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CHAPTER 4

THE FEMATIO-ISOTHOPIC PHASE TRANSITICK IN A SYSYLM OF
SPHEROCYLINDERS: APPLICARIR F THI SCALED PA-TICLE THEORY.

4.1 Introduction

As we have discusged in chapter 1, asymmetry of
the molecular shape is essential for a subutance to exhl~
bit ligquid oxrystalline properties. The relative lmportance
of short-range intermolecular repulsions as compared to
long range anisotropio intermolecular atiractions in
stabilizing tha nesatio phase has formed the subjuct matier
of several papers. ‘

A good suipmyy of haxd rod nodels of the nenatic-
isotropic (HI) transition hse been given by Cottexr (1976,
197%). In all such hard rod theorice, the fluid i
oconsidered to be made up of long thin rods having no
forces between them othexr than the ome preventing their
Interpenetration. In such a syvstem one mmy expect that
at low densities, the rods can take all pozsiblie arienta~
tions and hence the fluld to be fsotropic. 4s the density
inoresses, 1t 12 more and gore dilficult for a glven
molaculie to take random orientations with refcrence %o
ite neighbours and if tie density is high enovugh, the
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rods will be packed efficiently only if they are approxi~

mately parallel to onme another. In other words the syeten
undergoes a transition to a more ordered snisotroplc

phase having uniaxial symmetry. uny theories have been
developed on the basis of this ldea. |

Onsager (1949) for the firat time treated the
equilibrium propersies of dilute solutions of baxd-rod
macramolecules whioh have a weil—-delined length and
diametor. This theory was neunt to study the phase
separation of ordered and disordered phuses in solutions
of very long molecules like polymers, etc. The ordered
phase in such a systes 1a an orientatioully ordered phase,
analogous to the nematic phate. Howewver typicul compounds
forming the thermotropic nemantic phase in which we are
interested have relatively short molecules with a lengih
to breadth ratio x = 3-~5. Hout of the hard-rod theories
proposed for studying nemantio-isotropie (XI) tranmition
are indeed developments based on Unsager's approach.

Hence we give this theory in some detall.

Uonsidering & fluid of H~rod like molecules in a
volume V, with intermoleculaxr padr potenticl
@, if £ and J overlap

Ugg = u(xlj' Y J\—J) - {0 » Otherwise
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where Ty ™ ry - 4 r,. and ”J the veetors repre-
senting the positions of tha moleculeos { and J (for
convenience, the matux?? ﬁgsﬂnot shown explicitly), and

Ny and -ﬂ-: are the ;f;m:- coordinates describing the
orlentations of the molecules 1 and J with respect to
a apace fixed cmdimtw/mtm Since we are only
interested in the wa}ﬂ/r distribution of tm‘ particles
in the mean field a;:pm&immm we can w&ﬁa the canligu~

V\

rational partition .muatim $; Lor such Layatam as

W g 0 [ )

where (4::)’“" is a mmxw:xm factor, k the Boltazman
comstant, T the a.ma}m temperature, and Uy 15 the com~
figurational potential emergy of the H-particle system.
Aszaping additivity of palrwise interactions, UB can be
written as

U = 2 Ugs (2)

(1< 1< §< B)

By restricting the molecules to n discrete orientationa,
Qy can be written as
(an )

(4’&)§ZHZ Zu B 1B, l...E ¢
1 n 1°72%***“n*

fdrr{ axp - U&.(Iﬁ, By oaee Bn}ﬁ"k?ﬂ (3)



of molecules oriented | a tho directions [1,2 aua 2]
respectivaely subject to the conetraint

n

Z H " n ™

et =
By retaining only the term with the configuration
[ 8, f,, ... H;] which maximizes the partition function
Qg » we cun write the Helmholis free energy of a molooule
a8
e '

and -e (4)

whare 5, = 1/&'.1_9- /Y. A, 18 the omfigurational
Hclﬁmlttmmanxmhmmfaymmwu
given by (Zwenmig 1963) |

og(Fye-Fy) = xm1n{ V¥ (@F axpl-v0 F K, ... K )]} (5)

¢g is the excess Helsholts free energy of the system of

H molecules relative to an ideal mixture of N, K,.. B,
malecules. By changing over 40 a contimmm of crientations,
eq.(4) can be written as



2 = 0P+ (£0n)1nl4ne(n)]an + gul2CAIAKE - 1 (6)

where 2{n) is the normalized single particle distribution
function. 3By kmowing the excese free energy ¢ the form
of £{-n) which nintuizes tho free ensrgy {(eg. 6) can be
obtained with the constraint (£{N.) 4N = 1 and henco the
properties »f the systems can be studied.

In Onsager's approach, P 1s assuned to dbe suffi-
clently small and the excess free enorgy is expanded in a

cluster @ virial expansion in density (see CoSter, 1¢79),

LeCe,
ey A (excess)
Ric? Bk
(3-1)
) - , 3 Ji
= Z- (3= 107 By(5yuen8y) P (7)

ize
wiere B, 13 the 3™ virial coefficient. dince Uy is the
sum Of pair-wvise interactions, the virial coefficilents can

be writien In terss of tho dayer functions

fgg'(rij) = exp{- Ugg') -1

where sg‘;' is the potential energy betwsen molecules 1 and
3§ which have orientations /L o and Jlﬁd, respectively.

Using these layer functions, ﬁz and 33 can be writien
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n n
1 . L
B, = -3 2. 2. 555 J“I’u 133 (rg)
g'ul o=l
and
n

n
1 S g ‘g®
By = ~g 2. = Sa“a*"s"“ dxy ﬁ"&k”fz f‘;’k

3
che 1 o=l o=1
.ee (8)

Tie other virial coefficlents, viz., }34,}35..35“ gan be
written in a cismilar pamer. Retaining oniy the first
toerm in the expansion for qﬁmkﬁ {i.€e, in eq. 7) and
pubstituting in eqg. (4), we get afier siuplificailon

O i w - ”g g' \
cae(9)
L4 15 equal $0 -1 when 7, ® and is zero when liad'- o
13 1 13 ' 9 M= 33"
Hence the eq.(S) can be written as
A. Z"’
a o’
een {16)
where V(. o g c') is the volume excluded to the centre
of molecule with an oxrientation L o due to the presence
of a molecule with orientation /L a' axl vice versa.

in the limit of cantinuous oriedtatione, the free ehorgy
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tukes the form
o S (an £(A)1al4xs(n)] + 1n o= 1
Bx9
+ ‘zf gg an an’ e(n)e(nlyv(o, ) (11)

med the molecule t0

be of the form of a spherccylinder, l.e., 4 cylinder
capped at both ends by & bemisphere of the same radius.
Ha showed that

WNn,n ) = 232 2’ + BRr<l + 4x1° | 8an(. , ' )|

- By, + in? | 84n(. , 0 )| (12)

whare » and X are the radius and the ¢ylindrical
height of a spherceylinder, v, its volume, (- s 1Y) LE
the angle hetween the lang axes of molecules orienging
iNn the directions M and Y respectively. Iq.{12) is
gubotituted in eq. (11) for A /FkT and the distridbution
funotian £{-N\) wvhich mininiges thin free encrygy io
obtained by solving the variational equation

s[a/Fx? - € (an £(n)]/8 = 0
along with the comstraint

(an £n) = 1.
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We got

exp[~4x17¢ [an * 20 A" [san( n, n")]]

£{n) = - -
(expl-4x1%¢ (a.nte(n) Jatn( -,y n0) Jan

(13)

This gives & set of nan-linear Integral eguetions for
o<iNM %/2. This distribution functicn nlong with
eq. (11) for the Helmholtz free energy can be used to
deteruine all the thermodynamic propertles of the systexm.

Onsager (194%) gave an epproximate variationul
solution t 0 eg. {15). PFor large wvulues of length to
breadth ratio x{w= :j‘r + 1), the relative change In volume
AV/V and the wientatianal long range order paraneter

<P at the transition point sre found to be L.343 and
O.84 respectively {see de Usnnes, 1Y74). ‘The packing
fraction d(=v © ) of ordered (¢,)) and disordered (::ii)
phases are 4.5/x and 3.3/x recpectively. Isihars (1951)
also got a similar walue for 4, {(~ 4) Tor botk sphercids
and right circular oylinders. Ilowever both Onsager
Isthora consldered only the secont wviriml coefficient In
the virial expansion and hence the cesults obiained are
strictly applicable only when the density is very

Flory (1956:1 hae overcome this resiriction by means



of a lattice model which is applicable for a wide range
of densities. This thoory yields, for x = 200, AV/V =
Q,Sﬁ. d, = 12.5/x and 4; = 8.0/x. Further the calou-
hﬁm could be made Mﬁm %0 X = 6.7 for which it appears
that AV/V e 0. Flory and Ronca improved this lattice
model in 1979 and got AV/V m 0.465 and 4, = 7.8937/x

for x = o0 and the exivical value of x has come down to

6..&166 from 6.7. The long range order paraneter (P
e
atétmna:lt:lozx point for x = 6.4166 was found to be

0.9473.

D rarsio (1961), Cotter and Martire(1$69), wulf
and de Rocco (1571), Alben (1571) and othersz have alzo
developsd some lattice models for the hard rod systei.
Alben (1$71) nmade extensive calculatims using the lattice
model developed essentially on the basis ol Floxy's approxi-
mation. In this wodel apace is counsidered aw a siumple
cubic array of cells. A rod of length x is a serles of
x full cells running alang one of the three cublc diresctions.
The nystem conalsts of ¥ rode and Meells. The free energy
of the systen can be written in terms of the number of
ways of arranging t he molecules. Then fOF a given value
of density N/M, the orientational distridbution function
is obtained by minimizing the free energy. JAlben calcu-
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lated the cquilibrium walues of dersity and (P,) as
functions of pressure P and tempersture ¥. By restric~
ting the exparwion to the second virial coefficient, the
results for large values of x are (P,) = U.%15,AV/V =
0.523 and 4, = 3.85/%x. There was a tendency of getting
smaller values of (P,> and AVW/Y¥ by tuking into account
higher order wirial coefficients. The calcwlations were
possible down to x = 3.652. Por x = 3,85, he has studied
{Pyy » AV/¥ ond the coefficient of thernal expansivity

a as funotions temperature. In this case (Pp = 0,754
and AV,/7 = 0,157 at the NI transition points. Alben alaso
studied transition properties for a vun der Haals fluid.
This again leads {0 large wvalue of (2,5 and AV,/V. But
in all thesne lattice models, 1t ip inhaerent to restrict
the molecules 1 0 a disorete set of lattice niter and the
long axaes of the molecular scores to three discrete and
matually orthogomul directions. However these are not
realistic assumptions for the nematic phase and furthex
the properties predicted froam lattice models differ very
much from the experimental results.

Jwanziyg (1963) simplified Onsager's theary and
evalunted the wirial coefficlenta to a much higher oxder,
allowing spatial freedom bal restricting the molecules to
take discrete orientations along three mutuslily perpendicular
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axes. HRumnels and Colvin (1970) developed a Pade analysis
of Zwanmig model. Thay found that inclusion of a higher
order appruximation does not affect the character of NI
transition.

The sonled particle theory (57%) is a scheme which
has been applied to atudy the statiptical thermodynamic
properties of nematie liquid orystals by considoring the
continuous orientational distribution and realistic
dennities. Ao we have mentioned in the introduction,

SPT was originally developed by Belss et al (1859) for

a system of hard spheres. The equation of state cbtained
from SPT was exactly identical to thnl compresaibility
equation of state obtained Dy the Percus~Yevick (P-Y)
theoxry of hard sphere liquids. Cotter and Martire

(1870 a,b,c) sxtended the SPT for a syctem of haxd rods.
Initially thoy studied the thermodynamic properiies of
the system for the fasotrapic phase with <1’2> = O (Cotter
and Martire 1970a) and foxr the completely ordered 2008 —
with {(2,) * 1 (Cotter and Hartire 1970 b). Later lotter
and Martire (1970¢) made calculations by restricting the
molecular axes %o three perpendicular directions. The
arder parameter (P,) of tha nematia phase was found {0
decrease as x decreased. However the values of (P,

{ ~ 0.66 for x = 3) was much larger than the experimental



“nFyruon ‘exnenexd ayy “suepuedop-Ai3IEUep 003 OIV MOYELs

oys Jo gaTidadead ouyy *aTopom POX pIVY BYUS Ul

OTLONR INGTWT B UT POUAONW STUZ WRTOCTR TTTA op

*wATAoTd STU3 9W00IDAD 04 yswoxdde UEIBIITP ¥ PAIM (wL151)
Arvguanbogqna x0390n ‘oo TUOOTLIPPE oyl Jurscoud Jo Lom
antiyun ou 8T aJouy 2ouTy uwoysunixn eys uT WIN ATHTIING

7 PADOT (YL51) 93300 ¢p = X JOF TV 30 €8T JO 23TnNedI
811 IDACORX 0% AT TIMA 0¥ WCTIVNIOX 8, Tresxey Turireoraivg

utr LouegorTIuoduy IR OOOIOA0 of *(vl51 a9qj0p oow)

SPOI IVQI0WA J0J 95TNGOX OTSITLTOIUN SAT? ¢3 pojoadono

@Y UQTIWOUNIG SUS 9N pue | = X ueum goaady pany 07
uwotasexdxe JuTpuodsoIrod 3YL 04 SOUPHI J0U £90P UOTomesdxe
pojuounay atys Joaomcy -9°¢ = (CZ) pue fL0 = To0p e
m A4 /AN 00 By 'GLeT = X JOF ‘O0UURSUT X0 X JO gonyva
Jo ajunld v Jog suoliUNOTRO Open IoYEwr] fAJUoLSTSUOUT

o EMUAPOWIANG HTUL 0% ApueT yorum mres oyy Surpddoxr

. CCoze  Fuise
(71) AY P The

W TARTAI 7, TTOAXDN SurMnTior OUt

L£romun 30U 330D N0 MOIY peuTElIqo IrTusted TRLTmOYD
93 3WNL puUNne I OnTT 2y CsueTITIUALIO JO uoTinaralarp
ANONUTIHOD T FOT TI0 padoToOASD DUR DUO TATIIVTIC SIXYZ

&zﬁa o MOTADTILIAX oul phraomal (OL4L) JouseT -~anTea

I01



102

rational entropy and chemical potentinl, ete. are directly
propartional to the absolute temperaturs and the long
range order parameter (P,) is independent oI tempe~
rature at conatant denasity.

Defining the parareter y by the equation (ilbden,
1971)

(13)

o= %11:; § 3(;3) = const.
it is clear that 7 is a neasure of the ralative importance
of wolume V compared to that of temperature T in detor-
mining the variation of <P?,) of the medium. Ixpori-
mentally MaoColl and Sith {1972) found that v » 4 at the HI
transition point for paras~agoaxyanisale (PAA)., On the
other hand all the hard rod models glve vy = 0. Thus
purely haxd rod madels do not give a good description of
nematic liquid erystals.

A8 we have discussed in chapter II, theories of
the nexatic phase have alao been developed by assuning
that it ic stabillized by anisotroplc attractive interactions.
In the mean field approxinmation, the simplest form of the
potential encrgy of a molecule can be written as

W m uA(v)<i*2> ?2(008 %) (16)



o3

whare ¥ is the angle ke uween Uie molocular axis
the nenmatic director and (1’2> is the ensemble average
second order Legendre polynomial 2,{cos @) {Maler
and 3aupe, 1957, 1953, 1959, 1960). In all these theortes,
though not explicitly stated, the molecules have escen-
tially a spherical shape and the oxcluded volume effects
are not taken into account. To0 gat v = 4 fron
theories, 1t is required that A(V)X V"4 (see Chandrasexhar
and Madhusudana, 1971, 19733 Humphriee et al, 19723
Humphr and Imckhurst, 1972). But as Cotter (1977b)
proved later, thermodynamic cuisistency demands that all
the coefficients in such a potentinl, viz., A{V) should be
proportional to V! and hence these theories lead to Y = 1.
Thus the theories based on attractive forces alone cannot
be realistic representations of nematlic liguid orystals.
Hence it is clear that o combination of both short runge
intormoleculay replsions and long range anluotropio
attractions is neceassaxy to provide a proper description
of nenatic liquld orystuls {(Cotter 19T7a; delbart and
Baron, 1977, 1978).

There have beon several ‘hybrid* models in which both
repulsive and attractive interactions are talten into account.
Cotter and Martire (1969) applied a quasi-chenical |
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treatunent to & system in which fowr independent segent

interaction energies are considered.

People and Karass (1961) developed a mnodel which can
be applied to atudy both eryotal-nemntic and nasatic-
isotroplc transitionn. The positions and the orientatiomns
of polecules are allowed to dbe in either 'right' or *wrong'
situations. %The enorglen of 1ntamauam hetween nelghe
bouring maleculee in different coffiguwraiions are convi-
dered. Using a Lennard-Jones potential and tuking V4
dependence for repulsive interacticns and ¥ “ dependence
for attractive interactions, they found that the agreement
between the calculated vilues and the experimental resulis
on nematic ldiquid crystals was not good. By changing the
voluse dependence of atitrastive interucitions o ’W"?’ »
Chandrasexknar ot al (1970, 1972) got conulderubly lusproved
rosulto. Since the moleculeg are restricted to only two
types of orientations, the stheory can reproduce only the
qualitative behaviour of the properties of the nematic
phase. Hijikuro et al (1974), Boehm and Hartire {(1978) and
Cotter {1976) also ntudied lattice models in whichk the
orientations and the positions of the moicoules are again

rastricted Lo 2 dl=zcrete nusher of seti.

Alben (1971) hae atudied sowe lattice mudels as
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well as some conbtimmm podeles of haxd rod liguide both
with and without superposed atiractive interactioms.
continuum madela, he has conuidered w hard rod
fluid with (i) density independent isotropic enerygy
(Bteric model), (ii) demsity independent isotropic and
anisotrople energles (balanced model), and (1il) a hurd
sphere fiuld with a volume dependent anisotroplic eneryy
of the form -(W) (?2>2. He has oaloulated (P, »
& on? AV/VY, AR ae well as the second derivatives of
the chemioal potential like isobarlic expuncivity a,
isothermal compressibility B, specifie hest ot constunt
pressure G'p and the parameter y. It was fmm that in
411 the three modelo considered, AV,/V is somewvhat sneller
than the experimental value whereas AH awd (»,) =ve
larger. The calculated values of the ;écom derivatives,
vize, &, §, cp, etc. are in reassanblie agreenent with the
experimental results. He also made culeouletions by
cancldering a cluster of m molecules as a single unit and
taking both V¢ and V4 dependenve for the astractive
energies. Por m = 10 and with V"'“ depandence for attractive
energies, the resulss obtaloed were in good agreauent with
the experimental data. However it is clewr thul Cotier's
{1977v) argunent about volume dependence of the attractive
potential is applioadble to all these models. This would
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affect very much the calcnlated values of y, wvhereas the
ather recsults would not be affected much.

Kimura (1974a,h) rewrote Unsager's nodel by
including an attractive edergy in o nean fleld approxl-
mation. Kwever to get vy = 4, Kimura had to take ":mu =
0.97 which is much larger than the close~packed densi Sy
of spherocylindexsof any length to breadth rasio.

Ypma and Vertogen (1977a,b,c) have developed a fow
diffarent models of te nematic ligquld cerystals. In the
sixplest model the molecules are assumed to be hard
sphares. The nematic ordex is thus thought of as reaulting
from the anisnotropic atiractive interactions alone. pP-Y
comprasasibility equation of state io used for the pressure
of the hard sphere eystem. The attractive energy s
introduced in a mean fleld approximation. Jalculations
wore nade by using (1) a distance dependent, and (i1) distance
indeperdent potentials, visz.,

- LP-U - Wo(”.:.s) + Wg(ru)z?ztcw ’913) (7
-~ 11)1 = ‘(fz)? + '029 <1’2> Pyleos U ) (18)

vhors "'13 iz the distance betwaen the centrassc of molecuies

L and J and 613 the angle beltueen thelr long axces. With
the potantial givea {2 eg. (17), the avera;e ol the apatial



part of the interactions was carried out by using the

hard aphere dietribution with the aid of Laplace trantu-
formation. The resulting values of F., dy . <Pp) »

AP/ P AS/Fk were in ressanably good agreenent with the
experinental data. But the calculated value of y ig too
low. By allowing the molecule %o have a szlightly non-
sphoricul shape, they were able ta get y » 4 (pee Ypma

and Versogen 1977u). In this model, they have assumed
that the nolecular shapes ars nly slightly non-spherioal
80 that they ocould treat tha efflect of the anisotruopio
shapae as a perturbation over the hard sphere fluld following
a nmethod developed by Bellemanas (1568). Ypma and Vertogen
(19770) alvo included the near-neighbour orientational
correlatione and the resuliing theory led to a rexarkably
good sgreoment witﬂz%xycrimm data. Thus the calculnted
values of v, 47/ap, <1’2) and AH agrees well with tho
gxperimental values. (These authors have not calculated
the second derivatives utvt!m thermodynanic potential.)
Hevertheless the thewry is unsatisfaoctory for the Lollowing
reasons. (s Flapper and Vertogen (1980) pointed out, the
theory doss not uaJ .henctnnl iength to breudth ratio x.

It 1s possidble to ﬂ'znﬂm‘k roughly the value of x froam
the eccentricity purameter «, as defined by Ypwa and
Yertogen {1977). 7The estimated value of x tuns out to
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be 1.05. Thus to get good agreenent with experlment,
they have to assume x = 1.,0% (Bee Ypma and Vertogen 1%77c),

while x of a typloul malecule foraing liquid crystals is
in the range 3~5. JFurther in this thewy, the cocificient
Y 18 far too sensitive a function of the wudsotIopy pora~
metor. It is 1 for a spherical unit (x = 1) and 4 for

x = 1,05. NMoreover tho authors have taken into account
only the first order perturbation approxzimation. sccording
%0 Bellemans (1968) at liquid densitiesn, the cecond ordexr
perturbation becowes ifmportant ~ indeed the second ordex
tern tende to have a somewhat larger magnitude than the
Lirot order texrm and, moxre importantly ’12; has the opposite
sigm. In view of these obapervationsa, w believe that the
good agreement that these authors find with exverinental
data to be fortuitous.

Shih et al (1976) have used the fanilier BEY (Dome
Creen-Eirkwood-Yvon} &@88& equation for 8 clasalcal
isotropic ligquid comaisiing of spherical uoleculos auper-
poned with an orientation dependent palr poteitial. The
internal energy, entropy and tiie prescsure o the systen
have becn written in the measn fleld approdiativn. The
theary has €00 many parauetess with not weay ¢ uations.

Lee and woo (1Y77) developed a siailar theory by adapting
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the coupled BBGKY (Bogoliubov-Sorn-Green-Kirkwouod-Yvon)

ﬁfimtim'

Gelbarts and Baran (1977, 197d) have developed a
goneralized Van der Waals theory. ©The mwolecules
assumed t0 have & Spharccylindricszl core. The hard rod
contribution is caloulated using zcaled particle
and the attraoctive energy 12 assuned to be distance
dependent und of the foarm given iN eq. (17). Zhe Helmholts
freo onexrgy of systen is obtained as a function of d,
7, the coefficients of attractive potential and the
molecular shape. Ihe resulte oblalned for 'zm, dmzm’
AP/5 , 4T/4P are in reasonsble agreement with experiments,
but the values of <P,) and ASKk are very much larger
cowpared t 0 the experimental valueaz. Cotter (1977b)
reexanined this theory and came to the conclupion that
statisticnl thermodynamic consistency can ba achicved by
the potentinl given in egn. (18) but not by that given
in eg. (17).

Vory recently Zlory and Honca (1979a,b) aiso made
same caloulations for a systes of cylinders Ly using o
lattice model and tuking the attractive energy in the
mean field approximation. It reduces to the Malex-Saupe's
theory foxr x =» Q. %The theory has Leen developed for a

systen at constant volume.



1o

110

Apart from all these models, MHonte Carlo simlatiam
studies have also been made for a fluid of nun-spherical
hard molecuwles. The main ais of all these methods is to
calculate elther the virdel coelficients o the eyuation
of state. Vielllard-Baron (1974) calculated the compressi-
bility factor Pv kT as funotion of 4 in the isotropic
phase of a fluid consisting of spherocylinder with length
to breadth ratic equal to 3. DBoublik et al (1Y76) made
similar caloulations for x = 2. Tha first five virial
coefficients have heen calculated by many authors like
Rigby (1970), Fesbeda (1976a,b) and Monson and Higby (1978).
Hesbeda (1976b) aleo proposed an (esaentially empirical)
anal ytical expresslian for calcoulating the virial coefficients
of & fluid of hard spherscoylinders. The first six virial
coefficicents given by this relation are in good agreenent
with the Monte~Carlo calculation of Hanson and Rigby (1978)
for x < 3. We will have an occasion Lo refer to this in

the next chapter.

de cansider the model developed by HMartha Cotter
(1977a) as the best available thewy. In this theary,
the hard rod wepuluions are treated In terms of SP% and
the long ranga‘ attractive foreces are taken in the mean

fiald approximation. Cotter has nade caicwlasioms for
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epherocylinders with x = 3. We hove nade caleouletd

an several properties al Ly for different values of x by
the SPY as developed by Cotter. Zhe recults are

presented for katk hard rod eytten as well as Lfor o system

superpoged with un attractive potential of the Mader-saupe

type. We have 8183 galculated 8ll ghese properties by

an inproved evaluation of the angle dependent ters of

the excluded volume (eq. 12). Further the calculations

have bean extoended t o stuly the phase trancition properties

at higher presgures.

4.2 7he Method

Consider agaln s multicamponent systen, eanch
canponent consisting of molecules with a particular
Mentation. The thermodynamie activity 31 of component
1 is then written as (widom, 1963)

where 91 = Hif‘”v, 191(5’."..:?“) is the totul potemtial

encrgy of interaction of a molecuwle of im type loocated at

ri with the rest of the medium. » denotes the ensemble
avarage ave:: ?&-1} particle systex Z,5...H and an averaging
over ¥, as ua.u giving equal weighss $o ggual volume

glements in the latter instance. The molecules are assumed
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to move in a uniform mean field potential

Ti-_)_i - =1 9n - 7.92 ?u (?2) ?z(cm 91)

o
where n
{2, = % 7. P (cos §).
1=t
Then
% = (ex(=Yy/x2))) -%wp(-*@—i/ﬁ) ;

1
where Z, 1s the activity of the compoment i with the

attractive potential turmed off. Dhus

31 - z: exp( {Fiﬂﬂ)

n n

{Bp) Pyleos 6,) (19)

and honce the configuratimal Gibb's free energy ls given
by ; ;

-3 ]
G 9,9  Uaf 2
N
¢ VY ?' U 9" 2
N X7 X2 (Fp) . (20)

The internal eneryy U of the system is given by

, . ] = 2
¥ - ..,} )¢ ..3;_; 1329 {2, ‘ (21)
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Using equations (19-21), we get the pressure and
Helmholts free energy as

| 1 1 2
P = y"-%zﬁ?m »%132?“" < (22)
. SR S 1 2
Nk NP e A A )
and "
" 2
gﬁ' - ?“%‘%9 -~ % 0z€n {Pyy , (24)

All the quantities with asterisk rufer to a fiuid of
hard spherocylinders. %o caleulate the properties of the
hard rod system the soaled particle theory has becn adopted.

this purpose, in
Por & system of haxd spherocylinders described above,

a ﬁcaledLup.harocyundar of radius ar and eoylindrioal length
Al 1s introduced. If W {z,A) is the reversidle work
of edding such A& scaled particle to the fluid at some
arbitrary fixed paint in the 1 direction, the cafigu~
rational chemical potential p., can be written as {Gotter
1977a)

“ei/m = Inz = In Pi ¥ 'ﬁi(‘a, AX/xr ., (29)

Por small values of ¢ and N, when three ‘regular' sphero-
cylinders cannot simultaneously be in contact with the
scaled spherocylinder, Cotter and Hartire (1Y70C) showed
that |
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, n
exp[~y (a, 2 )%T] = 1~ ¢ E’ 5 iy (26)

whore Y45 is the volume exciunded to the centre of a regu~
lar spherocylinder with orfentation k by the presence of
the scaled spheroceylinder which is in 1“ direction and
it is given by (Cnaager, 194%)

$a®

Vix - uzl(_‘lm;)z(wn) + 3 '("lmmr.)-3 * Zrl‘?(im)?x\sm ew\
- (27)

On the other hand, when & and A are very luavie, ﬂi(a,h)

munt approach the reversible IV work of creating a macro-

scople spherocvcylindrical cavity in the fluid, il.0.,

1im “'x(“'ﬂ ) u[ﬁ(ar)zh 1+ %ﬁ:(ar)r’] v, (28)
g AW .

w;{1,1) 15 odbtained by interpolating between ¥, (0,0) and
(0, o). Enowing the wark functiom W,(1,1), the chemical
potantial p, can be obtained by using the relation {25).
Substituting for the chemical poientisl in the laxwell's
relations (eq. 14) we got

[0 )lein 8 lan, = [£(n,)|s1n 85| an

Since in the nematic phase, g and N j in general
represent two different directions, the above squality 1o
not wvalid. Thus the chemical potential obtained from SP2
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does not satinfy Maxweli's relatias. 48 we have
discussed ecarlier, & sultable tory has been added or
excluded for overcoming this probiem. Gotter aveided
the problem by considering onliy tihe average chemdocal
potentiacl and deriving alli therasiyamic poroperties
from that. (However, we should note that the problem is

Just avoided but not molved.)

Following Cotter (1977a), the average work function W

¢an be written an

Fom Z 8. (1,1) )
P i1
Hemnce
- . /Y. dl 1~ge2R{)Bin 6, D |
i““ln{i"d)‘"{zdlg» ZJ“*{ S RN-)) 2.l in
kT
(legek J8in 8,  1>)  8°(143/2) (1~42R (ein @
. al..1> (1eg/2)¢ »aw(sn i,L”]m
(1 - 4) (1 - d)
d:1423) 2&3(14‘,;?2)2 , Pv
+[ ]d"ﬂa—\‘l—é}gﬁ-‘“zhfﬁm“

K%

(1 - ﬁ) (1 -
- (24)
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O . 6a[ 1458 (uin 8, ) ]
s = n £(n)) + w[ P/(1-4)] + ‘?i 5 A4

. 4a%(1 « Y2)(1 - %& + K (8in aﬁ )

(1 - a)°
| 242 . a |
d{1+d+3d (HQ—?) + 284 § 1+(1429) ¥ 3 {nin 8,D ]
+ : ‘ 5
(-2 ee oo (30)

Py, _a[14d + §a.3(uq~q"/2)+zm {14(1+2Q)4/3} ¢sin 8, ) ]

- (39)
- = 3
M2 * -FE = Qn ) +laglp e P -0

[(4+@-/2)0%/3 + 208 {1-(1=-)8/3 3 oin 8>
+ " ,
(1 - a)

o (32)
vhoerea

{sin *5‘13)) - ” f(ﬂ,)f(/-flj)\m “13)“("“-1? a(ny) o
o (33)

Q = 2/(3x - 1},

R ow 6x=1)2/n(3x - 1),
b 4

d

T gy wl e

The cxcens Helmholis free energy gy 15 now glven by
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A
" ;,;ﬁ; - (:‘.”niz’xm

12

- f'm-@n(?z(—m))) - 1

w ~1n (1 =4)+ &
J[(asaf/2)8%/3 « 238 {1-(1-0)a/53 (imtn 84 D]
(1 =)

ee (34)
By substituting for G%, P" and A in equatione (20-23),
we got the total configarational Gibd'a Lree energy, presoure
and the Helmholta free energy of the system. To obtain
the value of index m, Cotter (1977b) considered the thermo-
dynanlc identity, Vis.,

ou/M) 21n %
§ * el of “m,2(n) (x(ﬂ)[ 2 (1/3&)} A I(n) ar (33)

where U/ and 1n X, are a8 given in eqations (21) and
(9). Sudstituting them in e3.(1¢), we get, after ulmpli-~
fication,

$UF @D U6 e (3 = o,

For the above equation to be satiafied both for (2,) = 0
and <pz> ¥ 0, m oust be squal to 1. To celculate £{n_ ),
Cotter approximated {|min 8,41 us
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| % 9% b _
(l58n 8,410 o i {25 (36)
and obtained £{N-) by solving the functional relation

8(a Mkt - e (£(n)da ]
$ 2 )

» O {37}

which yields

() = (38)

where
5aRA[1 ~ (1 - 3)&,3]
8(1 - 4)°

AP) = . (39)
Ghe made calculations for x = J, the resulis of which are
given in table I. liawever, the expausion of(|sin @40
given in ey. (36) is a relasively orude cne. |0 make it
more exact, we have also expunded (Isin 6i)) up to the
tenth order Legendre polynomial to get o

£ 5= Ym G5n
(8in 9y 1) == = — <1’3> 62 < 4> " e)? { 5>

—

595 2 61T4x 2
airrre - R B CCTYN (40)

This equasion along with cquations (23),(32) and (37) gives
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axp[#( ¢ o 3]

]} = ~ (41)
(explr(e )]an

whers

29,0} = -}2%(2’@ Paln )

aral1 - (1=Q)a/3)

: _ ) (42)
+ - ‘{)ﬁ K{)
vhere
p g A
YX) = -;5 <1’2} ?2(.11.) * —(—:‘-;? <P4) P‘Q(—ﬁ/—-)
65 595
MroPr {Pey Pgl) + L pgd Pgl-1)
6174
-&-W <?10> ]?10(-—-0..) .
wiih

Pa(‘n‘} L (3-—“*2 - 1‘)132
p,(n) = (z5.0% -~ 02 + 3)/8

2g(n) = (2310°

- 315.0% & 10502 - 5),16
- 8 , € ~ 4 2 ten
o pg{n) = (643502 - 12012 2% + 69307 - 126005 + 35)/128

Pyoln) = (184756 10 - 437580_n8 + 360360 n®
- 120120.0.% + 13860 N2 - 252)/1024

and (Ppp) = {?z,n(_n_)r(ﬂ)ﬂ_ﬂ_ . (43)
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For the suke of capleteness we glve the following
sxpressions for g, «, c.v and i’h‘y

m o 44
P % [’a? H,2 (44)
1 .°%
« v [82] iy (45)
20
Y [ae%,v , (46)
o c T
—‘2 - Y ] i P
e T WY o (473

The detailed exyressions for these parameters are given
in Appendix III.

4.3 Results and Discuseion

Apaxrt from the length to readth ratio x, thore
are essantinlly two adjustable parapeters in the theory,
vis., the paraneters of tha attractive potontial 1), and U,
In principle, when |sin @;,| Iis expanded up to Pqoloos au)
the attractive potential could also have been expanded as
Lollowa.

A »-199-’92’0 (Bz) Zamlooe o) -
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Thia leade to four ncre adjustadle paraseters. %o avald
& large nuunber of paraneters, we have taken uly the
firat two terms in '@1 .

All the calculations were made on an IBM-360
campu ter in double precision. The integrals are caloulated
by using 32-paints Guasaion quadrature method.

a. Hesults for the purely haxd rod system
Por a purely hard rod systen ( 'Oa =" 192 w 0), the
caloulations for & given value of x are nade as follows.

Assuming a reasonable value for Ay e ST 0N {(43) are
satinfied to get sell-consintent values of long range
order parame <P¢m> Then the pressure of the nemstic
phase i3z caloulated by using the equation (31). HZquating
this to tha pressure of the fsotropic phace, dwa is cal-
culated. Gibb's free energy (eq. 30) |S calculated far
both nematic and isotropic phases. The assured value of
am iz sdjuasted by an iterative provedurse to equalize the
Gibb's frae energy of both the phases. The Clausiug-

Claperan eguation is usmed to calculate 4P,/47:

ap A8
@ " Ry

wherae AV io the wvolume change at HI transition and the
entropy change at NI transition is given by



123

- 4

AS Pvg ﬂm iso
——— -1 -
Bk dnm diaa

Zhis procedure has deen repeated for various wvuluet of X.

he different transition propertics like order palrauetoer
(Pyys NI troneition temperature Ty, d, .o O3 0 AP/T
a7/4P and the second derivatlives, viz., ﬁ?. ¢ and 3, eice.
of both nematic and iaotropie phases are tubulated in
table IY for x ranging from 1.5 to 3.0. Thece results are
obtalned by using the two term expansion of |sin 6 |

{eq. 36). The order parmmeter <}?2), A9/E w AS/Bk  and
47/4P increases with x and - on/&dr deocreuase as

x inereases. cpﬂik decreases whereas & increases slowly
and § incrcuses rapidly as X increasea. Caparing theoe
results with the experimental data for Pii (given in
table 1), X = 2.5 gives an oversll good agreencnt for

most of the properties.

Results obtalned by iuncluding higher order terus
up to z’w(cos éu) in the expansiwn of [Iin 613[ (ag.4u)
are given in table I1I for x ranpging from 1.25 to 6.0.
Conparing these resulis with the corresponding results
obtained from the two term expanszion of |gsin 913‘ , Wa
find that the long range oyder paramcter {P2> increases



PABLE IX

1 |
Resulte for hard sphercoylinders |ain 6y4l= = By Poy (080 4)

X e+l 1.5 2.0 2.5 3.0
?m *K 40% 409 409 409
(2, 0.4454 0.4648  0.4799  0.4914
- 0. 7964 0.6864  0.6147  0.5588
250 Q. T95T 0.6860 0. 6105 0.5531
D§/5 0.0009 0.0035  0.0068  0.0104
{ap/‘tm;m 26.336 13. 563 13.330 8.890
(3, /M), o 22.960 10.313 7.168 54 795
G * 10477 2.069 3,042  5.343 6.863
a0 X 104/ 1.802 2,911 3.745 4.421
BoanX10'" cn’/ayne  1.392 10.774  31.705  64.451
BygoX10'2 em’/ayne  1.212 8.164 21.850  41.576
AY: 7 0.288 Q. 305 0.319 0.330
a7/ap *K/xbar 6.726 26,048 58.343 $4.037

)‘?’vd’kil‘ 2477.810 59.426 28.567 17.724
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by ~30%isS x =3 and ~ 284 for x = 1.5. |ndeed Cotter
hersel! had noted that exciuding higher order terms | N

the expansion of | sin 911\ would undercstimate the value

of order parumeter (P, » Mrther d . decreases slightly
whereas AP/5 [ ©= (Foem * Tog)/2] incrasses by a factor
of two. Oorrespendingly ASY¥k also increases by the

same factor. d4L/dP increases alightly whereas the compressi-
bility factor mo/m decreases. Apart from that, all

these properties as functione of x are similar to those

caleulated using the itwo tern esxpanolon.

b. Systems superposcd . with .an.attractive posantinal.

Including the attractive potentinl as given in eq.(18),
we have two adjustadln parameters ﬁc and ’82- The
eriterion adapted for selecting the values of “Oo and ‘192
was t0 adjust THI and the pack ing fraction of the nematic
phase (am) at 2“1 to 408°E and 0.62 respectively, which
are the expexrdmental wvalues for Pal.

Por a given walue of x, woe aturt with some value
ol @2/%“ and satiufy the consistency relatins (eqs.43)
to get self-conuistent values of <I’2n> . ‘fhe preamure
of $he nenatic phase calceulated from eyuatimws (22 and 31)

is eguated to the atmosphexic nressure %o deteriiine the
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value of ﬁo/'ak‘ The pressure of the icotropic phase
caloulated by using the sane equations {and setiing

{Pzn) = 0) ic eguated to that of the nemmtic phave to
obtaln dino" Enowing all these gquantities, the Gibb's
froe energy (equations 20 and 30) of both muatic and
isotropic phases are calculated. Ihe asguned value ol
sV k i iterated to nuke them equal. The chaNge in the
interna) energy AU and the entropy AS of the syston
at TRI transition point are obtained by using the relations

- o . 2]
3 " 2 VOET‘ (dem = %eo? *2 % KT e ¢: 2
A3 A v dnggg = 8y
= R~ i ¢ ===}
k Fk% ;.1‘2 dnen é:ao
and

ar AS
oo P ——

ar AV

Various transition properties for a range of values of x
are caloulated by using |Sin 9“] expencions &s piven in
equation (36) and eguation (40). They are corpored with
the data on PAA for which all the relevant expericontal
values are avallable.&es=table—w

de have shown the results obtuined by Cotter (1Y77)
for x = 3 in the table I. Por this value of x she was
able to reproduce most of the yualitative faatures of the



g

128

85 tranaition. However coMparing the results with the
experimental data on Pii (see tabla 1), it ic seen that

the theoretical packing fractiam (d, ) is tvo low and
further the caloniated values of the second derivatives
of the thermodynamic potential, viz., 3?, U & and 3

wore significantly larger than the exporimental valuen.

Our calculations for warious transition properties
doterzined by using two tern expansion of |sin 613_1
(eq. 36) for different values of x ranging froa 1.0 to
2.45 are given in table IV. = = 1 gives 4 spherical shape
to the molecules, l.e., there fis no geomeirical anisotropy.
In thic case vy = 1. 48 the wilum of x is inorcased, y value
also inoreases, firot slowly und then rapidly. Yo 4 for
x = 1.75. The ratio 130/ Vo 8alro increases with X slowly
at Lirst and rapidly as x increasses further. *me\ crder
paramoter (P, and AS/7 4increase with x as expacted.
The internal energy change AU/MkT unexpectedly decreases
slowly as x ils increoased, and is of the oxler ~ 0.5 which
is almoat 3 tines the experimental value (~ C.17) for PaAA.
0? decreases with x, whereas « and J are not changed much.
Caloulations are not possidle Leyond x ~ 2.4) 4L we want
to retuin the value of d » (.62 at Ty ® 409K, Hartha
Cotter had to lower the walue of d $a U.445 50 be able to
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calculate for x = 3 and adjust ), amd ), sultably
Po get Y = 4. SRurther in this cave, the second derivatives
tuan gut %0 be too high compared to the experimentul dato
an 244 (Dee Arnold, 19643 EKapustin and Bykova, 1966 and

& Saupe, 1960). Prom onr caloulations, 1% is seen
that the ovorall agrecment with experimental resulis iz
veasonably ol Por x & 1.75. In this sase, howsver, the
sgoond derivatives are z2il underestimated, thwgdh they
mental waluss compared to Jotter's

ars closer %o the expor
remulta for x = %,

Resuliz obtained by inoluding higher order terums
up t0 Pys{ocos ﬁm) in the |sin "13\ expansion (eq. 40)
are glven in table V for x ranglng from 1.0 to 2.45. Compa-
ring the resulta with those obtained by restricting
| adn 8, 4 \ ?a‘fﬁrm two terms only (table 1IV), ws notice
the following differences. Foxr sphexdcal molecules (x = 1)
with angle indgpendent excluded volume, obviously there is
no change in the calouwinted values. 48 i;mcrewed. the
inciusion of hMgher oxder torns leads $¢ an increase iu
the strength of the trunuiticny the values of (2,):
AP /—é and AUANKT go up, tha relative invrease being
hioher for lavger ¥alues of x. Further, we also cew that

the Internmal erorgy change increases conniderably as x
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ins ivcreased whick 1z a trend %o be expected. AB we
noted earlier, if the expansion of |sin 9y 4/ 4s confined
t o the }?z(em 913) taxm, & trend though

weak, is observed (see table IV), bringing out

importance of the higher ovder terme in tho expansion.
Oowparing the calculated values of (P,), Af/s e
AU/BK? with the experimental data on DAL, a value of x
lying batween 1.2 and 1.5 would appear reasonable
agreencnt, even though the calcoulated values of both 1"23
and AU/HkT would still Ve considerably higher than the
experimental data. However we know Iram the caleulaticas
made by retaining terms only up to Py (coo Qia) in the

| sin Gul expansion (table IV), that y woald agree with
the experimental walue on Pii for x = 1.,75. Purther aT/4P
value would aloo be in better apgreement with the experi~
mental data on PAA for x = 1.75 than fur x =~ 1.2 = 1.5.
Henca we have chosen =x = 1.75 for ocur calewlations on
the phase transition propectics at high preusures. The
resulis are presanted ln the next sectiou.

-1 Hesulte at higher pressures

Tha theory also enables us %o study the properties
of nenatic and isotlropic phares at I twransition such as
Ty molar volumae of nomatlc ( V,n) and feotropic ( V 1)

Y9+
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phases, entropy change ( A3), intemmsl energy change (AU)
at RI transition, etc. as functions of prescure. We have
studied these proparties as the pressure is changed from
one bar to 6.5 kbar for x a» 1.75, by using the six tem
expaasion of |ain Gu |+ To oaloculate the phase transi-
tion properties at a pressure of say n baxs, we proceed as
followa: Por x = 1.75, fixing 02 and \, to the
appropriate wvalues listed in tadle ¥ and sturting Lfrom
some value of T and 4, the consistency caditions for the
long range order parameters {eg. 43) are satisfiel. The
pressure of the nematic phase iz calceulated from equatd ons
(22) and (31), The asgwsed value of d f¢ adjusted by an
iterative procedure to naXe the precssure equal t 0 N bars.
The pressure of the isotruple phace exleulated by setting
<?2n7 = 0 in equationa (22) and (31) in alvo squated to

n bars and aiaa fa saleulated. Then the Gibb's free
energlies of both the nematic and isotropic phases are
caloulated by uslng sjuations (20) and (30). The assumed
value of T fe adjusted by an iterative procedure %o egualize
the Gibb's free cnorgr of both the phases. Ihis procedure
has begen repeated for n ranging froaw 1 to 6500. The
different properties caloulated as fuuctiony of pressure
are tabulated in table Vie and Vib. DTae corresponding
experinenial results given by Rachinskii et al (1978)



Theareticul results at various pressures

TILE Via
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5, K B bars vhh::j/ Af;zifk ZiZZEB AS/H zmsn:§§/
409 1 223.43  1.56 7.00  0.613 458.05
416.63 250 222.45  1.50 6.75  0.606  492.38
424.09 500 221.53  1.45 6.54  0.600  487.67
431,36 750 220,68 1,40 6.35  0.5%4  433.74
438.47 1000 219,89 1,36 6.18  0.589 480,44
445.42 1250 219.14 132 6403  0.585  477.65
452.25 1500 218.45  1.29 5,90  0.581 475.46
458.95 1750 217.79  1.26 5.80  0.578 473.26
465.55 2000 217.17  1.23 5.68 0.574 471.54
4TB.44 2500 216.93 1,19 5.49 0.569  468.81
490.99 3000 215.490 1.15 5.3%3 Je 564 466.82
503.24 3500 214.07  1.19 5.20  0.560 465.38
515.23% 4200 213.21 1.08 5. 08 U. 556 464.38
526.99 4500 212.42 1.06 4.98  0.553 463.7
535.56 5000 211.69  1.04 4.89 0.550  463.30
549.95 5500 211,01 1.02 4.81 0.548 463.11
561.13 6000 210.38  1.00 4.74  0.545 46%.08
§72.25 6500 209.79  0.98 4.68  0.543  463.19
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TABIE VID
Theoretioal Hesults at various Pressures
wER. 0 T Th e oW
409.00  30.71  0.4990 0.1725  0.4657 @, 1063  0.2163
416,63  29.83 0.4993 0.1729  0.4680 0. 1073 0.2192
424.09  29.05 0.4997 O.1733  0.47%05 0. 1083 U.2223
431.36  28.36 05001 Q.1738  O.47351 0. 1093 0.2253
438.47 21,75 0.5035 0.1742  0.4757 0. 1103 0.2204
445.42 27,20 0.5010 0.1747  0.4763 0. 1113 0.2314
452.25  26.79  0.5015  0.1752  0.48%0 0.1123 0e2345
458,95  26.24 0.5019  0.1757  0.48% 0.1133 0.2376
465.55 295.82 0.5026 00,1764 0.4863 a 1143 0.2406
4T8.44  25.09 0.5054 0.1772  0.4915 0. 1160 0.2466
490.99  24.46 0.5084 0.1781  0.4566 0.1183 0.2526
503.24  23.92 0.5054 0.1791  0.5017 0. 1201 0.2584
515.2%  23.44 0.5064 0.1800  0.5067 0.1220 0.2642
526.99  23.02 0.5074 0.1810  0.5115 0.1238 0. 2698
535.56  22.65 0.5083 0.1819  0.5162 0.1257 0. 2754
549.95  22.31  0.5092 0.1827  0.5209 0.1274 0.2809
561.18  22.01 0.5102 0.1836  0.5254 0.1291 0.2862
572.25  21.75  0.5110 0.1845  0.5298 0. 1308 0.2915
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are listed in %tadle VII.

We have plotted the pressure P, d%/dP, V, amd

A (AV = ¥, - 1) in figures 1-3. ZExperizental data
on PAA for the variation of Ty, V, and A%V, with P

plotted for the sake of compuricon. A8 we can
Bee from figure 1, the calculated walue of 47 dP~ 30"K kbar
up to 1 kbar, whereas the experimental wvalue in~ 47 for
PAA (see Mcloll, 1972; Chandrasekhar et al, 1973y Stishov
et al, 1976; Kachinsiil et al, 1978; Chandrasexhar and
Bhashidhar, 1979). 2he ratio d41,/dP decreuses as T increases
which fa in gqualitative agreeuent wisth the experimental
data on PAA, He-p-methoxybenzylidene-p'=butzlaniline (iH34)
(Horn, 1978; Kues, 1978), p-n-nentylep’-cranobiphenyl (508)
(flora, 1978) and H-p-athoxybensylidene-p'~butylaniline
(EBBA) (Euss, 19783 Kachinukii St al, 1979). Variation of
the molar volume of the nematic phase Y, as a function of
pressure {(figure 2) is in good agreerent with the experiw
mental results given by Stishov et al (1976) and Kachinslkiy
st al (1979) on PAA. The thevretical walues of AV,-—’Vn
(figure 3), ACAX? and ANk are such larger thun the experi-
mental values, dut thelr varfations with 7 are In gqualitative

agreeument with the experimgntal trends.

Experimenté on PAA carried out Jloxr the pressure



PADLE VIX

Experimental data for PAA at various pressures

By % By vam WO/ AN/ gm0V S
408.7% 1 225.04 0.72 Q.12 140
408,85 1 225.02 Q.72 0.173 142
410.61 39 224.80 CaT1 0.7 1359
412,70 81 224.53 0.70 G.171 139
416.55 161 224.97 C.69 0. 173 140
422,78 249 223.49 C.68  0.173 140
427.55 358 222.70 0.65  0.170

435.25 564 221,92 .66 0,171 140
435.23 564 221,92 0.61 G. 166 135
448,21 862 220,65 0.59 0. 168 138
452.66 468 220.29 57 0.164 134
458.23 1104 215.80 Qs 54 Ca 160 131

137
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varying from 1 to 2 kbar shows that (P,) 1s constant
along the NI transition. The theoretical wilue of (Pp)
is almost constant, inoreasing very slightly from 0.499
t0 0.503 over the same range of presgures (see table VIb).
Por 5CB and MBBA, Horm and Faber (197Y) cbserved that
(P,) is not omstant along the }I trunuition. Indeed in
this case (P,) decreasss ap the pressure is increased,
walch is a trend opposite to the theoretical trend.

The wvalus of y evaluated by taking the slope of
curve csbtained by plotting in 2 sus 1In V, is foumd %o
be ~ 4 (see figure 4) for pressuresranging from 1 bar to
2 Xbar, whioch is a2galn in wvery £00d agreenent with the

result on PAA. Howevor as the precsure 1is
increased say to 6.5 kbar, the theorctical value of y
inorsanes to ~ 6.5 (see figure 4). Ixperimental walues
of y have been obtained for MIBA also but the values
gquoted by different authors vary fram 2.6 to 5.3 (see
Horn, 19783 KXuss, 1878 and Keyes and Dandels, 1979).

In cancluaion, restricting |ein 8“\ to & two
term expansion, for purely hard rod fluid, the SPT gives
a reasonadly good agreement with the experimental result
for x m 2.5, Including the attractive potential, the
boot agreument is obtained for x = 1.75. Inclusion of
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HG4 Variation of 1n ¥V, with 1n Tyr- Y is the elope
of the curve.
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higher order terms in |ain 9“) expanaion up to
P’i gaua 813) Will mve the principal effect of strengaka-
the HI transition, &**** Lt increaces the values

of (.?2> s APl ¢ AU/Rk®, 47/aP, eto. For higher
pressure, thae theory is abla to0 reproduce qualitutive

behaviour of nost of the trancition properties like

A 3' AU » ﬁP/ﬁ?. A']ﬂ""’s' vng em«
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