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1.1. What <Liquid Crystals are; 

The Auotr()ar1 bote.r!iat F. ~~eini tzer1 and the German 

1 i t 0 T h ~ 2 •' . ~ 1ftQn b ~ cx1em g. • .ue mC].nn , ns ear.y an o~,~ ,.o se:rVEh1. that certain 
' . 

compoUl'lds, e.g. chol.fn~teryl acetate !itnd ohol.ei3toryl benzoate, 

when heated. dl.d not pass diraetly to the ~iqnid Jiltate 'but 

adopt a structure whioh had both "the ani~otropio opticRl, 

eleotrioa~ and magnetic .properties of true eryfftala and the 

hydrodynumia properties of true liquidrY. On reaching a certa.i.n 

temperature, Cf.tll.ed mel tihg point, the solid undergoes trans­

formation in to e.· tt.trbid condition antl at still higher tempe• 

re.ture, c:::~l.e~ cl.earing point, the turbitli ty diea.ppeera and 

iriotropio ~iquid state ia formed. On cooJ.ing tbe.se ohe.ngee 

take pl.ace in reverse order. The rezu.l t of their pioneering 

rer3earch work l.ed Lehmann to name this kincl of substance -&.a 

ttLiquid CrystaJ.s" even though' the term aeenu?l to be misnomer. 

DtHlause of their intermfHii!iil.te na.tu.r6 between ~iquid and 

sol.id state the sa compound$ ~re tUeo termed by Priede~ 4 

The two aiajor oategorie£~ o·f liquid orysta..le are 

identified as the-rmotropic and lyotropic. Thermotropic 

l.iquid crysta~~ are obtained11 as t1eseri bed e~r1.1e:r, by 

heating certai.n chewi.C$:U compounds. On the other han<l, 

lyotropic liquid oryatals are obtained by mixing two or 

wore compounds. one of which is a polm.r sol.vent. Tbtuse 

syatemf!l occur in both inanimate and animate matter, the 

most common examp~e being aqueous soap solution. We wilL not 



dieou.aa about l.yotropie liG,u.id. oryeta~n further, since, in 

thi~ dissertation Yle are oonoerned only with thermotropic 

liquid crystals. Revit3vts on ~yotropio l.iquid· eryst!Us a.re 
t'!'-l • J!> . . s ... s 
~van J.n re:.t.0renees • 

Aa proposed by G~J:l"~riedel9 ,. in 1922, thertnotropic 

~iqtdd orysts.le :are ~enerally divided ac,:aordin·g 'to their 

~truotures, ~nto two mnjor £:--.Xoups, namely,_ neuH\.ti_cs and 

smectioa. In nematiC:> phase (the term is coined f'rom the 

Greek wor~IJ. -J~fc.-d. meanirig thread) there i.e no co:~rela­

ticm between the- moleou.l~tr _ Cfiin tres of maJ':Us,- bu,t the rl.irec:-. 

tion o:f the mo:Lecn.~ar long uxa.s ~Clf) statisti anlly .have pre­

ferred direction of' o:rJ.en ta.t.ion, oallad 'the director. This 

ifJ sehematimilly shown in I01i.f.~· 1.1. Siinoe :th.ere. ia no rt1st­

:riat1on rege~rding the posi tiona of the centre~ of m~as, the 

moleou.les hE~ve tt hi{~h degre~ l'1f mobil:tty and the nemmtic 

phaae ia markedly a:ffeated by _ sxt'erna.~ fi.elt'is .. Within thi.e 

gz'oup fall another c~tegory. namely tho cho~enteric phase 

(so ca~led ilue i;o the presence of opti call.y: f! .. {;ti ve oholes-

,~erol. group in 1 ta mol.ecul.o) whioh have t:he s~ime structure 

an th.Q nama.tfcfl but with m.n arldi tional twint a. bout an axis 

perp.endi.cuJ.nr t:.l the l.o:ng ax~a of the mo~eouJ..os. That :ia 

the ahole:-:Jterias are nothing but twisted nem~.tioe (Fi.g.1.a). 

meaning soap) again have the long 

axes o:f tha moleouJ.es oriente.t~d in n certain- diraetion, bt.tt 

hero the centres of ma~s o1T the mol.eoul.ee nra arrnnged in 
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' FIG. I. 2. SCHEMATIC REPRESENTATION 

OF CHOLESTERIC STRUCTURE. 
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eqa:tdietant planee. fhe mole.auJ.es are genera.lly :free to 

move '11,~1 thin flmeetio plt:ines ::a.~c:l e.t~o · aertu!.1~ the planes. 

There are many ~u-ll-diviflions of the ameoti,o .. s.tate de:pe:n~ 

ding upon the ~trrnngement of the mo~ecul13~S w:i'thin the 
' 

laye:r~. Another type o.f liq,uid ory;::rta.l. "~~~;e.a diecovered by 

Ch8ndrasel.dlt\l' and ea-wor.k~re 10 ' 11 t' and was termed as 
. / 

stf!tolced in oolumns and. S(l the 11~a.ne of the ~oleenlos are 

. perpendioul,r,1r to thG_ (\1~reetor ~ontrary to ~the t'orm~r ty~·s 
' 

whe::t"6 tlH~ mo.l.ec:m.J..e~ are pa.ral.~e.l. to ·the dir;ector. '#e shal~, 

hotl<l'ever, dn~ori b@ di f:f'(~ren t pl·u~~.~es in fi~ta1.1 .1.n the n¥3xt 

chftpter. 

A liqui.d t::ryr~te,l1ine ~m.mplo nu:ty poftft.es more than 

one mef~omo:rphio pha~e i.e. different~ fimaot.l.f:! phnf:.!ea and 

tion sequence. 

cnn uuderg.o a tranr~ition to rd:~ttte,·t.:I.ea tulder ::i.Rt'luence ot 

e:xte:tt'H.u ·.fie.ld. Al.l rnoi:it a~i the oH150mor_ph:te phase trr.n­

zi tiarH:t ~:re e.n~.ntiomot1ihie i.e. they 'tt?Js:~· pl.aee r.ev~raibly 
I 

•;,, 

~-=--·.-···--~·- '. 'Mo:notrox~i.e tranai-
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Most of the J..iq.uid o:ryf;ta~line rrw.t0rials e.re or{';ania 
. 13 . . 

compoundB. According to Brov;n . npproxit!H'\,tely f"ive percent 

ot the knovm organic oompouncls hF>-Ve one or more ltquid 

crysta~ phases. A few org~.nomete.ll:i. c compounns of mo:t:•eur.y, 

t . d !:it i 13 d • ~:I . . i 1"" 1 . ..:2. . lJ. d.ol 14 J.n fl.n germt'~n um an .. 8J . .L. .f.!on,n .c:k.e f.=l.nu pa a .r.uru 

exhibit liquid crystallinity. Some salt.~ l)f ttliphat:i.e aoid 

a~eo·posf'!es,this p.ro:perty. Zocher15 he.s noteeJ th~.t inorg~:1nic 
compounds euoh e.a · E~i~iaates vanadium pentoxide, ·'(,..aluminium 

hydroxide ~~d. (?J-iron {III) hydrox:tde RlE?o e,;-hi bit liq_uj_d 

cry~talline super phases. 

-. 
1.2. Holecula.r structure of :thermotropic Mmaogens: 

At preeen t there ifl no way of predi oting v;;_ th cer­

taini ty whether a giy-en roo~ecule will exhib:i. t liquid crys­

talline pha~e. Howeve.r, D. Vorl"ander, C. V?ey ga.n d, .c. We.iga.nd 

and G.w. Gray16 , discovered four genereJ. c~iteria that 

indicate a mo~ecuJ.e·• s predispoei tion to forr>1ing e liquid 

crysta.~. It shoul.d be born in mind that the~e are only 

generalization and exceptions do exist. 

1. · The molecule wj.~l be long relative to its w:i.dth. 

Because of this e;enmetricaJ. 8.t1iBotropy, the intermolecular 

forcefl are alao likely to be srd .. notropic, a· "fact respon-

, sible for maintaining orcler :tn .l;iq_uid cryot0.J.g. The rela­

tively 'Neak to rcen j,n certain directi.ono may brea,k on 

h. ea. ting giving ri so to different m~h3011l:n:1:ses bofore going 

to the isotropic liq.u.i(J. - :;·tate. 
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2. The tuolecnues wil.l. have some :r.igidi ty along the long 

a~~3, otherw1~rse flexibility would br~sk the pa:ra.l..lel. orien­

tation in the ~olten state. 

roo tion of the mo.lacu.Ltii~ :,n•·even t o.rdfn•ine o·£ t:;!H~ rno~ecules 

l"€Hluirad to form a. m etlophtl5U), J.est on~y ,euparcooled metes-

.x-@-A-B -@-y 

'T\V\) or more aroma ti1i {or more rare~y, heteroaro-

wntic and/or cyc.loa~iphatic) ringms,aal.led core~ ueua.~~Y 

'benzene :rings, aa shown; th€u;;e e,re easiJ.y po~ari't.:i£t'ble 



B 

snme or diiferent. 

C.N 

ffhe maaomorp.h:io behavi.our ia greatly i.nf'J.uen-<n.ul it the 

~ens;th of the :rigid core is inereaf'ed by in't¥od.u~..ing 

addi tiona.J. a.:rema tic ringe a a bri. de..ing grou.:p- &u~ in p- eyano- · 

P'-n-penty~ terpheny~17 

' ·' 
. ' 

' . 
maint~in rigj_d1,.ty ~n-d li.n~a.rity. Moflt eommo.ri.ly encountered· 

18 -
bx-idging groups are ~i~ted bel.e'\.•; and. more det.ai~ descrip-· 

,; 16 
tion on this will be found in re!~r€in.oe •·' 
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'3 
A .-steroid nzomethine nit:rone 

( S'chifte base) 

- 0- 0-
1 r 
0 

ester 

TerroinaJ. groupe vary wide~y in chemica~ nature fl'..nd detor­

mj.nee wniah rueeopha~e tfill be observed. }fost frequent~y 

enootmtered terminal groups t1re ~isted bel.ovt18: 

R.b - - A:Urox,y, eleo intern'nl. ethel"O 
0 

l II 
R- D - c..- · - Ca.rboal.kol:y 

0 
II 

R- o -c.- o - - , A.l.kylaurhm1ato 

F, C.. I ) Gv l 1. - liaJ.ogen 

- C..N - qyano 

-NC-i._ ... ~ii tro 

Rq. ~ - - Atnino H. may be 1'" 
.;\i• 
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Chelili cal consti t.u"'Cio.n o:f di :fferen t mesophn~;;·es are l.i nted 

by K: 'elker and Hat~19 • Gray20 • 21 by atudying t.he sev.en-'Gy 

horuologoua series avr:•.i.l..c:tble at iiha.t time oba~nad that 

certain general. types of curvee, rel.ati:ng t.he trf.l;nsi.tion · 

tempetoa.tures -to the numbor of carbon atonu3 in the n.aries. 

might be obtnined and. thi.e could be ueed to correlate all 

the. memhere of the ~erietJ. !{eoently reported homologous 
22 . 

series"·' · oan a.J.eo be approximatel~t correl.a.t:e_d by one or 

another of' gener0 .. l ou.rvea of Gray. He. found ..... 

1 • The 

g:tve ~mooth curve though the melting point (1o: n.,t fl'lhow 

r.~ny- regula.ri ty. 

2. ]~ht? clen.ri:na points of' nema·tic; ·pf\a.s<ld·~~ercftr5a with 

.i.1:u~reae.ing ch~1in leng·th. :n:.e o b;.;erved eX.!)B!}~icns to this 

ruJ.e have BJ.Bo lH.::an expl.ained22 • 

~. The 1h~nw .. tioo-Isotropi a tr<r.J.nt~i tio.n tem,ptl:t_lNJ. tu.:r.G;tJ :fit 

in two ourv·es, one 'for even and the other fo-r odd number 

with. a dif.1tin ct al tca~na ti.on, t11e awp~i tude oi' the aJ. ter­

:na ti.on, :th:sxnm]§l:±:t.aJh~>=llJ1?X:tMI!?i a~ so being r<Hlucod w1 th 

inoreaej.ng. chain .length. 
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.· ,_·:-·. 

:_ :;._· 

'.:..· ··, - -~-· . 
,. 

. - ·.· ~ .~' .. ' . 

. ··>_The pio_t ot cJ..e.aring·_poin·('tti~-sm~e'ti.~e and tbe 

-am~-ctic.-n~~t:\-tio trnns:lti_~n.:·_·~~mp·~~~t;~e_s:·u·riu~~.v ·rancher: 

._a tn?Xi:num-· a"t· R mode;r:t~-te op~f~ l.,en~tl;·_·-~ ~and_ deo;easna 
-'· --gt"aa\.t'l)lily wi,tb tu.rtb.er· ~~qngation·-:o.£:·.-.tne ·.ol:t~·in;- Thir:4 .. · 

. ... - .. : .. . .. ;:· . . .. · . -

:--- .pJ.~t·, nor~ally sb~w:s• .n~ ·di~·tinat- ~od:a~~venli·:~r.fi;et2"5~ 
- . . . -- . . . ' . . . ' ~ - . -· " ... 

: · s.;:- ·< -· Wllen _more tne.n·· one pb.eu~e ·is· _poseiw~e; tbe _mnetJtio .· •. 

·. :-t~te-:i~·ci·ansef)--_in· the~a~· .etao1ii~Y• :_at .:.~h~--··expense·. of 
. ·,·. . .. -~ . . -~- ~; ·. 

the n,~a:tio; o_r cho~eateric;:pha~$-<a~-~:chain· J.;ength inc-:- · 
. . " ~.· . . ' . .... . "'._ . . - . . : . . 

·- ·' 

-rea$ea. ;It ia often .seen tiia:t,: _while:--~he _.l.o~J-e_r homo~o:.. 
-. . -,· -.· ,. 

got:ls ·al~e .~u~oly ti~tn~~io~ · th~ J::.i-ghc~>.'it.re_ p~z~ffl,:r: sr.nEtctio 

and tbe. i~ te:hnediate· hoilolog6ue$.-· exhibi-t·: :o.o};h. mes~l)~a_ .. 
. . ·. . . . . . . . :. . . ; .. ~ . . . . '. " ·: · .. " ·. ~ 

sea. ~ectia: state"a· 'are ··~tti~il.i·t'~ed:->bj;. :m_~:~}.·!~;l.,e ·. d,iP,QlJ~a -~, 

··.noting tranaverse. to the m\)ieotti.~r ~xis_ .(~·fit;er,al _~.i/.:trtr~o-: 

tions), ':while terminal' aitr~ot~_otrs".~!.J}Iear tQ_ be mal:e 
,_ - i• ;· 

important' in•· determining -n~emai~:c ,tr.fkrmal" at~b_i~:ity~ . - . ~ . ' . ..: -: . ' .' ~ - . ' -
. .. ·: ~ . . ' . 

. _. _ _- duoing on.e: Q~-~bre 'nllbnti.t1i~n~s i}l:,pl.noi;},pj!;:h¥drogeru~. : ·. 

. uong ~iihe side :of the core ~t-m:iotu~e ie · g;L;,~r/in detoi~ -

. _ .:by• ~,_.~,2~.-~he broe.(leuitl't~-?.;edn~a~ ihe ani-~.ti~;opie: p~~~tri~-
' :: " • ·sab:d.ity end. oonsequeittl.y -t:ha' i~te~-oie.c~a~. ~:k:ttrc\O.tions. 

> Y~~g.and hie co.:.w~rke~e2~: :$tttc:i~tl' ~;:1e fo_ll}(t~~J.~l.:g. com~otmd, _r;- · 
__ ...... -:: .. ·~- :, . 

-~ . _'; ' 

-·· ' 
.. -. ,.~ 

·, 



. -:, 

.. , ' 

-., .': 

~ . -_ . . ' ' ·-· - .. , 
~ . 

. - :. ' 
·.:,,. ,; . /"-

and ~oun<t .a. eysteroa"tio doori~,~9- i;t J-tem~ti~I.aot:zaopio · tem-

iierature asc~he_ nU!!l·~er:·~f :~~~;;.is~~ ... ;tntzoodU.~e-cl 'at ··pos1~ 
. . . - . . . . ' --- -. - - . :· ... . ·-. ~- :·.-_ :_. _; ' , - . . . . -.- ·, 

.' .i;ion.et A,. D or .Y 1 z· was inor~ased-.: __ -< :: ;_:, 
-· - -... -···- -_ . ..·: .. , ·- · __ .- ·,. ·.:~~- ··-·-. . -:·~-_-__ : ~- -' ' ... 

. · ~- '··'; -·:: .. ·- . 

. . 
1.::3ca > ,, • uj:yi~t!ll.: str.uott.ir9~· gr: the.i'm4!tri1J~io m6~Qgen.$: . . . : -- ' ' . ·:-·· . - -~ ~ . . . -

,0; _"_-._·· ,-- .·: 

proper~ieS Of'. ~if.<r.uid OrJf.ti~li.nejJhaseet -~ lmowle.dge ot 

·the molaottla; s't~~th1~e 1n:·_,,~if{ or.r~UU..l_ine :~:ta~~- ~-D ve-ry 
- ·'· .. _.- \ '-· 

·u:;H?}fUi, as the m~leolu.rir · coti'£ormati~n. :hi ·th:~ <c.r.vatallinc,: · 
" ' . -- . - - . - . . ~ . . . ·' 

. sta~e ._predute:nninea th~,_mo:l'0_e:uiar_o:rgauiaa~if)n· in. -t~al 
·~ ,, '- - :o ~ . ~ 

. tu~somorpkliC- ~tate. From. tkEl.previo~a' eeqtl~~n:; i:t {s obviouS 
- . -- __ .. . . . -- - . . ~ . . 

.... that .eizuJe": the di~covary · Q;t 'liqm.d·- oi"y-et~iil'ii_ty a great 
- . · .. ·_ .,·::.:_ .-. . . - ;·· .· .... _._ 

. . \ "._· num bar o t· u~ef'ul. r\~-e~ con c~nii.ng, tb~ir . obe~ij.,eeL ooneti ... 

_ ~:ut~on h~Ve been, statfi~• -'~Ut}1k~ fa~f: fiHlUfl r--~~b~ i.S known 

. about_' the. relatJ.QlHdd.ps- ·ba~w.e'en .m-ol.~aUJ.a,r·:pt(~kl~lffi in: the 
- .. ·- .. : . . . . . . -·· . ··-· . . . ·- ; ' 

. ~- . 
- , .. -

. BOJ.ld and the J?OB~j.ble o-ad{Arenae ·of: thermttJ.. -~e~omorpbiA . ··'· . . . ... -. . . ~- _. ' ,. . . . . . ' . ·- .. - ._. - . . 

;,_ - "';. . ~ 
mpieoUl..ar·:·e.r~ngottf@nt in tn~· m~sophag.e w~ttli. :the er,srotal 

.' ,• ;' . . . ~ . :. - . ':; ;;- - . - ' . - - : . . . - - -

_ Ber~~ anti·- browfoot?5~ ·in ·. th~.; earl~ ··1 ~)0 • s_, •. _.f,u;r:ther . 
•• < • - ' ' ·'··' 

otu.dies had· t'or many years. b~en very. :rew. · U;pto 197.4~ 

oniy seven {u·y~tai · ·s_truc'iau:-e~ .ht:l~--b:~en tleta~inea26 •· 

.·Tba"·eituatio~, ~hn~ged -dr~:~;~~ly -~ith .th~ a~ventof. 
. . . -· ~ . . . . . . . . . . - . -. - .: ; . ' : . . . 

.. . . . oociputer PP.9~~ram in the ~J.a.te,_,197o' s•: t~ow :a:~ l:~rgG number (}t 
' . _:_:-···--_! . : ... ··· 

' -~-·-:,~. -·~ -·. ;:::. . ~ ~- ... 

;·_ .. ' .... .. -. 
.,· ,• 

-.·.· .. ·· 
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structuref} have been:. detel'tttined, ~oet 0~ .t~rr.; 'b$1ng 

ru~mn:bie• e. tew with different tyl'ies ·ot ~·ee,:~i: .. o precu,'ll-

. sors2~-~. A! p~eJ.iminary sitrve~ .. of the p~;~·~ht. knC)WJ.edge 

\d .. tb, ~e-apect 'bo the ;Goiid-met1ophaee 'relationehipe. w~u~ 

given by Beyt'ln'1 • on the btl~is of th~ mea'gr,e ~e,~idenoe at 
. - ~: t}:.\~' ~ .. :· 

1. The moJ.ecul~s of i;h.e orga.nie el"y~tais_ ·:when heated 

tQ th~ .liquid· arystJ.Uline ~tate t.'l.dopt 1'-n arrangement 
. . . 2!5" 

eomewh~t eimi~a,r to thg, t irl ·th.e orysta~s · ..... 

fouru:l tQ be more o·f. l.ess pa:ra~lel. and interleave one 

another to ·fol'ni what 'i'fas described ·by Bern¥·. ~d .. ~ . 
. - .:· '· 

OroW"loot aB an 'im b~,t ca. ted r;aoking•_ • l!he tr$:li~fon.a~ .. tion -

£rom _the aol:l.d to· tb.e neme:b.ic phase is cllara:o:tert~ed by . 

the bl"eaJ:down of the .po~i tionnl. order of -tit~:, mo~ecuJ.ee 
- ' . . 

but not of the. orieirt~tio~al or<lev"'2 • 
·. ; .. · ... ' 

found to bt3 packed in pn:ttall.el: array. BB$.j.n_ ,a~_ prediQ-

ted27, '5 • . .... . . . .. , 
• -~' < • : 

,' ·: . ,, ,: ' 

Certainl.y this ia true ot at least· _:the ttlaj()t'ity 

of the amal..l z:n;unber ·of cases so- far known : ::':,-~: ·but at 
. \ .: :. ,--, 

this ete.ge we muet be ce.utio'~_$_ ·to .. g~nerra~ft:i~·tt28 • 

Brown:3;!1 :tc;nmd. an imbricated paaki:ng for a n~matogenio 
._,.: .. 

compound wi tb the non-planar mol.eeW.ea r&.rra:nged in 
' . ) . "' 

he:x·r,i.ngbane. fashion_ in planes perpendioW.a~: :t_()-_ the· .long 
. \ ·: 

; : 
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axi&~·· ~io .. ~ ~il hi~ iE~i~~;~;5 ·•~so foU!\d: a bsrX'ingbo!tt> . 
• _., .. ·, .c,_~, ...... -· .· J-

··r: 

.. packing. in: a~ra ~ifi'ed s:tra¢t~~e·~:tor .:a,·.· tnnec_tbP;eni 0. : oompoUn.d" : 

; • :tie:3:~ =~:t:·:o~t!~et~~j~;:: ~;:dLC:~::n::n ·· .••. 

. ,' :-· 

I ·,,·' 

t' • • 

;\!he-~ formation . o£ EU&COg~ri~:~-:- Co~pt)and$~ ·.. .. , : · ~. 
' . . -.-· - . '·. ; .... ', ,· ,·. . -. . .. ·, .· :: -· __ . ~ . 

,•::..· - - ' ' .· . . - ' . - '·. : .. ~ ':·'"· :·;- ~ ~-:· - " 

,. . .· 
. . . 

'AppliQ~~otipns. ?f ~tqtlid :cryt\'"t;fitl!!: · 
- .'t< .,. ' -. 

'.\_ :-:. 

ln ·;·.,hit:! pion~~ri~l~ ~;~-~lr- mot>e than l~~f,~y ~year~ agi)i ": , 

D:,'· •. VfJr~:nd~n.·~9 ri~d ~)_~~-~ilt: \;~~ll~i~iJred. ·the~ itl~a> ·tit . tech• .. 
-~- -· ' - ' . ::·:·"- :.....=-:~- "'" • :- - - ... ) -,- - .. . • ·-

. nic~~ -~I}P~icntions oi i:(qu.i.l. oryr::rte.lrf wi t.hQ.lJ.'t'• • ·however, 
~ . '- . - ' . ·' . . . - - . . . . 

finding· a pQ~~~~il;S..iw·· -'()~~::~:in · t~:~ la~t t}vo: ·:treoa.de~· 
·in't~~t~ive study-:began·· t~)make·_>tecb%1o.logior!il·IJ"~e. of: ·the 

' . '-·-- . ';... . - ~~-.·--· - .. - . .. . . - . . ' .. 
. -- - ..... :..'"" .- . 

uniq_ue Pl"o;p(n~ties of ~iQ.trld·"·UJiy.8:tal:s • .An- a:ceQ.~~t of 1H:foh.-o · .. 
·:· .· ·· ·· : > ·. · ·: · •···. ··. · · · · .. _ ·_, 1H, :4o~46 ·'· 

nicqi appl~:~~tion have·. bee;n·*s:iven in.-eom~.--:booke ·.·. ·.:· ···./·· . 
. - ·.• ' ' . • -:. :<: -. . - - • :: . - ~--~-- ._..- - - . -

·-·. ___ ., 

-t . _-_ --..__ ::: ' ---- ·,, . 

_"iJ:i.nc_a)iiqu.id._o:t•y9tnia· a_r·e ve·x>y ·. aens~_tiv,e ·.to weak 
- ;.; .. -~- : 

externa.1. :per-~uroa··t;onal. ~hey>: are··-u~ed ·:.·in . Lt~tlaotio,ri 6t. 
. . ' . ·' . . . --·- - ~ - . . - -· . . . . . . ' 

·. ,., :·· - --- --~----~~~-· 

·t~ini> .;ara tu.re, ·,preseur·o . ~11 il~ '~~i~J oal- C.on. tamina;~ipn ~ The . 

· helioat".pit~h .of· the ;ctlci~e!lt~f:i.cJ.i.quid. ·£u:.v:e~t~le i~ 

' ..... -. '~­,_ .. 

• <·- . -: ~- •• • :--: ••• -_ ~- •• _-~~--:· ••• ··-~:.:.:-,. - •• _':. • "· ••• _: <•, ----~- _-. ' 

. hi·gl)ly tem_p ere.i,~n:e ··senrli"tive "e~i~ d: :ao .. ~ eJ.i·t~ll·'t.- ;_Qhange' in .•. 

tem~art.tture .. dl~rin~1e~ :·colo~;·_"Oi ,t,he:· ~~~~l.e~,.·In· ~om.e oas~s .. •., -~ .. 
is ~a "" u.U,{ ;~,,~ 1. ~I ~,'!!;,{;,£~2; ,:~0 c is ad~~ua~e iiO QliaDgit < '· 

. . ~- : __ 

:- ..•.. :._:the. _cplonr ~t;ir· .. re:ti~(.l'tecd~'J:u~~t;::~,_.-om ·.re~. ·over: tb~· ,entii•e 
·,.-· .. 

,' . :-:" -'"~- ... - . 
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----------~----------------
Human body temperatu:re j6.9 

Co~ourleao - Red 39 .; 

Red - Ora:nt~e 37.7 

Orange Yellow 4o.o 
Yel.low - G.r~en 40.2 

Green - Oyan 40.6 

Cyan ... Blue 41.?. 

Blue -· Violet ~2.0 

VioJ.~t - Col.ourlees 4:').0 

A. t the a:tpen.~e of the indicator ~angf!48 , the tf)mperature 

re8olution can even renoh .007°C. Thus cholemteric 

liqui_d crywta.ls have inter~~ting oensing applicatione49 • 

one of th.eae is the ao-oallod. tharmf.'l'~ mapping of el~~ct­

ronic com:ponenta. Two prime purposes for thermal mapping 

in the eJ.ectronice industr~r ere to obtain temperatut•e 

distributions of OJ)ereting devicev and to i(lonti'!."y .heat­

produeing ma.J.:ftUlotion~. 

Cholesteric liquid erystals have beert round use­

:!u.l a.~so in the mea.&urernent of ~urfaee- temperg:turea in 

e.erodynami c designs 1 '3. The remarka.bl.e aenr.i tivi ty to 
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ti~e, to o b11terve some of the :t"iner detai~a in boundary 

layer f~ow suoh as oeour i:n t:ranai tion regions from 

~aminar to turbulent. Small shook waves impinging ori 

the r,;urfa.ce can a~rto be detected. The uee of cho~esteri.a 

liquid oryatal:r; na an invest;l.gative and diagnos·tia tool 

in medicine has beeof!le rs:tber Widespread in tbe p~.et 

several yearr;;. For exn.m:ple skin in:f'ectionr:; end. mtilienrmt 

skin tumoM:i' may be deteete(l and located by· use of ohole~­

terie ~iquid. c:ryf';ltalfh The tumour ih ·: lo.Ql.\ted in that 

the temper~:ture of 'the akin in 'the vie1.ni.ty of a tumour 

is higher thn.n ·that of the 13urrouniUng o.r.ea. 

1~he eli seovery of d;-n:uami o scattering mod.e in 

nematic liquid crysta~s50 open~d a :o.ew area. of .eleet:ronio 

display technology. :rn thin J.ayer~ nema. t1. e liqui.d cry$tttl.a 

chenga tbei:!" transwiavion propertie~ for normal or ~ola­

rieed ~!ght ¥lhen subjeotad to an electric f'ieJ.th This 

:phenomena can be -utiliee<l for a~:phanumerio and P.nalog 

dif!play imae;e co:nver•ters and mt-... tri:x-type pi_oture nereens. 

In practice, .liquid cryatt~l.f.~ aro now widel.y uoed in ;,- ~ 

dinpleyt) for ::: <. wf:itohas, clocks, Ollll.rn;z.~a.to:rs end various 

digital :paru1el. meters. The rela:ti,vJ(lly low opt:! eel aont­

re$t than Lf.1D' s in· dynamic eca.tterin.g mod.e has been dra-
- . . . 51 . . 

ma.tioe.lly improved in fieJ.d effe¢t tnode display devices. 

AJJ the ~iquicl. crysta~ molecul$6 are orlentated in 

magnetic fia~d rl th optic a.:lris par&lle~ to the field. ~hey 

aau be uoed ae anisotropic eolvents for ntielenr nntgnetio 
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ree,pne.nce meat.ntrem~nts. I.~i('!Uitl crystal~ have ::Uvo 'be.an 

uoed es so~vent~ for th.o stndiee ot' ~~l.R end UV epectra 

of sol.ute molecules in l.iquid crystal films •. 

:rt ie evident :from the l.aot section that liquid 

c~ystn.le bm.ve enor~:rous remarkable appliellltionr.h For 

thia purpoae, identification of -different phn~e~, their 

eloctro-optio proper-tiee and. mol.ee:mle.:r fH11 c:r.:n::;ta~ 

strlA.oture ana.lyeio are important. In the prezent work 

we have chosen 'fi.ve J.1qu.id. cryatall.ine au.b~Jtanc~s -

for X-ray rliff'ra.ctior:L etudie~. :.i1aking powder and 

nlj.gned X-ray dif:fr-ftetion JJhoto{~rBphs o! B'BBA, A'J?AJ.'A 

end. 0013?'D tht:-,ir phtlr.~en have been identified. Alao orien-

j ((3) and order 

parametora (1>·2> and z7£'it> of tUti\&l'Uetioa~ly ali.gtU~d 

aamplee bJ;.tve been calculated. 'XhtHJe are detJeribed in 

chapters II to ·v. JC;...ray dj.:ffl·action ~Jtunies in li(lUid 
- · of 

cryr:d;;al~ine pha~es i' 50CB Hl"d C?HI~ vtere made earlier in 

our ~abora.tol~y. ln the preEent work we have de·tormined 

their C!'.Y~ltal and rno-iecul.e.r st:ru.c-!-:;u,rot:. by X...ray- r.1i:ffrac-

tion technique and. tried to find out correlation between 

cryetal-~ine and mef:iomorphi o phu.ttea •. These he.ve been 

reported :tn chep tcra \.'I to VJ.I I. 
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