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The effect of pressure on the discotic nematic-isotropic 
transition properties 

by T. K. LAHIRI and S. SINGH 
Department of Physics, Banaras Hindu University, Varanasi-22 1005, India 

K. SINGH 
Department of Physics and Electronics, Awadh University, Faizabad, India 

(Received 13th July 1989; accepted 31 October 1989) 

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 [I] ,  (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 Vo at temperature T. 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 

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 ( = 242b). The perturbation 
potential, which is a function only of centre of mass distance rI2 and the relative 
orientation R,, between two molecules, is written as 

Up(rIz, O,,) = -r,'((C, + CaP,(cos e,,)); for r I 2  > D(Q, , ) .  (2) 

Here C, and C, are constants related to the isotropic and anisotropic dispersion 
interactions, OI2  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 a,, . 
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396 T. K. Lahiri et al. 

Following Parson [4] we approximate the reference system pair correlation func- 
tion go(ri2, Qi2)  by g0(rl2/D(C2,,)), which decouples the orientational degrees of 
freedom from the translational ones to all orders in density, and obtain, in the 
first-order perturbation, 

@ = l n p  - I + ln(4nf(fi)) + V(4 - 3 V )  (F&) - F2(X)l7 - F 4 ( x ) P 3  N (1 - vj2 

(3) 

and 

where 

with 

c,* = c,/v;, (4 4 

(4J 1 
= (x' - 1)/(x' + 1j. (4 k)  

16(v) = 0.333334 + 0.429911~ + 0*241818$ + 0.017573~' 

+ 0.090841~~ - 0*171067~', 

A, ,  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(R) at a specified temperature and pressure is 
determined by minimizing the free-energy with respect to the variation off(s2) subject 
to the constraint 

{f(R) dR = I .  

The DNI transition properties are located by equating the pressure and chemical 
potentials of the two phases4iscotic nematic and isotropic. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
4
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
1. 

Th
e 

D
N

I t
ra

ns
iti

on
 p

ar
am

et
er

s 
un

de
r h

ig
h 

pr
es

su
re

, p
2<

 an
d 
p4
' a

re
 o

rd
er

 p
ar

am
et

er
s;

 q
 is

 th
e 

di
sc

ot
ic

 n
em

at
ic

 p
ac

ki
ng

 fr
ac

tio
n,

 A
ql

q 
th

e 
de

ns
ity

 
di

sc
on

tin
ui

ty
, A

X
IN

K
 th

e 
tr

an
si

tio
n 

en
tr

op
y,

 l-( 
T

,)
 =

 (
8 I

n 
TI

3 I
np

)+
 

an
d 

(d
T,

/d
p)

 is
 th

e 
pr

es
su

re
 d

ep
en

de
nc

e 
of

 th
e 

tr
an

si
tio

n 
te

m
pe

ra
tu

re
 T

,. 
C

,/C
, =

 8
 

x 
c,

* lk
 

Pl
ba

r 
r, 

rl 
A

vl
v 

p
2
<

 
p44
c 

A
Z

/N
k 

(d
r,

 ld
P

) 
W

,)
 

0.
6 

45
00

.0
0 

1 
10

0 
20

0 
30

0 
40

0 
50

0 

0.
8 

65
00

.0
0 

1 
10

0 
20

0 
30

0 
40

0 
50

0 

0.
9 

75
00

.0
0 

1 
10

0 
20

0 
30

0 
40

0 
50

0 

65
8.

4 
68

3.
6 

70
5.

9 
72

6.
2 

74
4.

7 
76

 1.
3 

61
4.

5 
61

9.
7 

62
5.

0 
62

9.
9 

63
4.

8 
64

0.
0 

60
4.

95
 

60
7.

1 1
 

61
2.

38
 

61
3.

98
 

61
7.

03
 

61
9.

92
 

0.
48

6 
0.

48
 1 

0.
48

0 
0.

48
 1 

0.
48

2 
0.

48
5 

0.
57

 1 
0.

57
4 

0.
57

6 
0.

57
8 

0.
58

1 
0.

58
3 

0,
60

3 
0.

60
6 

0.
60

7 
0.

60
9 

0.
61

 1 
0.

61
3 

0.
20

6 
0.

14
6 

0.
1 1

3 
0.

09
2 

0.
07

8 
0.

06
8 

0.
0 1

69
 

0.
01

 58
 

0.
01

49
 

0.
01

41
 

0.
0 

13
3 

0.
0 

I2
4 

0.
00

88
 

0.
00

89
 

0.
00

78
 

0.
00

8 1
 

0.
00

78
 

0.
00

75
 

0.
73

51
 

0.
70

01
 

0.
67

19
 

0.
64

85
 

0.
63

05
 

0.
61

89
 

0.
48

63
 

0.
48

66
 

0.
48

53
 

0.
48

54
 

0.
48

37
 

0.
47

69
 

0.
44

85
 

0.
46

 14
 

0.
43

99
 

0.
45

72
 

0.
45

73
 

0.
45

80
 

0.
40

21
 

0.
35

76
 

0.
32

50
 

0.
29

99
 

0.
28

 16
 

0.
27

03
 

0.
15

65
 

0.
15

67
 

0.
15

58
 

0.
15

59
 

0.
15

48
 

0.
15

03
 

0.
13

15
 

0.
13

93
 

0.
12

64
 

0.
13

67
 

0.
13

68
 

0.
13

73
 

3.
25

9 
2.

55
1 

2.
13

7 
1.

85
8 

1.
66

5 
1.

53
9 

0.
87

2 
0.

85
8 

0.
84

1 
0.

83
0 

0.
81

4 
0.

78
2 

0.
69

5 
0.

72
9 

0.
65

6 
0.

70
4 

0.
69

9 
0.

69
6 

27
4.

43
 

23
3.

62
 

20
8.

94
 

19
0.

62
 

17
5.

76
 

16
3.

08
 

57
.4

1 
54

.4
9 

61
.9

3 
49

.6
0 

47
.5

5 
45

.8
0 

35
.5

2 
34

.0
2 

33
.0

6 
31

.7
3 

30
.6

9 
29

.7
2 

~~
 

1.
95

1 
1.

95
5 

1.
96

5 
7 

1.
97

8 
1.

99
4 

a 2
 

1.
76

3 
2 

1'
76

9 
s.

 
1.

77
4 

1.
77

9 

2.
01

2 
g. & 

1'
78

4 
1.

78
8 

:. 
1.

66
9 

1.
67

1 
1.

67
2 

1.
67

5 
1.

67
6 

1.
67

8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
4
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



398 T. K. Lahiri et al. 

The DNI transition paranieters are determined at various constant values of 
pressure ranging from 1 bar to 500 bar in a way similar to that described in I. The 
present work includes both P,  and p4 terms in equations (3) and (4) whereas in I only 
the P,  term is included. For a given x, at the atmospheric pressure p = I bar, we 
selected the potential parameters C,* / k  and Ci/C, so as to reproduce quantitatively the 
DNI transition temperature T, E 600K which corresponds to the T, of hexa- 
y-hexyloxy benzoate of triphenylene. Other transition parameters are determined 
self-consistently by an iterative procedure [I]. From the numerical results it is 
observed that in both cases in I, as well as in the present work, thc relative density 
change at the transition decreases as the ratio Ci/C, increases for a given value of 
C,*/k. A very slow increase in the value of packing fraction q is observed with 
increasing Ct/C,. For C,/Cl, > 20 the phase transition quantities are not very sensitive 
to the C,/Ca, 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 
q ,  relative density change Aq/q ,  second Lcgendre polynomial order parameter p2' ,  
transition entropy and dT, /dp due to the inclusion of the fourth Legendra polynomial 
order parameter P4i.. For x > 0.8 no noticeable change in the transition parametcrs 
is seen. 

The table summarizes a number of thermodynamic properties at the DNI tran- 
sition. From thc 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 dT,./dp is found 
whereas the parameter 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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