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We study the influence of pressure on the stability, ordering and thermo-
dynamic properties of the discotic nematic-isotropic transition. In the present
calculation we include both the second and fourth Legendre polynomial order
parameters in the evaluation of the angle-dependent term in the expression of the
excluded volume and the perturbation term.

Recently we applied [1], (referred to as I), a perturbation expansion method [2] to
examine the relationship between the intermolecular forces and the thermodynamic
and orientational properties of the discotic nematic-isotropic (DNI) phase transition
[3] as revealed by the second Legendre polynomial order parameter values obtained
from theory. In the present paper, we consider an investigation similar to that of I to
analyse the thermodynamic and orientational phase transition behaviours under
pressure. In addition, the present calculation includes both second and fourth
Legendre polynomial order parameters in the evaluation of the angle-dependent term
in the expression for the excluded volume and the perturbation term.

We consider a system of N-axially symmetric discotic molecules contained in a
volume Vj at temperature 7. Assuming that the total interaction potential can be
written as the sum of pair interactions and adopting the procedure as outlined in I,
the total Helmholtz free-energy of the system is written as

B Bh$ B
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where A, is the contribution of reference system and A represents the perturbation
terms arising from the attractive potential. Here it has been assumed that the mol-
ecules interact via a pair potential which has a reference hard part and an attractive
part, and that the former is described by the repulsion between the hard ellipsoids of
revolution parameterized by the length-to-width ratio x (= 2a/2b6). The perturbation
potential, which is a function only of centre of mass distance r;, and the relative
orientation 2, between two molecules, is written as

Up("m Q,) = _rl—zé(ci + C,Py(cos 8)y)); for r,, > D(Q;y). 2

Here C, and C, are constants related to the isotropic and anisotropic dispersion
interactions, 6,, is the angle between the symmetry axes of two molecules and D(Q,,)
is the distance of closest approach of two molecules having relative orientation ;.
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Following Parson [4] we approximate the reference system pair correlation func-
tion g%(r,, Q1) by g°(r;,/D(Q),)), which decouples the orientational degrees of
freedom from the translational ones to all orders in density, and obtain, in the
first-order perturbation,

A 4 —3 _ _
Py = mp = 1+ ncan@) + =2 () - B - FG)P)
G)
and
40 _ _
B = B—do— P ., @
where
. 4a)
P = |dr@p o) @h)
Fi) = (0= 270 = 37 = =ttt — o) 40)
FZ(X) = '3LX2(1 ) l/2(1 + 14X + sox + 528X + o )a (4d)
F) = 400 = AP0 + B2+ i+, 4e)
| Ca .
b = ﬁnn16<n)xci*<Ao 3e A) @)
— 1 * 2 2 Ca
¢, = fpanl(mxCF | 4, + (34, + 34,) <l (4g)
_ 1 * 18 20 o
¢y = {panl(mxCF | A, + (384, + 3%4,) <l (4h)
with
c* = Clv, (41)
I,(1) = 0333334 + 0429911y + 0-2418184* + 0:0175734°
+ 0:0908417* — 01710671, “))
x = (2 = DI+ 1. 4k)

Ay, A, and A, are the constants which are tabulated in I. Expressions for pressure,
chemical potential and other thermodynamic properties can be derived from
equations (3) and (4) using standard thermodynamic relations. The one particle
orientational distribution function f(€) at a specified temperature and pressure is
determined by minimizing the free-energy with respect to the variation of () subject
to the constraint

Jf(Q) dQ = L

The DNI transition properties are located by equating the pressure and chemical
potentials of the two phases—discotic nematic and isotropic.



397

discotics

on mn

it

N-I trans

8L9-1 TL6T 969-0 €LE1-0 0850 $L00-0 €19-0 76:619 008
9L9-1 69-0¢ 6690 89€1-0 €LSH-0 8L00-0 119-0 £0-L19 00t
SL91 €L-1€ v0L-0 LIET-0 LSP0 1800-0 609-0 36-€19 00€
791 90-€€ 969-0 ¥9z1-0 66£1-0 8£00-0 £09-0 3¢-C19 002
1L9-1 20-b€ 6TL0 £6€1-0 P19t-0 6800-0 909-0 11-209 001
6991 75-6¢ $69-0 SIE1-0 S8p-0 8800-0 £09-0 S6'%09 1 00-005L 60
88/-1 08-S 78L-0 £051-0 69L¥0 ¥T10-0 €860 0-0%9 005
¥8L-1 SS-Ly v18-0 8¥S1-0 LEST-0 ££10-0 185-0 8-€9 00t
6LL1 09-6¢ 0£8-0 6551-0 ¥S81-0 1#10-0 850 6629 00¢
YLLT £6-19 1$8-0 86S1-0 £$8%-0 6¥10-0 9.5-0 0-$79 002
69L°1 615 868-0 L9ST-0 99810 8510-0 ¥LS-0 L-619 001
€941 LS 7L80 $961-0 £98%-0 6910-0 1£5-0 S¥19 I 00-0059 80
T10-C 80-€91 6£5-1 £0LT-0 6819-0 890-0 S81-0 €19L 008
¥66°1 9L-SL1 $99-1 918Z-0 S0£9-0 8L0-0 800 LYpL 00t
8L6°1 79-061 8681 66670 $819-0 7600 18-0 97L 00¢
$96°1 $6-80T LE1-T 05Z€-0 61L9-0 €110 08%-0 6-S0L 00T
$s61 79-€€T 155-C 9/6€-0 100L-0 9p1-0 1870 9-€89 001
1S6°1 £P¥LT 657-€ 120t-0 1S£L-0 907-0 98%-0 -89 1 00-00S¥ 90
(D1 (dp/1p) YN[V *d d hjhy b L Jeq/d ¥ D x

8 = "»/D I smierddws) uonisuen oy jo sduspuadop ainssaid aya st (dp/° [ p) pur <(du olru12) = (Cr)1 ‘Adonus vonisuer) oyl YN /IV ‘A1INUNUOISIP
Aysuap oy k/hy ‘uonoriy Sunjord dnewau dNOJSIP Y St k s1ddwered 1api1o are g pur g ‘ornssaid Y31y 1opun syapwered uomisuel) INQ UL [ dqeL

1102 Alenuer 9z ¥T:yT IV Papeo |uwog



14: 14 26 January 2011

Downl oaded At:

398 T. K. Lahiri et al.

The DNI transition parameters are determined at various constant values of
pressure ranging from 1 bar to 500 bar in a way similar to that described in 1. The
present work includes both P, and P, terms in equations (3) and (4) whereas in I only
the P, term is included. For a given x, at the atmospheric pressure p = | bar, we
selected the potential parameters C* [k and C,/C, so as to reproduce quantitatively the
DNI transition temperature 7. ~ 600K which corresponds to the 7, of hexa-
n-hexyloxy benzoate of triphenylene. Other transition parameters are determined
self-consistently by an iterative procedure [1]. From the numerical results it is
observed that in both cases in I, as well as in the present work, the relative density
change at the transition decreases as the ratio C;/C, increases for a given value of
C*[|k. A very slow increase in the value of packing fraction # is observed with
increasing C,/C, . For C,/C, > 20 the phase transition quantities are not very sensitive
to the C;/C,. Comparing the results obtained here with the corresponding results
obtained in I, we observe for x < 0-8 an increase in the value of the packing fraction
n, relative density change An/n, second Legendre polynomial order parameter P,,
transition entropy and dT, /dp due to the inclusion of the fourth Legendra polynomial
order parameter 2,.. For x > 0-8 no noticeable change in the transition parameters
is seen.

The table summarizes a number of thermodynamic properties at the DNI tran-
sition. From the table it can be observed that for a given x and the interaction
parameter, the phase transition shifts to higher temperature and the density increases
very slightly and the fractional volume change decreases as pressure increases. A
decrease in the value of the transition entropy, order parameters and d7, /dp is found
whereas the parameter I increases very slightly. A similar variation of the transition
properties is observed at a given pressure and with increasing ratio C;/C,. We also
observed that the range of stability of the discotic nematic phase is considerably larger
at constant density as compared to its stability range at constant pressure.
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