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INTRODUCIION

Liquid orystals represent ptates of matier that
are intermediate betwaen the crystalline solid and the
amorphous liguid. Molecular shape aaisotrepy is an
essential requirement for the existence aof such phases.
Hesomorphic phases were discavered at the end of the
last century by Reinitzer (1888). Several thousands of
such compounda have been found since then. ZThe common
feature of all such molecules is that they are narrow
and relatively long. Receatly Chandraseikhar et al (1977)
discovered that pure compounds nade wp of relatively
aimple molecules sf dizc-like shape also Lform mesophates
(@iscotic mesophases).

1.1 JIdquid erystals of rod-likeo moleculsn

Liquid orystals of rod-like molecules can be fomed
by the influence of solvents (lyotropic ligquid crystals)
or by pursly thermal processes (thermotropic liquid cryatals).
In this thesis, wa deal with the laiter type unly. Pollowing
the nomenclature proposed originally by Friedel (1922),
thermotroplo liguid corystals composed of rod-like molecules



are classified broadly into three types: nematic,
cholesteric and smectic.

Kematic ligquid orystuls are the siuplest type of
liguid crystals having a degree of long range orienta-
tional order (denoted by 3) of the molecules, but no long
range translational order. The molecules tend to be
parallel to some common axis referred to as the director

(Bse £i1g.1).

If the molecules forming the nematic phase are
optically active, then they exhibit a twisted nomatic or
cholesteric phase in which the director rolim a helical
arrangement {fig. 2). The depree of twint is characterized
by the piteh of the helix. At the gross level, the thermo-
dymamios of cholesteric and nemetic phases are almont
similar as the encrgy associated vith the twist ie ~ 107
tizes smaller than the total energy associated with the
parallel aligmment of molecules {Saupe, 1968). However,
in the molecular statistical theories of cholesteric phases,
the nature of the molecules must be specilically taken into
acoount. Zeating (1969), Goossens (1571), Priest and
Imbensky (1974), wan der Feer et al (1Y76a,b), Lin Lei
et al (1977) among others have developed detailed molecular
atatistical theordes of the choleateric phase.
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The amectic pliase has both orieatational and some
translational oxder. JFrom a structural point of viow,
all smectics have layered arrangement, with a well defined
interlayer spacing. ZThe smectics are sub-clasagified as
ameatic A, smectic B, etc. depending upon the molecular
arrangement in the layer. For smeotic A, the avaragoe
dircction of orientation of molecules iz nmmal to the
plane of the layer. 7Tho centres of gravity of molecules
show no long range tramlational order within the layer
and each layer i s a two dimensional liquid (see fig. 3).
The optic axis i3 thus normal to the plane of the layers
and the syatenm i3 optically uniaxial. We shall not be
dizcusaing other types of smwotics here.

Hany ocompounds exhibit both the smectic A4 and
nexatic phases and in such casez the nematic phuse ucually
oceurs at temperatures above those carresponding to the
smectlo phase. For exwa;glq‘ b(%butylmyﬁenmyudaneu
phenyl )azcaniline (Arora and FPergasan, 1971) shows the

Lollowing tramsitions:
131.9%C 135.0%¢ 184.5%C

solid 4= pnectic A &> nematio <> isotropic
| Howaver Cladis (1975) discovered that there nay ba
a different sequence of transitions in some cases. She

found t hat binary mixtures of certain mesogenic oyano
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PIGURE 4

{(a) Sohematioc representation of a *liquid-lilos* stack

of disc-shaped molecules (from Lewelut, 1980).

(b) Hoxagonal modification 3, of an upright columar
structure. The filled oircle depicts the molecular

core which ia norml %o the colwmar axis. (o) Bectangulmr
modification D, of an upright colusnar nmwtm The
aimﬂuewmmnmtnmuw“mrm

a faoe-centered roctangular lattics, but the asymmtric
disposition of the chains results in a herringhone

pattern of ellipses, whose elliptiaity is hi
exaggerated here for the sake of olarity (T4uh .t al,
1981; Destrade et al, 1981 and Lewelut, 1580).

(a) Tilted colwmar atructure D, {nh ot al, 1981 and
Destrade et al, 1981). (o) Face-centersd rectangular
htumotnu Mcmmmmuwwwtm
columnar ma (2inh et al, 1581 and Destrade ot al, 1981).

(£) Hematic phase K, of dlac-shaped molecules (Tinh et al,
1581 and Destrade ot al, 1931). -




compounds exhibit the following sequence of phuse
transition on cooling:

isotrapic > nsmatic > anectic A —> nematio

The second nematid phase, which ocours at temperatures
lowex than those af tha mmeotic phase is called the
‘re-antrant nematio? phase In analogy with similax
‘re-gntrant ' phoses obwerved in superconduotors, He-3, eto.
Madhusudana et al (1979), Hardouin et al (1979a) and

~ Tinh and Gasparowx (1979) have subsequently obeerved

| re-entrant phenomena in some pure components. For sohe

of the compounds a re-entrant smectic phase which axista
at temperatures lower than those of the re-ontrant nenetio
phase hus also been found (mee Hardouin et al, 1979b).

1.2 mqum ocrystals of diso~like molsculss

Disc-shaped molecules have beeon recently shown
{Ghandrasekhar et al, 1977) to exhilit & new class of
liquid ocrystalline phases (the discotio phases). A number
of diso-vhaped moleoules are now known to exhiibit thermo-
tropic mesomorphisn (see (handraseihar, 1982). The meso-
phases 50 far discovered fall into two distinct oategories,
the columnar and the neatic. In colwmar (D) type, the -
disce are stacked one o top of the sther, the different






colwmar stacks forming a two<iimensionally periodic
array. Jeveral wariants of this structure have been
identified! hexagonal, rectangular, tilted, stc. (see
£.g. 4a~4e). The nematic (H;) le an arientationully
ordered arrangement of the disces with no long range
translational oxdex (see f£ig. 4f). The twisied nematic
(enolecteric) phase was obsarwved in a fanily of disc-like
molecules (pee Destrade St al, 1980a). It has also been
found that some diso-like molecules chow a re-entrant

nomatic phase (Dectrade et al, 1980b).

1.3 Properties of nematic ligquid orystals

In several chapters of thia thesia, we chall be
discussing the statistical thermodynamics of the nematic
phase of rod-like molecules. [Hence, we shall firat
sumaarige brielly the properties of nematic liquid cryetals

of such nmolecules.

The nematic phase exaiblited by molecules of arbltrary
shape can bg characterised by the orientationul order para-~

maters
- 1 a =X X, 4
S5 = 3 (gdg = 85084 4) {1, . (1)

where , Y, Z) refer to the (orthogenal) ludoratory frame



and (€, n, 5 ) to the frome linked %o the wmolecule.

4 | a8
&13 and 5«3 are Kroneckexr deltas. ﬁu is a symwtric

tonsor in 1) and «, and has mers twrace. Dy taking the
dixecta B along the Z-axis, wae get

| i, ,
334 - 3 (3&335‘ - 6i3) (2)
where

x i) 2 2.4

é:% - <2(Bain 4 cos” ¢~ 1)

sﬁ"‘ - (-%ﬂiﬂzﬂm Yy sin v)

5, = <,..%B}.naowaew 1)

5, = (3(38in” 8 812® v - 1))

sng - (%nmaeoseuny)‘

S, = (F(3c02® @~ 1)) (3)

Here @ 4s the angle made by the molecular axis (§ —-axis)
with the Z-axis and y is the Xulerian angle made by the
line of interacticn of XX and ¢n plsnes with the n-axis
(ses fig. 5). 3ince the mediug is apolar, all odd torns
in 9 and y should vaniah, l.e.,
55*) - 3;” - 3‘;5 o qu - 3“9 -.ﬂq’n =0

3“ is now a dlagonsl matridx with zero trace. lence for
a uniaxial nesatic medium made of blaxial particles, there



FIG.5 The Eulerian angles defining t he orientations
of (&, n,5) with referenceto (X,¥,3).
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are two independent order parameters (see Freiser, 15763
Alben et al, 19723 Alben, 19733 Straley, 1974y Iuckhurst
et al, 1974; and Gelbart =md Barboy, 1579). Thesae are

defined as
=3, = ([3(3e0n® 8 - 1)2(0 v)a(oon @)ay
Da3, -5, = {( #s1n® @ cas 2y £(6,7)a(com 0)ay  (4)

where £(3,7) L3 the single psrticle distridbution function.
S gives t ho degree of orientatiomal arder of the long axes
of the molecules with resgpect to the nematic director. The
order parumcter I dezeribes the difforence between the
tendencies of the two trasverse molecular axes to align
along the nexatic ddrector, l.0., O arises due t o0 the
deviation from axdal syuetsy around the long molecular

axlis .

| f the molecules are cylindrically symmetris, the
di stribution function will be independent af y. This

)

simplifies 3 and 3 to

§§ ™M
e 1 2 1
See ™ Sy = 3 {(Fein” 6 ~3>



The matrix 313 will then be

-5/2 4] o
51: - 0 ~5/2 +)
o +) 8

The only independent ordor paraxcter S is given by
8 = {§(300a @ = 1) £(8) a(cos ©) (5)

The distribution function £{6) is vsymmetric adbout € = %,/2,
i.e., £(8) w £(x - 8). The general mppearasnce of £(8) is
given in f£ig. 6. The arder paraneter 8§ takes o meximum
vslues equal to 1 vhen all the molecules are packed parallel
o the director. AmM it takes a walus ezl to zero, whaen
the moleoulea ocan take all possible orientations with equal

probability.

The oxder paraneter 3 1is a function of tenperaturs.
It decreases ms the temperature incrouses (see fig. 7) and
drops abruptly to sero at the nematioc-in atropic transition
temperature (%;,). The NI trameiticn is of first order,
asgociated with a haat of tramsition ( AH) which is typi-
oally only a few per cent of that of the crys tal-neaatlo
tr%mitlun. Snce the tranpition s weak, it is assoclated
with strong pre- and post-transition effects, For inatance
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FIGURE 7: Experimental curves of S for p-azoxyanisole (PA4),

|
0.96

anisaldazine and p-azoxyphenetole (PAP)

(Reproduced from Chandrasekhar et al,

Madhusudana et al, 1971).
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magnetic (Anﬂ) and electric birefringence ( An,) of

the izotrapic phase exhibit strong anomalies as the
tomperature | S lowersd {0 THI {svetkov and Ryuntsev, 1468).
Similar anomalies are sesn in the flow blrefringence
(Tolstol and Fedotov, 1Y47) and muclear spin lattice
relaxation (Cabane and Clark, 1970).

Associated with the variation of the order para-
metor, the specific heats Gp and C,, the isothexmal
compressilbility § and the coefficient of thermal expansion
a increase sharply as the temperature approaches ERI in the

nematic phase (sce figa. 8, 9, 10).

High pressure studles on nematic liguid crystals
show that the order parametexr 38 at rBI i3 veory nearly
independent of the pressure. Further the curves of
conatant order paramster in ln V - 1ln T dlagran are almost
parallel (see fig. 11). Tha slope of these lines is given

by

21n 7
T ”[axn v] ()

v
S

Y 17 a measure Of tho zelative ipportance of volume V
commared t 0 that of temperature ? in detarnining the

variation Of order paraneter S of the medfum. For nematic
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FIGURE 8: Bxperimental curve of specific heat at constant vol une
Cy I N the nematic and isotropic phases for PaA derived
from the observed values of cp (Arnold, 1964) and B
(Kapustin and Bykova, 1966).
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FIGURE 9 Experimental curve 0of isothermal compressibility §

I n the nematic and isotropic phases for Pas (from
Kapustin and Bykova, 1956).



0.94 0.96 0.98 1.00 1.02

FIGURE 10: Experimental curve for the coefficient of thermal
expansion @ i N the nematic and isotropic phases for
PAA (fram Maier and Saupe, 1960).
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HG 11: Experimental curves of 1ln V vs. In T for values
of constant nematic order parameter S for FAA
(from McColl and Shih, 1972).



1iguid crystals of rod-like molecules, y rangee from
4 to 6.{caee McColl and Shih, 14733 Hora, 19783 Kuss,
14783 Heyes and Daaiels, 197%).

Tha firet theory of the nematic phase was propoged
by Born in 1916 and since then several attenpts have been
made to develop a suitable ztatistical model. 48 18 well
known, there 1z no exact sitatisticsl t}mary‘ of sirple
1iquids made up of spherical molecules. Por the nematic,
which i3 an arfented liquid composed of highly anisotropio

molecules, the theoxry becomes even more complicated.

1.4 mERope of the thesis

this thesis, we present OUr comtributions <o
the study of stutistical Sherwodynamic propertiss of
rexatic phase exhibited by rod~iike and gisc-like molecules.
Purther, in the case of discotic liquid cryutals we have

also presented some calculations on the more ordered columnar

and smectic A phases.

In chapter II, we have discussed the statictical
theory of nsmatie phase based un attractive interactions
alone. In particular the short range order effecis in the
nematic and izotropic phases are studied. The mean field
theory developed by Maler and Saupe (1958-1960) end 2o



il

subsequent improvenents (CGhaxdrasekhar snd Hadhusudanm, 1971
Humphries et &l, 1972) are succesnful in predicting the
qualitative behaviour of the thermodynamic properties of
nepatic liquid eryntalo. t%g?ater, they predict too strong
a NI trancition. If T i8)hypothetical second order transi-
tion point, the mean field theory predicts that (wkx - *)
40°K whereus the esperimental walue is ~ 1"K. Further
thae theory falls to explain the zhort range order effects
in the nematic and Jl:sotropic phases. In an atterpt to
overcome gome of these drawhacks, Madhusudann and Chundraselhar
(1573a) and Ypma and Vertogen (1976) developed & theory
which includes short runge correl ationz between neighbouring
molecules, employing the Jethe cluster model. In Jethe's
model , a nmoleculs is azsumed 19 have 23 nearect nolighbours
and 1tz interasction with one of 1¢s neurest neighbours is
taken as

B(9;)) = - Bzy(com 9,,)

whare 813 iz the angle botween the long axes of the
molecules 4 and j. The outer molecule of the Bethe clustar
iz subjected to a mean field potential 1(83) due to the reat
of the medium. Several approximations, namely, (1) Chang's
consistency condition, (11) Xrieger~James (IJ) approximation,
(111) Bethe-Pelerls-ideics (3PY) approximation, and

(iv) conatant coupling [C0) approximation have heen proposed



e

Zfor solving Bethe's cluster model. We have exuxlined
these approximations at come length and emphasiged that
satisfying the XJ relation af accuratsly as possible is
esgentizl to achieve thermodynamic consistensy. For this
purpose, the long range mean £ie¢ld potential ?(93,) of

an outer molecule § iz taken um

P
?(93) = 57 BonPon {eos 93) .
n=d

PYor a given value of %, various properties of the nematic
and isotropic phases aud 7™ are calcoulated by rctalning
terms up %0 I?z(eos QJ). ;Pécma @3) and 1:12((:03 ﬁa) in the
expanasion fox V(QJ). The calowlations are repeased Lor
3“3: 4.’ 3Md ’2.;

Wa have found that the error in satisfying &J
rolation is extremely small when terms up to }’w(wa 93)
are included.i: In thls oase, the ratio wﬂl - i"‘),’%z
deorsases fram 0.117 %o 0.031 as g decresses from w (mean
field) to 3. The value of a glven long range order para-
neter (?an) | S lower for lower values of z particularly
near Zyy. Further the rate of decrease of (P,,) with
temperature inoreases for lower vulues Of . The caw-
lated values of (P,) » (1") and <P4>/(:PE> for a =3
are in good agreement with the experimental date. e
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cbaerve that O {speciric heat at canstant volume) at

2. as W e as AGC, increase s we go from the meun field limit
(z = ®)to 2 = 4 in agrecoent with expectations. At
sempexratures sufficiently fur ofl from "’Zil' Gv is lower

17 2 1o lower.

The part played by permanest dipoles in determining

the nematic liquid eryctalline properties has been studied

in chapter IXI. Thare arc a large numder of nematogenic

compoundc with a nitrile (~C=1) group fixed %o one end of
the molecule. Since the nematic director ls apolar, there
i &n ejual probadbility for the dijoles to point in of ther
direction. FPurther for sirocngly polar molecules, the
Iinteraction encryy vetween peighbouring dipoles iz couparable
with the disporsion energy. iadhusuadana and Chandrasekhar
(1573b) showed that fear neighdvurs of such sirargly polar
nolecules will £.uveur an antiparaliel arsungesmwent. Howoever
tae abosence of lung rage tranvlational order in nemstic
liguid erysials precludes the posaibility of antiferro-

electric long range oxrder.

da have refined Bathe's cluster model developed for
a aysten of polar molecules (dhusudana and Chandrasexbar,

147:¢) in the 1igat of resulta ohtained Por non-polar

molicules. 3(613) and "a'(aj} are $uken as



4
14

g(eij)‘ - A‘I’,(eaa 94 - B“?Z(cos 8 47

'{C) - - B.‘,Pz(ooa Qg} - B4P4(coa »83)

3
¥e have made numerical valculations by assuming that

A’/B‘ = 0.,5. Porz=3, 4 and 8, wvarious properties of

the nematio and isotropic phases and 2* ure calculnted.

The dielectric gonatants (z,, and ¢, ) along and perpendi-
cular to the unigus axis of the nematic phase are also
onlculated for the same values of =.

The variation of (Jyy = F)/%; 18 found to be
similar to that observed foxr thae syctem of non-polar
molecules., The values of (P,) of a typicul cyanobiphenyl
compound {(Miyano, 1973) agrecs well with the theoretical
values fOr g = 3 and 4. However, tho experimensal (1’4)
values of asuch compounds are lower than the theoretical
values cvaen for s = 3. A8 1n thie system of non-polar
moleculee, O' and on at ?EI dnereanes sgstenatically as
2 decreasan fram o €0 4. The calculated dicloctrie
anisotropy | S comparable to the experimental value. An
Intereuting consequence of the theory fa that the mean
diclectric constant ahould Increase by o few per cent
on going Zfrom the nemutic to the fvotropic phase because
of the dizowntinuous decreace in wvulue of (I‘, {cos 613)'> -
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ghis 1s found to De the case experimentally in a numbex
«& stroagly positive materials.

PBecause of strong antiparallel correlations between
near neighbours, now it is known that oyanae compounds form
a bilayer structure. This has sume important consequencas
11ike the ocourrsnde of re~antrant nematic phate, sngotic A~

snectic Az tranai tion, ato.

In the above theorics the anlzotrapy of tha moloculayr
shape which 1s an important factor in determining wvhather
or not & pubstance exhibits liquid oryetalline phase 1s not
taken into account. In other words the short range inter-
npolecular repulsions are not comsidered. In chapter IV
we zive a swomary of different hard rod theordes proposed
80O mr We have also discuzsed hybrid modele which in
addition to the repulsive force, also take into account the
l‘ana runge mu:amropi?ztm&gim between molecules. Of
then Cottar's model (1977) developed On the basie of tha
gcaled particle theory (SP¥) for a systea of spherocylinders
gives a comparatively better description of the nexatio
phase. SPT was originally developed by Reiss et al (1959)
for a system of hard epheres. The equation of atate of a
syntem of hard spheres given by 4p2 is identical to the
compresaibility eguation of state obtained by the Percut-
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Yevick (2-Y) thecry. The theory provides & means of
deriving approximate expressions for the chemical potential
$# and pressure P of a hard particle fluid by ocontidering
the roversible work necassary to insert a mcaled particle
({.2., a ‘solute’ Mm which is a scaled replica of
the 'solvent' particles) at sone arbitrary point in the
fluid. The chemical potential of a spherical particle of
#adlus aa 18 written as’(Reios ot al, 19595 Cotter and
Martira, 1970a,b,0) v

/e = In(ead) + w(g, £ )/ 0
where A’ is the reciprocal of the particle translatimal
momentum partition function, P = N/¥ is the numdber density,
¥W(g,¢) 38 the reversidle work neoessary to oreate & spherical
cavity of radius at least equal to §= (a + 1)a into a fluid
of N spherical molesules of radius s. It is related to the
probability P (%, f) of observing a fluctuation in which such
a cavity can be found, where .

Po(Grr) w sxpl~w(5ur)/az] . - {8)

The chemical potentianl of the solvent particle i8s odtained
by setting &= 2a in eq¢.{7). Zhe pressure of the systen
is given by | ' ‘

| ¥ in » i(ﬁa F) (9)
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Cotter and Martire (1970a,b,c) showed that when « is
sufficiently small 50 that three ‘regular* sphexes cumot
simltanedusly be in coutact with the scaled sphare, P

can be written as
P,(€s8) m1=fnade[1 43243 4], (10

In the other extreme wvhen « 13 wvery large, W must aprroach
the reversible PV work of creating a macraeseoplo spherical
cavity in the liguid, f.c.,

:igm [W) = %msc?}? . (11)
This suggests that In P (q ?)canbaexpmaw
...mr(g ?)-o‘.. +c,a+02n 4-(3-“51’)«3; >0 .
The coefficients O are detaruined from eq. (10) together

with

q

- ,
] i"} ( o dn i’o( &af )] -  G2)

? Gn =0
The pressure P is then cbtained By nuing equation (9)
togethar with equation (12) to get

2 .3
Py d+qd" + 4 :
9 a4 = % xa (13)

]
il —_—3 wae .
The Gidbdbas free energy and the Helmholta free energy are

gven by
Wk = G MKT = InQ + Wk? | (14)
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go/m:! = G/Nk? - T/pkT . (15)

As we have already mentimed, equation (|S) is nothing
but t he P-Y squation Of atate of hard spheres. Thls given
exact second and third wirial coefficiants and reanonuble

values for the higher virial coefficlents alsa.

Cotter (1970a,b,c) has extended this theory to &
system of hard spherocylinders. Fhe reversible work ¥
written in terms af the vadlume excluded t 0 the cenire of
a regular spherosylinder with orlentation k by the presence
of the scaled sphercoylinder which 13%5 orientation 1,
is a functian of \sin Bm\. Ly ret&‘bung texmo up to
ra(caa @) in the expansion of |oin &), Cotter made the
caloulation for x (w 1 4 1/2r) @ 3 by %reating the hard rod
repulsive interactions in terms of 2 and wubjecting each
nolecule tw A mean field attractive potential of the form

Wy = -‘Oo? - 192? {2,) 2,{cos 8,)

vhere Uo and ‘02 are the strengthzs of the isotroplo
and anisotropic iInterastions.

Wo have extended the calculatiom for varioue wvalues
of x for a system of haxd spheracylinders as well a8 for a
systemn with a superposed attractive potential. By cowparing
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the various transition properties obiained for a systen
of hard spherocylinders with the experimental data an
PAA, we have fund that X o 2.5 gives a good overall
agrecment. Including terms up to ?12(%3 8) inlain 8|
axpansion, there is & conalderadble increass in the vulues
of (2,) , demsity change AP/s and emtropy change AS/Nk
at NI transition. Propertiss obtalmed for x o 2.5 are
again in relatively bdetter agreement with the exporimental
results than for other values of x. '

Including the attractive potential LP“ wa have
made calculations by fixing & (packing fractim) = 0.62 at
Ty = 409°E. Truncating |ain 8| expansion at P,(cos 8)

various transition properties and y w ~[oln 2,51n ?3& .
2

oaloculated for different values of X are comparcd with

the cxperimental results an Pad. v wikdeh 1o equal to 1
when X = 1 increates as X inocreases, firset slowly and then
rapidly. It attains the experimental value ~ 4 for xo 1.75.
The order parameter (2,) and AP/7 inorease with x as )
expeoted. ASMk is not much affected by the value of x

and 13 of the wrder of 0.H which ia canalderably larger than
the experimental wvalue (~ 0.17). ﬂp decreases with x whereas
¢ and 8 do not vary much. Calculations beyond x~2.4% are
not poassidble 17 we choose to retain the correct values for
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4 and Ty,- Por x = 1.75, sany propertles are in an overall
agreement with the experimental revults. Hetuining terma

up to P,‘z(con 6) in the |sin 8| expanaion, there is a
substantial increase in the values of () s APlE and
AgAk, On compurison with the experimental date. & value of
x lying between 1.2 and 1.5 wauld appenr to give a relatively
. better agreement than for other values of X.

The theary also enables us to study the therxodynamio
properties of nematio and isotrapic phanes at the HI transi-
tion as functians of pressure. By retaining termas up to
Pyn(cos €) in the |sin 8| expansion, we have calculuted
phuse transition propeartieca for x = 1.75 by warying the
pressure from one bar to 6.5 kbar. The resulis are compared
with the experimental results on PiA (see fur wauple
Gundrasexhaar and Shashidhax, 1979) (d7/dP)°K, kbaxr = 30
up to ikbar, vhereas the experinentul walue ~ 47. 42/dp
decreases as ‘IM inovreansa, which 48 in qu&xmﬂva agrennent
with the »marmmﬁl treand noticed by 3tishov et al for Pih
and Horn (1978) for methoxybensylidens-butylaniline (MBBA)
and 4~-n-pentyl-4'-cyanohiphenyl 508). Variation of molar
voluze of the nematic phase (V,) as a function of ¥, 1s
of the same order as that of experimental variution. (P,
is practically constant, varying slowly from (L459 to 0.513
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whon T changes mon 409% o ST2°K. 7 the Blope of the
curve obtained by plotting ln ¥ wermus In g varies

fronm 4.0 to 6.5 as T, inoreases from 409°K o 572%K.

Apart fram this, the theory is able to raproduce the
@alitative behaviour of A3, intermal emergy change { AV},
molar volume of nematis (V,) and isotropia (Y‘) phases, the
change in molar volune ( AV), etc., as functions of pressure.

The fsotroplo fluld state of hard spherocylinders
has aloo been studied with the aid of camputers (Viedllard
Baron, 19743 Honson and Rigdy, 1978; Carmahan and Starling,
1669). The raesults of SP? in the isatropie phase for
x=» 1, 2and % are 1in good agreement with the results of
copputer studies for low dencities. However SP® over-
estimates the pressure ao the density la Inoreasned and the
discrepanoy alsd increases with increuse af demwity.

It 1= of interest to extrapalate the essentially
'exact' rasalts of the swaputer stullies to the region of
nematic-lsotropic phase transition. We found that a model
proposed by Andrews (14975) for éalculnma the squation of
atate of an assenbly of hard spheres can be extended to the
case of 'apherooyunders. Frrther the oxtended model provides
a sulszble scheme for making calculations in the ordered
phare alsa. We will present hore a hrief swwmary of Andrews



approach daveloped for a syatem of spheres. The acUlvity

of a fluid of spheres of diameter v 18 caputed a8 g
product of two termd. Tha Lfirst term is the probablility
that a point ¥ chosen at randox within a volume V does not
1ie inside the core of one of the N~mcdlecules. The second
tern is the probability conditional on the firet, that the
hole arourd the given point can actually sccoanodate the
introduced molecule. This demands that there should ba
no other moleoule within the additional velumo g g - -z L
zm}. xth,tmtm wlue ofmumrmvolmatn!mn |
up by each nnlmlt when they are crowded together, then

the reciprocal activity can be wrxtten ns

Andrews asmm that W= Wy # WP e 4t low denaities,
the value of ), 18 obtumd Lrom the third virial coefficiont

af & dilute fluld aof syhe:cea. In the othexr extiremec, when
tho denaity is very large, the crystal clearly hos the
olose-packed volume of Wporsq ™ 1/p, ™ o/ 2 . Under
these two conditions, the coefficients W, and co, ars
caloulated. The simpliflisd expresaion for the precaure
of the syasten of spheres will be
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P 5.1934 2  1.3504

- w arae 338 (1 = 0. T4O5 Z)
PET (1= 1.5%4 2 + 0.53¢ 22) 3

4.8534

2
15.977 ¥ -~ 0.554 3
In (

L R

z 1=

In (1 - 1.5% 2 + 0.554 )

) (7

where Z m F/0 15 the scnled demmity relative to tho
close-packed denoity. Compared to the results of 5PT, the
values of P/ok? obtained from squation (17) are in better
agreoment with the molecular dynamics data of Alder and
wainwright (1960). Purther unlike in SPF, the unphysical
calculations beyond ©)> & are not admissible since P/pk=

(see eq. 17) tends to take infinite value as P approuches €, .

Wa extended the Andrews approach to & systen of
spherdcylinders. wWe found that the two tern expansion
of w ia inadequate to reproduce the wvalue of P/Pk? obtuined
Lo gm computer galculations. Henoe we expanded o as
W= 3 Wy, ", the coefficiemts G s Oy see U ure
derived by using Po of a close packed syatem of sphero-
cylinders and the first elght virial coeffictents got by
Honte Carle caloculations of Aonson and Rigdy (1978).

A8 In SP%, we have mide calculations for a systen



of hard spherocylindexs as well as for a syntem which
includes an attraoctive potential, by retaining terms up

to Py(con 6), and Py (cos 9) in the |ein ¢ expanasion (see
chapter V). On comparing with the resulta of SPE, we
have found tiat the present caloulations fmprove upon the
values of x as well as other results, particoularly the
sccond derivatives of the chenioal potentiale

As ws have already noted, diso-like molecules alno
exhibit Liquid erystalline phases which oan bae broadly
claseified as oolwmar and nematic phases. ITransition
betwoen odlwmar, nematic and isotropic phaces have been
obsarved in a musber of dlacotic mesogens.

In chapter VI, we extend the SPT to study propertics
at the nematie-~isotroplc transition of disc-liike menogens.
In order to bde able to compare the rosulis on diso-like
molecules with those on rod-like molecules, the shupe of
the moleacule is taken to be a right circlar cylimder. If
r 1s the radlus of the oylinder and 1 its helght, the shape
factor R = x/1 > 0.5 for disc-like molecules and { 0.5 for
rod-1ike molescules. The axoluded voluwme in this case
involves three different functions of aik’ via.. |sin @, ],
| cos Oyy | and i 2\]1 - Bin® ém sin® 9 mp By retalning
terms up to Pyoos 3,,), P, (cos 6,,) una P (cos €,,) in
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their expansionn, properties of rod-like and disc-lliie
particlen are atu&ied for a aystem of hard particles as
woll as far a system suporposed with an attractive potential.
The results obtained are campared with the experirental
‘data. Our calculations demonstrate that it {s necessary to
retain higher order terxs, at least up to ?‘(m 8) in the
expansion of angle dependent terms in order %o got quali-
tatively correct results. The phase transition properties
of a nenatic medium of disce-like molecules are cssentially
anazlogous to those of rod-like molecules, when they are
platted as functions of tie ratio (mw dimension/sunuller
dinension) of the ¢ylinder.

In chapter VII, wo have extended the MeMillan's
{1971) model af smootic A phase t© the calummax phase
exhibited by disc-like molecules. As we have already
notad, in the smectic A phase the moleculen arxe upright
in each layer, with thair ceniros mcgnlarl? ?;:egzo 1!55“‘
director (say Z-axiz) also represents the direction of the
layer nomal (or the vector of the demsity wave). Mciillan
has proposed a simple deccription af thia phase by extending
the Maler-Saupe theoary to inalude an odditional order para~
ﬁetor for characterizing the one-dimennfonal translational
periodicity of the layered structura. o start with he has

considered a pair poatential of the form
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B~
2

v |
Vya(Fyp 008 85p) = = ;,;3":*575 exp (=, /7,)° )7y (008 ©,,)
o

vhere r,, in the distance between the molecular centres

and 8,, the angle batween the symmetry axes of the molecules
1 and 2. 2 is of the oxdaxr of the length of the rigid part
of the molecule and 1° the rtrength of the anirotropic
interaction. By retaining the leading terms in the Fourier
expansion, the single particle potential in the mean field
approximation tuxms ocut to be

V;(2, cos @) = =~V [ (2,) + a0 cos(2x%/2)]P,(cos 9)
where @ = Zaq:[-(ura/d)z] is the nodel parasoter.

We have sxtended this mean field model to describe
the coluunar phass exhibited by diso~like molocules by
treating the denucity wave to be periodic in two dimensiona.
e theury is developed for & face-centered reciangular
(PCR) lattice camposed of liguid-like coluzxms, taking the
molaeculax ooxres to be clroular discs normal to the colummar
axes. The PUR lattice is desoribed by a puperpozition of
three density waves with wave veotors say 2, Band Cw A+ B
defined as in fig. 12. Unlike in the suectic A phave of
rod-like moleculesn, the dixector is parallel to the columnar
axis (Z-axis say), whersas the wave vectors &, B and G are
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(b)

F1G.12: Two-dimensional face-~centered rectangular lattioe
showi ng (a) the lattice parameters a and b, and the
primtive cell of the direct |attice, (b) the reci-
procal lattice vectors A , B , and G .
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in the orthogonal XX plane. Therefore, we couple each
density wave to the appropriate cosponent of tie orienta-
tional order paxameter along i, B and G, rather than to
the component nlm Z. e single paﬁ.tola potential in
the mean fleld approximation iz written in terms of x,, «,
and crdm’mrmmt Ngs Nige Oy 6D4 05, DY Fetaining anly
the leading terms in the FPourier expansion of the deneity
wave. « is an interaction strength rolated to the density
wave along @ end @, tutalong X and B. n, and ny
are the orientational ordaer puruiseters measured along the
X and Y axes, Mszﬁt are the oxder paranelers
coupling the mdientational and translational order along
the 4 (oxr B ) and G directions respectively. The eingle
partioie distribution functian and the free eneryy are
written in the mean fleld approximation. YThose eguations
&ive rise to four posaidble solutions corresponding to
blaxial rectangular colwmar, biaxial samcctioc, uniaxial
nenatic and isotropie phansesn.

We hava stulied the phase dingram as well as the
transition entroples far & = 1.5, 1.6, |3 , 1.85 and 1.95.
For 3 = J3, the phace diagram s exaotly identical %o the
ome preeented by Feldimmp ot o1 (1981) for hexagonal lattice.
The hexagonal-nemutic muw is always first order. Dwm
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phase dlagrans far values ot% <3 are myunilar to
that for the hexagonal lattlce and legad to a first order
transition botween 5 biaxial rectangular colummar phase

and a uniaxial noatic phase. The temperature range of
the nematic phase decreases with increasing a, and Loxr
values of <, higher than some value Say &, the colurmar
phasa transforms directly to the inotrople phase. IL as In
McMillan's theory, &, ia fnterpreted to be O measure of

the chain length, these results are in qualitative accord
with the experimenial reeulta.

1f 2 15 sligntly greater than |3 say equal %o 1.85,
the phare diagran 1o again rather similar to that fox the
hexagmmal lattice. However as the asymsetry of the lattice
i3 increased, we gat; solutions carresponding to a omectio
phasa also. For 2 = 1,95 we find that for G, 0.52, the
rectangular columnar phase transforme to a biaxial snectio 4
phaze (with the layer normal along G ) which in turn under-
goec A sBecond onder transition to a uniexial nematic phace

at a higher texperature.

By coupaxring the phazse diggrams for 1.5&% £1.95, we
f£ind that t he value of a, inoreanes as ‘2 increases. The
teuparature variation of order parameters in diffexent
phases ghow that larger the asymsetry of the latiice,
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stronger ia the blaxial orxder of the rectangulsar calumnar
phase.

Somoe of the resulis discussed in this thouls are
reported in the fallowing publications. o

1 Short range oxisntational order in nematic liguid
orystals (N.V¥.Madhusudana, E.L.Savithranns and
S. Chandrasekhar) Pramans 8, 22 (1977).

2 The nematio-isotropic phase transition: Applleation of
the Androews method {XK.L.Savithramma and H.V.Madhucudona)

E‘Ol. %!ﬁta uﬂ. ‘:r!ﬁ » ‘§_g| 63 (1980).

3 Scaled particls theary of a syatem of haxd right
circular oylinders (K.L.Savithramna and N.V.Madhusudena) -
presented at the REighth International Liquid Cryestal
Conference, Kyoto, Juliy 1980 - Mol.

T4, 245 (1981).

4 Extension of MeMillun's model to liquid cryutale of
disc-like molecules (3. Chandrasekxhar, K.l.Savithramma
and H.V.Madhusudana) - Preseuted at the Pourth Inter-
national Symposium on Liguild drystals and Ordered fulds,
Las Vegas, Haroh 28-aApril 2, 19682 (PlenunPress)

5 Scaled particle theury of a oysten of xdght circulur
cy7linders subjected to an atiractive potential
(x-&.h‘itm and BQVQWM) - 301 . L_J_:' ¥ iy
Lig. Ozyst. (cin press). 1A¢2 pMCLC Gy 3¢-ur

6 Bxtension of the esoaled particle theory caloulations

on a syastenm of gpherocoylinders to high pressures |G &3
{K.L.Savithramsa and N.V.Hadhusudana)(unt or preparation).

MeLe a7 Qo -4y



The following puaper on magnetiss has some diecussions
relevant to tha chapter II of the thesis.

7 Zquivalonce of the Krieger-James approximation and
the canstant~coupling approximation in magnetiom
(X Lo Savithramma and H.V.ladhuoudans) - Prasana 10,
349 (1978).
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