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D I M E R I Z A T I O N  OF POLAR M E S O G E N I C  MOLECULES 

P R Z E M Y S t A W  K E D Z I O R A  A N D  J A N  J A D Z Y N  

I n s t i t u t e  o f  M o l e c u l a r  P h y s i c s ,  P o l i s h  Academy o f  
S c i e n c e s ,  Smol .uchowskiego 1 7 / 1 9 ,  60-179 Poznah ,  
P o l a n d  

A b s t r a c t  D i e l e c t r i c  p o l a r i z a t i o n  m e t h o d  h a s  b e e n  
u s e d  f o r  s t u d i e s  o f  d i p o l e - d i p o l e  s e l f - a s s o c i a t i o n  
o f  n - p e n t y l c y a n o b i p h e n y l  (5 -CB)  and  4 - (  t r a n s - 4  ' - n -  
-hexylcyclohexyl)isothiocyanatobenzene (6-CHRT) i n  
n o n - p o l a r  s o l v e n t s .  A new a p p r o a c h  t o  t h e  d i m e r  
s t r u c t u r e  h a s  b e e n  p r o p o s e d .  

I N T R O D U C T I O N  

Based  on  t h e  m o d e l  b y  K i r k w o o d ,  t h e  a p p a r e n t  d i p o l e  mo- 

ment  o f  p o l a r  m o l e c u l e s  d i s s o l v e d  i n  n o n - p o l a r  s o l v e n t s  

i s  g i v e n  b y  

w h e r e  p i s  t h e  d i p o l e  moment o f  a f r e e  m o l e c u l e ,  E de-  

n o t e s  t h e  s t a t i c  e l e c t r i c  p e r m i t t i v i t y ,  E M  ( o f t e n  r e -  

p l a c e d  b y  t h e  s q u a r e  o f  t h e  r e f r a c t i v e  i n d e x ,  n ) i s  t h e  

p e r m i t i i v i t y  m e a s u r e d  a t  a f r e q u e n c y  h i g h  enough  t o  

p r e v e n t  o r i e n t a t i o n a l  p o l a r i z a t i o n ,  c i s  t h e  n o m i n a l  

m o l a r  c o n c e n t r a t i o n  o f  d i p o l a r  compound ( i n  r n ~ l e . d m - ~ ) ,  

aPP 
N A  is t h e  A v o g a d r o  c o n s t a n t  and  E, = 8 . 8 5  pF/m. p 
e q u a l s  t h e  d i p o l e  moment o f  a f r e e  m o l e c u l e ,  ( i . e . )  
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32/[468] P .  KEDZIORA AND J. JADZYN 

Kirkwood correlation factor g = 1) and it does not 
depend on the concentration of dipolar substance only 
for non-interacting systems. In real molecular systems, 
the interactions lead to the formation of molecular 
aggregates which may orient a s  a whole in an electric 
field, and p depends on concentration (and temperatu- 
re). The shape of this dependence is related to the 
structure of the molecular aggregates formed. Then 

cal species i (pi) and their concentration (ci): 

aPP 

can be expressed by the dipole moment of all chemi- PaPP 

and the dipole moment value of a single molecules (mono- 

the infinite dilution 
mer) can be obtained from the extrapolation of p to aPP 

RESULTS AND DISCUSSION 

Experimental dependences of p (c) obtained f o r  solu- 
tions of 5-CB (in benzene) and 6-CHBT (in CC14> (points 
in Figure 1) indicate that the molecular aggregation 
processes lead here to intermolecular species with par- 
tially compensated dipole moment. The results have been 
interpreted with the assumption of monomer-dimer equi- 
librium in solutions under investigation: 

aPP 

3 - 7  

where K2 is the equilibrium constant, and c1 and c2 are 
the molar concentrations (in r n ~ l e - d m - ~ )  of monomers and 
dimers, respectively. According to Eq. (4) the mass 
balance of investigated substance, c = c + 2 c2) can be 1 
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DIMERIZATION OF POLAR MESOGENS [469]/33 

FIGURE 1 Experimental (points) and theoretical 
(solid lines) dependence of 1' 
6-CHBT dissolved in non-polar solvents. M denotes 
the concentration in m ~ l e - d m - ~ .  

(c) for 5-CB and aPP 

expressed in the following form: 

c1 + 2 K 2  C: - c = 0 ( 5 )  

In case of dimerization, Eq. ( 2 )  has the following form: 

(6) 

The dipole moment values o f  a single molec'ule (p,) 

5-CB and 6 - C H B T ,  determined according to Eq. ( 3 1 ,  are 
given in Table 1. 

The values of dimerization constant K 2  and dipole 
moment of dimer p 2  can be obtained from the best fitting 
of experimental data (points in Figure 1)  and theoreti- 
cal dependences p 2  ( c )  (Eqs. ( 5 , ;  and (6)). aPP 
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34/[470] P. K E D Z I O R A  A N D  J. J A D Z Y N  

Figure 1 shows that the monomer-dimer model (solid 
lines) works quite well only for concentrations up to 
about 2 M .  The values of K 2  and v2 obtained from the 
fitting and the enthalpy of interactions are listed in 
Table I. 

The most important conclusion resulting from these 
studies concerns dimers: lack of a full compensation of 
dipole moments means that the dimers have not strictly 
antiparallel structure. Interpretation of this fact 
presents some difficulties, since the values of p 

obtained from the best fitting of p 2  

"average" dimer. The non-zero dipole moments of dimers 
can be explained with several equivalent models, each 
of them agreeing with the experimental dependence of 

2 
( c )  refer to an 

aPP 

on concentration. 
One of such models has been recently proposed by 

2 
I-laPP 

Toriyama and Dunmur. In their approach the solution 
of polar nematic contains two kinds of  dimers: parallel 
( p 2  = 0 )  and antiparallel of the "head-tail" type 

T A B L E  I P a r a m e t e r s  o f  d i m e r i z a t i o n  o f  5 - C B  and  

6 - C H B T  i n  n o n - p o l a r  s o l v e n t s .  

5 - C B  + b e n z e n e  6 - C H B T  + C C 1 4  
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O I M E R I Z A T I O N  OF P O L A R  MESOGENS [47 11/35 

( p 2  = 2p1) .  T h e  n o n - z e r o  d i p o l e  moment o b t a i n e d  i n  e x p e -  

r i m e n t ,  a c c o r d i n g  t o  t h i s  m o d e l ,  r e s u l t s  f r o m  a n  e q u i l i -  
b r i u m  b e t w e e n  t h e s e  t w o  r i g i d  s t r u c t u r e s .  T h e  p h y s i c a l  
r e a l i t y  o f  t h i s  m o d e l  seems t o  b e  d o u b t f u l .  I n  a d y n a m i c  
m o l e c u l a r  s y s t e m ,  l i k e  l i q u i d s  ( a n d  n e m a t i c s )  t h E  d i p o -  
l a r  i n t e r a c t i o n s ,  e n e r g y  o f  w h i c h  o n l y  s l i g h t l y  e x c e e d s  
kT ( T a b l e  I ) ,  l e a d  t o  f o r m a t i o n  o f  t h e  l a b i l e  m o l e c u l a r  
a g g r e g a t e s ,  a n d  t h e  s t r u c t u r e  o f  s u c h  a g g r e g a t e s  c a n  b e  
d i s c u s s e d  i n  terms o f  a v e r a g e  v a l u e s .  

Of c o u r s e ,  f o r  h i g h e r  c o n c e n t r a t i o n s  o f  m e s o g e n  t h e  
a g g r e g a t e s  l a r g e r  t h a n  d i m e r s  c a n  b e  f o r m e d .  H o w e v e r ,  
o u r  a t t e m p t s  t o  e x p l a i n  t h e  o b s e r v e d  c o n s i d e r a b l e  d e c r e -  
a s e  o f  p z  

w i t h  d i f f e r e n t  p o l a r i t y ,  d i d  n o t  p r o v i d e  a n y  a c c e p t a b l e  
r e s u l t s .  

I n  o u r  a p p r o a c h ,  i n  a s o l u t i o n  o f  p o l a r  s u b s t a n c e ,  

( c )  a b o v e  2M by i n c l u d i n g  h i g h e r  a g g r e g a t e s  
a P P  

d i m e r s  o f  v a r i o u s  s t r u c t u r e  a r e  f o r m e d  i n  s u c h  a way 
t h a t  t h e  axis o f  d i p o l e s  f o r m  s t a t i s t i c a l l y  d i f f e r e n t  
a n g l e s .  I n  t h e  d i e l e c t r i c  e x p e r i m e n t  we o b s e r v e  a n  
a v e r a g e  d i m e r ,  p o l a r i t y  o f  w h i c h  r e s u l t s  f r o m  t h e  f a c t  
t h a t  a n  a v e r a g e  a n g l e  b e t w e e n  a x i s  o f  c o m p o n e n t  d i p o -  
l e s  i s  l o w e r  t h a n  180 '  ( s t r i c t l y  a n t i p a r a l l e l  s t r u c t u r e ) .  
F o r  l o w  a n d  medium c o n c e n t r a t i o n s  o f  d i p o l e s ,  t h e  v a l u e  
o f  t h i s  a n g l e  r e s u l t s  f r o m  a c o m p e t i t i o n  b e t w e e n  d i p o l e -  
- d i p o l e  i n t e r a c t i o n s  a n d  t h e r m a l  e x c i t a t i o n .  For  h i g h e r  
c o n c e n t r a t i o n  of  d i p o l e s  t h e  g e o m e t r i c  p a c k i n g  o f  m o l e -  
c u l e s  seems t o  p l a y  a p r e d o m i n a n t  r o l e .  I t  i s  o b v i o u s ,  
t h a t  i n  c a s e  o f  e l o n g a t e d  r o d - l i k e  m o l e c u l e s  o f  n e m a t o -  
g e n  t h e  p a c k i n g  s h o u l d  m a n i f e s t  i t s e l f  i n  a d i s t i n c t  
m a n n e r .  

A c o n s i d e r a b l e  d e c r e a s e  i n  e x p e r i m e n t a l  v a l u e  o f  
i n  r e l a t i o n  t o  t h e o r e t i c a l  e x p e c t a t i o n s ,  o b s e r v e d  

I a P P  
f o r  c o n c e n t r a t i o n s  o f  m e s o g e n  h i g h e r  t h a n  2M ( F i g u r e  11, 
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36/[472] P .  K S D Z I O R A  AND J. J A D Z Y N  

I 

= f h  
180 1 - 5-CB t=30°C 

6-CHBT --- 

I n  

F I G U R E  2 Dependence o f  9 a n d  p 2  v a l u e s  on  c o n c e n -  

t r a t i o n  o f  5-CB a n d  6-CHBT i n  n o n - p o l a r  s o l v e n t s .  

i s  i n  o u r  o p i n i o n  c a u s e d  b y  a s p e c i f i c  p a c k i n g  o f  m o l e -  

c u l e s  i . e .  b y  i n c r e a s e  o f  t h e  a n g l e  b e t w e e n  t h e  com- 

p o n e n t  d i p o l e s  o f  d i m e r .  I n c r e a s i n g  v a l u e  o f  t h e  a n g l e  

'p means a d e c r e a s e  o f  c! ( F i g u r e  2 ) .  A t  c o n s t a n t  v a l u e  

o f  K 2 ,  t h e  e x p e r i m e n t a l  dependence  o f  p 2  

r e p r o d u c e d  w i t h i n  t h e  w h o l e  c o n c e n t r a t i o n  r a n g e  a f t e r  

a d j u s t i n g  t h e  v a l u e  o f  Y a n d  t h e r e b y  t h e  d i p o l e  moment 

v 2 ,  f o r  c o n c e n t r a t i o n s  h i g h e r  t h a n  2M. The d i m e r  becomes 

more  a n d  more  a n t i p a r a l l e l .  The v a r i a t i o n s  n e e d e d  f o r  

e x p l a n a t i o n  o f  t h i s  e f f e c t  a r e  r e l a t i v e l y  s m a l l  ( F i g u r e  

2 ) .  The v a l u e  o f  '4 a n g l e  a m o u n t i n g  t o  a b o u t  130' f o r  

c o n c e n t r a t i o n s  b e l o w  2M, i n c r e a s e s  u p  t o  a b o u t  150' 

j u s t  b e f o r e  t h e  t r a n s i t i o n  t o  t h e  n e m a t i c  p h a s e .  

2 
( c )  c a n  b e  

aPP 

R e l a t i v e  m o l a r  f r a c t i o n s  o f  monomers a n d  d i m e r s  a s  

f u n c t i o n 6  o f  c o n c e n t r a t i o n s  o f  5-CB a n d  6-CHBT i n  non -  

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:
40

 1
9 

Fe
br

ua
ry

 2
01

3 



D I M E R I Z A T I O N  OF POLAR MESOGENS [473]/37 

- p o l a r  s o l v e n t s  a r e  s h o w n  i n  F i g u r e  3 .  

1 .o 
Xi 

0.8 

0.6 

0.4 

0.2 

0.0 

FIGURE 3 R e l a t i v e  m o l a r  f r a c t i o n s  x . ( = c . / c )  o f  mo- 

n o m e r s  a n d  d i m e r s  i n  5-CB a n d  6-CHBT s o l u t i o n s .  
l l  

T h i s  w o r k  was s u p p o r t e d  b y  t h e  P o l i s h  Academy of  S c i e n -  

c e s  w i t h i n  t h e  f r a m e w o r k  of  P r o j e c t  C P B P  0 1 . 1 2 .  
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