaae 

folc pelseir?? e26utricisJ. orrrrsnt. 1&e XsnoFth of a% Matax 

 wid^ delib~rut83y made 1wge umpsrad to 'Ehrr aim 61 %ha 

dielsctrie ccslf to exwuse that there i a r  no %emparaturcr 

gradient within t32Q r*er~ple. Ak~tso, th@ distensions of %he 

rrentral ragLon of the hecater wm raiiwsd aat afar as pollsdble. 

t o  &t&n iaa hi& ;h nmgplasl~~~tia f&'iaLZB as ywaible. lEva y;Laam 

wkadow ppro9ided in the bstlter t o  faci l i tate  the 

ahetcklag; of the aZieprPaent of the 8ampZ.e during the awxm 

of the sx,perlPrent. By ussing a esp which csrn bs aaxewod 

onfa the t a p  o f  the heute~ ,  the aysbeun was s e d s d  aftiw 

pwr~iag nftrogen W~rsugh the nooslea. w a s  don8 am 

a prsoktutrion t o  prevent ozidaaon and Bewe -the doterfor 

X8%AO?3 O f  the 8ZitRpX~* 



d) Zemperolture oanfrol and meaeuroment. eleutri- 

o a l  power t o  t;he heater was eupplied by two highly stabi- 

l i m d  W power eupplies (60 V, 6A each). A rheostat used 

i n  ssr iee  with the niahrome w i r u f f n g  serred f o r  f iner  

variationm i n  temperature. We temperature of the aa~lple 

amld be aontrollea and maintained t o  bettex than - +0.025"C. 

A chromel-alumel thennocoupnp2e, prsviausly adiibretsd 

with respeitt t o  a st&ord thewmeter,  wrrsl used t o  probe 

%he tampe~ature of the sample. Using similar probee at 

various poaitiorur imida the heater, i t  waar previously 

as~rertainstl tha t  the stuaple d ld  not expedenoe any taanpera- 

tu re  gradient. The tamparatwe o f  the sample w a e  measured 

t o  an wauxacy c!f _+ci.Q2Si00 uaing a Keithley d l d ' c a l  mulM- 

meter (model $74). 

e) Sazzp3.e idigment. .... 2he corapowado, e~lpeaislljl 11 CPHBB, 

have a s t r o w  tendanoy f o r  homotropic a l i m e n t ,  i.e., t o  

orient w i t h  Ulreclmr normal t o  the euriacre, However, t o  

snuure a goo6 a l i ~ s n t ,  botih a,, an8 dL we= meamred i n  

tho presernae of a ma$na*ia f ie ld  of 15 K (Parues whioh i 8  



more %an twirre the saWr~3M0n fie14 for lihs thicWesaee 

of t h e ,  aau~gLa, uaarf (SO t o  250 niorom). The Eilimen* 

i n  the macUc A ;BBiaoa u&ra orclbIev(~~d by eXowJy coolin(p 

the w d l  alfgrmd nwmt;Lo in  athe pxeaenae of the nr t ie  

Ind.4, Thcl rrtagnet umd w a s  an &aacltr 

Bangalore) wfah 29 sla %trrpemd pofe piece@. me fftriclb 

strength was mea.ured by wing pr fluxmetex @el f ,  898). 

f) Meafpwmunt o f  slt&lc dicalecPr?io aanetus+ia. A - 
Xerr bridge (kf542) ma used ai: 1592 na to detarmtne 

static d&rsXecCrio aoilsffJnta. Yhf@ frequsnoy waa I&&& elswgh 

to avoid inZ;esftzc133 pol&rfPruei~n ef flscta at the# calec~rud6a. 21 

The ipteaured oerpacitancsl was -rlwaya domutiaff fax the r e 4  

otrpaai6anizat. 'rfze bridge ooltrr%a worosa the nsruaplg weur 

vuxy li)~ an8 dia no% have any rlir;t;urbiny inilliwwe on the 

The relative vwia%it.lon o r  e,, aad a, caul& be 

Batexmined .&a an wwaoy of O. 1 me vdue of cia 

~ b t a i m d  iaA@pspeadetat2y from Ghe two diffemnt ggsaraetry 

l ~ ~ ~ t o h e d  t o  within 18% rPhb erperbaenaal set up wm init i&ly 



uaed t o  neasure the dle leotr ic  ~ ~ ~ f a n f ~  of atsn8& 

l iquida l i k e  toulene and chloroben~lene. The values 

obtained for these l iquids e$ree& t o  wi tNn 2$ of tb 

etandard vdue ,  whloh l r r  therefore seokoned t o  be $he 

abaelute acouraoy of our maeersuraente. 

33. Beaulta and Dieoueaion 

The variat ion of c,, , E, aaci e for 11 UPiiiaS, i a  

12 (ZJXI313 and fox the 6 Qm/8 SK3 mixture i n  e h u i r  isotropio, 

n o m d  nmat ic ,  w a t i c  A and ra-ont;rant nematic phiarsea 

w e  B ~ O W ~  i n   figure^ 5.5 t o  5.7 rcerspectlvely. I n  all the 

ataxtiag; iron m e  nenntic-leotropla t r w b t i o n  point  ( t p E i I ) .  

I n  t i e  pure ompounds, E , ,  incm~tatiee rapidly i n  We batenatng 

(9206t3 t o  TNI) aa the t ( f~~pera lu re  is lowered. On Atrthprr 

cooling, i n  1 1 CPl@3B, the 3x843 of inurewee 8lrowri down near 

%ha no& I.il4slatlo-~u~eot;Lo A S r w i t i o n  %empershare (I l l ,  

see f igure 5.5). Tn 12 OPBEIB, near We ne111atlo-mucLio A 

trhaneieion (TI, eoa 2Lgu-a 5.6). E , ,  dearowe8 and %lie 

decreuprcl contLrws dlu'ough p a r t  of the meclfo p$aree. A 
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~-n~t~agheayl+~~t;ylaff~enxoerte (HPTPOOB) whlah ii alee  a 

stsong3.y polar c~paun8 .  The dearsme of el, i n  %he 

smotio B pbile sre c m F e d  to Went in the mmp~tIo ghme 

may bs a t t ~ i b u t e d  t o  a W a U v e  inorease i n  an6ipwdLldl 

crwre1ol;ions of the aoleoulerJ i n  the timeatie phaor. Xn 

b o a  .We pure uanponndrr, on Surtiher aoo2lw. t,, f ncrearae 

eron%inuWy 0iXi the  swapre i r u  cooled t o  the n?-entrant 

aepna%Aa phase. in the mixture, el, iw.?!.castse oontinzb 

oualy uith decmase la taplpexatuca %hreu(khout the nail+ 

~ l ~ f p h i ~  r-B ( f igCC8 5r73. 

A t  the noma1 ntrmatio-iaotropio t rme i t ion  temp@+ 

+s);use ( ~ ~ ~ 1 ,  both a,, an8 eL ahawe eJ ,~~p tPy ,  s i i l p l i f y i ~  

a i i r e f  o r d ~ r  phase tramition. B~yraM this ta~~perah.lra, 

e ~ s  lnareassa w i t h  Anorease of $eEsmperature due ta the  

&acrewe o f  azxkiprisallal ordering of C b  moleaulrss at higher 

t.?uepersttures. 

vdlue aP a,, , e, arld A c ,  taken at a common 

reliitt2ve geaperiltura a l  ( T ~ ~  - 5)*CI (&we zNx i e  the 



ncmaal 

given i n  t a l e  5.2. 1% is asen that the sn%eo%xapy i n  

the pwre oompoumla 1 8  larger than that in the mixturn. 

%%la diiferetncsr 3.8 ~ l a r L l i l y  due t o  Che two 630.0 bridgiw 

groupa present i n  1.1 WHBB an& 12 QPMBB, whiah d m m e  

the pararllel component of ths %ipole mamnC. Oomequen~ 

%ha dieleafria rurt~?otropy WAIL be hi@er. 

' ~ r  * '.L and qe Qlli cr aommon relatfve twpexibt a s  
of (iil - 5 j e c  

afl 

Xn all  three sysi;emata etudicd, the e~vori&$e die l ec l t r l~  

aonstanl g, evaIuatad Srom the neasurcsd valueti e ,, cmB 

- 
a,  E l 1  t o  be ~ x g u ~ t a d  +ram the theory of antl i6rrwl%c~r&u 

lahose *awe oa; .da~,~  l a  Leas %ha Ute extrapalrrtad iraotrogicr 



vdlub (rim). m e  dlffwenr~e is shAlanr t o  that _obees*rd 

i n  other stroagly polar ao~lpounde- 10,17,2f Aatao 

tengcsratur*l is dscrsewed, Z dearsaaeo t h r o M - t  th. 

nesaetlo ;lhase and w e r  a p a r t  of the meotict plnaue. On - 
further dearewe of $emporatU*g, 6 abarts -- 
jhich aeQPls t o  eigftify a 8rsaxeaee i n  antipau:aJ.lel axdering 

%e the reen t ran t  m m ~ t l o  ptuise i@ apgroaohsd. cWis is 

perhapa related i n  isme w6uf w i t h  Che wvmasl i n  She el@ 

of the thexin&X expEU38ion of the layer #p%eizrg Bii4wasrd i n  

ahargger I'II. %Us i m t e w i n g  trend i n  X oontinww rim 
Wumugh up tr, srlarrurlr the lowsat tempexature of  the ze-wtr-t 

m m t i o  ghwe where A t  pxao0 ia s4  mr@s with the srtror- 

po1at;ed v&lue of eLa. dleo i n  a l l  a e  t h e e  ~~ymtmta studled, 

the rs*eraal i n  f h s  trend of f ocaure oZoeer fo the norm& 

maatlo-srr~acffc A tranrritlon tauperatwe (2,) than to  the 

smaatia A - re-entrant ne~aatla transition teaperatare (T2). 

f t  is also ssen that  the unusud~ b e t m a w  of ;i f s 

not at; a31 mnacted  dn the mxLation o f  e, . Fa- both 

the pure ompound5 and for the a l x ~ a ,  i% ahoaa la oonti- 

nuow daorease wieh theecnrawlw t881gsrature. On We &has 



h d *  t,, doee mot ehow euch a rrraootb rariat%an air 

&istruss& mx1Ier. IPLe maximum U i Z f ~ 1 ) n o 6  bsaW.fln extra- 

polated cia aa8 5 i e  &out 4s Ear 11 iYPRBB, a b d  7s 

for 12 , adl dirouf 36 far the mixfur.. 
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