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U N I A X I A L  ROTCITION BIASING IN S m  E LIQUID 

CRYSTALS 

* 
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* F a c u l t y  of E n g i n e e r i n g ,  U n i v e r s i t y  of Mar ibo r ,  
Mar ibo r ,  and  "J. S t e f a n "  I n s t i t u t e ,  U n i v e r s i t y  
of Lj i ibl  j a n a ,  L j u b l  j a n a ,  Yugosl a v i  a 

Reactar P h y s i c s ,  S tockholm,  Sweden 

and U. DAHLPDRG', J. PETERNELJ* 

# Royal I n s t i t u t e  of Technology,  I n s t i t u t e  of 

A b s t r a c t  The po l  ar  and  b i p o l a r  u n i  ax i a1 
m o l e c u l a r  r o t a t i o n a l  b i  asi  ng e f f e c t  a s  descri bed 
by t h e  mudel of  t h e  on  a n  c i r c u l a r  arc c o n f i n e d  
s i m p l e  r o t a t i o n a l  d i f f u s i o n ,  h a v e  been  i n v e s t i g a -  
ted on t h e  S m  E p h a s e  n e u t r o n  i n c o h e r e n t  e l a s t i c  
s t r u c t u r e  f a c t o r ,  a5 w e l l  a5 on t h e  asymmetry 
p a r a m e t e r  of t h e  electric f i e l d  g r a d i e n t  t e n s o r .  

- - - - - - - - 

INTRODUCTION ------------ 
The model rsf t h e  u n i a x i a l ,  on t h e  segment  of t h e  

c i rc le  of  a n  apex a n g l e  B0, r e s t r i c t e d  r o t a t i o n a l  

I n  g e n e r a l ,  t h e  e v i d e n c e  

m o l e c u l a r  r o t a t i o n  i 5  i n  S m  

p r o v i d e d  f o r  by t h e  i n c o h e r e n t  

by I4N NOR measurements4 of t h e  

d i f f u s i o n  of  t h e  p r u t o n  e x p l a i n s  t h e  MBBA n e m a t i c  p h a s e  

i n c o h e r e n t  n e u t r o n  s c a t t e r i n g  d a t a  , as w e l l  a s  t h e  

pub1 i shed' t e m p e r a t u r e  dependence  of  t h e  d e u t e r o n  

s p i  n-1 a t t i c e  re1 a x a t  i o n  of  5CP-dI5 n e m a t i c  compound. 

1 

t h a t  t h e  u n i a x i a l  

p h a s e s  r e s t r i c t e d ,  is 

n e u t r o n  s c a t t e r i n g " ,  or 

asymmetry p a r a m e t e r ,  Q. 

7 

THEORETICAL OUTLINE -_-----_----------- 

The a r t h o g o n a l  two-dimensional  l a t t i c e  of  t h e  Sm E 

p h a s e  is c h a r a c t e r i z e d  by t h e  h e r r i n g b o n e  m o l e c u l a r  

a r r a n g e m e n t  of t h e  l o n g  r a n g e ,  f i g . 3 .  I n  o r d e r  t o  

i n v e s t i g a t e  directly t h e  p o s s i b l e  p o l a r  or  b i p o l a r  

u n i a x i a l  m o l e c u l a r  r o t a t i o n  b i a s i n g  e f f e c t  i n  Sm E 

p h a s e ,  w e  a s s i g n  t h e  i n - p l a n e  

[561]1125 
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126/[562] R.  C V I K L  CIND U. DCIHLBDRG, J. PETERNELJ 

yI Sm E 

FIGURE 1 Herringbone arrangement of the Sm E 
phase molecular in plane structure showing the 
angular separation of the potential barriers 
restricting the molecirl ar uni axi a1 rotation. 

orientational order of each particular molecule to the 

average orientation of it5 tran~iverse molecular axis, 
which in terms of the model of the biased uniaxial 

molecular reorientation described above is represented 
by the bisector of the circular segment, fig. 1. 

Characteristic feature of this model is the fact, 
that the expressions related to the restricted proton 
stochastic reorientations (with respect to the segment 
bisector, denoted by L 3,n fig. 1) is given by, 

where jo is the spherical Bessel function of the order 

0, and y is the Euler angle denoting the instantaneous 
proton position with respect to the line of nodes. The 
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UNIAXIAL ROTATION BIASING [563]/127 

r e o r i e n t a t i o n  of  t h e  m o l e c u l e  t a k e s  p l a c e  a round  its 

l o n g  a x i s ,  which on  t h e  a v e r a g e  c o i n c i d e s  w i t h  t h e  

z - a x i s  of t h e  l a b o r a t o r y  s y s t e m ,  f i g  1. The 
o r i e n t a t i o n  of  t h e  segment  b i s e c t o r  w i t h  r e s p e c t  t o  t h e  

l a b o r a t o r y  f r a m e  I i.e. t h e  l i n e  of n o d e s  L ) is 

d e s c r i b e d  by E u l e r  a n g l e  6. In  f i g .  1,  lsll d e n o t e s  t h e  

p r o j e c t i o n  a+ t h e  n e u t r o n  s c a t t e r i n g  v e c t o r  G! o n t o  t h e  

smectic E p l a n e .  

The e l a s t i c  i n c o h e r e n t  5 t r u c t u r e  f a c t o r ,  EISF, t o  

b e  e v a l u a t e d  reads 3 , fig I( e iG!R >-I2,where R d e n o t e s  

t h e  p o s i t i o n  v e c t o r  of t h e  p r o t o n .  EISF, which 

d e s c r i b e s  t h e  g e o m e t r y  of t h e  l o c a l i z e d  p r o t o n  m o t i o n 3  

= 

7 

h a 5  been  d e r i v e d  for t w o  

( a v e r a g e d  o v e r  t h e  a n g l e  

A = Jg((JasinO) + 

- 
I1 c 

a, 

o r i e n t a t i o n s  of 0.  The results 

h) are t h e  f o l l o w i n g :  

a, 

2 2 J , , , (QasinO)Jo(ki  
k-1 & ’  

( 3 )  
2 0  * L k i g  2 

AOI = 1 5k5k jo[--;--] J k b a c o s  <--- 
k = l  

where 0 d e n o t e s  t h e  a n g l e  between t h e  z’-body f r a m e  and  

2 - l a b o r a t o r y  a x i s  system, a is t h e  r a d i u s  of t h e  

c i r c l e ,  and  t h e  i n - p l a n e  o r d e r  p a r a m e t e r  is d e f i n e d  

a 5 5  = < e  >, where  # is t h e  a n g l e  between 1 and 

t h e  l a b o r a t o r y  x-axis .  The s i m b o l s  11 and I d e s c r i b e  

t h e  p a r a l l e l  and  p e r p e n d i c u l a r  o r i e n t a t i o n  of  a v e c t o r  

Q w i t h  r e s p e c t  t o  t h e  director no. Jk d e n o t e s  t h e  k-th 

o r d e r  c y l i n d r i c a l  E e s s e l  f u n c t i o n .  The eq .  ( 3 )  is a n  

a p p r o x i m a t i o n  v a l i d  f o r  0 < bO , s a y .  

i k# 
k 

0 

The averages o v e r  9 h a v e  been  e v a l u a t e d  f o r  t h e  

t w o  model i n  p l a n e  d i s t r i b u t i o n  f u n c t i o n s ,  d e s c r i b i n g  

t h e  p r e f e r e n t i a l  o r i e n t a t i o n  of t h e  o u t b o a r d  t r a n s v e r s e  

m o l e c u l a r  a x e s :  (a)  P I # )  = # e ‘/r(2.4), and ( b )  

PC#> = cos t #  - c)/n d e s c r i b i n g  t h e  p o l a r  (a), and t h e  

- 
2 
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128/[564] B. C V I K L  FIND U. DAHLBORG, J. PETERNELJ 

b i p o l a r ,  ( b )  , d i s t r i b u t i o n s .  An example  of  t h e  r e s u l t s  

is p r e s e n t e d  $.n f i g -  2. I t  t u r n s  o u t  t h a t  t h e  s p r e a d  o f  

c a l c u l a t e d  EISF c u r v e s ,  a s  a f u n c t i o n  of  t h e  p a r a m e t e r  

S are v e r y  s e n s i t i v e  t o  t h e  c h o i c e  of  t h e  d i s t r i b u t i o n  

f u n c t i o n s ,  t h e  e x a c t  fo rm of which is unknown. 
0’ 

EISF 8 = 4 6 O  Sm E 

FIGURE 2 The EISF c u r v e s  FIGURE 3 The asymmetry 
c a l c u l a t e d  i n  p e r p e n d i c u l a r  p a r a m e t e r ,  r ) ,  c a l c u l a t e d  
o r i e n t a t i o n  of 61 f o r  t h e  f o r  t h e  b i p o l a r  S m  E 
p o l a r  i n  p l a n e  d i s t r i b u t i o n .  b i a s e d  rotat ion.  

F o r  t h e  a b o v e  model of  t h e  r e s t r i c t e d  

r e o r i e n t a t i o n ,  t h e  14N NOR asymmetry p a r a m e t e r  r e a d s  

( t a k i n g  0 = 0 i n  S m  E p h a s e ) :  

+or t h e  p o l a r  o r d e r i n g .  H e r e ,  V .  . r e p r e s e n t s  t h e  i j - t h  
1 J ’  
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UNIAXIAL ROTATION BIASING [565]/129 
I 4  N EFG t e n s o r  e l e m e n t  i n  t h e  m o l e c u l a r  f r a m e  i n  t h e  

s o l i d  s tate . Taking  t h e  l i m i t  so+ 0, t h e  exact  fo rma l  

e x p r e s s i o n s  of r e f . 4  f o r  S m  I V  p h a s e  are o b t a i n e d .  I f  

w e ,  however ,  now i n t e r p r e t e  t h e  s: .>. t e r m  as b e i n g  

a s s o c i a t e d  w i t h  t h e  s t r u c t u r a l  p r o p e r t y  of t h e  p h a s e  

and is t h e r e f o r e  c o n s t a n t ,  t h e n  t h e  whole t e m p e r a t u r e  

dependence  is presumab ly  h i d d e n  i n  t h e  v a r i a t i o n  of t h e  

a n g u l a r  s e p a r a t i o n ,  S o ,  between t h e  t w o  p o t e n t i  a1 

b a r i e r s  a v a i l a b l e  t o  t h e  p r o t o n  (or t o  t h e  4N 
n u c l e u s )  The S, dependence  of T ) ,  a s  shown i n  f i g .  Z; 

for t h e  b i p o l a r  case, ( f u l l  l i n e  *:cosZr#>=O.23 and 

d o t t e d  l i n e  <ccisZ@>=1.00) d o  i n d e e d  e x i b i t  t h e  m a j o r  

c h a r a c t e r i 5 t i c  + e a t u r e s  (monotonic  d e c r e a s e  or i n c r e a s e  

b u t  a lso i n  t h e  S m  t= o b s e r v e d  maximum) r e p o r t e d  i n  

r e f .  , are now, i n  tei m 5  of t h e  p roposed  model above ,  

i mmedi ate1 y amenable  t o  s i m p l e  p h y s i c a l  i n t e r p r e t a t i o n .  

4 

4 

I t  is s u g g e s t e d ,  t h a t  t h e  m o d e l  of u n i a x i a l  restricted 

s t o c h a s t i c  r e o r i e n t a t i o n  a l l o w s  t h e  d e t a i l e d  

i n v e s t i g a t i o n  of a p o l a r  or b i p o l a r  t y p e  of b i a s e d  

m o l e c u l a r  r o t a t i o n a l  mo t i an  o c c u r i n g  i n  smectic l i q u i d  

c r y s t a l  s. 
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