
both of -oh exhibit o* %he msa42a peuo~haus ore abed 

together, the rirtures d b i t  only th. mmatta merrophaae. me 

aamtio-isatragla fMJlslhion tmprlldibe of  ~ooh m m  

wally l i e  bel;wa thoee of the pure a ~ 6 ~ 1 n k m .  men Eg2 of 
the r ix twes  i e  plattad against oongo~ltiorr 8 cmooth enme l a  

obtained. In faat, %x rrroFfes wlUI om~esf t ion  ala011t W a r I y  

and only maall derlationar ~ Q I  ll~~ctriw l;ye OW-dl (UW, fo r  

axample, Dere and ik#u t9541 1955, Park et  (3 1975). 

2he Sokr0ed.r-tsn Z;arr 5qAatloa (SO, IQ1: emm#. mv 
et al t973) i m  appllaable f o  tho 1oeZtiw tsumltion 01 suah 

arixturea afa the aompenenfo are miaoible i n  tLu na~latia phme 

ondl a m  not e t s o i b l ~  i n  fhe eoUQ phme. & ran haar 8~uat;lon 

where pA 16 the mole fraotion o f  oompomnt A for  whieh the hea* 

of m e l t i n g  C r a ~ i t i o n  f a  AftA. !CA l r  th. iatiq point of  the 

atable crystal  foan of coaapoaant A PnB IC l a  the m s l t i r r g  point 



of the nit.ture. Stp U3 P 00lpomnt nixture. P suoh equation8 

axld. !heme a m  be sdLve4 e ~ t a n e o u s l y  to  give pA and 2 

Xor the eute8Ma nirffu(l. In b- mlxtwem tno euah equation6 

d a t  and ebtioimlq pl * qg m 1 trhslce B etanda for the sdcrond 

aaaponent of we azhlm* 

fs  the p t  saw pms, b- m ~ ~ t u r e a  o t  namtogenia 
o a ~ l p d m  d o d n g  a diffexqliD type o f  phme d Z ~ a m  have been 

UI. e thu  stmvlrtr ail rdl.orz2ea wh&oh do naf have the oyano 

eab-apaup. 9ueh air*- -bit We ~meatia A phaEle in 

w e  af cwi#if iolP,  awn *on +at& sonpoornt by itself , 

.how8 only the marU6 meRoph6e. Bmee emeotlo A phase6 are 

refarre& t o  a8 *iadW R a s o f i o  A* (duurfed by the ayrbol JLI: 

-0 MMU~& tbe exl~~kSoPiB1. ~ t d e  parmetar and elauatlo 

clluurkUrt8 & erne of .them* rirlaara8 la the namtAo phase wltb 

8 +krw t o  atu@ ~ a r r b t i o n a  betvclan fheae pxopertlerr and 

the arretucrrcunce of isduad aneotio A pha-• 



rixture were w.&h.d into a g b a 8  map provld.6 rdth a %row44 

g2aeu stopper. Olre alrture wss heat& t o  18. isrrtropio phur 

and mixed t h o r o w  by mochaPiaal st&xing, %ham it wsre 

maintained i n  the ieotrqpio phaoe i o ~ ?  a feu hours. 

A d i d o  worr prepared by t r ~ m f e n i f  th. in the 

fmotrOp10 phaee on t o  the U d e .  !&!ha trursltion temperatures 

uwce dotermined by eax&nhg tb a d o  thawplsb a polarisAn$ 

riorosaopr protidod with 8 hot 8tagoe Slae of a e  tranaitionu 

were Sound t o  ooour aver rrlotivoly rdar xumaeu of $maperahre. 

b) DeterrPinaMon of ref'xaatiw indieerr. ik have detmmAned 

the ordlnary end exkaardinary cehrrcrt:it. indfoaw (ng aad ne) of 
Wmatio Z i q u l B  argrs-a bp tke prlsa meUIod @ellei! and ahatelain 

1950, Xdhuaudana et dl 1971 ). 
(lonetmotion of the prim. A maall mgld ( m e  N 6') 

holXow $lama prism wau aonrrtrvotrrd w&ag twa ryotantmler glwr 
pl8t.e (11 rnrn x 7 ma) hsr*d.w pa~ieoUy parrill.l arrd il8.t; surLaoe8. 

provided with a gsuar8ian eye-gieae wcu wad io. .skFn$; a propex 

seltlotfon of &as platee. !Use we-pieee tr  proIlided with a 

8owoe of light. A b6slle of light f k a  this aowcoe moves along 

the axis of the telescope and is nfisctod Xrom the glaea pla te  

held i n  *ant of the telescope ob jeaCbre.- - %?he reflected light -- - 

forms an imago of an illuminated aroaea i n  the f i e l d  of view of . 

the teleaeope. + RQen the lawfaces of the Dasr plate8 a r e  not 



parallel to maah other one o d d  see two croseen produoed by 

xdkeo2ions at the two a~xfp006. If the e i a o e e  ttr. not flat, 

the bag06  would \M bltsxrotl. OgtJr fboe6 gloss plat# -oh 

eir. a single, oXethr i p g e  o f  the amas when held in irollt of 

thr tdlmcropa nore saoa*d. 

!&a selmo%dt @BJS platem u a w  rrlea~sd thorau&y arrd 

We&. !&a% tm uaF. QpaOIla lritb 910 at aaa oblipua of 

.v 60' wlth r e ~ g . e t  t o  a e  nonm3 by w m a w  depo~ition teahnlpltlm. 

mrr ~ J B  dona to faeS%.%ts fm hmtoowwue ~ ~ 6 n %  a i  %he 3.lqai& 

eryeta2. Ihe aagth& uwr done suah thcrt the moleaulaa align w i t h  

their low R*.# p~p:allel t o  the ahortar .ae:e# of tko glass platen. 

iilre plcim rap rrslraarurWerted bx plaeing We &g?lsrss p1aZ111s one 

an tap of %he @*We (rru& that %he SiO @orfed euzfaoea iuaa miroh 

other) with a W afr tp  of  & wW!orm thiolmeen plraosQ 

In betwen thorn dl* ~lte  gnu. !I%e strip of glass weu plaaad parallel 

*o the width of a0 &wu plate6 f r i g u r m  5.$) end is oean8nt.d t@ 

tha * platen Pdag ~ ~ & l d i f e .  

O+.n W am9Za ha2da,, !€ha peso,  wae k6pt w i t h  its edge 

rerZOcrel iaride a aalf. rso0anmlar ooppm mdlosure (Xime 5 .2~ ) .  

SP eraor t o  me* thaa %here i u  no ~ontminntiolt of 3he 68~pXe by 

8opp.r. thin A.rk of toRon w e r e  plead around th. prim 

(reoqt at $he nErast3,~& faaea) en fhot thm cmnplm b m  not oar 

in direat uontoaO w i t h  ehe aqpplD: antrlol~oco waa gbord 

;Inside o nrarradve 8ompor 8 - b ~  of  ~ . a t t ~ ~ @ t h Z  arwhi-ar*tion 



. 
PIGURE 5.1 

Smal l  angled prism made o f  two o p t i c a l l y  f l a t  g l a s s  
p l a t e s  1 and 2 -cemented t oge the r  wi th  a s t r i p  of 
g l a s s  (shown by the  s t r i p e d  region) a t  one end. The 
g l a s s  p l a t e s  a r e  bevel led  near. t h e  r e f r a c t i n g  edge o f  
t h e  prism t o  f a c i l i t a t e  t h e  f i l l i n g  of t h e  sample. 



FIGURE' 5-28 a Oopper holder far the prim 
tb] koarseot icoai l  v i e w  the enmp1e 

holder used in the measurement of 
reirar.t;ite IndLoee. 



on o m  s ide  of the olhaazber allow6 l ighO t a  be tzuridlmt an the 

p r i s m  and or nuitnbla epesture present on 8he other sfde allows 

fhe passage of the r&ratad Ughf b.slas- IEb* oeppsr ahanber 

was plaoed i n s i d e  an oven having t m thiak copper plates as 

the inner Pralls. %he oven m heat& by mrrg a discrot 

ciwr-1; throttgh UI. heating coi l  of Chrlr evenr On the two eade 

of the heatex $he aoppcn: blocks amcared by rahsetrm of 

iMkeUts to aimid fret&% loaurrar~ and t o  aiaiaL8a tmiptrr(itur6 

lpFatllsnt8. 

Fhe sample wrns tntradarred into the p r i m  l a  tho atmafia 

phase by meawa of a @nplUug tubs* B e  mnp3.e g& KLLgned 

haeaoganaouely parallel to  the edge ai W prlP and typioally, 

me refmatin,  inbiceta wetre daimm&n& w i n g  a gonie- 

meter %peotrma$ar which oan meaura angles tr~ an aemurwly of 

2 Before t a n g  any metrrsureppant tha p o d a m  ef Urct p r i m  

wap adjueted so  that the refraatmg &go @f tlre pTies $6 perfeetry 

vertical. !&is adljustmeut wau dona d t h  the help of the fptesian 

eye-pieoe Pnd the levelling screws of the pirim table. !the 



llght seneotod f rom the plates 1 a d  2 of the prim (figpro 

5.3) fom two karger of the Illruainated eronra, llne levelling 

sonrm ware adjaeted t o  get ethr two &amgee in a horimatal 

pXane. %he t#r pkr t iw  sf the p~lean would be tsrtioal. 

$310 angle behrc~n the fra peneoted barrsu gLvea the angle Q of 

the prim.  
0 

A suitably rQtmua%.b barn besm (XI 6328 A) a) ineldent 

anxmPl_lj on one faue o i  th. prim an8 the a d l e a  of de'Ylatlon (D) 

wms mGawund far th. o r U n w y  and extraortlinar~r baama (figure 

5.4). %he refxmtlva M e e e  wore aaledloulafad using the fimaul.& . 

milo taking each a& sf readlags it  wae aeoartatnd fhat 

fns i n a i d a t  baas wuur exewOlg narmi*l t o  the frox# fa00 of tb 

ptm. 9!ls m3idingls w e 8  falren sf rsarfous etedy tapperatmen 

In the nersatlo phaue ef the mql*. 

Usasuraent of elarrMa oonsfants. 5 m p l s j  ond bend 

dLrreUf# aonstsnta w a ~ .  dotean%ned by tihe Breedarfolcsls hc&nsition 

teahn;lpua (-tor lV). 

d. g b a e  -891) of bJsorf m i r t u ~ e ~ ~ .  We have etuilled the , 
phsrrra d i q r ~ ~ t s  oi fhe faZlowinS 



Sohematia diagram of the aetting of the p r i m  
for measuring the angle C of the prism. 



FIGURE 5.4 

Refraotion of l ight throu& the prism. 
Do and De are the angles of aevlation f o r  
the O T d l a ~ ~ g  and e x t r a o r d i q  riayo. 



i l l  Pa-7  ( 6 s a n a p h e n y l - ~ 4 ~ - ~ ~ t y ~ o Z . o h ~ )  and 
08-HBBA, rm4 

i) l#.&xh?6# & '?a a t @I, @a80 dlaUX8~1 for 

thslsa aizturaa i n  &OM i a  %&are 9.6. tuo pars oo~~poundr 

&ow oar the aa~aatJa (h~~p.all ' te  d i m ~ W d  by lf) meroglunse. Bof 

fhe mix-ea having .y lli-6!5$ e t  7QB axMMf ?f ph.80 i n  addlUon 

to %a BI phsrsc b i i a s  Q p i o a l  o f  sPah dAsren,of!  9 trSasltiW 

tenrperature auroe paaka m u n d  seme collperttfon -oh 5n thflr 

w e  $8 35s of 7C33. The HI trmaXtfon fa alsc d ~ u e n o a d  by 

W a  ae oan k* awn fro8 ths dlotgrrar. %%a AS *ll~~@l%ion auxm 

ha8 gat a hump in %t .tz almost the ume oerpoirifion as %hat 

oorrespondiq t o  the psak i n  ah6 1111 tramdtion QI~SW. 3 a ~  

bl&(u: peraentagss of 748, 2h. 521 kcemsitioa taka8 pfaae orsr: 

fofrly wide mngw of tsroper~~tum. For theme oarposifiomrr, &em 

a e  rai;tture 18 a&& 4ow frcin thQ 13 phase, batomotv begin 

to a , g p e  i n  the fAeld of d e w  of tha, stlama-ape a% r aelPZsin 

tmperaturre indioartlng that the f ruu iaen  hu jusf @tart&. 

B e  ~ ~ i t l ~ n  wi13 be aco~glbte o w  after oool lng  the smple br 

e f e w  degceee *en ake b&atonneOa o w e  tbr entire srsa $$ring 

r l a e  t o  a focal a d o  texture. Bar paraentagem of 7GB loas ahan 



i-• of.  ( X )  7UB, (11) CUI-BBd, and 

(III) iiw 



Phase diamgreun for the mixhrres of 7CB and OH-ISBA 



that oorre~ponding t e  the peak fn t he  A.p transition amre, 

the Af4 trannitioa teLea yZaae ovepr a fairly &osf temperature 

range ( ~ 0 . 5  - 1%) and thir haa not bean explioftlp ahown in 

tfne diw-• Pglp 1- ~ q a g ~ l f r a f i ~ m  of either of %he a*- 

nente ( < 10s and > 65s of ?@), the mixtures show only t h o  

El *me. Por 8aRO 7C5xdah OoQIpoeitiona, the  ~ f l  arrd aollb- 

m w t i o  trsarLtion bauperaturem uould not be det.nninaad aaourately. 

IPheae have bean raprco8otit.a by d d d  lljnee in the dia~pumst. 

ii) Mixt\urelr of PaB-7 and OfE.3P186, Za ordux t o  study *he 

lapluonoe or the strongly polar aolaponont or  the ~~0 an fhe 

formation of 5 phme, w h a w  ixxvestige-bed the phws CUa&ram 

ef 8aix.Ynrr.m of PCIIf-7 an8 OR-SiB11. A ;Pa-7 moleoulr (0,Rq5-U&T8- 

Ctifi4- aB) dnifsrr from a 716) molesule i n  that the ghenyl rizq 

attaahed t o  thc -1 W n  i n  the latter i a  rep1ao.d by a wale- 
hexane rlng A n  tke tamer. Oaoaequc~ntly the po1urbabllfe;ll of 

a p a - 7  maleuultl w@uld be (rcuwi8erably laan % h a  in tha t  

of a 7UB maleodle. Xn th. P(XI~?/QHQHXBBA eyotsnr aixturea bavfq 

a ompodtion o f  IO-~QP of PC&? exbibit the + @mas (figwe 

5.7). B e  IYaf aannrieion oufvo i r ,  below the liqaLdu8 carve fo r  

aJJ. oopspors4tiono. Brmce we oauld sueamaze % *-@ition *eWU- 

raturea only W e  eooZLa& Chr nareple. %e fJ+ fraadtion 

point has a peak value ( N 60.O) SaZ a sampoaition 0% - 25$ 

PCBI-7. Both *ma vs2ues are less than We eorreqamUYy 

values I -Toea alil N .55$7@3) f w  ?CB/~-UKBA uixtuxea. %%a 

ePfeot d the p w a b i U t y  of U e  ~ f x u a & j  polax 



MOLAR PERCENTAGE OF PCH-7 

mama 5.7 

Phase diagsrm for the mirturea of PCH-7 and OH:-EBBA 



molecule ie t o  lower Ch. peak rslue of ly0 franaition ourre 

and t o  reduoe A t 8  aonu.ntrrtlon aorrsepon8img t o  the pea% 

tplu.. (8Ineo we had r l l a i t M  quantity of PCB-7 spa our 

intereet wa6 oalJ la I j ;  #hue  we b a ~ e  not ocmplcitdl other 

papctta of tho phaue B i a g ~ ~ ) .  

fii) Mixhrrea of 7QB and HOAB. !#be @me dia&raa of ei;rhu?.s 

af 7aB and BOdB ir ehwn i n  #@mo 5.8. Arr. HOdB shows ataeotie O 

aad neaatio neaophorsr. Xixhrrea Rating l.ss than ~15Bk of 7- 

dhor mmatio an8 meatlo 0 pbsue6, liken the peroentege o i  7CB 

i s  mora *a18 ISr ti?kO -e8 erhlbft f @u#e. Ihrre 18 a d l  

OQpoeltian -0 irr &&ah the mfxtores: exhibit emeatlo 0, 

sseotio &I s* well WB I phaass. A t  Rlhigh peraenta~g.6 o f  7(08 

( >go), tho m&rhaxw ahtw only fhe I phase, Per paro(u1tagss es 
70B ln the mny 20.85, the f phase sow over direstly t o  the 

isotxepio m e .  %!he auaecfio-isrokopio ~ l t i o n  o u n e  p e e s  
I 

fox? a ooaapoclitfon of 91 7QB. Bor hle4.f a o a ~ ~ t r a t l o n e  

of 7a~, the A~ sad Ae~aopia #wen mexiat over feldy wldo 

nrages of $qQratur& Pm! lorn c o n o ~ t i r a t l ~ ,  this taupe- 

rature range Sa mmparatltaly saaal31, !the sad-% trsnoition. 

trqporawea aor3d noh be deO_srslned aaaurately in erne mirturee. 

Bere  haw been ropresmtod by dashed llnrrr in the diwam. 

We hatr -0 tha* 6- 0- nixhucQ8 ffo* 
an8 2 COdDW ~ p p e u t J 1 ~ e t b y l c q y a n o p h s n y l  @innanate) 

e?xd ROU) md 10 911ClPO ~ p S = d e a y l ~ - 0 - 3 8 t W l  opanophrryl 

oimmaaCe) athibif in3uo.d 8m.otio phases. We dlX have aaas6lon 



FIGURE 5.8 

Phaae diagrrun for the mixture6 of 7Q andl HOAB 



eo ref= t o  these mlxtuzus %a& a subaagu~t  ohap ta  (ahapter VIX) .  

& pofnted olaf .~rUar, $he phenobponol). 0% iaduoed maatlo A 

ueao~icmphian Ar, amoeiatrd with the prsesnoe of  the o p o  d- 

group i n  moleonlea oi ona th. ~ p w m t t e  of tho m i x t u n .  go 

.lutSdats thta p e t  m e ,  we refar fo the studtea made by 

~ d l a  a% al (1979) on blaax'y mixture8 of bn-psmtylpha3yl-4?- 

~ 0 0 ~ 1 0 x y b ~ 1 ~ t e  @.0.5) a I-p-cryonobenqylid(1910-p *-I&- 

ocrtyla*yaniUnb (tlWOA), the &at= aonuisSfng af raolecu2ea vith 

oyana end gregp:. !The gh-6 dlpgram for  these BirtwMe 51 uhown 

i n  iigur. 5-9.. One OS the saaponcents, WAS., (IBOOA baa got a 

apea*lo A phwe In  ad&tIoa t o  lbe nermatio phase. f n  the phaer 

dta@?am, the 8lp.cfec A phure of EIBW i s  asparated from tho 

Int3uo.d eatarotio A p b ~ e  by r aimm41a phsse. In aapp. oanpo93tion 

ranges, &we -em rZaa dzibf.tr Ulo rcrantrent acraatlo phase 

Woh again i a  llmlclsll w i t h  the grsemo of m o l d ~ e  hazing 

ayaru, end-&ropps f sea ahy,ta: XI) .  

-den et a& (1979) hm &so speaswd tho laper qaaing 

am a r ~ t i o ~  a i  oarposmion at tomperaturos rerprssente~ by tho 

d%fbhe& l im in SXlligrute 15.94%. aha 4 e r  apeoing plotted wainat 

omupanition i r ,  ahown 5n ilgrul.0 5.9b. Aa $ha peroontage of UBOOA 

i n  th. d x h r e  i l u u c ~ 8  Zrcm soxo, the epaoing daet.aeao slnoet 

llneurly qp t a  about 50s o~rposl+&on o i  48006. If W m  l i ne  f o  

rrWapolatsd t6 pwe QBW, a Iwer spaaiag omparable t o  the 

m ~ l ~ ~ u l m  1- of -1 i s  0b8st~iedm Jofwdl;Ly, 

boyow SOP oaaposiaion ef 0800~ the spaofag ~mnrsoess quite 



0 - 
8-0- 5 C BOOA 
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I 

(a) Phaee diagram for the mixtures of k0.5 and U3W. 
(b) X-ray aaizlg plotted against aanpoaition for mlxtures 

oi 8.03 ~ l d  OBWA. m e  apaaings oornopozx~ to tho 
temperatures represented by a daahed l ine i n  f ig .  5.9a. 
(~e~roduaed fran Zngelen e t  el 1979). 



sharply approaahin(l tha bil.yor npaaing of pure (IB00A. It 

i 6  intereetlag to  note Ohat the A* transition oUFOe peake 

for about 50 per a d  aarsponitSon of 41BOOA. 

A rdalrar *and i n  Che TBrlation of layer spacing rran 

be expected to 00- i n  the systleus studied by us. XnBeed, 

prallminary *ray ntndlo~ aondptrteii in ow: rslborstorl~r have 
the 

croniYwed t M s  frrad in 7- l5ysfa. We oPll Xiow 
L 

t o  u n d e r e t d  th. plpnialit meahanim oi the fohn8tlon fb% tho 

+ pbaae, A t  lcw o a n a e n t r a U ~  of 7me lax&lridaal  moleortle8 

of 7QI r n q  be elgeoted f o be 8ufiound.d by OH-ZBBP, molaaulw. 

The strongly pal= 708 raloaulas palwlae Zhe neighbormlng 

0&-15381 moleaules aad Wr %nCer#ii%on shauldl favour 8 

oolleotlon of OX-EBBA molemiles arouml 8 70B noleaule fhw 

fa*owln$ the fommtlon odt a byere& arrangementt Beyoad a 

aartain a o l ~ ~ ~ ~ ~ a t i o n  of 70Bt aim layerad -anent taku 

on lon%-rburge ahrrcoot*rSrr#w rise So the + phase, 

&(I *he uoaoenkatioa o f  7U8 i# &amma8&, acme of the aeighbours 

af 8 gi*en 7ClB aol*ctule rriZl ba 7Q3 aolaauZse thwelrs8 and 

boyordl - 35$ loonaen~aUon (wM& ooncuspow t o  the peak i n  

tho 9 triaw&tton rramn), 8 puct o f  7CIB wU3 retaln the 

bllsyer etrunhun. Am a aon6eqUBnoe the average lwu: apming 

m t l s t t s  t o  irmreaoe. Burthu, alnuo pwco 7638 shows say the 

xmatfo phase, the b s a d  up ai a0 bihwex etnzctme st tho 

ooart o f  the moaof.yor atniioturr zwUwes the ipl fraty11tion 



of a mixture o i  bilayux irnd rnon04.r .p.oiclae presenoe 

ef both theme epsaiem 13aa expbina tho rela%lmly wide 

range@ af wexistewe of the 111 and P ph-ea ia the phP.e 

transition r8giOn. 

Ye have aalaulated the  ea t soUu tsllpeza+ure oad arfeatia 

ac~nporaition of the PrOEfusee wing  the +pn kurr rquatlan ibre 

carlQulated aad obeerveb value8 axe gvor  in table 5.1. It; oan 

be seen %hat the  observed valuer of W e c t i o  temparcbt1a2!sas, are 

1- (W N 6-8.) th8n the O B ; ~ B J Q ~ * ~  YW. a m ,  the 

outeatfa aonaentration af 7(JB Le 4aneidllrsbXj le8a (by N f5-308 

fhan the caXaulatard values. Xhfs ia prob&a assaofat~d with 

the formation af indueat 19rpeaac A pbaaes in there mlxtrtres. 

b, Wder parauae%ere. !J!he d m  permetera o f  the 

following ayetans have been meamred i n  the n e ~ l r t i o  phaes as 

hnations af tamperatwee 

1) OK-EBBA 
ii) #ixtwro I of 7aB and OE-m (molar xal!io 16r84) 

i i i )  ~ l l r t u r e  11 e 7018 sad obI-fZ8B~ (aoltw ra t io  62~38) 
iv) 7m. 

Both the rpixtuxaa exhibit the $ phwe i n  od%ltion $0 

the B pharre. !the transition tamparaturea el: the sya%ame studied 

ece glven i n  tabXe 5.2- 

1)  Refraotive indiaes. !Phe ozdinarg and s x t x a o r d ~  

refraetivca indicres of  the systgmpl plot%& against temperature 



are &own i n  fig- 5.10, 5.11 5.12 and 5.13. The values 

hars been l i6t .d  i n  t a b l ~  5-38 5.4* 5.5 bud 5.6. 

51) Dsneltie6, Zhe duu~ l t i ea  of 7- aa8 QH-lBBA wm6 

* w e d  by a aeg531u7 -0 aathod at erne kno- tape-  

r~- a (1.023 ssl/oo far  708) at 25.0 and 1.07 doe f o r  

Oli-B8BA at 90"0). U a l n g  fZsi6 da- S;ha wilusa of 2 w e r .  Qalau- 

late& iroP equafion t.9. 3CB. reiluun of g for the Wkures 

wrre &Laulat.d naing ua rdbttfvSty l a w  (see epuatfon 3.11). 

These data arre &van i n  tabla 5,7. 2hen gsiw the value of 
L 

a -@e nsLZuoa of drnsity st differant tsaperaturse w e 6  oalou- 

htrb using equation 1.9. %as0 values are plotted in figure 

5-14 sad axe g&~en Sa tablee 5.3, 5.4, 9.5 and 5.6. Bhcther, 

Pcnolring the d&pdittes 0% the purr oompounds the ra3uae +oo 

the air.turea aan lLBo bo urloulsted wing on a&dCtive ;lav fo r  

moZar woluaea. 9heae raluea me found t o  agree quits well 

dth the da%a obtafnd blrso t lg  &om optioal mewsuremnts. 

iti) Order aazulaetq. Xhm order parametere were odileulatdl 

~ i w  e~urirtion 1.8, ri&, 



Ordinary and extraordinary refracnive indioerr of OH-EBBA 
0 

plotted againat relative temperature (far X = 6328 A). 



Ordinary an8 extraordinsry refraotive indioes o f  mixture I 
plotted tugetnat relative tsperaturo (for X- 6328 i) 
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Ordinary and extraordinary refractive indioea of mixture I1 
0 plotted against relative temperature (for )\ = 6328 A) 
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Ordinary anb extraordinary reiraoeive indioee of 7(Xft 
plotted sg;dne$ relative temperature (for %a 6328 A), \ 

(Data taken f r a ~  Karat $Wfl5Wadhusudana St 1976) 



d 

o a OH EBBA - A Mixture  I 
+ Mixture  I1 

- 

- 

20 16 12 8 u 4 0 

TNI - T 

Densities of OH-EBBA, mixture I, mixture 11 a d  7QS 
plotted against relative temperatures. 



A new extr6~polation procedure. We have used a new 

extrapolation paasdare t o  evaluate v~a from the t a p e-  

retare vwlat ion @f #. relat ive cader paremeter of OH-mBB. 

H U a r  st al (1973) found that  when 1log(ae - a ) is plotted o 
Wnert log(% - 2). a ntraLgh.0 U 10 obtained at the 

lawex Cunperatawen of the nraetlu phase. a e y  elrtrapolated - 
the etr&ght liar! to thr point oorstaapondin(g f o  2 = 0, t o  

get the  Uaitln& value of (a, - ao) w h i c h  i t r  assumed t o  be 
PI 

a@ t o  Aa.  Submh~bX~ym et al (1974) plot log 9 ogdnet 
I;ox a. log Co get r stmight line afgatn at tempmaturea in 

the ncwaaliia phase. Extrapolating the stxalght Une t o  2 = 0 

a,,/a, uaa be obtaine8. Bnlming the value of =, a,, autd a, 
om bs oaEanletet.6. I n  both o f  theae methods data i n  only a 

r e ~ a f l v e l y  m a l X  tsmporaturu range (1.8.. at the lowor tmpe- 

ratuz.s eufZialent2y XQJPIQV.~ f ~ a a  5!=) i o  weN. for axtra- 

polation and oonsslquent3j the PaorsfaZnty i n  -&he e e t d t e t l  

value of A-Q tendir t o  be some*mst brge. 

XE tho ]PI: hrtmaltiozn wur  of aawond order, the arder  

p~asletcu: would bow baame suro a t  a temparatuxe PM, say. 

Sinoe the  Plf trandtlon i n  aa%wlly a i imt  orde~c txtaaeition, 

the m4.r paramet- drops f m m  a Unlte *zrlu. t o  sera at a 

t~qp.r.twr %I i r r  srmawtat lower W n  a 

r.aearuab;le appxoPdoer*ton, th. r e h t i o n  between a an4 

[ (fr - ~ 1 ~ 3  OYl be - ~ t &  to be oz the 1- 



- ,. 
*ere r is a poeiltive lasax. Equation (5.4) horr been 

written so  era t o  give the proper U t i a g  raluea, vie., 

e r o st %!& ~ n d  t at 0' g. 

Then, frois e~uatlom (5.3) an4 (5.4). we get, 

BY nsaminp differen* vei~ues of ) we have pl0tt.d 

e o 
5 l a d  O& - .)/$&I ~oo[(n* - n2)/(a - 3)) (siwe 

5.15). We f a  thaf the beat straight Ilna which puascke 

thxou# moae of  the polrlte in  the H r o  ramg uf the amatto  

phase i a  obtal- for  pm - %I - 0.2 for  O&-lBBA.  By extra- 

polating the atralrt line t o  1! - O, w iiPB *;bat 

!!w = 29.1 x 10 -24 0,. 

'Phe valuea o f  A a for  the slixturss are obtainet3 by 

an additive law.  IChrtse velum &re &tea i n  table 5.7. 

!the values of  e obtained for hhe differoat nfywtacne 

under sfucty are given i n  tables 5.3, 5.4, 5.5, and 5.6. 

These values are plotted againat relatiwe temperature i n  

Zitigure 5.16. A t  any relative ter~peratiicr, OX-EBBA baa go% a 

higher orderr garmeter (by w 0.W) .t;han that of 71313, The a 
W u e s  o f  mirtusoo l i e  between those at tb pure caupoaents. 

!itrwever, these value@ do not btrictfy follow a molar aitditivity 

l a w p  the observed values @re wallex (by 40.031 than the 



FXrIaURE 5.15 

b[(C - F)/%] plo t t ed  aa inst  10[(n2 - I?)/$ - $)I NI B 

for OH-EBBh 



Order paramofiers of OH-Eaaa, mixture I, mixture XI 
aid 7G3 plotted against relatise temperature. 



calculated ralutrs. 

a, Xlatio eonstants. me splay a d  bend elaa%io 

crowtant;rr of tihe qotane mentioned above wenre Beterminsd 

wing We forrsula (ram acpratloos 4.6. 4.7 snd 4.8) 

me ralue of AK l o r  7CB vasl aiiroaalatad by fhs method 

deanrib& i n  ohepter IV. Pox Oii-BBA. this aalouls%lon vae 

not poeefblr as the princlplal purraeptibll&tifso or the O * B 
band care no* known. Leeaha\ts (8  79) haa given a value of  

44 x log6 -31/,,le tog A X  o i  CM-HBBA, w ~ c h  ie the lower 

hono;lague of 08--I We have mads We reipsoanble aeeumptlon 

(garfit and Msdhusudana 1979) %ah A$ hers tbe same value for 

both 8H:-ElBA a* OH-XDA, %e W u e a  of AX: for  the reixtuscli 

w e  cealoulata8 uaSng an addit2ve law. 'flhese onluerr  re 

given i n  table 5.13, 

!Phe .*ahme of kit  for 7638, OH-EBBA mU %he two mixturee 

cwe &ven i n  t a b l % ~  5.9. 5.10, 5.11 a~13 5.12 snd these are 

platted agaiatrt tehtiivo tanperahire i n  f i g u r e  5.17. A t  a 

&.*a relatiwe %aurpex&ure the values of kl, for QX-sElBLL i e  

Ufch83: ( dl. 6 tlwcje) %ban those o f  7(SB. &iLrtare I: has 

$ot 16s haa VZIAlaSl Or kt$ -ah tPre ( ~ f - 2  f&%86) 

%&in even tboeo of OEI-EWA. IPhe viilues of kll fox 

mlrbuxe XI has got 62s 7CB w e  intcarnradlste I - 



Splay e l se t ia  oow.tantn (k, ,) of 01-1-EBI)A. --Sure I, 
mix.hPco IX and 7CB plotted ~13nenet relative temperature. 



between those of 7PB PnB CtX-XBBA. An almost eimilar trend 

i n  the waiation of kSl baa be= rqg&edi by Park an8 babes 

(39 77) &o heye searsursd the value8 UP kg in r n l x t w r a e  of 

MBBA snd 8C03 &w inducr& ~isrectic mescuaorphlaa. %hey 

have found that at the same xefrmrttve tcmrperatuxe/&e the 

oonuentration at' 8(18 1nexsas.e i n  the mixture, kll  increa~lee 

up Co a aerfaln aoaaen~ration and thereafter rereLlina plrpost 

In  slmplo namaiticn, #a elmtirr ciarr~rtixnfs are, @%peatad 
i.e., 

t o  follow thtr prwj,.icltiom u~ ths mean s o l a  aeary, k, s2 
'! 

(3rype 1960). Bc4vre~er~ i m  m a a y  eases, nxperjrmenial rranult2ts 

{am, for axmple ,  K w s Z  and P%abhuszuiam 1979) ahow oomiderable 

derlatio- Srcrm % U s  relation. Emce we have t r ied t o  f i t  the 

s ~ s u l t a  to a iamnuls o r  the type kii n. ClrX laham x ~ n d  c are 

comtanta. %a v9s don* by p L o % t ~ g  3~ Is*l aminst log a. 

Pros! the elope axad intsraept of the beet s~t;r;li&t line that 

could be drawn thrDnglr 'the points, the vduea of x and C were 

obtanad, !&a t&Iues mo obtmlaed are given i n  table 5.13. 

opt-XKBA and mixture I hare got higher PBZUOB ( W  2.5) of x 

ccmpared to tboee of 5:fure fX and 7aR ( 4 2 . 2 ) .  

Zablea 5.14, 5.15, 5.16 a 5.17 dva, tho ~rrlusssi  ti kiJ 

for the syata~le @ex study. 2heea wAuaar ar.r yrotfvd agialnst 

relative tempertxturrt. in f&ur% 5.18- & in 'the w e  uf' k, 

at a given relrr%iwe +.mpsrahira CBf-UU hair (sot r U(r%lulr 



Band elastic aonstanta (k ) o f  OR-EBBA, mixture I, 33 
mixture 11 and 7CB plotted against re la t i ve  taupe- 
sature. 



(by -. 1.25 tlmer~) value for  kj3 than for 7W. The kY3 
valua of %he two d x t u r e s  a r e  1 ntemediate between thoae of 

7QB and OH-EBBA at all re la t ive  temperatures bxoerpt those 

riRioh are cloae t o  the AH transit ion point. Even though 

mdxturs XI h a  a higher peruentage o f  7CB, i t8  kT3 Values 

a re  higber than tho- of mixture I. BB pointed out ear l ier  

both the mixtures exhibit the il;t phaee. la the AIX transition 

point ir approacrhetd both o f  tltsm ahow pratranaftional 

I n  Gtgww 5.19 and 5.20 we have plotted k, , , k33 
s against uompadtion 05 the mixt;uras at t w  relative kompe- 

raturss. !the order parenretw dderellrrres a^ce&ily with incmtase 

i n  the cronuentxaMon of TUB. %%e Zibww bring eut the notably 

hdgb value of kV1 and low value of kY3 foz ~~"lxturs  I (wU& 

hsa wlG$ 7@). 

Xn S m e  5.21, we have plotted k /k ageirust relative 33 11 
temperature. (k3ghll) 4 1 fo r  OE-B3BA snd it zanaine more 

o r  1-8 independen* of temperature. U s  reeul t  oaa be uompa- 

red with the %/kt, r a t i o  of QBi-MBBA (Leenhoutr~ et (EZ 9979) 

di& i a  ellghtly gccatslr than 1 at lower twaperaturQs ryla 

bscromes l e s s  than 1 as the temperature approaahes ghT. 

Hlxtume f and I1 00 hPve (k3+$ +) C 1 at t emperatwe 

elose t o  ZHX, the W u e  b d q  the lowest for mixture I. Am 

the trrmg~ature is deareara@d, k3T/kll deerfaairs i n  mlrtuca I 

at%aia%ng a ealus < 0.6 before it taharply fncsewes as the 
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FIGURE 5.19 

kl l 9  k33 end 6 plotted against oo?zcontration of 
7CB i n  niztures of 7CB and W-ERBA for !PHI-T = 1 O .  



MOLAR PERCENTAGE OF 7 CB 

kll* k33 and a plotted against conaentration of 7(18 
i n  mixturee of 7CB and OH-EBBA for - I! = 15*. 



1.8 

o 7CB 
A Mixture I 
v Mixture I1 

OH-EBBA 

I I I I I 
20 16 12 8 L 0 

(TNI - T I  

of OH-EBRA, mixture I, mixturu 11 and 7CI! 

plotted agaimt ~ e l ; i t i v e  temperatures. 



+I? point i s  approaobed. f n mixture IZ, k33/k,1  lowly 

incprwes as the tempmature is lowerid from and &owe 

.(;he uma1 pretremeitlonal inorease olose t o  the A p  traneit ion 

temperature. In '?a, (]E~#K~~) -1 at temperatures close t o  

%I and inareasem gradually as .the temperature is deoreaaed. 

We am qualltativdJ$ PnBaretmd srrne of these resul t s  

in terms of Priest's (1973) Weory of elaotiai ty of nematio 

l l q u i d  aryetals whL& ia a detailed analyrjirt basel  on the 

aem ff el4 thecay (Simp. 1960). lPhe epeaifia resul t s  ol the 

thearo~g whiah aan be oompprod with erparimttntal data a re  the 

f0110wi~ .  

where = kll + k22 + 

3 ond n and a * are moleoular 

parmetexu d e ~ ~ d l ~  on the nature of the aompound cmd 

F2 
m a %a Che av.1:pgo aeoond ordar Legendre polynwsil aold 

i; i n  the ateraga fourth orclu Legendre polynamial. Higher 
4 

orilar tenne (PI6 ekr.) should be tncluded in prinaiple, but, 

Chair ~ontributicnse b e c ~ a e  progreeaively eeaeiLler. 



If n and A* we positive, ~ p ~ a t i o l l ~  (5.15) 104 t o  

the reault that  when ( ~ $ c l , )  C 1, s4/& i 6  ~t~mfi*.. 
FPhfa ntesna that  i m  negative, e o e  F2 Is alw-a god t i re .  

Gttch negative g4 talues have bean obsamed e~rperiolentdlly i n  

l&wn eeattering studLee (Mi- lm, -Pa and T w o g a l a n  

19030b) of saw otber oompouade. Eltrwerer, no moh data 16 

amallable for  the s;peteus we ha+. studied and hence no direct  

oampari~on oould be made with P r i  .st *s Zheacy. But we m y  

point out that the negative values of F4 are compatible with 

tho obeemed s valuere of the  syet.mo. %!he s raluee of nir tures  

oaloulated using the molar additive Taw uome out t o  be more 

(by ~ 8 %  k) athe observed relatea. TNa &splies Chat the 

peak o l  the BOW dietxibution funoMos or  the moleoule at 

8 = Oe 18 not ae ahaup as the moZar sdd i t i r i ty  l a w  would mggeat, 

Suah a distribution oould give rise t o  negative s4 values. 

mther, 4 and a * are related t o  a e  loqgth t o  bread* 

r a t i o  (A) of the noleo\tlea. l!he hi&her the  value of R t h e  

larger w i l l  be the value of k3#kl1. XndeQ8, i n  a pure hard 

rod model (Prieet 1973 ) . A and A ' rre only fmotioner o r  8 

anb it turns out that ae B goes below .FJ f.9, k33/IE1 w i l l  be 

leae than 1 even. when g4 1 a positive, mm Us be- oxgeri- 

mentally eonfianed (see l o r  euunple, Leeahouts e t  1979, 

Karat ana Madhusudane 1975). In figure 5,6, the ctompoaltion 

of mixture I (16$7a)  l i e 8  on the lef t  a ide  o f  the peak in 

the &ZB *an-itlon aullre and hence the lqer 8paaing oorreeponds 



stgued earlier.. On tko other hand, the oaupoaition of 

mixture 11 (62$ 7ea)) Uea on the right side of the peak 

*ere the sample is  eapposed t o  be a mixture of  mamomole~a~: 

ond bhnoleaulor ape6ies. A t  ~ q p  given relafire temperature, 

the *BJ,uo at 2oz PLtturo I  i a  l o m  thaa that of 

mixture XE. !&Am could either mean tbnf F4/p" i s  more negative 

in mixture X than in mlxtar. I f  ar, i f  it ha# aonaparable value6 

i n  the tvo owes. a. relue oi B is l o w e r  i n  Pintux@ I  aan 

in airtun XX. lFLM lattex o x p h t f o n  is t o  be preferred i n  

r i e w  of x-ray reaIStrr. Moreover, i n  these oases where short 

range order effeok w e  straw, R ha8 t o  be interprerted as 

squaX t o  %,,I (Karat and Madhareudana, 1976s M e x  1975) 

w h m  g,,  an8 are the cPomrelation lung- of tho oybotaatia 

groups along and perpeaoular  t o  tho direotor reapeotively, 

rather than as M e  length t o  breadth ratioa of fndivfdual mole- 

W e e  (do Jim eD a l  1975, K a r a t  and Madhu8udmra 1979). The 

values of far mlxtwe TI lie i n  betmen those of : - 

mixture I and 7m. !&is i# wein a ooneequgnoe of %e faof 

that mixtrue 11 is indeea a mlxtuxe of monauoXeauZar a d  

biroleeular speaiocls. 
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aal&etaU ami ebserord eu%m*Aa tmpmtafea 
for 4ha -ea nnUa sfudy 

H e a t s  of Btteo.E-ia Bt eoficr 
Haltirg meZting soraposftinn 

~rllxtiura points *anaftion b o l a  ftfp~otioa) 
09 P;f/moZe Trbsor- moa- OUI 

rea it 3.krdeg ( . - n u  E*d 

'Pranaition terapexaturcpe (in *a) of Qii-BEtW, 7C#3 a d  mmt) 
elkchares 

Mixture I 65= 80.5 
(7CB r ~ - B B A  = 16 t 04) 

L 
corresponds to the bf&eet temperatuxe at; which % pbwe 
appeara on cooli~. 



Trial flo . 1 

0. 5 
1.0 

2.3 
4.a 
5.5 
6.2 
8.0 

10.0 
12.1 
16.3 



Beaa~t lve  in&lcser, deneftiee and or$= paramtom of 
l irtere x 0 

(~dloer~ of ne aria % t r o f i s ~ g ~ n d  ta 6328 1) 

%I - "0 f sra/- a 

Befrac3Cive indioee, deneitiee and order poraeretexe of 
Mfxturs If 

% x - ~  n e n pm/aa 8 

0.50 1.650 1.538 1,021 0.325 
0.95 1 -652 1 537 1.021 0.333 
1.20 1.656 1.536 3.022 0, 348 
1.90 1.662 1,535 1,024 0. 367 
3.10 1.672 1.533 1 027 0.401 
4.90 1.680 1.530 1,029 0,433 
6.20 1.684 1 527 1*028 0.453 
83-40 1.693 1 0525 1.031 0.484 

10.10 1.696 1,522 1.034 0.503 
12.80 1.703 1.521 1 032 00 524 
15.30 1 -709 1.520 1.034 0.444 
18.10 1.713 1.518 1,035 0.561 
20.80 1.716 i.51a 1.0% 0.569 

(values of p lina no correspond t o  h - 6 328 i) 



SeMLB 5.6 

RQfract3re I W o m ,  denaltieo and ordrar ywwekwe oP 7 a  



Spray elarrtic aoneZants of 0K.IiBBA 

$'ABLE 5.10 
SpXay elastics ciorutantrr ef 

Mixture I 
x,, 28.1 p 

2dBL& 5-12 
splay .lactic ~onetants of 7CDB 
xo - 31.5 a 

FBI-" fta g-8 ltl l x i ~ 6  dynes -- 
0. K) 2075 0.196 
1.50 2188 0.247 
3.20 2 3'38 0.314 
4.40 2412 0.352 
5.68 2475 0.3186 
6-95 2525 0.420 
0-30 2575 0.449 

10. 10 2650 0.492 
11-70 2688 0.521 

The experipentpl Value* i;ltfed to  
a e  eqaa.e;ion kl a 09" 

Sample x a - - 
OX-$BBA 2.50 5-29 



Bend ela,~?tio oomtante of 
Puxture I 

29.4 p 

TAIBT;E s.te TBBLB 5.11 

Bend elas%.to aonstanfs of Bend elaetio oonstanta o f  748 
Mirhrro IX 

re I SO p % 3 4 e 2  r 

1 - $ - kJJ x lo6 %I - T H* gauss L~~ r $06 
U j l u r  dynes 
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