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SUMMARY 
D e u t e r i u m  NMR m e a s u r e m e n t s  h a v e  b e e n  p e r f o r m e d  f o r  

m a i n - c h a i n  p o l y m e r  l i q u i d  c r y s t a l s  h a v i n g  s t r u c t u r e s  s u c h  a s  
~ b - O C { O ) - O - O ( C D 2 ) n O - O - C ( O ) O - ~ b - O ( C H 2 ) n O ~ x  w i t h  n = 9 ,  10.  
D-NMR s p e c t r a  o S t ~ i l n e d  i n  t h e  n e m a E i c  m e s o p h a s e  a r e  c o m p a r e d  
w i t h  t h o s e  p r e v i o u s l y  r e p o r t e d  f o r  t h e  d i m e r  l i q u i d  c r y s t a l s  
o f  t h e  t y p e  NC-O-O-O(CD2 } n O - O - r  w i t h  n = 9 ,  10 .  A l t h o u g h  
r e s o l u t i o n s  a r e  r e l a t i v e l y  p o o r  i n  t h e  p o l y m e r  s p e c t r u m ,  t h e  
g e n e r a l  p r o f i l e s  o f  t h e  s p e c t r a  w e r e  f o u n d  t o  b e  s i m i l a r  t o  
t h o s e  o f  t h e  c o r r e s p o n d i n g  d i m e r .  The  r e s u l t s  o f  t h e  RIS  
a n a l y s i s  s u g g e s t  t h a t  t h e  s p a t i a l  c o n f i g u r a t i o n s  o f  t h e  s p a c e r  
a r e  n e a r l y  i d e n t i c a l  b e t w e e n  t h e  d i m e r  a n d  p o l y m e r .  I t  h a s  
b e e n  c o n c l u d e d  t h a t  t h e  o b s e r v e d  e n h a n c e m e n t  i n  t h e  q u a d r u -  
p o l a r  s p l i t t i n g s  s h o u l d  a r i s e  l a r g e l y  f r o m  a h i g h e r  o r l e n t a -  
t i o n a l  o r d e r i n g  o f  t h e  m o l e c u l a r  a x i s  i n  t h e  p o l y m e r i c  s y s t e m .  

INTRODUCTION 
M a i n - c h a i n  p o l y m e r  l i q u i d  c r y s t a l s  (PLC) c o m p r i s i n g  a 

r i g i d  m e s o g e n i c  c o r e  a n d  a f l e x i b l e  s p a c e r  i n  a r e p e a t i n g  u n i t  
o f t e n  e x h i b i t  a d i s t i n c t  o d d - e v e n  e f f e c t  i n  v a r i o u s  t h e r m o d y -  
n a m i c  q u a n t i t i e s  a t  t h e  n e m a t i c - i s o t r o p i c  ( N I )  t r a n s i t i o n  
t e m p e r a t u r e .  I n  t h e s e  l i q u i d  c r y s t a l s ,  t h e  o r d e r - d i s o r d e r  
t r a n s i t i o n  o f  t h e  a n i s o t r o p i c  m e s o g e n  i s . c o u p l e d  w i t h  c o n f o r -  
m a t i o n a l  c h a n g e s  o f  t h e  f l e x i b l e  s p a c e r ,  l - ~ J  D e t e r m i n a t i o n  
o f  t h e  c o n f o r m a t i o n  p e r m i t t e d  i n  t h e  n e m a t i c  m e s o p h a s e  i s  o f  
p r i m a r y  i m p o r t a n c e  i n  u n d e r s t a n d i n g  t h e  m o l e c u l a r  m e c h a n i s m  o f  
s u c h  t r a n s i t i o n s .  The  d e u t e r i u m  NMR m e t h o d  h a s  b e e n  p r o v e d  
t o  b e  u s e f u l  f o r  t h i s  p u r p o s e .  T h e  q u a d r u p o l a r  s p l i t t i n g 5  
o b s e r v e d  i n  t h e  m e s o p h a s e  r e p r e s e n t  t h e  a v e r a g e  o r i e n t a t i o n  o f  
t h e  d e u t e r i u m  l a b e l e d  b o n d .  

I n  a p r e v i o u s  c o m m u n i c a t i o n ,  4)  we h a v e  r e p o r t e d  t h e  
d e u t e r i u m  NMR s p e c t r a  a n d  s o m e  p r e l i m i n a r y  r e s u l t s  o f  t h e  
a n a l y s i s  f o r  d i m e r  l i q u i d  c r y s t a l s  (DLC) s u c h  a s  

N C ~ O ( C D 2 ) n O 4 ~ ~ > - C N  ( I - n  ) 

w i t h  n = 9 a n d  10 .  O b s e r v a t i o n s  c a r r i e d  o u t  j u s t  b e l o w  TNI 
y i e l d e d  t h e  s p e c t r a  o f  w e l l - d e f i n e d  P e a k s :  t h e  s a m p l e  w i t h  n = 
9 e x h i b i t e d  f o u r  s p l i t t i n g s  i n  t h e  r e l a t i v e  i n t e n s i t y  r a t i o  o f  
4 : 2 : 1 : 2  s t a r t i n g  f r o m  t h e  o u t s i d e  s i g n a l ,  w h i l e  t h e  s p e c t r u m  
o f  n = 10 was  f o u n d  t o  c o n s i s t  o f  t h r e e  s P l i t t i n g s  i n  t h e  
r a t i o  2 : 2 : 1 .  I n  b o t h  s a m p l e s ,  t h e  o u t e r m o s t  p e a k s  i n c l u d e  
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c o n t r i b u t i o n  f r o m  t h e  a -  a n d  ~-CD b o n d s .  The  R I S  a n a l y s i s  o f  
t h e  s p e c t r a  h a s  b e e n  c a ~ i e d  o u t  a c c o r d i n g  t o  t h e  p r o c e d u r e  
p r e v i o u s l y  e s t a b l i s h e d .  ~  

I n  t h i s  p a p e r ,  a s i m i l a r  t r e a t m e n t  h a s  b e e n  e x t e n d e d  t o  
p o l y m e r  l i q u i d  c r y s t a l s  s u c h  a s  

~ O C ( O ) ~ O ( C D 2 ) n O ~ C ( O ) O ~ O ( C H 2 ) n O ,  x ( I I - n  ) 

w i t h  n = 9 a n d  I 0 .  Some p h y s i c a l  p r o p e r t i e s  o f  t h e s e  p o l y m -  
e r s ~ | n c l u d i n 9  D-NMR s p e c t r a  h a v e  b e e n  r e p o r t e d  b y  Yoon e t  
a l .  ~J T h e s e  p o l y m e r s  f o r m  a r e a s o n a b l y  s t a b l e  n e m a t i c  
m e s o p h a s e  b e l o w  200 C: t h u s  t h e  t e m p e r a t u r e  r a n g e  i s  s u i t a b l e  
f o r  t h e  NMR i n v e s t i g a t i o n .  As i n d i c a t e d  a b o v e ,  PLC I I  
c o m p r i s e s  two  f l e x i b l e  s p a c e r s  i n  a r e p e a t i n 9  u n i t .  The  
d i f f e r e n c e  b e t w e e n  t h e s e  two  s p a c e r s  a r i s e s  f r o m  t h e  a r r a n g e -  
m e n t  o f  t h e  e s t e r  9 r o u p  i n c o r p o r a t e d  i n  t h e  m e s o g e n i c  c o r e .  
I n  t h i s  s t u d y ,  we i n t r o d u c e d  d e u t e r o n s  o n l y  i n  o n e  k i n d  o f  
s p a c e r s  i n  o r d e r  t o  e n h a n c e  t h e  r e s o l u t i o n  i n  t h e  D-NMR 
s p e c t r o s c o p y .  Our  c o m p o u n d s  d i f f e r  s l i g h t l y  f r o m  t h o s e  o f  
Yoon e t  a l .  who u s e d  s a m p l e s  d e u t e r a t e d  a t  b o t h  s p a c e r s .  

I n  b o t h  c o m p o u n d s  I a n d  I I ,  t h e  f l e x i b l e  s p a c e r  i s  
3 o i n t e d  b y  t h e  e t h e r  l i n k a g e  w i t h  t h e  m e s o g e n i c  c o r e s .  S i n c e  
t h e s e  c o m p o u n d s  b e a r  a common s t r u c t u r a l  f e a t u r e  i n  t h e  
s p a c e r ,  we may e x p e c t  s i m i l a r  o d d - e v e n  c h a r a c t e r i s t i c s  w i t h  n 
b e t w e e n  t h e s e  two  s e r i e s  o f  l i q u i d  c r y s t a l s .  

EXPERIMENTAL 
PLC II samples were prepared by the ester exchange 

reag~ion according to the prescriptiongiven by Van Luyen et 
al. v" The polymers formed were purified by reprecipitation 
from a mixture of phenol (60%) and l,l,2,2-tetrachloroethane 
(40%) by addition of acetone. The thermodynamic data obtain- 
ed by using DSC are summarized in Table I, where values 
reported in literatures are also included. 

The D-NMR spectra were recorded on a JEOL JNM-GSX-270 
spectrometer. Measurements were carried out under a complete 
proton decoupllng and non-spinning mode. 

T a b l e  I .  T h e r m o d y n a m i c  P r o p e r t i e s  o f  PLC I I - n  a t  t h e  NI 
T r a n s i t i o n  

ZS~! b Z~S b n [7/] a TN I r e f .  

d l  g - I  ~ k c a l ( m r u )  -1  c a l  K - l ( m r u }  -1 

9 0 . 6 2  200 1 . 1 2  2 . 3 7  t h i s  w o r k  
189 0 . 9 2  2 . 0  3 
200 6 

10 0 . 4 6  204 2 . 4 6  5 . 1 5  t h i s  w o r k  
215 1 . 5 6  3 . 2  3 

a T h e  i n t r i n s i c  v i s c o s i t i e s  m e a s u r e d  i n  a m i x t u r e  8 f  p h e n o l  
. (60%) a n d  1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e  (40%) a t  30 C. 
OFor  t h e  r e P e a t i n g  u n i t  d e p i c t e d  i n  t h e  t e x t ,  t h e s e  v a l u e s  

m u s t  b e  d o u b l e d .  
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F i g u r e  1. D-NMR s p e c t r a  o f  (a)  
PLC I I - 9  (188 ~ and (b) DLC 
I - 9  (172 ~  

' ' 6 ' 

kHz 

Figure 2. D-NMR spectra of  (a) 
PLC II-lO (199 ~ and (b) 
DLC I-lO (184 ~ 

RESULTS AND DISCUSSION 
The D-NMR spectra observed for polymers II-9 and II-lO 

are shown in Figures I and 2, respectively. In these diag- 
rams, the spectra obtained previously for dimers I-9 and I-lO 
are also included for comparison. Because of the tempatature 
limit of the JEOL apparatus, we were obliged to run our 
measurements below 200 ~ Sample II-lO has therefore never 
reached its TNT in the NMR magnet. A sharp peak appearing in 
the center of the spectrum indicates that some poorly aligned 
domain still remains under the experimental condition. For 
I I -9 ,  the NI t r a n s i t i o n  takes place below 200 ~ In this  
sample, the molecules can be easi ly  aligned in a mono domain 
by lowering the temparature from the isotropic s ta te .  The 
dimer samples are less viscous, and therefore the resolut ion 
of the signal is bet ter  in Figures Ib and 2b. The observed 
quadrupolar s p l i t t i n g s  are somewhat larger for the polymer 
than those for the corresponding dimer, indicating that the 
or ien ta t iona l  order is higher in the polymeric system. The 
general prof i les  of the peaks are, however, quite similar  
between the dimer and polymer for a given n. The four 
s p l i t t i n g s  observed for I-9 in Figure Ib are transformed into 
two doublets with broad peaks for II-9 in Figure la. The 
peak in tens i ty  r a t io  varies from 4:2:1:2 to 2:1. With n = 
lO, polymer II-IO exhibits a doublet with two shoulder peaks. 
The f ine  prof i les  observed for the dimer {Figure 2b) are 
largely lost  in the polymer spectrum (Figure 2a), but the two 
figures s t i l l  have much in common. 

The RIS simulations were i t e r a r ive ly  carried out un t i l  
the observed D-NMR spectra were s a t i s f a c t o r i l y  reproduced. 
Following the previous treatment, the molecular axis was 
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defined by the vector connecting the centers of two adjacent 
mesogenic cores. The statistical weight parameter set 
obtained for the dimer was adopted as the initial set in the 
simulation of the corresponding polymer spectrum. From the 
nematic fraction thus elucidated, bond conformation probabili- 
ties can be easily estimated. The trans fraction (ft) 
obtained for the individual bonds of the spacer are llsted in 
Table II, where the constituent carbon atoms are numbered from 
the ether terminal. For the O-C! bond, ft = 1.0, and thus 
the value is not given in the tabIe. Conformations for the 
bonds other than those listed can be deduced by symmetry. 
With n = 9, values of ft tend to increase slightly for all of 
the C-C bonds on going from the dimer to the polymer. When n 
= 10, the profile of the D-NMR spectrum varies rather insensi- 
tively with the conformation around the bo~s such as C3-C 4 
and Cs-C ~. As pointed out by Yoon et al. ~', these bonds s 
to allgnVparallel with the mesogenic core axis in the nematic 
conformation. Considering the fact that the observations 
were carried out at temparatures close to the NI transition, 
conformational statistical weights of these bonds were set 
equal to the values usually adopted in the unconstrained 
state. The results shown in Table II suggest that the 
spatial configurations of the spacer are nearly identical 
between the dimer and polymer. The observed enhancement in 
the quadrupolar splittings (cf. Figures I and 2) should be 
attributed to a higher orientational ordering of the molecular 
axis in the polymeric system. The details of the analysis 
wlll be reported in the forthcoming paper. 

T a b l e  I I .  The  T r a n s  F r a c t i o n  E s t i m a t e d  f o r  t h e  I n d i v i d u a l  
C-C B o n d s  i n  t h e  N e m a t i c  P h a s e  

b o n d  
d i m e r  polymer 

I - 9  I - l O  I I - 9  I I - l O  

C -C 0 . 5 4  0 42 0 . 5 7  0 . 3 6  1 2 
C -C 0 . 7 4  0 92 0 . 7 7  0 . 9 7  2 3 
C - C  0 . 5 0  0 50 0 . 5 1  0 . 4 8  3 4 
C -C 0 . 6 4  0 86 0 . 6 7  0 . 9 1  4 5 
C5-C 6 0 . 5 0  0 . 4 8  
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