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GHUERAL :nr~nmmw ~rr on ..... . . ............. . . ...._...__ ...... 

The ter.m J.i.qui.c1 aryetal. waf:'l not lmown to tts \H~fore 

1888. Reint2er·1 • 2 a.nd O.Lehmenn2 observed unusu.al melt.ing 

behaviour in oer1:t.~in crgarrtc ccnl.rpou.nd end. 1 t was 0 .Lehmann 

who deeigna.ted e. state of matter the.t' i.e intermediate be.tween 

eolia orystallj.r1e end the· isotropi~ l.iqu-.i.d pl".aee _in 1890 and 

used the term 1~ ~tLi qo.i.d. Ory"talf) 11
• He·of.ma-e of their interme­

diate n~ture liquid. crytr.1i1ale are· a~leo oal.le:d meaoph.ase car 

mesomoTJ,ihio phaEur;.48•4 b tba.t lies betweeln tht! ·:t~.g1dly O:Y.'<h?rlld 

'solid phase whf!'re the mo\li.li.ty of the :i.ndi vidual moleoul~ 1a 

re9tri oted e.nd the iao'tropio pbaae whE!!r.l.!l the molecular mob:tli ty 

and a gen~al. lack of molecular ordelJ exists. On reoohi.ng a. 

certain t~mperatur.e the solid. tuldergoes tre.naf:om&.t:l.on into a. 

turbid oondi.tion. where tile.re is no co:r,rela.tion betwee.n the 
I 

dil'ections ox• centres Of umtHJ Of. the tn()leoules (aa i.n teo-

tropic liq,u:ld), but adopts a structure \~lere Bl thc:mgh 

!;.;~xu 3-dimenetonal 1 atttce struotur~ ie· br-oken tht! m:cle­

cule19 eti 11 retain a orne· 80rt of ordf!'r rt"gsrdi.ne; di r.ec11 o.n of 

their long e,xea that is both bi re :i'r:t.ngent. and :fl u.id. At a 
' 

b.ighfl;r temp~:r.atu:re~!'it cr£~.11 eli the clenri.ng ternr,&ratu:re, tbe · 
0 

turbid cond 1 ti on di sappe~r-s anrl the i eo·tropi.c 1i quid stat~ 

te formed. These che.ngee t-a.k:e ple.ce in reverse order on 

cooling for rnost of the liquid crye·te11.ine subetence:a. 

L\lmo at ell l:i.qui.d crystalline me.1:~r1 all!l are orga.nio com­

pout'lds. Several thousand.6l or orgo.nic: compounds are now known 
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to tom~ liquid aeyatA1•4•5 .. Kelker6 bn.ti wrl'twn a historical 

em~ary about liquid or'1;&atn.les.' !fumeroua rtJYiew arttolea have 

been •ppeeu:·ed inel\liti!'lit those of Bragg 7 and Brown & ShCYfl
8

• Sou 

other review Br11ol•a and bonke on liquid cr.yatale are alao 

reterr•d bere9-17 where aetaila abou~ var.iou• typos ot 11qut4 

oryertale, their theory, ftxperl:aentsl dnta and &Pl'l1oa.t1.on• are 

given. 

!he two M~or c&tegor1ee of liquid orye'f:ale are ~.den­

titied ae 'ther~totropio' and. 'lyotrop1 o' • Th•rmotropi c 11 (luid­

c:ry•ta.la are obtai.ned by heating certain chemical coeipound•• 

trotropic li~td cry•tala occu~ in aolutioD. fbe b•at known rep. 

reaentatiYe o! tbia ~up are aqueoua eoap •olu:tione. J1owenr. 

•• will not ~iecuaa about lyotror.tc liquid cr,etal• furtber 1a 

onl7 therao'trot:ic 11 ct_uid cry stale con cern ua in tbia thea! a. 

fheraotrop1c liq.u.id ceyetal• are obtained when aoa 

oq:an1c eubeta.ncew are melted. fbey a" t'o~CI •t the etas:• of 

melting wbtn ineu~flcient beat ba• been euppl1e4 te bring about 

the t:rf!nai tion into nott•l 1&otroJ;·1c liquid .. 

'fbenotropic l.iQUid can be cl.ue1!1ed f.n'to three t)·pte -

li.,Jiatie-., Smeot.1oa and choleetert c•18• !he cl ... i :tication. ay•tem 

proposed by Sackman and Co-work•ra19 wae expanded by de Vriee20• 2' 

to 2.ncludef~. three· ldnda of nette.t1c, two cbolfleterlee, ei,;bt 

t'!iatinr,ui.ehable srueeti.c })basea rang! n,; :from A to H. A columnar 

pbaa• haa alab b•en recently obee~d in e~rtain aiao like 

tnol~\llea. 
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The tvora rwma.tic comes fl!'()Jil-the Greek word thread 

and ~fers to eertain thread like de~eot$ wbich commonlr 

observed 1.n these materials. Name tic liquid. c:ry"'tal'r differ 

from ordinary 1aotr.op1.c_ li.quid by a long range or:tentat.'lenal­

order ~f the long e.Xee of tba rod ii.ke mol~culeu i.e. tbe 
. - . -mole~les tend to aligr1 ~allel to a pre terv.ed direction n 

ustw.Uy «.k called. the d:1.T.ect~. ·!he preferred direction 

. ueually varies f:rom poin't ·to point in tha medil.Wl~ lierna.tiQ 

liquid or.yetal ltam no lon§~ range tranala.tir>xml or.del!'t i.e. 

there 1s 110 lone ran~ correlat1.~n of the molecular centre 
. . 

· of ms.ss positions and thus the n~:JJ~et1e phe.e:e ie fl\\'ld. »lg. 1.1 

shows the'. e,cberna.tic Npre'a&ntati:M of ntolecu.le$ in .kiemati cr 

and iaotropic phase. The· molecul.ea are allo.-ed to rotate; .fl"eocrly 

about tb.ertr. lobs ana. :rn tbe etnte of thermal equi.libri'Ultl the· 
. ) 

nemati. c phase boo the· ana of. ey~e:try which is iden.ti.cs.l with 
. i 

tb& 41reotor d.1rection. N~t_natic ~hase i.e 'optically .UDf1X1al. fhe, 

t'letnat:lo pba0e is mobile e;nd marlcedl.y &f::fe:otEfd by. the -ext,ernal 

fi~lds and fore&et th.e molecules therefore· posne-e0 a·htgb 

tlegree of mt~bility and &.re, eaJ)Iable of ro-tat1,o.nal movement. 

Aaeordtng to the molecular etatisti.e~l theory of Mater and . . 

Saupe22 tbe anisotropy of tbe moleou.'t.a.r }lolarl.eabili ty is 

resporud.ble for tb* ooourrenae of the liquid crystalline pba.ae. 

Tbe relation b~tweeu rnoleeular .struc~t~e ba~ been dieoueeed in 

detailo , by Grey and Wtnsor2' . ancll Jen and tfan den Veen24. 
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FIG. 1.1. SCHEMATIC REPRESENTATION OF MOLECULES 

IN NEMATIC AND ISOTROPIC STATES. 
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Mol~cular ordering within 111 olnanic nematic :phase 

is eueh thst thtn:ae in no r9gttla.r ar:rnn~ment bet\t(Wn -u.e.igh­

bouri.ng molecules. dEt Vries25•26 has pr.opoa€fd rnoro than 

one type of n~matic J>h~uJe £roo h:i.a Glt]lErr!.niente.l observations 

namely -

( 1) Normal Hematic phase, 

( 2) Oyliotncti~ phase • and 

(') Skew oybQtnotio phsoe. 

All mnrroti~ , l1.quid orysttil~ llave a. laye.rod structure. 

~he cwnt~ff of gravity of the ai{)nJ.,.tatad tdol~QUltm are arrnneed 

in eq,uid:l.atant laye:r.s. ihe long axes o:t tho molecntleo a.:t:te 

}?arollel to a pre farl'"Od di reoti Qn n t'fhi:ah may ba normal to 

the plane ns in ct~se Enneatic A (SA} ( :r;;.g. 1.2 a) or ti.lted 

:t.n case of e~1ec.d;ia 0 (s~:)(Fig.· 1.2 b}.- The a.rrnng~ment of tbe 

C(~ntre8 of ~;rnvi ty vd; thi.n the pla.t'lEl~ ~Y be l'egular or at :r; 

random in the. liQ.td.d like fashion. The tl'd.okneas of the lEfer 

is of the order of the length of tbe tree :mol.eeule. ~'he i.n­

tarleyer at tra.oti one were week sa oompared wi i;h tb.e lat~re.l 

forces bE?>twee.n the mole-cules and in oonaeqt;.Emce the l.~ers 

are able to slide over .oQe another easily. 

Information about tha rnoJ.eo\\lQr or.d~ring has been 

obtained from X-r~?' M&.lyei a. ln oe.sEJ of · SA a.nd s0 , the 

centres of masa of the molecules :1.n eaob. leyex~ may be arrar~ .... 

~ed randou~y. S~ phas~ diff~rs from the SA phes~ by the 

fact that in Sn type the centres of maea of molecules in 

each layer form a t:wo-f!i menei onal he.xe--4!;onal cloood packed 

structu.re~q [ F't5- 1'2 e]• 
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Fig.:-· 1 .2. -Schematic represenh~tion of two types of smectic order: (a) ·8 meci1:}ic 
A order; (b) smectlc C order. 
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( a) TWO. LAYERS ( b ) SECTIONS IN THE 

BASIC PLANE, THE ROTATING MOLECULES 

HAVE CIRCULAR CROSS SECTIONS. · 

FIG.I.2(c).STRUCTURE OF HEXAGONAL SMECTIC B. 
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Tiw various ty:pea of STtletditc phasc-l have been ident"i­

fJ.eitl by teX'tll.1rG analysis in l1 po1tirl$$ing lniOr.OSOO})C. !~o:ty ... 

~orph'i.st:a in amaot-ic l?ba:tl~ is obv:tmMJ and 1~1a0 olasa:t f1.cation 

arl.d chQ~eotel·im•tica of tU.fferont pha.$ea h,Qv&. been i.rtveetisated 

by Sackman and ~ny wor.lte~Et28 • 29 •50 • At l~ast :f'i 110 otbe11 dis­

tinct modif'ioa.ti.ans have been 1dent1 .. fi.et.'i. These er~ S)) SE SF 

80 a~. 
811

;1 ,':S2,33,34,20 • 

Smeotic ;phaaes can be a:tTange~ in aeq,uenaea 

as followa'5 

whe~e tba lowar temperatura pb.as~ Qtand fu:rthe}l" to the 

right. 

From reports of X'eeent worke'l:'s36-1S9 tb.e e:rt9te.ones 

o £ aonm othEJr s~aatic phuses as Sr, sJ. 0-nd 6K · ar.e e~.lao 

tound. Sinoe ft in the }it"e.aent wo1.'1t we are concerned with 

·only SA and Sn phase, dfatailed d~~etmaion~ o1' other phasEle 

has beun ond. twd ... 
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2ht:lleti~l1.~a 

l:n 1888 Iiaint~6r1 • 2 :r.oeportEH1 too synthesis and ther­

mal behe:viour. of a se~ieo ot ohol<Htteryl aatera .. Among tbeoo 

a-ra the :fir$t ~eeognised 6xample of liqutct or.lrntala, apecifi­

oally olwlasttn~i.c li<tnid crystals. Oholasterio 11qu1.d c:r~ystnle 

are denominated after cholesterol oinae many oholooturol eaters 

form type of li<uti~1 cr-.(otal:s (oholeQter,ol it$elf exhibits no 

m~somor.p,hic phaee) .. 

The oholcste:rtc mesOIIiuaae is also a nem&tic type of 

liquid cry·staJ. e~oeJ>t that i.t ie compoeed of optically aoti \1'€~ 

moleottl.ii·s, M'l.icb oan bo d~ocribea.'~0-42 , e.e a twillited nematic 

1-"i.g. 1 .. a.::·. ~~he eboleaterj~c a.tr.ucture baa a. so:rsYt axis super 

imposed l'lO:t•m1 to tbe preferred molec:Ulttr di!."~OtiQ.n. rrhe 

structure Qf cholesteric liquid ocyata.l io l~Etviodic wi tb a. 
. T( 

epa ti"al pe:r'i 00 s:t ven by L = T eva I 

The si.grt. of 910 (the ei(lln of rotation of ·Ute heltxJ 

may be left handed (type HJ.c~vo'1 ) or :r1.gh1: he.ndn-d (type "dtnrtro") 

end :tts roagnitucle Cletermi.ne.e the SJ.i&.ti~l 11e:rioct. tl{i.tb in.f:lrtio't:e 

pitch, i.~. CIJ
0 

= 0 a cholenteric liquid. crystal i.s nothing, 

but a nematic 11 quid aryeta.l. A necesea.ry condi tiort :for the 

formation of the ehol e-eterio mesophaue illl that the moleculee 

are chtra.lic. Anot:b.er t;y·pe· of l.iQ,1:Ai.tl crystal.s was discovered by 

Chan.draf!ekhar et e.143 the colUUltlB~ phase, where the mo1eculee 

are stacked. in colull".na and ao tb.e plane of t:he ntol.eculee are 

pe:vpend.1oule.r to ·U1e di.rector, but in earlie·:r ce,see we have 
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observed rod or ).e.th lilre mol,~e.u.les wl th t-heir.' long axes 

r)el"'ft.llel. to the di:r~c.tor4··4·• However., we will nt1t diecu.ss e.ny 

more nbout thi.s c<>lumnar pbene henh 

1\. liquid· cry eta.lli ne e em:pl.e n>.a:y po~seee ll"•(ilre· than one 

rre fJomorph:tc. phase i.e. eme-o:t:io, nc·mzatie and choleBtertc¢. 

A typtcal ext!ltpJ.e for a ccnnpou.nd forw.ing e. mmectic 

pha0e ie 

0 

C \-\ ~- CH == .N -0\: CH=: CH ·-COOC2 H5 2 5\J_ ~ 

which has tba :f.ollovt.l.n g tram~ i ti. on path an~ t.am:pe:raturea (in ec) · 

I 

-45" 
~lhe abbrortatio.nu used are chtfined as 

a .... Oeyata.l 

s - Smeotio liqtnd oryatal 

11 - tlema.tio liquid Cr."'./B"ta.l 

Ob- Cbolatifter~,o liquid cmyat&l 

I - AlllorphQue isotropic 11.ttuid. 

Any aubstance posneae:tng sn1eotio and oholenter:!.c phases baa 

t.he foll.ow.tng tranai tion :path 

;:;;:::::::=========== 6 ..;;:::==============- Ch, ~===========" l 

.JYema.tio and cholastCiric pbasea do not ooeu.r. in the 

eama aample though cholesterio can un·®rgo a tranai tion to 

n~tHne'.tic phaee under the action of electric or magr1etie field. 
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lformally tn phase -tranai tion the higher telaper.o.tu:re 

phase is lea a ordered i.e. nore· a;vttxHttri e than the lower. tem­

perature pharJe46• Howerver, as a oQunte:r:' exnrn1~1e' the re­

entr~nt nematic pha9$47 is one \m~r~ tl~ more symmetric 

pbaoe re~~9ourtng a't e l~)wer tetnli~rature -t;han the leas flym!ne­

tric emootic A phase 47e.. · 

It was <:Ueeove·re·d by Cladi947 that binm·y- mixturea· 

of certain meeoeenio oyarto compounds tha.t exhibited. the. folloJJ­

inq, tranr:.d,ti-on path du.ring cooling 

!rite low temt,e-r«ture .nematic ph.as-~· belO\!?' the smectic 

nhsse ... 
. 47 i,e; c t"tll. ee re-entre.r!it neme.ti c pbaee • A 1: ele.ve.ted pre-

osttre O:OO.dis flt a1.48 •49 have observed thim phenomenon. 

A m$ch~niarrt which lead to the re~ntrant .rt€'ma.tic e.t 

lowe1r temJ)erature he!J l:leett e:Jq>lained b~· Clacl1e5°. ftecently 

the rer:mtrRnt nemat:tc pha.ae baa been o'baer\.-ed :tn aomo pure 

oompounds51•52 ,53 and 'ttheir !lrl.xttreee at e.tmosx>herto pree~ure. 
I 0:21 

Reentrant amaotie J:hasea ·have al~o been report.e.d. 

1. ;. .Chemical Conflt:i. tt:.~ion of Mesomorphic CompoU.Dds: 

The !!lolceular s.rchitectu.r'e :f'cr 'tb.ertnotropi.e liquid 
I 

crystallin.e compottnda is generally two or rS~ore plar~£\r ring 

syetem n •Bi• e.rcttatie nu.c,lei (or rucre re...rely beteroatcmic and/ 

or oycloali.pha.tic.) jqined by e.e·ntr.el linkeg£t and having a:J;sp~ 

'ropr.·i.a.te nexi.ble te.rmi,nall grot);:pa; li.ke -

y' -----Q--0-o-- y' 

atruotu.re 1.1. 
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where X represents the central linkage nnd y· & Y' the 

ter-minal e~oupa (mostly alkyl or alkoxy 'obe1ns) me.y- be eame 

or O.i f:fe:r¢!nt ueuallf. on the long a.xis o:r the molecule. The · 

ter·minal g.rottpe frequfmtly determ:tn~a· which mesopbeee will be 

observca55_. 

It: ie evident tbat intermolec.uJ.ar. attn.otive· forces 

play an. i.mt:~ortan:t role 'in the n~e&OJibS:se stability :t'rcn1 the: 

f~ot that thtr· vari ouo m~sophaee&. differ fro~1 ee.eh otbGr e . .nd 

trom ieotrop,ic liquid by th~ degree of fr~edom of molecular 

l1lOt1on. Tbe long range ordering of ~o-leculee would R?.:.Ore clearly 

be encountfi!red ttJcre often. ~t~l the molfrculee become lt!es spberi_: 

cal itt sbe.pe. ~~bu.' 1 t ia m.ore eviaf;mt that the m:e-eophe.ses will 

be observed more easi.ly for rod llke molecules. Thermal etabi- · 

11 ty ( i .• e. tbe mEtximum temper.ature of the meaore.or.Fhi c eu.b~ta.nce 

at which the psrtioular liquid crye.talJ.in& behaviour ia obsernd) 

of th.e me eophe.s~ ie favoured, by tile mole·oule.r rit!,idi ty, perma.­

rum·t <li }-;;olee within t-he- reoleeule aria, a big•b level of r.1olecular 

polari za.bi li ty along th& long axis o.f· · the mole cul.es in add 1 ti on 

to the mol~cul.a;r sbape ( line&.r mole::oule· i .• e. eonaider~ble lo.n­

ge,r than it is wi.de). G:cnera.lly tnoS~t c~:.r thcs moleoulG>e eonte.in' 

multiple bon cia alon.g i:hei.r long axi. a, a:romati o. nu.alei. end ei the:r 

polar or lone obe.:tn term!i.nal. groups (as ·shown in et;ruoi~ure. 1 o 1 ) • 

ltl e.ddition to thatmelting point mi...u;;t .not bo top high, otherwise 

Ot)ly eu.p.e-z•oooled metaetnbla meaoJ'haeee be :t?CJtuut monotropiaally. 

tlonotropic. 11 Q:u.te cryetalfi' are tboae fol:-rnNl by oool:tn g from the 

i aotropic s·t:ate·, a m~e:omor.ph:i e $1:a,te is· formed below the oel:ti1.ng 

t_E!ntpe r.a ture of the li.cu1i.d ~ry~tal (i.e. eurmrooole:d. region) , 
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but VJhen .the crystel melts di :rc<;rf:,ly to :l.eotropic sta .. te on 

bes.ti ng. The otb€r t:rre of' rnJBeo'mor}lhie phase ft>rffied both by 

hes:Ung the c:ryetal ~nd cooltng the .isot.ropio liquid :i.o 

calle-d enen.ti otropic. 

fhus an eeserrt1sJ. req;uiremcnt. for tr.e ~tH:~omorphi.sm 

to occw :i.e that the moleoul.ee, tr.:uet be highly gErotr.etricall.:y 

l!flie.otropic {i.e. tl:l.e in,t.ermolec.ule..r forcEra e.re: als.o likely 

to· be ani.aotr.opie), uauV:lly long and narrow. 

In e-tructuro 1.1, the e.r.omnti c r.ing.s e.rc joine<l by 

e. central group X:. The· arct'm .. tia. nu.Qle1 tu"G :r·ig:id, l?P1ari~able 

I e.na plen;fe.r. hlesot1hs.se i.e formed if the cent-ral ,;roups that 

joins tb~ ring ie· it;ae·l.f rigid i.r~ nn.ture,, e.g. in,"olves a 

m.u.l t-iple bond, a syBtere of cc-nju.g_e .. te: double bonds o-r a r.in.e; 

:formed by <H-n:e:r121ati on of 'oarbc~yl groupe and :t:r the ri nge 

a;r-e ps.ra~ubsti. t:utt~rd .. Theo more e"te-nd:ed: the rigid central ptil.:ft't 

of the xtole.cule the more thermally eta.blt the llqu.i.d crystal 

·will be. Tiler t.wo ri.fll?:$ am; th~ central. gro,up e/bould oonstit'ute 

a leth or rod like core o·f' tbe nlolecu.le. 

Foll.ovd~g the et;ru.etural principl.e ve:rlender first 

:forlf,.ula,t~d the ·list of t·he· lrno~n molecular buildi.ng blcolrs 
i. 56 in detajl .. 

(joromon c~ul.trs.l linlrag:e or rJ.EH!O(l:etd .. c compounds of 

55 structu.re 1 .1 ere shown. aa :follows 

0 .... HQ 
.;:7 ~. 

-c c- CH-:::: CH- -c=c-" ~ Oli ••• a' 

A ci cl all m ~Y'.S OLefi.n 



'= .• 

-CH=: N-

6.5- Ster-oi.d. 

-N=N-

!]o 

NLh--one 

- C-0-
11 
0 

Es ref'S 

~he aromatic :t."inee ar-e scmeti:mee oonnactod 

d1reotly57 as in . 

4-cyano~4'-n-pentylbiphan,l 

C5H11-o--o CN 

·nere o -.n = 22.5°0 6lld n ... 1 = ;s~c. 
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1/hen an ad-Qj. tional J)henyl ring :ta~ ~utded to the rigid oore 

incl'•eaaing :t ta leng1;h forms the aubsta.no~. 
te 

4-Cye.no-4 • -npe~tyl.Prphenyol- thEi! m~somo:rpbic b~havio'.rr 

is grea.tlJ :i-nfluenced. 

(LR ,--,, - CN 

c - li = 1'0°0, 111 - I ~e 239<~c:. 

Gray bs.e oieouasea.58 nevex·al. other e-xe.mxpl.es how the 

lE!ngtb. of the molecule. eM be in ore seed Md in co!'.! eequf.mce 

.the antsot:r:·opy ~nd. pole.rt oobil.i.ty by tt~ El'-ttendin~ thf! rigid 

core str~cture. The thertnltl ete.bi li:t~y of tbe me·eo.:p~JU1$ inc­

reases by thi.a prooeea. 
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Beo~u se of let&:m:~ ati,;raoticms 1fhe· :poss:H,ili ty of 

:f'or.mti on. of a. le.~~re·d ar.r~ngement; :i.nc:r.•ea;&~·& d-u.~ to the en 8-
"' 1 . 1 i 55 tence of dipol~~ e,crt::ing t-:ratuw~rst;J to to.e ~o ecu ar a.x e • 

Sn;e otic pba~es f!re e·xpected to oeour from Q layered cr:rste.l 

lattice 59. 

The effect o:f broGtdenir,lg o:f. a molecule by in trodu.cing 

one or more aub st1.tuents in ple.oe of h;y'!h:.-ogen al.ong the aide 

of the oo:re ·etrllcture ie given in: da:tnil by Gray59. 

'fiben ·bydroeen i~ reple .. ced by f.rubsti tuenta t:he molcculG 

is brooc:1ened reo.ucing ani so tropic. polarizabi li ty and ('~nse­

q,uentl.y tbe intermolecule.r a:ttrro tion. 

Yo-ung et e.160 had etudi~d the following 

structure.: 

A 

c H 0 h_co.o-Q"-co.o 
~ ' ~- -

B S:tru.cture 1 • 2. 

hcH -'YJ 4 9 

z 

£Uld found a. eyetema-tic decrease in lf-! te·l!;.perature a.e the 

number or <Hr, groups int:roodu.ced at: ppsi ti ons A ,n, or Y, Z 

wa.fJ increased. 

To obtain a mesor~ase= 1 t is generally (but not essen­

tially) requil.'ed that tba tern:d.nel group of the ntolecu,le con­

tain ~~ermanent C!ipoleR. Other tba,n "*~ etll~:oties if a terminal 

hydrogen is replac~tl by a subet.i tuf!n.t the thew...sl etabili ty 

of the mesophe.se is increased generally. l:t; was E.~etab-lj.$bed 

by Gray-sa., 59 that :the .plots of tranai tion temperature· vereus 

tbe number· or carbon atoms in n-alkyl gou:pa of' a homologous· 

eeri ee· €i ves ri!Ome emootb curven Uten.agh the rr:.el tlng points do 
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not sho¥r any :uf.l~tlm•11iy. 

{a) So called odd even59 e:tftlot :tB obtfl.;tned when ._.,a 

f:i.nd that the F.~-! tempe:r.at\u~ee :f.i t in two <JUlJWS, o.ne !or 

~ven mtd tbe l)thEi:r: fo~ odd nw:1bers of carbon atoilm in 

n-allryl chai.ns. '!'he N-I t(irnpe:ra.ture al ter.nn.tea as we pass 

on st:rri,ally to dif.t'erent member.a o:i~ tl.te homologous eerif.H!h 

(b) With incttca.~ing chain len~rbh the t;Josopha$e to inotr~pio 

transi t:ton tenrn)aratttr.~l!f tteua.l).y tal ln. 9!nere are~xoeption'J 

to this nule, possibly becDtuse the aroms.tio nuol5i in this 

f:ta5c.s do not aa:opt co¢,planar oon.tormation, and eo termini 

of one mol.aouJ.e my in.temot at~ongly witb one ot the 1~.-ng:m 

of another moleeule giving risen: to a.ddi t1 or.u:\1 ettraoti one. 

!i~hf'; thertOO.l ctebil1.ty of the moleoule in6reaaea because ot 

the increase in &.ddi.tional st:tae:t attre.otion wb.en the length 

of the terminal group; :tncreasea .. 

{c.) tr.h.e plo:t of' t.'he cl.ef'.r.ing pt.!int,s of emeo.tiotJ: and 

their t;ra.ns:lt:lon pcdnta t"o nell!atics U$Uelly reachf!s: a· 

maximum e:t a r.od.ere.tt:l cbeitl length and decr.~aees c:tradua.l.ly 

wt th ftlrtbex elonge1:.i. on o-f the cbe.i no li'orma.lly t.;O< Ciist:i.nct 

odd-oven e ffeot 1.e obfJerved i.n i!lts pc:-1nt. 

shorter chains. But becomes more COil$ on with longer ebei.ns 

incree:a:tng t·he nema:ti.c thermal flte.bi.lity. Lon~er mol~~u'les 

are :,;.:revented :from sliding, :ravot~rir.g tht: .fcrnm:ti on of 

smect.ic phase, whereae the fl.exibili.'t\f of JongEtr (tbains 

gene.,~·elly hin<lers .the parallel <>riellt&ttonfH Oh~n1ioe.l eons-
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11~fo~o. atall'ting tl1e deduction. of r~olttonlar 1.nean 

field tb~or.y of tn~so);iha.a~a the ·term "<)rde:r. l'era~torn ti'itu~t 

be explained. 

!t has ba~.n a.l:t~endy stated 'llihat nema.t:l.o liquid c~Jstal 

diff011' :frQm orc1~ .. nary :taotrt)pio liquid by a long raxtge orl.enta­

-tional Or<ler. e>:f. tbe J.on.g a:!tea of tb6l r<:Jd liloo molecules. · ln 

any syatem in wh:i.~h lor1g r.Elr:tge or:t~nt9:tional ox-der exists, 

for conwnic:mo:&, it is ®Gto.rJn.rr to int-ri.'Xluce; an; o-rder pa.ra­

meter. a quantity that w.niehes :tn the· d:teordere& is.otropic 

;phase, but is dit·reri\(llt from. zero in th~ orch!red Fhaae and 

will be unity ·when the vnolecru.leu or the eu.b stance are perfectly 

ord.ered. !t'hu$ a e.v.i te.ble order :paramf1te37 which deacr:i.bes the 

ordering in a nematic l'hnae· rrn.mt. hti! defined .• 

In a homogene.ou.a:ly ordered rtEtu~a.tic l.iq_u$,r;.t ox-ystnl 

~ample~ th~ long e.x:~e. of the moleeule.s: a,:re. all e.l.most para­

llel to tbe r.~.f~r:red directi-on: w:hioh ie repreeented by n 
the di.recto:t>. Aeeu:rnir::g the mtrlecUl(fe ae rlg1.(l rods, the 

ori.entati en ~.:f a particular m.o-lecule wi t'h ree~ot to the 

di·reotor ii ( ta.ken to be- t,ne z d1h:•tH:~t:lon} be· cOn;J?lote-ly 

dafined by thTee Eulerien angles f) , cp & 'f ~(Fig. 1 •. ~- (eJ). 

Due to the the:rmal energy the i.ncU. vidual molecules or e~all 
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grcupe of m.ol.ecul.es ttrmiblt'f'. a.bottt tbe l:.I!"'Gfen"'&~ !JJ_ .... c,etit,n. 

Tlt.e' e:ff.loiE!ncy of th& molecul.al1 arl entati,on 1;n ttle? n~matio 
. . ' 

phase' along n can btJ doac~i.bed lY.V a flilll·~le Q~der para-

- -1!1$ter. It is B.lliJO a.asu.rne(i that. thlll dir~t~otor r1 tmd -n 

are eqm:valen'f, and ·the 'm()leou.l~o ars oylind:l:':tca'tl,.v · &;~etri.c. 

But in praetic$ nona of the above a.em®)?tion are strlctl,y 

:reali4!1ahlet 1 .• e. (~J n:olec.u:teta al7tl not I1erf6otly ri~t!d moi:i!e 
' 

f'l.m.bility Fl:r~ also thc.:r.er (i:U i a..nd -n aret not eqttiVQ-

1en1; :i.. e heaa. and taile of e. molecule coo be di~tingu!she-d 

i:n aom<r Maes. (iii) The mol~eu.l.E':s ere ntore lath-like than 

cylina.t~ical. 

Cons'ldcring· th£l.t devta,ti.orul from tb~ idealieed case 

are small the. molecules &re ssl!.tutttetl to rotate freely around 

the lon.g Wl;o~enular e.r.e0. I.n order. to ma:httaJn. the cyli.ndr)~­

ee .. l tr;~s·mrretry no or£1er could erlet for rh and 'f and t.tnd9r 
-!i I 

the moat eitr~Flj&'d: o~ei.deration l9 becomes the on~v quan-

tity tha,t ohen--acteri s<H'f th<1 orient~:t1 CineJ. orderin-g about. 

-tbe· d:trector tl. 

Sifflpl~ ebe.las :f'orr~ or order ~:rell1~"t&r :fol? ne:!ljatic 

is datlned a.s 

Pbe bralrets i.ntticBtm the en~embl,£: s:veragfi' :i .• e. the !\'tJer.e:ge 

:i.e op..rr:l~d o~r a.ll the mole.cul~s:. :P,.. ( Cos<9) i~ th<-? 
t: 

Lege.ndre: polynomia.l, of tbt~t EJ~oo:nrl cn·der. P 2 a:: 1 for pe:.r-

:f.e'otly parellftl t'a.ligp.ment (i.~4t'. (9 = O) and F2 :;; 0 for 
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rand om ori entat1 en or mo.leGttlee. ( inotroktic phase) o In the· 

nemt:tt.io pheee i.t has an :J.~termE?disttl valu~ whi.ch decrease~t 

rapid,ly w'-th tt?.mtleraturafif a.nd d:rops abruptly ·to ~¢ro ~t the 

nematic iaotro}'lic !JOint · ~NI :l.n a. week f.irs.t o~de:r transi­

tion$ 

.?.baMr. t.~ell ~i:tiqNi -

Tb.c: or.ae:r:- of the phaae tranei:tion 1.a relatad to the 

de~:;ree of a.bruptnes.~;~ of change ir1: physical ~~ro'}:;ert:i.es whi.ot:. 

takes place du:ring a !'hase t:r~ans:ttion. I:.n a t'i.rst ord<ar i;ran­

sition e. S• melt; .. nt{ or oondenant1on away :from the critical 

point there is a fi.ni tct jt;,Tnp in the e¥Jthelpy, the e.n tro:py 

and. in tbe: 1st.d{n.?ivat1\l'e of. the tree en~:r.·gy. In a b1.gher 

order transitiont however, the e.HTtrOJlY chc111ges is oon'tinuoua 

aoro sa the tr~l\J'1Jd. tion. 'fhe !lCHm.lti.c - ±so'f;ropic phase trru:tsi-

- t:t.o:n. ia a. 1 JlJt. order with a aDtEilll. la .. tient hemt. 1·'~r this rea-

lit son it i.s o:ft~n callwd ~ weak 1st. order phaae trtiinai tion. 

Such trmJ..si tiona r.are' gener.t1.lly a.ccompa:rl:i.e"<1 by j,tre-tre~:Eri.t1 ont\1. 

effect wr..ich are the, chare,oteri sti.o of tb.e 2n.d. order phase 

tr~mai tion and ere not usually seen at 1st. order trans:i.tione. 

It ;ts the wealrn.~·as o:f! the toro~s t~ear;ena:l. .. ble for the long 

range orlentat1.(mal ord~rinlt as t>Gfleoted in small cbe.n&e in 

enthalpy·, that. gi vee. rise to. ·tbe pre-tr~nsi tion effect. At 

nematic isotropic: tran.s1 tio.ns the forc0s responsible for long 

a•ange orientational orderi.ng dise.J;;pea.rs. Because ot tr.is pre-
. . 

trans:lti.onel efi'ec.t$ som.etimes ocnf'v.aio.n a:&."ieefi! to the 1 e.t. 

order phase tr.snai ti on of n.en:.e.ti c t•hase to i sotrQpic pha.se .. 
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ie alweys of the 1 at •. ordG!r, and. there .EAlweya rem.a:l.r\a a 

ahori: range 011!er in the iemtrOJ)iC: J)hasC;l ht sp:tte of. eudden 

di.aapxJe~rance of any long :t'iUlf~e. order ert +.he ol:~or.i:ng !lo1nt61 • 

As early !ta in 1916 'M. :Sorn62 proposed the 11r.st 

mean. field 1ihcm~y of uel!'J\tic st£s.te i:n wbieh. th~ medium has 

been treated co an aaSJenably ot. parmnant eteot:r~io d.ipoleaq 

~~~hen tbe. tempe~rr.1.ture ia lov.~ered a trann1tion from an i@otro:pic 

to nn anie~ot~opic pbasa :ta FOBF.l1ble •. Tni.s result i.s bow~ver, 

only q_ualitatlve importance beo®use ~:t i.s. now tusta.blish!!d 

that the perme.nent dipole moments. are no·t necesee.:ry for the 

e:datG.nce· of li.q_uid ccy~te.lo. Ac,,ording to tl'lis theol."Y the 

alignec;t phase ebould be ferroelectric, '~hich in fact does 

not appear even. i.n polal' rr~olecule. !J~er· e.nd Sauy-e63 b.ave 

de:vclo~d a e't;atietice-1 ·theory f'o:r the :Phase transition. in a 

ner::atio liquid crystal. The theory· an.ys that the occu.rren.ce 

of l:tq:uid crystalline pha.ee is d'Wl to tb.e eniaotrol~Y of the 

molecular r;olarize.bil1.ty. 'he theory :i.~: P..ain.l.Jr be,sed oJ1 

these aeeumptiotls - ( 1) ~-b.e m~lec\ilee intere<lt th:rcm.gh. an. 

mttra..(...'tive O:t>itHlte.:M. C:.H'~ o~J;enclen:t Va.:n.der Waele inte-raction~ 

{i:i) ~be ori,enmtion. de-F•endent :i.ntera.et.ion doe$ tHl11 effect 

the configu.r•s.ti on o.f 'l~he e-ent.rE!· of nc.tse and Ci ti) The mean 

field e.ppro~;.~.tion - each molecule is @.asumed to be in an 

av€rage orl.enta.ting f1elc due to it.-~ environreen.t, but other-
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vliee unoorrelnted wi:th 1.t.e neighbours. Aa a. reault e. giv~.:n 

molecult' reele. an ~ffect'hre po-ten:tie;l. o·f' tbe t~ecan fj.elf! ('}r 

single ll!.olecule potent :tal. or paeudopo.tentiel • 

the. ~int~ractiotl potential het.ween the molecule 1 ~~ 2 

is teJren an t,be Gf.m.rt.:tng point for the' de~t:r1vatio.n ·o! p"cuf:l.ope­

tential for ~, rod like molecule. Tbe :!,nterrnolec:n.tlar·. pair. poten-
.. . . 64· tia.l v12 ·is a fur:loti.on of fi:ve co-orai.nates , 

cp i t EJ 2. t cF:z_ ) •••• 

Fig. 1.;lJ- (b) repreaen.te: t:be dit':tere'n.t coordinate~ required 

to describe tbe in teraoticn betwe-en. a. pe:!r of assyroetric mole­

cules. Where "Y" is the eep(ara.tlon o.f i;he- cent.r-e or ,~ gx·~"Lvity 
' 

end (9L • th ~ t'l- a.rc three l'.~ulerian 3ngles. Since, 

in oe.se of n&me.tics the molct:lculee have no ordering about 

thei.r long axis the ~wgles; 'f';_ are eliminated. 

1)ople6S f!)J¥ia_,t expended the' two body in1;erantion poten-

tie.l ee 

..... (1) 

where Y L'h-v ( C9) cp) 

Slle expression 1.$ convenie:rt bee~.use' i.t not only' 

sepe.rBtesr the- distano~?. .e.nd a.tlgttl.nt• part of the potentiel, but 

in addition t;o the c.xpansi.on eoeff'ic1ent · U L
1 

L 
2 

"1--Yv ( -r) 

are: found to decrease rapidly vrltb 1.nc:retlle:i,ng t11 and l1
2

• 



25 

In order -to derive mean .field a.:ppr.oximation to tho 

t~otential firat: 'Jl(!) have to express V 12 in terma of polar 

a.xia. 

. . 
and mathemtie!uly rota:t~.<m of t:1e coordinate axe~ tranafo~ 

the "Sphe'Picel lterr~orl..i.c :tnto the form 

••• { ?.) 

where e:r.t'1 the elements of' l!fi.gner 1~otat:l.on matr.ioee. 

fherc:tora sqn. ( t) oan bE'! t:rans:to:r~i!d tl.Sintt Wignar :t•otation 

m9.trirH!s66 f:r.mn tha ooo1Nl.:inate oyu·tel'l containina the inter­

roolueulnr v~ettl:r to this epnt:tal ~lxtn system WfJ get 

P:d .. med angl'{~ r~prot~enta the orl.enta:ttm1 of the uole­

cule wi tb respect to tho flS\!1 rotn:tud coo:t~<lina.ta s,vstnm (space 

f:iXEld coordinate systEJm). 

]"'seudopot~rltial fro_rn tlla 11ai:r.wiae J.nt;mr""roOl(!eular poten­

'ti,aJ. can o~ <fbimirt$d by taki..ng tbl~ee evert\()~s64 • First average 

1$ over all ori~ntati.ono ·o.f tJ:te i, . .rtten.~fl'>..£Jleoule:r vector ·--r i.r.1 

the spa.t.i.al c,ocird11'lSlte ayatem, then we ave:r.a,~e over $ll orien­

tations of. the rnolecu'l.es 2. (which he.a i.ttf:J.t-~enc.e only on the 

• 
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Tb.0 pot.ent.i.al obtaine'd f.\t;te·T taki.n:g th~ above mentioned 

sve:ragee is gi.~n aa 

L <'ULL-rn(")) PL (co-Je:).<PL) .... (tt,) 

L'h-v 

where PL s are th~ J~tb. order legan(lre pol~nor;iials. :rhe desi­

red a1.n~le molecule votentia.l in tb~ mcru~ f:telu ap}}roximetion. 
1 .... 

which can be wni ttem by aroppi.ril{ the p~n1ed aa 

VI c &sc9) -=- ZUL (PL) pL c~e) 
L • 

'Lt L :=: L ( u L L 'm ·, ·,. c I J > 
tn 

••• ( 5) 

-Sinoe f{}r (,)0 et ner:mtic liquid cry~ tala di t'~Jotor directio.na n 

-end: -n are i.rldistingtlisba~lo, a;vera.ges ovEn~ all odd povters 

of Oos & vm1i~h, then only the eve.n value~ of 11 arE! re­

qui:t-@d :tn equation (S). 1~ = o te'l'?.nt he:hla a ~re additive 

constt;mt can he :ru~)ftJ.ected. '1b~ eqn. { 5) oan be wri. tten u0 

Vl(ecr:s<9-) :=: u2 <~>·G._ (Cc>s@) + 'Ll4 (P4'7 P4(Co-Jc9) + 

Ltb (FG/ F(,(&3<9)+······· (6) 

The equation for. t!l.e l>!Rettdo:potenti~l is equ:tvat~nt to th&t. 

in ths ~1aie,r-Sa:upe theo~"' 1:f the aumma1<icms nrfft restricted 

to t~rms with L = 2 i.e. the 1t~rt. term only in equation (6} 

•.•• ( 6 a) 



ll.ooortlingly to Uumphrie et at67 if ·wa oonaider the 

true cyli.ndrical eyr.f.lrn~t.ey of the d:iatri buti on funoti on tor 

i;he orionimt1.on of the intermolcm~.J.a.r V~ctor. thE3 ~11JJP1£. .m2l§.­

ou1.nt ~ .. t;sn~~& will contain the tm."rno whiQh or~ ;pl:'Oportionol· 

to .· 

<~·L. 1 Lzrm (--r))(ft, (PL2-)~:·· -r Fi 2 (PL-)) 

Thua the equa-tion f"or. paoud()potQntiel ia eqnivaletlt to thm.t 
~~ . 63 

in tt'ro ·Mat~r Saupe theOl:'Y it tl~ ammmation are restricted 

to te~m with 1 = ?.. 

Orie~q,~l • .JU..m:~,s~. tt3!1l\nn. ... twlq11$lq ( {r C Vv:s ~)) 
O:rientat!onel din'tl!11mtion function ('P, (cos e)) 

gives tb~ p-r.ooobi11ty- of fi:ndi,ng a .roolecJUl~ whole ~).xis ·mal{e.a 

-with too d1.J~eotor n. 

Orlentationa.l tliet:ribution function ool:'rm~ponding to 

the single molecttl«ll potential has tho .forr:a 

f\ c (v:s$) =- "ill .e_~ [- rv I c &:$ (9) J ? 
. . . .... (7) 

. ... 
where Z 1 ia tha single :~oloeule purti "M;on ftln<Otion a.nd 

r =- ~ T ( k :ta the J'Sol tmmamt I a co~a·tun:t and T 

in tlte tempara:tur.e in e.booluto unit). 

Since hot.h ,,r1 ntnil f 
1 

~r.v even f'l.mcM;orto of Oo.s f9 

BS n a.r.tCl -n &re indiutinguiahable OVC:JZ' all possible orien­

tatione o~ul be :Cef.rtl•icted ·to 0 ~ Coil l9 ,( . 1. 
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The orlc:ntational order ptwat'let«J:r hQs fllt~eady been 

defi nt-d ns 
I 

--
2 

Thte holds ei tber. :Ln time or ''(pace etVltrage. ~~ti$. ie 

one of the ee:r~11~et def"i.n:t t.ion of the or.i.entationr.1:t, order 

:parnmete~ \o'ihicb wan gj,van lly Zwetkof.f68 in propo~d.ng the 

aemi empirical tbe~ry of nematogan0. 

In tJqn. (7) and {B) the lf.\m.ctione V1 and henae t 
contains the order. rarametar <FL.'>: . . ' 

t~ltke h ia as yet una El4 

'termtned f'metiona of te:t1pern.tuooa, ao average values cannot 

be oalcul~ted :trom the eqna. ( 5) ·and (7)·. Ita temperature 

dependenoe can be obte.inea oo follows: 

<Ft> io tho average '\Slue ot Ltb. Legendre func­

tion for s given molecule. Therei~re, trom eqn. (7) 

1 
<rt> :::: J r:r (Cfi-:se) ~ [Cff-5<9) d (eu:ss) 

••• (9) 
0 

combining thi.e equati.on with eqn. ( 7} WI! £~t 

J ~ PL Cea-se) -e.~~ [ -~v, c~eJ] ~ c~()) 
j~ €-?Lf [- pv, c~ &) J d (CN-se). ••• (10) 

which 16 a aelt com~ietent equation tor 'flhe detezmtnation of 

the temperature d0~nt'hmcc of < Ft '> " 
l?rom a td.multaneous solution of e(~uatione (6) e.:nd ( 10) 

we get t:he i:empern't:urEf depen"enc& of all the ~ .s ot•iginally 

inclt~ded in. tl"'..e potential. v1 • :E'or L c 2 we e;.et. the solution. 
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ot <Pz.) end :n.•om. tho solution of' <F;_) we get. tbe tre.clitionel 

c:eder pa.r.ameter in the nematic phe.ee-.. (~) n 0 ie at· all tem~ 

peretvrer:- which 1.s eisordered norm.al ieo-tro:pic l1q.u1d phe.ee; 
.···1 

bti~lOW OflrtiU n teroperature.0 d~te:r.tnined by ET/ rJ- a 0..22~84. two 

othor eoluti.orm. t\!111enr. Of th~· three eoluti ons b~l.ow the oriti­

ca.l temp€1-:rat.u:r.e the one wbiah e.e:U.efi.~o tho thermod.ynamic cm­

di ti on of m.ini.rrium free f'H'),~fY will give tbe stable pbnse. 

·'Kh61 fre·e ene.rgy :tm gi wn by F ~ FJ - tj'fl. i:here: 1~ is 

the internal enere;y &nd S the entropy. 

For a syetem. of' n~ mol"cttla.e we have. tb.e follov.d.ng 

e:t.-pressiona for E, a: and 15164·. 

I 'ti ie :funnd that for KT./ v = 0 to KT /v- c 0.22019 from· 

tbe condi ti.on o:r rnirt:tmum ~fJe enf:trgy ( 64.e.) ( oalotJlated by. 

Uf!(ing the obteined. · <~) wluna for tJe..cb !!!) the positive 

,,e.lue s o:r < !=i_) (i.e-. 1.~he- molttcule o tend t;o e.ligr~ pe.rE:tllel 

to the cU:reotor) gives thE~ $1:ablt?J nemmtio pheoe. WbiJ.e for 

T oor~espono.i.ng to 'itT/ ,v-) o. 2:?019 th~ eoluti.on (Pz/ = 0 

gi.'t"'ee the st.e.ble i.sotrop:ic rlhes:e .. zfi) d~erenees from un1 ty 

to 0.43 from ~ cO to 9'::0.22019 1\Jjk and then. suddtJnly fi decreB.-

S·!B tc Zl':r.o [ <~..> ::0 ] at T=O o 22019 'IJ-jk • Aocoro.pa.nied by le.t~nt· 
heat o£ transi ti on:,di econ.tin.uoue er1tropy end volum~ cbe.ngep, a 

1~t.ordel• trs.md.iion fr~ netr.s:t~.e to isotropic phe.ee te.kes pla,ce at 
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t.h:t s temperatU,re ( ~?1n). As the 'blmp~retu.re i.~ lowered. down 

in t:h:e nemati.e phe.ae. h.ovmv~r, the subst-ance· attains. smectic 

phe~e or aolia oeyete.lJJne' :Ph!3-S~ l-oner before <P.2./ can at·tain. 

the- value o:f um:t-y at abmolute :.aero. T.bis th~o~y predicts 

that ( ~/' i:t; aa~ta P..t ~~til tor all subatanoe63. 

It is observed tbat thEl mean field theory o! r1nin:r­

Sau:pe is obtained by the r.ete.nti.on of 011ly the 1e·t. ternt in 

the (lqua.tion ( 6}. finie:r. and Saupe 6' t:t. rut a.t.tem:pted to a·luoi.­

dat0 th~ nature of inte.r,moleculm:r foroee :ln nematic a. The 

oharncter of whiah :ie contained in the parameter. o! the one 

molecule J>otentia.l v1 ( or.ient&\tj.on dependent p~.rt. or.1ly). tt 

was assumed by them that 1:he nematic o1't1er ia ntainly due to 

d.is·persion fo roes (1. e. t ~.nduoed dd.poJ.e:-indtwecd ~ipol~}. ~1hia 
· I 64 

~estrlotton gives • 

Whmre, A is a conat·ant to ba dettlr.nintad which ia a 

cha,.:raater of t11s 9Ubste.nee ( ::~late<'i to the polar.i.rua.bili ty) can 

be c:t:lloulat..ed fl?·Ol!l tee tr.ansi ti.on temperature :tf the molar 

volum0 -of' the natllEii'tio ·ana 1sot:r.opic l:tqu:Hl a.t oJ.eeri.ng point 

1G known. (\}-- i.D the t-lGJ:Ul molect.;tle:r voltl!lle. Thia volume depen­

dene~ (H.lmen f'rom thfi raot that ·the ·notential or di~n:>ara1.on 
v - -(, 

"'(( 

:t'o:rca ia de}letndflnt on the :t:ntermoleeulnr oo:para.t1on aal\( whe-

the:r~ between aymmetrio or a.ssytnme.tria moJ;@oule·a). It ie 
6 - .2...,. 

ass~d from M.s. theory 3 that v1 cG ~ o 
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Jn their development of th~ :mean field theory ..;_i 
1 

HumphriEH& et al.67 th:toidt~d tile· volume de1~nii.enee. aa "\!- > --I 
being an anjuutablQ parnmeter. Exper.o1raental <iata69 on the 

prea$Ur.e· Q.ep"ndenee of' the order :pat-ametur ot :PAA indicates 
-4 

thnt V 1 a-<. '0- • 

to Cotte~70 (referred 

On ithEf other hand n reoe-:nt argument due 

by Cbandraaekilar70.a.) suggests that 

ther~odynmnic o()nflJiat~noy of the t:tcan field theory r~quires'. / 

'\.S)--
1 dep~ndence. A force fitting experlmenta.l re~Julta 

wi.t;t'l theory howa~ro:r. yield.ad Wll~~s otr --J in soma catles 71 

whioh a:re nai ther the~modynamicftlly eel:f conrdstcrnt nor the 

valtwa Ol.'S expaated to como :t'rom the oonaidar.a.tion of ~is-
c~-:t-

pereicm fom:.H1Hll~ depende.noQ ) .• 

Clhandrnsekllar ancl ~<ladhtuJucb:u{12 obtQin~d an Elverage 
A Q. -3 

o:f' cv depert_(j.ence af:ter CU.llcu.lation conaidEll'.•ing to per-

manent dipol~-~rnanent dipole fo1•cea, induced cti))Ole­

induced quadrupole pert ~f. t.~ diaper.aion forces. 

l.n erde.r to avo:td all these e.mbi.gut tiEU1' reg;Qrding a 

knowledge of volmr~ dependence, it ia p~ferable to assume 

that the coefficients of v1 in eq,n. (6} a.re :1 n~ependent ot 
·' volume and. to reatl'"ict th~ fi tt-lng of the i;he·o:ry to experi-

ment to a n.arx-ow :re;nge .. of temperature· '.r};I• Finally different 

:r.o:mns of volume depend.ence may be inclUdEd. 

AccorQ.ing to l:::1.s. theory plot o~ <F2./ versus '1'/Tln 

ie e. urtiver.ee.l. ourve for all e\tbe.tart.c~e. ExJ;:er.imente.lly tll.ee~ 

e.re sma.ll 'but eysteme.tic derivations :frmn· tlli.5 curvesa.,?; 

and the n.eed of higher ord.er ternu.J in the poten.tie.l :function 

hae been e:mphatd.zed. by Cbendraeek;b,a.r et a.172 and Humphries 

et e167 •· . When, theore.tioe,l '9luee .o:f (F2/ an~· <~ obtained 



from 1~1. S. potential nr.~ ooo};ared ~11 ttl some ~ll:peri.mantal reeul te. 

~he t~m:t,~ftrn:truro de:pend~noe t)f 'the < P..2-'; and (P~> of 

M.BBJ\ a~e ttet0rm-inea by Jen et a174 using itamnn Sae:ttering 

technique and :tound that <P-4_) values $~f3" much lO\liSJ? than 

that prccti otc(l l,y t~.s. theory and evo.u negative near the tmn-

01 tion. Ka.binab et a175 in more recent wo~k repo-rted the 

:re su1 ts of. rtH3aauremont Cf <F2> 1:" d <f4 > by resonance Ra~n 

polar:izati.on ~eaS'IJ.r~menta of all t~rma '(6 -carotene dissolved 

in ~UlBA and $CB (ut111e$d as <>:t'ian:tati.ona.l probe). Tb.e value of 

~> obtained for M.BBA ia not negatlve in their caee while for 

5 OB b~(lomes negative (within e.xperimeutal un~ertainity) juet 

bef.or~ the transition temperature. 

~heae VEtluoa of <F4> are alao muoh l.o\-ro:r. tb~m th(Hl1e 

-pr-edicted by D theoriEH1 •. l'Jrhe n~gative valuEfa of. <F4> ~re not 

predtated evan if the b.1ghell' tem in tho mean field potential 

;,s included ~lthouah tha :Lno1uai()n improves the swreement to 

ao~ ext~nt •.. 

Further the long wavelength orieni:ationtil fluotuatione 

:tn ~be medium whieh ditnYti~h tha Etftaotiv@ order p.fMtamete~ and 
' . . . . % 

this ha.~ to b~ tf.lk~n tnto the theony aooord 1ng to liuokburat ·• 

rrbe aae.,timption that th~ t'lolecule i.~ a rigid rod is elsa art 

owr aimpli.t.icntion .. A reali~tic celcmlati.on hau been t'!!ntle 
"11 by Maroelja' <t£ the oontributio.n <>!. .flexible e.nd ohnin i!l 

the ordering prooeaat v1hieh 'Sit aoo()t~"'lts for tbe alterna.~ion 

in th~ transition talllPCl!ai~lttos, the order Pfl.l"l'$tatcr and other 

:related prop~-rt1.ea of the auacMiHlsive oombe~n of a. b-of!lologoun 

series. Uacent tl1eo:retieal work by Luold1urmt18 shows that 
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tbe ef!~ot of the flexibility of molecules on ort'lm~ parameter 

is only omr.gina'l. 

Oontr:i'bu.tion tQ tba theory of SA liquid cr:;3t!~ls 

hav-e been mad~ by a numba.r of l'.nv~stiga-tio:rta ?9-B3. All 'the 

. . G' t~e~1 tmanta are c~'tt~nsi. "ms o:t tba !ieie:r.-SQupe · theory !!If. 

.n~mntioa .. Hera we will diacmss th~ th~ry aa g~:van MeM111e.n. 

'Whe McMillan .forra of the fd~nglc mOlC!oula potential 

is deduced etarting !r.om the jtobmye.ahi form of the :potantia:t79•80 

am uaing the f.o:r:mal development presented ea~lttlr64•8• 64. 

'IJJhe i;1c1AillM lflOdal o:r tho potential84 is gl.vu.n in -

the fortn 

L [, oZ 'L &:, c 2_1\ " I d) -t- l -+ 
o<v o- Cu-:5 (27\ ~ 1 d) 12. (&3 <9~] 

to ~we on a plnne perp~ndicu.lar ·tp tna Z direction (i.e. 

to the director). Th€J molecula~ <liatribut:ton !unct-ion muet 

therefore describ~ both the tendency of the rnoleoulo to o:riant 
- . -along n l?ig.\'!!(t>)ond :to:r1u lay~:r.s porpand:imalt-tr to n. The 

di.at'X"ibution funotion ia thus a :f'l.lnot1 .. on of both Gmi.62 and 

~ and oan be .exptmded i'l1 a d(mble fieries 

) 
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recogni·~tng the etefini:t,,on of taV$T.aGCS · • 

Ai-D 

AL'h-

~be r~ottl ts aro 

·=- l.. 
2.cl 

:::.. l <·w (2A'rl-~ 1 d)) ; 

·21-+1 -= 
2-ol 

<Ft CCAPe)> ) 

2L+I 
-

2..cl 

3 ./f 

'i 

..... (II) 

In addition to the pur~ly Orlentut1 .. t\nal and translational 

or(}er para:meter. ·the - ' 
< Pl- (Ccr:s e ~and< &r-:5 -. ( 2 7\ ?-v '?:-I ci) / 

we :find .ftl set_ o:t rJixEu:l O:L"der pti~~twteter.s, 
-

(P1- c~""J t9) c~ ( 21\-rv~ /dv ) > 
'fn~fde~otti be~ tho OQJ:>J:-olatii>n cl}n,pling bcttwee:n th0 

de~e of orie.ntationnl and tranalaidonal or.det-.. ~he throe 

orde~ :va1~amote:r.~ of lowcat degree in eqn. (11) or the SA 

phose be.vo bean gi VGn aymllol&J 

~ = (F2 (Cd~)> ' 

rr = < Co--:5 c :2.-A ~ I d.) > ' 
0 :!1 < P:z.- C CN-:s (9) · Gr:s (2-7\.z- /4)) 
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t .. .M "' '}I _;_ /\ ) NL -=- ~ -= /'"'\ ... n t~e neme .. ~.e p,;e,se · L- -r- u v 

In ·the stteotic A )1bese ~ -=f-o "C ;:f o ) af. 0 

For pe:t~rect order a.ll three tend. t~ un1 t.r. 

1. 5. (0..) 

. - . pre:feren.ti al tt.i1-ection n i.o in &."enE;'ral. n.o't untforlll bttt 

changes from ·plno~ to }.)lacu undo:tt tbe aeticn of di-sturbing 

foroe~ ancb as oonv~mti.on now, wall ef£<~Ota etc. However, 

even lar@:e aF..Wtplee can ba al,igned 'by bo'th msenetio· and eleot­

:ric :fi.eld. Tbttl field :i.ndtxced. e.l:t~nment o1~ a liq;ui.d crystal 

i e a atr,ong effect. Ttd.s ·is du·e to the l'a.J'ti.C!Ular :tntcu:•ruo­

lecu.lar i'.l)rc~e remJiOnrati bl.e :t'bl." tbe rne-aomorpbi o eta te and 

la 011 t<) t.t co-or~crative· behaviolh"'r o·f the ttol.eoules. 

An anitlotro:pic, dieleetrtc or. d:ie.rJag;netio compon~nt. 

Will t~n(} to ~lign S'J..Oh tllat the le.rg~es·t COID~<OtleJ!lt Of dielect­

ric or diMB{Cn.e.tio oonete.n:ta lie· in tb.e di r4.!'c·M.on o.t the 

eppli ed fi~ld. fJemati o molecu.lee beha.ve aa di polB:r ~pecies 

wi tb E-, f e_1_ (1/(,
11 

\- 'll.1- ) wbsre t s.rA ?C are t!ie-

lectric am dit:H-:;agn_e;tio stu:u:revttbili tioa parallel and per• 

JH.mdicular to the lOrl'~ molecular an e. Wben E- ,, > (:-J.("Xv 11 ) '/(,~ 

the n.err.e.tic liq~.id crystal alo.ng molecm.ler axis. will tend to 

align with the a.pplied fielD. 

For example , 11~-w~ thox~r-p' -eya.fl.Ob~Hl~yli dt:r neani 11ne is 

a higbly polar1z.~ .. ble f!~Ol~Hmle w.l t'b positive. dielectric a.nieo-
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ub 

trOI)Y, i.e. E 11 ) s '· tba. t ttrl.ll e.l:i. gil 1 ts long ntole-
f; .e.ld. 

culftr ~xis with an epplied~ On tb~ other ban~ p-~ethoxy-1• 

n-bu.tylbe.ru.'iyl:i.denesm:tl.i.ne w:lth E- _L 7 f:. 1' , 'ftdJ.l t.?nd 

to align its long moleeul.~r alds perpe·ncU.ouler to the applied 

field. 

Thin films of liquid c~stB-ls up~o 100 ~m- can be 

e.lign.~a by· trurfaoo gerlero.ted orienting forcea wbioh results 

froa pbyetco obC;\Jmioal proeee ~a, e.g. b:y·drogen bondi.ng, Vander 

waals/ iratex.-eoti on a OJ" o;ipola.r itttex-eet:t ons a.nd !!~om meohani­

o~l i.nte:r-aetior1s a.a a ~sul t of the Mif.Jpotropie ~laatioi ty 
. . B$ of the lit quid cryatala • 

Ord.erad la;r~r:a of neme.t;tc l)he.ses upto about 0.1 mut 

thickn~sn can be pre:-p&.:t-"'~ by fU'i:lJtitwi ehing· thte l~:l q;\dti o:r.ystal 
.,11. . . 
~ b~t~cn flat glass r>lates., It the a.ur:face 1~ rubbed wlttl 

' a piece of oott(.}n, :pe.lilf.~r or lea+Jler ~ number of titues i.u a 

particu:te.r. cl'i.r~otion tlte mol.eeulae a."''e al1.gned tn t;be direc­

tion of rubbing ( 1., fl. l~omogeneoue85, alt!{llntt>nt.,. liy depoei ting 

eui. t~ble cham,, cal at ~rtiottla.r angle on tb~ surface the 

alig.m'tlent can be r.nde I<l<l~e un.ifo~ .. Hon";Gotropic orl.entati.on 

(perpendicular to the s:urfaoe.J can e.lao be ebtn.1.ncd in the 

antne \!tay85. ltomogenet.>~c o:t~~uted na!!Iatio layers 'hnve be~n 

used for uv a;d inirar.ea spectro~eopic studies85. 

A var·lety o:f. electro ... aptie (1\ft"eots of l.if.Htid crystals 

e.re bQsed 011. tll~ el.&c1n~i.o field tttol.eot.t.tsr r,a .... ~.i~tr.nnemt .. l1sing 

ths l!i!Urface t~s;:!:t!\I€1nt to xn~c,ducf:l a mole<::'l.(lar al.1gnmen1; Y~bioh 

1 o ortho{tO.t\al to that pt-odueed by .the appli.ed fi el.ct the mole­

cular reorient~t1.ottS can ree.dil.y l:JRJ j_ntercanverted within a 
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"Y).... 

tnilli.ee..c~ond reepope tim~. lf·be 0li!iH1ment of nematic liquid 

crystals by external electrl c f.ielc3 he:.& been· reccn1tly :revifltwed 

·86 'r; . l.. 87 'tr: ' by G'rsy. s:.td W£1;@ !.'irat observed by JLI"Gt-de·ri.c.t!521 0 wariat:i.on. 

of tbe lt~ea.r bi ~l!i'frengetJ.ce or light e.becrption { linea-:r d:J.ob­

roiam} can be obee:rv.ed by ·:reor.i ent$.ti:ng nematic. tt&olecules 

t>?itb :positive d:till«)~tric ~~Zmiaotro:tlY. CE-il> E:-..L)· 

·nematic moleoules to J)roduce diSJpley appl:Lcat1.ons80 • 

. !eme.t:i.c liquifi C!;'j'$tala can ena:lly be orient(ld by 

statio m~rtetic fi~~l(;fa. Tv;o caoea have to be diet1..ngu1ahed 

depending on the sign of the d1. tnmltJnetio ~tliootro1v C ?<-1, -:- -x:_ ..L) 
of tbta l!iolecu.1ea toming th~ liquid cryetala. The ar~r~ati.c 

nema.togt1n~tt are e:-tatnl?les of oom})Qunus with t><>ait~~v<~ diamagnetic 

ani sotr.opy 1 • ~. ( 7v 11 - 7(. l ) > 0. :rnu l'ong a,jti s o t tlle · 

mole.cule tend to a1ir&n pru:-nllel tQ the di.l"ection of the mag­

netic :tteld. The neTv.atio liquid c~y~~tala orient tn· the ma.gne­

ti. Q field H in auoh a, way that the t1irE?otor~J of the sponte­

neoua1!.r· ol:'derGd t:t.omnins ~ a1.1 alinnqd urii.forr:aly in one di~ec­

tion { p..~rallQl to H). In genoml .fi~ld strength of uever.al 

hundred gauau sre anff.ioi ent to pt-odttO~ unito.r1:n oriantatio.n 

i .• e. -mclnOt'i·Om~:tn samplo .. 

1.._5. Ltl) A;,l:ii£ttlme .. ft.1i. ,q f .nm.tw-t:ig J~lva:ae,p.J.-

e1eibOCll11 Md Jjuz89 hHVEl k~ .sll<n'frt th~t: s.neo'tic liqutd 

or.ystala or· compounds '!j'fllich ~xhilJi t. a nematic t·:.trtcl a smecti·c 

phase may be oriented unitortrlly by the s,pplioation of a mt::tgnetic 

field i::n the following way: 'First the nematic phase ia o:dented 
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in the mag.n.etie f1cl.d. l!ben. the t1ample ie· slowly cooled below 

tene nematic to emectic transi tiCl'n while -it is kep·t in the mag­

neti.c. field. In 'tbis way all the three an:ectio· phnttu~e A,E\,c, 
of :Kh-1 'I? DBA can be ordered uni for~ly. 

I 

1 .6. T.e~t,p~rt._ ~t1n.lvpj3~ l?Y ... I.!Olf1T'l2iPE'. !!J1,c.t;..(lf!'$,},Olf,tll 

~'ben liquid crystals &l~ ett~ied with a po!.e.ri.aing 

.mi.c:rosoope, they er~ \Wttally obsE?r.vec1 ae thin film~ betw(!(.!D 

On c.oo11ng from the· emorphous i.cotropic liquid circ.ulsr 

bi.re:frir!~fft.nt era8,a appee.n at :firat 'ln caee or nema.tio:J. 'I.1be 

a.pll~Bt'anae of the te-xture·s tha.t form after the completed tran­

si ttons often depend. eons·iderably on th:e ltJ.y~r t.b.i c)l;nees. 

~!ihicker nematic layer!$ me.y show the typicRl. tl~ree.ded echelierf!n 

t~xtur.ea. l'he well defin.ed thread like tex.turee mey reove and 

float eround. ::tn the 10!~11¥ netuatic. ~~he· terirt neroa.tio r~:f.ere 

to ilheee feature~, be-ing der.ived .fl.•om i;he (lrea.k word «i,nerr.a"' a 

threed. 1~he · th~eeds heve ~laertio y):r.operties. In thtnner layers 

the threaded 1•~xturc ob~nges to the sohl.iern texture. By a 

sui table 8U.rf'aoe t1~ea1auerrt. 1 t :te J)Osaible to obtnin !ilme wi:t~b 

·Mtd un:t for.m molF.Jcular al:t~nent. A film 1:hat has bsc.n aligned 

between 'tthe rubbed 3Ut'f.E\tU!l i.t1 F:\hown by Sau}?e. Wi 1:h w~.rt;rf.Hll1ted 

at.rrfaoe, the aur:face e :fteot may :rn~oduoe a.n ir::J•egtll.P..r marble 

textt:tre. It i.s aleo f!Oind.'ble to obtei.n uniformly €tli@11Ei!d :films 

with the optic rods norm(lll t;o the· r:!Ul .. fe.ce. 

Peeu<Jo isotropic textlATeS· ere often. t!!bta:ined wi. th 

o OU!.pound s that f orro, 1 n, e.d d:i:t-1 on to t be na rea t i a- ph a ae , a 
QO 

e~tectic· A phase et lower tempere,tu:r.es'" • 
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On cooling, al'!'k 1$otropic t{fxture or modification can be 

obtained fir&t at the liquid to· choleatel'!ct liq.ui d ccye:te.l 
. -

trooci ti.0111 wbiob at a lower te~perc1.tUrtl. changef! to: a bire­

fringent textu:re. trml~ition point :1.$ not eastly ob-o~ed 1n 

tbi a C9$P.. Whe.r~ in other oas~s when tbe l':t:r&rf:ri.ne;t?~nt texture 

is formt!d <:1:trect:t.y, transition can be e~s1.131 obse:JYVed. Elonga­

ted ba.n.anfl eJ;s.apetl :rorrn.a :nn,y apz;reca.r f~.:t'!&t ( re:fe·::rr·ed to s~e. k 

b ntonn~ts) • 

The ph,otogra;pb. of birra :ft-in~ettt- n':toe.e.l .... e.oni oM texture 
' > ' ~ 91 at a c·bolee1;et"ic- pheu:fe ~.a gi w.n, by "'aup-c • Wl!etl the oover 

glass ie ehiftfld focal oonie te;:.atturtl ie· eb.ifted 't¢> planner 

tsxtu.r". we.dgQ: Shaped' $f.Unplea, wh.en, the t$\ll~:f'BCf;S el'tE!i pre-pere6. 

for a parellel alignment, eho1., a ri'Srtioultu~· fea.ture aalle.d 

G,;rand1jea.n steps or three.&:;. fhe· ve.rie.tion or pi t·ch ia directly 

obeerveblEt by tbe colour ch~se in. the ee~pl.e i;bat- ahow :t•ef' ... 

lect:lon col,our,,.. 

!!,meej;~cu-

T~r,d.oal t:e~tur~· obt:~ned. ~ th st~ectic· A liquid crys­

teJ.~ arQ. focal eoni,.e tex,ture$o. The appee:P~Etoe o:f' the f'oo~l 

conic t~.$:t.ure: i.e· tlireetJl)" T<e·lated to· the foeal ecHl.iO laye.red 

str.u.etu:t<e ef the ~a,eotic. !n thinn~:J:< leye:tY.e the focal conic 

texture changes ita a,pt;4!le.ranoe and, giv.-;s tht;J .fan ta.xture or 

mot"e· aceuratc-tl.y the :ftm-..abal"JCHl toc:al-corJ:j.c t-exttaree. A abi.f.t 

Gf the nO'V'f4r gla.f.U.l' o:rten cbenge.a' th.~ ~n tex.tt4Y-e t:Juddonit to 

a ·p~"''$Udo-iso·tropic t-extur~. 

J 
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. In contrast to :nemattca, a sa alight ahLft of the 

cov111r ~lnas baa no opti.e!l\1 effec:rts on a p$'eudo-isotrop1o 

emeoti c - A. film. Th:ts tyre of texture can el.ao :form spon­

t~neoualy at t~l$ :pb~e& tll$lllSd. tiol'l tiu:tting oc,oling .f'rotn a 

pseuao-ieotropio ntirntati.c. lli.sappe;g;r,sn oo ot B;r.own:l .. mn notion 

cen. only indicate' ttte tr-ansition in e:ucd:t caeca. Smectite A 

phase¢ showe •batonrJ;st~e,f!~· when it; ie f.t!llfffle'a· d:,i.x-ec.tl.y from 

tiU!OI':f~~~~l isotropic li<tttid; .. 1·h.ey flQs,t in norWf£,1 lJ. quid. snd en ~ 

coolin~ thG'Y n.1a:t•ie z·emul.tir.lg 1-nto Q. f'&rt te::ture~. 

Typical t$Jttur"a of ~ameot:to are the. •b:r.okon tan• and 

• broken foce.l ..... e'onic textu~a. ~bey ~re· lese ~e;ttle.r end 

die,t.u,r.bsd by m1dit1on.al di acliru~·.tiona in core:pe.rlaon: w1 th $A 

phase. Scbih€.rEm i~extul"es e.f. ~i!Uta:tlc c· e-re· else ebee-rved 
• I 

Wb1.ch C017l'Gapcmt!4s t,o p>S#JU.dOJFOt.en.tie<-i.aotroric tex.tnre Of S! • 

At' the t~nsi tion from a, ncma.l isot.rc.pic liqu.i.d to s0 be.ton­

ntlte appear first- to those of' SA phase. 

The chara-cteristic of l~,quid crystals rl t;h etructured 

layer ia the 0 tat}aa:i.on text\tt~e. ~be m.oat corom.on suteet1 c wi:th 

atruatt\rea lay·er ~.a emeotie n:. 111~ mosaic:. teil:tru:re has bEu.m 

observed. \rl.t.h Sn e.nd ~ligl1tl.y mooi fied: &lao with. other 

smectice.. with stTuctur,.p(! ln.yt!r.a·. A lilOditicnt:tou ot :fan tex­

tures and ot Sobli e:t'en textur~a um also be c·bservcd. wi t.'b 

'e.rneot~,o B films that e,r~ obtdnGd 1}11: c().loling from a, SA or .a . 

s.., "'. 
the exiGteno.~ c:f the te~tu.re sbows di:reetl;y the:t 1;b~ cor-:r-~e­

_pond:ine; S.Jj pl'U!t$(1! iS' unie.xial (lind h~W Uf~rieh't; l.n,y!!!rs,. 
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l?hoto8raJPba of all. the tg;ptcnl -'te.xtur~~• diecuaaed 
91 ar~ g1 VEUJ by Ssllllf-6 · • 

:Detutt..q e .l'Jd Rio~e;r/~2 'have di sous!lJed detat le about 

tex.t\}.'!'E~ e:nalya1s with oowral photO(P."a.~s ~)f tltfft'~trent meso-

morphio phaaea w:i.th the1~r typioa.l texturea. 

Order var~ters of diff~nl'ent m~SQ!Jthaano (u:Jt"Eloi~lly 

for ne!mltics) ba.ve been c:ietlitr.min~d by many workero ~Y employ­

ing various oxperlrn~nta.l techniq:ttEta i.noludi,ng dilr'i'r'utigneti.c 

antaot1~0l~Y93 opt1,oal. aniElotrOl)Y9' ,94 ntar,net:l.c r€n9otusmce $:pe­

otroseopy. Ranen su:::Qtt~ring~M5 t9'1 • :tn.tr.a:red apeatroscopy97, lftr 

and visible sp9ct:voscopy96 , Mosnoou~:t· apect:voaoOJlY9a t · J~etttron 
aca:ttering98, p.oai troil .amd.bila.ti!ln98, d:telectr:to &ni~otropy98 , 
Gur:.ot bast i.txter~ tion99 .too~ X-rey d~~.f.!':r.netion etc. ComJlariaon 

of tbe~a re.sul t;a vo~i tb tbe ~a:ier Sau:pe th.aOl:'Y ie bri.~fly dia.­

OlUltied i.n B:ro-wn • e book 101 • 

1!he dei!Qile abol.lt all the experizn0n1:el techrd que:s are 

reviewed b~ different wo:tkt:zra98• !n thi a tt4eaia we are not 

goi..ng to diecusa e.bout all the t~oh:niq.u~s otl"Htr than thEr. usa 

of t-ray di:f:fra:.et'i c,n in determine.tlo~ oi; order :pa.l'(:tme·tere of 

d.iff"e:r•ent tlteeophc.sea and the ori(i;nteti<ln (If tU. :tr.a:r~nt non-

la.~uid orystel1.i.ne ar;o dS'·fllo doped i.n 41. :trex·~n1; .nematia tneso­

r~he.aea by stH~ctros:r,o;pio m~etbod (Cu.es't Host effect). De-tjails 

about th~ X-ray· an~ epectr.oeoo.})io w~rka on li. q,aid m:·ya.talli . .a~e­

pha~tj ma(}e by \r.e, wi 11 be :prea~nt.sd :in .n.e.~t fe·w· cht\l'ltere. 
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Vt1l11e enormous ndvMefis in tbe technical e.ppJ.i catione 

of :Uqui<J c.n:•yatals · bav€! beert made, the bneie remaon for th@t 

fo:rcme.tion of varl.<rus ntesophase$ ia not full~r t:mde:rstood. T-here 

e.~e aevonel the(>r!tiu!t Qf liquid orjratBls baQo<1 on Mean fiflld 

appronr.aati·on~ ~¥ aim was to teat theac theories tro~l my I-r.ay 

a:nd apectro$cop1c dnta. l h&ve bean able to analy~e my X-2:oa.y 

C!i ffraeti rm dntn f'roro aever9.l aligne(l liquicl cry~tal aar~rpleus 

(nf!multio encl emeotic A) to give tbc orientational t1.:J..atrihu.tion 

function, f ( () ) , · vtticb :t:n turn ywovi.d~a the angular part ot 

the l1ean field ~otentiai. ~1h1.e c·xp®rimentt'\lly obtained distri­

bution function haa been cc;mJ)ared w;t,th those obtained from 

different theories a!~ la~ge·diacrepnnciea hav0 been found for 

cyano ·compounds having strott6 ter~inal dipole noment. 

x~lOOY data have ala o been nnalyraed for appa~cnt mole­

cular length and inte~mol~oular distanoea. 'Tbe apparent mole­

cular lengtbo for eynno oor~pounds were found to be larger than 

moleoula.t" tnodel ·lengths, showing :for.mati.on, of' assooint'lon in 

tbEt meoopbaa~ ... I hav$ also calculated the omenta.tirmnl. order 

saeotic A J?basefl and cont:ra:r.,. to aome etnrl:ter wnrks my (P 4') · 

values are al'tt~s l~Ooitivtt. 

Tbe (P2) val.ue. can be obtained e'rperlmantn.lly 

uaing vsri.oue teobniquea •. vi.z. r.ef:l~aot.1.,re :tndex, me.cgnetio 

susoc:rptibil:J.ty r:ut1.sotropy 11 NMit. l1aman ~lpeotra, etc., and the 

ca1.cn,(lati.on of <P2) from tbe expevimelltal aata involve 



values obtained from d:l.fferer1-t methode, we can get an 

idea about tbe aceurt!ny of thase aesumptione. Wi tb this 
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tn()tiva.tion, I watJtto to mes.eure (T!;r by a &pectros-

copic meth.od twing a, guest: dye in ~..tl .aligned liQJliti 

cryetnlline host. However-, the 4'2) values obte.ined 

b3r tbis l'tet:-hoci did not aeree s.t all with the va:lu.es 
~~ 

obtainet1 trom our X-trey stt'ilie e. !!:be ~oh-ll:ln reaeonm 

£or tbis (l:tseJ;"epancy have be-e:n d:1e=ou$eed. 
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