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Deuterium NMR analysis of dimer liquid crystals 
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SUMMARY 
Deuterium NMR measurements have been performed for dimer 

liquid crystals (DLC) having structures such as NC~-O(CH2)nO- 
~CN (CBA) with n=9, 10. Fully deuterated CBAs with n=9-a~d 
10 exhibit, respectively, three and four splittings in the 
D-NMR spectra. By using partially deuterated samples, the 
signals corresponding to the largest splittings were found to 
include contributions from the ~- and ~-CD 2 groups. The 
origins of the rest of the signals were elucidated by the RIS 
method previously established. Characteristic properties of 
the nematic mesophase were estimated for CBA-10. The results 
were found to be consistent with those of the previous analys- 
is on Griffin et al.'s DLC. 

INTRODUCTION 
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  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 s o f t - s p a c e r  i n  a r e -  
p e a t  u n i t  h a v e  b e e n  e x t e n s i v e l y  s t u d i e d .  The  o r i e n t a t i o n a l  
o r d e r  p a r a m e t e r  o f  t h e  m o l e c u l a r  a x i s  i s  a p r i m a r i l y  i m p o r t a n t  
s t r u c t u r a l  c r i t e r i o n  i n  c h a r a c t e r i z i n g  t h e  m e s o p h a s e .  D e u t e -  
r i u m  NMR t e c h n i q u e  h a s  b e e n  p r o v e d  t o  b e  u s e f u l  i n  m o n i t o r i n g  
t h e  a v e r a g e  o r i e n t a t i o n  o f  a n i s o t r o p i c  m ~ e c u l e s  when t h e y  a r e  
p r o p e r l y  l a b e l e d .  I n  a p r e v i o u s  p a p e r , - -  we h a v e  d e v e l o p e d  a 
m e t h o d  t o  e l u c i d a t e  m o l e c u l a r  c o n f o r m a t i o n  o f  m a i n - c h a i n  l i q u -  
i d  c r y s t a l s  c a r r y i n g  d e u t e r a t e d  f l e x i b l e  s p a c e r s  by  u t i l i z i n g  
t h e  i n f o r m a t i o n  p r o v i d e d  by  t h e  D-NMR m e t h o d .  I n  t h i s  t r e a t -  
m e n t ,  t h e  m o l e c u l a r  a x i s  o f  a c o n f o r m e r  h a s  b e e n  d e f i n e d  a l o n g  
t h e  l i n e  c o n n e c t i n g  t h e  c e n t e r s  o f  t h e  n e i g h b o r i n g  m e s o g e n i c  
c o r e s .  N u m e r i c a l  v a l u e s  o f  t h e  c o n f o r m a t i o n a l  s t a t i s t i c a l  
w e i g h t  f a c t o r s  a s s i g n e d  t o  t h e  i n d i v i d u a l  b o n d  r o t a t i o n s  a r e  
a d j u s t e d  s o  as  t o  r e p r o d u c e  t h e  o b s e r v e d  p r o f i l e  o f  t h e  D-NMR 
s p e c t r u m .  

I n  t h i s  p a p e r ,  we w i s h  t o  r e p o r t  o u r  r e c e n t  e x p e r i m e n t a l  
r e s u l t s  o f  t h e  d e u t e r i u m  NMR m e a s u r e m e n t s  on  d i m e r  l i q u i d  
c r y s t a l s  (DLC) s u c h  as  a , w - b i s ( 4 , 4 ' - c y a n o b i p h e n y l o x y ) a l k a n e  
(CBA): 

N C ~ ~ > -  0 ( CH2 ) n O ~ ~ > -  CN ( I-n ) 

with n = 9 and 10. Physical propertie~ 9~ the CBA liquid 
crystals have been widely investigated. ~-~" These compounds 
exhibit a thermotropic nematic liquid crystalline region over 
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c e r t a i n  t e m p e r a t u r e  r a n g e .  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  
o b s e r v e d  a t  t h e  n e m a t i c - i s o t r o p i c  (NI} t r a n s i t i o n  t e m p e r a t u r e  
a r e  known t o  o s c i l l a t e  a l t e r n a t e l y  w i t h  t h e  n u m b e r  n o f  m e t h y -  
l e n e  u n i t s  i n c o r p o r a t e d  i n  t h e  s p a c e r .  B e c a u s e  o f  t h e  s i m i l -  
a r i t y  i n  t h e  t h e r m o d y n a m i c  c h a r a c t e r i s t i c s ,  DLCs a r e  o f t e n  
r e g a r d e d  as  a m o d e l  o f  m a i n - c h a i n  PLCs.  The  r e s u l t s  on ~ C  
1 - 1 0  w i l l  be  c o m p a r e d  w i t h  t h o s e  o f  G r i f f i n  e t  a l . ' s  d a t a  ~ "  
r e p o r t e d  f o r  an  e t h e r - t y p e  DLC s u c h  as  

c00@0, 0   
T h e s e  two  DLC s a m p l e s  d i f f e r  w i t h  e a c h  o t h e r  o n l y  i n  t h e  c h e m -  
i c a l  s t r u c t u r e  o f  t h e  m e s o g e n i c  c o r e .  

EXPERIMENTAL 
CBA s a m p l e s  c a r r y i n g  a f u l l y  o r  p a r t i a l l y  d e u t e r a t e d  

s p a c e r  w e r e  s y n t h e s i z e d  f r o m  4 - h y d r o x y - 4 ' - c y a n o b i p h e n y l  and  
d e u t e r a ~ g d  a , o - d i b r o m o a l k a n e s  a c c o r d i n g  t o  E m s l e y  e t  a l . ' s  
m e t h o d .  " "  The  a , o - d i b r o m o a l k a n e s  s p e c i f i c a l l y  d e u t e r a t e d  
e i t h e r  a t  t h e  a -  o r  H - p o s i t i o n  w e r e  p r e p a r e d  by t h e  f o l l o w i n g  
s c h e m e :  

LiA1D HBr 
ROOC(CH2)n_2COOR ~4HOCD2(CH2)n_2CD2OH---- - -BrCD2(CH2)~ 2CD2Br 

(a-d4~- 
D20 LiA1H 4 HBr 

HOOC(CH2}n_2COOH-------HOOCCD2(CH2)n_4CD2COOH ~ 

BrCH2CD2(CHA) 4CD2CH2Br 

F o r  t h e  9 - d  4 s a m p l e ,  t h e  d e g r e e  o f  d e u t e r a t i o n  was k e p t  m o d e r -  
a t e  ( c a .  l O - g )  i n  o r d e r  t o  p r e v e n t  s o m e  u n d e s i r a b l e  s i d e  r e a -  
c t i o n s .  The CBA samples thus derived were studied by DSC as 
well as a polarizing microscope. The observed phase transi- 
tion b~aviors were in agreement with those reported by Emsley 
et al. =" and Griffin et al. ~" 

The D-NMR spectra were recorded on a JEOL JNM-GX-500 
spectrometer. Measurements were carried out under a complete 
Proton decoupling and non-spinning mode. In these measurem- 
ents, samples initially kept at a temperature above TNI were 
cooled slowly to turn into the nematic phase. 

RESULTS AND DISCUSSION 
Shown in Figure 1 are the D-NMR spectra obtained for a 

series of CBA 1-10 just below the NI transition temperature. 
The fully deuterated sample exhibits three splittings as indi- 
cated in the diagram Is. The ratio of the peak intensities 
is 2:2:1 starting from the outside signal. For an unambigu- 
ous assignment of the peaks, CBA samples deutevated specifica- 
lly at the a- and H-position were prepared. As illustrated 
in Figures Ib and Ic, the observed splittings ~vg and ~uB were 
both found to be identical to ~v! of Figure Is, lndicati~g 
that this signal comprises contributions from the a- and ~-CD 
bonds: i.e. ~v I = Au~ and ~uo. These results support ou~ 
previous assignment ~f ~u I i~ the n = I0 ether-DhC system *) 
(of. seq.). 
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(a) - - A v l  
_~" Av2 '  - 

(a) - Avl - 
- A v  2 = 

(b} - - A v =  - -  

l f I l I l I I I 

~0 20 0 20 ~0 
kHz 

Figure I .  D-NMR spectra of 
CBA carrying an even number 
of methylene units [n=lO), 
taken at 184 ~ (just below 
T~,): (a) fully deuterated, 

~-d 4, and [c) ~-d 4. 

~ 0  | | I | | | | �9 20 0 20 80 
kHz 

Figure 2. D-NMR spectra of 
CBA carrying an odd number 
of methylene units (n=9), 
taken at 172 ~ See Legends 
to Figure i .  

The results obtained for CBA samples with n = 9 are shown 
in Figure 2. The NMR spectrum of the fully deuterated CBA 
(Figure 2a) consists of four splittings, with the relative 
intensity ratio of 4:2:1:2. Comparison with the D-NMR spec- 
tra of the ~- (Figure 2b) and ~-deuterated samples (Figure 2c) 
indicates that the largest splitting ~vi includes contribution 
from the ~- and B-CD bonds: i.e. ~v] = ~v~ and ~v B. The 
signal of the lowest intensity may Be assigned to-the c-CD 2 
group located in the middle of the flexible spacer: ~Y3 = Aye. 
The rest of the spltttings, ~P2 and AP4, should correspond t~ 
either T- or 8-CD 2. The origin of th~se signals cannot be 
determined solely-from the experimental observations described 
above. 

Numerical values of the splittings are summarized i n  
Table I, where Griffin et al.'s data on DLC II-lO are also 
included for comparison. Quadrupolar splittlngs APi of the 
i-th CD bond may be expressed as 

~ u  i = Const SZZ (3<cos2~> - 1 ] / 2  ( I )  

where SZZ denotes the orientational order parameter of the 
molecular axis (Z-axis) with respect to the director of the 
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n e m a t i c  d o m a i n ,  ~ r e p r e s e n t s  t h e  a n g l e  b e t w e e n  t h e  C-D b o n d  
and  m o l e c u l a r  a x i s ,  and  t h e  b r a c k e t s  d e n o t e  an a v e r a g e  o v e r  
a l l  a l l o w e d  c o n f o r m a t i o n s .  The  r a t i o  b e t w e e n  two  d i f f e r e n t  
Au v a l u e s  s h o u l d  b e  f r e e  f r o m  t h e  SZZ v a l u e :  t h u s ,  

Avi/Av j = ( 3 < c o s 2 ~ i >  - l ) / ( 3 < c o s 2 ~ j >  - I) (21  

The  ~ l g h t - h a n d - s i d e  o f  t h i s  e x p r e s s i o n  i n c l u d e s  t e r m s  s u c h  a s  
< c o s ' C > ,  t h e  a v e r a g e  w h i c h  s o l e l y  d e p e n d s  on  t h e  s p a t i a l  c o n -  
f i g u r a t i o n  o f  t h e  f l e x i b l e  s p a c e r .  The  o b s e r v e d  r a t i o s  e x p -  
r e s s e d  r e l a t i v e  t o  t h e  l a r g e s t  s p l i t t i n g s  Z ~ .  a r e .  i n d i c a t e d  i n  
t h e  l a s t  c o l u m n  o f  T a b l e  I .  V a l u e s  o f  A u ~  o b t a i n e d  
f o r  1 - 1 0  a r e  q u i t e  s i m i l a r  t o  t h o s e  o f  I I - 1 0 ,  i m m e d i a t e l y  
s u g g e s t i n g  t h a t  t h e  n e m a t i c  c o n f i g u r a t i o n s  o f  t h e  f l e x i b l 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 s e  two  s y s t e m s .  

The  e x p e r i m e n t a l  d a t a  o f  1 - 1 0  h a v e  b e e n  a n a l y z e d l ~ C C O r d - j  
i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  i n  o u r  p r e v i o u s  p a p e r .  I n  
T a b l e  I I ,  s o m e  p r e l i m i n a r y  r e s u l t s  o b t a i n e d  i n  t h i s  w o r k  a r e  
c o m p a r e d  w i t ~ . t h o s e  p r e v i o u s l y  r e p o r t e d  on  G r i f f i n  e t  a l . ' s  
DLC ( I I - 1 0 ) .  ~J H e r e  fN i n d i c a t e s  t h e  n e m a t i c  f r a c t i o n ,  and  
A<E>NI and  ~SNI r e P r e s e f i t ,  r e s p e c t i v e l y ,  t h e  l a t e n t  e n e r g y  and  
e n t r o p y  a t  t h e  NI p h a s e  t r a n s i t i o n .  I n c l u d e d  a l s o  i n  t h e  
t a b l e  a r e  t h e  P ( c o s  r  t e r m  f o r  t h e  o r i e n t a t i o n  o f  t h e  m e s o -  �9 2 
g e n i c  c o r e  w i t h  r e s p e c t  t o  t h e  m o l e c u l a r  a x i s ,  and  t h e  o r d e r  
p a r a m e t e r  SZZ o f  t h e  m o l e c u l a r  a x i s .  As i n d i c a t e d  by c o m p a -  
r i s o n ,  t h e  ~ 6 1 e c u l a r  a l i g n m e n t  i s  s l i g h t l y  b e t t e r  i n  t h e  CBA 
1 - 1 0  s y s t e m ,  and  c o r r e s p o n d i n g l y  t h e  n e m a t i c  f r a c t i o n  o f  1 - 1 0  
t e n d s  t o  be  s o m e w h a t  s m a l l e r .  S i n c e  t h e  c h e m i c a l  s t r u c t u r e  
o f  t h e  s p a c e r  i s  i d e n t i c a l  i n  t h e s e  two  DLCs, t h e  d i f f e r e n c e  
n o t e d  a b o v e  s h o u l d  a r i s e  f r o m  t h e  d i s s i m i l a r i t y  i n  t h e  m e s o -  
g e n i c  c o r e s .  I n  a g r e e m e n t  w i t h  t h e  p r e v i o u s  a s s i g n m e n t ,  t h e  
o b s e r v e d  s p e c t r u m  was s a t i s f a c t o r i l y  i n t e r p r e t e d  by a d o p t i n g  
t h e  i d e n t i t y  Av 2 = Av_ and  Aug, and  Av 3 = A v c  i n  t h e  n = 10 
s y s t e m .  Our t r e a t m e n t  c a n  be  e a s i l y  e x t e n d e d  t o  p o l y m e r s  
w h i c h  c o m p r i s e  s i m i l a r . r e p e a t i n g  u n i t s .  The  D-NMR d a t a  r e p o -  
r t e d  by M f i l l e r  e t  a l .  vJ  on a p a r t i a l l y  d e u t e r a t e d  PLC h a v e  
b e e n  s~qwn  t o  g i v e  r e s u l t s  c o n s i s t e n t  w i t h  t h o s e  d e s c r i b e d  
a b o v e . ' "  

In  o u r  p r e v i o u s  s t u d i e s ,  8 ' 9 ~  d i s t r i b u t i o n  c u r v e s  w e r e  
d e r i v e d  f o r  t h e  o r i e n t a t i o n a l  c o r r e l a t i o n  b e t w e e n  t h e  n e i g h b o -  
r i n g  m e s o g e n i c  g r o u p s  i n c o r p o r a t e d  i n  an  e t h e r - t y p e  m a i n - c h a i n  
l i q u i d  c r y s t a l s .  When n = o d d ,  t h e  m a j o r  p o r t i o n  { c a .  90 %) 
o f  t h e  a n g l e  d e f i n e d  by t h e  two  s u c c e s s i v e  m e s o g e n i c  c o r e  a x e s  
i s  l o c a t e d  i n  t h e  r e g i o n  50 ~ t o  90 ~ . The  d i s t r i b u t i o n  p r o f i -  
l e s  a r e  v e r y  much d i f f e r e n t  b e t w e e n  t h e  n = odd  and  e v e n  s e r i -  
e s .  F o r  DLC I - 9 ,  e l u c i d a t i o n  o f  t h e  n e m a t i c  f r a c t i o n  c o n f o r -  
m i n g  t o  t h e  o b s e r v e d  q u a d r u p o l a r  s p l i t t i n g s  r e q u i r e s  some  
e l a b o r a t i o n :  t h e  p r e l i m i n a r y  a n a l y s i s  l e a d s  t o  t h e  a s s i g n m e n t  
s u c h  as  Av = Av and  A v 4 , =  A u _ .  The  d e t a i l s  o f  t h e  r e s u l t s  2 
w i l l  be  r e p o r t e d  i n  t h e  f o r t h c b m i n g  p a p e r .  
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T a b l e  I 
Summary o f  E x p e r i m e n t a l  D-NMR D a t a  on DLCs 

Compound Temp/K A v ~  Av~ 

1-10 457 5 3 . 5  1 .0  
4 7 . 7  0 . 8 9  
4 3 . 6  0 .81  

I - 9  445 4 2 . 0  1 .0  
3 8 . 0  0 . 9 0  
32 .1  0 . 7 6  
3 0 . 4  0 . 7 2  

I I - 1 0  b 409 4 7 . 4  1 .0  
4 0 . 7  0 . 8 6  
3 7 . 4  0 . 7 9  

~ R a t i o  o f  t h e  s p l i t t i n g s  e x p r e s s e d  r e l a t i v e  t o  Av 1. 
Ref.  5. 

T a b l e  I I  
C h a r a c t e r i s t i c  P r o p e r t i e s  o f  t h e  N e m a t i c  P h a s e  
f o r  DLCs w i t h  n=lO 

1-10 I I - l O  

fN / % 7 . 8 3  10 .60  
A ( E > N i , c o , f / k c a l  m?1-1 0 . 8 8  0 . 6 5  
Z ~ N i , c ~ _ f ? c a l  mol K -1 6 . 8 2  6 . 0 4  
P2~eos~ 0.92 0.91 

S~Z 0 . 5 6  0 . 4 9  

a E s t i m a t e d  f rom Av?  bs  by u s i n g  t h e  r e l a t i o n  g i v e n  i n  Eq. 1. 
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