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A VAN DER HAALS MODEL FOR THE NEMATIC LIQUID CRYSTAL MIXTURES 

E. P. SOKOLOVA 
Leningrad State University, USSR 
Abstrac Phase diagrams and excess mo!ar volumes of binary 
nematoghic mixtures are investigated in the frame of a van 
der Waals - t pe theory f o r  systems made up o f  hard rectan- 
gular parallerepipeds. It is shown that the excess volumes 
can b e  positive or negative or can change sign depending 
on tem erature and compositian. I n  agreement with experi- 
ment tRe model predicts a coexistence of two nematic phases 
for mixture o f  rod-like and plate-like molecules. 

4 generalized van der Wad15 theory of nematic liquid crystal in- 
cludes self-consistently both the repulsive and attractive pair- 
intermolecular interactions Ell. In the present paper the van der 
Waals approach is extended to the case o f  nematic mixtures of 
hard rectangular parallelepipeds with dimensions AIK* A2K* SK(k 
is the index of component) with their principal axes constrained 

along the space-fixed directions. The steric contribution to the 

f r e e  energy is adopted from our earlier work C23. The attraction 

term, Fattz 
into cells of v o l u m e ~ V ,  the size ~AV,''~ of the cell being large 
compared to the range o f  intermolecular repulsion. Then in the 
mean-field approximation it holds [ 3 , 4 3 :  

, is evaluated b y  dividing the volume V o f  the system 

Here the sdK= NdK / N y  are the fractions of particles of type k 

are the effective att- udK,pt a n d  vdK,ge having orientation o( , 
raction and the mutually excluded volume C31, respectively, f o r  

a pair of molecules whose orientations are a( and /3 . For  biaxi- 
ally symmetric molecule six orientations are allowed, i.e. 
o(= l , . .  . , b .  

Recently, this approach was applied to binary systems with 

4 ,4 -d i -n , -a lkoxyazoxybenzenes  and it was shown that the nematic- 
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i s o t r o p i c  tempera tu res  were i n  a good agreement w i t h  t h e  e x p e r i -  

menta l  d a t a  t43. I n  t h e  p r e s e n t  s tudy  we examine excess 

volumes f o r  m i x t u r e s  o f  t w o  nematic l i q u i d  c r y s t a l s ,  s i n c e  none 

o f  t h e  models have desc r ibed  excess thermodynamic f u n c t i o n s  f o r  

such systems so f a r .  The occurence o f  a coex is tence  r e g i o n  o f  two 

nemat ic  phases f o r  t h e  l i q u i d  c r y s t a l  m i x t u r e  o f  r o d - l i k e  and 

p l a t e - l i k e  mo lecu les  i s  a l s o  demonstrated. 

Here  we cons ide r  t h e  b i n a r y  m i x t u r e  o f  a x i a l l y  symmetr ic 

p a r t i c l e s ,  i . e .  o( = 1,2,3 f o r  each k i n d  o f  molecules.  The con- 

t r i b u t i o n  F,ez is es t ima ted  a f t e r  u5e o f  decoup l i ng  o f  t h e  

i n t e r m o l e c u l a r  r e p u l s i o n s  and a t t r a c t i o n s ,  i . e .  i t  is assummed, 

t h a t  A V  = A V  - does n o t  depend on o r i e n t a t i o n s  o f  t h e  

p a r t i c l e s .  

Two t y p e s  o f  a t t r a c t i o n  parameters were i n t r o d u c e d  i n  a l l  
1 t h e  c a l c u l a t i o n s :  ~ * K , c ( l !  = and %&pe 

a r e  t h e  e f f e c t i v e  a t t r a c t i o n  e n e r g i e s  between p a r a l l e l  and 

p e r p e n d i c u l a r  p a r t i c l e s  r e s p e c t i v e l y .  The mo lecu la r  da ta  and t h e  

c a l c u l a t e d  t r a n s i t i o n  parameters f o r  pu re  components a r e  summa- 

r i z e d  i n  Table 1, where v (nm 1 and a r e  t h e  mo lecu la r  volume 

and l e n g t h - t o - w i d t h  r a t i o ,  /2 , (lh , t>r 
rameter ,  d e n s i t i e s  o f  c o e x i s t i n g  phases and t h e  e n t r o p y  o f  t r a n -  

s i t i o n , r e s p e c t i v e l y ;  C =  *v/kTN1 . A11 t h e  c a l c u l a t i o n s  were done 

a t  c o n s t a n t  p ressu re  o f  1 atm. F o r  conv in ience  sake, t h e  parame- 

t e r s  u iru<) 
TM = 409 K f o r  a l l  t h e  components i n v e s t i g a t e d .  

3 

,bZlk a r e  t h e  o rde r  pa- 

were chosen t o  produce t h e  t r a n s i t i o n  tempera tu re  

TABLE 1 The parameters f o r  t h e  pu re  components. . ................................................................ 
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[617]/181 A VAN DER WAALS MODEL FOR THE NEMATIC MIXTURES 

In order to investigate the excess molar volumes V E  the ef- 

fective attraction energies between different kinds of molecules 

a r e  varied as fitting parameters. Numerical results are represen- 

ted in terms of the parameters k,2 and 1u specifying deviations 

from the geometric mean for attractive forces a5 follows: 
U 04 - - k f L  (U 6d * u G 4  , 
values f o r  the mixture of rod-like molecules of species 1 and 2 

are displayed in Figure 1 as functions o f  mole fraction x to- 

E S(@= ( $04 * p4, . The V 
l42 

4 
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Figure 1 Isotherms of the excess volumes vs. mole fraction x. 
The limiting slopes of the nematic phase boundaries a r e  shown as 
dashed lines. The slopes and curves 1 - 5 are calculated for the 
fixed pairs of values of kiz 112 respectively: 1 , 1; 1 , 
1 .0035;  0 . 9 5  , 1; 0 . 9 5  , 1 .0635;  6 . 9 4  , 1 .0035 .  
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182/[618] E.P. 
g e t h e t  w i t h  l i m i t i n g  s lopes  o f  

ATN = x * l i m  ldTN / d X ) .  
r - O  

As can be seen t h e  b i n a r y  

S OK OLOVA 

t h e  nemat ic  phase boundar ies  

m i x t u r e s  s t u d i e d  e x h i b i t  d i f f e -  

r e n t  k i n d s  o f  d e v i a t i o n s  f rom i d e a l  behav io r .  I f  t h e  geometr ic  

mean r u l e  f o r  a t t r a c t i v e  f o r c e s  does h o l d  ( k,' = 1d2 = l ) ,  
E V < 0 i n  t h e  whole compos i t i on  range. The a b s o l u t e  magnitude o f  

V E  i s  found t o  decrease under t h e  i n f l u e n c e  o f  t h e  f o l l o w i n g  

f a c t o r s :  1) a5 t h e  temperature decreases, 2 )  as t h e  a t t r a c t i o n s  

between p a r a l l e l  p a r t i c l e s  become weaker (k12 < 11, 3 ) a s  t h e  a t -  

t r a c t i o n s  between p e r p e n d i c u l a r  p a r t i c l e s  become s t r o n g e r  

(lf2 > 1). The l a t t e r  f a c t o r  s t i m u l a t e s  s t e r i c a l l y  u n f a v o u r a b l e  

c o n f i g u r a t i o n s  o f  molecules and t h e r e f o r e  may cause t h e  change o f  

s i g n  o f  t h e  V . E 

I t  i s  no tewor thy  t h a t  t h e  p r e s e n t  a n a l y s i s  p r o v i d e s  decent 

agreement w i t h  exper iment  f o r  t h e  temperature and c o n c e n t r a t i o n  

dependence o f  t h e  V E  f o r  systetns w i t h o u t  s p e c i f i c  i n t e r a c t i o n s .  

The dec reas ing  of  t h e  V upon dec reas ing  o f  temperature and t h e  

change o f  t h e  s i g n  i s  a t y p e  o f  behav io r  o f  t h e  V E  observed by 

van Hecke and Theodore C51 i n  b i n a r y  m i x t u r e  o f  t h e  l o w - p o l a r i t y  

nernatogen homo1 ogues. 

E 

The second aim o f  t h e  p r e s e n t  s tudy  i s  an a p p l i c a t i o n  t o  t h e  

case of  m i x t u r e s  made up o f  r o d - l i k e  and d i s k - l i k e  nematogens. 

The main p r e d i c t i o n  o f  s e v e r a l  t h e o r e t i c a l  s t u d i e s  r e p o r t e d  up t o  

d a t e  concerned t h e  occurence o f  a b i a x i a l  phase, which has n o t  

been, however, observed i n  any t h e r m o t r o p i c  system. Recen t l y ,  

P r a t i b h a  and Madhusudana found e x p e r i m e n t a l l y  t h e  c o e x i s t e n c e  o f  

t h e  nematic phases one r e l a t i v e l y  r i c h  i n  r o d - l i k e  molecules (N ) R 
and t h e  o t h e r  i n  p l a t e - l i k e  molecules ( N p )  C b l .  The numer i ca l  

ev idence f o r  t h e  c o e x i s t e n c e  o f  t h e  two t y p e s  o f  nemat ics i s  t o  

be seen f r o m  t h e  phase diagram f o r  t h e  m i x t u r e  o f  r o d - l i k e  and 

p l a t e - l i k e  molecules (see Table 1 f o r  t h e  p u r e  components) p i c t u -  

r e d  i n  F i g u r e  2. I n  t h i s  case kd2= 1.05, i . e .  t h e  a t t r a c t i v e  

f o r c e s  tend  t o  favour  p a r a l l e l  c o n f i g u r a t i o n s  o f  mo lecu la r  p a i r s  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
38

 1
9 

Fe
br

ua
ry

 2
01

3 



A VAN DER WAALS MODEL FOR THE NEMATIC MIXTURES [619]/183 

440 

420 

380 

F i  u r e  2 Phase d iag ram f o r  m i x t u r e  o f  r o d - l i k e  ( R ,  s p e c i e s  1 )  
and p ? a t e - l i k e  ( P I  nefnatogens o b t a i n e d  f o r  kd2 = 1.05, ld2 = 1. 

composed o f  r o d  and p l a t e .  I n  t h e  case k12 = 142 = 1 t h e  compo- 

n e n t s  s t u d i e d  a r e  a l m o s t  i m m i s c i b l e  i n  t h e  n e m a t i c  s t a t e .  

1. W. M. G e l b a r t ,  B. Barboy  Acc. Chem. Res. JJ, 290 11980). 
2. N. P. Tumanjan, E. P. S o i o f o v a ,  f .  Phvs. them, (USSR),  a, 
3. E. P. Soko lova ,  N. P. Tumanjan fi, 1349 (1987) .  
4. E. P. Soko lova ,  i b i d  
5. 6. R. van Hecke ,T - j .%eodore ,  J .  Phys. Chem., 82, 1669 

2444 (1984) .  

1827’ (%&. 
(1978) .  ~- 

6. R. P r a i i b h a ,  N. V. Madhusudana, M o l .  Crys t .  L i a .  C r v s t  
L e t t . ,  3-4, i l l  (1985) .  D

ow
nl

oa
de

d 
by

 [
T

om
sk

 S
ta

te
 U

ni
ve

rs
ity

 o
f 

C
on

tr
ol

 S
ys

te
m

s 
an

d 
R

ad
io

] 
at

 1
0:

38
 1

9 
Fe

br
ua

ry
 2

01
3 




