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In the referenoas1-4 the X-ray diffraotim':i ntudies of liquid 

cryateJ.a bsve been reviewed and. the de·ila;il.ed tbeor~tieal 

considerations are giYen in ref·erenees>6 • P.rofll X-:ra;r 

diffraction etudy we cnn get idea about moleoular interac­

tions in liquid. orJstal s. :Firs' attempt wae made bt 

L1ngen'1 and. Friedel9 • Generally n~matic l.S.quid eryBtala 

o81!Jples consist of a largo nuber of domai!UJ• the aole. 

oUL~~ are ordered within ~ eacb domain • 1n a preferre4 

direction (director it ) bu.t thctre :t.s no preterrecl direc­

tion for tbe epeoiaen ae a whol.e. so tbe· x-ra.,- diftract:toa 

pettem has a e711metr,. of _revolution around the direction 

of the X-ra1 'bea•e• It :I.e ev:ldeni: ·from the U!'lifora baJ..o 

just l.ike tbat ot an isGtropic 11qu1t. Diffraction phcto­

gr,apb ot the ea•p1e oriented b.r some means are therefore, 

needed to epecif'7 the state of order111S• With the hel.p of 

intensity distribution in the equato~1al plane ot the 

6iftraction patte~ (oriented) on• can o'bta.1n the ey.lind­

rical dictribution function, siving the probabilit7 of 

finding two atoms e.t a pe.rtioul.sr ditrta~ce, the atoms 

bowever, ma7 belcnss· to ea.ee or dift0rent aoJ.eouleB. More­

over, seeorcliDg to· Ch:tet.rakov' t tba !lJethod invol vee an 

integration over the scattering vector fro~ •ero to 
. ' 

infinit~ wh1oh .ean never be fUlfill~« b7 pbotographio 

metbQds wi tb a tlo.t plate oamera• the plate being normal. 

to the x.ra,- beaa~ OaJ.aUlation of cylindrical 4ietr1bu.tiCJn 
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flanotioll and Q!'th"i:l' j_)al'Bm0ters from X-ray Ct:i .. ffraction WOrkS 

bas been done by de v:ries9 
1 wbUe orientat:tona.l. dict~ib~ 

tion fu.notion and tn:.··•.ler. paramete:ws have been cal Qulated by 

various wot?kers10• 14 • 

2 .2. .A~er!6,e ln;tel,'tlpl e,q.u:&.ar"P..t'lfianoe 1 ,A.P,;e.aral'.tif-1 f!nsth_g£ 

JhJt !oleonl.ep an4 :parer thicktlAS(J, ~:in.~F+BLS! .. s~a,et?t,i~) 

In general it ifY poeeible to caJ.eutate a epaotng 

x, fro• the pooi 'blon of ~ diffraet1on •axima. D3' a fonn4a 

of tbe tne 

.... (1) 

ilere 2 o( ia tba diffraction angle mf!a.sured between the 

incident Wld dittrft.eted. beame; it te tbe order ot· reflec­

tion, lt 1 1e a ooturi;ani depenu:t.ng on the shape a.tul arraa.se­

ment o:t the t~oleoUle. 

:Ds Vries ba.e discussed the equations an4• their 

ap_pl.icatiort's -and tbeir litai t in do-tails 1'•10• We used 1t • ·1 

in equation ( 1) £or determining 'the apparent ~aolecu.l.ar l.ength. 

Por both the oriented and un-oriented saspleer we 

have· ueeii X.;, '1.117 to of!.lcula.te the :tntermol.eeuJ.asa dim­

ta-noe (D). this 1e beomu.ee of tbe :fact that.· co.nsiderins 

t~e " scattering !'rom a pair of molecules ~,-t a dietanee D 

apart, if the ehtiine e.ra el.lowed to rotate freely e.roun\1 

, •s.ch other, the positions o-f tbe ~ta:ritns Bl.ong tho equtt:ter 

are deteft:tned by the f'unotion;s. 
. . 

' '27i 

]"
17 

(x_) .::=: j- C.os ( rx_ Co.s oc.) doC 
0 . . 



where. X • 4 7i./ :A • D sino<: anti thie gives tor 

first maxima K1 ~ 1.117. 

Wendorff et aJ. 17 cal c~ll a ted K . .,a,~ uet:J frem the 

photagrapb of some chol aatera:t. eaters by taking X Values 

in eqn. ( 1) from completely ex'tend$d fom of the mol e.. 

cULes and found that K l.ies between 1 for perff>Ctl1' 

order mo1ecUle and 1.229 for random orientation or the 

molecules. 

Fo~ a ~~stem of cy1inurioally e1•~etrie ~olecutes 

one can define an orientationaJ. dietl!'ibution function t ( ~ ) 
depending on tho angle between tbe mol.eoUlar a1Q1metr.r axie 

and tbe directore14• which gives an a.ve~ge e"atee of 

orientation of the l.ong &xia of tbti moleou:Le•• The :t .. l'a,v 

diffraction photograph~ Jteoord inten~d. t:Lee avarased oval" 

a sutficientl7 l.ong time and o'\fer a aaftioiantl~ .l.arse 

'Vol. ume, so the molecul ee r.nay bfi assumed to have an avert4.Be 

cyli·ndricat s,vcmet:ry, ev.en it tbey are not :ro-tating a.bo'llt 

their 1ong axes4• For a eyetem of rigid rods the order 

parameters .( P2 ) and <. P4~ •ay l;e detinCild bJ' 

~'2-J P~.. ( C.os ~) f ( ~) gi--n ~d~ 
(r>~o~~~~----

L - (7Y2 t (fl..) S ;;;-, (1 d_(1 ( J 'J t-' .... 2) 
0 

wb~re L = 2 and 4J Pr, ( ooe ~ ) 1 s a well known L •«ender 

pol.J'nomi$1 ot order L. Leadbetter et aJ.1·1•12 reported 'th$ 

1100.su.remente of' f ( (?:> ) t by X-ray method •. 
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ln relsting the X-ray irrte.nni ties I { '-V ) around the 

dif:ru.ee &quatoriaJ. arE) (Pie·• 2.,·l) with the o:rientationaJ. 

di str:t.but:l.otl fun otiO!.'h L aad better and Ko rTis 11 a a sum ed 

the moleoUl $a e.a rigid rode perfeotl.y aJ.igned in a cluster 

of a small number of moleeules and o'bteined 

fi/'2- I 

1 (LV)~ c J }cL (~) 5-e.e.~· [ -ram~p,- ~Y']-z.si-n ~ d~ 
(1~ '-V 

describes the d~stribution function of t.be . . . 

clustare in which ·tbe mole~ulee are_ p~rtectl.l' ftli~ed, 

They also aasQme4 that for 8 ~erfcct aligned eample 

e!reept for the direotione; of the s-cattering vector per­

pendicular .t-o Q\.uet$r ·M:is. Whey have however~ esl.eu1ated 

the effects sad abown that tba devitlltianp are negt.igibl.e 

e]i%cept tor h1Sbl.7 ordored, phases ( < P2 > ~ D · 8 ). 

l?u~ther comparing the val uee t d ( ~) wi tb t ( ~ ) of 

the same ·samples obt!line4 by other metbod.o they have shown 

the.t the values of fa\ (0) 1.~ eame as tha,t o£ tbs true 

singLet orientationel 41 atribution funq,1QJt. 

'Beoa.uee of' t~o tnolecrAal" d!e.t~1 bution in the 

netea.tio pba.ae oentro..aymmetrith th~ di$1wribution function 

and inten1:1i ty dist:ribution :function ~n be e:!(pandGI :ln 

the fora11*18 
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Pig., 2.1 .. Schetl'la.t.ic representation or the 

X-ray d.:tffr~lC:t:ion photograph of &n ortented 
liq.v.ld crystC~l; 
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t 
:tn eqn. (a) 1'.1 substituting Sin o(.. = cos~ 

we get, 
1\fz. 

I ( Lf') ~ ~ f f, ( ~) q r ?1 r;Gd_~ 

'{' ,, 

L a..2.n C.o s
2 (v 

11-=c.> 

As lf> is arb:! trary, the coeffi.cien.iaJ of 

equal. New 

eo 

2~ c 'rl! )ll­
(_2-rn-t- 1) 1 

[ 2.Yl + I ) } 

b 2 'Y\ = . q_2. 7). '2-~"Yl ("' ·! )!2-

• •• (5) 

.... (a) 

'he aeries in eqn. (4) e:&nd (5) eon'vel'gee re.pilU.r. 

'eaping oisht terms in tbe truncated eerie•• a 1east • 

sqaare fitting is wade to obtain ·the coef'fieients :fJ'Om 
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eqn~ (4) wi·th the corrected expet•irrH9ntal inteneity.value~. 

r~e :t':tnd 'tla~ es.leulated intenciJGY v~.lueo agreed with t.he 

then used to cal-culate tbe coeffif)iente b 2 , · in the 

trunca"'~ed series 'fpr t ( .P. ) in GfJ.lh ( 5) wi til the help 

o·t $qn. (a) t ( f:1 ) is then calculated tteing eqn.(S). 

B7 cal oulating the inllegrsl 
7\/r;;. 

J -f ((!.) S ~-n ~ cl ~ :::::. k Scx.l 
{) 

and th~n dividing al.l. the b2.?1 \fal.ues by !: we obtain 

the normal.ieed 'falu.ee of the orierrte.tion~ di~tribution 

function eo that now 

fljQ. 

0 
J t(~) s;rn~df;. ::= 1 

••• (9) 

Substituting eqn.(4) in eqn.(1) 

'!hie can be written in teree ot standard integrals anct 

be cal eulated. 
h .. 

Veituftein 19 obtained a tairl.y good &.pJ;>Eo:l'!iroation 

tor the order parameters b,. repl.e.cing f ( ~ ) Vf't.lu.ea with 

X ( \.jJ ) values keeping the Bragg angle eo.natant. in sqtl( 1). 
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we 9~cu1ated the orde:t-. parameter ;tralue using Vninite:tn•e .. 

approximation ana designat$d them aa ..(:1?2 >v a.nd <P4 >v 

All the X-rAy diffraction phototirraph were taken in 

fl.at plata ewne:ra, (Pi£h 3.2) fabr:.toated in our ltlboratorr 

With Y/s. Radon ~o"ee (lndia) X-ray Unit fitted with 

copper tarme~. !be details of experimental. set up bas 

been described b7 ll.Jba et a1.20 • The eet u;p has the hi.eh 

tem_perature a.ttaobraentt has the provisiona for interebang­

inB colliuieter, changeable epacer to varr the ~teapla tc; 

f"il.ament diatance !Uld cbangable gap between Pole p:l.eoee 

of the electromagnet; aLl the aater18l ueed are non­

ma.gnetioo 

The temperaturee ot the eampl• was regULated 

within t 0.5°0 by a Indotherm 101, !etapwature Controller. 

~be -~ eampJ..e holder was cal.ibra ted upto 250°0 with know 

m.p, eemplee. strength of tbe mapetie field between tbe 

pol.e-pieeee waa measured with a eene!tiYe sausS~teter 

CECIL moda GH 867)• Hi til ter of thickness 0.-009 wsa 

used for Sl.i photographs to obtain neal"l¥. mon.oehromn·tic 

cwr~ re.C!iatton Qf wa't'el engtb 1.542 i. ~be Collimatei" used 

wao of 1 mm ~t apa.rture. IDhe exa.et dt•tance between the 

film and the_ eampJ.e was detereined by taking Al. um1nium 

Powder X.-l!ay ditft~a.otion pattern. l!'o·:r A:t~ the unit aell 

dimen$1Gn i8 known, the ll~agg angle for hkl. · retl eoting 
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Fig.j .:z:·~sectional diagram· of the camera: 
. · (1) X-Ray; (Z) Collim.ator; (3) Braas Ring; (4) Ring:or Syndanio 

Board; \5) BrassRi~ i (6) Cylindrical Brass Chamber;(7) Aabestos 
ln&ulatio.n and Heatlr Winding; (B) Specimen Holder and Thermocouple; 
(9) SpeCimen; (10).film cassette; (11) Film Cassette Holder; '* 
(12.1 Base Plate; C13)Levellini' screw; (14) Brass Plates over the · 
Coils of Electromagnet; ( \5) .Removable Spa.cer; (161 Supporting 
Brat& Stands; (17) Polopieces; (18) Aabestos msulatlon. 
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/ ·; ltea.euring :the diameter of tbe diffraction i"in/t 

cGrrespond:ing to .( 111.). 3!14 ( 200) ref'l eetions2' tbe exact 

distance between the sample and 'the f:tlm can \& obtained, 

from the relation 

!han tbe corraotion term was cal.oul.a.1ad and 

appliad -to the a,Paeer Dapn~·ation ·.to obtain ·tne exact 

distance. 

'fhe lt'•ray d1:tfra,e~ion photographs we,.,e sei:!nlnea with 

a Oarl. Zeiss Microuene:ltometar (liD 190) both line.a.rly and 

circularll'~ Tne rl!eJ:Odt!tut~i toseter · btte pote:ntiornetrj.ee 

reooi-ding (K200) tadl.i ty far lineer sc.ann1nt: atttl the 

cS:reularl.sr eca:rud.ne. •a~ <tone msnnuel.lJrt ~ith a rotation 

atsge •odit1ed to enable 'SG0° scan by us. The op·ti eal 

density Values thus obtatnea wer.o conve~ted to relative 

1nttmeity valuee by a method ele,pl.einad· 'b.f !'lug and lllexall,­

de~1(F1g•· 2~3). 
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ie obtained from the linear soan of' the· outer max:ima 

1 (gig. 2.4) tbrougb the central spot using the potentlo-

meter reeorder. !Rbe difference between tb$ peak points 

of the outer maxima. gi vee 1 ta diameter. Peak pointE.' CQ.n 

be loea.ted bsr diftt:trant well known ~Y~ethods (F.tg. 2.5 ).; 

\Vhen the p~ak is wel.l. defined we ·simply tue tho Po 

J'Of-$it:ion in some cases ws used other por;,itions alao. 

{ Pr;~ .J P3 /2.. ) • After knowing the diameter• the :Brass; 
/ 

ane;:ae correaponding to tbie ui~fra.ct1on is determined 

by using eqn •. ( 12) and then average intemoleow.e,r d!e­

ta.nce (D) ia cal.cul..ated ueins eqn. ( 1 ). fhe same proce­

dure ia applied to determine diameter of tho inner ring. 

Actually in order to get the dia•eter of the 

oute:r er&soente aeeuratel,., several. linear sc&ns were 

t~ade with different • ax1tJuthaJ. engular positiona. Con~i .... 

dering I ( lj)) • 0 at the !Jltu~imtt!!l intensity ?r position. 

tbe linear sean "'ere done tor 'f' • o, !. 30°. ~be mean of 

the <liamete:re obtained was taken ae the actual diameter.., 

2.1. !!~~cql!r .soanniJ'J.S and •. I{ .. r 2 ~ra~!J~. c,...ury~~ P:t:o~ 

~0 determine the orient&tional di.£1'tribution fu.!lc·tion 

f ( 0 } a:n,d order pa:t-a.Mete:re <.,P2 f' and <:?4 ) circular 

~canning ia nee(H3$ar.y. '.?he vel u.eo of the optioBJ.. uensi tz1 

obtained frott! miorot\enei tometrio circulaJ" soan wal"e o::>nver­

ted to x-rar intenaiti&e with the help of the calibrati~n 

-~. 

I~ 



.. 
ourveo ~~hi r:-: val uee were pl.ot~ed against azimuthal. anettlar 

. po~1 tion. ~ho CI)I'l!ection wac 4t.n1e for the backPQUtUi inten­

sity .valuaa arising due to tha ·air ecattering. !be peak 

intenmity .posi tioti whieb ·oor:reepm\dn to o/ = o WQ.s 

determined. (Ilig. 2.6). Howetter, in eome oaoea some un­

wanted apots £o~ ~ven a elight non-unifermity in til• 

ooa·ting create some problema. In sucb caeee a. amooth 

curve wae dr.awn tb~ougb tl\e lnrge ru.a~ber· of points. 

SJ'ft~etr1c curve around /\ :=; 0 was drs:rm veey oa.refullf• 

Jlean l ( 4-" _) vaL uee of the tour que.dran.to W$%'~ U£h!1*' to 

obtain F~( ~ ), . <)>2 7 and < P4'> values. 

Conf;ifl.ering nineteen I ( 'f'·) Val u_~~ fro~ ~·"" 0° 

to 't ~ 90° ·at 5° inte~ve.l s f~om th.G e:Jootb I ( \1) ) VS 

f cu.rve1 f ( E!' ) . · ( P2 > Qnd . <l' 4 1- val nee were 

o~.l oulated by using Leadbett>er• a ~pp:roxiroe.'tion~ · i!{ ~ ) va 

(3 eurYe w~a d!'!!.wn .. To par.to~m thie e~eult:ltiona a eom­

pu.te;r: pr.~grem b:as. b4Jan Q.I!Jvel.oped. an<t. ueed in .Wip~ Sal-'i~s · 

8600 Co~puttirr. 

2•a~ . Retractiva tn4!x 

!-tbe~ui.~t1.9§9: QO.Jl&deJ!It.!!On! • 

fbe biretri.tlsenot;J of 1'iqui4 or-sstals 1s tbe v!eible 

mani:f'eata·b:ion of their J.ons-ranga o~d~-r at\d· 1 t !.a de;ti..~ed 

onl.!f fo-r. n unifo~3> .. · Ol"dereu do!ta.in .. Ito ·vru.ue ia dete~ 

!!~ned by th~ ·t'taiJVGe Qf' orde-r fl and bt the prinoipeJ. 

1'lolari3abili ties, · ~ and aCe_ for unixial eyetsmD. - . ., 
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••• ( 13) 

By stu.dlf~ng tbe bi:refr:t.neenaa we · ce.n eat:imate th& o~i en­

tat~onel o~.ering .in th.e li.qtdd cry~teJ. s et different 

ter&pa~aturea. :i~eau.ee ,Gt th& a~i~otro.py o:f the m~l ecut.ar 

~rren£'f.!l!H~t~L.ts in the. :Liquid . ert'y-stal:t,..ine phat1e tu~ W19ll-known 

Lor~:ln:t~L?rent.s :t·oJ'mula tor l..iqu1d phaee .is aenenlly reP-· 

l~eed by . if~uz122 fof!Jul.~, Weuge9a~.u~:rat r.~.ela:U.ol\82~ or 

P.:a;J.pti and l:~i.eP aniftotropi a mod.~Z:Jl 24 • C'l't~nd:!'aaekha:t" aug{S~t­
·ted. ··~he ~oe:.rt cumpreh0nsive the~rry stttt'ted. ?d.th tn~ ·total 

:int.~eraot:ton ®n~:t:'&" u~ We have ue$d bo ·th Vuks·• and 

l!•~ugshaue)1·• s eg.u.iit'~io.na to oaJ. aula. 'te ·ths po:tari29.blli. 'ties 

· ••• (14} 

~.nd 

N:QugE!ba.tter' a equ.ati()nr; tor cal. eulating th~ polarimabilitiee 

are ss fol, ... ows 

I 
. 2. + ____..;. 

NG_ oCo 
•.•• ( 16) 

g.~] 
I' -r 2.. oeu. ---- [ "n 'l- -~- 2-r:f..Q.. L/7\ N . 

••• (1?) 



Bare ., 'l- ===- C 2 '11 ?--r me?- ) / 3 --' 'Yl 1s the mean ret­

raotive index and H 11$ the number of moleeulea per c.oc 

fbe relation between the order parameters. &nd 

polarimabili tiee ( ~ v4 ) is given by25 

o<'e::: ~ ~ ~ ~.5 
~ ::: oe.. - \ r4_.s 

Wllfii%'0 o(, a ( Qo4, + c4. )/?> 

bil..i ty 4_ "=- (~I :-- o(_,l. J 
bili t,- anisotropy .. 

Wb.er.afor~ 
•• ~C1a) 

!o get the vaJ .. uo ot ( ~ 1 - ot.1. ) t't we i"oll a~ed the most 

Wid~ly· Us~d t'Y.atlrer'e eztl:'1l ,POl!\tion proeet\Ul'(il2fiti 

Refractive inoiaee w~re mea~ured m th the heliJ of 

holJ.ow glass pri~e With .s. refracti.rl!~ fM~frl0 .r;f e.l~ut 1-o .. 

fhe p:rieae are au:1.de \'-P 1lf <tptte~lly fln.t glass platee& 

the plate~ were rub\,ec! parell el to one of t'h eil" edges 

they were ·bben t1'e~,i;ell wi tb 1 pe~cen,t pttlyvitJyl s:L c<>'hol 

eolutton anc.t then dried. Again they were rttbbed al¢tte ·lit:l.a 

e-m~ direotio~ as b~fore. !he pri snur. were forntet! k~~pi~ 

tho treat«~d l!urfa<Je in~i(\l.!t end rubhin(} direc"aions parallel 

to the :~Jd«e Q£ ·the px"ism. '!he pr!mns were p::'eoali b;:,ated 

b;' ~Jtaasuring the ~atrac·ttv.e inrlice~; of distilled wat~r 

and gl.yoarine at d:tf:feran-t tampex-~~turea. '-'hey we~e eom­

pare~ with thoae meaaured with Abbe.•~ refraote~etor. 



l\- v' 

i 1he liq_uitl crystal ~amp:f'"~a wer~ al:towed tof;;l_ow 

in the priem by melting a few ery~tal~ at tbe top. !be 

samples war~ then eGol.0d tf·ezoy sloWlJ' in the x:rra!rl}e:noe of 

m*f!n~tic fie-ld (0.(5 ~e~:tn) ttppl.ied in the dixo~etton ~f 

rubbing. The combination of rulibint aad flflw together 

with tl:te iB magnetic f'ieli proihaoed a bomt')gene~nts ne!lat!o 

spaeir.ten w1 tl1 tbe optie mr~.s pal":allel. to the edgt) at tbe 

primn. ~.thee expmritnanta:L <tetail.'fJ of tbie proeedur.e were 

£siven bg ~fi1ttlindtt:t~ e.t 8l, 219 The pri'l!Jeewere put ~.neide a 

bras~ thermostat b'ated el.edtrieftlly nnd controlled by 

a temperature cottt2:'()ll$:r to ! o.seco ' pr&oieion 

epeotromete.r e.nd a nieol priam were ueed. to aeesure the 

~etraeU ve: !ndicf.U~ ( 01 o _ • 'Yle.. ), tor di:ttereat wa,.ve 

1 engtbt.~o The deaei tier; were de~oained ( w.t thLn t 0.1 ,C ) 

'by putt:tns weigbe4 s•plea inside_ a «J.ae~J. capUl.ttr;J tu.be 

which ·~• r;J.aced ir.t a v&t$r 'both l',tea.ted uein6 s tespe~ 

ture eontroll&J't Suf'f':.l,1ent time 'f!?tsS allowed :tor attaitt• 

ing tbG dee1red temperatu~~. ne l.i!lltjtb 0t the GOl.UMn 

was measured bV a traYelJ.tng. '!he d.eneiti·ee wt;l'fi cal cu. 

J.ated •fter·eor:reeting for the expansion of tbe ata.es 

eapil:tf'!>ry. 
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