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2etlele Claepification of liquid eryvetals ané their structures:

In seciion 1.4, we mentioned that thermotropic liquiad
ceryetels were broadly divided inte thrae-grbuﬁs; vigiey DEmRtice,
cholesterics mnd suectics. To date clacni“ic tion of different
liguid cryétal phaaes'resta malniy on the work of Sactmann and
hie co-workers' which wes based on the miscibiiity studys. The
migeibility rule atates that 17 two ligquid cfystals sre wiscl-
ble in =il proyortionsg they belong té the sane elagre The
optical properties (dYextures ané apticn 2l ani zotrapy) were
el=o taken into consideratisn in thie claagific&%ian\gyatam.

- ap e 2 . > s _ « ;
Ae de Vries , afteruards, modified thig elaamiflcatian syaten

1'3

on the bapis of wiscibility reletion, i aro o opic textures
and Ze-ray diffraction patiorng. Deimils Qf these clanpoifl ci-

tion eysiems end siruotures csp be had from the review arti-

o

- " . L ? e v * ) B .
ciep of de Vrieg™, I.E.J. Petrzeé, Je Domﬂet5~¥3 h.v.ﬁaaroffs
748
L 4

B

and Gray et al. Prom these 1% would be evident thet lots
of coniroversies are still going on abount ;hé structures of
different phasen. Withéut going into theae}éantrcversies. we
shall give the generally aceeptited vieve abbut the differenf

liguid cryetalline phaces.

¥emnatic phaces ()

e have mentioned eariier that in nenatic phames:

the long axes of the constituent wolecules do have g preé-
—y

ferred direotion of orientation cmlied the director ( M )

but the molecular centres of mass are randomly distributed
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ag exript in conventional liguid. Because of the orientaiionsl

order about n 8 nemetioc is a ungxial mediun with optiecal
s aleng ~ ¢ in all knawn ennes thare appearg o be

—
complete rotationsl ?ymmﬁﬁay around tha sxiﬁ N, ?he,

-

direction of is araitrary in epace snd the gfﬂte% of

N
the director 0  and -??: ‘are indistinguishable. Also
nematic phiipen cccur only with materials which donot fipe
tinguish between right anéliéft~ either aachgeaé@%i%aeﬁﬁ
molecule must be. idantacﬁl ﬁa ity mirror im& ge ory if it is
not, the sysitem muat be 23 racemia nirxture of the right and
left hended gpeaﬁeg.'rraw g aryatallog raﬁhie ﬁoi E of view

the symuzetry in nematice csn be described n}f! t%oh ~ in

10 )

ithe fchonflieg notation ", 69 ¥ries”, bnwever, obperved

another igpe of nematic phﬁge crlled pkewed oybotoatie

nomatic (Eqﬁ), where she maleca¢9 nre Frrﬁngeﬁ in small
oups in puch a way that they are y&rai;@l $o ench other

o .| mass Of

with the cenires ci/%be~mglﬂau~ef 1n 8 fh-rlf well defined

p_“ne and normal ta the plane wpakes eertain LQﬂ@lﬁ&r&ble

an gip ‘with the moleculsr long m¥en. finoe, 2o stnted esre

Clier, cholegtaries ars notbing butb "twisted' or '‘chirnl®

. 5 { -
neantice, de Yries ™ slso proposed two iypes of chelenterie

phnges -~ ordinery nemaiie cholestberic (thiané'lager%ﬁ o
. FA . ) '

snectic shal@sﬁeri&(ﬁhg} - 7 I -

Smectic poapes

The ?iﬁlﬁ~rﬂ&~£lkﬁ m@;scuxem, heliévéé to be the
bu&iﬁiag bl@@bﬂ of axl 1igm~d aerratalls, nan arrvy tham*

selveg in parwigel leyers ho form & @maetza_meaophaﬁe,
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The molecules way be normal ta the plapnes of the layere ar
tilted within theu. %hej méy be randomly ﬁi&tiibute& within
the layers or partbly ordered or, in some capes, they forz 2
two dimencional lettice within the layers, Tharc can exrigt
correiations beitween the lsyers buit, uxcept in_moée ordered
onen, there are nané. Thege lend to the pomzibllity of =
large nunber of smectic polyworphisn and slready as wany.

ep eleven gmectic phaseés have been ildentified and demignated

&8s £, 9. 'R SF‘ P S'n' e Sy s S';T s 3 5 S',.‘ '577,.;’ gé ﬂnﬁ@ﬁ%}
FR & X z & ) Ci . X

In mont pnectie phnoes the poleculess are modile in
two directione and men rotate ebout nsne axig. The inter
layer atiracSions are weak couphred to the leteral forces
botween the éeieculeﬁ.&ma the leyerp sre able to gpiide
over one another relatively eéﬁily. ﬁanseéﬂeﬁﬁly, the mmeén
ti¢ phagep have flulid propertisg, bub are'mﬁeh mora viacong

than the other negophagén,

3

phageg. Vilthin the ilayers of the long azees of the

A
nolecules lie paraliel %o one anather, their direction
being nornal te the plane of the layer. The molecnlesn
are fre¢ %o zrotote abont their long ares and the dintri-

butisn of centre of nasp of the melecules within the
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4
X ) 11“i:§ £ 5, . - . ) 5 A .
layers is random o Thup the lnyers haveda low degree »f
~order, each layver being % & two dimension iiquié¢ The

loyer thickness ig in most casmee, cloge @Qlﬁh? full molé

ouilax Lengih. The polecnis® srrangement ip ghown in Pige2.1.
1 5 - o S &
g Vries 4513 how peens to bollove thet the poleoculen are

tilsed in By §hase‘ﬁiaca the erientationsl order psrowter
(Ezo. 2.0.2) iz §, iz lese then mmi%y14 anﬁ%the layer
thickness is 16ss thon the molecular len ngth> ® , It nay
zipe be mentioned here that new ® resulis have emerged in
the lazt few ydsre concerning the awiﬁteﬂeé of re-entrant
negedic end mmeodic ?ﬁaggég hilagerwmﬁﬂgﬁyar %ranaiﬁicns.
unduiadtion shruetures and coexistent aﬁn"lﬁ? Wi vem of

. 1 N .
inconnenpuribe woavelsng? guip €2 3 e

fmectic © Phhﬁ@ (sﬁ,

The strusture of Ta phase ig simii&r té that of 4he
'Sé vhase except that the long syes of %k@_mélecuies are
tilted with recpoct to the planes of the layers (Pige?.1)
and ro luyor spacing in 8, ie lees Than that in S, vhase,
%, phase ailwaye ocpure st lovwer ﬁeggerﬁ%ar%é'iﬁan the
g, phage in & zequence, Till sngle of the Eﬁ‘phage nay
be semrersiure fepondent bud, Tox mﬁﬂt‘ﬁaﬂﬁg{:it ig tonm
peratnre indevendont, Eﬁpﬂﬁﬂiﬁg wﬁiwlg upean %ﬁe tennerature

depandence of 1t engle siteupis hmve beﬂm nade %@ divide

Sg phese in three Eﬁbwgrﬁﬁ@ﬂgao
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Fig.2. 1Schemat1c repreésentation of two types of smectic order: (a
mecti
A order; (b) smectic C order. () smectic
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Fige2.2 representation of real and reciprocal
lattice for S, and S_ phases and the resultant
diffraction pattern gs shown in Fig.2.10 and
2.11. The molecules are parallel to c and the
pseudo~hexagonal packing of the molecules in

the plane perpendicular to c is shown, with
arrows indicating the direction of tilt. The
hexagonal hko net 1s shown together with a
perspective view depicting the tilt geometry
and the diffuse bars of scattering parallel to
c*., A schematic representation is given of the
X=ray 'diffraction pattern with the beam parallel
to the layers for a sample with disorder about c*.
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tmeotic D phare (5.)

s

g5 recorhace pesﬁeﬂﬁea & cubiayarr&ngement of sphe-
rical micellee and would sppear to be an exception to the
rule trat all emectice structures have weli aefined ptrati-
fieption. In o number of compounds 1% occaéa gbove €

3G
below Sﬁgg “D.

a
vhase and some timen

dmectic T end fmeotic I phases (8, end £y )

Phe atructures of &, and §, pheses have been

: . . : 1 .
detorpined very recently by Leadbetier groups' (&)

end Hackmenn group” 2 (ﬁl* and the reiation bétwéen the
two i alpo establiched by Lesdbeider ané_hiétcsuwavkarEEB.
Dotk the phezeg coneipt of vnwérr l‘tsd.lgﬁerﬁ (at besnt
correlation netw&ea t op 2 lmyers) in ‘ﬁi(g'uhf nolecules
are tilted relative %o ‘the loyer normal. and have iiaited
positional correlutione (abaut %0 noleculny Sismetern}
within layers. #oth of then have three im Onﬁioﬂﬁl long
Crange *bond orienimtional order'34 of th@~u-centreﬁ.mano-
elinic lntiices. They diffor in the a*reaﬁibﬁ of the tild
of the molecules relative %o the vreudo~-hexagonsl packing
in the pin ne nornal to the long avss: in ’SE the $ild ig
dirgected towardp an sdge of the hexsgon, while ip 8. it

I
ip directed towards an apex ap showmy in
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Smegtic B phasa-(?g‘ : _ i

The molecules in By, phage are alvo a?rﬁn ced in
loyers with the long a¥Xes normal to the la*er ylaneﬁ ?ithin
‘the layvesres, the mml@eulmr'ﬁemtreﬁ of meosn ara arranged in
he¥aponal symmetry (Fig; 2.3} In genprql the logal Etruce
ture ip = B ring bone paoking and the ﬂverage hexagonal
eymmetry is obtained hy aap@rgasitimn of xhrge:&iyiar&nt
orientstions of the locnl crthorbombié ceilsﬁs The =itun=

tion ig dymoamie snd individual molecules ra%mte'S’J&

= s
°cn1® ef 10 1“. e heTde

smong

W

iy eguivalent sitepr on g tim
gongl layers have & bilaver ptecting g ega&ncggmf the form
ABABeesas with molecular contres nt (G,G)H§Q§5ﬁ end at
{2/, b/3) for B where & Bnd b are basic ﬁex&gana; lattice
vectég&37. irdiayey Adﬁé.....g raudom ﬁdu.;..;. highly
dicordered JGEOIE’@? Alessas PRCRAINEG OF RO ;uﬁeﬁla ol

coxrrelations are alreo remorteézﬁ. Ton kaaxhuu-wa Yoo copetal Boplant

hosmy Lrug ~mge D-dl. oyder , of evurte ; Wit mmo\um)ou o emdakional danorein

e,
%nctlc 3 nhasm (»F)'

i

The §. wodification im n layered mﬁrﬂ'* ure with a

el
level of order more glorely aynyonching Ln hh=u of th?
29, 2 :
“*‘gfﬂ'sj then that o 36:?@& for even Sg.

cryateiline state

Toucet el al*_ conciudsd that the long 8Xe8,ﬁf»thﬂ ROLlew

b

eeler in  {, rhaeee are normel to the laynru. It wag con-

A

cluded that within the layers the molecules %ave a chevron
atrastore with orthorhonbic gypmesyy. O T*Glﬁ *aq“ af th

orthorhonbio ayray wers a2lso obhserved o “Iiﬁt avey several



30

(a)

Fige 2.3 a) schematic representation of umectic:
structure. b) iiexagonal herringtone packing as

seen alon< the lon'y axes of *the molecules. The lines
indicate the orientation of the molecular vlanes

and circles mark the vozitinns 07 the wdlacular ass;

the circles form a hawaconal aovay.

o
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layers, the arrangement being monoleyver ar'ﬁilayer for
different substances. o the atrﬁcﬁuya ig eonsiderably .
three—éimen@ionﬂl4afﬁ1; However, there im also considerable
disorder becausne of'viﬁratinn or libration,if not complete

rotation,of the molesules around the wmolecular a!Eﬁ42¢

Smectic G, Smectic H, Smechbio G' and fmeciic H' phasose

& o (23] 8.,
(\NG" hﬁ; = 0 end iy }1)

.

' &li thece ppectic phages have long range threee
dimensional order-- in the form of monolayer arrangemsnt
with congiderable dynmmic disorder. The &, phace has a
(=centred monoclinic cell with ﬁméudo-hexagnnal vacking
of the woiecules within the leyers and the molecules are
tilted townrds an edge of the hexagon as shown in Fig.2.2.
In SHV pharse the hexngon becone more distorted and the
cell is no longer Uwcentred as a resgult af.a_quenching
ot the é=Ffold rotationsl digorder of the molecules which
egiﬁtﬁ-in 8qe The 5, phase ceriainly has rotaiionall@ia-
order in which the molecules reorientate-° mbout their
long axes on & time geale of 165 while this is pare
tinlly quenched in g Qhases43’44. : |

The ', phase was firgt described by Doucet et =l,
for HQ3g33354§nﬁvﬁ’ﬁ phase along with s’Q waa'foané for

. . ' 33 . ’
805877, PuhaC. Ghne ot als * first showed that S, and

G

ﬁ'H differ from SG and S% phases only in the tilt direce.

tion of the molecuiem. In theme cases the maleculee are

tilted towerds mn apex of the peeudo-hevagonel molecular

packing. Thus the moleculer %il% in 8, and Sﬁ_ phases
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correspond to the $ilt in S phace while that of 2'; and
'S'H phases corregpond %o SI phasce. 4 |

Though the smectic phases ®, G, H, G' and H' have
long range three~dimentional order like the solid phage
still theyweff*identified ap liquid crystéis 5ecause of

the following reasons!

1. Anave B ek dursdlesipiaatdbiwal s dnevdan  opt
2 Possess fluidity
Be Theee\phase traneitions exhibit no supercooling

effect whereas phase transition involving solid
phasee almost slwaye show considerable supercool—
inge.

\ : LV S o haT

Lo . The mosaic texturesof these phager strongiy
resenblem those of SB phése.

5» Mo gpbauer study46

ghowed the golld phaée.to bhe
*decidedly more rigid' than the supercooled ﬁé
phase at the same temperature. |

Ge A cr&atal ptructure of an optically active compound
hap a long range 3=-4 lattice just like any other
cryastal etructure, bubt the lattice of a = Z=d
smectie phase becomes twigted if ihe.molecules are
optically active. | ,

The assignmsnt of the symbols to the different
phace types was simply done in the order in_ﬁhich thoge

phage types were discovered, Ve have, howsver, described
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the phases not mainitsingng the elvhodeitiesl order but in
sgeordance with the incresszing orderness of the molecules
in the phases, The sequence of the liquid erystalline state

ag indicated by observed varimnts is as Collows:

: H

Oryetel &, 8, 85 I B, e T ~ Isotropic
" - ir & L A A - k2 . F : . ) . .

: , ch
qr o oqr
B e

LoNet fmectic ¥ and ¢ nodificstions have not been
observed in one compound end so their recpoctive order is
not verifieé. But since orthozonal phanes are 1ese\eréered 

e AL1 -

then the tilted onen, we have written .gg'ﬁbfpfe 3@

other sequences have been verified,

2e%¢2e iethods of identification of different

iiquid erystslline phures

L0 wentioned a&rliﬁr'iéentificatioh;af different
"phasgep and the c@rreayonﬁing'tran&iﬁign teﬁéaratura& canu
be made from miscclbility E%ﬁégs'ﬁiXTQEC§§i§:%93%&?@ ang
eptical anisotropy study wnder a polarising micromecope
end freﬁ X~r&y_diffr@etian ﬂtudg. But tranéition LennoOYa-
%aréﬁ cen be messured nost accurately by<ﬁifféren%ial
seanning colorimetry ££92% (DSC) or Differential thermal
analyrie (DTA) siﬁpa‘ﬁy_%ﬁege mathodn aVQnﬁéh&ll ehaﬁgés

in thermodynamic quantities (e.g. Enthalpy-pr'ﬁntrépy}at



34

trenmition points can be detected which rometimes ﬁay £0
undetect$d47 by optical study end the temperature range
n? & particulzr vhaepe may be o small that Yeray &iffr&c;
tion study could net be nede., Again from migﬁibility end
opticel microscopic studier = preliminary iﬂéptifiedtian'
ol the phzses can be made. Bul to know the §%rue%urai,
features of meﬁomar?hic phages Z-ray ﬁiffz&dﬁion study
ig the mest powerful %tool at hand,. |

T=ray pattern of an unsligned liguid oryeotels
conéista of one or pore inner W rings and ane‘or HOPre
outer rings. The inner ringe corfémy@né 0 ﬁhé nolecular
length (in case of nenmetics) or layer gpaéings {in ease
of zmectien) snd the outer xinge are the éha?acteriﬁtics
of the lateral distribuiion of paraliel mol@éulsag’j.
In aligned gamples we get meridional and é@ﬁqxorial
ditffraoction maxime &2 ap points or crescenis. Tharade
teristies of Yeray diffraction phot@grapna‘gnd textures
of different phases which we have usmed whilé,identiéging

them are given in Tuable 2.1
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Pig. 2.40Powder photograph of ordinary nematie(N.) phases
Qo)N\o&oafq,Ph of Lsotvopic Liguwid Phase"- v

Fige 2.6 Powder photograph of cybotactic nematic phanf
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Pig. 2.7 Aligned photograph of Cybotactic nematic phuol.

Pigs 2.9 Aligned photograph of Smectic C phasn?i
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Pig. 2,10 Aligned photograph of Smectic P phase.

Pig. 2.11 Aligned photograph of Smectic I phase.

Fige 2.12 Aligned photograph of Smectic D phaui‘
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Pig. 2.13 Aligned photograph of Smectic B phase.

Fig. 2.15 Powder photograph of Smectic G phases
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24241, ;heory of, i@mmgéiéei'i&iiéa? c;«maumé }szatez PR
It has already beenTQtate& that tha nematic liﬁuid.1 -
aryetals differ ‘from iauﬁrayio liauié bv P 1ang ranpe o I
orientatianal aréer of the long a?wz af the rod 1ike :7
moleaules. The namaﬁic phas& haﬁ B imwer symmptry than
the high tamp&rature isatrapic liguiﬁ. He exgreaa thia »
qualxtgtzvelj by saying-‘aaw tha namaﬁie nhaﬂe 1& mare

ordereﬁ. To put thls @n a quﬁaﬁvtaﬁiva bm@i We ne&a ta

deflne en arﬂer n¢rdmater wﬁz k ia non— er0 in the mema%ie;

phewe but vaniehea 1& he iﬂatruyle pha g@. mhe ar;@qga_ S

) tian&l potential ener J er a ma eaule in vhe nema*ie

'5 ;liquid can- b8 axwvana@& iﬁ termﬁ af thie 0 er ﬁargm@ner.
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rt‘ﬁgu*?hahle mnd the mqle«

au&@w ara m@?e Lath l*ﬁ@ ﬁﬁan eya:rdﬂxc@14§

Eﬁw&ver, %ae ;t?

nﬁ the mnlan B
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How i€ F(LD&B) depi gnnten the arﬁeﬁ%aﬁimaal
diptribution funcition which ip +the probability of Tinding
& molecule 8% pome pre@cribéé‘angle 6 from . %hen

it onn sxpresged in terme of V1 as

T L :
poCeose) = 7 exp |-@vi Cose) 1
1
ond 7 = g &KPXQ_FV‘LLQSB)] d (Lose)
O .
{2.40)
where & 3s the gingle molecule pariiiion fanebion,
@ =\/RT' , R being the Roltzmann's consimnd and T
ig the abpolubte tempsrature.

finco both V, and P, are even functlonsef cose

ot

he integration is limited within O and 1. Bgy-(2.10)
ig not yet upeful in compubting average vaiues since ?1
contteins unknown aversges { V. >
How since {P. ) ip the aversge value of Lih.
order Lezendre Polynomiml we osn write,
\ ,! .
L0 = g P (_cose)e,Ccose)‘&(cose)_
D“ LT .

g P (co58) exp L- @v\(coseﬂoﬁ LcOse)
O

e
—

\

Q1P [—(’w. (cose) | d Lcosé)

{(2.11)
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whicﬁ is a @elfncangiﬁﬁanﬁAeq&&%ian‘f@r thg_ﬁetermin&tion
ofrtha temperature dependence of L P> . TE@ simultaneous
'ggluﬁign of éﬁu&tigng {2.8) éné E?.??}, by aﬁing a aagguﬁer;
yielde the temperalure 3enﬂ&ﬁanﬂe at 2 l the e >‘s
originally insluded in the @a%&n%ial ﬁie In particular,
the solution for L F; 3 1 givég t&e.ﬁe@pﬁra%ﬁre_ﬁeﬁﬁﬁ-
dence of %he_a:éér parameter of the nemaﬁiﬁiéﬁasei

0f 8ll the Eﬂﬁﬁibl@‘éan%iﬁhﬂ the @Es.wﬁi@
satiefies the thernodynemic condition of minipum free
energy will give ithe physleally observed atable PHAGE .
Foxr thic we consider the Hé;z&haltﬁ free @n@rgy ool - 78
where E is the interasl energy snd G the entropy though
the Glbﬁf fr@a energ ﬂﬂ@%&ﬂ‘@Q aaaﬁaéereé'ﬁnaﬁtrict‘ﬁgnse

ae most of the experimental messurements on order parage-

»arﬁ are dong under cond a of nﬂnﬂtnnt n”e eure reather
th&m et congiant valume. Fo ra 5%@@ of ¥ mml@ oules we
, 5% u

‘have expressions

—

B vy >o= Yan Tou Ly (2.12)

" (2.13)
: ‘ _ \ L ,
The asndidtion QV minimun lr@e ﬁnergy 1.@-(\DF/>119L>) e =0

regeins the reguired pelf convnat@ncy equation (”.11)

Rx
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Purthermore testing eqnee (2.12) and (2. 143 we see %haﬁ
they do 5bﬁzazy the r&culreé %h@r@aéynﬁmiﬁ *:,nmlﬁg

B=( d(B Foldp ) . Aacsrding to MY theory Ze, > is &
universal funcition of @/T§1.>$ut expariméﬁtal veluese are

found to differ siightiy®Yr®?

from the pra&ic%ed values,
It may be noted here that U, which é@tergiﬁeg the |
strangth of intermolecular potential depend % ﬁﬂ the Qei&r

volume V wvia intermolecular aeyaration'aﬂd this muat
change with temperaiure. o

¥hile eluczdat&ng the P&tnr@ of intermoleculdr
forcesg in n@mﬁtlcq ¥aier and Saupe apsuped %hat this wan
pmeinly due to E@nﬁ@n‘éiﬁpwrﬂibh forces .@. in{ucad
ﬁipgleﬁduced fivole) whiokh w&a dopendent Qn'*be_intﬂﬁm
moleeular\éeyaratimn an Yfi ¢ CO v1 nbaulé &enmnﬂ'
on ?’2. ﬁeﬁ"ﬁierea has shown that for the E.’“Esnrw w0 DRy
ptatisticnl mechanical conslipiencys bhe poﬁ@ntial punt
th@‘ Y’1 dagﬁnéeﬂé’ mther shan V”Q 6e§mrée:c@ of 18
theory. o we shall be sble 4o test the prediotions of
HE theovy with %the experimental values cf  :4 Pr > &t
gonntant pressure. -

While developing mean field theory Humphries
et a152 conpidersd o volums ﬂ@pewaenna as ?”ﬁf : ~r
being arn sdjustable parasmeier. Porce £1i41ii: %<*he Eh g etk o T8
nentel parameters, however, yielded value& af Y ag 10
in rome gar&s€“ which are Aﬁibha? thermod ynm i ally é@lf

consistent (V" ~-1 dependence) nor congisient ta digpersion
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torces (V-7 dependence ). Uhandragekhar anﬁ.Ma%Nusuﬂan57

obitained an volume dependence ag ?‘ﬁ conﬁiﬁering PErpie
nent dipoleespernanent diénle farcas,‘indagéﬁ_ﬁiymle~ |
inducged guadrupale part of the &ispwraien farceé. In view
of thesge spbiguitien regarding a knoﬁledge of volume depehe
dengce, 1% imo, hewever, prefersble %o traat %ﬁe c@@&fiﬁjﬂﬂtﬁ
of V, in eqn. {2,8) ap independent of volume and to regt.
riat the fitiing of the theory %o axy@rim@n% t0 8 narrow
renge of tﬁﬂperature. Finally ﬁifvarant foree of volums
de?enéenee may be included,

Ravwever, aceordiny to Lucfharste4 fhe long Wavee
length orientational fluutu&ﬁiams in the mediun diminish
effective order parameter. The Fgwampfiqn ﬁ%?t the moleé=
cule in a rigid rod is also an avarﬁimpliliemtﬂan and 8
realiptie calculation har been made by ﬁareelﬂa"ﬁ taking
the contribution of Tlexible end chain Q&rﬁjin the order-
ing process which. sccounts Tor the altgrnaiibn in the
trangition temperalures, the order p&rameﬁaf ané asher
related properities of the sgucsessive msmhéra_af 8 houo=
dogpus series. Recent theoreticoal work by %uakhunstﬁﬁ,
hewéyﬂr. ghows the effect of the flezibilité of molew
cules on order parameler is only ®xg sarginal.

Ordey parapeters of ﬁif?ﬂreﬁt mesﬁﬁhﬁseq {spe-
cielly fnr nematics) have beeon detersine ny many workers
’empl@yinu various ﬁxﬁﬁrim@ntMt@ahviau@ﬁ Vi @. ﬂl&mﬂgﬁ&tic
&niﬁmtrap§67. oguinal aniso%rapyé?’bﬁ,

69. 78,?1.

speciroscopy keman soatiering

m&gﬁﬁﬁzti ¢ reéegonance

infrared specetron=
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eapy?i, WV snd visible aspecirascopy

72

70 72
?

s Mossbauer speciroscopy

s Positron ank 1latian7?,'&ielaatric xx

?,/i71' ';}1'

weutren scatterin
aniea%ropy?*, Guest-host interaction -PRy aiffractidﬁ
- ejce Comparison of these resultm with Haie rfwaune Ihenry hasp
briefly been dipgussed by ﬁ&iths Th ﬁat&llﬂ of all the
expeéimental bechnigues are veviewed Ly diufﬁren% wmrkera?z.
In thin dissertation we ghall discuss in auﬁséguﬁnt ﬂéétimn

only the Y=rmy diffraction technique.

ZeTe Theoretical bockground for ¥mray Aiffrrciion works:

>

Prom Feray diffraction situdy we can ged iden aboutb

- molecular interactions in liguid crymﬁalé.'?irsﬁ nttenpt

"y -
s aaq (GTT
wag made by idingen =nd Friedsl ' 7, iws

&

sedint ely after
the dipcovery of Xeray Aiffrmction., Loim @f’ﬁ%aéiaa made
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in thip ares have been reviewed in v ferrneag and the

detail theoretiocsl conpiderstions are given by Ja*“rhtelnfz
and Euekburstgg. Generally, nematic liﬁ?lﬂ wfwﬁtal zamples
congigt of a large numbeyr of domeing, the ﬁpieeuleg being
ordered within each domein aleng the director [ s but
there is no preferred dirsction for the sfabi&éﬁ ag a
ﬁhcle. o the Xeray diffraction patitern hap a synmetry of
revolution around the direetion of the Heray Eeam aé_ia
evident from the ¥ uniform halo guat‘lihe;thaé of an ig0=
tropie liaquid. i Cfradtion phoiographs aflﬁhg opecinen
oriented by mome meana are, therefore, need@d'ta specify the

stete of ordering. For saunples oriented pervendicular. tp the



ingident 7 -r&y the di‘iuﬁa main rlﬁg fhala) aplitﬁ into two

erasoents gyanetrical abont the crigin. The gw& halo or the

eregoente appesr due to intermolecular catraring. ?he
intenzity naxime o?ithe crepeents lie in a?e uauatarial
section ‘lees perpendicular o the optic ETiﬂ fﬁirec*or).
Som® other rings sre alps obgerved. in the m&rin,agal ’
zoetion (ﬂarallel i to’ the director) whi oh are éua to iwtra-
mel@cular aeatter REe *rom the ﬁiytrzbutian ﬁf in*enrity
in the equatariai plene of zhe dif*racvien yattern (ot
oriented uample}, one oan abtain the &tawxa cylindrieal
distribution fanciicn, giving the arsb&nilﬂsv of finding
two atoms at a particular Aistance, the atgmg mav. howaver,
balong to same or ﬁlﬁfare&ﬁ mnlecule ioreaver, according

o Chistyakor D

sy the wmethod invalvea an inﬁngrgt1on over
the pcattering veator from mers to lnflﬂlty wmeh cnn never
be fulfilled by photogrephic methode W1th &, Lat piote
aemer&, the @late being anormel to the X«ray baam. (el cum
1ation of eylindrical disiribuiisn functignfahé order
peraneters from X-ray. gzrfraatian wWOrke: hag 1aﬁer haen
éané'by de Vrieﬁ a4 ‘while Qrientation&l d:ﬁtrwhutﬁen

beemn
Tunetion and order perepeters havekcalculatea by various

2590 "

varbwrg
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P 0 T I Orientationnl distribution functions and

order parameters?

The average state of Q?iﬁﬁﬁﬁﬁi@ﬂ~f@tt& pystom of
srlindrically symmetric wolecules san be ﬁnf’ieienﬁig
depcribed by & &istribuiion funcbion £ (B)- depending
anly an ﬁh@ angiae between tgﬁ golanplar sgématry aris
and the direchor A8 ae pentioned in section 2.7.%. Zeray
asferaction pho$szraphs record, in%@ﬂﬁiﬁie%javerageﬂ ovey
s relatively ilong tine and over s ammrnsegpib.vcluma, 8o
the molecules may be assumed %o have on ﬂ%@fége eriindrie~
eal aymumetry even if they'ﬁa not fatﬁtevﬁh@uﬁ their long
axe&87. The mrdér pereneters P> for a syst$m af rigid

vade in & unin¥isl phase sye therefore, ds fined any
™ (o
) P (oospd), sy 4B

o

»

(Wi o
| Fip simp 2t RER

O

By
L]

S
W

with L ® 2 and &. In reisiing the ?»rpy ﬂnuanaiﬁg‘i

¥

-~
i

. &round %he divfuse equalorial arc ( ize -.ﬂu, with %

Sviar®

@

oriendational Aistridution function §(@) ', Leuﬁb&w,ﬁr

" 2 Bt S A PO
and Horria ! agmumed $hat She rigid rod lik.,ﬁaleculmg

1

pre perfectiy slisned in » Qlum£aw {§ 21 ﬁ%g&i‘nﬂabar of
molecules ( > 10 } end abiznined |
W ' -
_ . e e L ,pL.‘
T) = e | Aalp) ey Dep- beale] ampdp
"'G:\\( : * :

{2,16)



53

Fige 2.18 Schematic representation ~F the

Keray diffraction photograph of ar oriented

Jiguiad crystal.
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where §4 (p) mnow describes the diptribution funchion of
the cliupters in which the mmlé@ﬁlﬁ% are ne i) %iy alﬁﬁueé
vather %han the Srus singled disbridbution fanct*an EION

They have also amsumed that for & perfeeﬁly'align&d

gample L {(p) = S(pY 1 tae soatioring iw sero ezcept
Tar mh& directions ol the ponttering vector pe ndl cuiar

Lo eluster axip. They Dave however, ﬂa&lﬁ$d§@2 ths effectm
and found that the deviation ip small except lor usghlg
ordered phases ( L Py > > 0% ). ﬁaraaver ﬂaﬁnmrlﬂg
the velues of {, (p) with (@) of the some ample
obimined by other methods they showed thatb CEa (D)
may well he replaced by {‘(@) VRLULES o

The sethod of obtaining intengity ?éinéa I i)
Lrowm the wensurad epticsl densitlies of ﬁhélﬁué&$ SL L Lo
'r&ction photogrephe will be described in aautians 2etet
and 2.4.% Por evaluating the integrale in eay {2415} #nd
216 snguluar soanning for one qa&ér&nt (_W"ZD to \kt‘Wl)
in sufficients We nave, howover, caleulated }(p) and
order paramebers valuss Loy sach of the Quaﬁrauua @epa-
rateiy and bhen look the average. 4% the sﬁmé.timg'W$'
used the mean I (V) values of the Tour Qﬁﬁar&ﬁts to
obtain L[((), <P2y and LPq > ~Wa1u@é,~%wa geta of
values being slmost egual we have calculnted them uping

cmeen 1(Y) values.



. B0

Tha m}.fsculr;r az'i @n u%‘*“ki@!lﬁl ﬁiﬂ’bz"ihati@n Mmc:*&ie:m

snd intensity zzim‘&r‘ima ion famcﬁmn- enn be gazmmie{! a8 8

pover series ﬂnl;s,r with aven %m @?ﬁyga i‘har@t‘ﬁre, W
write - Caioo
L |
1) = 2 om\ ™ v o

. < . . A -)"h T'V’;—,,&';\ ’
bR) = 7, oy Cos @ il |
L S ¢ S ED.
. Eqm /(2 ‘!6? im maai’ww‘*jag mﬁmts mm.ng S;Y{._{',(f_»_,._ Cosp See sy s
TW) = ¢ g g,w):Sw& AL Lo

[>]

From eqns. (2.173;(2.183&2}&{2 1‘*3,@%@:*6&‘03‘&. nave

- m""‘f‘ | -
- ),’V\H.:
N . ' 6 0 . o

‘\h'{'f
T "A,)-‘T\;\"\' .

!Y B
=) \g,%ms”o(j S K Ak
" ST SR '

‘ | | s (2.20)
' :&.mze Vv oie ar‘ammry, tae wgefﬁ.,mnm of cm* + rust
éﬁ&éﬁﬁﬁ
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Esgss Now

m'l_ L N ,)’L-
A oo
& N . AL =
o (amn +\ ) \
and 86
(am+) .
b'))n e Qq_\n ; o . 3 ’ {Etgi)

A

1y (w )
The geries in fono. (2.17) and {2,18) converge repicly,

Reteining eight %erms in the %raﬁca%ad serise,; & lengd

83

pouniren Titting waes made 4o obialin the uaeéii ieatﬁ Lrom
Eqne (2171 with corrected siperikoentsl ipa@ sity vRlues,
mh& gnloulated intensities in oll ocoses w@rﬁ found in
gg@ﬁ agPeenant with the obperved inten iﬁiéﬁ. Thepe
values of Q.. were then used he a&lculgﬁeﬁihe coafim
cientm b elﬁhaﬁ %(ﬁ) values wafﬁ éalculateﬁ
uging the eight toerm cories, o

By onleculating the iﬁ%ﬁgf&l

DEE « ‘ L
[0 Smp dp = K (s,

and then dividing a&l the |, vaiues by Ko we shinined

X1

the norpeliped valuyes of the orientational Aigtribuiio

funetion. Substituting on. (2.12) 1in eqn, {2¢15) we



gqt'

{n .233

Thim oon be-writtavfﬁn'ﬁarég5éf thé stendard integrals and
.(PQ)~ can be ealculzted end ﬁ*%i&&?ly <‘Uf>

From the uncertamnﬁieﬁ in $he memaurwmant of
_optieal eenaiuiea and corr &a@amﬁing intan&isy valu&ﬁ She
arrors in LD rﬁﬁﬁ' (P4'> ?&lﬁﬁﬁ wera ﬂfﬁimatéd oy
Héraﬂ;ngvdiff@rentfinﬁeﬁﬁiﬁypéif riba%mam ou“ves witkin the
renee of uav@rtainty. Por 811 thene cur7es <ﬁb_> and {Pq )
wera calculatod sn@ acamrﬂqy of wa%ﬁ %h r Qe era were

alwaya found to be betier ﬁa@a ol 04024 It'fatto be noted,

hawgvar. that unﬁ@rﬁ inty in the % amnerﬂtaxa;jbaoksraunﬁ

rootion and 1rrerulﬁr1*y in thv film coatinp {i¢ any)

aa&:
eaulé ?9% nava heer taken 1nt¢ mar@ant in %he errar'amzz-

otione.



2.3;3. V?B&ﬁﬁéﬂbtenﬁiﬂltW

- Fhe ﬁoimaliﬁeﬁ &1stributign’£uncﬁicn cen be written as
{ﬁécﬁien 2,2}"v7 |

i

w) 2 pep {q(@) [ev 1

{?Q?EJ

where £ iﬁ uh& @fiﬁﬂt&tmnmﬁl @art*tacm funu%ion which Bt & '
partiéular temperammr& Mﬂu treated as congtent and (@>
4% the anguxﬂr pmvt a* the intermolecular potpntial. We have_g
fitted Qnr_ &(@) values %o the form . ‘
l."“”:'  - (os :]
%(@) f,_ QYP‘L 2’ tgpp L ) B

SR S ‘ (2&34);
ar e | . ' |

P c_o‘g) + Q,O'Y\S*O\JAJ‘

b\ms)-‘ 1) w bt | o
. ' L-%NU“ | '; , e o C?f?53 :
A laask avﬁa%p fit%ing af 5%&. {2.25) wntb ealnouleted 4(ﬁ)_ '

'valuea Eor differant P ata partiaalar tam@er@tare gives

Gy e In tﬁ*g f;tt;ng gix uerma are r@tamaeé in the geri@r to

n%t&im a gaaé méea about the am@uéaa@%@ntial. E;attaehar;aa
2% al.gj in cnr 1aboraﬁnry @&vlier aualyg?ﬁ the ePTOrs in |
ce»zlaixlatm;’ the ‘enet Mﬁ.ente o (8 o = = AM3) and fmmé. ‘-
 %he tirat fnw (npﬁo L= 4} mneffioien%m.%g be we&l ﬂafine&

‘wz%bzn an, acuepte& ranga of v@l&es.
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\ ' X
A general anisotropic pair potentisl may be conste

ructed (sec. 2.2) asm

V(p) = ) A Ciuy P Cesp)

L evem
(2.26)

wvhere ithe goefficients dL can pow be obianined comparing

Banm. (2.24) and (2.26) as

G . GRT | o
; . LPLS 2427)
We have aalauléted ﬁz and ﬁg for different teaperatures.
filnes the coefTiclents d, deieraines the a%reagt& of the
intersolecular fgrcﬁgg’%h@y should depend on the inftore
noleculsy separation &nd mo én temperature. Initially we
trented {ap discussed eaxlier ) && ag congtants indepeone
dent of teép&ratura and conpiructed the psesdopotential
taking the mverage values of éz end d4 Yor different
temperatures and then gnaiaﬁaﬂ denpity dependence, With
this ppeuddpoteniial thus conmiructed the norsalisged 2
ﬁﬁ@tributiaﬁ fungtion }{@) values wers caloulaied -
both retaining (P and 4fq 7 termm using Egn.(2¢23}a’
In thiz eslculations, Z wae adjusted so thet  P(p)
valuee were normalised. These novnplised distridbuition
funeotion values were then_samggred with the experimental

£(0)  values.
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ﬁaﬂarﬁing te ?mi&gﬁﬁ@iuﬁz,aAfairly gaod a§§r§ximatignC§f
for order parmmetars cun be obimined by replecing {(p) |
values vith T ( % ) valuer {(a% n constent Brags angle).
Ve have also caloulated order garama%erg uging thio appro=-

zination and depignated them ne (Fz}J and <\R;29

2.%e%e Holeoular parameters !

Prom the diffraction ring diswmeter cne obiaing the
gorresponding 4iffraction snzle 2 0 4 The spacing X Dbet-
wesn two successive reflecting points or plenes is related

to the corresponding diffraction angle by a formule of the

X Sim b = K

(228)
where A is the wavelengih of %the Xeray snd E is a conse
tant depending on the shepe and sarrangenent ot the malecala@§5¢
Our experiments concern with %wo spacings giving two diffa-
raction maxime positions at.wiﬁﬁly different anglen, That
the outermeoct appesrs due %o intermstion of neighbouring
parailel molecules while the inner ving ip in some way
related io_thﬁ length of the polecule, wog egiablished
by de vriesg’ 94. They aslgo discussed in detail the choice
of ¥ in eqgns (2.28) depending on particulsyr spacing we aré
concerned with aes well ap the shepe and orientation mf the

molaculiege YWe used ¥ = 1 fo¥ inner mavimae l.e. 3rexg loaw,.



© Bb

Foir outer m&zima, we howevery used ¥ = 1,117 for both
arian%eé and uwnoriented sanples, This ip bDecwuse if we
goneider {the peattering frow & pair of moldeculen ot &
digtence D épart and if the chaing are allowed to
roatate ¥ freely asround ench a@her, the positions of the

o . ‘
mazima along the equalor are determined by the f&nc%i@na

pary
Rl = g cos (% COSo() (o 0%

o
whare X nAﬂ]}-cL-E@Sh\G= and thip giveg foy Tirst
pmaxima K = 1.117,

Gy e
o2 asaleonlated ¥ vaiues from bthe

Vendorft et al
phoiograph of sgome cholemterpl esters By taking X values
in egne (2.28) from completely oxtended form of the |
moleoule and found that K. lies vetween 1 for perfecily
ordersd molecules anﬂf1.22§ Tor complesely random orierne

tetion of thé.molee&lag.

2+4s  Experimental foohniques and date mnalysdis

411 the Xerny &ifﬁr&at&en'ph@tagrayha were taken
in flat plate camera with Rsdon Heuse (India) Yeray genee
rator. An Zeray tubg with Cuetarget was uped, The flatb
pinte osmers used for iaking Feray photographe was ®
equipped with'high temperature arrangement fabricated by
Jhe and ?aglgﬁ in our lahn?ﬁﬁnry. This set up elco hae
provisiong for intershangable collimmitor, interchangalble
spager %o v&ry the gemple to Tilm distance and interchone
zable pole pileces gep of the elsctromagnet. ¥ige 2419 sghows

the sectional diegram of the whole arrangement.
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Fig.2119 Sectional diagram of the camera:
(1)"%-Ray; (2) Collimator; (3) Brass Ring; (4) Ring of Syndanio
Board; (5)BrassRing; (6) Cylindrical Brass Chamber;(7) Asbestos

[nsulation and Heal€r Winding ; (8) Specimen Holder and Thermocouple;

. (9) Specimen; (10) Film Cassétte ; (11) Film Cassette Holder ;
(12) Base Plate; (13)Leve|ling 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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511 tbe materialp used ave nonaéagm@tie. A vertiesl
Ze~ray bean inaidenﬁa on the ﬁpécimen (é} through the emlii—
antor (2) which is push £4% into the sample holder. The
eylindrisal braso chamber (6) hae heating coils wk which
are insulated by aﬁbmﬂﬁﬂs‘fi%re {?}. The ganple holder (&}
iy well insuleted by azbestos pheets and sindenye ﬁ%mr&ﬁ(é}"
from the posie (16) supporting the pampple bolder (8), the
samble being taken in a %hin wolled z® glees capillary of
diameter 1‘Q’mmg epprozimantely. The smample holder inclu&»
ing the insulatien can be reduced Lo 1.5 to 15 cme thicke
nesy at the position of the sewple go that s sirong wagne#
tio fi@lﬁ (34 ) be anp&ie s The four supporting popte are
rigidly attaahea to & heavy braps plate (12). The film
casnetbte ig moun%eé pn & capsetie holder {11) which is
aleao augngrﬁaé by the pmsta. space~y (15) ean he introm
duced along the posets ba tween the clomps of the coegretie
‘holder and The sampie bolder and nlso between the campetse
holder and the heavy brase plate so that reproduqidbie
‘geometry can bé ohbained, Levelling seorews (1%) enn be
used for adguabﬁe&% znd hﬂﬁter eoilimations The pole
pieges (17) of the ﬁlec%rgmagneﬁ‘ean be braugﬁﬁ'#efj
close to thajaampl@ holder, the pelé viecea.  wege
properly shaped fa& this yﬁ??ﬁﬁ@“ftﬁ for pfoﬁucﬁimn of
- strongest field at the specimen position. -
The X;fay tube ieg enclosed in un iren coniainer
in order to provide magnetle sheildirng to hizh speed

sl&ctrons and in order o aveid 4tne attraction of the



tube by the magnet it is supported by a wooden block placed !
over the pole pieces.ihe temperature was regﬁla%ed within

+ 5% vy sﬁp@lylng variakie voltages to the nesting ecoils

from a Etgbiiizea power supply and was measured with the

help of 2 sensitive gelvanomedber and lompesozle arrangement | -

and aalibratéélCGpperuconsﬁantan thermocouples The sample
holder wag caiibratea upta 250°%0 with s number of samples
of known mel%ihg pointe.

The strength of the magnebic field at a fixed
distence (2.0 eﬁ.) vwas measured for Aifferent currents by
a sensitive gglvanam@ter {B0I% model &Eﬁé?jQ Por all yhaﬁan_.
grephe Cuk 4 radiation monochromated by a Hi-filler of
thicknese 009 mme was used,. the beem was being colliméted
by 2 collimator of aperture. 0.3 mne Yhile btaking unaligned
photogrephs b&(%bia set up the pole piecer were removed. To
have better repoluted low angle diffraction petiern from

2 unelirned pemple a Universsl Camern (URK 3, VED FREIBERGER -

PRAZISIONEH ﬁﬂﬁﬁzﬁ, GTR) with hizh temperature aittachement
developad by ué wae also uped in spome caces.

¥Yor each observation set, the exnet distence
betwéan the sample and the Tilm wae determined by taking
Al-powder photographs, fince for AL the unit cell dinen-
gion isn knawn;’%he Bregg engle for Wk refleoting pleone

can be aetermined,fremgﬁ

(b = ﬁ(mq J»HV*—‘K” + 17
| (2.29)



iy

Thus knowing Bragg angles gorresponding to 111 and 200
observed dif?racﬁien rimga§7 and meaguring their dismeter’
from the pn@»syrabh the exack zavple to xllm diestance ﬂan
be obtained frcm tha relaiion

. Roadius of the wing
“an 26 = ‘ '

Jepple to film diatonce {230}

Then » carractzan torm ie enla nied snd spplied o the

spacer meparation to obtain the exael distence.

2etels Conversion of optical denpity %o Feray intensity:

Iﬁ order to determine verious parfmeters, the T=ray
diffracition photographs were geanned Woth lineariyraﬁé
eircularly with 2 Car) Zeipe Nicrodemsitowster (LD 100)
which has poltentismetric recording (¥ 200) faeility for
lineasr pcmuning. The eiroular seenning gae made nanuallys,
the rotation stege wep modified by us for this purpose.

The optienl densitiep obleined fron densitomeltric neanne
ing were fh&n.ccnv@xtmé to reletive intensitlies by o method
adopited by Klu#ﬁ and Lo ,9nﬁ&rg « A0 intenpity seale wapg
prepared by expoping differemt porxsion of a film fte X-rvayp
coming +hrau€h e uwall rectongular nn@nzng withk exponure
times 5, 10, 15» 28 s.,s...-ﬁaas» Hultiple Tilem technigue
wee used. Dpticsl densitles »f thepe mpotes were Lheon mes-
pured with the microdencitogeter and a graph was drawn by

plotting optieal denpity versus time in secs. (1.0 Jeray



§

© 7

intensity)s Thie ie phovn in Pige. 2420« ¥ While wessuring

the opticel densitiem of Ywray diffrecition phelugreph and

gradintion otrip, the deneitoneter ﬁerming wae moda on
unaxpoped Kafay filmes nmﬂaubﬁx&ctian,fer unexposed filn
opvieat ﬁengity wag ,therelfore, nscensary. However, the
brend | and type of the fﬁlm. the developing tine, eaﬁyem
ﬂitién end temperature af the developer heve pronsunced
effect upon hét& the opiieal density and film faoter of
the respoanse curve. o these gquantities were iried to

keep to the seme valuee as appiled fo prepare pradistion

S%rip .
SedeRe Linesr scanning snd leention of pesk popitions @

e mentioned earlier ihak in order o emloulete the
average intermoleculnr éistence (D), the dinmeter of the
outer diff%ac%icn mazina {ring, bhelo or crescente) is 4o
be duierunined. Prom the linear sesuning nf the puter pexing
throuwgh the central spot uming the potentionetrie recorder
a graph rvelating optical denglity ve. linonr Aictencs o

phown in Plg. 2.21 ig obbtained, The differeance bDotween the

4]

peel pointm of the outer maxime glves its disnmeter. There

e

ere different m@ﬁhﬁﬂﬂﬁd Poy locsting the peak ?bgiﬂicm

from linear ﬁi@ﬁ&&ae Ve e Tle cuIve ag chowrn in Plg.2e22.
?Q is the epparent mazximum of the iine nrofiles E% hmﬁ
the ®x drawback thaet sieatistiesnl uncerdainity in the ontie

eal density #alues #t snd in the jmmedipte vicinity of the

‘marious makep Aiils precise location wncertain. In order o
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avold this problem & commonly employed @ethod is to locate
the peak at %? the point of inﬁerseetian af two straighti
lines projeclted from ihe mopt inesr portions of %the slop~
ingiﬁiées of the profile. Another methed ig to -assien the
peak position o the mid peint of & chord dravn parallel %o
the background and lecnted at one half of the maxisum peak
opticsl density Py, or bevter at bigher levels nuch ae
sy ox . Py, The different methods give some

whai diffgr%ﬁ@ values Tor She peak position deswiie the
relative sharpnese of %She lin& profilmﬂ; “hen the perk
ig well defined | wejnnwgvax, ﬁ¢maiw Yeky the Eg pogdition,
ix other cases we uped 943 g@ﬂitiaﬂ. ¥nowing the diameter;
the Irage &ngiﬁ‘ 0 c@*respaaﬁinm Lo thip diffracstion ring
ig ﬂﬂfermiﬁe§ nsing Eona (2.3&) wien the actusl sanple to
film ﬁigﬁaﬁeé ie EFQW&.'&RQ then She averere Intermalesular
dlﬂﬁanc@ {r} iﬁ aalo zln%ed aﬁing 2GH é-gﬁ;olﬁe ﬁnﬁ@ BTO»
sedure ig @6aﬁteﬁ o é@t@rmmma whe alémaﬁer of the inner
I‘ing;i,'o

In arﬁér'%@ get the diameser of the ouler cveacents
acurately, tnmiﬁQEar fﬁﬁa?iﬁ ens node am gifferent asinyue
$hal gngu&ar poritions. Cozmpgidering Y=o at the maxipanm

ntenglty peaitiom. the lineayr schaning i done for Y = 0,

i Eﬁg The nean of the diszmoeters obiained wag tahen ag the
asgbual ﬁaameuer.
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INTENSITY

Fig.221 Densitometric linear scan.
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2.%.%, Sirculaf gcanning and to plot I ( WV )} verzum \Y curve:

In 6rder to determine the orientationel dAiptribution
function F(p) , order parsmeters {P,)> end (P45 cireuinr
geanning of the outer Aiffraction ring as shown in Pige. é.18;
im required, The values af‘optical denpitier obtained from the
denpitometric circulay sesnning are ann?érted to Yeray inten-
fities with the help of callibration curve. The converted
intenpitien a&e then plotted mgminst different azimuthal
anzulay positions, The intenpities avre corrected fraé the
be ek zround inﬁéneity valunes arising 4due o nir scatitering.
Thip ig accampliﬂbed by drawing tangentes throush the mininmum
of the intensity distribution curve snd Then subiracting the
values ou thé,éaﬁgemt from the corregponding observed intenw
sl ty vaiuves., The pesak intenolity pondivion which would 20rrege—
pond o Vv = O:was deteroined ot ihe poapltion where the height
ot the angie s, intensity curve sbove the background line
wes neXinun (?ig. 7.2y Howaver, in some capem, oomd unwanied
gpnte or even é glight nonunifornity ipn film costing raised

4

pome probismge 5o & smooth curve wes drawvn through ) large
nurter of poinits end in Adeterming the pesk poepitions cnre was
taken, where guch ambiguiter arope, %to mee that T { WV ) wan

Rerd

more or 1ess ﬂ?mmegrig-&rganﬁ Y= 3, ¥e hove uséé the mean
I {\) values of the four quedrante %o obtain FE» <P
and < P4> values.

Peking nineteen I (V) values from W= 0% %o “t= 90°
at five degrees intervel from I { Y} vee Y ourve L(p) 8md (L)
were colculated using Leadbetter’s approximetion. Then T(()
VEe @-ourVa waﬁ drawn. A computer prograume wer developed faf

L 1
$uis ealoulation to uﬁe/%iprn fleriep 8600 computer pypitem.
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