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Introfuction

(ertain long organic moleoul ez can exisd in
rhapes intormediste between 1Liquid and solid, These
phages have some of the properties of & liguid, sueh

es fLuldity and inabilily to support o cheare ?bey have
1

phage ap *hiquid Orystels'e Priedel®?> suggosted the

aled sone proparties of & corystal.hLehmarn’ nemed this
term *Hemoumorphie State'.

‘ Ligquid crxyeotals oxhibit anisotropic properties
ﬁs'de s0lid orystals. The mesophese can be Adentified
visually by its characteristic turbidity or by a pola-
rising microscope by ite optical birefringence.

| Liquid eryctels in goneral cen be formed by two
procescan, by *adlvent* offect (lyotropic masémorphism)
end by thermel processes (thermoiropiec mesomorphicm).
In this study we are only concerned with the latter,
where compounds exhibit liquid cryotel phaces on heatw
ing from the molid. |
| The macroscopic anisotropy of liquid corystal iam
attributed to long range wolecular orientational order
with pospille additional ome or two diwensional positional
ovder, In genersl, liguid crystsl molecuies are highly
elongated with a fairly rigid long axim and thus have an
ahergetie;advanﬁaga in cooperative alignment, the posi-~
4ion of henzene rings and pelar groupe om the moiecule
aeﬁornineg the range and type 0f~%he phase, by infiuenc-
ing the form of the intermolecular potentiale The meapure-



ment of suitably defined order paramelers related to onlentaw
tional and pogitionsl awolecular axé@r,gravi&es_v&lua%&e infore-
mation on the nsiture of the intermoleocular ferces rospongiblie
for phase transitione snd other thermodynemie propertiss of
liquid crysiel, |

Claspification and Nomenciature

Phere are three bagle type of thermotropic liquid orystele.
Following the classification of Friedal?’ they are named a»

gmeotio. Nomatic and Choleplerice

1. Heﬂﬁ%ﬂ.@?

i) Hematie liquid orystals have no iranslatlonal
Oﬁ’ﬂel‘ (?ig,. 1’.&); ‘

ii) The molecules have free roiational motions about

| their long azie, but they have orientatisnal order,
1i3) The molecules tend to align parsilel to sonme
diregtion, 1.

iv) The méleculea are sgpsumed elther to lack, or the
dipol.es are equaxly~dist?ibutea in appasitavdirec-
tiong, Statislically spesking, this mesng that the
states of + B and -« ¥ are indistinguishable.

v) The nematie Liquid eryaﬁalé are optiecslly uniaxial,

vi) - The lattice spaaé-groupa-ia Core-

vid) The molecules are either optieally inaativé or; Af
thoy are optically active, there is a (1:1) mixtﬁre
Bf right and left handed epeciee ia the nematie
ocryotal . |



de Vries4 found another type of nemetic phage

cslied cybobabtie nematic in which molecules group thom-

pelves into isolated planay Brrays,

2a

i)

i)

iis)

iv)

smegtic Liquid Crystels

M1 saectic liguid erymstels have & lsyered
structure (Fige. 1.2)e The cenire of gravity of
the cdiongated moleculos are arranged in equie.

distant planes.

The long axes of tho molecules are parallel to

2 preferrad direction ?;’ which may be nersal

to the plance or tilied by & eertain angle,

The arvangezent of the centre oflaravity within

the planes may be at random or regulsar.

Phe inter layer attractions are emall in coaps
rison to the lateral forcee and the layers ave
sble to slide over one aaétber‘ There are seversl
types of smectic¢ phaves, Smeetic A ip the one in
which the director is perpendicular to the piane
of the leyers, while in sueociie ¢ phase the
diregtor is tilted with recpsct to normal to the
ylane'ef the layers. The clLacsification and ehézae-
terication of smectis phames are mainly done by |
Hermanns. Sackmgnns and Demus, Annold!.

The clageifications were done by different

workevys by different wnethods, such asg migeibility criterion,

texture studies, Xerny datams. The sméoctic phases aan be
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L)

arrenged sequentislly as smeet, 3, D, Ur ¥s B Py Gy Hevsces

where Lower temperniure phapes stend further o the right.

S
1)

ii)
i3i)
iv)

v}

Sholesterio Ftructure

The.strueﬁare ie a two éimenaienﬁ& neasatio
(Figo 1e3)e

There is no iong range ovder in the cenires of
gravity.

Tha molecules are aligned aleng o perferred
axis n . |

% ip not m constent in spaee ond hag a holical

synnetyry.
The piteh af tﬁe helix’ie tenperaturs and concente
retion dependent.

Another type of Liquid eryotel g wan dincoe
vared by f.Chandrageikhar and Go=workers® a fow
yoears ago]aalle& col unney phase or ceanonic phames
where the fiat dise like moleculer are siscked in
columns and po ﬁhe prana of the moleciies are PO
pendiculer to the direction contrary to the former
ypep where the polecuiés ere parsllel o the
directors’, (Fige 1e4)s

I & pubeisnee hap both the phases mmestie

and nematia g then on heating ihe crystalline molid phase

melts inte & cmevtie phass which subseguently trancforuo

o the nematic dgobtropic @haaea.>

6 = 8§ = ¥ = I



/] 1]
A /
TRy
AR
\\\\\\\\\

N : /-
FIG.1.%4. SCHEMATIC RéPRESENTATION
OF CHOLESTERIC STRUCTURE.

(a)

(b)

(e)

Fig.1.4.

R : [
R0 |

0
0 R .
j 7T Disk Molecules
R No o° |

I
R

X

R@- CEC—CEC@‘R Diacelyleneg

OH
!
CH,
0

H o H .. .
- HO\H “><0-R Glucopyranosides

H OH

New Liquid Crystsls



(%)

for e¥ample, terepiholebige(ep-butyl ouniline) TBBA which

heg the chemical Strueturé19

/

e,y ’@—_N\\CH—Q‘CH”N——@—CA%

has the phases and transition temperature (°¢) s given

belows

G-:—T:Q,,v——o-ﬂe-—;ﬁ&e_ EP—OX
nac N F2¢ 200C 135¢C

Por o msaterigl having oniy ocmeotie phame with fbe increnge

of teaperature, the seguence of phase will Dds

c ~ Sﬂ < L"‘IE/M

With choleeterics and suectics, it has been
obeerved sxperimentally that
(L) 8§ —— 6 —— %

{(34) 8 — . Emeotic 4

v

¢h —~ X

Yo substancos has been found to exhibit boih
nematie and cholesterie phapes, %hough cholesterie can
underge *o nematic under the aotion sf extornal eleotrie
and magnetie fields.

cradis!! found in binary amizturee of cone neEo-

genic cysno compounde, that they followed on cooling the
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BE . | . | ‘
schenet - isotropic —— nematie ——> smectie A

nematice The low tomperature nematie, below the emectic
phese is called the re-entrent newatic phase. This phe-

nomenon hag @iso been cbzerved by (ladis ed ol at clevaw

12,13 14-16

ted pressure and by others at atmospheric prescure

in pure compounin,.

Mn‘eoﬂlar.ﬁtructure'a

Holecul e ghowing mesomorphisn poszosses the -

following oitructure -«

(i) The molocules are geometrically snisotropie,
they are sither rode-shapod, flat or lath sheped,
(€% The molecules have gome rigidiiy slong the long
axes o theat parallel orientation may not be
 broken. The molecules should popsems strong
qggglgg,j(Peraanent'ar indiced) and easily poife
risable groups. The foreces recponnoible far the
wepophages are prinarily dipole-dinole intevractions
snd digpersiva forces. a
The mel ting point aust not be too high,; lest
only supercooled metastable mesophases bs formed monotro-
\ piecally. However, polarity of the ferminel part frequentiy
&ives ripe to veﬁy etyrong inﬁermaiaaﬂlar attractionse res@lt~
ing in the rise of mel ting point.
Most of the thermoiropic mesogens ¢nn be rép=
resented Dby ‘



S edminal group ——<:§i>r—— Gentrol grewg—«<:::>——§erminal

group

The termins)l £roups asy be ceme or different. The centrel
aore is ususlly attached to the para poritions of the
bengene ring. These are eapily polavisaile and planaer. The
sromatic rings may alco be connected éizee%1y17 as in
p-oyanseplepentyl biphenyl .

Cglyqy —< o> o> cN

P 22'5¢° ¥ 358

néhe'meaomoryhic behaviour is greafly influenced if the
length of the rigid w core is increased by introducing
additional aromatic rings, #8 in PeoyBno=p'—n-peniyl
terphenyl17

Oy —oo—<oo—Xop— cN
p 120 % . 5 2390(’_> 1
Often the central group certaein multiple bonds o maine

tain rigidity and linsarity as in Peazoxyaniszole (PAR)

O

GHy — O— >— @r_: N —<>— 0 —CHy



By studying the howmologous peries Qxay*ﬁ’?a sheevved that
ceriain genorsli types of curves m@iﬁxin@"ﬁh% transition
tenperabores to the number of carbon atoms in the perie
might be obimined and thip could be used to zorrelate 211
the. memberg of the mories, He found - (i) The dilferent
phage btrangition temperatures (¥ — I, & — I, 8 — ¥}
£ive enooth curve though the sel ting point do not show any
wiifornity. (31) The clesring poinits of nematic phase docs
reasep with increasing chain Lengthe (23i) Tho HwI tempo.
-ratures Tit In two curves one for sven and other far odd
n&é%er sfvaarhcﬂ ciomp in ne-alkyl eohodne giving visce 4o
the sowozlled *Odd-sven’ effect. The ¥ - I temporature
Recreases with & distinct aliernation and the amplitude
of the aiternation aslezo redueces with Iingreasing chain
lengthe
{iv)  The plot of clea®ing poinis of meotics and the
€ - H {teansiticon tepperatures ususlly reaches 8
maximum of a moderate chein-léngth and decrsasen
8radusily with further elengation of {the chiin.
This plot norzslly shows no diptinot 08dwoven
affeeﬁ21.
{7 In & hemologous geries, shorbter chains exhibig
purely or predominantly nenatic phaasp,while
#zeciic phanes dominats in longer chain wmolecul 2o,
&t the expense of nematle thermal atability*&‘zﬁa
The effecht of broadening of 2 wolesule by intmwo.
ducing ono or wore subetituenie in placs of hydrogens along
the side of the ocove structure im given in detail by Grav’a.



™
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ohe broadening reduces the anisobropic polarisabiliiy and
eonmequently the intermolecular atiractions. Young and

his ca-&wo‘mfergg ptudied the following conpounds «

\
P
\ b__c H
cou 0 —Lo>— coo —<&— 00T 1
275 E;/ A

and found & systomatic decresse in ¥ —— I “temperatures
as the numbder of eH, group ingerted st positions L, B

o Y 2 wap increcased.

.Ehoories of Memetioc Liguid Crystals

In a wacroscopic volune of & nsmatic iLiguid crystsl, the
preforentisl direction n is in genoral not wniform, but
changss from maea to piace under the zotion »f disture
bing forces such ag® convegiion, flow, wall x effects,etc,
Howavey, aven large aainplés can bhe aligned by both wagno-
tic and elecitric ﬂeﬂ.ds. |

In & homegeneously ordéred Liguid crystal sample
the long axes of the meléacules ares parallel .to the pre-
Porred direction. This hoids 6nly in a' time oy space
average. In reality, due to thelr thermal energy, the
individual molecuies or small groups of moleculss tunble
about the preferred dirsgtion. The efficiency of the woléw
cular orientation along & [ pan be described by & single
ordey parameter <L Pz >

<>z L <3ces®~1>



Lier

wa

A ' N
where the brackets mean the tipe oy space average amﬂigijé:>

the eagzie between the long wolecular axig end the prew
Peryred direétian. This ideal nematic order will De pompible
near the sbrolute sero point of the temperature onmly i
paterial would not frcesc;’ror'an izotropic liguids{ = O
The order parameter (‘2 > gan be deterained by
meapuring the prineipal refraetive infices or the dia.
nagnetic susceptibilities or Twpray diffraction. Other
methods use the wliraviolet or infrared dichroisa or

nucl ear magnetic resonance spectra,

¥aier and Eaapegg*as developed & siatinticsl theory
40 demoribe the liguid svystsiline estate mnd the maleculaw
or&ariig for the mematies phanme, Iu anslogy o the/trea%ment
of ordering phenomenon in Teriomegneétiocs 27 ferrosleciries
this theory deserides the intermolsculer orieatetion
forces by & mean fiél& nethade FTach individusl Eaieeale

feels & nenetio potential whieh is given

U= — <P Cos@ > PLCQOSQ

where V 4is the molar voluwe, and 4 4p & consbant
charactoristic of the molecule, reiated to iis polarie
nahility. | ‘

The derivation is based on the modél 3hat the
wolecule elignment ilm caused by &ispersian forces,



@'I?h / f-f?»:

oply the induced dipole-dipole pontribution is consifered.
?ﬁe anisotropy of the m@lacﬁlar‘p@l&riz&h&&iﬁy.eamses an
angula§7ﬁepeaéence of the internoleeviay dispersion forces
and therefure ig regponsible for mesomorphic phase,
ﬁumpﬁries?s haves however, shown that the sssumpe
tion of the anisotropie dispercion tarcas-for the forme-
tion of nematic phase was not epsenilial. Thus & single
molecuie potentisl (mean field) can be set up to give
particuler ovientation dopendenscs {1) fﬂlahould be miainum
when the solecule is parallel to the direcior and meximum
when the moleculs is perpendiculayr to the Givector, thue U

may be choson %o be propartionel to

- Bylcos @ ) = = (3 Cosl & = 1)/2 voel2)

(14) U must be proportionasl te <:ga>' the average
degree of orientatlon. This potential which is responsibie
for nematic phase formation should vanigh when (P,> =0
and be minisun when the molecules mre highiy ordered., Thus

Ulcos 0 ) == 15423080503 Plcosg) ()

Orient&tiana;ﬁaistribr%i@n fwistione

Orientational distribution function £ (Com € ) gives
the probability of finding s molecule whoze a3ip uskes an
angle © with the dirsctor ® . |
. Orvientztional distribution funciion corresponding to
the single molecule potential has the forwm
Pllose) - Z e pl- Bucose]

z = JIP-XPE— Buceos]llee=9) ()
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where % is the pingle wolesculoe parbtition function (5= j%;v
'K 4g the Bolismann®s consisnts T ie the tenperaiture in
abesolute unite The Limit of integration has been resiricted
within 0 and 1 bscsuse _ﬁ and ~n are indistinguishable.
The dependence of the order parameter (P, on the tempe-
rature T can be found by solving the solf-consictency

equation

I
(Piy= | Raleose) Vecose) dccossd o (5

ueing equation (4) in equation (S)

/P 403‘ (23 CCosG) expl @Y P, (cosDLP)] d (cos® |
20 J\QKPE@\}PZCEZOSQ)<PZP'>:]'chC,ose) esel6)

A computer programe has been uszed 1o odtain the value oy
values of <P2 > {(Por any pariicular T {(or () that
sa%igfiea eguation (6). <§é>ﬂ ¢ ism 2 solution at all

T, below certain temperature determsined by ET/o = 0,.,22284,
two other colutions appear. 0f the three golutions below
the critical teaperature the one which satisfies the iher
a@dynanic condition of minimuu free energy will give the
stakle phaco.

Extengion of the Mpier-Uaupe Theory.
Humphries, James.pnd &aekhurstaﬁ developed & wore compro-

hengive concept by inciuding higher order jerms in the
mean ficld potential for cylindricolly symmetric moleculeos,

EREIFE ALY JraaRY

‘g‘ @ 3 5 3 Z ) ERTA BTG
20 FEp

= N VX, T . g e
lguu L B4F BAU2oEs E¥FOB
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Yneir resdlt i

0es(7)

Uy (eos®) = 2V SRy (eos®)

U‘ » 15 the gingle~molocule potenticl in the meéan field
approzimnetion. |

‘ o
(R :OS R lcose) p)(cos®d A Cose) voolB)

where Q €os©) is the orientational distribution
funotion ond B 's are the Lths order %erus of the
Loegendre Polymomial (L takes only even values)e It has
been the termp with L » O in (7) may hg'ﬁrapged gince

it is merecly on sdditive eonstent. Then

U, lCos®)= w,<m,5 33 CC.OSQ)"f-‘\..94<Pq’ CosQ)

- asey i
retontion of only firgt term of equation (9) gives the
. Maier-Saupe theory.

iquid Crysitalp,.

I% .13'nw well estatliched that for proper undev-
gtending and interpretation of severel physiesi properiics
of liguid crystolline pha.séss a knowl sdge of the moleculer

| structure in the crysisliine phase 18 very useful. The
molecular conformation in the oryetalline eteis prodeter.
nines the wolecular organigation in the nesonmorphic state,
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ohe €irct attenpt to corrdlate the molecular arrangenant in
the negopﬁases with the evystal sitracture of the messgenic
paterial wap undexrtaken by Bernal snd @xewfaota7 in {he
neevrly $1930°%s. Upto 1974 oniy soven crysisl structures
head been deternined®®, This eltuaiion chenged drastiecally
with the advent of compuber progyam in the late 19705,
How a large number of gtrucivres heve hweﬁ deterpined,
sost of them being nematic, ‘
Frdliuinary purvey of the prosent knswleéga regarie
ding colid mesophasce relationghips wae given'by Bﬁyanag.
On the bagis of the evidence &t hand it ean be piated -

i) The molecul.es of the orgenic orystals when heated
to the liquid orystalline state adopt en arrange-
ment somewhat similar to that in %he exgatalam.

i) In nematic orystsls the long neyrow moleculss are
found to be more of lens parsllsl and inters
leave one another to form a&n *imbriecatad packing!?
{depcridad by Bernal snd Orowfock)e The %éaﬂafomw
wation fram the gsolid te the nematic phase is
characteriged by the breakdown of the poeitional
order of the moleculem but not of the orvientational
~orﬁer30.

iii) Por smectic compoumnds thé moloculeas are faound %o
bo packed in parallel array, as pre&iatéﬁsq.

This iz true at lLeagt the majoxrity of casem,

so far known but at this siage we must be cmutious %o
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Y

geaeralise it31o Erewn32 found oan imbriecated packing for
a nemstogenic compound with the nop-planzey molocules
erranged in herringbone fashion in planes perpendicuiary
to the ronz axzis. Brown and his ea»workerg§3 élaa found
a herringbonic compound with & tilt velative to the
layerg. Brysn, Focier and 31119?34“35 8lso discusped the
role of hydrogon bond in the formetion of aasagehie Gl o

poundse

Applieations:

fonpiderablie basic research on the opileal and elecirical
characteristics of Liguid cﬁysta;'waa carriaérﬁziing
the later half of the this sentury to develop the applie
cations of 1iquid crystelce It has been found that Liquid:
erystal p have ot & wide renge of molentifio aﬁ»lieat&qﬁo
The eharélchanges'in the ¢olor of ® cholesterie
ligquid crystals with aﬁall changes in teaperature have
resul ted in a nugber of uniqué temperature sensing appli;
catiansﬁ?. Az a regult, appiications to mediend diagnontics,
elesctronic couponont testing end serodynamie structure
analyeic bescame feasiblse.
Hematic and cholesteric 1iguld erygtsls have
already ¥ fount wide application in display devices ag
many of thelr physical propertiee such as birefringence,
optienl sctivity etec. are mensitive €o wealk exterusl

_perturbations. The remarkeble electro-optic effects heve
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vendered 1t poesitle Yo prepave liguid eryoted displays
whose main adventege over the other typen 1? that they do
not require emiseions of light, snd co consuge Very Low

powers. Diguid oryelels are used in displays fovr wa%c&ea,<i/ﬂ/

di@eks, eol culntors, panel wmeters and othey digitel e
dipplayse.

The x exiromely low power requirenents of %hé
digploy sau@le@~w1t& further improvemcniz in complimene

tary symametry metsl oxide seniconductor integrated civ-

cuite hae made posciblie the @ewelﬁpmeaﬁ of packet compubers
Liquid oryotlel dicplays are geining accepisnece in

'the digital instrument f&alé;:@plécing’lightﬁemitﬁing

displeye in applications where poritability is of prime

/ interast;

Liiquid orystals egevuwea in the flet pannel
televicion dirplays. The progress of cleeironics, 28now
cielly seniconduchtor elecltronics directs microﬁe@hnﬁiﬁgy
which requires low voltage and law current devicepe In
this point of view LCD in nost promicing among various
deviceg,

Roeontly, ferroeleciric 1lquid@ eryotals (3;3
have been used for & pew generation of fapt versatils

- ligquid orysiad devices,
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3capg~ag§ Aim _of the York

Lidquid arﬁutgls have enormous rémarkable applications.
For this purpose, identification of éifferent vhagen,
thelr el ectro-optic propertien énﬂ moleculey and crystal
atroeture annlysis are importanﬁa In the £ present work
six liquid enyatalline'aubstances newmely PCOEP, PGTP,
PBBA, EBBA, BPOPP and S0CB have been chosen.

Prom X-ray diffraction photographs of magne.
tically sligned samplee PCOPP, PCTP, PBPA and EBBA, |
orientationsl distribution function t(‘@ ), orxder
parameters <P, > and {P,’ , have been caloulated.
X-ray diffraction studies in liquid crystalline pheses
of the sauples BPOFP and 50CB were done earlier in our
laboratory. In the present work, optical birefringence
studies of the samples PCECPP, PQT?. PBBA, BPCPP and |
500B are done, The crysisl and molecular siruclture of
the memple PCOPP have besn determined from Teray diff-
raction. All the experimental worke sre reporied in
Chapter IXII and IV.
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CHAPTER I

PHEORETICAL BACKGROUND FOR X-RAY WORK.




2s%e Introduction

in the rafereneas1”4'the Yeray diffraction ctudieg of liquid

v2iled theoratiend
a5‘5

[#4)

crystelc have been reviewed and the 4
eongiderations are given in reforence ¢ Prom Xeray
diffrootion study we can get ides sbout woleculay interace
tions in 3iquid eryctels. Pirot attenpt was nade by
L&ngan7 end Friedala‘ Generally nematic liquid coryntale
sanples cousist of a larze nunbeyr of domains, the mole.
cules ere ordersd within = each domain ¥ in a preferred
divection (divector B ) but there is no rreferred direce
tion for the gpocimen ap & whola. £0 the Xeray diffymation
patiorn hae & syametry of revolution around the dizection
of the Y-roy beams, It ie evident from the unifors halo
just 1ike that of an isotropic liquid. Diffraction photow
graph of the sample oviented by pome mesns srée therefors,
_neaded to specify the ptate of ovdering. With the help of
intensity disiribution in the equatorial plane of the
diffraction patiexn (oriented) one can obtain the cylind-
riecsl distribution funotion, iving the probebility of
_'finﬁing two atoms et & éartieﬁlar dimtance, the stona
however, nay belongs to aané'ar différant-naleaules. Hore=-
ovey, according ta*chiatyakevg. the method inveolves an
integration over the scattering veator from zers %o
'imfinitg which can never be Dulfilled by photographie
mothode with a fiat plate camera, the plate beins norsal
t0 the X-ray beam. Caloculation of oylindrical distrivution



are uetexmined by the function

2.5

function and crder parsmoters from Xeray diffveciion works
hes been dome by 4de "ﬁriasf}, while orientationsl dictribie
tion funetion and order pavametere have been coloulsnied by

vavious warkemg O 14

Cele Avargge Intemolewlar Distance, Anvarsstlenzth of

In general it is poesible to caloulate & epacing
X» from the poeition of a diffraction maxiuwa by a forawle

of the type

ZXS'mo( = K,n) “)

fere 2 ip the éiffraction angle mengursd batween the
incident and Giffracted benns, B ip the order of refiooe
tions K, is & consian® depending on the shape and arrange-

ment of the molecul.e.

Ds Vries has dimscuseed the equations and, their
aw&imt&nna and their Limit in é’ieﬁanﬂw'w, Ve uned ¥ = §

in equation (1) for delermining the appsrent moleclay length.

For both tbe -er:!,emaé ané uneovriented pamyles we
have used K * 1117 %o eaiculate the intermoleculsr Gig.
tence (D). Thib im becuuse of the fmct thet, conpidering
$he £ acattering from & pair of molecules of & distance D
apart,'.if the chalne are silowed to rotate freeiy around

-each other, the positions of the maﬁm&, along the eguator

‘!3

LR

j‘o Q(_>_~_ j'Cos (L Cosx,) doc



ot
where X = L+“7CX e D einK  ané this gives for
Tiret vazima K4 = 1117,

Vendorff ot al17 galculated X values £rom the
photograph of some cholasbteral esters by taking E valueé
in eqne {1) from completely extended form of the molte
cules and found that K lies between {1 <for perfectly
order molecule and 1.229 for randow orientation of the

molecul.en,

2.3 Oriehtatianal digtribation funetions and order
paranetorm. , -
Por o pystem of cylindriocally eymuetric molecules

one can define an orientational distribution funedion 2 (6 )

depending on the angie bheiween the moleocular syanetry axim

and the diroctorm‘4

s which gives an zversge egtatep of
orientation of the long axia of the maleauiat. The Xevay
diffraction phoﬁggraphs record intenszitios averaged over
8 sufficiently long time and over a sufficienily large
volume, 80 the molecul e may be aspsumed to have an'averaﬁﬁ‘
cylindrioni syeunetry, even if they are not roiating about

4

their long axes . Por a cysten of rigid rode the orxder

paramebers 4\?2> and {P,) w@ay be defined by

J ‘R (Cosh) $(B) SimPdp
"2 n‘(‘b) Sim <f ees(2)

<a>-

where & = 2 and 43 P, (cos ) 18 & well known Legender

polynomizl of order 1. Leadbettor et al%i’ia reported the

neesurenents of £ (> ); by Teray method,



in relating the T-wvay intencities I ( 4/)fareuﬂd the
aiffuse egquabtorial are (Fig. 2.1) with the orisntationsl

1 aosumed

digtribution function, Leadbetier and Norris
the nolecuwlon ag »igid rode perfegtly aligﬁed in & cluster
of & small number of wolecules and obtained |
Vo | s ’
1(y)=c | 58] secPy [ tarte ~tarty] “sinpds
G=v
ees{3)
whegé'ﬁu_(@) depcribes the dintribution function of the
clusters in which the molegules are perfectly aligned.
They also assumed that for a perfect sligned smmple
L fd( B = S(py] s the scmttering is seyo
except for the directions of the sontiering veclor pere
pendiculiay to d&aaﬁar'axis. They have however, cnlculated
the offects and shawn that the Qeviations are negligitle
e¥eopt for hignly ordered, phassa ( <Py 208 M
~ Further couparing the values JtoLCP) with ]CC@) of
the pame gamples obizined by cther methods they have shown
that the vslues of &4(}3) i pome ag that of the true
singl et orientationsd distridbution funotion.

, Begause of the wolecllar dletribution in the
nematic phese centroesyometric, the distridution funetion
and intengity distribation funetion can be &xpanded in
the foral1s18 | |

w C 2')')_
I(W)z:; QZ"'\ os Y n‘b;(‘g '



Plg. 2.1.. Schematic representation of the
X-vay diffractioh photograph of an orlented
liquid erystal.



TOR A bl

010{5}
In eqn. {2) by substitubing fln K= Cosl Beey
we geot,
' ' 5
=C ) & C
ICLV,) ‘ -OJ :;_IC ) r’hOCOLO(/ eo@'i‘S}
From eqne iﬁ). (4) 8nd (5) we get,
P 7
a C 2N — 2y
%o 2anCos ,,J ,,,,*obz”" C’Oéﬂkp S1fn2ﬂ+é<,doc,
T
— Z'b Cog‘”qj T 24|
v'h=0‘

ocoloc

seelT)
A ¥ ip erbiiravy, the coefficients of Cos ¥ nust be
equal ., How

N m n
> oM+ _Q;'(,w’_
Oj 5w»<$4&.r Cant ]
£80
(2m+ th ) e
—_— »
bam = Lon 22" cmiy®

Qca(ﬁ}
Tho series in aqﬁ. (4) and {5) converges rzpifly.
Keoping eighi tormo in the truncated peries, o lLeast w

pgusre £i¢ting ie made %o obiain the coefficients Lrom



»\

oqne (4) with the corrected oxperimental intensily values.
e find it?ae'ezﬁ culated intenszity velues agreed with the
nbgerved 'éaluea in all cases. These vaiunes of Qon are
then used to cmlewlate the voefficlents ban “in the
truncated series for £( € ) 4n egn. (5) with the help
of eane (8) £ ( £ ) is thon ealeoulated using eqn.(5).

By ealenlating the indegral

) |
J ) simpde = K Say
o]

and then dividing ell the P27 values by K we obtain
the norpelised valuere of the orienteationsl distribution

fnnetion eo that now

LY/
i ade = ,
A fe) simede ! veel9)
Substituting eqgne(4) in equ.(1)
. " ~
. chgeosgﬁ_‘jz bz_,n GOSzmQCDl(CO.S @’)
) _ _L o ; m=0
{Ry =3 [ < 2m
[} banCos cd(cose) :
5 -
M=0 OQO{?@)

This ean be written in terms of standard integrals end
{Pp% can bo calculaieds Similariy (P, elso can
be c¢al eulated@h B '
vainq’\”heinw obtained & falrly good spprozisation
for the order parameters by replacing £ (£ ) values with
1 (YY) va:luﬁé keosping the Bragg sngle congtant in sani{1l.



N
(fl'\’)/\'

N\

h

, » ) ~ ‘
e oalculated the ordey paraneber value wsing ?ainﬁ%@iﬁ'ﬂ,
) ]

£y

zpproximation 2nd depigneted them ms (P, >v and <3?4 >v

2ede gggerinentq&>29chniaué end Data Ansl yoise

All the Yeray diffraaﬁian photograph were taken in
flat piaﬁ% coamera, (Fige 2.2} fabriosnted in cur laboratory
with M/s. Redon House (India) Xeray tnit fitted with
copper target, The details of experimentel set up has
been described by Bedhe ot 2120, The get up has the high
tonperature attachuent, has the proviciona for intorchange
ing calliﬁeﬁer. changeabl e ppacer to vary the gemplc %o
filamenf digtance and changsble gap between pele pieccs
of the slectromagnet,; all the materisl umed are nonw
nainetice .

The temperatureg @f'the pample wag regulsated
within ¥ 045°C by a Indothera 101, Temperature Controller.
The £ sample holder was calibrated upto 250°C with know
DePe sampLeRs Htrength of the mognetie field between the
pol é=picece wan meapured with 8 senpitive gauscmeter
(BCIL wodel OH 867)e Ni fiiter of thickness 0,009 was
uged for all phoitographs to obtein nearly nonoechromatic
Cuk) reddation of wavelength 1.542 2. The Collimater used
wae of 1 ome apa;ture. he exact distnnos between the
2iim and the eanple was determined by taking Mluminium
Powder Xeray diffragtion pat&ern.’ﬁar AL, the unit eell
dimension is known, the Brage sngle for bkl refleeting



R .a.z‘;Sectiotial diagrom’of the camera:
* (1) X-Ray; (2) Collimator ; (3) Brass Ring ; (4) Ring'of Syndanio

Board; (5) Brass Ring s (6) Cylindrical Brass Chamber;(7) Asbestos
insulation and Heat&r Winding ; (8) Specimen Holder and Thermocouple;

(9) Specimen ; (10).Film Cassette ; (11) Film Cassette Holder ;

-(12) Base Piate ; (13)L evelling Screw: (14) Brass Plates over the

Coils of Electromagnet ; (15)" Removable Spacer (16) Supporting

Brass Stands ; (17) Polepieces ; (18) Asbestos insulation.
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plane czn be deterainsd Lrog

)\ [R— . .
gia B’I 'E‘,TC'\I%Q——i—KQ.’-LZ : &0.6?1}

Hezpuring the ﬁiameter of the diffraction ping
;. corregponding o (111) and (200) reflections®’ the ezact ;'.
digtance between the gampls énﬁ the £ils can be abtainsd,l
from the vreletion | |

. /. Refiug of the rin
tan 28 * TEapie to fiim 41

ctance nkw (12 )

Then the ecorraction tevm was celoulatsd and
epplisd to the spacer separation to abiain the exact

dictances

The F=-ray difﬁradtiﬁn photographe weye goanned with
a8 Corl Zeims Microdensitometer (MD 180) both linesriy and
cireulariy. The Bicrodencilometer has pstendionetrics
recording (R200) Pacility for lines» spoonning and the
circularly acanniag‘wag-@aﬂe»ma&nuallxy vith & rotation
atoge modified to onable 36@”_3@&@ by ue, The optical |
density values thus obtained were converited to velative
intenaity values by a nethod oxplained by ¥iug and Al exane
aer?i(rig, 2.3).
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2e6. Linear feanning snd Locoiion of Peak Posltions.

A graph veioting optiend dencity V8. lLimecr distance
ie obiained from the lipear scan of tha'auter'mgxiéa'
{Pige 2.4) through the central spot using the potentio-
meter recorder. The dlfference beiween the nesk painte
of tha outer maxime gives itg diameter. Peank pointe cen
be Located by different well known motheds (Fige 2.5),
when the peek is well defined we'éimgly take the Po
rosition in some cases we used other poelitions alpe
¢ E'/ 2 , P2/ ) . After unowing the diamweter, the Brageg
angle carreégaﬂdiug te this diffraction is determined
by using ogqh. {12) and then everage intermolecular dige
tonoe (D) is caleulated uping eqne (1) The seme Proce-
dure is applisd o determine dianeter of the inuner ring.

| Actually in order ¢to get the diamseter of 4he
outer cresgents accurately, several linear scans were
made with different ® aximuthal angular positions. Congie
deriag T(¥Y) % 0 at the meximum intengity ¥ position,
$he linsar mean weve done for ¥ = g, * 30% The mean of

the diameters obitained wag taken ap the actusl diemester.

27

» Seanning and 3 Y ) Versus b Curves Ploibing.,

To dedermine the~orient&ﬁianél dintribution Ffunctinn
£ (0 ) and ovder parameters (P,» and (P,) circular
seanning ip necorsceyy. The velues of the optieal dencity
obtained from micr@ﬁanaitemetric girduler 803N Werc S0nVEDTw
tad o ¥-ray intenpitice with the help of the calibration



if
kd 0

| ourve. Thir values were plotted against azimuthsl angwlar
pogition. The correctinse was done Pfor the background intore
sidy values arising dus to the zir seatiering. The posk
inteneity position which correspondem o Y = g was
detorminad (Fige. 2.6)s However, in come cooes SONE Gle
wented ppote for oven a elighi noneuniforeity in film
eoating create some problémss In é&eh cagepn & sucolh
eurve wag &vawn through the large number of pointe.
Syanetric onrve arvound /\ = G whg dyawn very cavefuliy.
Bean T (Y} volues of ths four guaéranﬁﬁ-were uged to
obtedn FH O )o. P,> end <F,)>  values.
Conpidering nmetaen (V) 'val wen fram Y= 0°
tof = 50° wt 5% intervels tras the gacoth I (V) 78
Y surve, f {6). (B and <P,  valuam were
saleulsted by using Leadbsiter's aporoximeticns £ P ) ve
(3 auréa wes drawn. To perform thie eolcowiations 8 ¢ofte
puter progren hag boon aavghmgmd.anﬁ used in Fipro Saeriesn
8600 Computer. | '

2,8, Refractive Index
- @gaﬁreﬁig& gongiderations -

The birefr&mgénca of Liquid erystals i the visihy 8
asnifestetion of their lLong-rvange ovdey and it 45 defined
enliy for e unifornly ordeved domain., Iim velue is doters
eined by ihe Regree of orfer ¢ and by the principel
polarizabilitien, o snd Kz tor unixiel sygtamn.'
These ave interrdiated by the Tollowing m;uatian
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(e ~ Lo donarclic
S (Ke-Co)gny ceel13)

By studying the birefringence we asn ectimete the orienw
tational ordering in the Liguid erystaie at different
tepparaturen. Beccure of the anlgetropy of the molaecular

avrengencnte in the Liguid erystaliine phass the wellknown

~ Lorente-Lorentzs ferawle for 1iquid phase is geneyelly repe

laeced by ?ﬁkﬁ‘az Toxnula, Neugebaners' ?elabssnaps

faupe and Haier andisotropic meﬁelad Chandrasekhay AUZZO6w
ted the mozt comprehsnsive theory stuprted with the Botal
interaciion energy U, We have used both Vuks' apd

Bougshauey's equations Yo ovloulate the polarigabilities

2.9, Yuk's relation

—1) [ e) = {NG /3 oae(18)
end

Vevgebaverts sguations for ealsulating the polarisabiilties

are e follows

- | C’mq'—r 2)
AN petl 2
A —E£* "A [;W1Q+1-P Mpr — 4
& T | » -
end - ' L ' vaoli6 ¥
E ,nq,_'_ZJ ’00(17)

ZQ"‘-Q'?CD- L,ny



> — Q2m3+WQ?D/5J "

Here is the mean refa

ractive index and K 1z the punber of moiocules Per CaGe
The relation between the ordery parasetersg and
polarimabiiitien { ¢Q>Jd2_) ie given by25
O(Q: ol -+ % Lo S
p = AL - J’g OC&'S
where A = { 2, +ole »/3 %— 4a the mean }?5}.&1‘.15&#
bility o= CAn— dd:) ig the molecular polevisce
bility anisoiropye |
y R¥e Ko~ Ko
Therefore 8 =—— ,
0<’”-‘ L -.»‘(18)
o géﬁ the vaiue of { o~ LA } = we followad the most

widely umed Peilerte extrs pointion proeaauwmaﬁe

2410¢ Experimentn) Praooedures.

Refraative indiaes were measured with the help of

hoilow glaes prisms with & refredbing sngle of mbous 17,

The priema are pode up of optiezlly flnt gless plates.

The plates were rubbed varsiiel to sne of their edges
th@y wore then brented with 1 percent pelyvinyl eleshol
solution and then dried, Again they were rudbbed 2long the
pane direction as before, The pricog wera Torused keeping
the dreated surfads inelde nad rubbing directions parsiliel
to the adge of 4he pyism. The prioms were precalibrated
by measuring the wvefractive indieces of 4intilled water
and gliyesrine at different towpavatures, ?héy WESE COm-

parsé with thooe measured with Abbae's refraotenster,



I

Alew

Phe liguid crystal saoples weve allowed to,fuilow
in %he@rimv by melting a few orysialin at the tope. The |
sauples were tézen ezoled very dloviy in the prefenes of
magnetic fisld (0.6 Toekn) applied in the diregtion of
rubbings. Yhe sonbinotion of rubbiang mad fiew together
with the # megnetic field produced a homngeonesus nematie
. gpecimen with the optic axis pﬁmalie& to %héveagg of the
primm. Yhe experimentel detnils of thie proceduve wers
given by Zeainfer ed &Lg?, The privesvzere put inpide a
brass theraosstalt hented electyienlly and conitrolled by
g temperature controller io g“@.gﬁe; A precision
gpootroneter and o nicol prism wore umed vo measure the
refractive indlcas { Mo.s Me J» for different wave
.1engﬁhap The denrities were detornined (within # 0.1 ¢)
by putting welghed sowples inpide a glase capillary bube
which was piaced in a water both heated uning s tempara.
ture controllier, Eufficient time was ollowed for atteine
ing the fepired temperatuye. The laagth of the colamn
ﬁﬁﬁ meapured by a travelling. The dencities were cal oue
iated aftor correciing for the expansion of the glaes

gapiliery.
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Zele Xeray Diffrsction and Eiwrafringeﬁ@e ftudiea on
poerP, POTP and PBBA.

Gel1ets Introductions

Ua bave aetermiaeé arﬂer'gafametera from Yeray
diffraction studies and glso from bi-vefringence measurés
ments for sowe compounds having nematic phape. The names,
structural Tormuvliae and ivangition femperatures ars

g£iven Dolow

To Guw{4tin nuPontyl Cycloheryl )=2-(4'=Cyanophenyl )=
Pyriwidine (POCPP in shori).

N— CsH @}—c’}»@cw

' 10
So1id ;égééﬁ_ Nenatie Zel9 ¢ Isotropie

€ 3°C

S 49 tenePontyl=d=lyanoep=tarphenyl {(BOTP in shaory)
| ’ CN
C iy —(CHa),

‘2.0- ‘O>
Solid ;Eééé Rematic 2285&  1sotropic

-

EII.' penePronoxy bvensylidene-penebutylaniline

PR hort)
{ A in phort) CH'“C”*Z

Ha ,Eg@-* N LB NCHa,

\CHL——C e

0'5° o ggse :
golid ﬁys = Wenatic ———= Isotropiec

{0°%
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The sempler I and II wae suppiied by !§/s. F.lofinann
Laeioche & Co. in the purified form and sample I11 by
Profe M. Wada of Tohoku University, Japan. The sampie Yix

(PBEA) hae a supercobling wellobsllow the room temperature.

Zelele Torture Study

A polarizing micr@écepe with nagnification 150%
aguipped with 2 het piage has been used to examine the
mel ting behaviour of the Liguid crystal e, The transition
tenperature and smpereaaling regioneg Tound theresf are as
ptated earlier. Undey croge polariping microseope‘different
phases were tried to identify. Nemailec threed iike textures
are obtained in ease of gample IY and IYI and thread like

toxtures with invergion Line vag obtained for the sample .

SeleDe Zmzay Bludy:

Jeray diffraction photographs of the saaples were
taken at different temperature in presence of magunetic
field using nieckel €iltered Cuka radistion of A= 1,54188,

The temperatures were maapuved and regulasted with an acoie

- racy of ¥ G;EOG with the help of & temperature controller

(Indotherm 401). The experimentel set up, bvechniqueg and
yroecgdure for anglyeing feray diffraction photegraphe have
slroady been digcuseed in the previous ehaﬁter. The samples
were heated to isotropic ptate and a magnetic field of about
058 Tesle was spplied %o it. After the magnetic field is
ptebilined, the sample was allowed t0 cool slowly to the



depired tempsrature in the nematic piates snd the ?umay
photographs were then taken., ALL the photographs of aligned
canples weee seanned cirveoulsrly mnnd linearly with the help
gf;a*dénsi%omater {vER Carl-Zeizs Jena, Hiasrocdengitometer
¥odel = 100). The opiiesl densities were converted Yo Xevay
intensities and arientational order parameoieors were oRl Clw
ladted with the heln of compuniter prograan developed by us,
The phatographs of the aligned sanplem at different teoge
persture distinetly indicate the presence of nematlice

phase, Pige Fe¢l = Fels

intermol eculay distance (B}

prent Folecular Length(l )=

The average intermolecular Gigtance (D) and the appavent
molecular Length (1) have been colouiated by using the
procedure slready stated in Chapte. I1. Tariation of 9

and 1 with temperature is ghown in Fig. 5.4 = 36, With
the help of sgtoreo model ﬁmit {Preatice ¥Fall Ine,%ssf
Nyask, Hew ¥ork) the poﬂsible eonformations for the samples
were congiructed and the molecular lengths (L) in their
nopt extended form were found o be 29 R, 20.4 R, and 20.58
respectivelys The average spparent mol eculayr length of the
erientved ganples ag determined from the iumner ring of the
Ewray Giffraction photographe are 26 .24 R, 26,2 2 and 22 %
respoctively. Tatie 3,1 sﬁéwa the gompayigon of 1 end I
valuen. The ratio of 41"ta, L eare 1.25 and 1.28 for
sampl es POCPP? and PCTP. This may be Gue to the loeal strong
blemolecular agrsciations dus to high dipole moments, The

assgciation ig ascumed to be an ovémlappiﬁg head to tall
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‘\J*i y
T&b& e Je4

,,..‘..ge-.;..,mwmwug—ewwmmwmw»«wmmmaﬁm
e v wmen  aw M E

: $ 4
compounds ' Holecular length, Apparent mole-, 1/5%
¥

) % g o 3..6 7 §
' from model Eit(n) OULAT length o
: . (average} (1) ,

poary 21 ‘ 26.24 Te25
PCEP 20.4 2642 128

FBRA 205 22 1307

nature having a teadenoy to local layer formetion. Sdmilar

resul s have been found ian other mematim?"?’.

Normalieed Drientationsl Digtribution Punction and Order

parametar LB, and | (PS5

Por the thyree gsmples the normalised arienté'&iénml &;ﬂiatx‘i..
bution function £{® } » wers esicurated using thé PY0CCm
diﬁ’ﬁ aesérﬁ.bed earlier. The order ysaz*am@tex' velues < 392}
and <P4> wers 2l oo caboulztede Tabtle JFe¢2 « 3490 .ahow the
detail values of bthe sampbep for intensity I { v }e »ea":l.eu- |
lated intensity T ( V) and nornalised digteibution £ { £ )
gt different tewperotures. The Plie FeTs 8 818 5.9 show
the piot of £ () ve & &% ditferent tomporRtRIen.

The procedure for eslewlating < Po) and (P43
values have already been describeds The (P,) and Py

values of the pamples are calowladed frow the dictribution
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function wish Vainstein approzimations and with Lendbetterst
approzimationn, Fige 3.10 = 3,42 show the variction of
(Byy " and (P,  velues with tenperature detersined

by different tecbnigues.

Setete Opiiesl hirefringencs studye

Phe procedure for measuring the refractive indices
(nQ, ae) and dennity have alrosdy boen described. The ref=
ractive indices (a, s n,) of the throe compounds at diffe.
rent temperature and for different wave lengths abxtiforaat
are given in Pable 3.11 - 3.3 respectivaly. Figs 3¢17 « 515
shows ‘the verdation of (ng. n,) with temperatures for
different wavelengthe for the compounds and Pige 3416 - Z.18
ghows the variziion of AN gitk tke wavelength aof the
gamples I, IT and IIT vespectivelys The principsl polariza-
bilities { &o , ol } fs¥ from refracitive index data were
cﬁlcula%gd by ueing both Vukls fgrmﬁia and Heuzshauer'p
relationss. The orientational order paransiers { P2;> WA
galoulated by using the relztion ( Py '> Y;M_

4 °<4|'-°<4_
exbtrapoletion procedure is used to getv -

Haller's
Pable Bei4 = 3419 shows the deitaill vesults of the three
naupl.e,

Pron bond polarizability velues the mean PoLsrizew
bitity o and K -4 wes caleoulated using the values
given in the papeyr by Le Favsrea'ﬁ’s and by Dpnmar and

Tomes7. The repults are givean in Table F.20.

4
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A and { K~ o)) compasrisons of Sample I, II and IIJ

nmuvwmw-mtu«mmwﬂﬂm”“”ﬂ‘“ﬁ”hmmm o demy s trex R
e -
L]

saaapz.ai Kz 1024 om® : ( Ao ol ) % 1@3‘ '

’calcul.a%eé Vukig/ * caloglated ﬁa:!.ler' ' Haller’i
,from bond *, ,ﬂeugebauerq from Yomd 4 .y 0eee ' process
’}')@l&ﬁﬁ&*o approach ' {Jﬂlai‘iﬂabn" ({’GH@;GB d&t&j (gﬁuﬁﬁb&u\EI

;bali.'ty 4 : Litye . . ' aata)

3 : ' ' *
oo e i s e we e e G aam owe e ww o Vais xS wme we cm o Ta e P @6 R wer nor We W e W W =
ki 44.56. 29 ;75 27400 21.32
I 47,29 | 32416 . 40.02  32.80

Iix 36488  Z6.02 18,75 . 28400 19400

Sl wur omm RATD ABGN GOl DUN s ows AN WOER VAD R e e ek Woh BXe  WINK P Weld are 0l Gky TN ewme  tve  SW B BOW Bt mee  owe f

SeleFe - Limeussion on < P > walues oblained from

TifPerent f’;?@c?miemes% -

L2

The ari.en'ha"aiazmi prisy pam@e'ﬁers of the a@épmmsis
obtained fron le-ray diffraction and bi-refringence uethods have
boen compered with the Mederwfaupe (MS) theoreticsl velues. The
sanpleg PEOPR end POTP ave brosking at higher temperatuves so
spre2 experimoental’ rea‘zﬁlis 2t higher tewperature f.c, near %he
transition temperatare are not availalle.

famppie - £ (PCCPP)

Tige 510 shows thd _ {?2 >  wvalues of the nanmple.
The K%} values obisined from Nerey and Re.Je. data ave in well
agreement, but both the velues arve slizhily lower thap NeSe
theoretiesd values mainly in the higher tenperature near the



-tyaneition points This tgype of rosulis have slready been

by asny others zls0

re@eﬂeﬁabao fhe < ;%) vazlues fTrow X-vay dala ie lower

thon that of H.Oe Vheoretlcal values which =@ico abtained
10-13'

fample IX (PcTP -

The comparigon of ( By Y valuep doternined by Xerey
and nel, wothols with H.f. thosretical valueg are shown in
Fig. -3.21‘56 ALl the velues shows & good agreepent, Curiousiy
exingh, <LB4 Vs values froa X-ray data slmo agreed well with
the K. veiuer for this sample, Repeataiion of the erperi-

nanits confirm sthise.

Sample IXI CPRPA)
The ordey parameter vsluss of the compound PHIA

are comparsd with that obtained by different workers of

our 1aboratory”"m 2oy other Ochiff’s base eoupounds

namely ¥BBA, APAPA, BBBA and MBBA. The (3.?2> val nes

of PBBA obimined from different meithods viz. Y~zay. R.I,

are in good sgroement with M.S. bheoreticel velunes Like

&2l ather Schiff's bage cempaun&&las shown in Fig. 5.!2!‘;7‘.‘, The
£ P‘ S walues aré tdgnificantly lLower at gll tomperaiure
then the theoretical values (Fige. 382K), Similar discrepancy

hop already been ebearved by oth%gm"so



For all-fhe three aampoﬁﬂda it hag been found that the

experimental ¢ ¢eterminaiions of awéar ‘parameter toth by T-ray

and K.I, maaﬁuremam%a agres w@lleaxﬁe@t nesy the trangie-
tion temperatures. But agre@m@nt with {E.F.} theoretiecal

1_v&iue@ are niol the same in % a1l emaes. This wmay be due “di

to the fact ﬁﬁat several tggag of intermnleealar fareee

f.(such as ﬁipa&euﬁipale. in%aractzgna3 are not conpidered

in %he ﬁ.a. %beary. Je eae maleeglar &saseia%iane &m all

| the . %hrae eages. In. Pﬁ@?ﬁ th@ ra%im ‘af- itb ie,lar@er-%han

: the ather two~ eampaunﬁa. It ig a ggaaa ﬂ@m?@uﬂd aaﬁ ﬂﬁpdla-

| dip@le in%eravtaena ara res@anezﬁ1$ far maleaalar asssei&~

%mona. But gairs af mﬁlec&ics are n@ﬁ yarallai ag is .

- evzﬁanﬁ fram Fig. 4.&. ﬁi?ﬁﬁ ?mﬂt ﬁi ane palp aas £1ezib1es

;fgaxt& oi the a%h@r mdleaalar paiw &% itﬂ naaregﬁ neighbo&r
: ﬁha axas ef ‘the rigid. yart anﬁ ihe fiaxiaie parie are not
“ ;paral1e1 (Eig. 4‘6}. iﬁiﬂ %ay caas@—lawering of ﬁhe nrﬁer
. parametsr vaxae.
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Sapple - Ie |
txperimental intensity velues I{ Y¥) at different
temperature after background correcition.

L ) L ] A o "
o eae 3
s gees weis e B

v " ' L) ¢ U .Y U L " ¢
Doilsng,5¢ 379,51 38745 396 1 411,51 418.9 426 ' 40 435 | 448
yea,

- AR Y oo

0 25.0 10.4 10,75 8.25 51,0 46400 30.75 18.00 26 %4 400
5 227 9475 10415 Te60 48,5 44,63 29425 17425 244.50 32.5
10 1949 Be25 8495 6475 48,25 41.00 27025 15.63 22,00 30450
15 1647 648 Te25 . 5495 3825 35.25 23,67 14,00 24.95 28,00
20 110 545 5.90 4,90 32 28463 19,75 11.67 16.25 24,75
25  Be2 . 4465 4.45 3,80 265 22.25 17.38 9,93 13,00  20.75
30 642  3e25 3420 2475 20475 16450 11488 5.1 10425 16.75
38 446 2.35 235 1495 15,25 12413 8.8 §.25  T.25 3600
807 249 1460 1460 1425 7455 8463 6435  AJT5 475 10425
45 146 0490 0490 0470  4eT5 6413 4438 3435 350 7475
50 0e6 0625 0635 038 2,75 4413 3400 2,00 2,50 5400
55 0e2 0405 O 0410 045 2463 1488 1493 175 325

22

50 ) 0 0 0 0 1465 1,30 0.50 4.50 150
55 0 0 0 0 O 100  0e63 025 075 0e75
70 o o 0 0 G 0663 025 0,01 0,50 025
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30 0 o o 0 0 025 0 o 0 0
35 0 o 0 0 0 025 o o 0 o
0 o o 0 0 0 0 0 0 0 o



52
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* * * 2 ] ° [}
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15 15.725 64853 Ta349 5,901 38.289 U5 234 234989  20.26 13807 28.021
20 114633 50440 54760 40796 324198 284697 20,102  16.885 11.734 24.455
25  B.408 4+338 £.413 FeTE2 26354 22,229 16,904 $3.311 9.815 204611
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Galc&xated intensity values I( Y ) at different temnporaiures
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TANLE 346

Hean Iﬂtenri*v ¥al ue

zzzparim@n%al in‘%@npity xt velues I( ¥ ) ot different temperciures
Y - ! SAMPLE ~[TT

' < L
308 4 33 2 I - B - 328
H ; ¥ ¢

g €ed2 665 530 4,92 540% 4965 - 4,10

5 6.01 6418  5.03 4,57 4.82 4,50 .94
10 5049 5.69 4uds 4,15 4ed7  $.25 3,67
15 4470 4470 3.83 3e64 4.04 385 3e34
20 383 4013 3026 3418 353 3.4 2,97

25 2,99 3435 2466 271 366 295 2.6
36 2428 2463 2404 2,49 2.55 2.50 2.20
35 1473 2403 1458 1.81 1,92 2,01 1.84
40 1030 1.54  1e14 141 1459 1.65 1452
45 100 1.8 D84 1e1% 1.29  1.33 1e42

50  0.78°  0.89 0466 0487 .05 1.02 1.05
55  0s61 065 050 De62 0482 0.80 0486
60 050 . 0e#5 - 0439 04T 0463 0061 D69
65 Ce38 030 Ge28 Ge32 G.46 048 051

TO 026  0.18 023 Ge21 0.28 0439 039
75 018 013 0417 0413 ° 0415, 0426 0.22
80  0a11 007  0et? 0e10 0409 019 0e18
85  0.05 004  0.09 003 0405 0413 Gett
% 0 0 0405 o 0,05 0410 0.0



Moan Intened ty value
Caleuiated intensity T { ¥ ) at different
SAMPLE‘EH

tenperatures,
oy M ;’ el e ;ﬂ! -z o _‘ , A ! X : ,’ 5 ) ; l'
Deg- * 293 °* 303 . , 308 313 : 318 ; 323 : 328
’ LN . . s
roe ' H ¥ ? $ .
i Yo s vus W S e W Ve A Mee U LT OWF L Gap W %a0 o anm W hee  Aas G Y o W e Bl MWW geemiee

64269  6o529 54256 44809 42972 . 44626 | 4.052
S 64063 6.292 5,083 4,645  4u849 44526 3.961
10 - 54495 54665 4e534  4.217 4515 4,250 3aT40
15 . 44696 44885 3,870 34668 4,051  FeH57 34353
20 . 821 44022 3202, 3.129  3.536  3.406 24959
25  23994.  3.2683 24599 24655  3.012 2,942 2,568
30 . 24280 | 2.648 2,065 24251 24488  2.4%6 2,205
35 . 10727 24076 1.580 14827 2.017 24050  1.875
80 . 14502 10572 14161  1.443 14600 14650  1.579
35 - 0,997 1,955 0.838  1.10% 1.290 1,304 14316
50 - 0:T7T3 (4850 00622 G.$34“ - 1020 fe022 1,083
55 0,614 00629 04458 0,629  0.B18  0.800  0.877
60 - 0489  0.862 0.337 04470  0.653 04624  0.690
65 0378  0.385 04315 0,337 04355 0.478  0.521
T0 - 04272 04209 042384 04224 04235 04354 . 04370
T5. 0175 04119 04161 04132 0.170  0s252 0,245
B0 0495 0856 0106 0065 04086 04175 0159
85 04042 04021 0.073 04027  0.080 04129 0.094

Sax Syea2 gralyx ‘ ; .
%0 04020 0010 04063 Q.014 G026 04113 02,074
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TABLE-3.8 4///
warmaiisca diptridbution funetion £( # ) at girferent tewmera%ures. SAMPLE -]
n-ma_'w——m mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm oy G W W A oum mw wn ARGl e

#

Dﬁg«- S e

»

55
60
65
70
75
80
85
90

12499
11752
9.78%

7290

50009
Je34Y
2277
1613
1.134
0706
Q.S‘.

0.109

0000000

#
0
0
0
o
0
0

11.045
100244
Ge325
44,589
5410
2661
2.103
0823
0296
0062

CoOROOOOo

10625

100345
Be535
G641
4 238
SeB42
1909
1321
0780

. Q1351

Ge112

g (¢ ) at teﬁpaquure in %%

W NS i R Mg VY mum Gom ON  Wme SR M

ToT63
8457
Te561
5,965

' ZeT729

24293
16538
14248

0.927

0e488

\ 90147

G025
0003

O
o
0
O

G

Sum LAY O R AN AW G PR

418.5 ' 426 ' 433
8,160 5.696 9093
T834 64255 7.899
64977 T:913 5810
5‘847 7'942 4.324
44672 6249 Je742
3578 3724 D672
24622 2052 3423
1.837 1326 2.506
1'239 ’01@6 10381 .
0.816 1047 0.672
0531 04859 0376
G339 0.495 0284
0208  0.203 0.270
0120 0078 0239
0965 004 D140
0034 0.034 0.059
D018 ¢ 0013
Ge012 O 0
O.011 o Q

-m.\n-‘m&““—u‘m“m-

! 440

e s gvie owg W

O

| . " asare

* 48

O



PADLE B9 35

«ple il.
Forael.iged digtribution function #(P ) at different temporatures.
¢ 4]
Deg-'_.—m-gs-& at.geg.pgrgt}lreinﬁg ------- T G W W Gan dew W R WS B apw S o G mar Mee SO G W AR W G

roo | 407.5 , #4153} 422.5 :;429.5 V433 0 40, 448 | 453.5 § 46T.5 | 4745

0 17.652 12,767 14.989 - 11.908 - 8.274 11=511 10.642 12,385 10.443 10,341

5 $4.026 104630 124362 - 104093 - 84306 9.770 8,937 104306 84686 8515
10 . 8,150 6 +886 7754 © 66801 - Bel112 64609 54935 64626 5,614  5.411
15 4,802 - 44506 4763 - 84567 - Te138 -4.466 4,013 4,216 3.665 3e542
20 . 5.702 “3e667 3.527 © 3650 - 54373 -3.589 Fe346 84253  2.990 2,994
25 5663 34642 3.188 - 3,444 . 5,542 .3,399 34356 34079 3070 Be231
30 .3.509 o510 2.9%0 - 3.186 - 24245 -T.,125 36241 2,285  3.851 34497
35 2,344 2.528 2.182 © 24334 . 1514 2,279 2.367 2.369 2777 24867
40 . 0.0982 1,258 1.213 1,272 1.126 14252 1,246 10418 1734 1626
45  0.324 0522 0.580 . 04605 - 0eBG6 04616 . 0.597 04733 04907 DeT7C
50 0.123 0253 0313 0.332 06630 0,360 %3363 e35d% 2 x42%  0¥HSE

' 07549 D.425 ° 04516 0428
5  0.083 04480 G.251 0e253 04358 0295 0e323 04332  0.782 04349
60 0.084 0175 D.218 0.248 06177 0305 D412 0326 0337 0379
65  0£.088 04162 04196 0+230 04083 0.279  0.478 0258 04257 04366
70 0,057 . D094 0.118 Oe14% 0,043 0.154 00317 8180 Ge148 0e202
75 0.019 0029 04042 0050 o 04046 0101 04064 0030 0054
80  0.004 0006 0011 0.013 0 06810 0,021 0016 0005 0010
8 © 0002 06003 0e004 O 0e00% 06005 0«00 0 0

% 0 e 04002 0,003 @ 0e002 04003 - 0 9



Sample 1il.

‘2 P } values at temp. (”K%

ﬁegrag

¥

ﬁ?& g3

4B 3.10

Norsaiiged Gistribubion function £ ¢ P ) at

different teaperature

mm"w‘q&"mwmm»w-ﬂ

318

» 323

0
5
10
15
20
25
30
35
40
45
50
g5
60
65
70
75
80
as
90

298 503 L 308 T 33
94327 9,637 8.766 8,318
84272 84294  7.93T ?.312
64177 50790 64196  5.426
8,523 4,023 4.675 3670
3661 . . 34282 3,747 . 3,007
34263 34155 34215 24978
24836 3,055 2,725 2,928
2,096 . 2,456 2,065 2401
14277 1,532 1,330  1.662
04722 04835 00816 04974
D461  0.498 0,599  0.611
0375 04382 0,383  0.479
369 04358 0,325  0.444
04350 06319 0e281  0.393
04250 0204 04213 0,259
0.122 0,087 0132  Geltd
o348 - 06027 CeGT4 CaDR0
0,021 04010 04045 0,016
0.015 0.007 0037  0as011

64621

5974
4e664
3632
Fel4n
FIS N
24848
24520
1573

04981

0667
3550
00513
Ceé56
Oe298
04135
D050
04022

0016

5.506
5196
4,989
D+8784
36279
24928

326

54504
54113
4.260
3e473
24979
24704
20443
2.054
1.560
1.229
U850
GeTOS
3616
De509
GeH32
e 198
Gell2
Da259
(60148
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TAHLE F.11

Refractive indices (nge u,) at di¢ferent vemperaturesf momple I

' 6907 :
T%Po"""‘“""‘"""“"“ el e
#

<781 1.551 1.734

107
115
123
131
139
146
153
160
167
175
181
188
195

o G Wl AEE oW e

- e WD Cme 8D G SR

o wws s apw

780 1,551 1.784 1.554

1,780 1.551
1.778 1.554
1775 1557

o775  1.557

1,770 14559
177G 1.562

768 1.566

1.762 1569

763 14573

1.760 1578
1760 1.578
1750 1593

o748 1,580

1.784 1,554

1778 1557
1775  1o568
1775 1562
1773 14566
10773 14569
1.76% 1,573
1eT6T 1573
1764 1,578
1,762 14580
1760 14593
1750 1,805
1.748 1,605

1,551 1796 14557

1.79% 14557
1,790 1.557
1.790  1.562
1,787 1.569
1,784 1,569
1,780 1.575
1:778  1.580
1.775 1.580
1,774 1.537
1,774 1,589
1.764 1,599
1,760 1.599
1,754 1.580
1,748 14605

W S SRR PE AP WK e

e wos Mtk fUN Ay S8 W O M Br  Aue  ouma W
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TAELE D442

gefractive indices (n,» n,) 2t different tenperatures of sampie I3

”n.—wuwnas-w—:mlwgm“wm_ﬂvmw“*mmwmmnﬂmmﬁu

7 ? i
. ¥ !
*  ge072 ' s , 54618 + 4758 R
in Oe: 2, ¢ Dy H a, ) n, ¥ n, + D, v By L

123 1,461 1.758 1477 14776 1oATT 1782 1.495 1,365
195 1,461 14753 1477 1,764 14877 14776 14495 1,865
142 - 1,461 - 1.TAT. 1.477 1,758 1,477 1,764 1,495 1.859
149 - 14465 . 1.TAT. 1,478 10759 14477 14763 10495 1.859
153 . 14465 1734 1,480 1.T4T  1.4TT 1758 1.495 1,847
155 . 1.465 14723 1.896 1,747  1.477 1,758 1,495 1,847
160 1465 10722 14486 1e74 1477 1,757  1.495 1.845
V6T 14865 14722 14436 1,727 14486 1,747 1.504 1,845
175 1,465 14722 14486 14727 1483 1,743 1.510 1.842
181 1474 1,713 1486 1,725 1.495 1,737 1,516 1,829
188 14486 1710 14492 1,722  1.495  1.751 1,519 1.824
495 1,492 1,701 14495 1719 14498 14722 1.522 1820
262 1.495 1,695  1.501 1,713 1.508  4.722 1,528 1.812
216 1.498 1,69 1.504 1,710 1.507 1,719 1,54 1,803
222 14501 14683 1,51 1,707 1513 1713 1.546 1,737
232, 1.54 14551 1.555 1,599



euble =3 .43

aefractive indices (n , uu\' at diftrerent Le norat ':r'o:.; of A
—————_l___—""'—“""—“————’—— —————————————— i S
Te;gp.- . ‘,’f\ = (o7 X : A = 77 i ! A= 54061 R : A= 4355 9
(ecy T TTTTETTTTS e i — L .
" n , n ! n, ' ng .on \ oong ! oo, .
27.7 14538 1.768 1.550 1.779 1.560 1.792 1.588 1.878
% 1.538 1704 13550 1.775 1,560 1.788 1.588 1.872
36 1.540 .78 1.5%52 1.770 1.562 1.783 1.590 1.866
10 14542 1.750 1.554 1.763 1.562 1~776 14892 1.860
4 1.544 1.744 1.558 1.750 1.566 1.769 1.394 1.8%0
18 1550 1.736 1.562 1.75% 1.570 1.761 1.597 1.83)
52 4555 1.7 1.567 1.7 1w 1.3 1.750 1.602 1.826
56 1.561 1.745 1,373 1720 1.530 - =  1.735 1.607 1.805
57 1.564 1.707 - 1.576 1.7 o582 1.728 1.611 1.795
57.5{Is0y) 1590 1 .00z 1,612 1.000
6u 1.588 1etun 1.610 1.058
6z 1.586 1.7 1.6CE8 1.656

— - — m—
— e e e e e e mm e e m e e e e e o e e ma e m e et et e e e e wm e e e o e amme mm e e e s mma men o= e



Zable = 3‘.14!

(63

Donsity (£ ) Polarizability { « ) end Orientationel order

Paranetors B, of pawple 1 {V¥uks® approach)
- - - -
. Dene 63507 % ' 5780 % 5461 % 4158 2 Mean
Cfempe BAW v e som co-gseeces s e g em el e a Bt
« ‘-CP) : t v ' ' | : | 4
ﬂ@ v in_gu/, OCU : 062— ; <!P7—): 0(39 ' KC : 4@’7 Ko » e Q ‘<PZ) : Xo ) KQ "(P‘? Pz}AV
_“-'em'» ¥ ' ' ' : ' v 9 v e - -
90  1.098 35.92 56425 #4750 36428  56.34 <T43 3617 57427 754 6419 60,15 LT57 748
98 1,050 3639 56451 JTH2Z  F6e55 56T TIE T6466 GTI8  JT40 36048 60435 JT50  STAS
107 1,083 36,75 56083 o740 36478 5712 750 3692 57.51 o735 36.72 60.74 o750 o743
115 1.073 37432 5712 o731 3742 56478 o717 746 5797 o732 37.45 60.62 729 727
123 1,067  37.82 57410 o711  37.82  57.10 o714 38403 57,97 o711 7812 60.77 712 712
131 1,061 3723 57039 o705 3Be1d4 5646 . 6T3 38427 58402 05 3844 60428 4655 6973
139 14057 38457 57463 694 3857  56.84 676 T0.87 58407 684 39,97 60.53 0 J6TF 681
146 1,047  38.99 58.03 4682 38499  57.09 670 F9.30 57448 646 TT474 60426 645 <662
153 1.07%6 3956 58412 o681 3971 67435 657 40,03 5870 4655 40429 59,92 61T <651
160 1,028 39,78 58447 676 40425 5747 o638 40.5557.12 592 41411 50,95 L5937 625
167 14020 4037 58487 o668 40487  5Te5T o618 41.22 57446 o579 41456 60,37 o591 614
175 14012 4086 58463 o656 4167 56489 o564 41468 57848  STT 4268 59,83 o539 584
181 1,022 41,68 59.05 <641  42.21 56445 4527 43405 57.74 524 43.2% 59.42 W509 550
188 04995 42,27 58471 o606  42.90 54,77 o340 43,35 58,15 o509 48415 58417 o465 <503
195 04989  42.71 58467 o559 473422 54,55 421 44,55 57451 o467 44.55 57451 G407 470
and are in 10”24 em3



aadi et arfuraibudiaiinalislendiedinay “’*"‘“ff'*“‘“’“ il A j{“'m'- ~~~~~~ g s w o e e - e e e e St
ﬁmp;%g; -f@ig~“,-;-“f??§ . 5%13 »#,féwaﬁ_ " wonn
*, 4n . T g T e e e e T

0y nemt Ko 0 Ao Ko v et Koy oo 1 G oG AT
2% 0,380 F6.43 6712 37.49 65435 3743 63,93 37.98 76«21 <755
135 04976 36462 6692 3777 67450 37465 68.64  38.14 76452 ST
142 0.975  36.72 66241 37.86 66499 . 37.80 67.57 38.24 7603 o722
4 ‘9 0 0972 37 15 66450 58 30 66 079 3? o852 67 073 33035 76-'2? o712
155 04971 37«34 65.52 38..36 66413 15,02 6727 75452 7520 o605
197 0 09?1 3T e37 64,75 T5.54 6596 A 18402 . 6727 8,52 T5 620 669
160 04,969  37.51 64.31 38499 6543 28.15 66.93  IB.62 7517 653
167 0 0965 BT 62 64#51 39 24 6‘1'0 39 el 6 | 55.52 39‘.4? 78491 oG IR
175  0.963 37.74 64.7% ©  39.35 . G4.68 39 .44 66404 . 4005 Té 486 o641
18% 04261 38463 6272 39.46 6453 43405 6542 4073 7358 515
188 34958 39 0?4 63&29 $0409 54» 27 4G o 2% 65«05 4% .15 ?:5 +24 <586
195 04955  40.44 62445 40449 64,90 40470 64.30 - 41.55 7300 559
202  0.951 40.91 62409 4121 6362 41235 64440 42429 T2 %4 559
216 0,944 4151 61494 41,79 63479 41.94 64450 43465  T1.82 522
222 04939 42405 6150 42.53 63459 42.7% 64400 4452 7125 <497

Ko)«@_are in 07 24 3

and oRloulated Prom Vak s Tovanlé.



=S

ke . X
TAILE k_aﬁg

Depeivy { e }&-ﬁalaxiz&&iléﬁ? {«] )} gnd orientetionsl Order Psvamoder { 3 Ba'y } of

R ulin -

mule ZIE {vukts an ;mmmﬁs}

Nww-w-wmmm-sm“'vmw mmmmmmmm Lo U G T ) wk mmmwwmw“umﬂ“rnwmm“m%““mmm-
K ! . g

v k

LemPe s Dot = 5507 ’ = ﬁ?ﬁﬁ,ﬁ ! x5451 2 * = 4358 %

(g_{:’) ¥ gi%y ’lm LN R msm sy g «3 WenI AU WK u-t- e m‘w 20 e -xeg G e QR oW aRi AR o e e o ﬁﬂ-i:w - W -ﬁmiﬂa s W GSke U oGy OWER
¥ ) £ J # ¥ L !
WLED sl oo o e L LBy K b o C By Ko xé,g<@7 Koy %o ,<&
;(ﬁm}ﬁm'; . Loy ! % * # ¥

mmmmmmw”’m”wmmwmm«smmm-nuw»m-mmm«»gwmmm--«mmmwwwwmwmwu“""‘"“mw

27,7 14165 29471 46+25  JE191 0427 46475 <6457 3071 47236 <6163 F1.49 52,70 L6169

$2  4vtE3 E9mEE AGek 36936 Pox36  #0x5% 3eril AV 6063  UN3SR a0 z6uss
32 Te163 2980 4608 o609 30.36  46.5F <6062 30.79 47.99 L6068 F1.50 B2.00 6046

36 1.198 30008 45.85 L5291 30.63  46.38 L5891 $1,07 47.02 L5900 31,89 5179 L5897
40 16155 30430 45436 25668 30087 46.10 5716 T1.I8 46465 L5674 32,16 51.45  W5TBT
44 10151 30,59 45,12  J5437 31.2%  45.82 L5458 F1.58 4631 L5447 TL.AZ  51.00 L5454
48 1143 31403 44.58 5067 F1.57  45.23 5119 31,92 45,79 5140 F2.73 50.29 L5209

5? : 5&:%§$ , . - s - A ok
52 1,140 $1.62 44,21 - L4710 32,47 84.02 4733 J2.48 45,34 L4759 3.3 49,72 4844

26 1920 52464 43494 4270 33,20 44,57 #4283 I0.58 45.07 L4259 Bd.49 &80 o4320
§7 0?@% ﬁﬁogg @403? i@@?& §§¢§§ ‘ &%&91 m%ﬁﬁ& 5%:3% 45&53 @4§¢? '§§§35 Qﬂg?# e%@?&
28 .@’35&( 359

Kp amd o are in units 10724 o
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| TABLE D17
Polarizabilities ( Ko » A¢ ) of sample - 1 Using Keugebaner!a rela’biav;s
’ ' [ % .
Temp 6907 8 ' 5780 2 . 545,_ 2 : 4758 2 :_ Reny
in %"““——_“"w‘“""?u‘m"':“""'"'”*“""""'"*‘“*-f~«~-—-~~;»-m._m.gf.,;,..‘..‘_._
H OQO ' KQ ¢ OOD ¥ DQ . F OQO : DCQ. . H OCQ ] }}?2
90 37 e 29 53452 37464 5% 462 57 61 54.40  37.96 5551 T4
95 175 ‘ §3¢B{}_._ 3794 54’;@1‘ 38..07 54455 6. 14 57403 743
01 Wt skt 38.16 . 54436 3832 54T 38439 57440 o749
115 38465  54.44 38.72 54,16 3886 55217 99 .07 67 439 126
123 39,12 54.49 39412 5448 39,39  53.20 3971 57.59 71
131 39.53 54475 39.38  53.99 %452 §5.32  39.96 57413 . 4693
139 B2.84 ' 54.53 39480 5“:37 3@:33 : 55.4% Ae83 5755 581
145‘ 40,26 5510 40e22 Sd 64 40463 55400 41,15 5738 e
353 40481 . , 55053 4@'090' 54495 4128 55687 44 .66 57 .45 65
165 49,02  55.63 44,42 55415 41.68 G487 42,43 57«31 622
167 460 56401 42,01 55.29 42,32 55.22  42.89 57492 614
175 ' 42,06 b56.21 4270 58,82 4279 55,63 4%.89 5744 g5
a1 42.67 56.68 . 8317 54,53 44.06  55.7T 44437 57415 .55
183 43,39 5647 43469 53419 . 44u37  56.10 45413 56421 <501
195 43,80 5650 33.98 53408 45 445 85 .71 45 .45 55 T4 e

VQO)KQ_ ave o 10 e vamik
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Polapiznebility at éiffevent temperature of the cample 1Y using Neuzuebanor methoi,.

'mwm»jua,“m«w“mmnn0-»nnw»'ni«uxmwmwmmmhmm~mmmmmwmww<~“u“l'ﬂu'”’ﬁﬁwﬁwwiuw
® H 2 F Bavme -
% . ¥ , ; * Kemn
. . £907 2 ' 5700 9 . 5461 R . 4758 B '
TENTe : : - ¥ ' .
in@mmmmmw&wmmmmn&m:mmmuﬂwmw-mm!mmwwmmmww&wgmﬂwbuwﬂumg 'P
: ¥ 1 ’ & : -
o1 L K X ¢ K ¥ Ko I
2 3 ¥ k u ? ¥ #
mmmmmmmmmmmmmmmmmmm Tt wox € wen wen  Ban e enm Wi e e sy AR olm s N s RGO O s bl Wn wak. ks G mo oeh ame e e W

§23 : '3ﬁ.3§'_ 53&3@ 39@42 @455? 339@1 6@599 ] 4@t§* ?1015' O?ﬁa
135 . B8.46 63.25 9.61 6581 39,553 64,77 40467 - 79185 138
142 . 38.5% 62.8% 3967 6%e38 59565 673,87 40,73 71,05 725
145 23433 62.94 39.87 6%.24 39,77 64.07 40,86 7126 <T10
153 59«00 6194 4G.08 $2,90 . 39.8% 63,65 4393 70:33 <682
157, 3%.02 . 61.46 40.52 62456 39,83 63465 40 .93 T0e39 663
160 29411 61,69 40667 6215 39,973 6338 49,01 7037 «653
167 73424 £1.28 40079 81,29 40,74 62.58  41.79 7038 637
175 - 3%.%% 61,47 40491 6156 41,099 62.72 42.37  70.22  .64%
181 40214 . 60469 41,01 £1.45 41.64 62.25  42.92 69 .20 615
188 §1.18 E.41 41,52 6128 £1.79 61.96 473,29 68,95 L8586
185 418 55.76 4196 6117 42,17 61,36 4% .66 65,78 <957
202 42421 59,46 42,60 6083 42,80 61.51 44,30 £8.71 oS54
216 4276 59,44 43,15 60438 43,35 61.67 45,54 67 .54 320
323 43%24 §9%13 43035 ﬁ@mﬂs @*.95 ‘610§§ 4$m2$ ﬁ?qéﬂ‘ 14$$

—

K, ané D@, ave in 1072% ™’ unids
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\’ B .
P
TABLD .12
Pororisabitity ( )C } and order parsseber { <3i“"a> 3 for tample IXX (PBBA)
. {(Using Heugebauer's welstisn)
q.mﬁmmmxh‘%m&umuﬂ‘wwm‘m-z‘o'-'ﬁ"ﬂvhvm%i-n4mwu“ﬂ"“""'ﬁ!"‘Mmmﬂ:%ww”‘-iﬂnﬁﬂwwmmﬂ'DI.I'W%Mkava
Py B
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Deln Vwsoy Diffpaction Studies on Z=Fihozy Benmylidenge

ﬁuaaﬁutylani;ine §EBE&{.

3.2.1e JInfroduction:
The mbructural formuls of the pample EBBA i

: 0 Chz  CH
CHB\ ‘}?4:>PCH§NN«C}{H{'\CH{ 5

- CHg

The X-réthork ol the gamplie h&véubaqn under taken &g a
part of the progrom 5£ the study of the propertiesg of
Schiff's base compounds under taken by us. heedbotter

et al17 have obiaingd the mtructure of the sample in meno-
phages aligned by magnetic ficld.s But the orientational
ovder parsmeters have not been determined by them, Ovder
paranetor of oriented samples were obtained by NuR, Raman
Seattering and IR dichroiem meacurenent by different
a&ﬁhora18‘2°g Lreadbhatier ot algﬂaha?e solved the arysntal
and molecular structure of 1BBA. Here we have reporied
the nrdexr pavameter values of RBRBEA Pron Yeray diifraction
dsta. The apparent moleculay leongth (1) and the averasze |
intermolooular spacings (D) have slso been oaleulated and
found %o be in well agreemeat with that reported by

Leadbetter % alzz,



SN

] The sagple EPBA supplied te us by Praf.M.Wada of
Tohoku University, Japsne The md;aaular arr@agém@nt in
nematic phase Qebermined by %a&agg. The transition tonnow

rvature scoording to then ip

v] 0
Orystal 2> Nematie =L1° Isotropioc
The gannle Touni o have e supercosling gtaie,
the transition temperature obeerved by us under polavising
mieroscope and by Y.ray photozraphe is

7] q.O
S7¢ Heputip :71—5;'Isa%rayie.

Cryeial

The sage transition was sl so reported By Loeudbetter et al,

3.242¢ Repults and Discussionsse

fhe deteiled of experimenial praocednres nund theo-
rotifdsl backgrounds oars discussed eariier. In table 3.2%
and 3,22, the intensity velues atd datteront toaperatures
are given,

The normoliped diptribdution funclion £ ( @ )és,a
function of £ at different tesperatures am obirined frou
sxperiventsl intencity valuea‘are given in Tabie 27 3,29,
gndt ghown in Fig. .49 respectively. %2 axpect ap tempera-
ture decreases the funotion to become msre packed ai
P = 0%. Our curves conforme %o %his iden. Orientational
ordey para’s;aiein {Bsy" and (-P(} af;t diffevent tenpe~



ratures are sgshova in Pig. 302@0‘Th3 order paranaters are
estinatad to be accuraie within * 0.02. The experimentel

< P, 5 wvalues are found to differ slighfly from the u.7,
theoretical volueg but within the experimentel uncertainity.
But lower < P, ) values are obiained near the isoiropic
region. Such behaviour of Pg » was found by others
315010'13. The cass of this diecrepancy has not been

accounted with cortainity.



fample: BEBA.

Pable Eoét

© Bxperimentel intensity velues I { YV ) at different tempernture

Brperimenial intenpity for tempersture °F

Dege
Yoo

3]
5
10
15
26
25
20
35
40
45
18]
55
&0
65
70
75
an
8%
90

305 309 313 38 323 333
Vo ww wes wm m aw mh w we w ws we m om wD Ww we e Tem e eee W e o e i e e e T e s e v e T G v e ol
83,00 62400 >4.50 2075 82,50 47.50 6500
80,00 5800 3300 2748 80.75 '46@?5 650.25
£7.10 '5%.2@ 0425 D250 T4.06 45,58 55.5@\
54,25 4210 2575 2713 6250 37.75 4725
42,50 34.50 2100 2130 . B81.52 %1.00 44.2%
35.25 25,25 16.50 17475 4225 2525 800
26425 19.50 15.55 13.80 32.0 19.00 31.35
19.40 1550 '9.15. 183.28 2275 14,00 2475
1413@ 10040 GeB0 T33 *9.35 goﬁg* 18.50
1025 &850 3049 4.33 1209@ 8,00 13@?5
2.15 4,00 2.65 1. Ge60 5190' 1@1@3
5-@@ 2035 1:90 2-35 ?o@@ &.25 5023
4.25 115 1.30 1.48 4035 D10 4425
Je10 0e60 0475 0.88 2.50 2450 2.50
2:25 @.SB 3046 -0055 180 190 160
1«25 @.‘6 Cedld Ca33 {12102 1025 DebB
085 oo Ue25 0e18 0465 GeB5 050
Ua80 o 000 0405 .25 0025 o
8400 6 00 0a00 00 00 o

T om0z

338

D) A Ry

60.50
52.00
53090
46.75
4110
%5 »25
£850
22.90C
16.25
17«00
T35
5e30
3460
Zetl
2eHB0
2.15
1640
0.90¢
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2
Table 3,22 =
£, | ey

Exgﬁr&aen%ai intensity I { V¥ ) at different temperature

n-hmmwﬂmmwuwmmﬂmmummmmunnwmm--‘-&--&bmn-q-_mm-..~~¢n~mu-—.m

Goloviated intensity for temperature 9y

g;“f‘“”“”?““““”*“““““f‘“““?““““'”“‘““7““““““‘”““‘
%, 302 v 305 ' 309 . ' M3, 38 o323, 33 ¢ 333
Eagmkawuw—tm-n-—-wm-c:ua--»-nm‘m-nmmu’munuuu:w—_u-. -:-‘ e u“”?-a o ome e o
0 B3.57 61.21 34.54 38.9% £3.00 47.84 64.55 53 .66
5 . 79.04  58.41 . 33.24 . .16 . 8037 . 46.59 . 61481 57.65
10 67.63  51.15 . 29,88 . 32.6%9 . 73.28 . 4307 . 55.29 . 52.60
15 = 54.14 41,98 . 25,57 | 27.2% 63.53  37.80 . 46433 . 46.53
20 | 42.41 33,27 0 21,29 | 22.12 | 52,80 . 31,52 . 42.81 - 40.T74
25  33.40 - 26.02 L 1703 17T 4213 . 24,96 . 3T7.92 35.11
- 3 26408 26462 | 12.94 | 13.88 . 32,18 .. 18.87 . 32.03. - 28,94
35 | 2g30R 22394 oL . - -
35 . }' 19'51 14'79 9006 ) "Qo% 23 o?@ . "13084 ) 24,98 L 22432
40 T 14.07  10.24 ' 5483 T 7.4 17.27 C 10.13 18.28  15.90
45  T10.26 6459 3463 ' 4.84  12.85 7459 - 13,30 | 10.92
50 " 7490 - 3.99  2.43 3.34 9.66 5,79 9.89  Te52
55 614 2.92  1.79 2,30 6.90 4.8 . 699 . 5428
50 4448 1423 C1e32 . 1448 4.42 T.23 | Bh22 . 379
65 2.97 0.62 " 0.86 0486 259 2,79 L 2414 2492
70 2,02 0432 © 0.49 051  1.61 C 1.81 . 1.24 2,53
75 1.48 Ge19 | 02T 035  1.16 1,30 106 - 2420
80 " 0.95 8.096 0415 0.21 0e73 073 D73 . teé1
8% Ge37 «0.011 007 0452 0022 021 0406 . 087
sa Q.1®- «0e06 " 0.03 '-@.693 0,02 ~0.016 ~0e29 0453



O

| ‘Zeble 3.23 f:i
-, Sexples B2BEA,

Horsalised Distribution Funetion Values #{ P ) at
Different Tempersture.

" Dege . Distribution function #{ & ) at tesp. °F
T R R LI S - -
-umu.*-—c»-u-.amuuum.ﬁnumu--ﬂu--m&ua-um-m...-.a- -..,'..--;s.:.n;m«.m.
o 11.15 11.17 9.12 377 T4 T35 T34 7«19
5 10.35 10.02 8e39 902 Ted2 T 01 682 Gebd
10 8 069 7 -ﬁ 2 6-8‘ 1031 6 455 6 015 5.55 Be 42
15 6.99 5452 5.4 5.59 5454 5421 4448 4434
30 2.14 2.82 - 3.01 - 2.63 2457 2,69 2466 2.94
35 1.25 2.60 2407 - 1492 183 1.88 2.19 2434
40 0e3% 1.29 1.2 1029 126 1.21 166 158
45 G859 073 DeBb6 D432 - DL87 078 116 095
50 043 Ced 0e39 a5 o0 G54 GeTT 0657
55 0.29 .25 a7 Gal4 Ded2 albt D50 He38
69 0019 0.15 3.2‘ ‘3.22 ﬂ‘¢29 9033 003‘2 a5
65 : 001‘ . .08 0015 Deld De18 @.2'5 {115 Ge22
70 0e10 004 Ga08 Q.08 0. 10 017 0e10 D16
75 - Pelb V0% 0«04 D04 005 009 DeilS - Det1
80 $e0F $e004 0s0% De}2 0e0B 0e0% Os22 G08
85 Qe Q002 06007 Ce01 Cela De0% 0004 Ge 0B
90 e - & G ¢ G G o e
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3,%,  Optioml bievefringenge siudiss on BOCP and BPCRS

ence pitndies

£y

In thig section the ophtical bivefring

of ihe following ssuplesg are reporied.

19 4'wpentylexy~¢-ayaa@biphen¥k( 5068 in shord)

&y — CeHayy o <N

478'c ‘ e7's”

< i
0Li@ ——  Fematic — Ysotroplc
folid S Pemad P
24 S drimButyl phenyl Je2e(4- cyanophenyl J=Pyrimidene

{BrOPP in short).

Yoray diffraction studies of the pamples 1 2and 2
were done in our lshoratory by Bhattecharjee at e&,zg and

B,Jdha at &2‘ respe@tiée}.yc orientaitional order parametors,
mpparent molecular length asverage intemaleeul&r diztance
and the angular part of the mean ficld petentisl ia <4he
nenatic phase of boih the sample were pindied by them.
Oryetel atrée‘bure snalysie of the saaple 2 with the help of
the Ewray diffraction were done by P.Mandsal and &.Pauleg of
ouy lLaboratory. .

The refracilve index maaéursmaﬁt and the dJdotermine-
tion of order parametsrs from bievefrinzence ptudy for these
conpounie are being veported here.



) Reaults and Piscussiont=

' \‘Ehé ex@e‘ﬁmém::al .de‘%ails az_fe-.'aeseﬂhed earii cr, The valnes
of re:traetive indices (n, o n, ) at di;c:carent temperatures and for
c:iifferent wave 1engtus are given in the Table 3,24, and 3.45 and
shown in Fig.. 3.25 -3, 26 resgmetively for the samples. The den=
sity, ;mlarizamlity from Vuk's appraach and order parancters
calculated are given m the Taisle 5.26 and 3.:?.7 The reamlts of
Neugebaur's approaeh are given in Table 8T 3,28 and 3,29 res=
yectlvely¢ '

The orientational ardex- paraneter <P0> ® was calcalated
using the relation (B Y a (Te- o)/(o{” - 41)

The values of { o, — %) is deternined from Holler's extra-

polation is described incase of the sample 1 ounly, The Fig, 3427
shows the plot of [ (e~ Xo) Vs In (T, - ) of
sample T which is a straight line, The siraight 1line is extra-

polated to T = O°K,

The wlues oz ( A — ‘1 ).= o, for Vuk's and Heugebauer's
approach are tested by calculating o( a for both the samples by
using additive yule 0f the bond polarizability values available in
the iﬁtez'ature5’6 7 - The mean polarizability valuesalso ealculated
The table 3,50 shows the o, and X  values of both the sample
by difforent methods, This is clear from the table that the
valuee obialned from Heugehaver's data is very close to that
calcﬂlated from bond polarizabhility whereas the Qﬁa_ valies

calculated from Vuk's formula is significently different,



in case of cgmgauhds pocry, Pﬂé?, PRBA we have found the same resialis,
viserepanciey have also been found in other nematie liguiad crystalsdé
Although the Haller's plot is not fully justifiable im all cases
and the additive rule of the bond pelarizabiliiy to esthmate the
molecular polarizability anisotropy ( X, ) way be more realistic,
put we have not used the bonrd polarizability values in any further
ealeulaiions since the difference between two seis of o, valuesx
one from #& bond polarizability and one from Neugebauer's approach,
is warginal,. | ,

The order parameber values calculated using Vuk's formula
and Neuéeh&uer’s relations agree well for the compoands in their
reépective penatic phases: éhis may‘ﬁe due to the fact that although
A, and’ ., vary considerably iz the two approaches the varie=-
tien of Q{e - o) with tewperature ig morve or less the same in’
two cases, ‘

The Fig, 3.28, and 3,29 shows the <<Pé:> values of the
samnples obtained from differeni methods, it is found that the

<?2‘> values obtained from K, data agree weil with the M,S,
theoretical values expoct in the nematic ~ igotropiec transition

region, The higher temperature values in casc of the sauple 2

“ecould not be taken hecause Gi experimental limitations, The <:92;>

values at the transition region are slgnificantly lower than the
theorstical values, Such behaviour neer T, bas also been found
by others™?? <<§2 > values from Xeray diffraction techmniques

are higher than the theoretical values, Different approximations

involved in different cases may be the cause of such differences,



A8

ol

in the refractive indices stuﬂy.m‘a roely on surfsacc anchoring only
for the formation of monodownain sample as the magnetic field cannot
be applied during thé measurenents hence 1t ig likely that near the
nematlc isotropic transitions tgmpemtaré, tite samples may not

remain ideally monodomain,

Table 3,30

OC and ( OC” - OC‘L )

' _
L x 10%% em ' ( oCp = A= 10%4¢n?
+ Caleulated ' Vuk's/ ! Caleculated { Haller's 'Haller's
Sample t from bond ¢Neugebaversi grom bond ¢ Process i process
{ polariza=~ appreach o polarizas , (Voks? v {Nouge=
' s Dility r {Ysotropiec o bilidy ' data) . 1 bauers'
N « liguid) N v ; s data)

i, 5968 34,84 ° 34,61 18,42 22,80 18,30
2, DPeRP 43,14 32,09 47,8 33

E B .



Refragtive dndices (mc » mg} ot difforent teppersiture of sample B

- 5008
Q‘w“uq“bmmm‘moﬂwwm-‘mmm mmmmmmm ‘Yu-'nummm..gw
¥ o ¥ ) ~ % - 2. @ F] Ans g
: 6907 8 ., sm@oR -, 5461 ¢ . 4138 8
¥ ) .
] aow con v s Twco o W e SR o Mqu B B At cme ey Ban o LAV T
ﬁeiﬂp - ~?¢ n [ : ¥ 5 2 v LY * - ,
Sn v By v 8 I r © ¢ O v @ 3y By 1 By
-—-m'ma- --u mmm-«fuamwmummmmm Nely  RR wee  ax r0a  guee UGS GRS AWl O GRS

32.5 14522 14725 14533 1.741 1,538 1,752 1571 14810
36 14522 14720 14533 1.736  1.538 1,747 1.571 1,805
40 14522 AT #5353 14731 14538 1.742 1,571 1,799
44,5 14522 14709 14533 14725 14538 1776 4571 1.79%
43 - 1,522 1,702 1.533 14798 14538 14729 14571 1.796
5255  1.525 14695 1.536 14711 1541 . 14722 1575 1.778
57 14529 1685 1,540 1,701  1.545 1,712 1579  1.748
6145 . 14554 14673 1545 14689 1,550 14700 14585 1,755
66 14540 14859 1.551 148715 1.556  1.684 1.592  1.738
67 1545 1,651 1,556 1,666  2.561 9677 1,599  1.7%0
76 1,591 1,393 1,600 14638

75 4580 1.592 1899 4.677
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Table S.25

Refroctive indices ( M )} of sample BPCPP at different wavelength ( 2 )

P S R TSt A DO U . SR
Wwo% % oM L oM b ome M L Te oy om o T
100 1.483  1.846 1,499 14862 1,511 . 1.874 . 1.546  1.909
110 1,483 1.842 1,499 14858 - 1.511 1.870 . 1.546 1,905
120 1,483 - 1,837 1,499 1.853  1.511 1.865  1.546 1,900
130 1.486 © 14831 1.502°  1.847-  1.514 . 1.860 . 1549 1.895
140 1,490 1.826 1.506°  1.842 1,518 . 1.854 . 1.553 1.8839
150 . 1.494  1.820 1.51C  1.836 1.522 . 1.848 1,557 1.883
160 1.498 1.814 1.514  1.830 1.526  1.842  1.56% 1,877
170 1.502 1,808 1.518 1.824  1.5%0 1..535' 1.565 1.871
180, 1.506 1,802 1.522 1,818 1,534 . 1.830 . 1.569  1.865
190 1511 1.796 1527  1.812 1,539 1.824  1.574 1.859
200 1.516. 1,799 1,532 1.806 1.544 1.818  1.579 1.853
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- ‘ TABLE 326

Density ({O ), polarizability (&) and orientational order parameter ( <P2> ) of 50CB

~2-. T ) o 1 ° B R I R
BN [ 1 ' ' X X - { =
I P Y 6907 A X 5761 A X 5451 A X 4358 A
%( / % % I b % J{ 1 % { X
Temp. i(gm; . . : ( .
(%c) IemB) § 9<o Ao <P2>§ %o § 0<e §<P2>§ O<o i o(e §<p2>§ 0<o § O<e §<P2>

'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 44.33 .6190. 29.35 45.63 .6192 29.53 46.23 .6191 30.79 49.28 .6194
40  1.066  28.94 44,53 .6054 29.40.45.34 .6059 29.59 45.87 .6036 30.85 48.92 .6054
44.5 1.0642 29.03 44.22 .5898 - 20.49 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
53.5 1.0608 29.42 43.58 .5498 29.83 44.39 .5516 30.06 44.99 .5533 31.40 47.91 .5532
57  1.0573  29.85 43.05 .5124 30.32 43.86 .5150 30.50 44.47 .5177 31.86 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 41.71 .3767 32.48 42.54 .3825 32.67 43.16 .3839 34.33 45.43 .3720

X o and o(e are in units 10"240m3



Tabl e '3.21

R

c

Density ( £ ) and orientational order raraneters ( < Pa > ) of zample BPOPP(Tuks® appmach)

K, @and o, are in unite 10728 o3

. Density: 5907 2 e 5780 R : 5461 R , 475;_3 1 ean
TomDe | (F) dBmmmm e mm e &~*~:~-~~kﬁﬁw
in ogremfeme 1 oL, DL, v Ay, Vo, o L e W § ol
S EUR e e e e e e e e e .
100 .885  36.58 T3.45  B7.62  T4d2 3838 T5.14 40.59  T7.20  +768
140 824 36461 73439 BTB83  TAIF  3BeBD TS.H1 T 4080 T7.08 +763
120 377 37.04 T5.27 38,05 74426 38483 74,99 41,05  77.08 796
190 873 37.46 72.95  38.51 7394  39.28  T4.TT 41,52 T6.8T <744
140 368 38,03 7297 39209  T3.97  39.87 7451 42,12 76463 #7123
150 863 38.62 72,49 39.69  73.50  40.47  74.25 42,73 7638 705
160 857 3027 72,30 40233 73.32 41413 T4.07 43,80 76422 689
170 «351 39.92 7211 40.99 T3:13 41.72 75489 44,08 T6.06 ST
180 846  40.53 T1.83 41261 72,86 42.42  73.63 44,72 T5.81 1652
190  .840  41.28 TI60 42,37 T2.64  $3.6%  45.49 95.49 15.68  ¥Em6d2
200 353 41,98 69.48 42,18  T0.B1  42.5T  T1ST 45.25 T3.74  «612
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l’al\ari‘zabni‘ty at different teﬁperatnro fron Neugebruer Nethod sf FSample. Bprcpp
e

% ; K 0 e v e A A

[

- W @

100 3897  68.67 40.06  69.54  40.87  70.18 43.99  72.00
A0 39.18 £8.66 40.25  69.54 - 41.06 70.19 43.2 72.0
120 39,34 65,59  40.45  69.47 41,26 70.12 4361 71,98
1% 3975 €8.36  40.86 6925  41.68 69,99 44.03  T1.86
140 . 40.28 68.27 439 69.17 42,21 69.83 4457 T3
L 150  40.82 63,09 . 4193  69.01 42.76 63.68 45.13  T1.60
160 418 65.01  42.53 €892 43,36  69.60 45.76 155
a0 4201 67.91 43,14  §8.84 43,97 69.53 46.35  T1.50
180 - 42.57 §T.75  43.70 68.69 44,54 69.38  46.94  T1.3Y
190 45.26  67.64 444G 68.59 - 45.24 69,29 47.65  71.31
200 43.T1 65.82 4410 66,97 44.92  67.66  A7.39  69.65

oly . amel olp e muwl& ’10—22755 -
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THE CRYOTAL BTRUCTURE



4ete Iniroduction

In this section, the cogplets aryetal structure &
doternination of Se{4"~nepontyl-ecydlohezyl )e2=(4*~Cysnophenyl J=
Pyrimidine (EGGPP) by meang of Teray crystallogrephy is des-
eribed. Attemptz have been made %o inveptigate the relo-
tionchip between the molecular organization in the crye-
talline =nd liquid crysisiline piate, Study of the mesoe
phase of this compound utilizing Xeray diffraction hap been
desoribed in Chepler IXl. Opticel birvefringence ptudy in
the 1iquid eryotslline phege is aleo given in the same
chepter,

@hé uolecular structure of this compound ie given

-
Cg Hy, —CN

4424 The geometry of diffraction

The phenowenon of diffraction by exrysiels resuits

below

from & peattering process in which Yeray ave scattered by
the electrons of the atoms without change in wavelength,

A diffraction a beam irs produced by such geatiering @ﬂiy

when cerinin geomeitrical conditions are satisfiasd, which

may bo in either of the two formp, the Brnggs‘:bavvaé

Lauee' equations.

EB

{Laue's aguations)

")

QU
i
I\
3=
o"
Wy
M
=d
Y
)|
(—



l Sl\ 9 "::.'71/\ - § |
2 dhkl Sin Barr {Sragg*e sguations)

hoks 1 are integers [ is the sngie of wefliegbion, cdnkt

§s interplancy sproing A the wavelength, n ig an inleger

doternining the order of reflioction

s_so 23?’7’!9——_’_
5 | -

-
151-_—..l = ~ p=|

ces{de)
fne resulting diffraetion pattern of & cyyotal comparising
boih the positions and intensities of the diffraction
effects, is a fundamenial physical properity of the subew
tance which i used for the complete elucidation of the
atructure. Analyeis of the positions of the diffraction

- effoots Leads immedistely to 8 knowledge of the mize, shape

and orientation of the unit cell. To locente the poesitiona

of individual atoms in the cell, the intensitien wust be

measured and enalysed. Hoat importent in relating the
pepitions of the atoms %o the diffraction intensities

ig the slructure factor equation

—9 M i .“.
— - expani (o + eyl .
Fh K ;‘ 4) e )) 099(4-»2‘)
e . .
The quantlty B e funebion of h k1 ip esiled the
structure factor which oxpressen the remultent senttoring

gftect fr@m the aton contents of the unit oell as compared

.%a that of 2 gingle slegizon at the origin, [ﬁzKLl

calied the structure amplitufe is thus & pure nuphere



W)
nunber of electrong. 5} is the atonle seatiering
factor oy foram facisr of the th atom, ¥ the unit aalle
zontents, Xi o0 Y and 2, -ave the fractionsl
covéinater of the 3 th atome ,
Now the aloma in the unit ecll mre the pomitione

’ —5

of the high eleotron demeity ((=xvy2) ® so Faxt

-ean bPe exprocped ag

\?m_: H (ayz)exp ami(hx +»<3+Lz)ol 9
v .u(4.3)

where V is the volume of the unit cell,. Then by Fourier

bransfornation we have

$rg2) = L3 PP ot et
; esaldad)
) -
1f we could oblain a larsey number of Fae By diffzace
%gan_exp@fim@ntg wo cowld have éire@tly'&agive the crystal
gtructure by making e Pourier summetion.

@he conplex form of the éxpteasian for the gtructure
factor merely msang that the phace of the sosttered wave is
not einply related to that of the inei&ént wave. The phage
however is not an pbrervable quantity the anly obgervable
gunntity being the intensity which is propoyviionsil io IF[l

without &8 knowledge »f the phase a siralghiforward
Ppuricr summation to evaluate (xy2)  is not possitre
This ip the well known phape problean af Zeray orysialliography.

Frow the intencity data Lak( we daﬁarminev‘F%Kll
and diroct mathematical reietionchips are being used to

give phose information. | '



i/')
02

b4e¢Be Grystal Dete Collestion:

Tvansparent plate like érystalé wore oblained fvom

5 golution of acetone by clow ovaporation. Lattice para.
_meteéa and gpace group were determined by taking o08cillife
tion end Welgsenberg photographe slong different axes. The
ceyetal belong to the momociinie gyctems The spaece group

jDQVQL, wap uniquely detsrmined from'the obgerved aysta»ﬁ
natic abscence of hol reflectione‘with h=2n* t. By
floatetion technique the denpity of the crysial was found
to Do 1,18 gm.ca™
{Le0e 2 = 4) The ealculnted density became 1.15 gm¢c$73

« Peking four wmoleocuies por unit ocell

which ie very close ip the obgerved valug.

A crystel of dimension 0.0%5 % 0.7 x 0.4 mma wam
used in the ecollection of intensitly data. It was mounted
on the tip of a giass Tibre and the fibre was ia burn
- feantened tn 2 goniometer head. Ascurate cell poramsters
were dotermined by & leapgt gquere f£it of Pin 0  values ¥
of 25 veflections within 20° [0 { 23%° measured on an
vinraf Honius' Cade4d computer controlled diffractometer,

2ol

=25E Cu Ky radiation monachrogated by & graphite monoe

e

chromator wes used throughout, The nams of the 4-civecle,
ditfractonoter aricen from i%s poasession of four are
which may® be used 4o ad just the 6rientatian'@f the erystal
az to bring any deéireﬁ_(h k 1) plane into refisating
roeidion and tﬁe deterctor o the corresponding diffrace
tion poritione A schematie diagrém 6f 0AD4 gingl e crystal
oriontet’ is given in Fige 4.1. The intensity data were
coilected By (O -20 sean mode. A& total of 3277 reflec-

/



#inne wera collected in the interval 4% (2 0 of whiceh

2246 reflections were teken »s oboperved and bad intongie
| tieg greater than 2 G(I) « The loporiant cryotoe
1},@@3@33113 data are given in tadble 1. The measured velue
of the intengity iz #iven b&

A
= A C— R:B
Twm " < : ) buy(‘hﬁ)’

wheve A = attenuation factor (26.55 for C, Wy )
m = an integey varﬂng Lrom é to 24 {0 suit the
particular oaae. -
C = total count.
R = Ratio of sean tiue to vackground
B = Total background cmmt.‘
. Phe standard deviation (£ CI) eelcutated on the basis
of counting statistice im given by

S( Frowo ) = Qof'n's@' A <C+ RQ—BDVD‘

‘0.(4‘&)
rpplying appropriate Lhorents polarisation factor corre-
ction Gy (descrived boiow) we get Leorr and £ CI CC’"")

T ’ ' 6@(’0""0)
— —_ o o./r\oL g,CIQO""') - L -
Leops ™ Lp ' P :
) oob(‘o?)

Thic intensity value i® then sonverted to To , the

sbheorved strusture facker with

l '4:"1 | = K C Teorr) 1 * see{4e8)



| \‘\ u;

X 'héing sealing e@ﬁgtaﬁt end the corregponding shandard
deviation is | |
| < 2= _ & (Teor)
\FB k T | Fo | nq_(-ﬁ*.?)’

Zhe intencitiew gollected ave adﬁgeeteﬁ 50 2rrrens
tionp f9r~a@r%aia<geametri¢alysnd phyeciesl Efactore before
being uped in the slracture determination. Theme are
described below: S

Lorents facltorp

Por each recigrocal latiice paiaﬁ $o pass bhrough the
surface of the spheve of refliostion the regnired length
of %ime werles &s & funstion of its vomition in Yeciproe
ea1 apaa$ ond the directien of i%é approsch to the

pohere. Beoauss the intensity of a refleciion is pro-
portionsl to this time o correction ism needed. ruch
gorroction is ealled ithe Lorénts foctor "Lz and 1% varies
wi%h_@@ffr&ctian geouetry. For pingle oryotal of noranl

boan eguation geonelry, it fe given by
b ,

bt ™ TS 200 .

. escle10)

-

Polarieation fagtor

In the nensl expeXimontal a%xang&wanﬁs, The X~r8y boew
is unpolerised which weans that the azdeuty of the
chootrio veotor apsumes K11 ﬁiﬂéﬁ%&ﬂnﬂ with tizes 2he
effective empiitude of the m&i‘aﬁah afder 1% ig roficce
ted by the crystsl at the aagi& 2° consigte of oniLy =«



N

the componenis of these azimutbals afber reflestion, This
fenture hap the effeet of reducing the intensity of the
Tezay beam by a factor p, known ag the polaviestion
feetor, | |
P=% (1+ cos®2p)
sosl{de11)
In our cmpe the incident bese is partially

polarized during monochromatisation by vrefieotisn frow
the based piane of a graphite grynital and P 'sakess'
she fomnm

-
%51.2 Q,rn‘f‘ Co 5 QQhkﬂ
[ + Co=F20m

Co20m+ G@szeh“l —k—Cl—' Pe J;)
' — . .
%mL’Fa¥ \+ CoZ0an

_ eoolde12}
where F%q} = g conptant depending on the erystel ueecd in
the monochromator (0.5 in ouy éﬁ?te)

Om = Hragg engle of refiection fron the

menoohromator cryatal.

These two correction tactors L and P are conbinedly '
termed as horents Polarization factor Ly beeaaaé of
the dependence of both on the sosttoring sngle O
Zxtinetion corveations
.&%@enuati@a of diffracted bedms way &8lsoe be caused when
the crystal is set et the Brage angle. Darwia® fivet
treated the efiect wathepatieally and terned thie ap
primary and aaaam&@my extinoction effeoct. Primary extinc.
tion involves the loas of intereity of the incidont beaw



by en inteference process following wultiple reflections

se the beam penetrates deeper nnd deepsr into the cryolsl.

Secondary extinction may, howewer, be concidered in oage
of strong reflactions. In thiz casze ap the incident bean
itp0lf travels inpide the crysitsl, it goen on lLosing
coneidernble froctioneg of iis energy by roflection in
the planes it encounters. Thus the plene lyieg deoper
rogeive lese and Lese incidont intensity. Consequently
the diffracted intoneity ie attenusted. This sffect is
prefominantly obeerved in law angle region. Correction
for this effect haz bteen derived>~6, zato? derived o
method baced on dynamienl theopy for eorrection to both
the effectn,

i Tompersture factor

¥hile introdueing the idea of etonic seatiaring
factor, '£*' we have not taken into consideration the
£inite size of the atom 1.8, of the olocliron cloud
about the atoriec atomie nuclous and slse the bthermal
vitration of the atom which increases the effective
volume &£ the electron coud, Desause of the firet
effect, the scaﬁtered intensily falls off with incres-
Bing ©in 0O end the gecond faetor sete fs¥ hore rapid
falle The Tirst effect is corrected by taking '£' values
from standard 2 Vs, Din 6 eutv&5'8°9 and the
effmct of thermel vibration, amsuming it isotrhpic. can
he teken oare by'maltﬁglying fa » the form factor for an



atom &t rest, by 2 temperatare facﬁ@xjo

$= foxp (- Bsin8/R)

QOQ(‘Q“g)
where the parameber 3, salled lestropic tempsrature
‘ - -2 _
factor is equal o 870 , U being the mean

pquare displacenent of the alomp from their aezn positione,
A method introducad by A.J.C.Wil asauﬂ
to obiain an overall value of B, and at the gaze time,

enables ug

plLaces all the obmerved intensities on an spproxiustely
absolute basis, .

He showed that sversge abesolute pivucture factor
deponds only on what 4m in the e6ll and not where the
atous ars located and hence for a yandom distridbution of
H atoms in the unit cell

5 2 N o
{1 EL p= Z t;
‘ | = ceolde14)
Pividing bhe entire reciprocal space observed into
angular zZones »f equal s? (o= 8in & Ixn )

{\ Pops |* > s N2
deternined for each of thems and then 2; +oj CS’”‘“’) is
el ewlated using the mesn value of q "s"- for aach
gong. Fince | F—;bs\l i usualily known on an arditrary

_Benle, we ey write

- %



1’"

1%

where <Lj F )7 ig the average abgoluie etructure
Paetor. To separate sut thernal motion in the orystal,

we write 'y

<\'F:l) 2+ ZUL—QXPC‘ZBJSD
j=! . . ' ssatlda16)

hoouving B nawe for sll atons

- N o
<:\F:|2)’== ”&XF><f'2E5%3:)§i f@
J=z!

eeel{4,17)
Subsgtituting thin in eguation (19) we get
QEM\'LVs K exp (2B )JZ,Z*‘OJ
| -’JmK# B%;\Q—G

oes{4.13)

The rlot of AIn {Fops T JZZ]J’ g
azaingt Sinl6/2>  emiled the Viison plot is there-
fore 2 gtraigﬁt 1;na excapt for the seatter dus 10 XD
rimental errore and Purnishes = usg with intercept of Ink
and a slope of —218

Whop instead of random distribution of atoumse,
groups of atoms with kuown Zeonetiy {such s benmene |
ring) aré preseat in the strusinre, they'may ba included
in the erwprersion for average intencity even known nothe
ing about their pocidtionp and orientationss When 6 groups

of known geomotry are present, the " of which contains



A

H, atono, we npay wrile ueing the scnitering Pornula of

Beh9912

qr

N
& SimeR Yy S
(Erpy ) ) RhSEs b

J =)

oeel(4,19)
vhere Y. 4@ the dictanac between the 4'B ang 3§ th.
atomo of the Lk th group and & = gmid as bafors, The
plot in this oase is known by Dobye plot and gives &
better sgiraight iine fit for obiteining B and KX,

It 48 often advantagesns 1o use a Fe curve %o
do thisy, K (mid) ie computed for each zone of 52 mentioned
abova, as N

MEARES
| ovs{1420)

where £ ig e small inleger depending on the space gmyp13

1( ( g%r'd) =

A leapt squares procedure is ueed to it a beet smooth
anslyticsl funotlons, usuadly InKk =4 -+RsS
to experimental points. When 0 = 2,0, the curve is the
gane ag Bilson's plot.

After sciiing the dsta and s eptimating the
temperature factors we try %o poetulaté. a trisl struce
ture by direct methods.



J

\ A0

A.5, Determinetion of the tzial sbructure

‘Bhe trisl structure was doetermined by direet method.

Direct pethods of ecrysial structure delerminstion are usue
2lly apscociated with technigues in which phaces for a set
of strueiture foctors are detevnincd from the corvespond
ing experimental amplitude by prohebilistic ealaulstions.

| A large number of operating procedures for direot
phéga detorninetion have been proposed. Hoct qf’theae are
based on the same fundewentsl principles, but diffevs in
the manner of handling %he dota and extracting the phases.
we shall concider only the~funéamentaln of the methed
and the technigue which has been uséd in the present chasc.

initery snd ¥ormeliced Structure ¥octoras

For direct methoda 1i¢ ip an edvaninge to work with siruc.

ture factors for which the fall off with increasing sche
tiering angle hapm been removed. The unitery structure

factor im defined as

UCh)= r—-cm/z*

fo that \Uci\qD\l’:‘i

writing the wnitary se&tteriag facior as

-4 /3
: J”l

Ve nay write

N | ,
U(‘—\))—':Z. ﬁj—axf)gnlg.;i ‘ ' cna(402‘)
J=1 - ’ .



\ Another corrected strusbure Tactor, of great theoretical

iﬁpértange ig the normalised siruebure fagior given by
2 \
lEr| =

where éﬁ takes inte account

N
the effest of spuce group wymmebtry. Now if |  be the

conmen shape for all aloms then f; = ZJ-'?

Ep = e:"-‘ 7
h A \
(%.24'2 te)e
AN - 2
YD
5%2 (% /¢ )_O,XszC
1=
soslded2}

whare (5, Z: Z

E;‘ io eall.eﬁlthe noyeulired structure factsrs because
of its property.. This relationehip shows that the averag.
ing of B‘?

same 4o net true, howevery of either

can bo garried out regarfleme of 6 o The

and thip pimplifiontion im one of the mein reagons zhy

*?'s avrse preferred for use in dirvest methods,

- Siructure invariant snd pemi-invariant

A sitructure invariant iz defined ag a guantity which ip
independent of the shift of the origin of the unid oeli .
It can be showa that , the indennitien of

vofieotion L.e.  , are phructure invaviants.



«

r~
AR

However, Gthe struciture faetour ibteelf ip not sirvehbare

invariante Dtherwise the phase problem would not exist

in oryestallography. The structure £aeﬁér FR  is given

by

F;=|FL’}€-XPL© ZJ’&F(27”'B‘ ?)

’ - auu{".?ﬁf}

whith ehdft AT of ithe ovigin, the sguation changes

to ', N 5 o

F;=Z}jex922wéﬁ<Tﬂ-4?>']
j= .

= ’ F{?! ZXPC:-Zﬁ[-ﬂ\ .q»}’) : -oug(4a24)
Thus we see that the phase changes by -—'Qxé?,aﬁ
while the amplitude i® » invariant.
In & sivilsy mx way &% osn be shown that | Fj|°
ie structure invarisnt
| F21%=Fr Fg = exp(-anif 4%) R exp(eniRa?) By
ene{4.25)

It can be phown that slthough the velues of the individusl

phuses depend on the strudture and ochoice of origin, eonme

 combinatione of them ie a slructure inveriant, For example

9 ) ‘
it +h I—‘“ﬂ‘zf}:ﬁ\’g, =0 then CPK -+ CF‘E; -+ Cﬂ?} im
& structore invariant for svexy space groupe It follows
éirecily from the faet that i) F?% F



ad

<

im an iﬂvmriant.

F e s = T exp(-2nih 0?) F i exp(-2niR.a?),
? K
F 9—2X?C2wua a¥ 4 2RLK: A?) F EW‘E-—K

ess426)
Sinee the moduli of The gtruciure factors are inwarieond
themnelves, the anguler part of FRFR PP
is alpo invariant iee. Pp T+ + Piik im an
invariant, however, this does not imply that ite value
i knowne ’

The structure seminiuvarianﬁ81£~ are thone linesr
combinations of the phases whose values are uniquely detere
mined Ey the cryetel estructure alone, when the shoice of
origin ie reptricted within pormissible values. feni-invaw
viants originnte from space group ayumelry. Por sach space
group +they have 4o be derived aepavaleiy. The struszture
invariants and egeni-invarients have bsen tadulnted for
ali‘épaaa groups in re!eranceiﬁw

In any spaes grounp any siructuve invariant de also
e structube segiinvariant, but in genersl ithe converse is

not true. 4 cowpleie theovy concerning this subject %% is

| given in & spericem of papers by Hamphman an&.xanle15'q7

and recently by Edhenk‘g’ig.



4,
|25

vome relotions invelving the wasnituvdes and the phases

Mnrkor-Easper Inecuelitions.
In 1948 Hayker and Ka&pwm fmsﬁn@; Cauchy ine
equslity relation derived the follewing inequality v 218w

tion between magnitudes and phasces of unitary Nt&uetzga

faotors,
R L% {1+ uvap

.-:.(&.27)
If we denote the eign of U (KD by SR
which ean have the vsiueps either + 1 or .~ 1, %hen %his

rolationship ¢an be written as

Schy S (R Sdfrff()

A devciopnent made by Xawle aad Hauptmaﬁgg in the form
af an inequality does depsnd an the nénanegativitg of
glectron dencidys For 8 ventre syameiric structure where

U/‘E\__).,,—\—)Lg——) ﬂms ?T'Ves 1—UCﬁ)Q—- U(R’)Q

U(% K)+2U(h)U(lA)UC£\ k)77 O

from which, if the U's are u suf“"icww*ly larges; it mpay

\ba shown thet

g(%) SCK> S (R

A significent step in the development af dirgnd

nethods wap the one by '&ayraa‘?. This iz the most funda-



mental and davelopsed, what we refor to as fayre’s @quaﬁ;ﬁn.

' ¢he electron density is given by the spuanation

PR =-‘V-ZFC-H)exP( orih. %)

and we uway also writle

P(®i= —-F G (h) #xP (2nid )

wheze (3C'ﬁ2) 1e the Pourier coefficient nf the squared
density. -

It the sirunture connlein of egudl resolved mitoms,
then both P(F) and P(¥ )% wiil show equsi
regolved peskme If the soattering fackors of the goneved
atoms is vepresented by g and that of the norasl atoms
by T then

aselde28)
This ic %y fsyre's equation and is an exact relationship
between sbructure factore for equal and vesolved 8 tomp,
~ Tor a centrosymmetric structure it might be
aaeuned that a larse product on the right hand side of
{28) waa Likely %to have tdo s2ne sign o 'F<?ﬁj
This lenda %o the x relationship that for lLarge siruetuvre

factors

Scﬁgs(fgscﬁ—%’)sﬂr—i ildo2

9}
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whers 2 meang probally Maa.,m Thig was the cign Y EL e

23 2&

sionship given in the @am@rm by Cochran and Zachariapon

‘sﬁixgrémitms for the ;@mb&%@&lr’ey of {4.,29) heve Besn found
by & nunbsy é:&? anthorez, one whieh ig sufficiently anczurate
for woet purpoces and is @f conveniont form, *mss givsen bv’

25

fochran and ¥Woolfsen ‘s This iz for an egusl atom structure

¥%:b%4”£EMXQN%/ECKLEC%)Ek%F%)}
~ | |
v+ e(4,50)
whers Py iz the pmb&hﬁl*m thet the product of signs
An {(4.29) ip positive.
This oxprespion slco givens ﬁ‘bhe probal 35,15.?;5? that

SChD equels the edgne s ch) sch-47) . If
ﬁhgre are goveral paire of known signa sll ocontribubing
to the indiention of new ow(’sh@-n The yra%&aﬁi‘iiﬁy for
the new mign being  +ve wiil ba

, L S
Pr(h) = L5 tahlN T IERI L EChOECR-1)

=,
caveld.39)
In (4.%0) and (#.31) 4f the aiama azm ant oyual then
N'Ji n & replaced by Gz 62 | whepe
Sm= 3{_,23’}“
whevre 2 ia the stomic number of the 3§ th, atom.

‘%he approxinale phases thue obteined have to be vefined



P
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and #hat this may De genvinient-by done by ucing

forlowing bangent faremdle of ¥erle and Hampiman

I ( ")Smc@ﬁ 7t Pp)

ia/nCPg;=zﬂ ‘
gw (h-K) Cos CPp g+ Pr)

@ to(‘@o?z)

A gquantity 04;\5 which gives & méspure of the relise
bility with which CFE nay be detorvined ﬁaﬁ defined
by Earie and Farie
.2
EiKCﬁK) sm(®@p-g T CF*]
+[z\<@\ XD Cos(Pp_p T P T

vea{8,33)

4LL the theory givea above is the iannahiag pad from

which aodern direst methode have growa o the preseant

form.
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in our trizl otructure determination we have uped the
somplete dirent wethnd progran ﬂxmwﬁﬁ(263. There sre othep
direct mebthod prograw 'vis.' &ﬁﬁﬁx(a7js»¥EET55{283: xza, (29)
eapzt30), goeay(31),

@£m~pragra@ systen Sigpel ipm o complete direct
mathols sypiea, which may be enterved with /F/-values
and'nay produce an Z-pap of ithe strueture. The unique part
of DINPEL is formed by 8 mevies of routiness succesmeively
gatnering the relatlon-shipes and deteraininga starting
get, carrying out o pymbolic addition, finding the correct
nuneriocal velues ® for the cymbols and finslly exeocuting &
nuaericzl phass extencion and refinement.

he program pystems CSIMPRL is completely devol ted
to the symbolic addition method. |

In & pymbolic addition the following exprescions
play iaporitant roios.

The triplet relation

P = " Pp-x

for lLarge \ , :
: Ex= /NﬁzlEﬁEﬁH‘H'K\

and its cenirosymmetric ansiogue.
Sg = 3R 3§
in whieh € 4dg the eign of & reﬁleeﬁiana.
These formuvlae have their counter party when morve
than ono reilation ip available,

o - T Es (R Ty
" ZI;E?)




ard N
sg = A7 Ez SRE{R
K

In general, in the final siage of & pymbolic adéition elso
numerical phases have to be refined. Thisg 1z carxied out
by means of the tangent formpula or rather, becaupe phases
muet be known on the dnterwsl © &£ P £ 27y its
expaneﬁtial anal ogue,

5 Egpexp i (Pt Ppip)
eXP R T 1TEenpi (O + Pp_p)l

Ei.emente of & symbelic additions-

fai oulation of the normaiised piructure faciors

In the first ptep the expeorimental etructure fretor dats
are corrected for thermsl wmotion (Wilsom plot, Debye curve,
¥ curve), brought o absolute seale and finally converted
inte normalisged structure factors /B/.

wenoyation of the haao_refatinns.il‘

The phage relationshipe are collected. In the prograw
systen BIUPEL not only iriplet reolstions are generated,
but also positive and negative quartetsy relatioanship.

Harker Koupor relations snd quintetp are genovated.

z 1 ral auangz

K+l 2
gEz&)o)sz S%&C J . thL )



one positive quavter relation is tormuizted o

Pt Pt Pt Tyt ™ O

=1
m
!
m
\
ol
\
=1
1
!

-4 = - F
tor 1arge value of E4= N \ H

33
end 1arge |Eg4R | , | Epger| esa [ER. |

Begative qusrited relation

Por reamoncbly 1@53 valuep of Ey 2nd small

| . 3y
[Egar ! L1 Eger | and | Eg4p |

Harker Kapper rela‘&iong35
Using %he probebility that the produet 3CHHKDOX sCH-R)

is nogative, the iargev IEj |, | Ef+i7] and | E4-R]
and the sualler | £ 2| and |Eog | o Of course this
is the resul t éf a special -negatﬂ@ quartet, the gain ’
teras being Ej5 Ep E . and FE 7 2 .
Cuintets | |

Prom the general Hughee formuia derived by eimereka% the
quintst phase reiation can be wrriten as

F

PatPpt P+ P+ Vppwp-p T

In & firct approximation G 1o expected to be sero for



jarge values of
£
2

Es=N’|EjEgz EpEf E_jf-f-1-7 |

-—

Starting pet determination
The determination of the ptarting set bogine with

o convergence procedare similar %o that devirped by Germtin,
¥Wain end ¥oolfson (1970)37. This proceture cearches for
that reflection which ip the wemkost Linked to the other

reflections by means oflthe phepe relations end then thig
| refloction iep removed from the sat of refieationg, AT the
pane time all ite phege relationg are removed from the
collection of phase relation shipa. This process ig roe
peated until no reflsctiona are Left in the pet. Any time
a refleciion is vemoved without baviang phape relationships
linking it with obher phaces, thip reflection bhep taken to
be starting set. Hince e starting set reficctions with
large [/B/ avre preferrved, the use ¥ of itriplets and
guartets generally leads to very good stariing set.
The second step 4s a few cveles of symbolic addition
uging quartets aad trip1aﬁs, & enploying very strict
aceeptancé eriteria not allowing ralationg among the
syabolic phases, éhis leade to & muoh larger stavting

86%e
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9ne next step ioc the extension of the siarting cet.

enic is dome in TILRPEL using triplat reiations omiy. It ip
vorye osgential no errors are inaluded during thie proeess
and therefore, the coriteris uzed to accept a symbolic phass
f@r a reflection are very striet, iﬁ partiocvlar in the

h#éinﬁingl-rﬂ general, no gingle indication will be meespe
| ted uniese it volongs to the ten to fiftesn strongest
triplet relationships. For multiple indications giving
rise %o the same symbolie phape, hizh accepiance liaite
are epplied, Tn general these preesutions nake sure that
the resulting set of syaboliec phages contain the correect
solution, that is %o say that when the correot velues for
the syabols are subptituted ithe phases of the refisctions

are good enough to imege the siructuve.

Sumerdcal vaiues for thae sywbols:
Figures of Herit.

Witk the extended group of phaced vellections as
imput'uumérical valunes for the syabole ars calculated
using @ nunber of figures of merit (POR'S).

In genersl figures of mexit can Be bzsed on sny
guentity which cen be ezggete@ s be e&xtrenms for the sed

of correct signse. In 'CSINPEL' peéveral FOH'S may be usad.

1) The S:i- consiotoncy FOM Q (Hecheni, 1971§38”4

'2) The pooitive quartet criterisn (PQC), Schenk and
¥iers (19u4)% 29,

3)  The Wegailive Guavtet Criterion (NQ0), (1974).



wg:w”uﬁia criterion (Overback and ﬁnh@nk,i??é?gm'
)41.

4) The E
5) fThe Hnrkor-Rasper critevion (BEC, Schenk, De Jong

Apart frow the separste FON's ales & combined FOU ie
eal culated, which mosily aiscriminatéa the correct 2o0lu=
tion without diffieuities, '

After Geternining the symbols all symboliemlly phmsed
reflLeections e¢an get & numericsl phase. These phases are
then uped as sisrting point for a numericel phase extansieé.
bpecance in generazl the nuasber of phaped refleetione isg yet
sufficient %o oniculaite & good FP-map. In the controsye
ametric came this is achieved by means of & fast ),
refinemont and extenslon, in the non symmetirie ecape by
means of & usual tangent refiaement,

. In the BIMPEL produces & pet of h, &y 1, B values
with phopes, which can be fed into an E msp calowlating
#m progran with submeguent intorpretstion.

 Eventuslly the niomic positions can be tested on
the correciness and be vefinsd by 2 fast diagonel leset

sQueres Profgrase

460 firueture determination and refinement,

Tue structure wag determined by the direct methods progran
@1&@%3*8325 f@.@.ﬁierﬁ,&aé Hofchenk) using ail refiections
in order to employ &ll positive aund negative gquartet rels-
tion ghips, ell sigmal relations and all specinl {wo dimete
sional, gquartets apart from tripletm. Ths J00 stvongest
roflcetions wors phased uming 4 syabolis. The ¥ wap with

the highest @ combinsd Pigure of gerit revealed the sitructure



comphetely. Hvenitunlly the alonlic positions were tesied.
hy trial méructurse showed a R value of 229 o The giroce
ture wae refined by four arolen of fapt diagonsl leant
sguares program heving en ovey #1i teuperaturs faclor
and serle Tactor, the then findividusi g?g

_ SIRI- IR
> 1 F. |

Por the gpnee group Eple P2 /Q,

FAK( 5‘2 !rA"‘

; 4
r=3 4 iﬁ%é%x 2K C%—’Xp'f Kgr-f-L'z’,.) Cosgn(K}r__L_)

l

‘
y
{
i

i

\ i

b

/" l‘ . N

Uy | }J, 2.4 o are the co-ordinaiss of the rih. atom .
2 B .

in b 59 a«mﬁ\@. Sawpation is over the noaber of atcas

-

in tho a,mywmﬁ\m@ undd
Cop o0 H=2D

iﬁ Z;Z 2. [ Fpx. Cos 27 C’gx+ig)+F(—%Ki)

0
o h=2n+1

Cps 27 (;%x -12)>] Cos any—ZZZ F o chky) Qin2n(hx+2)
4 F(HrL) Sim 25(_&%—42) Sim 27TKY_']‘

~
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isetropic temperature factors. The R value come down to
Thres eycles of block diagonal ieapt squares caleculation
with aniszotropie temperature faciors reduced the R walue
o o At thips ntage a difference fourier wap coupuled %o
1ocote the poeitiong of the hydrogen atoms. ALl the hydrogen
atons could be lLocated. For further refinement. For further
rofineaond Bll rofiestions with I £ 25 6 (1) were
regoved, The giructure was now refined through several
cycles of biock diagonel least squares ellowing the none
hydrogen atoms, to vibrete anisotropleally end hydrogen
atons haelng an overail fixed temperature factor,

A weighting scheme with

= (59 + Fope —+ 070031 bestf— L was applied.

Wrtinetion wag taken intc account with exp.R = 0.85. The
ch&)h

{ZFZ 0048

The eal culations were carried out with I-Ray-76 (Steuazt

37 al)43. The meattering factors were taken from Cromey and
ﬁann44
*®

R value oconverged %o R = 0,049, Rw =

4eTe Hownan Projection

Hewnan projections along different (- bonds are shown in

the £ige 442+ ¥e can Zet an cestimate of +the dihedyal ring

angiLe from it

s
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4,8, Resulis and higeunsiong:

Upleculay geometry and conformatione

In tabls - 1, important eryetallogrephic date of
the canple are given,in Fig. 4.7 showe ihe'perpe@tiva
dvawing of the molecule viewed normsl to the ieapt equares
plane, Pinel ppa&%iena and therma&lpérameters'aﬁ all ¢he
atons are listed in Tables 4.2y 4.7 and 4.4 using the
nunbering schene gshown in Pige 4¢3

Bond lLength and &ngles are given in Tatle 4.5. The
avorage U= bond lLength in the phenyl ving (G, - @6) is
1.385 (2) B the expocted value'd baing 1.395 &, The C.c
bond Lengthe in the pyrimidine ring (G7oﬁa) are 1.374(2)% R
and 1,381 (2) & whereas the (=N bonds have the average
velue 1.3%6(2) B which ave compaéaﬁle to those Pound. in

other pyrimidine compaundg45‘48

» The gyclohexyl group
€Cyq = 616) hag the avernge (-8 bond length 1.530(3) 8

which 4s reasonable. The average (-0, pingie bond length

in the sikyl chain (014=22) 15 1,516(3) & which is lower

by about 8 ‘then the exyaateﬁ‘g‘vaiua 1.541 B, The oyeno-
gvoup bond length (C17-E5) 1o m 1,142 (3) 2 which is dlace
to the vailuen found in other meaagenia'ecmﬁaun&n‘g”sa.

The average internsl (0=C-3) bond anglos im the phenyl
ring ig éao.&(éiﬁ, In thé pyrimidins riﬁ@ the internal
angles (N1=C-FH2), @aRx C9=10-H2 ond (1-08-C9) hove
average vaiwue 124,5(2)° and the renanining three anglep
have avernge value 115.4(2)%, The internal (C-C-C) angles
in the éydlohazaue rigg vary from 108.9% ¢o 112,3“ with an



N\

average of 110.9{2) which 4o close to the reported values.
the externsl nonehydrogon snglés in the phenyl ring have

 an average value of 120,4(2)}" as expasted. But the anglee

04-C7-F1 end (4-07-H2 have values 113.4(2)% and 111.6(2)°
réapeetivaly indleating some giyain between the pyrimidine
and oyciohexane vringe. The tétraha&rﬁlageneiﬁemé angl es
in the alkyl chain range from 113.1° to 115.9% with o
mesn velue 114,2(2)° whioh exceeds the expected value
by -about 5%, ‘The bond angle 01=C7=N3 is 178.2(2)%. Devie-
ﬁian from %bﬁrlime3r£ty of the eyanobond éaa-founﬁ in
other eyanoaomyaagdeég‘SQ. Xhe Oafl dlstances rangos
trom 0496 A% %o 114 § with & moan value of 1.05(2) 2.
ﬁhe;length.éf the Lfully extended wolecule aptimzted
from a otereo modsl is found to 21.2 % whereas the length
6% the volscule (in the orystalline state is 20.7 8. This
indicetes thet in the orystalline state the molecule is
in m@aﬁiy wost extended form. | _ | '

The Least sgvares plenes for different parts of
the molecule have been calaula%eé; The equation of the
consistituont etoms have been ligted in tebie 4.6, Am
expected, the phenyl »ing end the pyrim&&iaéﬁriﬁg show
n high degree of plamarity. &h@ fdihedyal angla‘betwaan
the phenyl »ing and %he pyrimidine ving is 2°. The eovanow

group atomg 07 and ¥ 3 ere dispiaced slightly upwerd from

the plens of the phenyl ®»ing. The eguation of the plane
of the eyclohexene ying ig given 4in tadle 4.6+ The dyciow

hezane ring is in cheir form. Three altoms ara,ﬁisyxaceﬂ
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ppward from the plane end %three ave.dipploced downward. he
éisplaaementaufam 611 and @14 are approximately ¥ 0.2 ﬁt
for 012 end 015 + 0.4 % and for 013 and 016 £ 0.5 4. he
dibedral angls baﬁwegn”gba oy clohesans ring end the pyrie
pidine ving is 73’40, ) .

Heleguiar Pecking

Packing of PCODP moleocul 68 iﬂ  aﬁ' and =&¢ plane ave
shown in ?igura 444 and Plzure 4.5 respectively. From
these figures it ip cleay thﬁ%_%ha phenyl and pyrimidinep
ary slwmoot in the ac¢ plene whoreap the eoyciohozane ring
im almost at right sngies to this plancs Paiers of wole
culés related by & cenire of nyumétry give riee to &
shest of parallel molecules in ®e plens ond these
sheets of paired peraliel anleeﬁ&és sre slucked in an
impricated mgée elong the beaxis. The erystalline modiw
fiéatien of PCCRY therefore corresponds to the commonly

found molecular packing in & newatsgenic preécursers. Witk

. the incresme in thermsl energyy a traneformation in {he

1iguid orystelline state ip presumably socomplished by

the breskdown of the molecular stacking slong betxig, This
gives rige to three iransiational dogrees of freocdom of
the pair of paraliel moleouleés aaéamyaaieﬁ by rotation
abput the Long molecular axis. The' trangition ig thue

ﬁiaplaaivé typas
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AL:L interatomic contact distances leps than 4 4
iﬂvolving nonwhydregen #ions only have been listed in
table 4,7, Ve note that the only distanee batwaen\ e
of molLecuie at By, ¥, 8 2ad B3 of molecule b

|+ %f - %o ¥» 2 iz cloms to the pum of Lhe
Vander Weel's radii of the ztomse. The length of thege
peir of molecules which ave in head 4o head configurae
tion ie 39.8 R. On the othorhand the appsreat Lenzth
of %he molecule in nsmatie state ip found to be 26.2 %,
which is =2 ftizes the most extended meolecular Langth,
 %his i§ often found in eyanccompounds and %o explain
this & bimolecuiaxr aseociation of the molecules,
hecause of cyanogroup intevaction, ie involve&49’52“55.
We thorefore infer thai intersction between dipsles of
eyanogroups exisis both in crystalline and nesstio
phase., In erystalline ptate the overlap ie smell
{(4n cyanoregion ouly) due to steric hindrence and in
nenatis stete thip is surpecsed by increaped thermel
energy giving ripe to lavge overlep (extending ersno
to pyvimidine),












Newman projections of PBQE‘NDj 1

H182 H202
ca20 c18
59 62
iat 61 53 &2 51
Hige 192 H201
63 70 o - 61 69
. 85 54
C14 ca21
H132 H191
(C19° - C48 ) (C19 - c20 )
H122 ca
57 180
.65 58
H14 H121 N2 i /,N\ 0 511
10
c8 \_/
56 57
57 , . 479
c13
C16
(c11 - c12 ) >~ (c9 - C10 }
179 181
N1 1 AR -0 C5 £ 1 0g
: c4 c
c3 N N2 N
180 ’ 178
(€7 - Cc4 ) (€7 - N1 )

cs

C10
N1

H10

c15- c12
ci2
121 58
52 1t 57 62
9 H11
> C10
- 68 64
72
107 | 51
ca
{C11 - €9 ) (C14 - C1B
178 179
180 181
(co ~ C8 ) (c7 - N2
180 - 180
VA c (Y
1 C7 ce O
\_/ c3 \_/
178 179
- C10 ") {ca - C5

(N2

H161

1 C10
N1

Cc7
1 HS



Newman projections of Page No. 2~

N
A

-

c7
cs 1 0 H3 C4
. c2 - C1
179
(c4a - c3 )
180
c6 1 £ ‘0 H2 H8
c3 . ./ ci7
180
(Ca . -ce2 . )
H152 c18
58
67 57
c1i3 H154 C15:
’ 55 64
60
' C16
Hi4 .
- {C14 - c15 )

.
179

(C5 - C6
178

181
(N4 -'c8
c12 Hi4"
63
54, 60
66 59
57
: ' ci8
© H432
(c14 - c13

174

180

- C47

1 HE
HS
) (c1
0 c7 C1 .1-
co ca
) (C3
H134 H152
63
c11

) ‘ : {C15, |

50

58

. C14

= C16

Cs .
6

)

0

)

~ C17
N3 cs 0 4 HB
ca c2 : .
179
(C1 ~ CB )
H14
c19
H2 HiB1
H3 c13 - -
€15
H182 ,
(C14 -c18 - )
H221 c20
59
64 59
H161 H211 — H222
‘ 60 61 '
58.
: H212
H223 -
- ce2. )

(Ca;
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Newman projections aof

61 .
54 63
H211 - " H201 C11
70 58
54
caz2
H202

(cz21 - c20 )

Page No. 3
H132 Hiz22
57
61 61
56 57
67
C14
Hi21
(ci12 - C13 )

H131
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Impoxrtant GryntaIIOgraphic Data

- Mol , Foxmula '  | ;§22H§7ﬂj
Mol, Weight - 333.48 g/wol,
| cryatal siatom : - Monoclinig .
'Spdoo gropp . P2/a

s = 18.437(2) 8
be 7.027(5)%
¢ s 15.342(2) &

B = 106,35 (5)°
Va=1927838 %

Dg = 1,15 g.ou >
Dy & 1,17 goou >
Z = 4

CMCu kR w1508 8

Numbey of independent reflections 3277
Nnmbéf of observed reflections 2246
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Fraotional coordinates of the nom-kydrogen atows with e.s.d,
 in the parenthesis and equivalont 1sotrop:lc thermal parameterto

UOQ'Vj <U“CLQ. + Up_g_bb —i- U3‘5C6#+ U.3MCC Cos@

Atom  X(6) . Y(§) EICT I Uea
02 _ 0,598 (1)  0.,2702 (3)  =~0,0324 (2) 0.060 (1)
62 0.5153 (1)  0,2615 (4) »0,0779 (2) 0,070 (1)
@3 0.4647 (1) | 0,2477 (3) ' ~0,0269 (2) 0,064 (1)
G4  0,4889 (1) 0,242 (3)  0,0664 (1) 0.055 (1)
cs  0,5667 (1)  ©,2534 (4)  0,1096 (2) 0,068 (1)
66 0,6477 (1)  0.2668 (¢)  0.0590 (2) 0.069 (1)
€1 . 0.4341 (1) 0,2310 (3) 0,1210 (1) 0.056 (1)
¢ 0,322 (1) 0,2178 (4) 0,1262 (2) 0,070 (1)
69 . 0,3338(s) 0.2169 (3)  0,219% (1) 0,060 (1)
C10  O0.4112 (1) .  0,2204 (4)  ©0.2581 (2) 0,071 (1)
G114  0,2803 (1) 0,2084 (3) 0,2776 (2) 0,064 (1)
¢iz  0,2178 (1) . 0,3576 (3) . o0,2528 (2) 0,071 (1)
€13  0,1664 (1) = 0,3466 (4) 0.3155 (2) 10,075 (2)
Ci4 0,1311 (1) 0.1515 (4)  0,3155 (2) 0,066 (1)
G153  ©0.1935 (1) 0,000 (4). .- 0.3360 (2) 0,079 (2)
G216 0,2440 (1) 0,0143 (4) . 0.2740 (2) - 0,075 (2)
617 0,6449 (1)  0.2834 (3)  ~0,0883 (2) 0,069 (1)
618 0,0824 (1)  0.1378 (4)  0,3813 (2) 0.077 (2)
€19 0,013 (1)  0.2619 (¢)  0.3598 (2) 0,077 (2)
G30 . =0,0347 (1) - ©0,2347 (¢)  0,4256 (2) 0,073 (2)
024 =0,12003 (1)  0,3684 (4) 0,4102 (2) 0,081 (2)
. c23  #0,1487 (2)  0,3382 (5) - 0,4736 (2) 0,055 (8) - -
N 0,36050(10)  0.2251(3) . 0.0753 (1) 0.066 (1)
N2 . ' 0.46267(10)  o0,2282 (3) 0,2106 (1). 0,071 (1)
0,6849 (1)  0.2933 (4) =0,1530 (2) - 0,092 (2)



l._% o

| . ?able' 4&2 ] . s_
4x0 }Lo' thermal parainetera of the non hydrogen atoms witn the e,s,.,d,
sotrop
:niparenthesis The temperature faotor is of the form
n e

&P[ 2n Cu,,ﬁa. —;—Uz,_K b + U53Lc +2u,,_h1<cub + 2 Uzq l<Lbc*')_]

Atonm
Cc1
c2
Cc3
Ce
Cs

c6

c7
cs

Cc10
Cc11
c12
C13
Ci4
Cc15%
C16
Cc17

- C18
T
, €20
€21

C22

N1
' Ng
N3

Uil

0,086 (1)

0,059 (1)
0,050 (1)
¢,049 (1)
0,051 (1)
0,049 (1)
0,050 (1)

0,051 (1)

0,056 (1)

0,056 (1)

0,053 (1)
0,065 (1)

0,066 (1)

0,055 (1)
0,076 (1)
0,076 (1)

0,063 (1)
10,063 (1)

0,059 (1)

0,062 (1)

0,066 (1)
0,082 (2)

Uge

'0,054,(i)
0,087 (2)

0,077 (2)
0,048 (1)
0,084 (2)

0,079 (2)

0,054 (1)
0,090 (2)
0,062 (1)

0,097 (2)

0,079 (2)

0,066 (1)
0,073 (2)

0,077 (2)
0,007 (2)
0,070 (2)

0,068 (1)

0,093 (2)

0,893 (2)°

0,082 (2}
0,087 (2)
0,109 (2)

0,0492 (9) 0,083(1)
0,0523(10) 0,096(2)

| 0,079 (1)

0.102(2)

U33

0,080 (1)
0,069 (1)
0,071 (1)
0,072 (1)
0,073 (1)

0,085 (2)

0,069 (1)
0,074 (1)

0,070 (1)

0,067 (1)
0,068 (1)
0,094 (2)

0,100 (2) .

0,072 (1)
0,099 (2)

0,093 (2)
0,088 (2)
0,085 (2)
0,088 (2)
10,085 (2)

0,102 (2)

0,111 (2)
10,070(1)
- 0,070(1)

0,113(2)

U12

0,0026(10)
«0,005 (1)
=0,002 (1)

0,0042(9)
0,007 (1)
0,005 (1)

0,0047(9)
-0,001 (1)
- 0,003 (1)

0,009 (1)
-0,003. (1)

0,003 (1)
0,005 (1)

0,001 (1)
0,010 (1)
0,009 (1)

0,002 (1)

0,007 (1)

0,005 (1)

0,002 (1)
0,004 (1)

0,010 (2)
=0,0015(9)

0,008 (1)
0,001 (1)

U13
0,033 (1)

- 0,026 (1)

0,023 (1)

10,0247(10)

0,022 (1)
0,027 (1)

0,0220(10)

0,027 (1)
0,027 (1)
0,025 (1)
0,026 (1)
0,041 (1)

0,047 (1)

0,026 (1)
0,048 (1)
0,046 (1)
0,038 (1)

0,038 (1)
0,036 (1)

0,035 (1)
0,040 (1)
0,054 (2)

- 0,0242(9)
0,0245(9)
0,058 (1)

U23 "
-0,004(1)
=0,006(1)
-0,003(1)
0,000(1)
- 0,003(1)
0,003(1)
' =0,002(1)
'=0,003(1)
-0,00%(1)
0,000(1)
-0,002(1)
0,002(1)
~0,001(1)
0,006(1)
0,014 (1)

0,008 (1)
-0,003 (1)

0,013 (1)
0,011 (1)
0,003 (1)
0,003 (2)
0,001 (2)
-0,003(1)
0,001(1)
0,000(1)
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TabLe dok:

M

to the . heavy atoms to which they are attached

Atom

H3
HS
H6
H8

d10

Hi1
Hid

Hiz2t

H122
H131

H132
H151

H152
H161

H162

H181

H182
. H19%
H192
H204
H202
. He1l
H212

- Heet
' Hegg

Hez3

| x( € )

0,498 (1)
0,407 (1)

0,583 (1)

0,673 (1)

0,257 (1) .
0,433 (1)

0,310 (1)
0,098 (1)
0,187 (1)

0.244 (1)

0,127 (1)

. 0,198 (1)
. 0,169 (1)
0,230 (1)

0,211 (1)
0,284 (1)
0,065 (1)
0,117 (1)
0,029 (1)

- -0,019 (1) .
0,001 (1)
~ =0,055 (1)

-0,133 (1)

-0,078 (2)

-0,169 (1)
=0,117 (1)

'0l191,(2)A

¥y ( &)
0,265 (3)

0,241 (3)
0,248 (3)
0,274 (3)
0,211 (3)
0,217 (3)
0,227 (3)
0,130 (3)

0,344 (3)

0,483 (3)
0,444 (4)
0,371 (3)

-0,118 (4)

0,025 (4)

0,009 (3)
-0,078 (4)

-0,001 (4)

0,166 (3)
0,397 (4)
0,239 (3) -
0,247 (3) -
0,099 (4) -

0,356 (4)

- 0,502 ()
10,204 (4)

0,352 (4)

0,431 (4)

z ((S )

| -0,148 (1)
- =0,057 (2)

0,179 (1)
0,092 (1)
10,090 (2)
0,326 (1)

0,346 (1)

0,249 (1)
0,184 (2)
0,258 (1)
0,299 (2)
0,385 (2)

0,336 (2) -

0,411 (2)
0,208 (1)
0,286 (2)

0,386 (2)
L 0,247 (2)

0,363 (2)

B 0,297 (1)

0,496 (2)
0,422 (2)

0,340 (2)
0,419 (2).
0,466 (2)

0,541 (2)

. 91465 (2)

Fractional cbordinétes of the hydrOgen‘atome and isotropic thermal
'fparametors with e,s.d, in parenthesis, Atoms are numbered according

i

0,078 (7).
0,090 (7)
0,074 (6)
0,083 (7)
0,089 (7)
0,076 (7)
0,068 (6)

0,062 (6)

0,084 (7)
0,083 (7)
0,095 (8)
0,092 (7)
0,104 (8)

0,094 (8)
. 0,074 (6)

0,111 (9).

0,101 (8)

0,085 (7)
0,096 (8)
0,082 (7)
0,088(7)-

- 0,097 (8)

0,099 (8)
0.125 (10)
0,119 (9)
0,114 (9)
0,128 (10)
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Table 4.5

Bond distances of the noen hydrcgen atoms in angstron with standard
deviations in parcnihesis, .

1~ C2 1,393 (2) Civ = Nz 1,336 (2)
CL = GO 1,377 (&) 11 «~ ¢12 1,533 (2)
c1 ~ G37 1,441 (2) Ci1 = C16 1,527 (2).
cg -~ C3 1,380 (2) iz = ¢13 1,538 (3)
G3 =~ Cé 1,374 (2) - C13 = C14 1,538 (3)
Ce = CY 1.402 (2) -Ci4 = C13 1,522 (3)
ce = &7 1,486 (2) 14 = €18 1,534 (2)
cy = Go 1,381 (2) C13 = ©16 1,533 (3)
c7 - N1 1,341 (2) 17 = u3 1,142 (3)
c7 = N2 1,525 (2) €18 = C19 1,522 (3)
c8 = €9 1,574 (2) €19 = Cuo 1,526 (3)
C6 = Nt 1,341 (8) 00 = G2 1,503 (3}
C9 = C10 1,388 (&) Cutl = Cau 1.508 (3)
cY - C11 1,508 (2)

Bopd dlstances 0f the wurug,en atowms

deviations 1o parenthésgis,

in angsbtven, with gtandaxd

¢z - H2 1,03 (1) C16 - 1161 1,04 (1)
C3 - 13 1,03 (2) C16 = L6 0,96 (2)
5 = HS 4,02 (1) €18 ~ U161 1,05 (2)
C6 = 16 1,00 (2) C18 = 1183 1,08 (&)
- CB = u8 1,01 (2) Ci19 = 1191 1,90 (2)
010 = H10 1,01 (1) - C19 = 1192 0,99 (2)
Ci1 = Hi1 1,05 (1) . Cuo = houd 1,10 (2)
€12 = Hi:1 1,95 (2) _ Ci0 = H2O2 1,03 (2)
Ci2 = Hizg3 1,01 (2) Ci1 - u21% 1,08 (2)
C13 = H131 0,98 (&) Cag = u2i2 1,03 ()
C13 - Hi%R 1,08 (2) Cuu = uued 1,02 (2)
Cl14 ~ Hig 1,94 (1) Cuz = Haun 1,0¢ (2)
C15 - H151 0,97 (2) Cuz = Hzu3 1,00 (2)
€15 = H152 1,14 (2)

Guatd......
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congd...’ )

Bond angles of the noh hydrogen atous with standard deviations-

_in parenthesis,

C3 = 03 = C6
€3 = Gy -~ C17

06 =.G3 = 617

Cc1 .~ €2~ C3

C3 = C4=CS

C3 - G4 ~ C7

08 ~ C4 = €7

C4 -~ 5 =~ C6
CL = Co =~ C5.
Ce = C1 = N2
e~ Q7 » Ng
Ni = Q7 -~ N2

€9~ C8 = Ni

C8 = G9 = C10
C8 - 9 = €11
€10 = €9 = Ci1
09 = 010 = Nz

119,9 (2)

119.2-(2)
120.9 (2)
119,6 (2)

121,53 (3)
118,7 (2)

121,0 (2)

120,3 (2)

1204 {2)
120,2 (2)

‘szv;; (2)

117.6 (2)

-125,3 (2)

124.2 (2)
116,1 (2)
12¢.8 (2)

121,1 (2)
o 124;1,(3)

c9 - C11 = C12
C9 = Ci1 = C16
€12 - C11 = €16

Cii = C12 = C13

C12 = C13 - C14
€13 = C14 = C13

115,4 (2)

013.= C14 = C18

C15 = C14 =~ C18
C14 =~ C15 = C16
C11 = C16 = C15

€1 = C17 =~ N3

Gi4 = C18 - G19

€18 = C19 = €20

€19 = C20 = C21
€20 = Ca1 -~ Ca2
€7 = N1 ~ C3
€7 = N2 -~ C10

1116 (2)
108,9 (2)

111,53 (2)

112,6 (2)
1092 (2)
112,7 (&)
110,7 (2)
112.2 (2)
1110 (2)
178 .2 (2)
115,9 (2)
113,1 (2)
113.8 (2)
113,9 (2)
115,9 (&)

~ 116,3 (2)

Bond angle: ot the hydrogen atous with staadard deviationn o

in parentheail.

61 = Gz = H2

- C3 = (0g - H2

C2 = C3 = H3
C4a~=C3 - H3
Ca = Cg - HS

66 Gy = HS
CL = g6 = HE

C5 = C6 = H6
C9 - €8 = HB

118(1)
122 (1)

122 (1)

117 (1)
117 (1)

123 (1)

121 (1)

118 (1)

121 (1)

H151 = C15 = H1%2

Ci{ - C16 ~ 116

. €14 = C16 =~ H162
' €18 = C16~ ImM161

1

€15 = (€16 = 162
H161 ~ C16 = H162

Cid = C18 = O18

1

Ci4 = C18 = 1162

049 - czs'— 1118

1

Contd

107 (2)

- 103 (1)
- 1038 (2)

109 (1)
114 (1)
107 (2)
111 (1)
108 (1)
108 (1)

....0.0
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Zable = 4.6

[

Equations of loast squares planes, the individual aad r,a.s,
displaccuents ( A ) of the atouws Zruz them,

Equations of the planes Atoug pin R r.u.s, A inf
1, =,0677'X « 9974 c, - ,004¢
+ 0,246 = 1,156 c, 0018
Cy ,006 L,0025

¢, = 0024

Cy f0032

06 012

Other atoms C,q
Ny
2, = 0365 X+ ,992 Cy 0088
+ 0131 = 1,384 -

ot T Cg - =,0040

cg LU

. ‘;_‘10 '“00059

Ny - 3025

N2 - 0012

+ 9819 o 4,5428 11 °

013 - 3757
Cis « 3024

Cyq 2352
Cys R (T

Cy5 =.5259

Dihedral angle between plane 1 ahd plane 2 is 2,001®, plane % and

- plane 2 is 78,80°
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; Table 4.1

Intermolecnlar contact distances less than 4 £ (invalging non="
'~ hydrogen atoms) :

c1 —'-,c:b 59 o6-c16° 5,99

c1-c® 3928 c6=-nd 5.499

c1-c® 378 S @-a™ | 3913

ci-a@® 3783 | o7 -c? - 3,723

c1-0® 3161 -0 - 5,906

c1 - ﬁi? N _N$;718 _ e -t 3.328 )

¢1~N" 3782 . 8= 7”5 |

¢z - c3° i 3,933 '; - c8 - Ni? - 3}762'f‘

cz - c3® 3.813 . cs- w565

.oz - ce* 3,588 - c8 - Nﬁb_ |
ez - C4 3,517 j:' co-N® . 384
c2 ~-¢g% 59350 L o9 - N3h: - 3,705
c2 = c5° i; - 3,739 o €10 -.gzzf | 5,781
c2 =01 .. 3,727 - c10 -.ca2® 30781

3,474

S c2-0 3827 o11 = ca1 3,937
c2 ~c44° - 3.955 o1 -eaf 3,957
o3 -¢3® . 362 j012;-ﬂ3p¢f7 3.821
c3-03" . 3823 . cis-ce® o Soun
03-c . sese  cl6-N® 3513
c3me® oz o - M® 3620
3 - c5=ff' .3}769 o A VA kib,‘ ; 3,500
es-cs® 3753 0 o7 -t 5,922
- .C3 e:cﬁé - 5;935-> o \‘  c18 - N2 . 3910
ez -c6” 3744  Ng - N3 o 5,95

Nones. xy z al 1-x, y, z.,‘ h- 1-x. 1-y, Z "ci: 1/4'X.Y»2-:
S ds 1 + % -X, y, z o 1/2 + Xy Yo 2 t: 1/.£+x-1. 1~y,z
g 1/2 + x, 17y, =, - ~ :
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" in. the present work I have repbr%e& the optical birefringence
and i—ray di?fraction studiep of ligquid cryatelline substances,
The samples studie& are PCCPP, POTP, PHBA, BBRA, PPOPP, 5008,

A hat stage wag depigned to s%uég the textures and
the phase transitions of the compounis unfer s polarvising
mieroscope. A high tempersiure Y~ray camera wae degisned and
fabricé%ed in our lLaboratory Cor taking flat plete photogra-
phs of liguid corystal samples in pregence and abs@neé af

‘magnetic Ticld. .

Prom the observed textures under poiarising nieroscope
and diffraction photographs were panples POTP, PBEBA, ERBA and
PogpR were‘found to have nematic phape onlye

X=pray diffeastion pholographe were anslysed %o
obtein apparvent molecular rLongth ( L }» and aversge intévw
moleculayr dietance (D) in the meosophase. In case of PBBA
the apparent wmolecular length ( 1 ) in its cost ortended form
_aetermined'by Princton molecular amodel Hit is elightly bigher
then the Length of the molecule (L). In case of PCCRP and
POTP ® the ratio of 1 tol im 1.25 and 1,28 respectively
which ave probably due Uo msleculer association & in ather
cyeno compounds. It im a common féature in %he i1iguid cryatae
1line pamples. The 1 and B walues of the somple ERPA x
were colouwlated and found o be slmoet egusl to tkat obinined

by L eadbetter et ala

« A® the reosults were alvesdy reported
by'them, g0 these are not repéatedf The average internol e
cular distances (B)-are.fouﬂé t635e in the expeected rango of
4.8 2 to Se3 ﬁ'inféll eabaténeee,vwbe vélues are come time fau

4

found to increase slightly with teppératures. -



X-réy diffractlon photographe gt of the ppuples were circulazly
scanned with a microdansitometér and the mensured opticnl dene
gitics ¥ were converted %0 relative Yeray intengitiesn uping
standard callibration method. Prom these intencity dats NoOrHs-
1ised orientationsl distribution funeiion () in a power
series of QOﬂﬁ@ and the orientationnl order parsmaiers <{?2j>
and <.P4> ware celoulated. In princlphe wa cmiﬂd aluo obtain

4 135)) (J?a> ete, from our data buil experimentsl uncertoine
ties and iruncation errora invelved in series represmeniation
would meke the values of the these higber orier parasciers
unreliabl e.

The experimentaliy obiained { P, and ( P values
are compared with these obiainad theoreticsl estimantion. The
(:Pz > values of the rpauplen POPP ggree well with the NS
theoretical velues that of PBBA end BEBA sl oo agreee weall but
siightly, lower near trancidion, but similary results fannd<(?¢’>

3. near the neastic - ipotropic Srancitien

velues of other also
tewperature, whers the evperiwentsl { P, > vslues are signi-
figantly lower than the theoretiecsl values. in case of POUPP
the order pavaseters are slighiiy less than the theoreticsl
vailues even alt lower btexpersiures. Hueh behaviour of the trone
sition temperature, have been faound in t&a deterninntion af<{§2>
by magneiic anisotropy meaﬁar@mentég Hitre aaﬁ Paul , 1987

Low values of < Pyyet near nemeitic isotropic transition itempe-
ratures have been raporﬁeﬁé {Chang, 19793 Sen et al,1983%: Hadhuw
gudana et 2L, 1971; Dunouer et «l, 1973). A2 paid earlier this
may be due to the fluctuation of the director which is wmore

pronounced



Oryatal end molecular giructure of PCOPP in the
golid phape have aloo Yeen determined. This ie a part of
our program to determine the conformational behaviocur of
) mesoggni@ gompounéd in the crysitslline phape,. |

e have underteken the gludy of,thg crystal and
golecuwlar struoture of a homologous geries S-(deAlkycyclo=
hexy) J)=d={ 4w cyanophenyl ) Pyrisidines sil of them having |
- nematic phase, In homslogous gservies of thermal mesogens
conbaianing aRLkyl cheing, ihe type of Liquid eryntaliine
phaopes fTormed, if any, depends on the chain iengths The
Lowest peabers of the series may not yield liquid orystale
thoge with intermedintes chain lengths yield only nenatic
phages. Sm2ctle phages of % 6 typeé A or C mppears only
when some cowritiesl chain lengthlis reashed, Thene proper-
tiep olearly have 8 mirecturel basis. The structures of
BCOPY and HCCPP have slco boen delermined which will be
reporied el sewhere.

The ptructures wag golved by aﬁplying direet method
package program 'UIHPEL-83' to Rerey diffraction intensity
dnta. The ecrystal belong to monoéliﬂic systen with gpace
group P2 o » I found a = 18'43775 b= 7,4027 2,
¢ = 15.342 A and @ = 106.35% with 4 moleswlos per unit
eeil;.ﬁeaat pguares refinencnt leads to R = 049 and B, ™ ‘048
for 2246 observed reflootionc. The molecules are find io he
in their most extended conformaiion, As expected the phenyl

ring and the pyrigidine ring show a high degree of planarity.



The dibedrsl sngle betwseen the phenyl ring and the pyrimidine
ring ie 2°. and the dihedrsl ongle betweaen the cyclohexane
‘2ing snd the pyrimidine rihg is 76.4&. The phenyi and pyri-
midines are 2imos% In the ac plane wvhereas the sycloherane
ring is sizgost et right angles to thic plane. Paire of
molecul eg related by & centre of synwetry give rize to a
éheet of pavallel grbe moleculeg in ac plone and thene
sheets of paired moleculer are ptacked in on imbricated

mode along the 6 - axis. The crypialline modifiention

of the eeaple thervelore corresponds to the comeonly found
mol ceular packing in 2 nematogenic precursor. Vith the
inerease in thermal 8 energy, & transformation in the

liguid ecryotalline ntate is presunably accompiished ﬁy

_the breakdown of the molecular gliacking along be-axig. It
could sransform from the solld phase %o nemstic phase by

meang of a single disgpacive iransition.
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