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In troduetion 

Certain long f):rganic molOoul ee ea~ exist :l.n 

:p;haeee intermediate between liquid and solid~ :Vheee 

phases ha:ve some of tbe properties of a l.iqu1d, such 

ns fl uiL~i t,- and :tnabU:l ty to support e. shear. IJ!bey ha·ve 

also so11e properties of e crystal..Lehmann1 naraed tbie 

pbaee ae 'Liquid Or7ata1a•. Pried«L2'' suggested the 

term •!!eeomo:.rpb:l.c state•. 

Liquid or;staJ.m exbibi t anit':1Gtrop1e properties 

as do solid crystals. the aE!aophsse can be identified 

vieuaJ.l.y 'by 1 ts Qbaracterietio turbidity or bJr a pola.­

~ains microscope by ite opt1eaL birefringence. 

Liquid eryotaJ.. e in eenereJ.. can be formed by two 
' 

proceesee, b7 •eol.vent• effect (1,-otropio mesomorphism) 

and by thermal. processes (thermotropic .mesomorphism). 

In this etudy we are onL~ concerned with the 1atter~ 

where oot~tpounde elthi bit l.iquid o.ryetel pha.sGe on best­

ing from the eol14. 

The •acroseopio anisotropy ot liquid or,.atal is 

attributed to l.ong range acleoular orientationel order 

with pose1~e additional one or two dimensional poeitional 

order. Xn general., l.iquicl c.r,ystal mol. eou1 ~s are highly 

e1engated with a fairl7 rigid 1ons axis and thus have an 

enerset1o advantage in cooperative alignment, the posi­

tion of bensene rings and pel.ar groupe on tbe molecule 

deter11ines the range anti t,-pe of the phase, by infl ue!;lo­

ing the form ot the intemolec\ll.ar potential. Tbe •easure-



ment of std. tably defined order paramete!'B related ·to orienta­

tional and po~Jitiotle.l molecular order,pro'V'id:es valuahle infor­

mation on the nstura of the intermoJ.oeular fore6s respon£ii ble 

tor phase transitions mud other thermodynamie properties of 

liquid crystal. 

there- are three basic type ot thermotropic liquid oryst3l.e. 

Fo1lowing the CLaseifioatiQn ot F~iedftL3 th~7 are named ae 
Smeotic, lfeaatic and Oh,laeteric. 

i} Hematic J.iquid or.ratal t1 baYe no tran&ational 

order (Fig_. 1 • .!). 

ii) ThG •oleoulee have free rotational motions about 

their long ana, but they have or!ente.tional. order. 

iii) The eolecUl.ee tend to el.isn psr&l.lel to some -direotion, -n. 

iv) the atoleeul.es are aaeuae4 either to l&ek, ol" th., 

dipoler; are equally 4ietributed in oppctd.'t8 di:reo­

tionee stattetieal1y apeektng, thin ~eane th&t the 

states of + i ana .. ii are indistinguishable. 

Y) · Tbe nematic l1quic! cr,yeta1e nre optical.l1 uniaxial. 

vi) ~he .lattice epac• group• is c~ 

vii) 1.!he mol.ecul.·ee ~re either opt:t.ee:Ll)P inactive or; it 

·theJ are optioaJ..ly active·. there ie a ( 1:1) mixture 

6f right and 1ett banded epeciee in· the nematic 

orywtal. 



de Vries4 :f;ound another type of neme.tie Ph<~H~e 

caLled cybotat:tio nematic in t1bioh molecules group tlK!m­

oel ves into isolated planar errayts• 

1) ~ll sraeoti c liquid oryf:rtel s ha.ve s laye;red 

structu.re (Fig. 1.2). ~be centre o.t gra.Yit:;- o'f 

the elongated mol.eculee are arJ~enged in equi­

distant planes. 

11) ·The l.eng axes of tbo tlol,.ecules are parallel ·to 

a preferred direction ~ which GBY be no~al 

t~ the p1ane• or tilted by a certain angle. 

i'ii) fh& arransement of' the centre of _.gravity within 

the pJ.anee aa7 be et ~andot~ or regul.ar. 

iY) !!?he inter l.a)"er attraotione are ·eeall !n ooapa. 

rison to the l.ateral. forces and. the layers are 

abJ.Et to slide oYer one anotb8r. there are eeYeral 

types ot. emoctio phases, Smeot!e A is tbe one 1n 

which the direetop ie perpendieUlar to the plsne 

of the 1ayers, while in smeotio 0 pbase the 

director ie til ted with rov-pect to nonal to tbe 

plane of the l.a,-era. The alasaifioation and eharac­

ter1sat1on of smeotic phases are maiQJ.T done b.r 

Hermann5• Saoktltt.nn6 an4 Jettue, Annol.d7. 

the elaasifioattone were done by ditterent 

workers by different methode, su.ab &a mi,soi bil.:l ty ori ter.ton. 

texture studies, X-ray datae. The ~eotic phases ean be 

... 
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ar:t"angett sequent:i.el.ly as smect~ !, D, C':t :D, 'E, F. G, n~ .... ,,. 
v1hare J..owar temperature pnasea stand :t'urtbor tG the right. 

1) Tbe etructure is a two dimennionst nematic 

(Figo 1.,). 

ii) Thare is no l.ong range order in tbe centree ot 

gl'aVity. 

ii:i.) Tho moJ.eeules are al.igned along a per:terred · 
~ axis n • 

iv) it ie not a constMt in spe.ee and has a bOJ.:lcal 

s~metey. 

v) The pi teb of the h&J.i~ ie tempera:turs and con cent­

ratio~ d~pendent. 

Another typt.l of liqUid orystale wa.e disco­

vered b7 s.ohan<l~a~ekhar and Oo-workel"s~ a·tew 

year• ago J e8ll e« col. uv.m.er phase or canonic pnase. 

where the flat disc l.ike moleolilea are etaeked in 

aol umus and ao the ple.n.a of the molecW..ttti are per­

pendicular to the di~ection oont~ary t~ the former 

typas where the raol.eeuloe are pamlttl to the 

direotore9, (Fig. 1~4). 
lf n substance haB both the, phaeee: Jmaeetic 

and nemati<J tben on bea.ting the ~Jrymtal.l1ne solid phase } .. . . 

maLts into a smeotic pbae~ whioh subsequently tranaformo 

to the nematic isotropic ph0:eee, 

c I 
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For example, tereirthaJ.-bls-(•p-butyl aniline) ':DBA Whic1l 

bas the chemical structure10 

has tbe phases and transition temperature (°C) ae gtven 

beloWi 

0 --:~.... 0 ~0 ... 0 

II~ C 14'-1 C.. 1-:f 2 C.... 

For a aaterial. having onl.y ameoti·o p&aee w1 tb the increaae 

of temperatura. the sequence of pbaee will be 

a 

With ehol. e~te:t;Ji oe and •meeti ca, 1 t bse been 

observed _expert~entall7 that 

(i) s 
(ii) s 

Ch 
Saeotio A 

' 

Ch -------')> l 

namatie and cboleaterio phases, though cholesteric oan 

·undergo to ne~at1o under the aet!on of extern~ ttl eotr!·c 

and ma.gne·tte fiel.ds~ 

Qladis 11 found in binsry t~ixtures of' some cuHra­

genic cyano co!Rpounds, that tfHJJ" followed on eooJ.~ng the 



nematic. The ~ow ·temperature nertatie, be::tow· 'tbe ameotic. 

pbe.sc,ie called the re-entrant nematic pb~ee. This phe­

nomenon has al.eo been observed by Oladie et eJ. at el.e'Ya-

ted preesure12•1' and by others at at~oepberio preesure14-16 

in pure compounde• 

Uoleoule~S ehowing me~Joaorphism poe~eeeee the · 

fo1lowing structure -

(1) ~he molecUles are geometricaLly anieotroplo, 

tbe,v are e1 ther rod-ebapod., tlat or lath ehe.,ped. 

·(11) 'fhe moleoUlee bave eomo rie;idity el.ot~g the lone 

axes St') that paHJ.lel. orientation ·may not be 

broken. T~e moleoULee shoUld posse$s at~ong 

~)~(Perreanent or :lndt.ced) and ea.eil.1 poJ.a­

r1eabl e groups. the foreec responsible tor th~tt 

meoophasee are primarily dipole-dipole· interactions 

and d·ispers:lv~ fo~cee~ 

The ·melting· point must not 'be too bisb; lest 

onl,-- supercooled metastable meeopbases be fqreed monotro-

p;! oally. lloweyer, polar! ty ot the teminel part frequen tl.a­

give~J r1ae to veey etrong intermolecular attractions resUlt­

ing :ln the ri ee of m~l ting point. 

Jlos't of the thermotropic meeoeene can be r~ 

resented b7 
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&tnal grou.p ----0- Centl'!ll groUP~ fel'!ll:l.nBl 

group 

~be terminal groups fi&Y be seae or diftereat. ~be oen tral 

core is usual.l.7 attached to the para pofi1tione of the 

benzene ring. ~heee ere eaeily ;pOlarisabl. e and pl.aru:u.~. Tha 

aromatic ringe may also be connected direotly17 ae 1~ 
p-oyano-p•-pent:~l biphenyl.. 

fbe caeeo11orphi o behaYiour is grea:U.:- infl ueneed if the 

~ength of the rigid ~ core ie increased bz introducing 

addi tioaai aromatic rines. ae in p..o,-ano-p'-n-pentyJ. 

terpben,-~ 17 

0 

Otten tbe osntr&l ~;roup certain mtil. t:tpJ.e bonds to •ain­

tain ri.gidi ty and l.ineari ty as in P.a:~~~oxyan1sol G ( P.AA) 

oa, -0-----Q- r.~ N"-Q-o-c~ 
0 
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oert~in e0neral type.s of cut.,ve~r~ rel t:l.ting ·the. tro.n$1·b::ton 

temz:Hn"a:tu:r-ee t-o the number of aa;r'bon; etoffts in the sariee 

might be obtained and tbir6 eoul.d be used to eonetate lllll. 

the- membara a·f th$ eeries. Be -toun.d • (i) ftu~ d,:tffer$nt 

pbeee transition t$!!pos-ature$ (JJ- I. ·0 -It S - ~) 

gi 'Ve entoo'tl:l ou:rve tl:ulu.gh the Qel,. tins point do not: gP,how any 

u.nitorm1~y. (11) the clearing point., of namatio ph.S.Bet deo-. 

:t."OS$QD with inereaeintt ob~in l.enertlh (ili) ·!tte.r ·1•1 ·tempe-

. ratureo fit in two eurvea one for even end other for odd 

nuraber of oa:r'bon e.tome in n-aJ..kyJ. cb~~.n• gi'Y1rti:. riee to 

the eo-oall.e¢ 'Odd-eYen• (!ffeet. ~he if - I tempe~ture 

deore&!ts~u;~ wi tb a dimtino11 l\1. ternstion and tba afftpl.i tude 

of ·the al. ten1a ti·:ln 1!1 E:O. reti.uce a 1wi 'tb inoreafi.iug flll$-i.n 

~engtb • 

. (iv) ~be plot of Clearing poir.rbe of' s.aeotiee ~nd the 

S - N trf.i.n$i tion te~:&peratu:rea ueu$lly re!!~tehea: a 

•a.xitlUM ot a motle:rat• chain-lenetb a~d doere~$es 

sradu.ally wf\th fUJ.,.ther el.engation ot the obtiin. 

fbis pl.ot no-rmeJ.l:;r ahows uo distinct oad-ctven 

ef'fect21 • 

("t') In a bewol.ogoua aeries. sht-rtel1 chaine e:xb1b:t.t 

purely or predomi.tUUl.tl.J n•a,io :pbaaea.whUe 

•eo'tio phatHts dominate in lon~er chatn ~eol•otU.ae. 

at the expense of nosa:tio tbermal. ctabili tu iB-21
101 

The eftoot ot broadenias ot a. mol.ee-ul.e b;, int:ro• 

duoina onli or aore .rnabsti tuen'te in place of hfdrog~ns alone 

the eide o'f the OilVe etruotu~e is Biven 1n 4eta:il by G~y18• 
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I~· {!.fof (-~ 

The bro~u.lening reduces t'he anisotropic polari~e.bi.l.i.ty and 

consequently the in-termole~w.a:r e.ttraetions. Young anti. 

bia co-worker22 etudie~ tbe fol~owing ¢ompounds -
~ y 

___@--coo -<:E>- C:oo 4- c."f H 9 
~2H50 / ·~ 

B 

and found a s,-etema.tic decrease in N - l tentperaturee 

a.s the nt10ber of en, group inse~t&d at poa:!. t3.ons .l; B 

or Yt z was increased. 

ln a 11acroscopic voltma ot e. n~naatio liquid o:aystat·. the 

preferential direction n is·in general not WJ.iform, bu.t 

changes from plaoo t~ place under the action of 4istur­

b1ug forcee euoh ae convection. flow. wall • .efi'ecte,etc. 

Howave:r. evan large eamplG• can be aligned by both ~nasno­

't1c and electric fields. 

!n a ho•cgeneoUSLy ordered liquid crystal eaeple 

the long axes of the mt?leaw.es arb par8l.lel. to ·bbe pre­

ferred direction. !hie boltl.s only in a time or space 

average. In reali tv. due to 'their thermal. Emera;, the 

i.ndividlia\ r:so.leclll.es or small croup~ .of m.oleoW.es tumble 

about the preferred dir~HJtioa. ~he e:ffioienoy of the moJ..e­

cular orientation aJ..ons t t can he described by a. etn8).~ 
order parameter < pl..) 

< Pz. ) = ~ < -.3 CoS' 'e - 1 / 



where the braoke·ts mean the time or space av~~rage and ':ill 
the an£tl.e between tbe l.ong mol.eaular a.,;is end the pre­

ferred direetlon. ~his ideal nematic order will be possible 

nea.r the abcol.llte eero point t>f tbe temperattlre only if 

material would not fr•e!l•• !'or an isotropic liquids(fi?lr= o. 
~be orde~ parameter (:~~) can ba determined by 

measurinG tbe principal retraotive indic.ea or tbe· di~ 

magnetic sueoeptibllitias or ~rsr diffraction. Other 

methode use the Ultraviolet or int~are4 atohrotss or 

nuClear •agnetio resonance spectra. 

JolaQ~ar s.;t!'ti,~~f;cal .. -rw~z.:. 

M~ier and Saapa2'•25 developed a st$tiatical theor.y 

to describe tha J.iquid orrstal.l:ine staiae and 'tbl9 mt>l.eeular 

orderi~g for tbe nematic phaae. ln anaLogy to th~1 tr~atment 

of ordering phenotnenon in t'!trro~aa"'"uettoe or· f'e-rroelect:ties 

this theory Ciaecribell· tbe intermol$eula.r orienta.tif.)n 

fo:rooa lty s mean field method. Ea.Qh individuel ~oleeQJ.e 

feels a ne:Qlt:ttio potenti!!ll wh.ieh is G;iven 

where V ia the molar YGlllQ1a. and A is a. colnitant 

eh~racteristio of the mol.ecul.e, related to ito polarl­

~aabil1t,-. 

fbe derivation ia baaed on tha model tbat the 

aolecule eJ.ignllent 11!1 caused b7 diey~rs:lo!l tore9s. 



onl.y tbe induced dipole-dipole contribution ia oonii:d.dered. 

!t'he anisotropy of th0 molecular potarizabil:L ~Y .cau,ses an 

angular ·dependence Qf the intermol,(Httdt:tr dispers1.on forces 

and therefore is responsible for meaomorpbic phaser. 

Hu.mpbries~0 ha•~• boweyer. ebown tba.t the aeaWIP­

tion of tbe anisotropic 4iepareion forces for the tonta­

tion ot nematic pbe.aa wae not eeeentiel. • 'ibue & singLe 

molecUle potentiel (aean ti~ld} can be oe~ up· to giYe 

particular orientatlon d~!H~ndene~ ( 1) . 'u ehould be s1nt•u 

when th<! eoleoule 1e p:aral.lol to the director and llui•a 

when the molecule ~a per:pendicular to tho dix-ector. thu.a l1 

.;nay be abosvn t·) be pl'upl)lttiottal to 

••• (2) 

(.iil U must be proportional to 

degree of o~ientation. fhie potential wbicb ia responsible 

for n~etio phase formation ~hould Vl.!t.ttish when <P2) ==. () 

and be mini•um when the mol.eoJil•e al'e bighl,- orde:rea ... thus 

u ( eoe e ) a - '\...9 LJ!2 ) Goe l9jQt. 'P:2-(~s ~ 

Orlents.tionsl di stri bntil1. n -£uno .. tia!'t. 
rc:ci••w=4<•1r11 lA :UII T • F = _ 3 • P • 

O:rientation.al distribu:tion ftm·ction f (Cos 9 ) · .sivea 

tne prob~l>ilj.ty of ;f'indine s woJ.ecule wbose sxia ·ma.~tes an 

a.~gl.e 9 with tbe dir~a·tor it • 
Ori~n~tional. distribution function oorreepondtnt; to 

the ·single ~ol eeul e pot:i3ntiaJ. ba.e the tom: 
_fl(Cose) "=" Z 1

R.-x p[- ~ u cose] 
I 

~ -== J .e.xpc_: ~uce.astDJdc.eos~ 
0 ~ •• (4) 



1 
where z ia the t"lint(ie ~olemlle partition funetion 0:= VT" 

· K is the Bol.tzmannes eonatftnt• ! in the temperature in 

absol. ute unit. :the l.imi t ot integr&.tion bas been t"'eatrieted 

within 0 and 1 
. rl> ~ 

because n and -n are indistinguishable. 

Tbe dependence of the order parameter .(P2) on ;iihe tempe-. 

rature ~ ~ be fou~d by solving the eelf-coneiateney 

equation 

<. ?2 )- = i P1(eose) }(ws&) dc_e.oslt) 
. b ••• (5) 

using equa.tion ( 4) in equation ( 5) 

A computer prog~ams bas been ue.a to obtain the •a1ue or 

values ot (P2 > (for any partioUl.ar ~ (or· f? .) 'hat 

oa.tiet:l.ee equa.t.lon (G). <Pa>• 0 is a. solution at al.l 

!, below certain temperature dete~ined b~ Xf/& •.o.22~B4, 

two other eol.utions appea~. Of the tbree solu.tione below 

the critical temperature the one whiob eatiei'iee tbe tber­

modynae!c cond~t1on of mini~uu fre• •nersy will etve tne 

stable pbs eo. 

~tensisn of the Meier-~&use theotr~ 

Humphries~ James and Luck:hurst26 deYel.opecl a •ore coep~e-
~ 

bensive c~naept by inCLuding higher order term• in tb• 

•ean field pot.ential tor cylindrically symmetric eoleculee. 

1 03531. 
~©i. rEb 18-.~u 



U (C-os 8-) :::: .L lJL- < ?L,) (LOS 9) 
I . L ••• (1) 

u\' 1s the ai:ng1.e-1Qoleeule po·tential. .in the etean tiel4 

a:ppronmation. 

where (f[~)C~os e) is the ol':l.entationat distribution 

:tunotion and PL •e are the Lth. o~er te~s of the 

Legendre Po:Lpot~101 (L takes onl.y $ven Valuto}. It has 

been the tetfma with L • 0 in (?).mar bt dropped einee 

it is ae:rely an additive co~stant. !rhen 

ll 1 (Eo s 9 )= 1.9-2 < P2 '> 'P2 ( LosEt)-t-1.9t/P,;~eo~~(g) 

r~tention of oill)' first ten of ·equation ( 9) d vee tbe 

Maiar-Sat~• theory. 

,P;pzsta:t Struc;tur'\ otT Thegotrop:ic l.!g~9, qrz~.t!\b. 

lt .is now Well eetablieb~d that tor proper under­

e·tanding end irrherpre'tation of several pby.,~Qal.. properttee 

.ot l.1quid c:rgetalline phasee a knoWJ.edee of the moleeul.a.~ 

etructw:-e in the cryeta.l.line phase ie ver7 u.eeful.. The 

molecuta~ confo~ation 1n the or.rstallin~ etate preaete~ 

mines the aol ectila.r o.reaaiee.tton in the mesomorpbi e f:'Jta te. 



!the f.i:rct attempt to co:r...,:relate ·the rnoleoW.&..r arrangement in 

tlle mesophe..ses w:i. tb the e:r~t stt~l ~rtructure of the meeoeeai e 

material wa~ undertaken by Bernal and Crowfoot21 in the 

nea!'.ly 1930's• Upto 1974 only seven crystal etruoturee 

had been detrsrmined28 • Tbifl ei tuation abanged dra~tica.:t1y 
with the advent of computer p:rogrl'l.m in ths late 1970s' ~ 

Sow a J.arge number of straeturaa have be~en deteminea. 

most ot tbea being nematic. 

Prel.1w1n.ar7 eu.rvey- ot the prese-nt knowledge resa.rd• 

4:Lng ·solid meeopbaee relationships was given. })y Bryan29• 

On the baeie of the &'litenc~ at band_ it ean 'be stated ... 

:t) fhe molecules of thG or&eniG cryertal.e wh~n heated 

to the liquid oryetalline state adopt e.n arrange. 

IQent liJOIIewba-t· simil.ar to that ln the cr;atals21. 

11) In -net~atio or.rsteJ.e the l.ong nerrow moleoutes are 

found to be more of ~ eaa pa.rall eJ.. and inter-

leave one another- to fom an •illbl;'ieated paokinB' 

(described b8 Bern$1 and orowfock). !he transto~ 

aation free the solid to tbe nesattc phase is 

cbareeteriaec! by tbe breakdown of 'tbe poGitioneJ.. 

order of the soJ.ecul$1'!! but :no~t of the orientational 

·order'0 • 

iii) For smeotio ~ompounds the mokeeUles are· t~und to 

be packed in pareJ.J.el ar-ra,.. ,as p:cediat•u'1• 

fbie is true at l.eae·b the ma3o::t1ty ot eaaee, 

so far known but a.t this stage wa sust be oe.ut!oua to 



'1 32 ~ generalise it e 'Brown found an im'bri. cated pacld.nB .!!.Or 

a nemstQgenic compound with the non-planner molecules 

arranged in herringbone tasbion in planes ·perpendicUla~ 

to tne l.ong axie. Brow.n and his eo-worker~~' .elso found 

a herringbonio compound w.1 tb a tU t 1"6J.ative to the 

l.a.Jere. Bryan, Focier· and M1lle.r34-'6 a:Lao diacueeed the 

role of bydros0n bond in tbe form~:tion of' mesogeni c oo*­

pounde. 

Considerable baeil) reeearcb on ·the optical and el.aotrical 
1 ;&, -~-

chal.•scto:=':tstictJ of l.iquid w~;s~~ t.fas. carned
11 
duriq 

'the :Later h~t' Gf the tb:1a oantu.r3 to i.levtaop tbe appl.i-­

aa.tione Qf 11q;td4 oryetsJ.s. It baa been found that l.iq.uid· 

orystalo have got a wide ~e ot eoientifio app11eationo 

'lb$ eharp qh&ngee in tbt oolor o.t l! ob~leeteric 

liquid cn;tetals wt tb eftlall changes in te:spenture have 

:ree~ tctd in a. number of unique tel)perature sensing appl,i­

oations'1. A$ a resULt, applications to medical dia&noeties. 

elrsotronic component teotins and' a.erod:r.natn:l.o str~cture 

enalyeia became feasible:• 

Iih'!t=a.t~c and choleeteric ~iQJlid cry,tfl..J .. e I'UJJ.Ye 

alread.J » found 'wide appli,catlon in diaptay deYieee a,. 

ma~ tlf tba_ir phtsieal. pro_pert!es ~uah ae birefringence, 

optioal aotf.vi ty etc. are senei tive to w~ak exte~n.!tl. 

perturbations~ ~he remarkable eLectro-optic effects he•• 
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:rendered it poesibl.a to p)ttepare li"!uic1 Q;?:yvt~~l di.([;pla.yf! 

whose main advantage. over the other t~"!let;t i e. that they do 

not require emissions of li£:bt, ~nd mo consume Ve%1y l.ow 

power. Ll~u:Ld ~ryet&ls are used in displays f'&r watobee .• <· 
Ol.oQks, e~c.n.llatore, panel meters and other digital ',, 

dlf.spl.ara. 

fb® x extreaeJ..y J.ow powett require!l:lente of the 

dteple.,- eoupl.e<l w1 tb further !mprovsmc:D'ts in cGmplimen­

tary eymmetr7 ae~al ~xide semiconductor ~ntagrate4 ci~-

oui te baa made pc9s1lae the ievelopment of ·pocket compu:tH~r. 

Liquid ot7ateJ. displa;s alto ·saintng acoept&nce: 111 

the did tal instrument field_; ~~pl!Lcin« light-emt tt~ne; 

displays in appl.icatiQn~ wlH~re pcrtab.ili tr is of pri=e 
' 

interel1t. 

lJ1qui4 crystals ere Qeed in _the f'l.e.'lt pa!Ulel 

television diepl.ays. :~?he progresa ot e~~otroniee, eape­

oifll.J.y eetnlco~~uctor ~lectro:nics directs m1crote«ttmolotr 

which requires low Yol. tage and low out~rt:ur1t de•ioee. In 

this point of view LCD ta moet promi~ng among vari<n.te 

devices-.. 

Recently, terroeleetric l.iq.uid cr,ystaJ.s (s0*) 

have been vu.;ed far a new generation of :fe~t. varsatil'2f 

l.iquid or.vstal devices. 



... _ .. 

Liquid cr,vst~e bave.enormous remarkable applie~tions. 

ror tbis purpose, identification of' different pbe.ees, 

tbeir el eotro-ozitio properties an~ mol.ecular and crystal 

structure ane1T$iS are important. In the ~- present work 

six 11qU1d crystel11ne aubet~~ces namely PCOPP, PQTP, 

PDBA, DBA, BPOPP an4 50CB ba:ve been cbosen. 

Proa X:.¥'8.7 c.U . .ft:ract1on p'hotograp'bs of maene­

t1call7 al1gne4 sampleD PCOPP., POfPt .PDD.l and BBBA, 

orie.ntationel dis'tribu.tion function t( $ ), order 

param&tere <P2 > and <:"»4> , bavo ·been ce:toutatecl. 

l':•ra,J diffraction studiee in J.iq\Ud CPN'Stelline pb&S88 

of the · ee.mplee .BPOPP and 50CB were done earlier in our · 

J.abora'tor.v. In the preeent work, optical. btrefringenoo 

e'tudiea of the samplea PCOPP, PO!l?t PBBAt BPOPP and 

500B are 4one. lfhe cr.vetal and raolecular etructu.re ot 

the eample POOPP bave been de_termined. froa X-ra,y diff­

raction. All the e,-rperiilen'tal. works are reported in 

O~apter III and IV. 
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!Jl!ORE:II O.AL :8.A OllGROlJJfD l"OR X-RAT 'lORI: • 



ln trod uoti on 
1 s11 s; tr•~ 

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 



/ ' 

I / 
I 

/ .' 
I I 'I,,, 

:J 
~ .. 

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 



:1 

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 



;J\ 

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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/ ·; 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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:;.1. X-ray D!:t':f?r2ction end 'Bi-rf!fringenee ~tudies on 

PCCPP, PO'fl? and PEBA. 

'1'$ ba~~ det€:rmined order parameters .from X-ray 

diffraction studies ~md also from 'bi-re·fringenee meaoure­

ments fo!l some compounds having nematic pba~e. '!~be. nam_ea, 

structural formUlae and tran£li t:lon temperatures are 

given bel.ow 

X~~~ 5•( 4' •- n-Pcn tyl. crycl ohe:!:yl. )-2-( 4 '-Cy~nophenyl )­

·l?Jrl"imidine ( PCOPP ].n- ehort). 

111- c. H ~)---<0'>- c N . 5 II tf ..___.. 

Isotropic 

c.N 

Nematic Isotropic 

IIl:i' p.-n-.Propo~y banzy.lidene-p-.n-butyla::'liline 

(l?DBA in short) 
. CH -Cl·h_ 

C:H- I 2 

H ?J c" . A--®- ~ N ----0}---C H:z.. \c H..::, 
CH~C H"2.. 

.Solid l'iematia isotropic 



rrhe samples I and II was supplied by r~/th F.Hoffmann 

La-Hoche & co. ~n the purified form and eample Ill by 

.Prof. M. Wada of Tohoku Univerai ty, Japan. The aample It! 

(PBBA) bas a su.percobling wa1.J.-be:Llow tho room tern;peraturetll 

Texture Study ...... . ~~ 
A polarizing microscope with ~ae;ni:fioation 150X 

Gql~ipped with a. hot stage haE,:; been used to examine the 

mel tin6 behaviour of the liquid erJr~rtal. so The tra.nsi tion 

temparat'IU"e and SU1'H3X"eool.iug ret~io!ls 'found thereof' are as 

stated earlier. Under cross. polarising miorosoope different 

pba.aes were tried to ident:tfy. Nematic thread like textures 

are obtained in case of sample II and !!I and ·tbrcad ~ike 

textures with inversion 1ino was obtained for the oample x. 

x-ray 4ii:tfraotion photographs of tbe sruaple~S were 

taken at different temperature·in presence of' magnetic 

field using nickel :f:U tered crura radi!ation of A::; 1.S41aB. 

The temperatures were measured and regtllated with an aceu­

reH!.f of ! o.,s"o with the help of a temperature oontroJ.ler 

( lndotherm 401 ) It '!'he eY.parirnental aet up, techniques end 

procedure for analysing X-ray diffraction photographs ha~e 

&ready been discuseed in the previous obapter. The samples 

were heated to isotro~io state and a magnetic field of about 

o •. sa Tesla wG-s applied to it. After the megnetie field is 

stebiJ.imed, tbe aample was allowed to cool slowly to tbe 



aesi:r.ed t€mpa:re:tutre in t~he n.eroatic atat0t end the X-re.~ 

photographs we~~ then tak.en~ J\~l tba photograph!! of ali~ned 

aamplGa v..tere tteanned cireularly and linearly V!i·tb the belp 

of s densitometer (VF.:B Cerl-Zeise Jena, Mi.erodenei tometr~~r 

!iof:lel - 100). Th(! c.ptic!ll. d tmsi tie~ w~re eon\"'erted to X_-ray 

1nten1Ji tj.es and orie11ta.t1onal order parameters we!'e eal.cu.­

lated vti th the help of cooop1\ter p:rogram dettt'iloped b,y U.Bo 

The p.botographs of the a.li£:1'it'ffi eamplee at d:'i.iferent tem­

perature distine~.y indicate the presence of nematic 

The avera.gf;J itltarmoleoular distance (:0) and tha a:ppa.rer1t 

molecular .~ength (l) have been cal.Qulated by using ·tne 

procedure ~ ... l.ready .atatea in Chapt. II.' variation of n 
and l with tempe~ature ie sbown in Fig. $.4 - :;.6 $ With 

the he~p o;f stereo mod~ t.t.~it {Prentiee Hall :rnot'ltlest 

tl'yaok. New York) tbe POEJSible cc;)nf·ormatioru~ for the eamples 

were constructed and the molecUlar l.engtba (L) in their 

most extended f'orm were :found t~ be 21 R, 20.4 R, and 2o.sR 
respaotively• The average apparent molecular length of tbe 

oriented samples :!ts determined from the inner ring ot the 

X.~ray diffraction photo{::,"l"aphs are 26e24 R, 26•2 R and 22 I 
rf.lspectively. ~able 3 •. 1 shows the. eompariaon of J. end . L 

Val.ltE~s. · The ratio of' l to L e.r.e 1 o25 and 1 .28 for 

sa.mpl ee PCOP1? and PCTP. !his may lJe due to the local. ~trong 

bi-molecular saeoc1a:tions due to higb dipole momentso The 

aas&ciation is assumed to be an overlapp:Lng head to t::\il 
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PllBA 

21 

20.4 

20.5 22 
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ni3tur~ navi!.l@ a te.ndi,:moy t~J l<>asl·l.ayer formation·~ ~imilar 

l!'eaul:ta have bee.::1 :fot1nd J.n other Jtel:n3ti oe t-3 • 

... -................ . 
, . 

For the three sa~plea the normalised orienta:tionml distri-

bution :ft:m.otion, f( ~ ) :e were eal otils.ted uaing t.he pro ce­

dure deseri bed earlier. Tba order pa:t:~a,m::te:t• ·vaJ. ue~ (P2') 

and <P4 ';? weret a.lfio ca:bcult+.;ted. Tab~e :;.2 .... 3.10 eb,ow the 

detail. Valtlea of the oamp:bes for intensity I ( 41 ) 1 cal cu­

l.ated intensity ·x ( 't ) end nor!ll~ised liif:!t1"i'bution :t ( P ) 
a.t difi'erent temperatures. The Fi{1• '3.7, :3i.B and ;;.9 show 

thG plot of f ( 0 ) vs ~ at different t~mperatures. 

The proceclure f'or caleUJ.ating < P2> 
values have W.ready been describ~d-'• The ..()12 > 

and < P4) 

and <Py 
from ·tbe cli!ltributian 



function with Va1nste1n approzimationa and. wi tb 1se~clbett0rs" 

appl;'o:Zimatione. Fig. :;.10 - 3.12 show the vtn."intion of 

vat u~s wi tb teCJperatare determined 

The procedure for measuring th~ refractive indices 

(n
0

, n
6

) Rnd tlenf.li ty l1ave alrea.dy bmen c1esoribed. Th$ ref­

ractive indices (n
0

• ne) of tbe three compounds a.t diffe­

rent temperature and for dif'ferant wave lengths e::txii~ifeRa:t 

e-re given in Ta't~lo 3.11 - 3.1:5 reapf:1otivaly. Fig. :3.15 - :;.15 

ahowa 'the variation of (n
0

o n
0

) with temperatures :f'or 

different wa:ve.lengthe for the compounds and ~i'ig. 3.16 - '3.18 
A'?1 shows t!1e ·va:d.Htio:n of LJ with the wavelength ~£ the 

samples l,; Il and Ill :respectively. The principal. polariza-

·oili ties ( f?Co , o<k_ ) f~z: ·from re:fl"acr~i ve indelt data were 

ca.l.cW.ated by uf.ling both Y'uk~ s to:r.mulB and 1;;-eueebauer~ s 

aal cuta·ted by using the rela'M.on 

Haller' r;4 e~tra.polation procedure 

From bond polari za'b.ili ty v.al tles the mean Polarize.-

bi:J.i ty ~ and o<,, .. ~ was cal cuJ.a ted Uf;ting the va.k uee 

given in t·h~ paper by Le Feve.res•S•6 and 'by r;~·nmu:r and. 

Toraee7 • The l.·eeul.ts are g!vc~n in Table 3.20. 



---------------------~~----­• 
( V'(,, - o<L ) s 1024 cm11 ' Sa~pl.e • oe_ ~ 1024 Cf!i.r; 

t , 
i~o. ,.. ... ..., ....... , ............... -- ~. - -- IHIIill .. _,.,. ~ .... - ....... ~ .... .,..._. ~ ..., ......... ..., --

. :catoulate6 vulr.•s/ ·~ t;alculated : T:Ialler•s : Haller•• 
~from boni :Ueusebau.er~ fr~m. bond . . • Pl"ll.cese ' pro ceee 
::paJ..artza- • approach. ' polart:sa.biit'' (trut•e iatai (l'eugebauel 
rbili'ty . : :. J.:7:ty. . : t 4e.tt\) 
' • f 

..,_ - ~ ~ ..... .,... .. - ... .,..,. ..... - ............. f!RA" ... .. ~ <:ia CJbo "- ...,. ................. -. ......... ,... .. -

:r. 44.56, 21.74 arr.oo 21.J2 

x::r 47.21. 32.16 40 .. 02 S2eSO 

J.XX. ,e.aa ~6.02 1-9.75 28.00 19.00 

-----------·-~---~---------------· 

~ 1' 5 . 
~·-·1'-r.t . ( P.L >. V~lluea ob·Cainet1 :trom 

,,..... _,._.lilt ·~._.,...t s '" r•q~......,.S''ffl*ll!' 

The artentationsJ. order pa.ra.me·ters of the comtH>lmda 

ob_tained from )~-roy clitfraction anc1 1:>i-re·fri~ge.n oe methode have 

been compared witb the Meier-saupe (M$} thc~~n·~:~tit~-~1.1.. vallxes. t.!~he 

sMpl..Eta l'OCPP and PC~P are breeking at bi~be.r te:npera.tu:::es so 

~l~l~:l! expBi'ime~ntal.· resUlts at higher temperature i.e .. near the 

t~ansition temperature ftre n~~ avBilab.Le. 

:l:be ,{ 1? 2 > v~.ues o\ttained f!mm X-~m, and R.l •· jata are in well 

::agreement, but bpth' the v~nee are. mi<~htl¥ l.ower tb•n w.~. 

t11eo:r·eti-cml. vaJ..ues tl'Ulinly· in the hi.gber temperature near the 



-tranai ~1m1 poin·t. Tbi.n typa of roBul ts have ~{Lready been 

reporteu8•9 • Tbtt < e4 ) valta.ee from X-tlay deta is lov1er 

'!;han that of u.fJ. theora·tical values "'bieh al r;o obtained 

· b7 aruiy others a1.so1o-1' • 

Ssmpl.le I~ ( PcTP · 

~he COl!p&rison at < P.z > "fal usa determined -by :x .. re.y 

and n.:t •. eetho4s wi tb. x.s~~~ tbeoretical vaJ.uee are r;;bown !n 

Pig. -'·"af• .All the v~.J. uee shows a good ag~aeruent.. Curior.u~.ly 

enough. <P4 7 . •elues tr0'1l x-ray data t:J.so agreed well wi·th 

tbe x.s. val.uee tor tbie AJample. Repeatatio.n of the e:tper:l.-· 

men to oanti.ra · this. 

fbe order paraeeter ya~u&s of the compound PBBA 

are eoapa:ret.t with that obtained by different worke:r.~a o:f.' 

Gur la.boJ.'ator,.14-16 tor other Sebifft tt baee eompounc1a 

namely EB:SA-, APAPAt- BBBA and M:BBA. The <_ P2 ) va.1..uea 

of PBBA obtained from different methode viz. X-r~y. R.!. 

a.re in good agreement with u.so theore·tioel valuen like 

all other .Sobiffta bane compound$ a.a shown in Fie• 'JJ2C.'• !be 

.( P4 ) Yaluee are signif'ieantl7 :lower a~ all. tet:tpere,ture 

than the ·-theoretical. valuee (Fte;. '~~) .. Sit~i.tar discrepancy 

has already been obeerved b7 otnere1D-1'. 



., . 
i. 

·- :.··· 

For . Gll. _the three compounds 1 t has be0il foun(l the.t the 

experimental fletermini!tions o·t order paramet~r both by X-ray 
. - .. ' . . 

and R.I • measuz•en:H3l\tO agree Well e X.oept .n~ar the tranei-
_. ' --

tion ·tempe:J'~tu:res •.. Bu.t asreement witn:': (M.B.) theoitetical 

vaJ.ues are not the same in .:t al:L ·caaee. ~his· ·may b_e due 

to the f'$ct t!lat se~eraL· typef!! of :Lntermol eoular forces 
- . ' ' . 

·. (s~~~ .as dipQle-uipole• int~raetiorul'i- are not conmdered 

in· 'tha· M•~s. theory •. , ilttt ·see ·-molec~ar· aesoo:tatiGne ·in all. 

tbe. three eases. In- P<lOl'P tba ·.ra.tfo-'o,t·-1./.b. is l..ergar than 
- -. ' - ~ . . ." - :; 

the_ other two·- compounds.- It ~ts $·· ey·ano compt)und. :$1ld dipol.~ 
-· ' -~ . . . - - . - . 

. . - . 
tio.na• But pa.irs: of mol.eoules are_ not pitral.lel a.o 1.s 

evi.dent from- Fig·. 4•6• .Ri(rid- part ·o:f. -·on-e. pair has. fle~ibles 
:.:·. .. - . -· -

~. · .pa~te :of-- the othett m~e~uiat' 'lH:iir:·$ff' ~-te nearest neighbour 

:. tz!he -"~~~ :~~f·_::tbe riei~· p:a~t ·an~. 1a1·e· fl_·exibl ~ part~ are not . 
- . . 

, par_ail el -(Fits. 4.6) • !:his miy oausQ··lowerinS o.( tna· orde:t 
·. - " - . 

- - ·, ·. 
'\.. . · . 

. . , 

· .. , 
~ •• I_ 

- ,:-

,;-· 

. ' 



~Aff.JE S.2 
•••a·t·1~ 

Experimental intenei ty val.uea I( '¥) at differ<:nt 
temJ)erature after background correction~ 

\ 

........................................................... - -- ~ ....... oWIW ,._ a. .... ..., -- 4l!lA ~ ..., ....., ~ ~ ~ ~ .... , ..... ljulal 

' t • ' $ ' ' • ' ' 

Deg.J379e5' ,79•5 1 )67•5' ,96 ·' 411.5 • 41~l.!f 426 ' 440 ' 4:;3 • 449 
' f rl • t ' ., ' .• ' ' res, 

---~-----------~--~------------------
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,8.25 '35.~5 2,.6:; 14.-oo ~1 .• r15 2s.oo 7.25 

4.65 4.45 ,.80 26.5 22.25 17.'39 9o83 15.00 2Ge75 

.,.25 S.20 2.75 20.'75 16.SO 11Q88 9.10 10~2~ 16.75 

2.35 2.,, 1.95 15.25 1~.1' a.,s 6~25 1.25 1'900 
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o.1o o.; 2.65 1.sa 1.1, 1~75 

o o 1··'' 1 ~3o o.so 1.50 
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·---------------~--------------------



j2_ 
,. 

1!.1\J)L ~ ~ "t. 
:EZI$4! , .. ~~ 

r,amp~$ - 1,. Cal. cul at eel ir~ tensity VP-'..1 ues I( lJ1 ) at different temperatures. 
---~---·--------------------------------------~-----• • t t l '· ! t • f 
(Deg•, "310.5 • :579.5 ' '387.5 • ;s96 t 411.$ I 418.5 426 II 43, • 440 ' 449 
ree} • ' ' ' ' ' ' ; 

' -- ..-.- «at ._, -- - -. -- - ... ...,.. S'$ 

------~----~--------------------------
0 24.609 10.266 10.6"'17 8.029 50.6"19 46·0'0 ~041559 29".469 17.878 3'3.:;76 
5 23.'345 9.752 10.207 1.1.,6 48.962 44.6tf;i 29,712 24.838 1?.';14 32.81S 
10 20.012 8.440 8.964 6.953 44.2$8 40e~870 '27.:;64 2:5.026 15.9'11 '30.92:5 
15 15.725 6.s;' 7.,49 5e901 ,8 .. ,299 35.2:34 23.989 20.26 1'3.801 28.021 
20 11.6'' 5.44t)' 5.760 4.796 ,2.198 28.697 20.102 16.865 11.?'4 24.455 
25 . 8.408 4.538 ·4.41•3 3.162 26.,354 22.229 16.104 ·1:;:.·s11 9 .• 815 20.611 
30 6.0S7 ,.411 3.J14 2.824 20.520 16.569 12.288 "9.945 a.os1 16.826 
:;s 4.357 2.496 2.375 1.978 14.591 12.052 s.9o9 7•106 6 ... 360 1:5.,22 
40 2.916 1.579 - 1.546 1.249 9.049 e.614 .6.1SO 4.956 4.725 10.194 
45 1.671 0.?.94 o.as:; 0.68' 4.,,, 6.076 4.194 ,.471: ,.210 ·?.456 
50 0.'128 0.273 o.,5? o.,o9 ·1.8'35 4o141 2.854 .2.493 1.998 5ca11 
55 0.157 0.035 o.ova o.-toa 0.524 2.&89 1.94' f.B?.t 1.102 3.185 
60 -o.oss -0.011 -o.o24 o.o26 0.150 '1•656 1.258 ,.,02 o.s,o 1.714 

·65 -o.o54 o.o14 -0.028 o.oo' 0.1'35 0.979 o.?o9 0.866 o.21' 0.122 

10 0.014 o.o35 -0.·004 0 0.1-44 O·.~?S o-.394 o.so9 o .• o62 0.171 

75 o.o48 o.oas o.o1o -o.oot 0·.086 o.,48 0.066 CJ>.243 ~o.oo4 -o.o.,s 
eo o.o:Jo o.oo4 o.ooa ·-0.002 -o.oO? 0.226 .o.o2a o.o?1 -o.oo9 -o.o4:5 
as -o.oo9 -0.019 ·o -0.002 -o.oas 0.165 .-o.-4-' -0.021 -o .. ooa o.o22 
90 -o.oav. -o.o2a -o.oos -o.oo' ·•0.115 0.14? -o.o39 -o.oso •• o.oos o.o5'· 
... ------- ..... - .... ~--- ....................... ~ ... .-. ......... --- .... -. _.... ... 4iiliit· ... ~ ............ ......... ·~ ... ·.-~ ,.. ........ ~- ...... ~ .... _.., 



({V 
bpori11ental. intensity Values 'I( t' ) at dif!~:e$!!.t 'te~pe:rature~;~ ~;rter bn;ckground · 
correction. 

----~----~---------~------------------- -~--~-~~ ---• ·• t • ' 't . •: 9 ,. ·, t 

(Deg-: 407.5' 415 : ·422.25: U9,.5 ' .,, ' 440 : 448 : 45'3.5 : 460.5 f 467 •. $ : 474.5 
ree ) • ·• ' t ' · ' · ~ · · • i ' · ' 
••. f· ' •.• t. f •. t t 

.a-- ......... .,.. ,...., '- ........... ~ .....,.· ........... ~ - ........ '~ ... -- ~ ....... '1M!' .,. ................................ -- ....... ~ ........................ -- .... _. .-. .... ..... 
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-------~-~-~---~------,--~-------------------------• I I t t • ·f . .V 

(neg- , Jit : : , • ; , • • : · , _ _ 
rea) f 407.5, 415 • :422:$5 ·'429.5 • 4'5 • 440 • 449 , 45S.; • 460.5 , 467.5 • 474.5 

t ' ~ ~ 

.... ·~ ~ .-- .... '111M ~ - .... ~ ~ ..... ,.. ,._... .......... ~ ..... ~ ...... - .,... .,....,. .................. -. .,.. ....... ·- ....... - .......... -- .... -- .................... ~ .... ·- ·~ 

'0 

5 
10 
15 
.20· ., 
25 

'0 
35 
4to 
45 
50 
55 
60 
6S 
70 
75 
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85 
90 

16.442 44.645 20.406 16.193 25.618 30.055 
1S.652 4,.0,1 19 a:590 16.167 2 •• 610 ~9.05.5·. 
15.546 ,$.582 16;.71·4 14.459 22.108 26•2% 
10 .• 755 ,2.'305 ' 1:5.26$ 12.089 18.612 ~2.110 
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Y..ie:!-ln Inj:en q~ ·:;~ ~!~ .. J!!. ......... "( 
Bxpori~antal intenroity_ tct values l( lJI ) at different tempert'"·~u:ra$ 
from eomperati?@ aae.rt-. SITMPL r=-m 

--------------~---------------~ ..... ~ a . f 
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Men!) .• I.ntSID~:!t t,y VMU<l 

· Ual.eulateo inten~ity I ( lf' ) at different 

temperaian?es. t~m con:rpv,rQd GJ!Jcrt. SIHV1Pt.....f .. ill 
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-----~--~---~--~------~--~------
0 

s 
10 

19 

20 

25 

so 
35 

40 

45 

50 

55 

60 

6S · 

70' 

75-
.$0 

S5· 

-~Jt 
90 

6.269" 

6~06:5 

5.495 

4.696 

6.529 5.2,, 4.809 

6.292 5.04' 4.645 

5.66,; 4.5,4. . 4.217 

4.845• ,.87Q :5.668 

5.S21 4.022 3~202: ,.129 

2;994. 3.289 2.599 2.65S 

2•2ag a.64S 2.05' 2.2,1 

1 o727 a.o~/6 1.580 1 .• $27 

1.,02 

o.99' 
o.11' 
o.6t4 

o.4S9 

o.li76 

o.212 

0.115 

0~95 

0~04?. 

8¥iifl2 
0~()2, 

1o512 1.161 1.443 

1.1S9 o.s:Ja 1.1os 
o.aso o.G22 
o"G.29 o.4se 
o.46a 0•'397 

o.,!5 o.,1 __ 5 

o.2c9 o.2~4 

o.119 o.1"1 
0•156 o.1~6 

0~02.1 Ot073 

i'¥d:h 
o~o1o o.o63 

o.a,4 
o.,29 
.0.~70 

o • .,,7 
o.224 

o .. 1:!Ja 

O~OGG 

o.oa7 

4.972 4.626 ' 4.052 

4.849 4.526 

4 .. 515 4.250 

4.051 759857 

,.961 

Se710 

~.,s; 

3v5'-G ~.406 2•959 

5.012 2.942 2.568 

2.488 2.436 2.205 

2.011 2.050 1.675 

1.600 1.650 1.579 

1.290 1oJ04 1 .• ,16 

'1·.020 

o.a1s 
o • .;s' 
o •. 4ss 
o .• 295 

o.t7o 
o.ose; 
o.o4o 

1.022 

o.aoo 
0.624 

0.479 

Oe554 

Oo2S2 

o.175 

Oc.129 

1.083 

o.e'l7 
o.690 

0.521 

o.370 

0.151 

o.o94 

o.o74 



E~ormali sed di:;;;"tri bution function f( ~ ) at ditferent te:~'iiperatures. SAf'1PLc-l 

--,----------~------------------------------------
. w f ( ~ ) a~~ temperature in °K - . . 

Deg ... ·~ • ._ ....... ~ ~ o-. ,..,. -.. ~ -- .... ..,.. ..... ... - ... ...... ~ ..... ... ... - -- ... _. , .... ~ ....... ~ .. ._ ..... ~ w. -.s .... _ ... ._. .... -*' ............ ~ 

ree ' :;7o.s & 379.5 ~ '87.5 ' 396 ' 411.5 • 418.5 ., . 426 ' 43' ' 440 ·• 448 
t If ·e t t t t· t , ' 

--------------------------~------------------------
0 12c499 11 a045 10.,625 wf.76?J 9.590 8..160 5.696 9.oo:s 5.54 s~:;Gs 

5 11.752 10.241 10.045 3e055 8oS96 '7.8:54 6.255 7.899 6.046 5.454 
10 9.785 8.437 8.5)5 8.457 6.549 6.977 7o51,. 5.810 7.1.,2 5.543 
15 ·1 .,290 6s'325 6@641 7.861 4.899 s.a47 1.942 4.:324 1·4'1 5.262 
20 5.009 4.589 4.et-s9 5o909 4.065 4.672 6.249 ,.742 5.649 4.442 
25 ;.:;41" ,.410 3.542 . :;.729 :;.801 3.518 ,.724 '3.612 -,.,as 3.-,77 
30 2.277 2.661 2.595 2.293 3.,582 2.622 2.052 3.42' 1.972 2.484 
35 1.615 2.103 1-.905 1.588 2.844 1.837 1.326 2.506 1.42:5 1.911 

40 1.134 1.506 1.,21 1.248 1.654 1.2,9 1.106 '1o,81 1.361 1.570 
45 0.706 o.s2a 0.780 0.921" 0,.691- 0.816 1.047 0.672 ttS.427 f.291 

50 ' o.:;56 0.296 o.S51 o.48e ·o.2SS 0.5,1 Oe859 o."J?6 1.169 o.94:5 
55 o.1o9 0.062 09112 0.141 0.033 o • .,,g 0.495 _0.294 o.S16 0.556 
60 0 • 0 o.o25 o.o29 o.2os O.IO:i 0.270 0·7'' '0.262 

65 0 0 0 o.oo3 0.014 0.120 0·078 o.239 o.o43 o.1o9 
70 0 0 0 0 o.oos o.o65 o.o4 . 0.140 0.'()14 o.o47 
15 0 0 0 0 o.oo6 o.o,4 o.o,4 o.oll o.o.a o.ua:z 
ao 0 0 0 0 o.oos o.o19 0 a.o1' 0 0 

B5 0 0 0 0 0 o.o1.2 0 0 0 0 

90 0 ·o 0 0 0 0.011 0 0 Q 0 

-------------------------------~------------------



!ADLE 3.9 S8 
.. ple :u. 

BoraEUiaed diutribution function 'f( f.> ) a't different templ!.lraturea. 

----------------------------~-----------------~---
Deg- :_ - - - g 1 t l !!t .!eap!fr!);t,!lrj! !n_ og - - - - - -; - - - - - - - - '- - - - - - - - - - - - - - -

• • t ' ., • • • f 
:ree , 407.5 , 415' • 422.5 • 429.5 , 433 • 440 , 44B , 453.5 f 467·5 , 474.5 

' . -.... --- .. ------- ............. _r __ <'_--- ..... ------..---- .-.------- ~--- ... - .-.- .. 
0 17.652 '12.787 14.989 11.908 8.274 11-511 10.642 12.:S85 10.44., 10.:S41 
5 14.026 10.6'0 12.,62 10.09'3 s.:;o6 9.710 a.9,7 10.,06 8.686 9.515 
10 8.150 6.8;6 ?.754 6.801 e.u2 6.609 5.935 6.626 5.614 5.411 
15 4.602 '4.506 4.76'3 4.567 7.1,8 -4.466 4.013 4.216 :;.665 '3.542 
20 . 5.702 -'3.66? ,.527 ,.650 5.,.,, .. ,.589 :;.:;46 8.25:5 2.990 2 .. 994 
25 ::?.66, ·3.642 ,.188 :;.444 ;;.542 .. ,.391 ,.,56 3.079 3.070 :5.2'31 
30 .:;.509 :;1.510 2.9,0 3 .. 186 2.245 .,.125 :;.241 2.985 '3o851 ,.497 
'35 ·2.344 2.528 2.182 2.,,4 1.514 -2.279 2.,67 2.!69 2o7?7 2.867 
40 0.0982 ·1.258 1.21' 1.2?2 1.126 .1.252 .1.246 1.418 1.734 1.626 
45 0.,24 0.522 o.;so 0.605 0.866 0~616 .0.597 0.7,, 0.907 0.770 
50 0.128 · o.zs' o.,,, 0.,,2 0.610 .o.~6o fl:¥ilf& hJ&i b~i tn~· o.549 o.425 0.516 0.428 
55 o.os' Oe1SO 0.2,1 o.2!i' 0.358 o.295 0.323 o.,32 o.;a2 o.349 
GO o.oe4 . 0.175 0.218 0.249 0.177 0.305 0.412 0.326 0.'337 0.'379 
65 o.oas 0.162 0.196 0.230 Oe083 o.279 0 .. 478 0.298 0.257 Oe366 
70 o.o57 . o.o94 ().11B 0 .. 141 0 .. 04:5 0.154 0.317 0.190 0.119 0.202 

75 0.019 o.o29 0.042 o.oso 0 o.046 0.101 o.o64 o.oso 0.054 
80 o.oo4 Oe006 o.o11 0.013 0 0.010 0.021 o.o16 o.oo5 0.010 

85 0 o.oo2 a.oo:; o.oo4 0 o.oo3 o.oo5 o.oo5 0 0 
90 0 0 o.oo2 o.oo:; 0 o .. oo2 o.oo' - 0 0 

~--~----------------------------------------------



Sample III. 

Noreuilis~cl di8t:t•ibution ·function. :t ( ~ ) at 

different te~perature 

--------------------------------
' ( f ( ~ ) values at te!!P• (°K) . . 

Des~e~- ___ · _ ,._ _ ....:. _ .- _ .... ...,. 'f _ ~ _ . .., ____ .-.. __ , ___ _ 

, 2~a t :;o' • sos • '1' . )18 , 32' • :;26 ---------------------------------
0 

' 10 

15 

20 

25 

30 

35 

40 

45 

50 

'' 60 

65 

70 

15 
80 

85 

90 

9.7527 

. 8.272 

6.177 

'4.52' 

3.661 

s.26:i 

2.9~6 

2.096 

1.217 
0.722 

o.•61· 
o.,,, 
~369 

0.350 

0 • .250 

.0.122 

o.o4s 
o.o21 
o.o15 

9.6,7 a.166 a.;1s 6•621 

s.294 7.957 1.212 5~971 
' 

5.?90 6.196 ;.126 4.664 

4.02' 4.675 3.6,0 ~.652 

,.aaz -'•147 3,007 -~e148 

,.155 5.215 2.9,8 ,.017 

s.o5J 2.725 2.92e 2.s4a 

2.456 2.065 2•491 2.520 

1o532 '•'50 1.662 1e57' 

o.e,s oG616 o~974 o.9a1 
o.49S o.519 o.G11 o.6G7 

o.:ia2 o~'a:; o.479 o.sso 
o.358 o.J25 o.444 o~519 

Oe'319 o.2s1 o.~9' 0.456 

0.204 0.21' 0.259 0.298 

o. oe:s o ~ 1 Ja o .114 o .1 '3.5 

· Oe027 o.o74 o~o4o· o~e5o 

o.o1o o~o4S o.o16 o.o22 
o.ooT o.ct'1 o.a11 o._o16 

5.506 5.504 

. 5. 196 5. 11 :5 

4.4·89 4.260 

s.t7a4 3.47' 
'3.279 2.979 

2.928 2.704 

2.57' 2_.448 

2.10' 2.054 

1.568 1o560 

1.108 1.~29 

0.'795 o.sso 

0.492 0.616 

o.:;9o· o.e;o9 
0.2~79 0 • .,,2 

0.178 (;).198 

0.108 0.102 

o.o7"J o.o59 
o.o6':; o.o4s 

--------------~--~---------------



------~-------------~--------------
90 

107 

115 

123 

1,1 

1,9 

146 

15, 

160 

167 

1"/5 

181 

1.550 

1.55' 

1.5$7 

1.560 

1 a56o· 
1.56;; 

1.565 

1.56., 

1.567 

1.569 

1.575 

1.780 

1.778 

1.775 

1.551 

1.554 

1.557 

1.784 1.5$4. 1.790 1.557 

1.778 1·551 1~790 .1.562 

1.775 1$562 1.787 1.569 

1.8~2 

1.825 

1.775 1.55'1 1•'115 1e562 1.?84 1.-569 1.914 e69'3 

1e/70 1.559 1. 713 t.5G6 1. 780 1 .575 ~1 .a14 .681 

1.110 1.562 1.77?> 1.569 1~7~79 1.sso 1.aoa .663 

1.168 1.566 1.769 ·1.57:; 1.775 1.580 1,.796 sG5 

1."/6, 1.569 1e?67 1.57:; 1.774 1.5B7 1.79J o~22 

1.?6' 1.573 1.764 1.578 1.774 1.o589 1.793 .614 

1 .• 760 1.578 1.762 1.580 1.764 1.599 1.784 .. 582 

1.760 1.57S 1.'160 1.59-, 1.760 1.599 1~772 4)55 

188 1 o5~~0 1.750 1.59' 1.1$0 1$605 1.754 1.sao ·1.758 •?01 

195 1.5SO 1.748 1•580 1.748 1.605 1.748 1.605 1.748 .. 471 



-------------,------------------r- . ' ~ 

: 6907 i t 5780 :R ; 5461 j .: 4758 l 
~-n • t· .... ..... .,... .-, .. *--. ..... ...._. ... ..,. WI' .. .J. .., ... fiUio ... ._. ~ ..... ~ ... ~ ...... ...... .., ...- .... 

Jl;' --- I f t . • • 

in oa: ~ ' n• ~ no ' ne ~ no • ne • no • ne 

~------~---~------~---------------
12) 1.461 

1,5 1.461 

142 1.461 

149 ' 1.465 

1.759 't .477 1.776 1.477 1 ~782 1.4·95 1.·865 

1 .• 75':; 1.4·17 1.764 1.477 1.776 1.495 1.965 

1.747 .. 1.4?7 1.758 1.477 1.764 1~495 1.859 

1e.747, 1.478 1e759 1.477 1.764 1'o495 1.859 

'15'3 1.465 1.734. 1.4SC} 1.747 1.477 1~75f.3 1.495 1.847 

15'J 1.465 1.728. 1.486 1.747 1~477 1.758 1.495 1.847 

160 1.465 1.122· 1.486 1 .• 74 1·.477 1o75'3 1.495 1e845 

,,7 
175 

1S1 

1BS 

195 

202 

216 

1.46$ 

1.465 

1.474 

1.486 

1.492 

1.495 

1.498 

1·.722 

1.722. 

1.71J 

1.710 

1".701 

1.695 

1.69. 

1.4a6 1.727 

1.486 1.727 

1.4a6 1.725 

1.492 1.722 

1.4·95 1.719 

1.5Q1 1.71' 

1.504 1.710 

1.486 

1.489 

1.495 

1.495 

1.498 

1.504 

1.507 

1.7'37 

1.131 

1.?22 

1.719 

1.504 1.845 

1c-510 1.842 

1.516 1.B29 

1.519 1.824 

1~522 1"'820 

1o528 1.812 

1.S4 1.80'3 

222 1.501 1.6S$ 1.51· 1.707 1._51' 1.11:5 1.546 1.791 

2'2 · 1.54 1.5S1 1._555 1.599 

-----------------------------------



1' em p ~ 

(oc1 

1.~88 j 

1._586 

~-----

-, -

1 -.-'C) • J -,~ 

1 • s ~ :1 

1.C)c;t_; 

1.)6~ 

1. c:,7 3 

1.uu:..: 

H c 

:l • 77') 

1 
..,..., ... 

• ~ '1 

1.7 7 u 

1 ..., -·' . ., ... · 

1. ~\_.' 

j • • I :._2\,; 

-, - -

-'-

n. 
0 

1.s6o·-
1.~6o 

1.S62 

1.Sb6 

1 • ::;·· -1 

1 • :::; .su 

1.61:..: 

1.610 

n 
e 

1.792 

1. 7 88 

1."783 

t-'7 '7 6 

1 • "7 69 
1."761 

1 • .., 35 

1.'"'~:;8 

) -,/'-

n 
e 

--------
1.t;88 

1~S88 

1 . S~)O 

1.:)91 

1~S97 

1.602 

1.b0'"' 

1.b11 

1@8'78 

1c8"72 

1c806 

1.860 

1 .G6(i 

1.C)c;8 

1.bc:;6 

1 .soc; 

-----------



(00 / 

Table - J.14: DanE1 ty (.f' } Po~ al"i r~Sabil :tty ( eX, ) a:n{! Orientatione.J. order 
?.arml!etcra p 

2 . of sa~ple 1·. {Vtiks' apprtHLdb) -- ... - -..,;.l""''ioiili' ..... ~ ........................ -- .., ~ ............. :..;. ._,- ... .... -- ...... ~ .... 
---~-----------------• ' 

I I t • ·, Den- 6907 i t 57ao 1r 5461 R 4758 R ' fvl€01h. ' ' ' ' · ·rt•emp' ·t'Jity ·-· li.W- ......... 

.._. .- OCIIID>- .... ._..~ ........... ...,_. -- -- . ...., ,_ .......... ' ...................... ..,.·tq. .................... , ..... --· 
• t • t ' t ' • ' t . .,_(f) 

' • 
~ 

, .. 
:.C:P2~v t) t ' oCo p(Je_ ' Z.P2( ' ~e... : .(_rp2-> ' Ko 

t t 
I_ 'P.!!/ ' rKo 

t 
p(.e_ ; zP.~.I e , in sm/, • • r?Ce. ' ' 

,. •• • ' em' ' • ' • ' t • 
• . ' • ' t f ' t ' ' t 

------------~--~-----------~------------------------
90 1.098 35.92 56.25 ... 750 ,6.28 56.:;4 .74' :;6.17 57.27 •754 ' )6.19 60.15 .75;\ •746 

.98 1o090 ,6.'39 56.51 .742 36.55 56.75 .748 36.66 .57.,8 .740 36o49 60.35 .750 .745 
107 .,.-08:5 36-.75 56~83 .740 36.78 57.12 .750 )6o92 5'7.51 ·735 "J6o72 60.74 e750 .74' 
115 ig073 77 "5? .) .... ~ 57.12 .7:51 )7 .42 56.78 .717 ")7.46 57 q9 .. , .7'32 ,.7.45 60.62 .729 .727 
12:5 1.067 )7.82 57.10 .711 37.82 57.10 c(/14 )8.03 57~9:7 .711 )8.12 60e7r/ .712 .712 

"131 1o061 ')7.2'3 57GJ6 o'105 ,8.14 56o46 .678 38.27 58.02 ·105 ,8.44 60.24 .655 .69'3 

139 1.-053 :36.57 .57.6~ •69.4 38.57 56.94 .676 38.87 58.03 .684 :59 .1., 60.53 . .673 .681 

146 1.047 ;a.9s 58oO:; .688 '38.99 57.09 .670 ;9.39 57.48 .646 39.74 60.26 .645 .662 

153 1.0:56 :59o56 58.12 .681 '39 .~11 67.35 .65' -4G.03 58.39 .655 40.29 59.92 .617 .651 

160 1.028 39.78 58.47 .676 40.25 57.47 .638 40.5557.12 .592 41.11 59.95 .593 .625 

167 1.020 40.)7 ss.4? .669 40.87 57.57 .618 41.22 57.44 .579 41.56 60.37 .591 .614 

175 1.012 40e.S6 56.6:5 .656 41.67 56.89 .564 41.68 57.84 .577 42.68 59.8:3 e539 .584 
181 1oOa2 41.68 59.05 .641 42.21 56.45 .527 4:;.os 57.74 .524 4'3.2'3 59.42 .509 .550 
186 0.995 42.27 56.71 .606 42e90 54.77 .440 4.,.,5 58o15 .501 44.15 58.17 .AG5 .so:s 
195 0.989 42.71 58.67 .589 43.22 54.59 .421 44.55 57.51 .46' 44.55 57.51 .407 .470 



1Al1LE 1~.1~ 

Denei tr (-e.). Polnriss.bUit¥ ( ct) ·&nd Orienta.tional. Order Parssaeters ( LP2/ ) o:t i'l!&11>ple li 

---~--------------------------------,--------------. ::%- : 690? .i : ·S?SO i : 5461 l ' 4?58 I : Jlean 
~-P.•: . 1n~ :- - .... - - .• -.- ;_ - - ; . -;: - '; - - - - ; - - ~ - -; - - - - "'! - - ~- -,- --:_; - - "': < P ~ 
4n o0 , se/ ca ; o<o . • CI\Q_ • , vw , oCe_ ' V\...0 , o<:e_ • ~ , ~ , 2; 

' ,, t 

~----------------------------------------~-~-------~ 
123 o.9ao 16.43 ,,7.12· ,,.49 68.,6 :57.43 69.9' :5?.98 76.21 .?g5 
135 o.9?G 755.62 66.92 ,7.77 6?.50 37.65 68.64 ,8.14 76.52 .7"';7 
142: io.9?5 ''·12 66.41 ,7.86 66.99 .,7.80 6'1.S1 ,8.24 76.0., .122 
149 o.972 "·'' 66.50 ,8.10 ,G.19 ,?.92 61.78 ,8.,5 16 ... 27 .712 
1S3 o.9?1 ,1.,1 65.,2 'a·" ,,.~,, 38.0~ 6'1·21 ,8.52 75.20 e6f115 
157 0.971 '"31.'31 64.75 lS.84 65.96 " ,s.oa ,7.27 ,8.52 75.20 .665 
160 0.96'9 ,1.51 64.,f ,8.99 65·4' ,3.15 66.9' ,9.62 75:.17 .653 

167 0.966 ".57.62 64.5'1 :;9 • .29 ''·'' :59.08 65.92 ";9 • .4S 75.11 .6;»8 

175 0 .. 96:; ,7."/4 64 .• 71 ,,9.':35 64.68 39.44 66.04 40.05' 14.86' .641 

181 o.961 'a·'' ''·72 ,9.4£ 64 .•. 5, 4·o.os 65.42 40.11 75.58 .61f) 

189 0.959 39.74 6,.29 40.09 64.27 40.24 65.05 41.15' 1:1.24 .5S6 

195 0.955 40.44 62.45 40.49 64.10· 40.70 64.50 ·41.55 7"3.00 ~559 

202 o.951 40.91 62•05 41.21 ,,.62 41.:5S .64.40 4·2.29 72 -;;}/" !f·· nl ·'t' 
.?39 

216 0.944 41.51 61.94 41..?9' 63.71 41.94 64.50 43.65 71e62 .522 

222 o.,,9 42.0$ ·61.50 42.,, ,,,.59 42.71 64.09 44.42 ""/"1 ?9 ,. e .. 'Q~ .4-97 

--~~·~ ~~ ~~~-~· ~ - -~~ _..,.. ~ -~ . ...,. .,.. --~ ,......f!INI .... ftiSiilt """"' '"'"' ..,.. -- --- - - - -- ·- ...,., : ....... "'""' .... -- - ~ ... ~· QIIW> --
o\.o.)o<cz_ az>e :in 1o-24 ' ea. and e:al. eul. e terd f::ro~ \iuk ·~fJ f'owmul,.s .• 



-------~----------------~-----~-~-----~------------' l' ' ·~ :• ' 
~:-t);m'Yl "' "- 0 Q 4 0 
.(""' ""'"'·~)~- 41 

·! .ve:u- • <ez 6907 A = 5'180 X • •54S 1 A . ,., # 4J58 A 
or; t si t.r f~ ..... l!O=" ~ - ~ ~ i'-*k?< - ~ ~ ... ! ~l ~ l$'pje ....,. ~ ~ ~ "~ ~ - .J,. ~ ~ «o- .... .q5V.- ~ ,.. ~..,. .... --'~ .. .,. ~ ~ ........ ~ ~ ~ ~ ~-

: ce .> ' oCo : ~ : J f. ~ : r/) , ' < ' PG ;. r/) ·t /1 . ,, ~ ; • < jJ 

t(gm/em'-? i y t....__ ~I~ V'-() ' D<k__ -~ .. · -e~>: . 0 f V\_Q l 'r}.; : . i ~ i' 11> 
' t 9 t • I ,, t· p l § I 

--------------------------------------------------~ 
27~7 1.165 2:9.71 46.26 • &t91 750.27 46.1"$ e6157 :50-.!11 41.:;6 . ·'·''' Jf.,.,49 52',(J'" .6161 

~2 tJ:t~J ~b~f: ltl~{l' :t~itt ,~:1',6: 

~='' ~i!l::1.~ -~d4l :~s·~et !6ni& 5'2;:{9:8; ;~t46: 

>2 1.16l 29o80 46o(}$ .6{}9-6 :50.36 .ft}.55' ·c.£062 so.1; 4? .. 19 .,.1)069 .,, .•. ;o· •52.00 .604~6: 

I ~6 1.15!3 ~0 08 4$.8$' .5:391 30.,,. 46.)8 4.58.91 )t.u7 47.02 .. 5900 ,1:.,89 5'~"~ .. 589:1 i· .,.., ,; . 0 

/. 

40 1.155 ::50.'30 4r-'f' ' ' 
..,.. .5668 30,i)c8' 46.:1@ .5?16 J$1:.,'1S 46e65· ··5614 '32 '1'0 _,· ••••• >· . 51.45 .• $151 

44 1o151 ;oQ59 45.12 .5430:1. ,, .• a;s 45.82 .stss s1.s-e 46 '.l!' ~' l &5441 S2.~2' ,~ .• ,oo .5494· 

4e 1.1.49 '31.0' 44.$5 .• 5061 ,1..57 4$.23- •. $119 :S1.92 45.?9 ~-5140 ~2 .• :?' s:o·,.1!9· .5209 ' 

it '*~•«<~ 52 ., .• 14'0: ,1.62 4'i·4.21 ~ .. 4710 52-.11 44.82 .47,, :32.48 4So'4 .. 4159 ,,~,., 49.12 .4944 
cs :;f. . 1.120 :72.64 4;J.94 e42:50 35.20 44.57 .42!J' ~A'"3 1lit .tl,; G ·. - -45.0:i .4259 '4-.41 491,..10 o4'329 

57 1.100 ,, .. , 44.21 .40f.2 ''•ill 44.91 .4036 -,4.lo 45·'' "'4041 !f5.-,5 49·.24 o4076· 

56 1.G6·S{lf!a} 

-------~---~-----------~--------- ------------------4._ an4 oCo ere in uni tn 1o-24 •' 



!~!JL!J --~ ... !1 
Polar1Bab!litie.l' ( i{0 • ~ ) o·f ss~ple - I. tJsing :Weugebauer•s !'9lations . 

-------------~------------------------ ------------'. t ,. '!> .. Ill · .. ··emu 
Bem..-. ' 6907 I 1 $.?SO ~ · 1 54G1 i : 4158 I ·•· 
):. ., • f t · I· t 
.i·n. o ,~ .-.. ... - ... ....- ~ ..... ... ...... ..... ,.,. -- -- ..... ~ ~· ......................... - .... -- ............ ~ -- .QI. ...... _._. ~ -- ·-- "*"" ·~ ... ~.- .............. ~ --

. 0 
J rAo • ~- . ,J) ' 4 ~ • 4 . o(6 : ~ :. p2 
t ' "'-e.' ~. f ' •. " '. l 

... ·~ ~: ~ ........ ~· ~· ......., ... W:t:l ..,..,. ....... -- ~ ~ ~ ............................. ...., . ...w• ~ ,...,._ ~ .......... ~ -. -~ --.:s;. ........... ...,, - ..... -- ............ IGiirJlt ~ f)llwt .... -· 

90 37.29 ''·52. 1li.64 53.62, '?'.61 54.40 ";7.86 s,.s1· .746 
98 37.15 5,.80 '37.91 .541.01 :18.07 ·54.55 )8.14 51.03 .?4' 
·107 ,8.11 54.12 38.16 , •. ,,. ,e.Ja 541111 ,8.39 57.40 .141 
11S 38.65 54.4.t ,8.72. . 54 •. 16 'S.:Sfl 55.17 :;9.07. !)1.,9 ..726 
12, .,9.12 54.49 39.12 54.48 ,9.3' 5.3.2~ :59·.71 57.59 ·11 
1:i1 39.53 54.?5 ,9.,9 ''·'' :?9 •. 62 55.32 :;9.96. 57.19 ·''' .. ,,9 .,9.94 54.8' :J9.ao 54.37 40.18 55.41 40.63 57.5' .681 
146 40.26 ·ss.1o 40.22 54.64 4<>.63 ss.oo 4-1.19 57.:;8 .!663 

153 40.91 •55.51 40.90 54 .• 95 41.29 55.87 41>P66 s~1.1.s .,; 
1iO· 41.02 55.65 41.42 55.1' 41.68 54.81 4~'4' ..::. .. ,' 57.,1 .. 622 
1.61 41.60 56.01 42.01 55.29 42.32 55.22 42.89 57.12 .614' 
175 ·42~06 56.21 42.10 S4.e2 42.19 55.6;> 4,.89 57.41 5'-':2 &, \...c .... 

181 ·42.67 56.,8 43.17 54.5' 44.06 55 ... {1' 44.37 57.15 ;}55 

18S 4,.,9 56.47 4,.69' s··;-. 19 ._,. . 44 .• 37 56.10 45 .1:; 56.21 ~501 

195 4,.ao 56.50 i'3~9B 5:i.08 45.45 55.11 4~j G 1.}5 55.11 .·471 

---~-----------------------------~----------------



.., ...... 1lfllilo .... ~ ........ ~ ..... ~ ...,._. ~ ltV ~ tf'Qit ~ ~ fill.- ~ ,._,. _.., ....... ._ ~ ....... ~ ....... ..... .._ .. f;UIJr .-, ... ~ ~ ....... -. .. ..... ~ 
1 

·41iNf .... ,..,_. ........... :,.. ....-~ ,... ...... 

' • , ' • Mean · 
·:r;emp. t 6907 l? : 5780 }1 .. 5461 i : 4758 R :. . 
.in o0 ;- .- ~ ~- ~: - ~ ~· - ~~ - ·-·~ -.- -o<i_- ""! - ~ ~-; .. ~ .... -: - ~-.-:-~ ~ ·~,: P2 

. ' ' f ~ i ~ 4 'II ~. 'f fAe_, 
...,.... .~ ...... -.,ul ""M'Mi· r,... ..... .... ... .... ....... ·.-w aMIIo ~... tJI:olt - .. -- -- ~ ':tltftt .,_, . ..... .... ... ..... ......., - ....,.. ........ ·"'*'- ,.., - ... ·""'*' ~ ... ~ ........ ...) ..... ..., 4IJql -. ~ ..... ... ..,. .... 

123 '58.29 6'3-39 39.42 64i.51 S9.41 64~99 40.$·1 71&15' .• 758 
135 se.4' 6j.25 '39;.61 65~S1 .,9.58 64."17 40.67 11 •. 45 ~?36 
142 ,8~·51 62.8?/ :;9.67 6:;.:59 S9s65 ''·61 40~7$ ?1.05' .120 
149 .. ,8.93 ,2.94 59~87 63-.24 '9lJ'17 64,07 40.86. ?1.26' .710 
153 59.00 61.94 40eOS 62•?·0 ,,.Q;, 

''·'' 40.~' ?o.sa· .682 
151. ~9~02 61.4.6 40~52 62.58 ,9,.8) ''·'5 40.93 70.19 •''' 1i0 ,9.11 G1.o9 40.6, 62.15 ,,..9, 6,.J(! 41.01 10 ~1 ..... ·''" 167 ~9~!4 61.28 40.'79 '61e-29 40 ... 14 62.$8 41.19 70 ".l8 ., ... ". .. ,.,., 
175 ,,. >'Jilt; "."". .,1· .• 47 40.91 ,,_,, 41.09: 62 •. 12 42.,1 ?o .. :a:a· .64i 
181 40.14 E){).,6t :41.01 &1.45 41.6·4 62.25 :42.92 6.9.20 .615 
1$1 4'f .• 1a 60.41. 41.5' 61.-28 41.19 61.9' ·4,.29 ~a.g·~· .• sat;, 
195 41~78 59.?6 '41.96 61.J1 42,.17 61.JS 45.~6 sm.:1a o55?' 
202 . 42 • .tl't 59.46 42.60 60.:8' 42.80 ,.1.51 44 • .,0 Ga.,-1 ·'"' 21{; 42'.76 59.44 4,.15 60.98 4,.,5 61.67 .45.94 61.84 ·'"20 
2.22 4,.24 59.13 4,.85 60.,, 44.05 ''·"·'~ 46 2~l· .• II' 67.60 .495 

-
--------~--------~----~--------~---~--~------~--



'/ 

Poln:ri~~'tbili.ty ( P<3.. ) and order pBr~~.et~tr ( <r•2 7 } tor, ~allpl.e Ill (Pl.1lll) 
( U~i nt~ N'~ualll~bau~r• s lf.•EU at:tonl 

------------------------------~~---~-------·-------T ' t' . ,. 

P.emp~ = 69o7 ~ : ~ s~Jao R • :~ 5461 ! ' • 435e i . 
(of,) ~- - - - ,_ - - - ·- ...... ;....... .... - _,. .-~ .,., ... - - ,- ·- - ""t - - - . ., ..... - - -. - - - .- - - -· -' - ,_ ~ "'f . .- - - '"";' - - ...... 

. ,, ~ o<?o • t4_ , < P3./ 1 ~ , C?(k_ " <E.)', ~ • 4_ ;, < P2.> f ~ • ~ ' .< f1) 
t • 'f '1 t l1 • t ·~ 

-~-----~------~---------~-----------~~--~-----------
27.7 :;o.st 44~~~v1.~ .614) 31.,8 44.51 .6146 ,1.85 45.,os :o6'1S1 .,,_.at ·49 .• 26 .6128 

:s.a.o :;o.a? 45.87 .605.4 :51.44. 44.:Yt .eo67 ~u .91· ·44.:'94 •G1o2 ), •. os ·49.0:5 .60)4 

''36.0 
''· ·t2 4'o76 ~ss9:5 '31.69 ~4.21 .591·9 32.1f$ 44.84 .5960 '"·'" ·~· S9 

,;l' .. ·5·904 

40.0 ,1.2!1 4';.37 .56$7 ,1.86 +J.o04 ·5161 ,2 .. 4'> ·44.54 .seo'J no;o 48.6'' ·5766 

44.0 ,1.55 43~21· ' .5479 ;2.2'1 4'·86 ~ss,o· ,2 .. 59 44.30 .5546 ''·?7 48.29 s;t:o . . ,')., 

48 31.92 42.?1 .515$ 'j2.49 4,.,, .5208 ,2.87 4,.90 -~252 :54.00 41.74 .• sa,Sf; 

52.0 32.4S 42(!J55 ~4811 ,,.a., ·4,.1, .4161 '':·'' 43:.59 .4910 ,4.55 t?.:;.s. .4960 

56o0 ''·'a 42.45 .4)67 ):;.9G 4).05 .. 4481 ;14.0:;.{) 4'·'1 .4449 :3$ .• 47 46.99 .4520 

51.0 34.16 42.e5 a4200 ;)4.?S 4:1.46 .4~5G ,5.05 4'J.84 .4280 ''·'' .. 7.25 .4,00 

------~~-----~------------------------------------~-
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;5. 2 G 1. Jntroduetig,n.;_ 

~be s.truotural. formula of the srunpl.e IBBA is 
\ 

Sl:'he X..rs7 work ot the eampl.e have bee_n under taken e.s a 

part of tbe progr~m of tbQ study of the properties of 

~ohiffte base eompounde under taken by usa x,eadbetter 

et e.1. 17 have tibteinelt the struetu:ro of the sample in trHlso­

pbases !!.lte:nen by roagnetio field. But ·the oriente.tional. 

order par~meters have not been det~rmined b~ them. Order 

pal'Qtl.H~'ter o·f or5.ented sample.s: \vere O.btained by NJm; Rnman 

_Scattering ana lR dichroism measurement b3 ~if'ferent 

authors 18-20 • I.eadbettf!r et. a:t. 21 _be.ve solved the ory~t:al. 
and molecular structure of "BElA. Here we have reported 

the order parameter valuec of EDnA froM X-ra~ diffraction 

data. ~he apparent molecular length (l) &!td the eLVerage 

intemo~eoular spacings (D) have also been oeleula't:ed Bnd 

:ft.nmd to be in well. agreement witb that report0d by 

1 ef:'d better et a1 21. 



~ha sample :EBB.li supplied ·to ue by Prof ~M·.Weda of 

!ohoku Un:l'!J~~ri ty, f!a:pen. 1he UH)~ eoular a:rxangeme~:tt in 

nematic pbas$ dett~rmined by \1ada22• ~he transition tempe­

r~tu.re aooordine.to them is 

0 
.. - ......... "' '3 7 c .. 
vrye~ 

'0 

?'i c "' Isotropic 

·!he swnple fount\ to have a supercool.ing state. 

the trant;~i tion tempera.-~ure· obeerved. by us under polari~:tng 

microeoope anu "" x-ray photographs is 

0 
37 c ... 'f:IT t". 1.11ema ••C 
2'3"c 

.!be dtrtttUed of e;r;peri"ental procet'h.aree and theo­

retitm:L be.oksrounde a-.ra tlieousaed earlier-. In table :;.21 

ani ,.~!,. lb~ -1ntenait,J' V8.l.ues a.t d:!fterent tempe:raturaa 

al"e given. 

!be no:naslieed 4.ia.tribu.tion fu.nction ~ ( $ )as a 

functi·on- of -?> at different teaperaturea ae obtained from 

·experif0entt4 intens1t1 vatuee ere g1Ye:n in fsble 2% 3~23~ 

and shown. in Pig. '·~' ,..eepeotivel.J'• We expect as tem,pera­

ture decreases tbt funot:lon to 'beoome more packed at 

~ ::. 0°0. Our ourvee oontonae to tb:i.s ~dea. -Orientational 

at different temne-
"' 



esticated to be acou:t'n te within ·1- 0.02. Tllm experi!JH'lnte.l. -< P2 ) Valueo are found to differ l!l.iGhtly f:rom tbe Li.l'i. 

theoretical va1uee but within the ozperimental uncert~inity. 

But l.ower < P4 ) va.tuee are obtained near the isotropic 

.region. Saob behaviour of <P4 ) was found by othore 

al~o1D- 1S. ~ha caes ot tbie d1ecrepan~ baa not boen 

aecounte4 with certainity. 



gampJ.e: .BiBle 

Esperi~nenttll. intensity values I ( 'f ) a't d1~terent; teaperature 

bperimentnl. intenei ty for tawpersture 0 x· 

·---~--~--------~-·-~-~-----~----------------------Deg.-. ' . . . . ' . ,' . • . • . . ' . ' ,. .. ,02 . ~; l ,09 • ,,, * ,,s. . ,3, ''' ' ,39 
·ree . _ . -ct . . • ~- * . 
---~--~--~-----------~----------~-----~----~ ~----
0 
5 
1Q 
15 
20 
.as 
'0 
'' 40 
45 
50 

'' 60 
65 
10 
75 

SJ.OO 
eo.oo 
67.tO 
54.25 
42.50 
,,.a; 
26.25 
19.-40 
14.00 
10.25 
6.15 
6.00 
4.25 
,.10· 
2.25 
1.25 
o.es 
{Y4ti0 

o.oo· 

62.00 
58 .• 00 
;o..20 
42.10 
,4.50 
25.2$ 
19.50 
15.50 
10o10 
6.50 
4.00 
2.'35 
1.15 
o.6o 
o.§o 
o.1o 
00 
0 

:)4e;o 
3Z.oo 
,0.25 
25'e1S 
21:.00 
16.50 
15.55 
'9.15· 
;.,o 
,.40 
2.65 
1.90 
1 .. '30 
Oe75 
0.40 
().40· 
0.25 
o.oo 
.os 

'0•15' 
37.48 
,2.50 
27 .• 1, 
21.,0 
t7~75 ,,.80 
18.28 
?.:'Ia 
4.8:5 ,.,8 
2.2; 
1.48 
().88: 

0.55 c-.,,, 
o.ta 
o.os 
o.oo 

82.50 
80.'75 
74.00 
62.50 
S1.52 
4-2.25· 
,2.0 
2).75 
19.25 
12.90 
9.60 
7.00 
4.35 
2.50 
1 .. 80 
1.10 

·0.65 
0.25 
00 

47.50 

"''·'' 43.58 
.,1.15 
,1.00 
25.25 
1$.00 
14 •. 00 
9.50 
s.oo 
5 •. 90 
4.25 
'3.10 

. 2.50 
1$90 
1o25 
0·.65 
Oe25 

66 .. 00 
60.25 
55.50' 
47.25 
44.25 
,e.oo 
31 • .,,. 

24.7$ 
18.50 
1:5 •. 75 
10.00 
6.25 
4.25 
2.50 
-1.60 
o.65 
o.;o 
0 

0 

60.50 
5'1.00 
·52.00 
46.75 
41.10 
:55.25 
28.50 
22.10 
16 .. 25 
11.00 
7·35 
5.30 
:s.so 
,.15 
2.60 
2.15 
1.40 
o.9o 
.0.65 

---~~---~-~--~~--------~-------------~~-----------



Saap1e: EBDA •. _,.~,._ 1 
C.::Ucu~ 

~er1mentel intensity I .( \fJ ) at. different telDpera.ture 

-----~---~~--~-------------~-------~-~-------------Cal eUlated intensity for temp•mtur• 0 lC 

~~-----------~-~---------~------~-~---------r-----»e~ • • . . • . , .. 
. . - t ,02 • '"' ' )09 . . . t .,,, • 318 ' . 323 • ,,, t ' ,.,8 
l!'ee · • · . · ' · ·• · · • ·' . '· . ' ~ .............. ~ ~ ........ ~<" ....... .., ...... ._ .................. " .......... - ............... -· ...... -- ... ....,.. ._ ....... ,.., .............. 1llillllllf .., ............. ..., ~ 

0 83.51 G1.21 34~54 58.91 a,.oo 41.84 64.55 59.66 
s 79.04 58.41 .,,.24 ,.,.,, so.37 46.59 61.61 57.65 
10 '"·'' 51.1S 29.89 ''·'' . .,,.28 43 .• 01. s;.at 52.60 
1S 54.14 41-.98 25.51 27.21 6,.,, '37.80 46.'33 46 .• 5, 
20 42.41 ,,.27 ·21.29 22.12 52.80 ,1.52 42.81 40.74 ,. 

25 ,.40 26.02 17.0' · .: 1V.T'1 42.11 24.9' 37.92 :i5.1t 
tJ. 

30 26.05 20.02 12.94 ,,.as 32.18 ·-· -.18.87 ,2.oJ. 28.94 
: 

Ji -r 2&:<8'2 ~azU: 

'5 ' 19.;1 ''14.79 9.06 10 .• 26 25.?0 '1'}.84 24.98 22.'32 

40 14.07 10.24 s.a., .?.14 17.27 10.1l 18.28 15.90 
45 '· .10.26 6.59 '·'' 4.84 1'2.85 ?.59 1,.,0 10.92 
50 7.90 3.99 2.43 '·'' 9.66 5.79 9.89 1·52 
55 . 6.14 2.92 1.79 2.30 6.90 4.'38 6.99 5.28 

60 
'• 4.44 '1.23 1.'S2 1.48 4 •. 42 .,.275 •• 22 :5.79 

6$ " 2.97 0.62 0.86 o.s6 2 .• 59 2.;,9 2.14 2.92 
10 ' 2 •. Q2 ·o.,2 o.49 0.51 1e61 1.81 1.24 2.5~ 

75 
. 1.49 0.19 0.27 o.;; 1.16 1.::?0 1.06 2.20 

so .. 0.95 0.096 0.15 0.21 0.7'3 0.7, 0.7:7 1.61 

.a' 0.37 -0.011 o.o7 0.52 0 .• 22 o.21 0.06 0.87 

-9Q o.1o -o.o6 o.o, -o.oo3 -o.o2 -0.016 -0.29 0.53 
. . 

---~-·-------------~-----------------------------



·, SaspJ.e: !»B.A. 
u·ormftli sed :Oi.!'ltr.i but1on :Funct1Qn 'ial-uee :r( ~ ) at 

----~------~-------------------------~-----------

~---~---~----~---~-------~-------------~------ree '02 ' 'o' • S09 • 31' · ' 319 · '. 32' ., '" ' 3.'8 
---~-----~-·--~-----·~---·-~---~~·----~----~------0 11.13' 11.1'1 9.12 9.?7 , • .,. ?-.35 1.34 7.19 
; 10.,; 1o.o2 a.,9 9.o2 7.42 7.Q1 6.S2 6.~, 

10 ~.6.69 1.62 6•84 7_.,1 6.59 6.1.6 5.65 5.42 
'' 6.99 ·5-52 5.41 5.59 5.54 5.21 4.4~ 4.,. 
20 '·'' 4.2, 4.46 "·'o 4.46 4.'Ss :;.s4 · ,.,a 
2; :J.-60 :5.47 S.TS 3.)9 "3.46 '·5' 5.09 '-•'31 
30 2.14 2.82 ,.01 2.,, 2.57 2.69 2.66 2.94 
,,. 1.25 a.o6 2.01 1.92 1.a, 1.aa 2.19 2.'34 
4o o.a1 1.29 1.21 t.29 1.26 1.2·1· 1.66 1.sa 
45 o.s9 o.73 o.\i6 o;.a2 o.av o .. 1e 1.16 o.95 
so o.43 o.42 o.,9 0.52 o.,o o.S4 ().11 o.57 
55 o.29 o.25 o.21 o .• ,,4 o.42 o.41 o .• so· o.:ls 
60 o.19 o.15 o.zt o.22 o~2' o.,, o.,2 o.2a 
65 o.t4 o.oa o~15 D~14 o.1s o.2s o.19 o.22 
70 o.1o o.o4 o.oe .o.oa .(l.10 o •. 17 ·o.1o o •. 1fi 
15 o.oa o.o1 o.o4 o.o4 o.os o.o9 o.os 0 •. 11 

ao o.o, o.oo4 Os.o1 o.o2 o.o, o.os o.c2 o.os 
ss o.o1 o.oo2 o.oo1 o.o1 o,.o2 o.<t' o.·o1 o.,o5 
90 o o o o o o o o.,o4 
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In this eaotion the opi;ici!ll bire:frine;enoe f:ltntlies 

of the following aqplae are ~epo:r-ted. 

1. 4'~pentylo~y-4-eyan.Qbipbenyz( 500:8 in short) 

C H3 - (_c H.2-) 4 -o --©-{!d-c.N 

Sol.id 

2. $•(4-n-ButJlphenJ~)-2•(4-ctanophenyl)-P.yrimidane 

(lll?O.t-P in ebort) .. 

~rs.:r d1ttraot:lon rJtudietJ of the samPl ea 1 and 2 
were done in our laboratory b7 :Sbattacharjee et e-J. 23 and 

~.Jba·~t et24 r0~ect1ve1y. Ori~ntationel order parameters, 

apparent molecular length average :l.ntermoleoular 'li~"tance 

and the an~ular pa~t of the mean field p~tential in the 

nematic phaee of botb the ea!!t:ple wer~ atud:i.ed by tt'lem. 

Cry eta~ et:ruoture analys:le of the eampl e 2 wi tn the help of 

tbe X•r&T diffraction were done by P.Mandal and B.Paut25 of 

oar J.nbora.tor.r. 

~be refractive index mea~urement Bind the d$te:rmine.­

ti.on of ord&r para!!letera fro:r,~ bi.-refringenoe study ft)r tteoe 

eompounde are being reported here. 



. . . 
o:t r~fl'aetive indices (n.0 , n9 ) at ditto~ent 'f::6Dper~tur~e and to:r 

a~.tf~rent 1mve ~~n~tl~s aJ"o give~ in ·the Table :;;,24, ana z~.2s and 

sb.otm in Ftg_. 3,.2, - :;_~26 rest)eot1 vely i'or _the s~ples.: The den-
• I •' 

si tY,.t polat1zabil1 ty; t:rom Vttk 1 s approaQh and orde.-· parameters 

calculated are· g:l. ven in tile Table :;'~26 and . 3~,21: ~he re~nl ts o;C 

Neugebaur' s approach are given in Table ~ 5.28 and 3.29 res­

pecrti vely • 

Tbe orlentational order 1laraiDetet>. < P2 > .l!l' 1otas calculated 

using the rola:t;ion (1' 2 ) ::: ('\e.- P( o) / (o( 11 - eo< J.) 
Tbe vsl.ues o:t. (_ of 11 - P\ 1 ) is ue·tennined from Baller's extra• 

polation is des·cribcd ;lncase of the sample 1 ·only:: Tne-lt'ig~. 3~27 

shows t.be vlQt oz ln. ("(e. - ~ 0 ) Vs. : f_?l- (I c. - T) o:t 

samtlle I tdlich is a straight line: The straight lino is extra• 

polated to T = 0°K~ 
The 'Ulnes · o:t ( v'( 11 - ti.1 ) ·;·=! o( et-. tor. Vuk' s ancl l"$eugebauer' a 

app:~·oacll are tested by calculating o(o.. :Cor both the satnples lr,y 

us;lng adcli ti ve J'Ule o! tile bond polarizabili ty values available in 

the 1:4rtcx·ature~h 6;1~ The mean .polarizability valuesalso ealeu.lated~ 
Tno table 3~50 silowa the o( o... and c< · value$ of bOth the sample 

by di.fterent methods: Tl!is is clear :from tb.o table that the 

values obtained .from Neugebauer's data is very close to ·that 

calculated from bond polarteab!!ity whereas the (a ·values 

calculated from Vnk*s .formula is signi:fie~:ntly d:lffcrent., 



, 
.ln case o t compounds fOCPP, l?'CT.P., i"DM we have found the same l'esul·ts. 

26-
DisQrOlJliDCies bave also been found· in other nematic liquid crystals • 

Although the liallor•s plo~ is not ·tully justifiable in all cases 

and the addi'tive rule o:f tho bond polar:lzab:i.li ty to estimate tile 

molecular lJOlarizability anisotropy ( o(CL ) may be more realistic, 

·but we n~ve not used ·tbe bond polarizabili ty vab1es in any furtbGr 

(l.al!!ulations since the d:lifeJ;'ence between two sets o:f o(CJ..- valuesx 

one from Jitit: bond polari~ability and one :from :Neugebauer's approach, 

is marginal: 

frbe ortler }:Jarameter values calculatetl using Vuk' s formula 

and Neugebauer's relations . .agree well :Lor ·the compounds in. their 

respective nematic phases. Tllis may he due to the £act that although 

, o(_ e. and : c{ o vary consi dera·bly in the tt·JO approaches ·the varl~;t• 

\:e- o( o) with terupera:tu1 .. e is mo:we or· less the same in 

·two cases, 

Tho Fig. 3.28, and ;;.29 shows tbe 

samples obtained :from different liletllods • It is tonnd that the 

<I? 2 } values obta:tned from n.I. da:ta agree well wi til the N.s ~ 
·t.heuret.ical valuQs·expcc·t· in the nematic·; ... iso·tropic transition 

region. The tligher, temr;oraturo values in case· o:r the sample 2 

· co~ld no·t be ·taken ·necause o:t experimental limitations: Tho (P 2 ) 
·' 

values a·t tbe tranei tion region are significantly lotr~er than the 
0 ~ I 

theoretical values~ Such behaviour near ~c baa also been found 

by· ot.lere8 '9 < e2 ) values from X•ray diffraction ·techniques 

are higher than the theoretical values-. Dif fercnt arwroxima't:lons 

involved in di.f:ferent. cases n~ay be tile cavae o:C such. di:f.:ferances., 



Ill tne .re:fraoti ve indices study we rely on surface aucborlug ouly 

for the form~tion of r>!onodoulain sn:mplE> as tho oa~-nctic :tield cannot 

be applied during the me~surements hc!lce it is likely that near tbe 

.nematic isotror.)io transitions tCi'llperature. tile samples may not 

remain ideally monodomain. 

Table ,-· 30 .. 
oC and ( o( 11 - o( 1 } 

--~-------------~------------~----' • 
-~---r---------~~-L---------~-~----' Calculated 1 Vut: 1s/ ' Calculated I l1aller•·s t Haller's 
Sample ! ~rom bon2 ' Ne~tgebaut31 .. s: .f~om bond i process , pl"'cess 

, P?lariza , approach , P?~~u:iza.• t (Vuk 1 , \Neuge-. 
, l>J.li. ty , (Isotropic , b:a..t.i ty 1 d· ta} , bauera' 
, , liquid) t 1 a ·· t data) 

----------~---~-----~------~--~----
-

!)OGD ' '34-.61 1s::;o 1. 34.14. 18·42 22.80 . . 
.. 

32-.09 47~8 2. lWCij:V 4:.3~14 '~ . 
' . 

---~--~---------~------------------



t<,efrsctive 

.. ----~-----~-~~----------~---~~~~~~ t ' 

.t • ' a ' . o' 
t 6901 ! • ·5780 i ' 5461 .£\ t 4758 J!; 
' ., .. r . 

hQ r---~-----------~---~---~--,---n ' n 1 n ·~ n li 11 • n • o,. , o , . · e , o ,. e .t o , e , 1.1
0 

~ ne 
·v t 

-----~-----~-~----~---------------
,a.s 1.s22 

'6 1.522 

40 .1.522 

44.5 1.saa 
48 1.~22 

5215 1.525 

57 1.529 

61.$ 1.5~4 

66 t!l540 

6? 1.545 

70 

75 

1;5981 

1.580 

1.725 

1~120 

1.115 

1.?o9 

1.?02 

1.695 

1e6B$ 

1.6'"{) 

1t65S 

1.,651 

1.,,, 
1·5'' 
1-.533 

1.$3:5 

1tt553 

1.,5':;6 

1.540 

1.545 

1t~551 

'to556 

1~59J 

1 •. S92 

1.741 1q558 1.752 1.571 

1.7,6 1·5'8 1o747 1.571 

1.7,1 1.5,8 1.742 1.571 

1.?2$ 1.539 1e736 1.571 

1~116 1.$j8 1.7.29 1.5("11 

1.711 1~541 1.722 1o575 

1.701 1.545 1.712 1c519 

1.689 1.950 1.700 1.585 

'·''' 1.556 1.684 1.592 
1.666 1.5,1 '-677 1.599· 

1'.6,9 

••6P1 

1.810 

1.805 

1.799. 

1.193 

1.766 

1.778 

1.?66 

1.755 

1.738 

1.7".50 

~~------~-----~~-·-~--~-----------
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-------------~-------------------------~-------: 69<>7 2 ·: 57ao ·I : 5461 ~. : 475a I 
!emp._ ... ,- ___ ~· ___ -· _ ..~. _ ~ ____ -·- _ ..,;~ ___ -· ______ -·:- _____ ·- _ ~· _ 

• .. • t ' t in oc . • 
• 

'no t ?1e .r: 17 o t 'l1e 1 "77o , tfle.. · ; 710 .,. ?}.e._ 

--------------~---.----~~--
100 

110 

120 

130 

140 

150 

160 

110 

180. 

190' 

200 

1.4Sl 

1.48' 
1.48, 

1.486 

1.490. 

1.494 

1.496 

1.502 

1.506 

1.511 

1.516 . 

1.846 

1.842 

-1.831 

1~8't 

1.826 

1.920 

1.814 

1.808 

1.802 .. 

1.796 

1.790 

1.499. 1.862. 

1.499· 11858 

1.499. 1.85,·· 

1.502' 1.847· 

1.!$.06.: 1.842. 

1.510 1.836·' 

1.;14 . 1.9,0· 

1.518' 1.824· 

1.522· 1.rna 

1.527 1.8'12 

1.5,2 1.806 

1.511 1.874 

1.511 1.870 

1.511 1.865 

1.i14 1.860 

1.518 .1.854 

1.522 1.848 

1.526 1.842 

1.5,0 1.8)6 

1.5,4 - 1.8,0 

1.5,9 1.824 

1.546 

'!.546 

1.546 

1.$49 

1.553 

1.557 

1.561 

1a565 

·~·"' 
t.574 

1.5?9 

1.909 

1.905 

1.900 

1.895 

1.989 

1'.883 

1.sn 
1.871 

1.865 

1.859 

1.85' 

--------------------------------~--------------
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TP.BLE -=-3· 2b . 
Density ( f ) I polarizability ( o( ) and orientational order parameter ( <P2) ) of 50GB 

)L I 1 
I· 1 0 

X 0 I 0 1 0 
·-? I p X 

6907 A 
X 

5761 A 1 5461 A 
X 

4358 p_ 

t X 1 X r 
Temp. l(gm/ I 1 X 1 I X I 1 v< 1 

o( 
(oc) 1 3 l o(_o ci( (P2> X t1-o l cX..e X (P2> X o( 1 G'( 1 (P2> 1 r I <P2) I em ) 1 e 1 X l · X 0 X e I I 0 I e X 

32.5 1.067 23.84 45.13 .6325 29.30 45.93 .6325 29.48 46.53 .6321 30.73 49.60 .6310 

36 1. 0665 28.89 44-.83 .6190 29.35 45.63 .6192 29.53 46.23 .6191 30.79 49.28 .6194 

40 1.066 28.94 44.53 .6054 29. 40·_ 4~ .34 .6059 29.59 45.87 .6036 30.85 48.92 .6054 

44.5 1. 0642 29.03 44.22 • 5898 . 29.49 45.03 .5907 29.67 45.63 .5914 30.94 43.69 .5945 

48 1. 0628. 29.11 43.-96 .5767 29.57 44.77 .5779 29.75 45.37 .5789 31.02 48.44 .5834 

52.5 1. 0608 29.42 43.58 .5498 29.88 44.39 .5516 30.06 44.99 .5533 31.40 47.91 .5532 

57 1. 0573 29.85 43. 05. .5124 30.32 4.3. 86 .5150 30.50 44.47 .5177 3:1..86 47.21 .5140 

61.5 1.0523 30.39 42.50 .4699 30.86 43.31 .4734 31.04 43.92 .4772 32.47 46.40 .4657 

66 1.0414 31.37 41..78 .4040 31.84 42.60 .4091 32.02 43.21 .4147 33.55 45.57 .. 4024 

67 1. 0310 32.01 4i.71 • 3767 32.48 42.54 .3825 32.67 43.16 .3889 34.33 45·. 43 .3720 

o( 
0 

and C?( are in units e . 
10-24 3 em 
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Ilens:l ty ( f ) and orienta.tional order J.?arameters ( < P2 > ) of .sample BPCPP(Vuks' apPIIRCh) 

---,-~--r--------------------------------~----,---j ' i • R ' 4·759 .~ 
f lie an ' Density• 6~07 5780 5461 t 

' ' ' temp. • • • 
' (f) iur---- ~----- ........ ,!. ~--,----~.----~----~---- ----,.(P2> 

o0 .• gs/em. 
t ~ .., ' .. ' ltV ia • oCo • oC~ q,o ' oe-'2. Ko ' cC'.e. oCo ~ ;; 

. ' ' f .. 
t f ,, .. • 

' ' ' ' ' ' ' . ' ' ' t 

----------~-------~---~-------------~--------------. . 

1CO ~885 ,,.58 73.4' 51~62 74.42 38·.38 75.14 40.59 17.20 ·768 

110 .881 ,6.81 1'·'' :51~8, 74.,9 ,8.60 75.11 4o.ao, ??.OS o763 

120 .877 ,7.01 1,.21 ,8~05 74.26 Ja.s' 74.,99 -41~05 77.09 .756 

1~ .a7:;. 31.46 72.95 ,8~51 7S.94 '39.28 74.'17 41:.52 76.87 .741 

140 .aes sa.o,· 72.77 ,9~09 1'·11 '39.87 74.51 42.12 ?6.6' .723 

1§0 .86' 38.62 72.49 S9:.69 1,.50 40 .• 41 74.2$ 42~1·' ~16-~8 .705 

160 •S57 y).~ 72.,0 40'~'' 7, .. ,2 41.13 74.1J7 4).40 7'·22 .689 

170 .a 51 ,9.92 1a.11 40'.99 7J.1:5 41.79 "'1';.89 .4.08 ' 16.0G .• 611 

180 .a4' 40.53 71.83 41'~61 72.86 42.42 ''·'' 44.72 15-.91 .652 

190 .~40 41.28 11.60 42."j7 72.64 ,, ... , 4, ..• , ''·-'' ,; ... . tts632 

200 .s,, ~1.=:18 69.c48 42~18 70'.81 42.97 11.51 45.25 1,.74 .ei12 

---~-------------------~-------~------------~~-~---
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.Newman projections of Page No. 1 
\ 

\ H182 H202 
C20 C18 C12 

) 121 

\ H191 
52 

,. 
.t ... · H201 C8 

72 

C14 C21 
H192 H191 - C16 

(C19 · - j:18 (C19 - C20 ) (C11 - C9 

H122 C9 

180 178 

65 

.8 C11 
C10 1 8. H11· H121 N2 1 0 H10 

C8 N1 
56 

179 180 

C13 
C16 . ' 

(C11· - C12 '(C9: -•C10 (C9 - C8 
'· 

179 181 180 

8 8 N2 ~-N1 1 0 C5 C4 1 C8 H10 
C3 N2 

180 178 '. 179. 

? 



---·1-~----~-~--~-------~---------~----~-~-~-~~~--
,. . . . . I)\ ~ 6901 ·i. · : 5?80 ~- . :. . . 5461 ·t . 9 . 4?59 ·i . 
. , .. p ...... ~...:!..;---.., ... ;... .... - -.-- .... --,- .... -- .,. --- ~ -.- ..... .;,·-- .l-- .. - ""- - .... ---
' . On t / t ·· .../J · f -~ t 0J : ./' t .J7 · t _/? ·· t· /1 n v_ : .· · ll\..{) 

1 
_ V\....e. , . ., e. , · VLo • ""'e t 0.. o , 0\..€_ 

.~-~--~-~-~--~-----~----~-----~~----~--~~~~-----~ 
,' - . , .. 
,oo ,e .. ,, 68.,., 40.06 69.54 40.81 "10.18 4,.~,, ?2.oo· 

110 . ''··18 ,8.66 40.25 69.54 41.06 10._,, ''·~; 12 .• 0 

_:120 ."·39-•''' 'er.59 40.45 69.4T 4t.2& ?0,.-12 .. ,.,, '?1.98 
' 

_1,0 39.15 6a.,,. . 40.~86 69~.25 .f1:.·6S ,9 .. ~:~ 44.0_, 11.86. 

·1-4o -40.28 ~a •. zt •*··'' .69.17 42.2' Gt.s' 44.51 ?1.,., 
'150 . 40.'82 .Ea·.ot 41!'·'' 69:.ot 42.11 69.68 .,.,,, 11.60 
., .. " .·. 

. :160 -41.41 6e.ot . 42.;, Ge.92 4''·" . ,,.,0 45.14' ?1.55 
. ' 

110 42.01 6?-.91 4, •. 14 ,8.84 "'·'' .,9.5' '"•'S ?1.§0 

180 ·42 . .tS'1 6?'.?5 43.10 Gfl.G9 44.5. G9.38 46.94 71··31 
.·, .. ,, ,. .. ,. 

190 4J.26 ,,..,. ·44.40' cia.J9 ~-S.24 69.29 4?.65 '1'·'' ,··- P-

·200 45.11 ,,,.82 44.1'0 66.91. 4-4.92 61.66 47.-29 69.66 

-24 .. 
I 0 Ctrn~ 
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In tbie seetiun, the Cl'l!!Pl ate cr,etal. structure tt. 

ue·ternina:tion of 5-( 4"-n-pentJl•eyetohe~l )•2-( 4 •-cyenopbenrl )• 

P.v:e!midina ( POOP:P) 'b7 means of X-:ra.7 crJsiiftllogra.pby is deer­

cribed •. Attempts have been a!ld~ to investigt!r:te the reln­

tionmbip between the mol.eew.ar orgllnizat1on in the e-rye­

telline end Liquid o:rNetelline state, Stud' ot th~ meso-

phase of tbie c"apound. u.til.iztng X•rar ditfraotlon has been 

cieeeribad i.n Chapter iii· Optical birefringence a"udy in 

the J.iquid Orl'~tllllin,e phase is a:Leo given in ·the zaae 

f)bapter. 

N"' 
C.. H- -~C..N 5 II \.:..!./ 41 ~ 

The phenoraenon ot diffraction bJ orysteJ.s reeults 

fro• a eeatterin« p.rooe&e· in which X-r&Jr a:r• ecatterfJd by 

the eleo~rone ot the atoea without ohango in wavelength. 

A diffrsetion a bess :ls produ~ed by euob scattering ~nl,­

wben certain geometriesl. aon.tlitione are eatisttad, wbioh 

may be in either o£ tbe two tol'mab tb.e Bragg~' Law or 

Lauae• equations. 



h,k, 1 a.re integer.s (}- 3.~ tb& angle of :reflection, d11Kt 

is interpla.nar spaeing A ·the waveleqtb, n ie an integer 

deteretining the order of ret.Lection 

~ S - So 1 '2. S. i'71 9 1 ' 
1S/=I ~ = ~ =cr 

••• ( 4.1) 

~be :resULting diffraction pattern _of a ery0tsl eamparising 

both the positions end intens1t~ee of the diffraction 

etfoots, is a :funda{Denta.l phyeict\1. p:roper\7 of the suba­

tt'.mol!t whicb ie uae4 for the complete elucidation ot the 

otruotut-e. .AnaJ.7sis- ot tbe pos1 tione of' the dif:traotion 

· efteote leads 1amed:1atGly to a knowledse of the eize,. ebepe 

and orientation of the unit cell. !o J.oeate 'tb0 position~ 

of il1tl1vi.ffh.lal atoau~ i.n tbe cell, .the intensities must be 

mee.slll'ed tm.d anelycfld. Moat it»portan' in relatiag the . 

P<'H:'d tiona of tbe e:toras to the diffraction intent'Ji ties 

ia the stru.ature factor equation 

~ 

The q,uantity F~Kl a function ot b k 1 :i.e esllef! the 
. _) 

at!'"t'l.cture £aeto.JJ wbiob expresses ·the ~eanl tant ece:tterins 

ef:fect ·f'rom the a.to~ eon:tants ot the un~t cell aa cnt:opa;'ei 

tQ th.at @f a single ateotron a' the oriBin. ! F~ 1 
~1-<.L 

celled the 13tru.oture arnpJ..i tude ie thus a pure nUQJber-



\\\ 

{!t)ntants. X.j 
co,ri.ina:te~ af the 

l~ow the at6~a in the unit cell are tbe poa! tians 
----:!? 

of the high eleo1tron density f (. -JC.. '1j 2:) • eo F~xt 

can be expreseed ao 

\ 11.rhere 1l is the volume of ·the unit eell. Then by Pourier 

·transformation we h&Vfit 

••• ( 4¢4) 

by di:f'fra o-

t~on. e~perimenttt we coul.d b.ave diregtJ.y· deri•e the· eryata~ 

structure by ~aki~g a Pcurter eummetion. 

The et)mpl. elf ~on of the expression for tbe ~truotu~e 

factor m.e:1::>0ly mesne that the pbaee ot the eo2ttered. wa.Ye tl.s 

~~ot aimpJ.y rela:te<J. to that of the inci<len:t waveo ~be pba:se 

hov;over is n<Jt an obe;ervable qaan:t~ty tbEt OnlT observable 

qu.~~nti ty· being the intens1 ty wbiob is propo3t'tional to I f 12-

VJi tbout a knoWJ.~de;e of the pha~Je a straight:to:mrai'd 

!?~t.HJtriel" sutrfmation tc evaluate 1c?L~ rz:) . ie :not· po£:s.ible 

This is tba well. known pbat7e probl eaa of X. ray oryetftlle«r&Phl'• 

F:t'om thET intenei ty data 1:~ Kl we dete:nine 1 FhK.tl 

a~a uireo~ mathematical retetionehipe sre being used to 

. e:tve phase info~ation~ 
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~:ransparent plate like cry~5Jta1. s weJ."e obtained from 

r.t soJ..u.tion of aoeton& by Blow evaporation. li&ttictt pJ.\ra­

metera and space gronp wore tletermined by taking oocUl&­

tion and Weiasenberg pbatogs-epbs al.ong different axeth Th• 

orystaJ.. belong to· tbe monoclinic system. 'the space group 

? 2( o.__ was UDiquely de'tttr!lined fro• the o bs.,n-ed sy-ste­

satio abecence of hol reflections with h ~ 2n ~"' 1·. ».r 
floatation tEJobnique the den£~i t1 of tbe cryfd;e.J. was found 

to 'bs 1.18 gm. em•'. !i!e'king four molecules per unit cell 

{i.e. z =· 4) the calculated denoity became 1.15 gm .. C!I"':; 

which ie Yery dlone to the obse~ved value. 

A cr7atal of diooenaion o.o~5 ~ 0.5 x o.4 mm~ w~e 
used in the eolJ.ection o:l intensll:ty data. :rt was mounted 

on the tip ot a 6).ase fibre and the fibre wae itl turn 

fastened to a giJ)n:i.oDeter head. Aecurata cell para!l.1eterB 

were determiilad by e. 10ae·u square fit of Sitl 0 val aes YJ. 

o:f' 25 re:fleo·tions within 20° L.. 9 < 2:S.0 meaeurad ,,n an 

'1~nraf Ronius• Cad-4 computer controlled U.iffra.ctometer, 

P.-S':::w::tn:~. Cu.. Ko(. radiation mono·cbrowated by a ·graphite •ono­

ch!'('Hnato!" was used tbrt:H.!f~hout. The ·name of the 4-eirela, 

tliff'ractomoter acl.a0s fro11 its possesalon of four are 

·which maytJ be used to 3d just the orientation of the et'Tr~tel 

as "'Go bring a:ny dee:lred. (h k J.) plane into ra:tleot~.ns 

po8iti1ln and the deteretor to the corresponding diffrao. 

tirm poei tion. A ~chematic diagram of' OAD4 e1ne2e erystel. 
- . 

orien·t.eto 1 is given in ?is. 4.1. ':fhe. in'lit'me:l ty d'ata were 

ClOllected by 



) 

,( 

t~.on~:?. vrere col.!. ectea in the interllal. 4° ( 2 0 of which 

2246 ref.Lec'tions were taken e.e obae.-ted and b!!ld :intensi-

ties greater than 2.. G" (I) 

llograpbic data. ar0 gi van in table 1. !the measured 'flU ue 

o·f tbe intensi tJ is given b)' 

where A" :a attenua.tion factor ( 26.55 tor Cu b<oc ) 
~ = an integer var11ng tros a to 24 ~o suit the 

particular ease. 

C a total count. 

P. :;:, Rati·o of eca11 time to background 

B = Totta. background coun-t • 

. The stand3N rieYie.t:ton 6 (I) 

of· oountinfi etatietiee ie given by 

6 (_I '((Mj)) --:::: 20~ ~ c; · A (c.+ Rll-B )Yi 
••• (4.6) 

.t~.ppl.y:tng appropriate Lorents pol.~riza.tion :factor aorre-

ction Lp (described below) we set 

This intenfli t1 value is tnen converted to Fo ~ the 

observed structure faoto~ ~itb 
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E being scaling GOtu~tent end the eollreap(()nding standal'tl 

c1 evie:tion is 

6"' (_'I (_; 'Y'Y ) 

' I)_ t ~C) \ ••• (4.9} 

fh·e tnte!l~i ttes eolleoted are rr.u.bj~oted to el)rreo­

t!one for csr-tain gsomet:rical and pbyetoal faotore before 

'itisg u.s~ in: the etraetu.re determinatioth Tbeaa are 

deeeri.bttd below: 

Lo~ent~ factor 
~----.. --··. 2 --

Pol" each .:t•eoipro6al. latttoe po.i!lt to pasS~ thra~b the 

snrfee_e of -the s:pbere of retl.ection th., ~eqnired length 

Gf. tiftle ~~riea as a fun~tiob ot 1 ta pQ~1i tion :tn .rec:tpro­

eal ·. $p6.Q0 e.nd the direoti~n 'of ita appro~oh to ·the 

sphere. Je~usa the intensity of a reflection ia pro­

portioll~J.. to this titne a. ecu:.·reetion is needed. rueh 

oa:rraetion is oatled tbe L\')r~nt& faeto.r L2 Md it ~1arie,., 
·with u1tiraotion g:eometr;. For fJinel e or.}toteJ. 

beam ~qttation geomGtr7, i.t is ei·ven by 
I . 

ln the usual ~xp~r!mantQJ. al'!:Pangsmen.ts, ·the x~ray beam 

:l$ ¥mpol.ari~$d Vlbi·ch ~esl'u~ that. the o.31~uth of the 
. . 

e:.\;eetr!o ·tteotor assum~s ilJ..l ~i~~.c't.ione l!i th tis e. ~be 

effective amplitu:de of 'tbe r.adiatit)!l afte~ it itl r-efl.ec-
·a 

ted by the crystal at tbe fmBll'- 2 conelete of onl3t :; 
/ 



tbe components of these &!5imutbal.a liJl,fter reflection. ~rbis 

feature has the eft'ect of t'eduoinS tbe in:ten.~i ty of tbe 

~-ray beam 'b7 a factor p, known as the poJ..a.~i$a'bi.on 

feetor• 

••• (4.11) 

Xn our c~ae tbe incid$nt beaw is par'tillllJ 

pol.a.rimed daring t~onocbromat1$ation by re:fleotif)ll from 

the 'baesd pl.ane o:t a Bftpbi te oryfital. atld P takee 

th$ form 

••o(4.12) 

where ~7} • a constant depending on tbe e~st~ uea4 in 

the •onocbromator ,,,., in 0\tl' expto) 

&m • Brarg snSLe of' rel:'lf.'etion ~r-oc the 

mcnooh!!'omator {!jX'&'Stal9 

TbeaE'I iitro ·eorreo'tion. taotore L and P are oombinedl7 

termed as Lorentll »olarizatton factor L~ be·cause of 

tbe dependence· of ioth OB ths ede.tt~ring. tan(il.Et 9• 

I~lttinet:ton correett:f.ont 
~..,..~:~~.-•m .•11 · C'r.!a:a 4 d':AJ..... ru•••*• ~ 

.Attenuation of diffracted 'tieruae may also ·be caused v11en 

tbe QJ:7f~tal. is eet ~t tb$ nrage angle. Darw-11\4 firnt 

treated tb.e effect raathem:aticatlt and temed tbie an 
I . 

primary and secondf-tr,sr erlin.otion e.tfect. Priraaey extinc­

tiart tnvolvee the l~tu~ of ·inteneity of tb.~ ineident beam 



bJ ~n i·ntefereDoe proceee following rttu~ ti:plo :vef.lections 

a.a the bea.• penetrates deeper and deeper into the erytotal•· 

Sec~nda.rr ext:i.notion say, however, be C{)nf2ide!'cd in oor::e 

o~ strong reflections. In this ca21e as the i~!cid~:.ni;: bema 

:1. teo~f travel.s ineid~ tbe cr.vst&J.., it goes on l.osi.ng 

coneide!lab~e fnettons of i te energy by re:tlaation in 

the planee 1 t, encounter~. !hul' t'he plana lying deeper 

roae1ve ~ess and l.e8s '-nc:Ldon:t in.tensi ty~ Conmequently 

th~ diftraeted 1-ntonai ty is attenuated. ~his affect ie 

predominant~y obeene4 in low engle region. Correction 

tor this effect has been derivea'-6. Kat$7 derived a 

ae-tbod 'based on dynamical tbeo#Y for correction, to both 

tbe ettectf!o 

While introducing the idea ot atowi c seettering 

ta.o~or; •t• we havs not taken into eorud.ue;ro.tion the 

tini te siae of the atoe i.e. ot the electron cloud 

e.'Dtu~t tbQ atomic atomic nu.ttleu~ and also the thermal 
' ~ 

Yil)ration of· the atom '"ld.ch inerea!!os tne effeo.ti-va 

VOl.WDG Of the electron cloud, Because of the ;f'iret 

effect,. the scattered tntene1 ty t8ll s off wi tb . increa-

e:lng Sin 0 end the eecond taoto:to acte for more rapid 

fall.. 'Rhe first effect is oorrected by: taking •t• ~aluee 

from etand~ t Ve. Sin e curve.;,a,9 and tbe 

etfeot ot thermal ·vibration, a.eauming it isotropic, can 

be taken oa.re 1>7 mtll. tipl.ying tt0 • the fora fe.c:ttor for an 



••• (4.1') 

where the parameter B, called isotropic temperature 
() fJ- - '2- - '2-

ffi\l.etor ie equa.l ta o 7i u j) u being the mean 

squsra dieplftcemt\mt of tbe a tor! a from their mean poe! tiona. 

A method :i.ntroduead by AHT.O.Will'lon11 enablec us 

tb· obtain an overall Yalue of · B, and at the eame tiae. 

p~soes tll.l the obeerved intansi tiee on an epprox!aatel7 

absolute baeiso .·· 
He .ebow~ th~t ave~ase abaol. ute atruetura fnctoJt 

depends oDl.J' on what ia in tho eel~ and not where the 

ato•s are located and henee for a randcat distribution of 

lif a tome in the Ubi t cell 
--9 2- N fl--

(1 F I / ~ ~ tj 
J ::-I 

D~:viding ·the entire reoiprocel. space observed into 

armular =on as of equal S~ (s • Sin a I>. ) 
I 

N '2.. 

determined for ea,,h of thea end then 2: toj L S?Yic:d) te 

\S 

,)-~, 

cal.cula.ted u~ins the moan Yel.ue ot sl)_ for eeob 
~ Ill-

zone,. Pince ·~ fob.s 1 1s u.auall.1' l(nown on sn arbi trar,r 

. amll a, we may write 

<.\Fobs \ / 
__, ~ 

.- l-< < 1 F l > 
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-
where (\ F \ l 

Aeauming · 'B same f'or all. atoms 

. N 9-

<\fl2-)~ ~xp(-213s~)L foj 

!l'be plo" of 

t'£&ino1P 

j::zJ 

••• ( 4.18) 

fore a. strs.igb't line except til)'!' the scatter 4u.e to expe .. 

rim ental errol's 3nd tnrniahee s ue with .intercept .of .L, K 

and a at op~,i of - 2 8 

Wh~)n ine~oad !>f randota d:t.etribu:t1on of s·J;oms, 

g_rQ_upa of atoms. with known seomet~:r ( eaeh as berusane 

ring) e.:re present it\ the struetttre~. they may bG 1nolud.ed 

in the e~retr:Bi?n for e,verage intensitY" even known tJ.otb-;, 

ing e. bout thej.;r. poe.i tions snd oriontatio.ne. Wben (]> groupe 

of known geometry are present, the kth at which oontaine 



Mk atoms, we may write ueing the scattering formUla of 

:Debye12 
~· Ml( 1-\ < l F ,,_>;::I I I t l tj 
1<~1 i."l 1,. 1 

s I 'l'l 2-ii 'f(.i S 

')..Ti"('<.jS 

••• (4.19) 

ts the dietanae between the ith and j th. 

atome of the k tb group and s ,. f">!!lid as before. Tbe 

plot in this ease ie known by Deb70 plot nnd gives a 

better straight line fit for obtaining B and K. 

It ~e often advantageous to uao a K- ourve ~o 

do tbie, R (mid) is comxmted for each zone of s2 mentioned 

abovo, ae N 
r c- I hj (s_) 

!PI -

[ \ f?o I~C'•) 

where f. is e. smal.l integer depending on the 

••• (4.20) 

IJPfl.Oe g:ropp 1~ 
A least squaree prooodure ie ueed to tit a beet seooth 

analytieel. f'unetione. ueuall.;r tn I< ""f+ -t B sc. 

to e%perimental pointe. Wben o ~ 2.0, the curve i~ the 

same as n'il.son'fl plot.· 

After scaling the data Qnd s~ estimating tbe 

temperature factors we tr7 to poetULate, a trial otruc­

ture ·by direct methods. 
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·The trlal struc·~urt:1 was detominad by direet method. 

Dltreat methods o·f er.y.atfll ~truoture determination are us~ 

aJ..ly associated v.,•i th techniques in which pb.asee for a set 

of etruoture factors ere deter~ined fro& the eo~eepond­

ing experimental. empli:tuae br p:rob8bilietic cal aula tiona. 

A large number ~f operating prooedltree for direot 

phase determination have been proposed., Uoet of 'these aa-e 

baaed on the same f'ur:uia9Jentel principles, but diffore in 

the 1:1anuer of handling the data and extracting tbo pba.aes. 

w~ ebal~ oons:i.der onls- tbe funr:lnme.utel s o:f tbe aetbod 

and the technique whieb bne been ueed in tbe present case. 

For direct methotis 1 t is an e.dYantnge to \YOrk wi tb stru~ 

tur$ factors for wbiob the tall off with increasing sca­

ttering au€1B baa been re~oved. ~be unitary ~truoture 

te.otor ie dei'ine4 as N 

., u ( ~)-:::; F ( ~) I [ +i 
J'=' 

So that \ u c -h)\ b i 

writing tbe W1ttar.r sca.tte~ing :te.ctor as 
~~ 

I'Y1 j =-- tj I r__)· j . 

J=l 
\1e may write 

N 

u(hJ-=L -nj~f2rrc.t.~ 
J:::., 



\ 

' 
:1.mportance iF.;; ~ha normali~;ed st:t .. uciH.ll!"e factor given by 

.2. 

IE~ I ==-
\ fh' \2. 

where ~~ t:akee into ac~un t· . 

1\ 
thG effaet of space group ~1m"e·try. Bow if t btt the 

;;. 
eomt'!ton sbape for all. .atollie ·then Tj --:- '2-j 1 

( l ~t t Q. ) Y2-
1=1 

-t N ( ~ .f: ') 
t. ~ l ( Zj / 6zv2. ) 1Lxp 2.:rd. . l 

l;:!.\ 

eame ie not true, bowe·tre:r-. of ei t'ber 

and this ei•plifioation ie one of tbe t.'!J$.in reaoo1le wby 

'E's a.re prefe~rt~~d for use in dj.reot !!letbode. 

A strt1etut>e i,nva.nent :1~ detinQd a~ n quanti'ity whieh ie 

indt'J,pond.enii of the ~bift ot the· ~:rigin of tae unit es~l·· 

It ea.n bG ~.holTil tb(lt tha intelu~i·fiies of 



... 

-, ,..-) 

\ / (,.· 
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Howsver, the atructure fe .. otc1:t~ i teel f is not B'true:tn:t.~e 

i!ivariant. Otherw:tt:le 'the phase probleJJ woUld not e~iet 

in orystall.oerapby. Tha ;.rtruotllre factor Fff ts .tiven 

by 
N . 

F~ = 1 Fh Je.xr J4ld = ~ frexp(,_ic ~ · q) 
'(; J~t 

...... 
A l' of the origin, ·tbe aqua tion changes 

to 

j ::I 

'=' ...... '.rhus we SOQ that the pbB5e ohange~ by -· 2 7i ~. d'l" 

while the amplitude is ~ in'J'a.riallt. 

In a sim:tl ar fiX wny it Cfln be t:hown that I F ~ 1 !2 

i.e atruoture inval'iant 

IF~ 1 2 ~ f-h f_~ = .e.xp(--27\"ll.ll:t) F~ ex p(?nL R t!tJ F_h 

~ Fi1 F-~ 

.It can ·oe shown that _tll though the Ya.l. u.es o£ tbe- individt~al 

phases depend on tho structure and CbOiCe ot Oll'i61Dt S!OUJ6 

oombinations of them :i.e a etrueturo invarian-t., For exss•ple 

if {' 1-f -h'2- -:+-~3 = o then Cft. + <f~~ -+ 9-h'~ ie 

a structure invariant for eYerr epaee group. It t'~llow• 

(1iree.tly from the tact that ft f K f_~ f-K_ 
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J 

\~I ~: • :.J 
' ,,_,.. 

• •• ( 4.26) 

Since the moduli of the $truoture faet~ra are in.'Y'a~ian·b 

themael. 'lee, the angiiLa.r- part of F .g f!( F-l{ -~ 

is also invariant i.e. <::?\? .;- cpK' + cp_h_ ~ :ls an 

iflVar.iatrt, however. this does not iaJply tbat i te value 

~s known. 

~he structure S}emininverianta14 are thone linear 

combin&tione o:t the pba.ees whose val. uee are uniquel3" dete~ 

mined by the crystal. structure alone, when the eboi ee of 

origin ie reetrieteu within peraaiEieibl8 values. Semi-inve­

rian·ts orieina·te f:t:•om Bpace group oymaetryo Por eaoh epaoe 

group tboy have to be derived aeparatet:r• ~he etrn!Jture 

itl11A;riants and eemi-inval'i~.nte aave been ta:bulated tor 

""'"l"' - ·. . .. t• . 15 
Q;l., space groupf! --.n re ~rena~ ,. 

!n any ~~p~ol! gl."oup any etruetu.re i.nvariant is also 

a:. s.t.tt'ElQ'l:t.t~e semiinvariant, but in gene1'al the oonvers.e is 

not true~ A com.vlete- ·theo~Y' eonoern1r1g tbis t!ubj&ct tt :I.e 

given in e. aerie~ ot pape~s by :f1;·a!!lp1Hru!n and R'arlf! 16,17 

and recently by tcben.k 18,19. 



}i.arker:Jfl~t..Jli'r .Inf?Q_uali tieAt,-

ln 194S li!arker and Kasper20 Uf!~.n.g Cauchy in­

squel.ity rel.ation deriV$c1 the following ineG.tlAli'i;y re~a­

tion "etween autgni tuies and phaeee of unitary ~t:rueture 

'faotore, 

lJ(_~)~· L ~ t \ .-r \j2~ I 

••.• { 4.27) 

It we d•nc:rte the sign of U (h)) b7 s ( R) 
which oan nave tha v~~ uetJ ei t;lH~r + 1 or ~ 1, 'tben tb:is 

relationehip can be written a.s 

' of an inequality does depend on the non-negativity of 

elee'tron deno.i ~.v. For a centro ~r.tmetrio structttre where 

U l ~ ) -:::. \J ( ~) fh r's. ~·,ves i - U ( ~ ) o.- U ( K l· 
~( -h - K ) -+ 2 u ( ~ ) u C t1) u .C ~- f<) 7; o 

f~o• which. if the o• e a.re u .suff'iciEmtl.y large, it may 

, be ahown tb.e. t 

~ ( ~) s ( ,() s (_ h -11) = 1 

A eigni:i!':i. ea11:t Jrtep in tbe devel~pm.ent Q.f' direct 

methods was the one by ~ayre22 • ~hie is the ~o~t funda-



\ 
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an4 WQ may 8.1. so write 

p (~)2=- + r Gr l ~) .e_xp (-2ni~.;) 

whe.t>e Gt C ~) is tbe Fou.ricr coefficient of the squared 

deneitsr. 

If "b8 atru~~ture conf.11at~ of eq.ual rl!solve~l atoms, 

tbeD bqtb p (f) $rld p ( :f ) 2' Will. trJhOW equal 

resol.Vi9d peake. :t.f the eoatteril1€ f~ctors Qf tbe e;qr&a.red 

atom.a i~ repZ"eaenteB. b.y s. and that of tbe normal atomn 

by f then 

••• (4.28) 

:iJhia in iij~ Bayre• a equation and is an oxact l"elatiot\f:lbi.p 

between et:ructure factors <for equaJ.. and reeol"Ved a tonu;. 

F.o.r a centrosywmetric stru.o·ture it might be 

assumed ·that a large p1•oduct on the riSht band side of 

{ 28) waa likely to have t!t~ eame sign as F ( ~) 
This ~ends to t.ha » relationJth~p that ·for large :jtrueture 

faotors 
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wl1a:t•a ~ meane pro bam.., eque.l £~·· Tbia vms t·he ~igon :relr;~; .... 
· · . . 2') d a • . 24 

·tionBhip gi van il'- the papers by eoebran ~ an -ttf!t.Cllar:ta.seyn 

Expl".ea~ions for tbe probab1li ty of ( 4.29) haVt-J been f"()und 

'01' a. nret!bsl* of att.tbort!l~ o.ne vthieh i.s eu:tfioiently accurate 

fer most purp(ltsee anti is of convenioirt form • wa' g! 1181.1 by 

Coch:ttan ·end ·wO:o1fscn25 • f.bia i~ for an equal atom structure 

~ t = ~ 4-~ tew-. ~ ~ N~ I E c ~) I ~ ( {; ) f: I c ~_, ~~ ) } 
/ 

••• (4.'30) 

trbere Pt i0 'tibe probability that the p~o<htct Qf si~ns 

-in (4.29) is positive. 

Th!.s ezpreenion aleo (.d.vea _the probtt1)tli ty that 

s c -~) · eqw:ils the eignf! s. c t) s c :&; --t") ... :rf 
tb~~e are iiSVel'al. patr• of know:a eigntl all ao:ntribtlting 

to ~he indication ot new O!i~ thell th~ pro'babili ty t·or 

_.1 ~ ~ -9 

Pt' / ~ ) == J_ + l tCv1tl~ [ N ~ I £~I r_ E ( ~ ) E( ~ - {,) 
"-- 2 2.. -, 

I . h 

In (4·.30) and (J,.,1),if' the atoma are !lot 
·l . ~ 

N- 2. N .i~ replae#ld _. · 63 c 2.- 2 
6 ~ [ z jl'l , 

'"n )=I 

..... C4.S1) 

~h~,t~al thetl 

where Z!cJ i~ the atomic nUtitber of tbe 3 tb, atom .. 
. the app:rQxitJUl~e pbas&$ tb.u~ t)btained haV'e to be refined 



follo·~vin&; tange:t.rt formtila of n:er.o-:t a and ila11ptman 
\ 

A qttanti ty ~ wbi ch gi vee $ m~asu.re Gf tt.~e relia-

bili ty with wbich <f( may 'be deterroined wa.s d"fined. 

'b:r Karl. e and J.tar.t·~ 
- ~ 

JJ~ ~ r z= KC { K) s\·Yl c ~h _i( --r ~K·1-
~ L_ ~ ' 2 

\( + [~ K( ~.t) Cos(~h' -it. -r Cftt)} 
I( 

•••. (4.,,) 

All t110 thao:r:r gi "ten above is the J.aunehing pad frow 

Which modern direet t1ethode bava: gt'OW1.1 to the preaen·t 



In our t41ial structure detr:::rii'Ji:.na tion v1c h~1ove used the 

oomp:Lete d:l.reet mett~.,d program r:ItH'EL ( 26 ) s There are other 

t ·~ I i t t'l~_:r!:t_J,X( 27),. _ U.I'IW lfU_ ¥!"( 28.) f xm llfJ ( 29} direct me hoa program v ~. -a:Jlf • .IC,....v ., Niuu~n.a ~~~ 

ftAPI( 'SO), l-~AY( ' 1 ,) • 

tbe program system fktm:pel :i.e a co!lple'• ti!rect 

methods syDtem, whiab may be entered with /F/-flt!JJ. uee· 

and MST prod:uce an !•mnp ol! the a~ructure. !be unique~ part 

of GIM?itrJ is formed by a eeries of routinOlh sueoeed.vely 

gather,tn& tbe re:~.ation-ships anu detel'!llininsa starting 

set. earrging out o. eyaa bolt c adtU. tion; find inS the correct 

numsri cal. values IJ tor the symbols and :f'1n&ll7 executing & 

numerical phase extenaion and retine9ent~ 

!be pro~. BJetea SllU?~ ifJ compl~etelr devol te4 

to tbe S8m~lic addition ~etho~, 

ln a SJ'at'bollc add.i tt.on the folloWing exprt)ssione 

play important roles. 

'he tr1pl et relation 
cp -9 ,.....__,..., CD"*+ cpr? ....:. 

1-\ - T\Z 1-1-\.<. 

and i te oentroayame~ric anal.ogue. 
sH z. s~ s rt-'K 

in wh:J.eh f5 ie ·the sign of a refle(rtion. 

~beee f'ormutse ha.Ye their cGunte:r par's when more 

than one rel.atton ie aftUabl.e. 

__ !; E3 C cpf( -r cp H-i< ) 

'fii - r E, 
I{ 



.... 

; ·, ., 

St:f =- A L E3 S.lt s. H -K 
K. 

In eeneral, in the final et[4ga of a eym'bfllic adi~i tion aleo 

numerical. pbaeee be:re to be refi,n~d. This is carried 'Otd; 

b3" ae&ne ot the tangent formula or rather:} be~ause phases 

mu.st be known on tbe interYal 0 ~ cp L 2 7i by ita 

•xponen tiel ant\1 ogue, 

e.xp 

BLeaente ot a eymb~tic additiont-

Oaleutation of the nor.ftl!eed etruoture teotars 

In the first etep the e%perimental etruoture factor data 

are corrected for tbenal. motion (Wilson plot, Debsre eurve, 

K curve); brought to a'brsolute scale and f::lnaJ.lN converted 

into noraalieed structure tsctors /B/~ 

Jl~naJ:.ation of.the.pball!e.rel,e.tinnahip§ 

!fhe phase relationships are colleeted. ~il the prcgratt 

eyetea sn~t.PBU not cfll.y trlpJ..et relatione are ganernted, 

bu'b also positive •nd negative qMrtets1 rale.tionebip. 

Hark0r Xoupor r&a'tions ttnd qUin:tete ax-e generetted. 

L.1 ral.ai;ion'2 
•O•WMV I. OP'C 1;111<!1 

'~ g L ( L) l(-t .t c I .2- 1. ) 
S S 2 ~ _,o.) 2 L "'-./ K . -{., k 1 
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Harker KaetJPrf rel.atic'utg35 

Using 'tbe p%*o'be.bil1 ty tb8t ·the prod aet s (. fr-t t<) '1- s C 11- KJ 

is negative,· the large~ I E.ij 1_~ I £ if.-ri< I and I E t1 -K 1 

and the. st'laller- l E 1-( \ and I t: .2- f1 1 • Ot eou~ee tbis 

is the reaUl t of a special. negati V$ qusrtet, the main 

ta~e being E f1 .) E 1t ..) E i1 + 'j;( 

Ouinteto ............. = ...... 

and • 

From the general. nughee tormul.a derived by eimereka";6 tbe· 

quintet phase relation can be wrriten ae 

I~ a first a.~.prrnd.mation cy is e:tpeoted to ~e zero for 



I -., \ ' ,, \ ,_) \ 

~ 

Es:::: N2
/ fl~ EttEr_ eH E_H-K -L-M I 

!he det&l~intrtion of the starting set b~gin~ w:f. tb 

a. convergence proeedur0 similar to that d.evi~ed 'by G~rmain, 

Main end Wooltson (1970)37. !hie proeedure searqhes tor 

that reflection which !s the weakest linked to the other 

reflections by mearuJ of the pbtUnt relatione and then 'tbie. 

re:nection ie re!'!C'Yed from tbe tzet o'l reflection$• !.t the 

enme time all. 1 te phaBe rel.ati-ons .are ~e!~OV$d from thQ 

colLection ·of pha$e relation sbipe. This proeees iE re­

,peated until no ran sctione are 1ett in the set- An-:~ ti:me 

a renaotion is rewo'\red wi tbout baviag pbaee r~lationships 

l.inking 1t with other pbaee$, this refle·otion ba.o taken t!-, 

be etartin~ set. Since a £4tarting r;et ref.l s otions w! th 

lP.rge /E/ are preferred, the llSO 1 of triplets and 

quarteta gei'lera:Lly leads to very Good 15tarting oat .. 

Tbe second step ~sa few eyclee ot eyabolie addition 

using quartets and. ti"iplets, a •~aploying very etrict 

acceptance ari teria not tlllowin~ rtlat!ons among tbe 

symbol.ic pb~u,ee. This ~eade to a much larger starting 

. set. 



~he next atep in the extenDion of the start1.ng aet. 

fhio is done in fli.=!Pb"'ll using tripiet relati<;ne onlY• lt is 

vorys essen ·tial no errors are inCluded during tbie pro~ess 

and 't'herefor8, the ori teria used to accept a s.r~~tbol:lo· phase 

for a reflection are very strict. in particUlar 1n the 

beginninfh In general, no e:tnele :tndicatton w.Ui be aceep.. 

ted unleee it belongs to the ten to fifteen etrongest 

triplet t-e.lationebips. For multiple indications «fi.ving 

rise to the eame aymbGl.ie phase, higb acceptance liasi te 

ore npplied. In g$neraL tbeee precautions •ake ~ure that 

tbo resulting eet of Byt~bolic phases conte'dn the oorreot 

SOJ.ution, that is to say that when the Obrr~ot 'ftllU~H9 for 

the ayabole are su.bDtituted the pblulee of the refl.eotione 

are good enough to. ieage the etru.,ture. 

Fttm.,C!t;laal. .;roo. u&a f(ll' t~u~ .. PJ!!!bOlfJt 

;I:iPL!!ISS tJ~..J!&ri.~!. 

With tna extenue<l group of pb.a.~ed ra:tleotions 38 . 

ir1put numerical valuee tor tb.,. aymbol.e are calcu.te:tsd 

uaing a number of figures of ~erit · (.Pou•s·)a 

In ge11eral figuree o.f raet"1 t oan be baaed on sny 

qu~ntity which can be exp-cted t<> be e~tre!Sa tor the set 

of correct sit~e. In 'SIMPEL' e.eTaral FOM'S may ~e ue~do 

1.) The 2:2.. - eonlJi r:rtonoy FOM Q ( Sahe.nkt 1971 >'9 · 

2) ThG po(l;l t:.tve Q.uartet ·criterion (PQC ). Schenk: and 

K:l~!'S ( 19g4)j 39 • 

~) Tbe !'iegative Qu~u·tet .criterion (HQO), (1974). 



'. ,. '.., . . . 

4) The !!ng:rti'v.eZr• el'i tcrion ( overbaek and r.eben![., 1976 )40 · 

5) The H~rker-R:aspex- eri terien (mcc. Sh::benk. :9e Jong)41 • 

.Apart tro9 the separate l?OM's also a eo!Bbine4 !'QU 1e 

cal.cul.ateci. whioh awstlY. diserilllinntas the correct solu­

tion without difficUlties. 

After determining the syabol.ri all eymbt;lioall7 phased. 

re·.tleetions can get a nwaoric&l. phase. Tbe~e phasee are 

then used as startinG point for a n.Uilerioel pba.se exteneion, 

beaaur;s in .general tba nuriber of phnsed rei'l~l'otione ie y$t 

sufficient to oalcuJ.ate a. sood 1?-map. !n the oelltrosy­

mmetrio case i;his ·ie aohi(!}Ved by means of a taat [2. 

~efinement aftd extension, in the non e7~metrie ease by 

means ot a usual tangent refinement. 

ln the ~IMPE& prod uoee e. aet of b, k, l., E Yal u.es 

wi tb ph~u;~e1h whioh oe.n be fed into an E uap cal eu.te.tiug 

~m progre.m with eubeequent in.te~rpretatiC*n. 

E~entual~y the atomic po~itions o~n be tested on 

th~ correctneee and be refin$4 by a fast diagonal leaet 

The stru.eture was <1eterminf!'4 by. the di:rect methode p-rogram 

~~y,•:·o1:~ o,.,.26 (' t11 m Y7'1 c A '"'" ~ ·t.. .-.... ) _..; ,,1 -P1 .a..: w' lliu.-~JJ.z-•!.;t) ...... ;a;.J:lo. ere. 1; .. n .. ~ :i'hvcuer.~ Utw.n& &..s;. re..:.,L.eo,.a.ons 

in order to emp~oy all positive P~d negative quartet r&La­

tion shi!H!• ell a1gmal re1a.ti0ns. and tu.l speoiat two dimen­

rJional . quartets apart f~om trip~ e.t11. ~ho '00 etronfiatt1t 

:ran eo:tion~ were phased uaing 4 a,tmbo:Lt?. The E 0ap ri th 

·the h1sllest fi combined figure· of m$_ri t revea.le4 the structure 
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coanplet0l;ro Eventtl,~ly t~,e a:tcnnic poai.tion~ were tested. 

t.r,.,a tri.~ ~tr.'uotur.e sl\O\Yed a R val u.e af 2.2. · 'ry • ~~a f)t:ru.c-

ture •1.aa re:!i.n$d b3r tour eyf)). ett o·f: t~.st dia~onu J, eaRtt 

~qua.~es. p:r~>ttr.tlr.n h~ving a.a overt" ~J..l te:mt:H:~r~ture f'ma.t()r 

-------------------------~----
fj( ~ 2 / Fo 1 - / Fe I 

L·IFc.J 

F _;' ~ A,., 
hl<-l. -:. L- ir 

I 

r 
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isotro_pic temperature fectorrJ. Trle R Valu.e ea~e do"n to 

::J::hre• eycl.ea of bloek t1iagonal. least squaree ca.Loutation 

with sni!)o:tropitJ temperstu!'e- factors reduced tbe R "falue 

to • At this stage a dif-ference fourier wa.e eoaputed to 

l.ooate tbe poei tions -of the byd.rogett e:to~~te. All the by4rogen 

atoms could be loosted. For further retine11ent. for further 

refinement all reflec\ions witb I !:: 2.'5 6 (T) were 

removed. 'l'be otruotu.re was -now r&fined tbrough several. 

cyOlas ot block dia.gonel least equa.-es allowing the non­

hydrogen atoms. 1to vibrate anisotropicallJ> e.nd hydngen 

a.toms baaing an overall fixed temperature facto~. 

A weighting eohe~ae with 

W ==- (. 5'9 f, rf Fcbs -t O'Oo31. Fobs )
2

- i was applieq. •. 

Ez:tinotion was taken into account with e:Q.Rt • o.as. ~be · 
. . {E c w~.2) 1~ a Yalue converged to R • o.o49. R• • 2 J -== o·o4B 

Z: Fo 
The ealcule.tiona· were carried out wi"b 1•~-16 ·(Stewar-t 

et eJ. >4' • Ths scattering taotore were taken troa Croser and 
Mann44 • 

.t1e~'!nan pro jeotiona along eli ff'erent c-o bonds are shown tn 

the fig. 4.2. we can get an. estimate o:t the dihedral rins 

( 
\ 
\ 



:MolecUJ..ar geometr.v and oon·formeti.on. 

In tabla- 1, important er,uetal.lotsrepb:to deta. of 

the sample are BivenJin .n•1g. 4., ~hows tbe JH'rp~Ot:1Ye 

4raw.lng of the tOcl.eoul.a viewed llOr&nOl to the least squar•e 

pl.ane. :Fitte:L P.ost;tiona and thermal. ·paraeters ·ot ail. the 

atoms are listed. 1n ',i!abl.ee 4.2. 4()S and. 4.4 MiDI the 

numbering scheme shown in Fieh 4.3. 

Bond l.engtb and angles are given in Tabl• 4.5. 'he 

average o-o bt)nd 1 engtb in the pben7l ring ( c1 - o6 ) 1~ 

1 fJ:;es (2) l- the ellpGcted ·value45 being. 1.39g I. Th0 c-c 
bOnd ·lengths in the PS'ritnidine r1ns ( 0.,11'2 ) are 1.'374(~)• i 
and 1 oSB1 (2) R. whereae the C.!f bonde have the average 

value 1 ~336C2) .fl wbieh are comparable to those fcund. in 

other pyrimid!ne com.tunmti•46•4B. fhe C1'clOh$%.fl group 

(a11 .... c16 > has the average o;..fi bond .~ength 1.5;0(':5) I 
which !a roasona.lde. The average a-·o,. singLe bond leDgth 

·in the alkyl. chain (014-22) is 1 .516(') l 'Whieh :te iowttr 

by about 8 then tbe expecteaif.S 'faJ.ue 1.541 i. the oye.no... 

group ~~ l.ongtb (017-NJ) ie • 1.142 C-'> B: which is oloee 

to tbe values found :in ether meeogente' (Joat~ounae49-.52. 
The ·averqe internal (c•c-o) band ·anftlos in the .pbeny:L 

ring ie 12o.0(2)0 • ln the PJ'rltnidine r:1~g th$ :lntamel. 

angles ( .R1-c-;l.i2 ), ·ldx 09•10.112 and 01..,0S..C9) h&YE! 

average ilal.u.e 124 .. 5(2)0 and the remein1ng three Sl'lgtee 

have average val. ue 115 .4( t.U 0 ~ ~he internal (c-o-a) emg-tes 

in the eyolohexall'le X'ing very :from 108.9° to 'fta.2° w!tb an 



/ 
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average of 110.9(2) vJhiob :ia close t4> the ;re;portea Ya.luee .. 

~be 'esternSl tlon-brdroeen englea ln. tbe phenyl 1'in« be:Je 

an average value of 12(h4(2)0 .as $Qaoteil. littt the u8].ez 

C4.C?•N1 and 04-0T-ll2 have Yalues 11,_.4(2)ti ~4 .111.6(2)0 

reepect:l.V'al.Y intU.cattng soae e•rain bet\9een tbe PJ'll'i•idtn• 

and cyolohuan& rln8s. Th• tetrahedral, ().C..O bonfl an8lel 

in the aa;k,-1 obain .:rall6e trot~ 11J.1° to 11S•9° With a 
men veJ...u.t 114.2(2)0 which exQeeu., ~be expected ~ae 

by··allQut 5°. "'.fhe bc~d angLe. c1-0'i•N'3 :i.e 178-.2(2)0 • Devie-
- ' 

tion fro• tbtt. 11mear1 t1 of' the cyano'bon4 wae found ia 

"tber oyancoo!JSpo~de49•52• l?he e..lr d1etances rsttsee · 
from o.96 A0 to 1.14 i With ·11 ttoan 'V'a:Lu~ of 1•0,(2) i. 

!ne J.eneth ot tbs itutlr e~tended t~&ecul,.e· estimate4 

t!-om a. etereo mo4.el ie found to .21~2 i wbene.n tbe length 

of tbe mol,cule (in the eryetl\ll.ine state ~s 20o1 lo fhie 

t·n0ieetef.l; that 1a 'the ·cl7sta.ll1ne st!\te tbe atol.ecute :.te 

in nearly most. e•ten4e4 ton. 

~be l.eaf>t G(l:uaree planes for diftQI'ent .l)atote of 

tbe maJlecute have been caloUle.:ted .• '&e equation of tba 

consis'ti tuent atom~ have bel!n l.isted i:a table 4.6. A.e 

expected, tba phenyl" ring and tlu! pyriutitline _ring .sbcw 

a high th~ir'ee of plansrita. fhe 4ihedra1 angle betwEJ..on 

the phenyl ring and the »Y~imit'U.ne ring ie 2°. fa~ cyano­

s-roup e:&ome 01 and M ' are ·di$pl.acad s:Llebtl-7. upwaltd ftom 

the Plane -of the pben)'l :ting. Jfh~ oquati()JJ. of the pl.aae 

Q:f the oydlohex$nci riner is ~ven in tabl.e 4~6· the c.r~o­

bexane :ring ie in ~hair tor~~- fbr~e atoa~J a~e di·JSPlBced 
. ' 



upward frotn the plane and three a.r~, difJplaemd dow.awa:rd@ ~~be 

dispJ.aeements tor 011 and c14 are approxieaately ! o.a A,. 
tor 012 and C15 :t o.4 I and for 01·' ani 016 ! o.;; i. ~be 

'· . 

4:lbed~ engle b"tween tbe c.vcaobe~ne ring and. ~~e pyr.t~ 
. . . 

JA~ CJJeul,~f. -P.~flkins 

racld.UB ot POOPF rJol.eoules in ab and $c· plane e:i?& 

eboW!{1n lf:lgure 4.4 and l'i~ure 4.5 :eesp&otivaly. Frot'l 

theee :figures it in cl.ear that. the phenyl and pyrimidines 

are .&Lmo~t in the ac p1ene whG%!aaa the oyolohexene· ring 

11! 8lm.oet ·at· right angles to this plane. :Paiere of aol.e• 

cule.s related b1 e oen~xae of 87ame"tr't giYe rise tc a 

sheet of parallel molooult!fs in ao plane and these 

aheets of paired pa.raJ.1el. motecul.·$s ue eta.oked in an 

imprioated mode e:Long tbe b.a.xts. ~be ,oryatallin$ motli­

t!os.tion of PCOPP therefore co~~esporule to the c0n:u.aonly 

found moleoulatt: pa.ckiru.t in a no•atogeaie prf)cursor. Witb 

the inoreaee in the:nal onerBY• a traaefomation tn tbe 

11qui4 or1stel.line etate ie preeUtasbll' adco!f:lpJ.tshed b.r 

the ·oreakdown of the U:leoular stacking OJ.ong b-tt-xtf# .. 1J:his 

givee r:.\ Sfi to th:.ree tranela ttenel. degrees of f%'ee4oe of 

tbe pair of pe!-al.1f4 mol~oUl.ee aocompsnted by rotati~n 

abQut the l.o!'lg mol.ecular axi.tH ~he' transition ie tbue 

(ltaplaaive typ•• 
\ 

'·· 



All interatomic <lonta.o:t dictatH.!es lens than 4 R 
invo:lving !'!on•b.r(lrog0n atome @~.J.sr have been ~i£ted in 

telae 4.? o we note that th$ onlu distanoe between C6 

of· i!to:LecUl.8 at ~. y, m and ~BJ of ·molecule ~tt 

1 + t - s. ~~ It ie Olor.te to the ~um ot the 

Vander Wael 'e radii of the atoms. the length of tbeae 

pair of azol eaul•e whi eb ar-e in head to bead eo.nfigttra­

ttt)n ie 39.8 J. On the otherhand tbe 8ppal,ent longtb 

ot the ~oleoute 1~ nematic state ie found to be 26.2 B. 
which is 1 .. 2 timee the most extended fltoleeular length • 

. fhiB ia often found in cy:.:u1oooaapound s and to explain 

thie e. bimol.ecular aseociation of the t!!oleculea, 

because of eyanoerroup interaction, ie involvea.49,52-55. 

We therefor• ittf'~r that in't~l:'aotion betw0e11 dipolee. o·f 

cy~noeroupe exieto both in oryatalline and nematio 

phaes. In ot7staJ.l.incJ tr~a.te the over~ap ic amaJ..l 

{ tu oyanoregion ol:llt) uue to steri c bind ranee a.nu in 

n0mati¢ ate .. te this ie ,rouzopassred b; inereaaed tbe:tmfiil. 

eneru giving rise to large overlap (extending czrsno 

1io pyrim;td:ine). 
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Newman projections of Page· No.: 1 

H182 H202 
C20 C18 

I /\ H191 ~ H192 
H1B1 H201 

C14 C21 
H192 H191 

(C19 · - C18 ) (C19 - C20 ) 

H122 C9 

180 

65 \ I I";R 

8 ~ 
C11 

HH H121 N2 1 0 H10 
C8 

179 7 . 
C13 

C16 
(C11 - C12 ) - (C9 - C10 ) 

179 181 

N1 1 8 . ·o C5 
C3 .N2 

C4 8 N2 1 C8 

180 178 

(C7 - C4 (C7 - N1 

C12 

CB ~ H11 9 C10 

C16 
(C11 - C9 ) 

178 

8 C10 H8. 1 1 
N1 C11 

180 

' 

(C9 - C8 ) 

180 

~- C9 
H10 ~1 C7 

179 

CN2 - C10 

C15· C12 

57 

H11 t \ r-- H161 

68 

C9 
H162 

(C11 - C16 ) 

---
179 --r:-

\ . ~ 

8 
'V 

C4 1 C10 
N1 

181 

(C7 - N2 

180 

C6 0 8 C7 C3 1 H5 

179 

(C4 - C5 
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Newman prbjections of Page No .. 2·· 

180 179 174 180 

8 C7 0 C6 8 C17 
C5 1 0 H3 . C4 0 1 H6 6 N3 C5 0 ·1 H6 
C2 C1 H5 C2 C2 

179 179 180 179 

67 \ / 1=;7 54. 60 59 64 59 

C13 

~ 
H151 c·15- H131 H152 H161 H211 H2~2 

66 59 63 60 61 

C16 C18 C1'4 H212 

H14 ... · H132 C11 H223 

(C14 - C15 ) (C14 - C13 ) (C15. ..:. C16 ) . (C21 - C22-

'. 
•'•" -

-~ 
~ ·., 
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Newman projections of Page No. 3 

C19 H212 H132 H122 

54 \. _/ 63 61 

H211 I--- H201 C11 

~ 
H131 

r-
' 

70 I \ !::11::1 ,-. 
··•....-

67 

C22 C14 
H202 H121 

(C2f - C20 ) (C12 - C13 ) 

"": .~~ 

I 
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-~----~------·----~-------~ 
. Hol e l'oJ'DIIIla 

Mol. Veigh• 

Crya'kl. s;v~tem 

Spaoe &fOIIP 

a • !8 • .,(1) l 
b • 7 .1\)8'7(5) 1. 
c ~ 15.~(1) i 
a • 106.:S.5 (S)4 

V • 1927 .Sl i l .. .., 
»0 a l.1S ~~--
. ., »._ • 1.11 s.om _ 

z • " 

·c u_, Jl 
.,.;22---;,7 ' 

Jl3.4i a/mol. 
MoDOcllnio . 

Pa/a 

'· 
N~ber of 1Dde~en4ent reflections 3277 

~ber ot observed retleotioq .. 2246. 



A-tom X(G) '( (6) .t ( 6 ) . Ueq 

01. 0.59&5 (1) 0.2702 .(3) -o.Ol44. (a) 0~060. (1) 

oa 0.5153 (1) o.a615 <•> .o .o?79 ·(a)' o .o?o '(1) 
QJ · o.-.1 (t) o,a4.11 (3) ~.0269 ·(2) 0~064. (1) 

04J o.468~ <i> o.a .. a· (3) o.Q6~ (1) 0.055 (il 
05 0-.5667 (1) 0 .25:U (4.) 0.1096 (2) ' o.o68 (i) 
06 · o.6sn (t) . o.a66S (4.) 0.0590 (2) o.o~ (i) 
ff/. · o.~ (i) 0.2310 (J) o.~to (1) o.os6 (1). 
OS ·0.3122 (1) 0,2178 (4) 0.1262 '(2) o,o7o (:ll 

09 0 .,,,. ·(1) . 0.2169 (3) . 0.2195 (1) o .o60 (s) 
010 o • .sss (1) . 0.2204. (4.) 0.2581 (2) o.07t (1) 

O'i o.ai03 (1) u.aoa• (J) ' 0 .2'776 (2) o .o64. (1) 
C12 o.at?s (i.) 0,,,76 (3) '0.2528 (2) o.o7t (1) 
Oil o.t6~.f. (1) o.3466 (4) 0.3155 (2) o .o15 (a) 
014. o.tJU (t)· . 0.1515 <•> 0.3155 (2) o._o66 (1) 
015 0.19'' (1) 0 .oo,.o (.) . . ' 0 .l:JaO (2) . o.o79 (a) 

'016 ~.2440 (1) 0.014.3 (4) Q..2740 (2) 0.075 (2) 
'017. 0,64.4.9 (1) o.as,. (3) -o.0883 (2) , o· .Q69. ( 1) 
.018 ' 0.08&4, (1) '0.1318 <•> 0.3813 (2) o .o7.7 (a) . 
01, o.Q1l0 (t) o.~~u. <•> _0.3598 (2) .. ·~.o11 (a> 
cao .· -o.OJ41 (~) 0.2)67 (4.) 0,4.256 (2) o.o7J (a·) 
021' -Q.too; (t) . 0.3684.· (4) o.4102 (a) o.ost (a) . 

.. caa ... 1687 (2). o.;sl&~ (S) 0.4736 (2) o .os.s (a) ~ 
Hl 0 .360,0(10) 0.2251(,) o.o?s' (t)· o.o66 (1) 
H2. ' 0 .~S67(10 )' 0.2282 (3) 0.2106 (1)-. 0,071 (1) -li' 0•68<69 (1) 0.293:S <•> 4!100 .1S;G (2) o.o92 (a) 

-·- ,... _, ~ - - - _. - - -;- - ~ - .. , __ - - lltlli. ~-- - - -- -- -- - -- - .- .. - ... 



. 
· Table 4~ 

..,.._., I II • 

ADia~trop::Lo· tbe.rmal parameters ot the non hydrogen ·atoms Wl.~D the e.s.d.s 
in parenthesis~. Tbe temperature faotor is of the fo~ 

. . [. ''2 . 2. -!1'.2. . .2 J(2. .2. ;(f). . . ~ . 

bP-2Jt (U,~o..; -l-U2.2.kb +U3~U:. +2u12 1-!1<~.b +.2.U.23 1<Lb~c:*")J. 

Atom U11 U22 U33 U12 U13 U23· 

C::1 o.os6 (1) o.oso& (1) o.oso (1) o·.oo26(10) 0.033 {1) -0.001(1) 
oa o.o,, (1) · o·~oa7. ·(2) o.o69 (1l -0~005 {1) o·.o26 (1l -0~006{1) 

Cl o.oso (1) o.o77· (a) o .o7:i. (1l -0.002 (1) o.o23 (1) -0~003(1) 
O.f. C~04.9 (1) o.o4.8 (1) o·.o7a (tl 0~0042(9) · o·.0247(10) o·.ooo(1) 

C5 o·.ost (1) o· oao& · (2) 
41 . . . 0~073 (1) . o~.oo7 (1} 0:.022 (1) . 0~003(1} 

cc:t o·.o"9 (1l o·.o79 (~l 0~085 (2) o·.oos (t l o·.o21 (1l o·.oo3(1) 

c7 o.oso (1) 0~054 (1) o.o6g (1) o.oo,7(9). o.o220(1o) -0~002(1) 
C8 .o-.051 (1) o·~ogo (al o·.o7.& (1) -o-.001 (1 l o·~027 ·(1 l ·-o~oo.3(1 ,. 

C9 0~056 (1) ~~062 '(1) 0~07.0 (1 , .. 0~00) (1) 0~027 (1) -o~.oo:s(1) 
010 .. 0.056 (1) 0~097 (2) . 0~067 (1) 0~009 (1) o·.o25 (1) 0~000(1) 

011 o·.o,, (1) o:o79 (2) o·.o68 (t l . ~-!00). (1) o·.oa6 (1) -0~002(1) 
012 o:oos (1) 0~066. (1) o-.094 (2) 0~003 (1) . O~Q4.1 (1) o·.oo2(1) 
C13 o·.o66 (1) · o~o73 (2). o:too (2) o·.oo, (1) . o.o47 -(1)- -0.001(1) 
014. 0~055. (1) o:o77 (2) o·.o7a (1) 0~001 (.1) o-.026 (1) 0~006(1) 
015 0~076 (1) o:oo7 (2) 0~099 (2) .0-.010 (1) o.o.a (1) o-.014. (1) 
016 o·.o?6 (1) o.o7o (2) 0~093 (2)' o ... oog (1 l o.o-&6 (1) o.ooa · (1) 

,-, C17 o:o~:s (1) o:o68 (1) 
' 

o:oas ·(a) o:ooa (1). o·.o,·8 (1) -o:oo:s (1) 
C18 . o.o63 (1) 0~093. (2) o_.oss (2) 0 ~007 (1) 0~038 {1) o·.o13 {1) 

. 019 0~059 (1) o.e9l (2)- o.oas (2 l. o.oo, (1) o.036 ·(1) 0~011 (1) 
, cao 0~062. (1) . o·.oaa· ·(21 . 0~085 (2) ·o·._ooa (1) 0~035 (1) .0-.003 (1) 
:oat 0~066 (1) o·.oa7 (a) o-.102 (2) o-.004 (1) o.o40 (1) o·.oo:s (a) 
022 o:oea (2) 0~109 (2) 0~111 (2 )' o-.0.10 (2) · o.o54. (~) 0~001 (2). 

.... . N1 o~o,9a (9) o:oa)(1) . o·.o?0(1) -o·.oo15(9) o.o2.u(9) -o·.oo3(1) •'. 
H2 o·.o5a3(10) o.o96(2) . o.o1o(1) 0~008 (1) o-.0245(9) . 0~001(1) 
NJ 0~019 (1) 0~102(2) 0~113(2) 0~091 (1) o-.058 (1 l. 0~000(1) 

·' 



_-,, 

Tabl:a 4.4 .. ... .... 

' I • . , 

Fractional coordinates ot the hydrogen atoms and isotropic thermal 
·parame,era ~~b e.s.d. in parenthesis. Atoms are numbered according 

' ' . ' 

to tbe_beav,v atoms to which ~hey are attached.· 

Atom 

·K2 
Bl 
BS 
B6 
B8 
&110 

B11 

B1' 
B121 

B122 
B131 

B132 

B151 

H152 
Ht61_ 
11162 

B181 
11182 

H191 
H192. 

W:O~ 

8202 

- 11211 

11212' 
- 11221: 

' H222 

11223 

:z:( & ). -

0.4.98 :(1) 
0~40? (:1) 
o·.,a:s (1} 

o-.673 (1) 

0~257 (1_) ' 

0~"'' (1) 
o·.310 (1) 
o-.09& (t) 

0~187 (1) 
0~24-" (1) ' 

0~127' (1) 

0~198 (1} 
0~169 (1l' 
0~.2]0 (1) -

9:211 (1) 

u·.as• (1 > 
o·.o~s (1 > 
o·.117 (1) 

-o.o29 (1) 
-o~0-19 (1) 

o·.uo1 (1} 

-o.~55 (1) 
•o.133 (1) 
-o.o78 (2) 

•0.169 (1) 
-0.117 .(:t)' 
-o-.191 (2} 

- y ( c) 
0.265 (3) 
0-~241 (3) 

0~248 (3} 
o-.274. (3) 
o-.211 (3) 
o:211 (3) 
0~227 (J) 
o-.1jo· _()) o-.,,, (3) 

0~483 (:S) 

o··'" (4l 
0~,1 t)) 

--0~118 (4:) 

0 ~025 ( 4) , .' 
·_ .;.0 ~009 (l) 
-o.o7a (4) 

-o·.oo1 (4) 

0.-166 {3) 
0.)9'7 (4)-

0.239 (J) 
0.247 {J)_ 

0~099 (4) 

o.:ss6 (4) 
. '0 ~502 (4) . 

0-~20. (4)' ' 

. \•. 

0~352 (4) 
o-.431 (4) 

z ( 6 ) 

-0.14.8 {1) 
-o-.os7 · (2 l 
0~179 (1) 

0~092 (1) 
. o:o9o (2) 

o::s26 (1) 
o::s46 <1> _ 
-0~249 -(1) 
o-.184 (2 l 
o-.258 (1) 

o-.299 · (2) 

. o-.385 (2) 

0~'336 '(2) ' 
. 0~411 (2) 

o~2oa (1) 

0~.286 (2) 
o ·.-:;s6 ( 2 ) 

' 0~-447 (2) 

0-~363 (2} 

· o-.297 (1) 

Q.496 (2) 
<f.42~ -(2) 

_ o.J40 (2} 

o-.419 (2l­

o.~46o (2 l 
o·.541 (2) 
0~.46-5 (2) 

u 

o·.o'7s (7). 
o-.090 (7) 

0 -~07 4. (6) 
0~08) (7) 
o·.oa9 (7) 
0~076 (7) 
0-~068 (6) 

o-.062 (6) 

o-.oa• (7l 
0~08:5 (7) 
·o-.095 (8) 
o~.092 ·(7) 

0~104- (8) 

(f.094t (8) 

' 0~074 (6) 
0·.111 (9), 

0-~101 (8) 

o~o8s (7) 
0~096 (8) 
o-.082 {7) 
o-,oas(7)-

0-.097 (8) 

0~099 (8) 
o-.125 (10) 

0~119 (9) 

0~114 (9) 

'() .128 ( 10 ) 



n 

~· 

i _)c.~ 

Bond distances of toe non hydrogen ctowa in angstrom td tb standard 

devJ.aUou• in vurealtbes1•. 

01- Q& :l.o:l93 {~) 010 - N2 1.336 (2\ 

Cl• 06 1.3"11 (&l· C11 • C12 1.5ll (2) 

gs- at? 1e44r1 (~ l. 011 ~ 016 1~!i21 (2l. 
.. 

ca- c' t.)Bo (:al C1~ • C1' 1.531 (l) 

a'- CU 1~37· (2) . Ct' • 014 t.5:S1 .(3l 

04• "' 
t.4W2 (2l -C14 • C1!J 1.523 ('l 

06..;0'1 1~4.66 (~l C14. • 018 1.531 (2l 
05- 06 1.381 (al C15 • 016 1-~!1,, (3) 

o1• Hi 1.341 (~l Ct?• l~l 1~142 (:~l 

o1•11& 1.J25 (2) C18 • C19 1~'>12 {ll 
08•09 1.:;7. (al Ct9 - c~o 1.S~6 (3) 
as- NS 1.)41 (~) 0~0 - C~1 1.~03 (3l 
09- 010 1 sst • (~) C~t· ~ 1.509 (ll 
C9- 011 1.505 (2) 

Bond cUst.anoel8 ot 't.hQ tqarvgoo atuAtis in ausstl~vru, ui th otanda.nl 

4evlationa 1D »areu~beaie. 

ea- ua 1.u3 (1) C16 • U161 1.04 (tl 
Ol •JQ 1.03 tal 016 • U16,j! o.96 (:a) 
05- a, . 1.o:a (1) C1S - Ut81 1.05 (2) 

06•ll6 1.00 btl eta -.u1s2 1.05 (~l 
. 08- U8 t.ot (2) C19 • H1~1 t.ov (al 
010 - 1110 1.01 (1) Ct9 • H192 o.99 (2l 

011 - 1111 1.05 (1) c~o- 11211 1.10 (u l 
cu- Btat t.os (a) - c~o - uao~ t.o:s (2) 

01~ • Btaa t.ut (2) C"1 - 114!11 t.ua (~; 
013 • H131 .0.98 (~) C21 • 1121:.1 t.o:; (6! l 
013- H1la t.us (~) c~~ - u~~1 1.v2 (2l 
C14. • U16 t.04 (1) C4.-.!2 • H2~2 1.04 (2l 
015- 11151 o.97 (a) C~;.; - il"'c.!l 1.uo (al 
C15 • 111$2 t:t4 (2) 

Cunta •••••• 



BOnd angles of ,the non hydrogen atoms with standard deviations 
. . . . . ' 

in paren$beli1&. 

Ql·• 01 - oo· 119 ~9 . (:.& ) 09- 011 - 012 11:S~· (2) 
ca • 01• c1? 119.2. (al 09 - 011 ... ,016 111.6 (2) 

··o6 -_.oa,- ct7 12U.9, (al 01~ • 011 • C16 soa.9 (al 
01.- C& • C3 119.6 (2) ott- au·- c13 . . 111~3 (2) 

~-0)•041 . '121.3 (2) 012 -. C.13 - 014 I 112~6 (a) 

03- ·c•- c; . 118.'7 (2) 013 - 014 - 015 109:2 (2} 

Cl • 04. • o1 1~1.9 (2l C13.•C14 • 018 112~? (2). 

05- cu..- o7 ' 120.J (2) 015 - 014 -· 018 110.1 (2) 

o• • OJ • o6 tao.• (al 014·. • OtS • 016 .112 .• 2 (2l 

Ci •. o6 • .e, tao.a (2) 011 - ~16 • C15 :1.~1~0 (2') 
C6 • .d'l ·• N1 111~1 (al . . .01 • C1'7 • NJ 1'78~2 (2l 

I 

0. -· Q7- Ha 117 ·' (2) 01" ~ 018 - 019 115~9 (2) 
111 .. ttl- Jia. ·125~3 (al 011- 019.- aao. 11,:1 (~) 

09 - Q8 "!l lit 1.24 • .2 (a) 019 - cao - 021 113 .• 8 (2) 

08 ·• .OS) •. 01U· 114i~1· (al oaQ ~ cat - 022 113~9 (al 
08 • 0' • C11 124.e (a) o? .. Mt- ca 115:9 (2) 
cso- 09 ... 011 121.1 (2l 01 - N.a - 010 116., (al 
09 • 010 • NM . 124.~.1· (a) 

I 

Bood auglea 01 toe hydrogen atoms with st~~dard deviationu 
ia parenibesi•~ 

ot·~-ua 118,tl H151 •. 015 • H1~2 101 (2) 
C3- oa- ua 122 ·(1) Ci:l • C16 • !1161 · . 103 (tl 

.... 
-.> 02 - OJ • ·ll3 . ~2 (t·) .011 - ·ct6 - !1162 ioa (2) 

04.·• 03 • HJ 117 (1) C15- Cir nt6t 109: (1) 
C•·• 05.• HS 117 (1) G15 • C16 - Ilt62 11. (1) 

· G6 • 05 ~ BS 
. . . 

.12,. (1) U161 - C16 • B162 107 (2) 
. ··ct-,Q6- 116··. 121 (i) C14·· C18 • ll181 111 (1) 

05- o6- H6 . 118 (1) C14 • 018 - ll182 100 (1) 
09 .. ·08 .- H8 .. 121 '(tl 019 • C18 • 11181 109 (1) 

· Contd•~••••• 



ro 

·--. 
I . 

'·- ... ;,....-

\ ./ 

1, 

li:quasions· ot loast squares planes• the individual and r.m.s. 
d1aplaoewent• ( ~ ) .ot tbe atows trom tbem~ 

---~---~~----~~~~-~---~~~---~-~~---
KquaUon& of tbe planes Ato~.q t:. 1n i r·.m~s ~ 6 in I 
-~~~-~~--~---~--~-~-~-~-~--~~------· 

- .oo44 

o4 -.ooa4 
c5 .0033 

06 .001.2 

Other a$oma o11 

J. ~0106 .I + .1891 
+ .9S19 u 4.5425 

N) 

- .oo<LO 

~0077 

c10 -.oos9 
N1 •.0025 

N2 -.0012 

ct1 

cu 
c1J . 

. 014 
015 

.016 

.2332 
.• .3702 

-.5259 

Dihedral angle between .lJ.lane 1 and !;lane 2 is ~.001° • illana 3 and 
· plane. 2 is 78 ~80° 



,, 

I ... 

•( >l, \) _,: 
. Ta b}rJt ... !•1 

Ili~~~;~eoular eontaot distances less than. 4 i (invilpng non-· 

bJ'drog~a· ato111e )_ 

- ~ ~-- ---- .. --- .... -- ..... - .. _ ... ------ .-- -.·----- ~ -
C1 • a O'Jb 

01 ... o,• · 
01 - cu,'b 
.c1. -.07-

.. 

Ci• 
O"'b_. 

C1 ~ Nt6 

01 ... N.b 

C2 - o,a 
c.a -C*Jll 

02 - 06a 

· C2 - (U,b 

02-- O'Ja 

C2 • C!jll 
I 

02 -01 •.. 

02- C7b 

02 -G14ro 

03 -c:s• 
CJ • ·C'Jll·_ 

c:s.- _o,•' 
CJ- ·04~. 

03- c,•: _· 
CJ -· 05~:. 

.Cl - co• 
-c3- Cob; 

,-.T79 

,.928 

,~7)8 

,~783 

,~767 

. :s~1ta 

: '· 782 
,,,,~ 

:3.813 

'~~sa· ~ 

3~5~7 
.. 

,,_935 

,-,7~9 

3:"Ja7 

·i.sa7 

3._955 

:f.762 . 

J,82J 

,-~688 

. :J~7f)7 

,-~768 

,:7sJ 
3·,935· 

3~744 

06-- 0168 . 

06 • N'J0 · 

e1 - Ct78 

C7 • Ct7'b: 

as- ·ca0--

cs - 0178 

ca - ct7.b 

CS - N1~ . 

C8 - N'/' .. 

CS- Nlb. 

C9 • NJa 

.09 - Nlb 

010- C21t 

010 -·C21g 

011 - 021t 

.c11 - c2t'-. 
' 

. 'b 012· -NJ · · .. 

C1.5 :-C22e 

C16 ~- Nla 

:c17 ,;. Ni8 ' 

C17 - Nib 

C11 - Nld. 

C:i.S - N2e 

s:996 
3,4.99 . 

:s:'91'J 

,-. 72) 

i.906 

f.128 

f,711 

,: 762' 

. 3-,632 

3-.4, •. 

3,841 

,-. 705 

.:>~781 

:3:781. 

.3-
8
937 

f.9J7 
-3.821 

'3,911 

:f.573 

f.620 

:-s.soo· 

3,.910 

.N1,- N3a·. 1. . . 3.9 . .3~ 

N1 ~ NJb . ':)~.688 ,, . . 

-------~------~---~-~-~-~----------. . . . . .·. 

No:Dea. xyz-· a'i 1-x, y, z. b: 1-x,1-y' z ,c::;·~/.:i:;-x,y,z, 

. . dl- 1 + ~' ..;x, y, z el 1/2 +. x~ ,y,_ z :,,_~: 1/2+x-1~ 1-y,z 
,, 1/2 + x, 1-y,. z. , .. , '• . 

c . . ···:· 

..... , 

... : l. . ~--. ; :~ ~ . 

.. ·"1 
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In. the p~esent work~ have reported the optical birefringence 

and x-ray diffraction atudi0e. o.f li.quid oryatal~:i .. ne substal\Cea, 

The eamplea studies are PCOPJ?, Pt1TP, PllBA, n.DllA, PPC.PP, 500'8. 

A. bat sta§e wa.s deeigned to study the textures and 

the pbase tranei tions of the compounds under s polBriging 

microscope. A higb temperature X-ray camera was designed and 

fabricated in our ~abora.tory for taking :flat p~ete photogra­

phs of liquid crystal. samples in p.resenoe and ~bsence of 

masneti.c f'i~J.d •. 

From tbe observed textures under polarising microscope 
' ' 

and lU.ffra.ction photographs we~e P.m.mples .POTP, PBBA, EllBA. and 

P.OOPP. were ·found to ilave nematic phase onJ.y. 

x-ray di:·:ffraotion photographs ware analysed to 

obtain apparent mo:t..eauJ.ar J..ength ( l ), and average inter­

mo~e·aule.r distance (D) in the meaopbase •. In case of P»BA 

the apparent molm~W.ar J.ength ( 1 ) in its mo$t Gl(tended fol'!B 

dete!'!Xlin.ed by .Pr!ncton moJ.eeul.ar model Kit ie Sligbtl,y higher 
. . 
than th a length of the mol eeUL e (L .) • In oeee of POOPP and 

POTP 11 the ratio of l -to· L ia 1.25 and ·1.28 respeeti vel,y 

whicb a:t•e probably due to molecUlar aarsooi~ttion as in other 

oyano compounds. It ie a common feature in the liqUid eryeta• 

lline samples. ~he l an·a D values of tbe sampl.e E»B.lt s 

were eel cuJ.atGtl and f'\)und to ba eJ:moot · equf.ll· to· that obtained 

by Leadbetter et aJ. 2 ~ As tbe resul.ts were already ra:ported 

b,y tb~, so these are not repentea .• The average intermole­

cul.ar. distances (D) are .founti to. be :in the expected range of 

4.8 i to 5~75 ~ in all eubstances~ .!be val.ues a.ro some time :t~a 
. . 

fo-.md to in~rease eJ.igbiay. with tempera:tures •.. 

\ '• 



x-ray diffraction photographo at of ·t11e en~pl es were oircmlerly 

scanned wi tb 8 microuensi tometer end the men~:;ured optical den-
-

a:L ties x were converted to relat•ive X~ray intenoi tiea using 

standard call.ibration method. :Prom these intensity dats norma­

j- (~) in a poweP 

and .( .P4 / were calculated. ln prine:l:p:te ·-"•V<it coUld al~t.O obtain 

/..._ P0 / ..(p8 )' etc. from our data but experimental.. uncertain-
) 

ties and truncation errors i.nvolvecl in seriea repreaenta.tion 

would make the valuea of the these higher order parameters 

unre~i.abl e. 

Tha experimentally obtained ·<... P2 > end 

az·e compared with thsea obtained theoretic& estin.u;rtion. 'X'h0 

(._ P 2 1 valuee of tlle ltlampleD 'FN~TP agree ·well With the iH.C. 

theo1•etica1 val!!e8. that of PBBA anc.l BB.BA a'LrJO aereae wellbut 

slightly, J.ower near tranmi.tione but Bimilar l"esw.te found . ..(P4 ) 

vaJ.ues of other aJ.. so' • near the nemati~ - inotropic ·tratl.r'<i tion 

tewpara.ture, where the ex:perimentel ( P2 / val.tH~s a.re s.igni­

fica"l~~Y ~ow~r thart the theoretics~ ve:Lueso ln oase of EOCJf'll' 

the order parameter£~ are Sligbt".Ly lesa than the theoratic;z.J. 

val.u.ea even. .at J..ower tempera·curea. ~uch behaviour of the trfm-

si tion temperature. have been found in the daterm:tnation of.( JJ2 > 
... 

by magnetic anisotropy mem.'cu.rementa~ t1i tra ar4d Paul, 1987 

Low val.ueo of < P2)at near nematic isotropic transi·tion tempe­

ra·tures have bean report~6 (Chan~, 1975: Sen et ~J., 198'3; Maf.!hu­

sudana et al, 1-971; Dunmu.er et al., 1978) ._ As FJaid earLier this 

may be due to the fluctuatit''l!l ot the director whioh is wore 

pronounced~ 



Crystal and mo3.emuar f;'t:rt::.cture of .'POCPP in the 

solid phaae have alm) bean determined •. This is a part of 

ollr prograra to determine the conforme·t:tona~ behaviour of 

a meeogeni o compound in the crystat.J.ine phase. 

We have undertaken the att1dy of. the crystal and 

mol·eeular ~truotu:t. .. e Qf a. homologoas series 5-( 4-Alkycyelo­

hexyl )-2-( tl-cye.nOl)henyl) Pyrimidines all of then having 

nematic phase. ln homologous series of thermal mecogens 

containing &ky.l cbains, the type of J.iqui.d cryD·taJ.~ine 

~owest members of the series r~ay not yield liquid oryatela 

those with intermediates chain lengths. yield onl.y neu.Hutio 

phases. flmectio phaa~s of :» 6 types J!. or C appears only 

when soma eri tical ch1I.tin l e11gth in reaanea. Theoa proper-

ti ea- ol early h:ave a fi'tructurel basi. a. The strtactures of 

ECCU?l' and HGCD?P have a1. GO been determined which wil~ be 

reported elsewhere. 

The stru.ettlre~~ wen soJ:ved 13y a.pp~ying direct method 

package program 'Sit:JPliiL-f(;>' to X ... ray diffraction intensity 

data. The orystal belong to monoclinic system wj,th space 
0 0 

group .. 1 found a = 18' 431 Pt , b ::a 7.,1027 A, 
0 

C = 15 .)42 A and 

oell. Lenet fJquares refinem(3nt l.atll<ls to H = .049 and Rw = ·ot,8 

fpr ?.246 o beervetl refl eotiono. Thtt> moJ. et~ul es are f.7itltl to be 

in their mosd; extanfled con:f'o:t.~ation. As expected the phenyl 

ring a.nd. the pyrimiiline ring ehow a high degree of ·pla.nari ty. 



The d.ibedral aneJ.e between the pheny~ ring and the pyrimidine 

ri~1g is 2°. And the t1ihedra1. angle between the oyoJ.ohexmH~ 

·ring and the pyrimidine rintg ie 78.4°. The phe.ny.l and pyri­

midines are almost in the a.e p~a:na whereas th.e cyclohe~ane 

ring .i.s P.J.taost at right angl ea t(> thio pJ.ane. Pairs o:f 

molecUles reJ..aterl by a. oentre of syrur.tlatry eive rise to a 

sheet of parall.el t~a:te molecules in ae plene and these 

t:lbeets of paired ~olGculeo are staeked in a.n imbricated 

mode aJ.ong the 6 -. axiril. The cryEtalline modi:ficn.ti·rm 

of the Darnp~a therefore correspont1s to the comownly fo.und 

mol.GHmlar packing in a nematogenic. precursor. With the 

increase in thermal a energy o a transformation in the 

liquid cry~talkine ntate is presumalay accompli~hed by 

the brea.kdovm of ·&he molecult~tr stacking aJ..ong b-axis. It 

could transform ·frmn tha solid pba.ae to nematic phase by 

means of a sing!. e G.intntci ve trm1si tion • 
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LISTFC FOR **· Q27SLA ** 

Q 

H,O,O -8 111 -103 4 133 140 H,0,7 
-4 170 178 6 298 -306 

2 373 387 -2 169 189 8 34 31 12 68 -65 
4 222 -227 0 182 -205 10 52 -56 8 236 -241 

·6 335 3;28 2 1677 1769 12 124 -121 6 219 -235 
8 50 -53 4. 914 -946 16 35 -29 4 183 181 

10 61 56 6 339 346 18 43 38 2 534 -539 
12 74 61 8 519 517 0 222 -214 
14 24 24 10 39 -45 ~,0,5 -2 23 -1,9 
16 48 -45 . 12 32 35 -4 60 -61 
18 78 -75 14 44 4'8 18 17 -16 -6 598 -595 
20 34 -32 16 154 151 16 29 -25 -8 102 -113 

18 37 33 10 75 71 -10 63 ·65 
!"f,O,l 8 32 2~ -12 141 141 

H,0,3 6 223 -224 -14 268 -276 
20 ·45 -43 4 287 312 -16 47 '-49 
18 79 -74 . 16 43 43 2 830 914 -18 38 40 
16 68 63 10 259 243 0 643 -705 -20 64 -62 
14 75 86· 8 46? 4 66 :-2 34 37 
12 51 49 6 193 -200 -4 48 -46 H,0,8 
10 77 -76 4 352 -368 -6 326 -323 

8 21.1 205 2 465 509 -8 508 -483 -20 39 -41 
6 3-4 7 352 0 530 601 -10 118 . 112 -18 40 -41 
4 156 160 -2 326 -358 -12 89 -84 -16 42 39 
2 675 726 -4 522 548 -14 576 -580 -14 88 92 
0 ·558 645 -6 73 -72 -16 437 -437 . -12 24 -26 

-2 41 50 -8 161 166 -18 65 63 ~10 288 294 
·_-4 179 -200 -10 21 25 -20 ·29 30 -8 58 . 52 
-6 55 -52 -16 186 ,-178 -6 442 -439 
-8 .. 238 -2-56 -18 45 -48 H,0,6 -4 130 143 

-10 43 44 -20 19 20 -2 82 -90 
-12 '92 -104 -20 27 -27 0 12 -10 
.-14 24 -23 H,0,4 -18 38 40 2 168 -163 

. -16 108 113 -16 194 191 4 123 131 
-18 45 ·51 -18 36 38 -14 183 -199 6 154 -159 

.. - -20 29 .. 29 -16 . 502 -516 -12· 69 68 8 -415 -423 
-14 206 -211 -10 28 -29 12 l02 99 

. -_ H, 0 1 2 -12 31 32 '-8 468 -456 14 18 17 
...:.1o 253 -247 -6 74 8 743 

-20 87 82 -8 769 746 -4 237 -235 H,0,9 
-18 166 -178 -.6 152 -167 0 633 -682 
-16 148 -152. -4 161 178 2 254 -274 ' 14 47 -45 
-1-4 ·: '32 -:-33 -2 114- 115 ' 4 60 59 12 29 -27 
-~2- 12~ -131 0 312 -353· 8 39 ·-38 
-10· .107 111 "2 706 -782 12 50 -52 



LISTFC FOR ** Q27SLA ** 

H,0,9 -8 275 275 -2 80 78 -4 21 16 
-10 17 -19 0 32 35 -3 37 -33 

10 221 -217 ·-12 20 24 2 26. -29 -1 36 -37 
8 278 -281. -14 258 283 4 29 29 
4 ·172 -169 -16 63 62 6 32 34 H,1,16 
2 33 40 8 47 42 
0 49 46 H,0,12 3 22 -27 

-2 28 -24 H,0,15 -1 34 31 
-4 153 ·158. -18 26 27 -2· 32 2.9 
-6 485 471 -14 108 114 4 16 -12 -3 54 46 
-8. 203 -193 -10 28 30 2 33 40 -4 44 -38 

-10 245 240 ·-8 321 320 0 61 62 -5 25 -21 
-12 58 -61 -6 163 . 164 -2 149 -144 -7 20 -21 . 
-14 17 18 -4 34 -33 -4 28 30 -9 19 -18 
-16 142 150 -2 34 -31. -6 51 48 . -11 56 -49. 
-18 49 -51 0 31 -34 -8 45 -41 -14 . 14 12 
-20 . 17 .. 11 4 ".31 -21 -10 28 -26 

6 24 -24 -12 68 56 H,1,15 
H ,-0, 10 10 18 13 ~-14 45 -.39. 

-16 64 54' -11 71 -62 
~20 40 . - 38 H,0,13 -9 27 -27 
-16 112 127 H,0,16 -7 21 -8 
-14 43 39 10 19 -15 .-'5 60 58 
-12 188 -184 8 22 ·23 -14 36 26 -3 45 ...;41 
-8 113 113 4 18 -19 -10 23 23 1 5.5 -63 
-6 148 -145 2 27 -35 -8 41 -36 3 61 -66 
-4· 204 -218 0 . 40 -45 -4 36 -33 4 20 15 

2 43 41 -2 40 43 2 29 35 
4 44. 40 -4 187 -186 H,l,14 
6 57 57 -6 .396 393 H"0,17 
8 87 -87 .-8 232 225 1 90 -102 

10 162 -163 -10 78 -75 0 26 -24 0 18 20 
12 29 25 -12 43 49 -8 ·26 -23 -1 73 -79 

-14 37 28 -10. 50 46 -2 31, -33 
H,0,11 -16 57 -48 -12 35 -32 -3 25 -24 

-18" 44 42 -4 58 59 
10 25 -20 H,0,18 -5 18 -14 

8 18 13 H,O,l4 -7 32 34 
6 16 -14 -6 32 -27. -10 23 -19 
1: 17 -18 -i6 36 29 -11 29 -31 
2 2"6 -20 -14 31 -25 H,1,17 -12 22 -17 
0 57 -59 -10 67 ·-63 -13 24 -22 

-2 33 -32 -8 . 73 68 -11 33 28 
-4 332 353 -6 216 213 -7 20 13 
-6 127 -125 -1: 177 171 -5 62 -57 



LISTFC FOR ** Q27SLA ** 

H,1,6 -1 32 ·27- -12 68 69 19 15 -13 
0 44 -45 ':""14 173 -171 

2 55 -63 1 150 155 -15 98 105 H,1,2 
0 43 39 2 182 191 -16 23 25 

-1 176 -187 3 227 -222 -17 92 -98 18 31 29 
-3 97 -104 4 113 -117. -18 36 39 17 29 -31 
-4 45 44 5 23 -24 -20 17 -17 15 117 120 
-5 262 259 6 143 144 -21 51 -48 13 59 56 
-6 84 82 7 21 -20 11 25 -18 
-7 840 :805 8 109 -=-106 H,1,3 '9 127 -121 
-8 211 -205 9 29 31 8 188 -180 
-9 95. 92 10 18 -18 -21 48 -50 6 36 34 

-10 74 70 11 55 57 -19 15 19 5 216 -217 
-11 57 -56 12 24 23 -18 108 -110 4 123 125 
-12 89. -87 15 27 22 -17 236 232 . 3 383 399 
--13 75 -73 17 34 35 -16 47 50 2 461 500 
-14 57 59 -15 382 391 1 1955 1989 
-15 168 -167 H,1,4 -14 103 105 0 441 -471 
-16 27 28 -11 130 -130 -'1 58 51 
-17 53 57 17 107 104 -10 23 -24 -2 233 -252 
-18 19 :-20 15 50 47 -9 221 211 -3 353 -384 
-19 49 46 12 20 16 -8 182 -170 -5 155 -155 
.:...20 17 18 11 55 -51 -7 226 225 -6 145 154 
-21 21 20 10 37 -35 -6 19 19 -7 76 75 

9 78 70 -5 217 -220 -8 79 . 74 
H,1,5 8 51 43 -4 38 -40 -9 51 -48 

7 166 -164 -3 202 -210 -10 55 49 
-19 22 -19 6 62 -59 -2 110 116 -11 65 -66 
-18 22 19 5 231 -234 -1 202 -218 -12 54 -51 
-17 78 80 4 81 86 0 32 7 350 -13 26 -29 
-16 78 -85 3 81 ~85 1 818 -887 -14 63 63 
:-15 57 56 2 50 56 ·2 459 -495 -16 54 -56 
-14 92 97 1 277 -294 3 214 -229 -17 170 168 
-13 93 93 0 46 -4 7 5 30 -27 -18 27 27 
-12 24 19 -1 247 259 6 61 -58 -19 37 -36 
-11 62 59 -2 49 -51 7 73 -77 
-10 97 -91 -3 172 -176 8 99 98 H,1,1 
-9 ~19 308 -4 37 34 9 112 -100 
-8 33 -26 -5 88· 89 10 49 4 8 . -20 25 -26 
-7 734 713 -6 37 36 11 80 -77 ....:19 62 -59 
-6 16 18 -7 16 15 12 24 -24 -18 42 43 
-5 116 122 -8 203 200 13 30 30 -17 18 -6 
-4 46 50 -9 249 242 14 25 -21 -15 29 -26 

~ -3 74 -74 -10 17 -11 15 115 119 -14 46 -48 
-2 21 -20 -11 38 41 17 89 84 

n 



LISTFC FOR ** Q27SLA ** 

H,l,l 6 219 -217 2 864 -831 2 491 -482 
5 368 -375 1 271 265 4 123 127 

-13 35 -35 4 259 254 0 1329 -1266 5 113 119 

-12 53 49 3 183 181 -1 305 294 7 28 -25 
-11 50 -52. 2 150 -149 -2 507 505 8 481 -463 
-10 64 -56 1 641 -627 -3 529 -533 9 43 -41 

-9 76 77 0 312 303 -4 80 -75 ll 19 -18 
-8 20. -22 -5 380 386 12 24 -25 
-6 51 -54 HI 2., 0 -6 366 3 71 14 46 -47 
-5 55 -60 -7 161 160 15 19 25 
-4 69 -72 0 2622 -2381 -8 126 131 16 133 -129 
-3. 19 13 1 621 -595 -10 48 -47 19 43 -42 
-2 207 217 2 1069 -lOll -11 35 35 
-1 39 -38 3 64 7 -626 -12 23 28 H,2,3 

0 50 -56 4 215 205 -13 39 41 
1 98 104 5 196 189 -15 109 -112 18 29 -26 
2 96 -1-04 6 4 72 -449 -16 73 -79 17 18 -19 
3 79 78 7 242 232 -17 19 20 16 33 -32 
4 161 -165 8 31 26 -18 15 16 11 24 -22 
5 286 -289 9 22 15 -19 53 57 10 113 -108 
6 188 181 14 51 -51 -20 55 . -55 8 477 -447 
7 648 -624 •16 60 62 7 405 391 

·. 8 137 131 17 54 -52 H,2,2 6 105 104 
9 445 -416 18 20 18 5 200 -195 

11 49 -48 19 43 44 -20 39 -35 4 182 184 
12 25 -26 20 40 40 -19 52 -55 3 161 -161 
13 50 48 -18 118 127 2 390 -388 
14 28 25 H, 2·, 1 -17 40 -40 1 161 167 
15 27 30 -16 45 47 0 173 179 
16 51 -48 19 24 21 -15 135 145 -1 96 -96 
17 62 58 18 56 51 -14 105 11.4 -2 235 -229 
19 64 62 16 69 -65 -12 68 65 -3 55 53 
20 39 37 15 42 -43 -11 26 -25 -4 208 -218 

14 60 -63 -10 25 24 -5 49 53 
H,l,O 13 19 18 -9 61 -61 -6 40 42 

12 43 -40 -8 35 -34 -7 67 -64· 
19 .20 -20 11 30 28 -7 47 -49 -8 109 -108 
18 61 -55 10 27 -20 -6 57 -57 -10 75 -75 
16 66 63 9 63 -66 -5 152 -156 -11 122. 127 
15 95 -89. 8 . 33 -17 -4 217 -22i -12 44 48 
13 30 31 7 316 -299 -3 64 -67 -13 110 -113 
10 40 -37 6 423 -395 -2 177 171 -14 57 -58 

9 88 -82 5 343 327 -1 425 428 -15 78 75 
8 55 -so 4 388 375 0 488 -483 -16 255 256 
7 317 -306 3 214 -200 1 48 :-47 

·. 
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LISTFC FOR ** Q27SLA ** 

H,2,3 11 20 -19 0 459 . 443 H,2,8 
10 62 -59 1 21 28 

-17 31 32 9 156 158 2 154 152. -20 25 28 
-19 22 -24 8 58 -62 3 205 207 -18 48 47 
-20 17 -13 7 28 -25 4 152 -156 -17 23 23 

6 97 98 5 66 -67 -16 88 -84. 
H,2,4 5 121 -124 6 142 140 -15 41 -40 

4 321 -318 7 4~ 46 -14 28 28 
-20 13 -13 3 142 -140 8 25 -25 -13 78 77 
-17 43 -46 2 180 -185 10 47 52 -12 82 -79 
-16 416 414 1 160 164 11 51 -51 -11 49 -49 
-15 37 -37 0 331 348 13 24 25 -10 166 -169 
-14 155 156 -1 22 -10 14 18 19 -9 26 -29 
-13 102 103 -2 66 57 -8 42 38 
-12 53 53 -4 30 34 H,2,7 -7 25 -25 
-1.0 57 -57 -6 ·18 19 -6 118 115 
-9 118 118 -7 94 -9.7 12 37 37 -5 52 -51 
-8 231 -23'0 -8 153 155 9 28 -26 -4 76 17 
-7 27 23 -9 36 -35 8 256 2.54 -3 53 58 
-5 56 .54 -10 220 217 7 43 45. -2 '18 -21 
-4 ' . 28 --24.=·-11 138 -138 6 136 136 -1. 17 -21 
~3 32 31 -12 33 -34 5 54 -4 7 0 32 34 
-1 168 -163 ·-13 271 .270 4 25 -24 1 59 -61 

0. 230 242 -14 582 578 3 106 99 2 ' 180 175 
1 144 152 -16 233 231 2 293 277 3 25 -23 
2 '39 -46 -17 169 -169 1 29 -30 4 58 -55 

'3 30 27 -19 23 - 2 6 0 244 250 5 45 -45 
4 216 220 ~1 33 -32 6 86 90 
5 116 112 H,2,6 -2 32 28 7 113 -1.09 

' 6 151 150 -3 25 -28 8 33 7 328 
•7 53 -47 -21 15' -14 - -4 33 27 9 133 131. 
8 125 123 -19 20 20 -5 32 31 11 59 59 
9 127 -127 -18 95 -92 -6 203 200 12 30 -27 

10 42 -42 -17 31 35 -7 20 -19 13 42 -44 
11 26 23- -15 21 -21 -8 363 361 14 23 # -25 
12 74 76 -14 166 172 -9 301 -296 
13 27 25 -13 222 -216 -10. 222 -217 H,2,9 
16 26 25 -12 107 -108 -11 154 156 
17 15. 14 -9 118 120 -12 117 113 14 34 32 
18 .29 -27 -8 114 105 -13 106 104 11 16 -15 

-7 147 152 -14 70 68 10 215 211. 
H,2,5 -6 20 8 -15 88 -91 8 244 239 

-4 21 0 -16 44 44 7 55 -53 
16 18 16 -2 57 48 -20 57 56 6 62 63 
12 57 50 -1 103 -100 



LISTFC FOR ** Q27SLA ** 

H,2,9 7 28 -30 H,2,13 -14 17 -15 
8 61 66' 

. 5 60 58 . 9 46 -46 8 25 -22 H,2,16 
. ·<· ~ ·,,4.- ·'· ' .. 4 :f. '41 . . 1"26 ~ ,./;~·. 

3 '29 -'29 
.. '· ... •: ·,.:--.-i' 

'10 ., 129 
' 2 31 -34 11 36 ·38 2 56 64 -13 . 21 -18 

0 65. - -64 12 21 -18 -2 33 31 -10 22 -20 
-2 35 30 -5 59 -59 -9 20 -17 
-3 67 -68 H,2,11 -6 255 -249 .-5 23 19 
-4 137 -140 - -8 208 -200 -3 20 '18 
-5 27 29 0 52 55 -9 82 76 -2 38 34 
-6 68 -62 -2 31. -34 -10 49 47 0 15 -16 
-7 43 '43 -3 43 -45 ;..12 30 -32 2 24 -28 
-8 141 -137 -4 72 -68 
-9 87 81 -5 41 40 H,2,14 H,2,17 

-10 74 -74 -6 61 -61 
-11 44 -40 -7 66 63 -14 24 20 -2 18 . 17 
-12 39 -37 -8 162 -158 -10 24 22 -4 19 . 16 
-13. 67 ,-65 -9 38 -35 -9 28 -24 -8 27 20 
-14 23 24 -10 84 -80 -.8' 39 -35 -9 14 ..:a 
-16 108 -108 -11 75 -76 -7 92 87 -10 17 -18 
-17 22' 21 -13 48 -48 -6 269 -255 
-18' '28 26 -14 186 -196 -·5 27 27 H,3,16 
-19 24 -24 -15 38 39 -4 66 -65 
-20 17 -14 -16 39 -46 -3 35 -35 -6 22. 23 

-18. 16 -14 -2 51 -48 -8 26 -25 
H,2,10 -19 20 18 0 47 -47 -11 32 31 

l 42 -42 
-18 16 13 H,2,12 3 40 42 H,3,15 
-17 25 24 4 31 -31 
-16 94 -95 -15 42 37 6 21 -18 -13 19 20 
-14 116 --115 -14 100 -99 -11 36 33 
-13 69 -73 -12 41 -41 H,2,15 -9 21 23 
-12 215 208 -11 18 -17 -5 22 -24 
-11 194 194 -10 57 54 4 17 25 -2 17 -14 
-10 40 -36 -9 130 . 129 2 32 -36 1 59 65 
-9 48 -45 -8 335 -327 0 16 -18 2 17- -18 
-8 50 45 -7 89 -86 -1 44 42 3 41 46 
-7 144 -141 -6 76 -77 -2 52 51 
.-6 74 75 -5 81 -83 -5 43 . -38 H,3,14 
-5 24 2'1 -3 44 48 -6 33 -31 
-4 26 -25 -1 43. -42 -7 39 . 41 2 37 37 
-2 66 65 0 62 62 -8 37 37 1 78 84 
-1 51 53 1 38 41 -10 31 28 0 '20 -22 

5 29 -30 3 16 -10 -12 36 -28 
6 53 -48 4 27 26 -13 '25 20 



·\ 1..) 

LISTFC FOR ** Q27SLA ** 

~,3,14 -12 28 -28 -11 79 -77 -~3 121 -114 
-13 59 -58 -12 66 62 -14 60 60 

-1 27 28 -15 36 -40 . . -15 20 . 21 -15 26 -24 
-5 22 23 -17 39 -39 -16 40 39 
-6 66 -64 -H,3,9 --:-17 20 -20 
-8 61 61 H,3,1l -19 33 -35 
-9 26 28 . -17 25 2-5 

:_11 15 11· -18 13 -13 -15 33 . 33 H,3,7 
-12 23 20 -17 23 -24 -14 31- 34 
-15 41 - -38 -15 25 -25 -13 . 84 -84 -20 15 16 

-14 16 13 -11 39 37 -19 24 -25 
H,3,13 -12 22 -18 -10 155 154 -17 : 23 -23' 

-11 3'7 -'39 -9 39 41 -16 30· -30 
-16 38 -33 -10 114 -105 . -8 182 -180 -15 28 -29. 
~13 20 -25 -9 130 125 . -7 70 68 -14 78 -77 
-12 21 18 -8 105 103 -6 23 21 -13 130 125 

.-11 24 -:24 -7 117 114 -3 27 -27 -12 198 195 
-10 57 -57 -6 48 46 -2 27 -25 -11 5'2 61 

-9 41 ;_36 -5 31 -29 -1 36 38 -10 178 -178 
~a 67 -66· -4 33 37 0 25 -24 -9 134 136 
~7 4 7 .. 43 -3 27 -24 1 102 95 -8 48 47 
-6 72 66 -2 49 -53 3 44 41 -7 104 -95 

. -5 47 47 -1 . 19 -18 7 68 63 -6 21 -23 
-l '53 55 1 28 ·-24 -5 118 -116 

0 21 -22 2 48 47 H,3,8 -3 25 25 
1' 29 37 3 40 -37 -2 58 -55 
2 31 38 5 35 -35 10 70 -68 -1 201 198 
4 23 21 9 50 45 9 88 -89 1 166 154 

8 60 56 3 20 . 16 , 
H,3,12 H, 3·, 10 6 30 32 5 59 -53 

1!~. 4 55 51 7 253' -243 
,9 1S -1.4 10 . 52 50 3 89 87 8 21 -19 
5 17 -19 9 . 44 '44 2 25 25 '9 122 -121 
3 28 25 8 34 -32 - 1 149 141 11 32 32 
2 40 -38. 6 30 -30 -l 101 100 14 20 . -23 
1 48 48 5 20 ..:19 -2 86 -86 
0 46 50 1 39 32 -3 48 -45 H, 3, 6. 

-1 85 88 0 49 -49 -4. 36 40 
·-4 23 25 -2 49 49 -5 29 -22 13 20 23 
-5 66 62 -4 43 -47 -7 39 -42 12 22 24. 
-7 276 268 -5 23. -25 . -8 '126 125 11 45 40 
-8 ·.122 -116 -6 49 46 -9 191 ·-192 10 34 -35 

.,: ..;.g 112 108 -8 120 119 -10 53 53 9 63 63 
-10 72 69 -:-9· 145 131 -11 84 -81 8 . 195 -186 
-11 20 19 -10 146 -).43 -12 251 -251 



(_ 'I) 
LISTFC FOR ** Q27SLA ** 

H,3,6 -2 .88 80 -19 34 35 13 39 -38 
-1 65 -60 -20 17 l-4 12 18 20 

7 61- -57 0 100 -91 ll 40 37 
6 . 112 105 2 22 -20 H,3,3 9 158 .149 
5 50 48 3 173 170 8 90 87 
4 44 39 4 24 -19 -18 79 82 7 42 -44 
3 41 31 5 73 -74 -17 120 -118 6 179 175 
1 21 . 17 6 90 ·-90 -16 40 40 5 99 "-90. 
0 64 63 7 29 -23. -15 210 -217 4 449 -435 

-1 101 86 8 95 93 -14 215 -225 3 352 -335 
·-2 30 35 9 22 -22 -12 76 •74 2 68 68 
-3 74 74 15. 23 ...:.2s -11 94· . -95 1 381 -358 
-4· 137 -148 16 21 20 -10 40 43 0 114 ' 110 
-5 173 -173 -9 69 -65 -1 1os· -;1.02 
-6 46 55 H,3,4 -8 18 21 -2 309 301 
-7 ·340 -329 ..:..7 .92 -84 -3 22 -22 
-8 39 40 17 ·58 -61 -6 50 -47 -4 65 -63 
-9 t22 -117 15 44 . -44 -5 197 182 _') 27 -23 

-10 82 82 11 29 33 -4 24 4· 223 -6 222 -220 
-ll - 41 -41 9 31 -31 -3 170 170 -7 34 -32 
-12 72 70 8 85 80 -2 286 -270 -10 25 28 
-13 97 95 7 80 76 -l 203 193 -ll 60 64 
-14 109 -106 6 126 -120 0 71 64 -12 53 -53 
-15 77 72 5 56 55 1 16 20. -13 63 61 
-17 14 -14 4 132 127 2 184 172 -15 54 -53 
-18 18 -16. 3 . 179 181 3 24 -18 -16 23 -18 
-19 26 -26 2 106 -104 4 20 20 -17 116 -117 

1 88 87 5 261 243 -18 20 16 
H,3,5 0 19 -21 6 88 83 

' -1 66 -60 7 82 76 H,3,1 
-20 17 -17 -2 47 43 8 193 -183 
-19 40 -39 -3 42 41 9 65 57 -19 26 29 
-18 22 20 -4 118 -106 12 26 23 -17 20 -20 
-17 16 -15 -5 62 -53 1,4 24 26 -16 41 -44 
-15 21 23 -6 117 . -125 15 90 -87 -14 52 55 
-14 66 64 -7 211 -209 16 16 -16 -12 29 -30 
-13 103 -106 -8 23 -18 17 59 -62 -11 56 58 
-12 172 .-173 -9 132 -liB 18 23 -22 -10 41 43 
-10 238 239 -10 129 -139 -9 99 -96 
-9 336 -328 -11 105. 107 H,3,2 -8 26 -28 
-7 294 -288 -12 30 34 -6 282 282 
-6 108 -109 -14 97 101 17 21 -15 -5 35 -28 
-5 70 -72 -15 . 123 -124 16 41 -40 -4 254 -244 ., -4 38 ·-27 -17 22 -19 15 80 -75 -3 326 320 
-3 42 38 -18 19 -20 14 33 29 



LISTFC FOR ** Q27SJ;,A ** 

H:,3,1 3 245 230 -2 66 63 
4 265 266. -16 63 -64 -4 115 107 

·-2 272 258 5 135 -127 -15 49 -51 -5 29 -34 
·.· ;·-, ,·, .. ._,..--. -:\·.··.:.:1·''· 343;,., ... 3·1 ·5 · · ... ':' , 6. 1.15 .·· .. . 109 . ._13 ·' 20c 16;. : -6 .·' 17' .•. ·'-13 '., : -~·-

0 79 -79 8 20 -17· -l. 2 130 -138 -7 39 36 
1 441 -415 10 22 -17 -9 16 18 -8 23 14 
2 67- -62 13 17 -16 -8 17 15 -9 17 17 
3 185 183 14 24 -22 -6 27 32 -10 90 94 
4 210 207 15 20 24 -5 47 44 -11 78 -79 

.5 241 236 16 42 37 -4 62 62 -12 26 -26 
6 431 -403 17 22 19 -3 76 71 -13 31 34 
7 4'67 44"0 18 39 -38 -2 69" 65 -14 41 -36 
8 48 39 -1 195 -181 -15 100 -104 
9 175 169 H,4,1 0 162 147 .:..16 115 -115 

10 39 40 1 155 .-147 -18 63 -68 
11 20 23 17 33 28 2 280 251 

-. 13 69 -6.8 16 27 27 3 106 101 H,1,4 
14 39 -30 1~ . 30 28 4 130 -133 
16 34 33 14 76 72 5 .85 -82 -18 30 -33 
19 26 -28 9 48 46 6 131 122 -17 100 104 

"• 
8 116 112 7 72 -73 -16 194 -196 

. H,3,0 7 143 . ·139 8 13 7 127 -13 39 ~38 
6 66 65 9 89 86 -14 203 -20~ 

18 20 18 5 183 -173 10 50 45 -13 86 -86 
15 28 33 4 243 -243 11 19 -15 -12 96 10'0 
14 34 ..:..34 3 24 7 217 14 ·. 4 9 51 -11 20 -15 
13 16 16 2 496 458 15 16 -is -10 22 -18 
12 . 49 49 1 42 -37. 16 40 42 -9 78 -78 
11 17 20 . 0 66,0 617 17 26 28 -8 102 100 
10 54 49' -1 383 -360 -7 54 55 

9 68 64 -2 . 102 -94 H,4,3 -5 57 -52 
8 25 27 -3 159 130 -3 30 -28 
7 221 201 -4_ 19-5 - -195 16- 38 36 -2 89 -73 
6 131 129 -5 15(;i -150 ·15 38 -35 0 68 -65 
5 93 91 -6 83 -88 13 34 -28 1 86 -83 
4 74 69 -8 38 -38 . 11 41 35 2 109 105 
2 381 -355 -9 38 38 10 68 64 3 33 34 
1 35 33 -11 41 -38 8 192 182 4 80 -79 
0 238 220 -12 57 67 7 220 -214 6 24B -237 

-13 63 -60 5 42 41 8 35 35 
H,4 1 o -15 32 38 4 110 100 14 16 -20 

-16 16 -14 3 '72 70 15 29 21 
0 858 799 -17 . 17 -21 2 21 -24 
1 388 369 l 106 -98 
2 326 306 H,4,2 -1 52 52 



(il 
LISTFC FOR ** Q27SLA ** 

H,4,5 2 90 -80 -2 23 -24 -8 74 -75 
3 111 -109 -1 27 29 -7 39 38 

12 27 -25 4 82 85 1 69 72 -4 66 65 
9 52 -55 5 67 68 2 61 -68 -3 19 24 
6 156 142 6 77 -7? 4 45 -43 -2 42 -44 
5 83 84 7 41 -43 5 29 30 0 45 -44 
3 17 17 8 75 -73 6 24 -20 1 17 17 
2 48 48 10 34 32 7 88 88 4 15 13 
1 152 -141 11 17 16 8 138 -138 7 27 38 
0 159 -156 12 29 -29 9 95 -98 9 44 46 

-1 50 66 10 55 -57 10 53 -60 
.-2 32 -29 H,4,7 11 34 -34 
-3 39 34 12 17 15 H,4,11 
-6 17 22 10 36 -3.7 13 16 19 
-7 19 -19 9 50 .-50 9 21 23 
~9 24 -21 8 91 -86 H,4,9 6 17 -12 

-10 163 -172 6 192 -187 1 25 -26 
-11 104 98 5 52 52 11 33 -37 0 19 23 
-12 118 -120 4 54 54 10 80 -88 -2 33 -34 
-13 176 -174 3 92 -91. 8 221 -223 -3 21 22 
-14 201 -198 2 126 -124 7 74 71 -4 27 28 
-15' 60 61 1 34 32 6 18 -22 -6 22 26 
-16 179 -181 0 136 -135 0 32 30 -8 160 160 
-17 111 113 -1 ·59 59 -1 39 -41 -10 65 65 . 
-18 32 33 -2 36 -35 -2 41 42 -13 51 55 
-1'9 19 -20 -5 23 -26 -3 29 26 -14 78 81 

-6 87 -89 -4 23 -21 -15 38 -40 
H,4,6 -8 151 -150 -8 66 67 -16 37 42 

-9 1~2 197 -9 39 -37 
-18 43 44 -10 31 -35 -10 126 131 H,4,12 
-16 52 -·54 -11 79 -80 -13 21 20 
-15 69 71 -14 65 -65 -15 40 39 -15 45 -45 
-:1..4 143 -135 ~15 58 56 -16. 40 41 -14 60 64 
-13 37 36 -16 38 39 ...:17 29 -28 -12 17 20· 
-10 195 207 -18 41 -40 -11 22 24 
-8 131 -127 H,4,10 -9 116 -118 
-7 79 -80 H,4,8 -8 135 133 
-6 60 -60 -17 43 -44 ;_7 81 84 
-4 23 -16 -15 29 28 -16 59 61 -6 85 84 
-3 34 -35' -13 46 -45 -14 67 67 -5 56 55 
-3 34 . -35 -12 48 49 -13 88 89 -2 28 33 
-4 51 -35 -10 26 29 -12 44 -43 -1 23 23 
-1 63 65 -7 47 47 -11 104 -105 0 32 -33 

Ia\ 0 191 -191 -6 70 -72 -10 44 -47 1 26 -28 
1 66 ·-69 -4 23 . -23 -9 42 42 



LISTFC FOR ** Q27SLA ** 

H·, 4,13 -2 40 41 
-1 .27 -31 . 

1 16 13 0 29 -30 
0 66 ·-66 

-4 15 17 H,5,12 
-5 73 73: 
-6 135 137 1 35 -36 
-7· 28 -24 -1 77 -77 
-8 115 1:).6 -2 20 24 
-9 74 -77 -3 32 33 

-10 18 -17 -5 36 -34 
-12 19 15 -6 41 -43 
-13 15 -14 -7 139 -139 

-8. 24 26 
H,4,14 -9 64 -68 

-10 50 46 
-s 68 70 -13 24 26 
-7 80 -82 
-6 132 138 H,5,11 
-5 19 20 
-4 '52 50 -13 19 16. 
-2· 28 -28 -10. 28- 33 

-. :-1 15 -8 -9 58 -57 
0 60 62. -8 19 23 
3 20 -19 -:7 47 -44 

-6 103 -101 
H,4,15 -5 24 -27 

-4 '42 42 
0 2·2 21 -2 29 ·-33 

. -:1 28 -30 -1 38 35 
-6. 16 20 2 24 -23 
-7 37 -42 5 19 16 
-8 33. -32 

H1 5 1 10 
H,5,14 

8 21 23 
-4 16 19 -3 39 -42 

-5 26 25-
H,5,13 -6 22 -20 

-7 ·30 . -30 
--9 16 14 -8 60 -~9 
-8 . 24 28 -9 65 -61 
-6. 36 35 -11 33 35 
-4 35 -39 -12 20 21 
-3 25 -24 -1.4 37 -38 

\._i - - I 
! 

-14 
-13 
-10 
-9 
-8 
-7 
-6 
-4 
-3 
-2 
-'1 

0 
1. 
6 
7 
8 

10 
9 
6 
5 
3 
2 
l 

-1 
-3 
-5 
-6 
-7 
-8 
-.9 

-10 
-11 
-13 
-14 
-16. 

-15 
-14 

H,5,9 

28 -29 
30 29 
36 35 
57 -54 
63. -59 
55- -52 
46 48 
44 -45 
22 22 
51 48. 
46 -48 
29 28 
39 -44 
30 25. 
35 -38 
34 -35 

H,5,8 

19 23 
24 29 
20 -20 
19 i2 
38 .-41 
18 -20 
88 "'":90 
25• -25 
40 44 
32 ..:..33 
49 -50 
29 29 
29' 29 

108 113 
31 -31 
43 43 
30 30 
25 26 
28 ·-29 

H,5,7 

23 -22 
34 37 

-13 36 -31 
-12 45 -43 
-11 52 -56 
-10 43 -46 
-9 75 -80 
-7 90 9.2 
-6 61 -68 
-5 74 72 
-4 60 64 
-3 '49 -58 
-2 67 68 
-1 69 -70 

0 36 33 
1 64 -61 
2 55 -52 
3 39 -39 
.5 21 15 
6 72 -62 
7 154 162 
8 48 53 
9 46 45 

10 3.9 39 

H,5,6 

11 19 -20 
8 49 47 
5 '46 -48 
4 27 -27 
2 19 18 
1 38 -32 
0 •65 -62 

-1 69 -63 
-4 26 18 
-5 84 90 
-6 78 -. 8 3 
-7 109 107 
-8 101 -11.2 
-9 70 70 

-11 48 53. 
-12 39 -37 
-13 63. ..,..67 
-16 56 62 . 



',I) / 

LIST~C FOR ** Q27SLA ** 

- . 
H,5,5 ..-2 58 57 5 58 -56 

-17 59 68 -3 64 64 4 98 92 
-16 16 -20 -15• 79 84' -7 23 18 2 86 -83 
-13 39. 42 -14 38 44 -13 53 -56 1 35 34 
-12 43 -40 -13 27 29 -14 52 56 0 194 199 
-11 21 19 -12 24 -21 -15 65 72 
-10 51 -51 -11 . 85 93 -16 24 28 tJ:,6,0 0 

-9 161 166 -10 25 -17 -17 33 40 
. -7 121 123 .:...9 28 2 5· 0 . 142 ·-142 
-6 73 79 -8 27 23 H,5,1 1 194 -195 
-5 19 18· -7 - 31 .29 2 245 -241· 
-1.· 16 19 . -6. 34 33 --13 18 18 3 19 19 

1 . 31 -3·0 -5 28 -24 -11 18 -19 4 55.· -54 
2 81· .79 -3 89 -87 -16 33 -35 5 18 15 
3 61 -55 -2 57 -56 -9 .25 22 7 50 -48 
4 81 -78 -1 91 -87 -8 31 -26 
5 -a.o 78 ,1 82 77· -7 57 54 H,6,1 

·. 6 62 63 2 111 -·111 -5 24 17 
g· - 27 27 3 52 52 -4 46 -48 14 26 -28 

4 70 72 -3 153 -156 9 33 -37 
H,5,4 5 188 -186 -2 66 -65 8 24 -28 

7 23 -22 -1 155 148 6 54 '' -51 
9 30 -28 9 26 -24 .0 69 -73 4 83 83 
6 . 26 -21 10 31 29 1 189 183 3 155 .-154 
4 32 32 12 17 -14. 2 115 110 2 158 -158 
3 97 -95 14 20 -19 3 121 -131 0 . 224 -223 
2 68 -66 15 46 48 4 97 93 -1 214 208 
0 81 . 76 5 91. -93 -2 42 45. 

-1 29 20 ·B,.5,2 6 29 30 -3 76 75 
-4 53 58 7 180 -174 -6 41 41 
-5 28 '24 15 30 28 9 73 -76 -9 21 -24 
-6 48 50. 14 .. 35 -31 10 54 -55 -11 20 23 
-7 102 107 13 35 33 13 37 39 -13 30 30 . 
-8 57 63 12 32 -29 14 4'6 43 
-9 75 70 11 30 -28 15 18 14 H,.,6 I 2 

-10 52 -:-60 9 5.8 -59 
-11 85 -91 7 54 -51 H~5,0 -14 37 41 
-12 64 66 6 64 57. -13 17 -18 
-13 20 20 5 125 124 14 20 -19 '-12 16 16 
':""14 21 17 4 33 -32 13 21 -26 .:...11 23 28 
-15 .52 52 3 151 149 12 22 -21 -9 19 -22 
-16 45 -48 2 90 91 9 64 -64 -2 19 -26 
-17. 44 48 1 47 40 8 56 -52 -1 25 23 

0 206 -195 7 77 -72 0 154 -153 
H,5,3 -1 92 88 6 37 -40 



' 1..\~ 

· LISTFC FOR ** Q27SLA ** 

" 
H,6,2 -1 81 72 3 28 25 H,6,9 

0 48 46 4 30 -28 
1 149 143 1 24 24 5 28 -31 6 32 36 
3 110 -112 2 57 -55 '6 56 56 -2 27 -25 
4 59 -58 ·4 83 86. 8 18 13 -3 34 36 
5 78 79 5 73. -70 9 1'5 14 -4 16 -20 

'7 41 40 7 45 51 -5 42 -42 
8 - 56 -60 9 39 35 H~6,7 -6 40 47 
9 54 ..;.55 10. 18 -20 -8 64 -69 

10 22 -27 11 20 -24 9 52 57 -9 33 -39 
8 54 57 -11 42, 46 

.H, 6, 3 . H,6,5 6 55 53 -12 20 -22. 
5 48 -49 

10 21 -25. 6 43 -42 4 33 32 H,6,10 
9 19 -16 4 30 -28 3 51 57 
8 66 -68 2 43 45 1 18 -19 -12 22 21 

- 7 49 -53 1 73 72 0 59' 62 -8 36 36 
5 16 13 -1 5'9 -65 -l 27 -31 -7 18 16· 
4 51 -48 -2 37 '36 -2 28 30 -4 31 -30 
3 18 14 -3 17 -23- -3 33 -32 -3 29 -31 
2 42 -44 :-4 31 37 -5 37 43 -2 53 53 
1 32 26 -5 32 -37 -6 21 20 -1 20 -18 
0 27 30 -7 38 44 -7 25 -31 

-2 73 -70 -8 19 -16 -8 86 92 H,6,11 
-3 40 ·-40 -10 71 78 -9· 24- -23 
-5 38 41 -12 22 27 -10 20 -23 -1 27 27 
-7 30 -34 -13 30 32 -11 27 -25 -3 19 -22 
-8 26 -24 -14 114 121 -12 53 55 -4. 21 23 

- -10 34 -32 
I 

-13 15 -1:3 -6 65 -65 
-12 ·27 25 H,6,6 -7 76 -75 
-13 39 39 H,6,8 -8 37 -36 
-15 59 63 -14 43 50 -:-9 32 34 

-13 61 64 -13 16-. -14 -10 40 -41 
H;6,4 -11 24 23 -:--12 29 -34 

-10 31 -33 -11 26 29 H,6,12 
-15 47 51 -9 66 -73 -8 21 21 / 
-14 71 78 -7 41 48 -7 45 -46 -8 71 -73 
-13 51 58 -6 66 72 -5 17 15 -7 30 -30 
-10 41 -44 -4 27 -34 -4 56 63 -6 24 -27 
-9 .50 51 -3 3'5 42 1 53 -55 -5 32 -32 
-8 19 21 -2 27 31 5 21 -22. 0 22 22 
-7 38 -41 -1 40 -43 6 28 25 
-6 32 -36 0 89 88 7 35 -40 
-5 l9 25 1 72 71 8 62 65 
·-2 48 43 2 37 35 



LISTFC FOR ** Q27SLA ** 
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