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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
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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.
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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.
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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,
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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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