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A MONTE CARL0 SIMULATION OF CYCLIC POLYMERIC LIQUID 
CRYSTALS 

DAVID R R EVERITT, CHRISTOPHER M CARE, RAYMOND M WOOD 
Department of Applied Physics, Sheff ield City 

Polytechnic, Pond Street, Sheffield S 1  lWB, England. 

Abstract A cyclic polymeric liquid crystal system 

is simulated using the Metropolis Monte Carlo method 

in the NVT ensemble. The polymeric system consists 

of mesogenic moieties attached to siloxane ring 

polymers and is simulated with two different mathe- 

matical models. In one model, the polymer molecules 

are represented as objects with disc-like symmetry, 

and columnar stacking of these molecules has been 

observed for simulations in two dimensions. In the 

other model the mesogenic moieties are represented 

individually by an anisotropic Lennard-Jones 

potential. The ring is represented solely as a 

constraint on the relative motions of the attached 

mesogens. If the ring-mesogen link is sufficiently 

flexible the mesogens are found to order at low 

temperatures. 

INTRODUCTION 

New materials comprising polydimethylsiloxane rings with 

side-chain mesogenic moieties attached via ether 

linkages are currently being synthesized in the 

Chemistry Department of Sheffield City Polytechnic as 

part of a joint programme on novel polymeric liquid 
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56 D. R. R. EVERITT, C .  M. CARE AND R. M. WOOD 

c r y s t a l  sys tems.  

conformations which w i l l  r ange  between r i g i d  and f loppy ,  

and t h e  l i n k a g e s  themselves  can be a l t e r e d  i n  l e n g t h  t o  

show s i m i l a r  behaviour .  An i n i t i a l  example of  t h e s e  

m a t e r i a l s  and t h e i r  g e n e r a l  s t r u c t u r e  a r e  shown i n  

diagram 1. 

Ring s i z e s  may be  v a r i e d  t o  g e n e r a t e  

The s i m u l a t i o n s  d e s c r i b e d  he re  a t t empt  t o  i d e n t i f y  

those  f e a t u r e s  which w i l l  be s i g n i f i c a n t  i n  g e n e r a t i n g  

l i q u i d  c r y s t a l  s t r u c t u r e s .  The behaviour  of t h e s e  

m a t e r i a l s  w i l l  be  s t r o n g l y  dependent upon t h e  n a t u r e  of 

t h e  coupl ing  between t h e  mesogenic m o i e t i e s  and t h e  

polymer r i n g  backbone. It is expec ted  t h a t  weak coup l ing  

w i l l  r e s u l t  i n  a conven t iona l  nemat ic  phase.  However, i f  

t h e  coupl ing  i s  s t r o n g ,  t h e  polymer r i n g  w i l l  dominate 

t h e  behaviour of t h e s e  m a t e r i a l s .  For example, i f  t h e  

mesogens a r e  r i g i d l y  a t t a c h e d  t o  t h e  r i n g s  i n  a s p l a y  

conformation, d i s c o t i c  phases  may be expec ted .  

DIAGRAM 1. A cyclic compound under investigation (a). Schematic 
diagram oC strong ring-mesogen coupling (b) and weak co i lp l ing  fc ) .  
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CYCLIC POLYMERIC LIQUID CRYSTALS 57 

The Metropolis’  Monte Carlo technique was used t o  

s imulate  these  systems using two d i f f e r e n t  mathematical  

models of t h e  polymer molecules.  The two models and t h e  

r e s u l t s  of t h e  s imulat ions a r e  descr ibed i n  s e p a r a t e  

s e c t i o n s  below. These s imula t ions  were performed i n  t h e  

NVT ensemble i n  which each molecule w a s  allowed f r e e  

t r a n s l a t i o n a l  and r o t a t i o n a l  motion. The system was 

s u b j e c t  t o  p e r i o d i c  boundary cond i t ions .  

SOFT D I S C  MODEL 

I n  the  s o f t  d i s c  model, the polymer backbone w a s  

represented by a Lennard-Jones 12-6 p o t e n t i a l  w h i l s t  t h e  

average e f f e c t  of the mesogenic moie t i e s  was approximated 

by a r i n g  of s o f t e r  p o t e n t i a l  which took the form of an 

r-’ term. Hence, t he  i n t e r a c t i o n  p o t e n t i a l  had t h e  

fol lowing form:- 

-? 

where t h e  angles  81 and 8 2  a r e  t h e  angles  made between 

t h e  molecular axes and t h e  molecular s epa ra t ion  v e c t o r .  

The func t ion  F (e1 ,82 )  was expanded i n  s p h e r i c a l  harmonics 

t o  second order  and the  c o e f f i c i e n t s  were chosen t o  g ive  

a s u i t a b l e  d i s c  shaped p o t e n t i a l .  

I n  t h i s  f i r s t  s imu la t ion ,  t h e  c e n t r e s  of t h e  molecules 

were constrained t o  l i e  on a plane,  w h i l s t  t he  molecules 

i n t e r a c t e d  with the  f u l l  3D p o t e n t i a l  (1) .  During t h e  

s imulat ion,  t r a n s l a t i o n a l  and r o t a t i o n a l  moves w e r e  

at tempted i n  a l t e r n a t i o n .  

Diagram 2 shows t y p i c a l  conf igu ra t ions  f o r  a 

s imulat ion of f i f t y  molecules.  A t  low d e n s i t y ,  i t  can 

be seen t h a t  t h e  molecules have random o r i e n t a t i o n s  wi th  
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58 I). R. R. EVERI?T, C. M. CARE AND R. M. WOOD 

( a )  T* = 0 . 4 4 ,  p* = 0.11 (b)  T* = 0 .44 ,  p* = 0.31 

T* = %TIE 

D* - Na2/Area 

The p r o j e c t i o n s  of t h e  synrmetry 
axes  of t h e  d i s c s  on t h e  p l a n e  
a r e  r e p r e s e n t e d  by t h e  l e n g t h s  
of t h e  l i n e s ,  w i t h  t h e  a t t a c h e d  
c i r c l e s  i n d i c a t i n g  t h e  upper  
end of t h e  axes. 

DIAGRAM 2 .  T y p i c a l  c o n f i g u r a t i o n s  from t h e  s o f t  d i s c  model. The 
t empera tu re  was reduced i n  10 dec remen t s  from a random c o n f i g u r a t i o n  
a t  h igh  t empera tu re  w i t h  100 000 a t t empted  moves p e r  t empera tu re .  
The s i m u l a t i o n s  were performed w i t h  50 p a r t i c l e s  conf ined  t o  a p l a n e .  
I n c r e a s i n g  o r d e r  i s  observed a s  t h e  d e n s i t y  i s  i n c r e a s e d .  
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CYCLIC POLYMERIC LlQUlD CRYSTALS 59 

r e s p e c t  t o  t h e  p lane .  However, a t  h igh  d e n s i t y ,  i t  i s  

found t h a t  t h e  symmetry axes  of t h e  molecules l i e  i n  t h e  

p l ane  and t h e r e  i s  ev idence  of columnar s t a c k i n g .  Th i s  

s t a c k i n g  i s  n o t  uniform throughout t h e  p l ane  and domains 

of d i f f e r e n t  o r i e n t a t i o n  a r e  observed. Th i s  ordered  

phase i s  des t royed  a t  h igh  tempera tures .  

MULTI-MESOGEN RING MODEL 

I n  t h i s  more d e t a i l e d  model, t h e  mesogenic m o i e t i e s  were 

r ep resen ted  i n d i v i d u a l l y  by a modif ied  Lennard-Jones 12-6 

p o t e n t i a l  which conta ined  an a n i s o t r o p i c  term 

(Luckhurst2 1:- 

u = u  + u  (2)  o a  

where U i s  t h e  i s o t r o p i c  Lennard-Jones p o t e n t i a l  and U 

i s  t h e  a n i s o t r o p i c  term:- 

The r i n g  was r ep resen ted  s o l e l y  as a c o n s t r a i n t  on t h e  

r e l a t i v e  p o s i t i o n s  of t h e  a t t ached  mesogens, and the  

coup l ing  between t h e  r i n g  and the  mesogens w a s  

r ep resen ted  as a r e s t r i c t i o n  on t h e  o r i e n t a t i o n s  which 

mesogens could have wi th  r e s p e c t  t o  t h e  r i n g  axes .  Th i s  

allowed f o r  j u s t  t h r e e  types  of Monte Car lo  move : r i n g  

t r a n s l a t i o n s ,  where the  a t t a c h e d  mesogens were moved by 

t h e  same t r a n s l a t i o n a l  increment i n  o r d e r  t o  ma in ta in  

t h e i r  r e l a t i v e  p o s i t i o n s ;  r i n g  r o t a t i o n s ,  where t h e  r ing -  

mesogen e n t i t y  was r o t a t e d  a s  a r i g i d  body; mesogen 

r o t a t i o n s ,  where an i n d i v i d u a l  mesogen was r o t a t e d  wi th  

r e s p e c t  t o  t h e  r i n g .  Th i s  model w a s  n o t  chosen t o  be a 
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60 D. R. R. EVERI'IT. C. M. CARE AND R. M. WOOD 

0.4 - 

0.2. 

specific representation of  the actual polymers being 

synthesized, but rather to allow investigation of the 

general relationships between the strength of ring- 

mesogen coupling and liquid-crystalline ordering. 

The results shown in diagram 3 were obtained using a 

system of forty mesogens. 

attached and was allowed complete translational freedom 

in 3 D ,  with no restriction on the orientation of a 

mesogen with respect to its ring. 

were obtained, one based on the symmetry axes of the 

Each ring had f o u r  mesogens 

Two order parameters 

S 

0.8 1 
0.6 I 

v* = 1.15 
4 

4 , MESOCEN 

i i i /  

RING + 
t +  t + t t t t + + + t t t  t t t , ' 

I T* 
0.8 1.0 1.2 1.4 1 .6  1.8 

DIAGRAM 3. 
of reduced temperature for the multi-mesogen ring model. 
The reduced temperature and volume are defined as:- 

Ring and mesogen order parameters as a function 

mesogens T* = ST/€ V* = VIoN 

Each data point represents 300 000 atLempted moves and the 
error bars indicate one standard deviation fluctuation. 
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CYCLIC POLYMERIC LIQUID CRYSTALS 61 

i n d i v i d u a l  mesogens and t h e  o t h e r  based  on t h e  symmetry 

axes  of t h e  r i n g s .  I n  each  c a s e  t h e  o rde r  parameter  was 

of t h e  u s u a l  form:- 

s = <P2(C0SBi)> ( 4 )  

where Bi i s  t h e  ang le  made between a mesogen symmetry 

a x i s  and t h e  d i r e c t o r  of t h e  system. 

The s i m u l a t i o n s  s t a r t e d  from a random c o n f i g u r a t i o n  a t  

h igh  t empera tu re  and a s  t h e  t empera tu re  w a s  reduced  t h e  

f i n a l  c o n f i g u r a t i o n  a t  each  t empera tu re  became t h e  

i n i t i a l  c o n f i g u r a t i o n  f o r  t h e  new t empera tu re .  A t r an -  

s i t i o n  occur s  a t  a reduced t empera tu re  of approximate ly  

T* = 1 . 4 .  Weak mesogen o r d e r i n g  (S  = 0 . 3 )  i s  observed  a t  

h igh  tempera ture  and s t r o n g  mesogen o r d e r i n g  ( S  = 0.8) 

a t  low t empera ture .  F u r t h e r  extended s i m u l a t i o n s  are 

be ing  c a r r i e d  o u t  t o  de t e rmine  i f  t h e  r e l a t i v e l y  l a r g e  

v a l u e  of S a t  h igh  t empera tu re  i s  a consequence of t h e  

polymer ic  n a t u r e  of t h e  system, t h e  l i m i t e d  sys tem s i z e ,  

o r  t h e  s h o r t  run  l e n g t h s  used i n  t h e s e  p r e l i m i n a r y  

s t u d i e s .  No t r a n s i t i o n  was observed  i n  t h e  r i n g  o r d e r  

parameter  f o r  t h i s  weak coupl ing .  

was performed w i t h  a mesogen a n i s o t r o p y  parameter  of 

A = 0.15. A s i m u l a t i o n  was a l s o  performed f o r  = 0.25 

bu t  i t  was found t h a t  t h e  deg ree  of o r d e r  ob ta incd  

p e r s i s t e d  up t o  h igh  t empera tu res .  These r e s u l t s  a r e  

cons i s  t e n t  w i th  

The above s i m u l a t i o n  

Luckhurs t  ' s2 .  

CONCLUSION 

Columnar s t a c k i n g  of t h e  d i s c - l i k e  o b j e c t s  i n  t h e  s o f t -  

d i s c  model h a s  been observed  a t  l o w  t empera tu res  and h igh  

d e n s i t i e s .  T h i s  i s  c o n s i s t e n t  w i t h  a d i s c o t i c  phase .  
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62 D. R. R. EVERIIT, C. M. CARE AND R.  M. WOOD 

The multi-mesogen model h a s  shown a n e m a t i c - i s o t r o p i c  

t r a n s i t i o n  f o r  weak coup l ing .  T h i s  l a t t e r  r e s u l t  i s  

c o n s i s t e n t  w i t h  o b s e r v a t i o n s  of o t h e r  s i d e  c h a i n  

polymer ic  l i q u i d  c r y s t a l s  (Engel a t  a 1 3 ) .  

d e t a i l e d  i n v e s t i g a t i o n s  of t h e  mul t i -mesogen  model are  

be ing  under taken  t o  i n v e s t i g a t e  t h e  impor tance  of r i n g  

s i z e ,  number of mesogens p e r  r i n g  and ring-mesogen 

f l e x i b i l i t y .  It  i s  hoped t o  c h a r a c t e r i s e  t h e  t r a n s -  

fo rma t ion  from nemat ic  mesogen behaviour  t o  a d i s c o t i c  

r i n g  behaviour .  
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