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THE PAIR INTERMOLECULAR INTERACTION ENERGY OF THE 

TWO NENATOGENIC L I Q U I D  CRYSTALS 

K. TOKITA, K. FUJIMURA, S.  KONDO, and M .  TAKEDA 

Department of  Chemistry, Science Univers i ty  of Tokyo, 

1-3 Kagurazaka, Shinjuku-ku, Tokyo 162, Japan 

(Submitted for Publ ica t ion  December 1, 1980) 

Abs t rac t .  The d ispers ion  term i n  t h e  in te rmolecular  

p o t e n t i a l  ca l cu la t ed  from t h e  Rayleigh-Schr8dinger 

pe r tu rba t ion  theory  e x h i b i t s  t h e  similar angle  dependence 

as assumed by Maier-Saupe for t h e  model system of MBBA. 
(Received for Publication December 14, 1980) 

Intermolecular  forces  are e s s e n t i a l  for understanding 

t h e  formation of long-range o r i e n t a t i o n a l  order  i n  nematogenic 

l i q u i d  c r y s t a l s .  A simple an i so t rop ic  p a i r  p o t e n t i a l  used i n  

molecular f i e l d  theory  i s  U(r 8 ) = - U ( r  )P (cosB12), 

where U i s  s c a l a r  p o t e n t i a l ,  P (cos8 ) i s  second Legendre 

, r12 and 8 a r e  t h e  separa t ion  and t h e  angle  polynomial 

between molecules 1 and 2,  respective1.y. It i s  worthwhile t o  

examine whether an angular  dependence of  t h e  an i so t rop ic  p a i r  

p o t e n t i a l  i s  a c t u a l l y  v a l i d  or not by t h e  ca l cu la t ion  based 

on molecular o r b i t a l  method. 

12’ 12 12  2 

2 12 

12 

I n  t h e  present  work we have ca l cu la t ed  t h e  i n t e r a c t i o n  

energ ies  between se l ec t ed  model compounds of nematogenic l i q u i d  

c r y s t a l s  , i .e . ,  MBBA(N- (p-methoxybenzy1idene)-p-butylaniline) 

and PPCHC(4tpentyloxyphenyl trans-4-propylcyclohexanecarboxylate). 

The in te rmolecular  i n t e r a c t i o n  energy i s  ca l cu la t ed  by 

t h e  method based on t h e  Rayleigh-Schrsdinger pe r tu rba t ion  

theo ry  . 1 y 2 y 3  The i n t e r a c t i o n  energy, Eint, i s  approximated by 
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172 K. TOKITA, K. FUJIMURA, S. KONDO, and M. TAKEDA 

and E a r e  t h e  e l e c t r o s t a t i c ,  t h e  
r e p  where E e s Y  E ind>  

induct ion ,  t h e  d i spe r s ion ,  and t h e  valence r epu l s ive  energ ies ,  

r e spec t ive ly .  The e l e c t r o n  ne t  charges ,  t h e  atomic d ipo le s ,  

and t h e  i o n i z a t i o n  p o t e n t i a l s  used i n  t h e  ca l cu la t ion  of t h e  

f i r s t  t h r e e  terms have been approximated by t h e  CND0/2 molecular 

o r b i t a l  method. The valence r epu l s ive  energy which i s  not 

included i n  t h e  pe r tu rba t ion  theo ry  w a s  es t imated from t h e  

r epu l s ive  p a r t  of t h e  Lennard-Jones(6-12) p o t e n t i a l  i n  which 

t h e  c o e f f i c i e n t s  of  t h e  r epu l s ive  terms were taken from Ref. 5 
In  t h e  c a l c u l a t i o n  o f  E t h e  geometry da t a  of  model MB f o r  

MBBA and model PP f o r  PPCHC were taken  from t h e  s tandard 

parameters. 

4 

i n t  ' 

6 

Figure 1 shows t h e  molecular formulae of  MB and PP, and 

t h e  coordinate  system. The o r i g i n s  o f  t h e  l o c a l  coordinate  

systems for MB and PP were chosen a t  t h e  midpoints o f  t h e  C=N 

bond and t h e  C-0 bond, r e spec t ive ly .  

Y 

1 . x  
Z 

FIGURE 1. The molecular formulae o f  MB and PP. 

The c a l c u l a t i o n s  of E have been performed on t h e  configura- 

t i o n s  o f  t h e  (MB) and the  (PP) systems obtained by t h e  

p a r a l l e l  separa t ions  o f  t h e  second molecule with r e spec t  t o  

t h e  f i r s t  one along t h e  z-axis and then  by clockwise r o t a t i o n s  

by t h e  angle  0 around t h e  same z-axis i n  both t h e  angles  

$ = 0' and $ = 180' around t h e  same x-axis of t h i s  second 

molecule. 

i n t  

2 2 

Figure 2 shows t h e  dependences of  E on intermolecular  i n t  
d i s t ance ,  R, for (MB)2 and (PP), systems. The solid and dashed 
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PAIR INTERACTION ENERGY OF LIQUID CRYSTALS 173 

-5. 

-10 I 

0 

0 

FIGURE 2.  The dependences of E on intermolecular  i n t  
d i s t ance .  (MB)~: - , (PPI2: - - - -. 

TABLE 1. The i n t e r a c t i o n  energies  and t h e  R of  t h e  m i  n 
(MB)2 and t h e  (PP) systems? 2 

System 8 $ Ees Eind Edis  E r ep  E i n t  Rmin 

{MB)2 180' Oo 0.5 -1.0 -17.5 5.7 -12.3 3.5 

(PP), Oo 180' 18.8 - 2 : 3  -35.4 7.5 -11.4 4.0 

a -1 The energ ies  and t h e  d i s t ances  are given i n  kcal-mol 

and i n  Angstroms. 
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l i n e s  are (MB) and (PP) systems, r e spec t ive ly .  I n  t h e  

f i g u r e ,  t h e  angles  8 and $ of t h e  systems were f i x e d  at  t h e  

va lues  of t h e  energy minimum poin t  through t h e  p a r a l l e l  sep- 

a r a t i o n s ,  t h a t  i s ,  t h e  second molecules of (MB) and (PP)  

systems were f i x e d  a t  8 = 180’ and 

180°, r e spec t ive ly .  The va lue  of E i n  energy minimum fo r  

t h e  (MB) 

t h e  (PP),. 
(MB)* system i s  ca .  0.5A smal le r  t han  t h a t  of t h e  (PP),. 
Table 1 l i s t s  t h e  va lues  of es t imated  E 

and Rmin i n  energy minimum f o r  (MB) 
A s  apparent ly  from t h e  t a b l e ,  Edis shows t h e  f a i r l y  l a r g e  

con t r ibu t ion  on t h e  a t t r a c t i v e  energy. This result i s  i n  

agreement wi th  t h e  o the r s .  

K. TOKITA, K. FUJIMURA, S. KONDO, and M. TAKEDA 

2 2 

2 
= 

2 0  
li, = O o ,  8 = 0 and 

i n t  
system i s  ca .  1 . 0  kca l*mol- l  smal le r  t han  t h a t  of 

The va lue  of R i n  energy minimum, Rmin, of t h e  
2 

es ’  Eind’ Edis ’  E repy  
and (PP), systems. 2 

293 

Figure 3 shows t h e  8 angle  dependences of E f o r  (MB)2 d i  s 
and (PP) 
The c losed  c i r c l e s  and t r i a n g l e s  are t h e  p l o t s  of E obtained 

from t h e  c a l c u l a t i o n  above mentioned as a func t ion  of t h e  8 

angles  f o r  (MB)2 and (PP) r e spec t ive ly .  The s o l i d  l i n e s  i n  

t h e  f i g u r e  show t h e  8 angle  dependences of (3cos28 - 1) of t h e  

a t t r a c t i v e  p o t e n t i a l  proposed by Maier-Saupe. The magnitude 

of (3cos 8 - 1) i s  normalized on t h a t  of E i n  each system. 

The 8 angle  dependence f o r  t h e  (MB) system shown i n  F ig .  3 are 

good cons i s t en t  wi th  t h e  s o l i d  l i n e ,  however, t h e  o v e r a l l  

energy , Eint , d id  not show t h e  angle  dependence such as Fig .  3. 

On t h e  o t h e r  hand, t h e  8 angle  dependence for t h e  (PP)  

dev ia t e s  from t h e  s o l i d  l i n e  over  ca .  8 = g o 0 .  

of t h e  above r e s u l t s ,  t h e  8 angle  dependence f o r  t h e  system 

of t h e  MB molecule,  which i s  l i k e  t h e  hard rod with C2 symmetry, 

i s  i n  accord wi th  t h e  Maier-Saupe theory .  

systems at  t h e  f i x e d  $ and R 2 min i n  energy minimum. 

d i  s 

2’ 

2 
d i  s 

2 

system 2 
I n  t h e  l i g h t  

Rx’ The dependences of Eint on ho r i zon ta l  displacement,  
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FIGURE 4. The dependences of E on h o r i z o n t a l  
i n t  

d i sp lacement .  (MB)2: 0 , (PP)2: A . 
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f o r  (MB)2 and (PP), systems a r e  shown i n  Fig.  4, then 0 ,  $, 

and Rmin i n  each system were f ixed  at t h e  values  of  t h e  energy 

minimum. R i s  t h e  d i s t ance  of t h e  ho r i zon ta l  displacement 

of  t h e  second molecule of  t h e  systems with respec t  t o  t h e  f i r s t  

one along t h e  molecular a x i s ,  x-axis, of t h e  l o c a l  coordinate  

systems. A s  seen from t h e  f i g u r e ,  t h e  values  of  E at t h e  

displacement from ca.  0 t o  +5A a long t h e  x-axis, which i s  

about h a l f  l eng ths  o f  t h e  model molecules, do not e f f e c t i v e l y  

change i n  both t h e  systems. Therefore ,  it may be considered 

t h a t  t h e  second molecules easy t r a n s f e r  i n  t h e  p o s i t i v e  d i rec-  

t i o n  of  t h e  molecular a x i s ,  

X 

i n t  

F i n a l l y ,  t hese  r e s u l t s  obtained by t h e  ca l cu la t ion  w i l l  

be e s s e n t i a l l y  compared wi th  t h e  experimental ones such as 

t h e  dens i ty ,  t h e  order  parameter, and e t c .  i n  t h e  nematic 

s t a t e  of  l i q u i d  c r y s t a l s .  Fur ther  work on t h i s  problem i s  

under way. 
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