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NMR D I  FFUSI ON MEASUREMENTS I N C H O L E S F R I  C L I  QUI D CRYSTALS - 
PITCH LENGTH. TEMPERATURE AND TIME DEPENDENCE 

RALF STANNARI US, STEFFEN OEHLER and HERBERT SCHMI EDEL 
S e k t i o n  Physi k der K a r l  -Marx-Universitaet L e i p z i g  

DDR-7010 Le ipz ig .  L i n n e s t r a s s e  5 

ABSTRACT 

mi s paper p r e s e n t s  NMR measurements of d i  f f us1 on i n  he1 1 x 
d i r e c t i o n  i n  t w i s t e d  nematics. W e  found an  exact Arrhenius  
t y p e  tempera ture  dependence of t h e  d i f f u s i o n  c o e f f i c i e n t .  
The p i t c h  l e n g t h  dependence is less t h a n  of s q u a r e  o r d e r .  
a l though d i f f u s i o n  d e c r e a s e s  a t  s h o r t e r  p i t c h  l e n g t h s .  The 
d i f f u s i o n  c o e f f i c i e n t  decays wi th  i n c r e a s i n g  o b s e r v a t i o n  
t i m e  over a n  i n t e r v a l  of s e v e r a l  mll iseconds.  

INTRODUCTION 

D i f f u s i o n  i n  t h e ,  c h o l e s t e r i c  l i q u i d  c r y s t a l l i n e  phase shows 

i n t e r e s t i n g  f e a t u r e s  qui  te d i f f e r e n t  from t h e  c l o s e l y  r e l a t e d  

nematic mesophase. W e  w e r e  p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  
d i f f u s i o n  coeff ic ient  Dp i n  h e l i x  d i r e c t i o n .  Exper imenta l ly ,  

2 t h i s  Coefficient w a s  found by 
depend upon t h e  p i t c h  l e n g t h  p 

Moreover. a decay of Dp wi th  i n c r e a s i n g  o b s e r v a t i o n  t i m e  w a s  
measured by B l i n c  wi th  f i e l d  g r a d i e n t  NMR ”’. I n  t h i s  paper 

w e  a p p l i e d  d i f f e r e n t  NMR methods t o  confirm t h e s e  r e s u l t s .  

D NMR measurements ‘l’to 
2 

0 ’  by a r e l a t i o n  Dpz  p 0 

THEORY 

The c h o l e s t e r i c  phase w a s  induced by a d d i t i o n  of a s m a l l  

amount of c h i  r a1 dopant t o  nemat 1 c n-a1 k yl oxyphenyl- 
m-alkyloxybenzoates CnO. oml,. I n  such  samples w i t h  p o s i t i  ve 
magnetic s u s c e p t i b i l i t y  a n i s o t r o p y  A x ,  t h e  h e l i c a l  axes 
a r r a n g e  perpendicular  t o  t h e  spec t rometer  f i e l d  Bo. A t  t h i s  

o r i en ta t ion  of t h e  h e l i c e s .  t h e  average  molecular o r i e n t a t i o n  
n with  r e s p e c t  to t h e  magnetic f i e l d  w i l l  change i f  t h e  

-+ 

- 
[645]/209 
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R. STANNARIUS ET AL. 2 10/[646] 

molecules move i n  h e l i x  d i r e c t i o n  z. Such a t r a n s l a t i o n a l  

d i f f u s i o n ,  coupled t o  t h e  rotational r e o r i e n t a t i o n .  d u r i n g  
t h e  r e c o r d i n g  of t h e  NMR s i g n a l  i n f l u e n c e s  t h e  l i n e  s h a p e  of 
2D N M R C l  ,33 13= NmC4> 

s t u d i e d  t h e  tempera ture  and p i t c h  l e n g t h  dependence of Dp, by 
f i t t i n g  p r o t o n  decoupled I 3 C  NMR s p e c t r a  after a s i m p l e  n/2 
or CP p u l s e  sequence wi th  t h e  model d e s c r i b e d  i n  

. , or 'H NMR "' s p e c t r a .  W e  have 

c 4> 

The dependence of Q p r  having t h e  meaning of t h e  
p r o p o r t i o n a l i t y  factor between t h e  average  s q u a r e  

2 displacement  i n  p i t c h  axis d i r e c t i o n  <CzCt)-zCO33 > and 

o b s e r v a t i o n  t i m e  t , upon t i m e  range is d i f f i c u l t  t o  
de termine  by 13C NMR due t o  t h e  not v e r y  p r e c i s e l y  d e f i n e d  
t i m e  scale. W e  a p p l i e d  p r o t o n  NMR l i n e  s h a p e  f i t t i n g  u s i n g  a 
S p e d  a1 p r e p a r a t i o n  p u l s e  sequence d e s c r i b e d  i n C 51 

EXPERIMENTAL 

The samples w e r e  p repared  by mixture  of c h i r a l  c h o l e s t e r y l -  

undec y l  car bonate  C ChUC> w i  t h no. Om homo1 ogues of di f f e r e n t  
c h a i n  l e n g t h s  n.m C 10-08. 10-08. 50-08, 60-07 3 .  The molar 
c o n c e n t r a t i o n s  m 
cor responding  p i t c h  l e n g t h s  of 2. .  8 pm C po-mc= 8 . 2 ~ - X  I. 
13C experiments  w e r e  performed a t  Bo=l .  40 T corresponding  to 
15.08 MHz resonance  frequency.  The p r o t o n  NMR i n v e s t i g a t i o n s  

were made w i t h  a Bruker 32 MHz p u l s e  spec t rometer  a t  BO=C).7 T 

w i t h  18.. 64 accumulat ions for each spectrum. 

The 1 i qui  d crystal 1 i n e  compounds w e r e  k i ndl  y pr ovi ded by t h e  
MLU Halle LC Group and by VEB Spezialchemie Lutzschena. 

of ChUC w e r e  i n  t h e  range  of 1.. &A w i t h  
C 

I. 

RESULTS AND DISCUSSION 

A c h a r a c t e r i s t i c  tempera ture  dependence of Dp is shown in 
Fig.  1. S t r a i g h t  ' l i n e s  cor responding  t o  an  Arrhenius  behaviour 

show t h a t  no a d d i t i o n a l  tempera ture  dependence i s  p r e s e n t ,  

p a r t i c u l a r l y  no o r d e r  parameter dependence as is found for 
related v i s c o u s  p r o p e r t i e s .  D i f f u s i o n  c o e f f i c i e n t s  i n  t h e  

i s o t r o p i c  phase were measured by f i e l d  g r a d i e n t  NMR. Thei r  
values c o i n c i d e  for a l l  mixtures .  
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FIGURE 1: Arrhenius p l o t  of t h e  d i f f u s i o n  c o e f f i c i e n t s  
Dis, of 50.08 at po= 2.3, 3 . 3 ,  4 .4 .  5 . 7  and 7 . 2  yrn. *P. 

a 
356.3 K DP .1012sm-2 

v 351.4K 

V A 3465K 
0 V 

A D 

A 
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0 
0 0 

0 0 

o 341.6K 

o 3367k 

FIGURE 2: 
The p i t c h  range corresponds to t h e  righthand part of F i g .  3. 

Dp for d i f f e r e n t  p i t c h  lengths. sample 50.08. 
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212/[648] R. STANNARIUS ET AL. 

FIGURE 3: 

D is t h e  c o e f f i c i e n t  of t h e  nemat ic ,  p e r p e n d i c u l a r  t o  6 .  
T h e o r e t i c a l  p i t c h  l e n g t h  dependence of Dp. 

I 

DL 
(nerno t ic) 

FIGURE 4: 

T=337 K , p = 6.1 pin. 

Time dependence o f  Dp f o r  50.08 , 

0 
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NMR DIFFUSION MEASUREMENTS [649]/2 13 

F i g u r e  2 g i v e s  a c h a r a c t e r i s t i c  p i t c h  l e n g t h  dependence of  
Dp. I t  is p r e s e n t ,  bu t  w e a k .  S u r e l y  i t  is less t h a n  of s q u a r e  

o r d e r .  T h i s  is not  i n  c o n t r a d i c t i o n  with r e s u l t s  of Yaniv 
for s h o r t e r  p i t c h  l e n g t h s .  F i g . 3  shows t h e  t h e o r e t i c a l  DpCpo3 

c u r v e  r e s u l t i n g  from a model presented  e l sewhere ,  t h a t  
accounts  for a coupl ing  of t r a n s l a t i o n a l  aiid rotational 
mobility‘”. The q u a n t i t y  DROT CFig.33 c a n  be r e l a t e d  t o  yl.  

A rough approximation of an  e q u a t i o n  derived f r o m  t h e  

E i n s t e i n  re1 a t i  on,  

c13 

i: Dp = N kg T po2 / C 4 n y13  

1 C N being  t h e  number of d i f f u s i n g  p a r t i c l e s  per volume. y 
t h e  rotational v i s c o s i t y .  t h e  e q u a t i o n  h o l d s  i n  t h e  s h o r t  

p i t c h  r a n g e  3 .  shows t h a t  N cannot  be connected with s i n g l e  
molecules.  The r o t a t i o n a l  motions must i n v o l v e  c o l l e c t i v e  

6 p r o c e s s e s  of a t  least some 10 molecules i n  o r d e r  t o  account  
for t h e  l o w  v a l u e s  of t h e  d i f f u s i o n  c o e f f i c i e n t  Dp measured 
i n chol  esteri cs - 

c 23 The t i m e  dependence of d i f f u s i o n  p a r a l l e l  t o  t h e  h e l i x  

is confirmed by our experiments .  The c o e f f i c i e n t  Dp decays 

wi th  d i f f u s i o n  t i m e .  as is d e p i c t e d  i n  Fig.  4. For samples  
wi th  po i n  t h e  pm range ,  as i n v e s t i g a t e d  h e r e ,  a c o n s t a n t  

long-t ime limit v a l u e  is e s t a b l i s h e d  o n l y  after more t h a n  

about  50 m s .  The o b s e r v a t i o n  t i m e  scale i n  t h e  r e p o r t e d  13C 

NMR experiments  is approximately 3. .5 m s .  
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