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Summary 

The molecular  s t r u c t u r e  of l yo t rop ic  l iqu id  c r y s t a l  po lymer  
po lybenzamide  in H2SO~ has been  s tud ied  by FTIR. The p o l y e t h y l e n e  film 
was used  as window mater ia l  to ove rcome  the  obs t ac l e  of s o l v e n t  
co r ros ion .  The r e s u l t  i nd i ca t e  t ha t  the  po lybenzamide  is p r o t o n a t e d  at  
the  c a r b o n y l  pos i t ion  in HzSO4. This is also he lp fu l  to expla in  the 
d i s so lu t ion  mechanism of po lybenzamide  and o t h e r  l y o t r o p i c  l iqu id  
c r y s t a l  po lymer  in acid  solut ion.  

Introduction 

The s t u d y  of l y o t r o p i c  l iquid  c r y s t a l  po lymers  have  been  c o n t i n u e d  
in las t  decade.[  1] A g r e a t  deal  of s t r u c t u r a l  da ta  in bulk  s t a t e  have  been  
accumula ted  by  many p h y s i c a l  c h e m i s t r y  methods .  One a s p e c t  which has 
been  g e n e r a l l y  o v e r l o o k e d  is the  s t r u c t u r e  of t h e s e  po lymer s  in solut ion.  
It  is known tha t  the  h igh  s t r e n g t h  of t he se  po lymers  a r e  mainly 
ob ta ined  from the  h igh  o r i e n t a t i o n  d e g r e e  of molecular  cha ins  d u r i n g  
f i b r e  p r o c e s s i n g  f rom a n i s o t r o p i c  l iqu id  c r y s t a l l i n e  phase .  The 
in format ion  on the  po lymer  s t r u c t u r e  in so lu t ion  is e x p e c t e d  both f rom 
t echno log ica l  and  academic  po in t  of view. The lack of such  a s t u d y  
might  be due  to the  on ly  known so lven t  fo r  t h e s e  po lymers  a re  p o w e r f u l  
acid such  as  s u l f u r i c  acid which a re  s t r o n g  c o r r o s i v e .  I t  p r e v e n t e d  
a t t emp t s  to ob ta in  s t r u c t u r a l  in format ion  in so lu t ion  by  s p e c t r o s c o p i c  
methods .  In  th i s  s h o r t  communicat ion,  we p r e s e n t  i n f r a r e d  s p e c t r o s c o p i c  
s t u d y  on the  l y o t r o p i c  l iqu id  c r y s t a l  po lybenzamide  in H2SO4 solut ion.  

Experimental 

In  o r d e r  to t ake  the i n f r a r e d  s p e c t r a  of the  po lymer  in acid 
solu t ion ,  one has  to, f i r s t  of all, ove rcome  the  obs t ac l e  of the  s o l v e n t  
c o r r o s i o n  to sample  cell .  We had t e s t e d  many window mate r ia l s  and 
a t t emp ted  to f ind  one  p o s s e s s i n g  two c h a r a c t e r  bo th  a n t i - c o r r o s i v e  and 
t r a n s p a r e n t  in the  i n t e r e s t i n g  s p e c t r u m  reg ion .  I t  was f ina l ly  found  t h a t  
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t h e  p o l y e t h y l e n e  f i lm i s  s u i t a b l e  to  t h i s  p u r p o s e .  A l t h o u g h  s u l f u r i c  a c i d  
c a n  o x i d i z e  t h e  p o l y o l e f i n ,  h o w e v e r ,  a t  t h e  l im i t ed  t ime  n e e d e d  f o r  
p r e p a r a t i o n  of  s o l u t i o n  s p e c i m e n  a n d  s p e c t r u m  m e a s u r e m e n t  { less  t h a n  2 
m i n u t e s } ,  t h e  o x i d i z a t i o n  of  p o l y e t h y l e n e  f i lm c a n  b e  n e g l e c t e d  a n d  h a d  
n o  e f f e c t  o n  t h e  s p e c t r u m  m e a s u r e m e n t .  T h u s ,  we u s e d  p o l y e t h y l e n e  f i lm 
a s  t h e  w i n d o w  m a t e r i a l  f o r  s u p p o r t  t h e  p o l y m e r  s o l u t i o n .  

T h e  s p e c t r u m  of  p o l y b e n z a m i d e  i n  s u l f u r i c  s o l u t i o n  f r o m  2000cm -1 to  
1500cm-~ r e g i o n  i s  s h o w n  i n  F i g u r e  1. T h e  s p e c t r u m  a t  o t h e r  r e g i o n s  i s  
n o t  d i s p l a y e d  f o r  t h e  s t r o n g  a b s o r p t i o n  b a n d s  a s s o c i a t e d  w i t h  s o l v e n t  
m a s k e d  t h e  b a n d s  of  p o l y m e r .  We d i d  t r y  to  o b t a i n  t h e  s p e c t r a  of  t h e  
p o l y m e r  i n  o t h e r  r e g i o n s  u s i n g  t h e  m e t h o d  of  d i g i t a l  a b s o r b a n c e  
s u b t r a c t i o n ,  b u t  t h e  r e s u l t s  a r e  n o t  s a t i s f i e d  a s  t h e  b a n d s  a r e  s t r o n g l y  
m o d i f i e d  b y  t h e  s o l v e n t  a n d  c o u l d  n o t  b e  d i s t i n g u i s h e d  d e f i n i t e l y  f r o m  
s o l v e n t  b a n d s .  

T h e  s p e c t r a  w e r e  r e c o r d e d  b y  t h e  BRUKER I F S - 1 t 3 V  FTIR 
s p e c t r o m e t e r  w h i c h  i s  a v a c u u m  t y p e  i n t e r f e r o m e t e r  w i t h  l i q u i d  n i t r o g e n  
c o o l e d  MCT d e t e c t o r .  T h e  e n v i r o n m e n t a l  i n t e r f e r e n c e  is  e s s e n t i a l l y  
e l i m i n a t e d .  E a c h  s p e c t r u m  w a s  64 s c a n s  a v e r a g e d .  T h e  s p e c t r a l  
r e s o l u t i o n  w a s  s e t  a t  2cm-~ a n d  t h e  s c a n  v e l o c i t y  w a s  t a k e n  a t  t h e  
h i g h e s t  of  t h e  i n s t r u m e n t  f o r  s h o r t i n g  t h e  t ime  of  c o l l e c t i n g  t h e  
i n t e r f e r o g r a m s .  

T h e  p o l y m e r  s a m p l e  w a s  d i s s o l v e d  b y  98% H2S04 to  f o r m  a s o l u t i o n  of  
9% c o n c e n t r a t i o n  i n  w e i g h t  w h i c h  i s  i n  l i q u i d  c r y s t a l  p h a s e  r e g i o n .  T h e  
p r e p a r e d  s o l u t i o n  s p e c i m e n  w a s  t h e n  i n j e c t e d  i n t o  t h e  p o l y e t h y l e n e  f i lm 
ce l l  a n d  t h e  ce l l  w a s  s e a l e d  i m m e d i a t e l y  to  a v o i d  t h e  m o i s t u r e .  T h e  
s p e c i m e n  w a s  u n o r i e n t e d .  T h e  s p e c t r u m  w a s  t h e n  m e a s u r e d  i n s t a n t l y .  
T h e  b a c k g r o u n d  s p e c t r u m  of  t h e  s u l f u r i c  a c i d  a n d  t h e  ce l l  w a s  r e c o r d e d  
i n  t h e  s a m e  way .  

Results and discussion 

As c a n  b e  s e e n  f r o m  f i g u r e  1, t h e  c u r v e  B is  t h e  s p e c t r u m  of  t h e  
p o l y b e n z a m i d e  in  s u l f u r i c  a c i d  s o l u t i o n .  F o r  t h e  c o m p a r i s o n  w i t h  t h e  
s t r u c t u r e  in  t h e  b u l k  s t a t e ,  t h e  s p e c t r u m  of  t h e  u n o r i e n t e d  s a m p l e  i n  
so l i d  f i lm i s  d i s p l a y e d  a s  c u r v e  A. T h e  c u r v e  C i s  t h e  b a c k g r o u n d  
s p e c t r u m  of  t h e  ce l l  a n d  s u l f u r i c  a c i d .  I t  i s  e v i d e n t  t h a t  t h e y  a r e  
t r a n s p a r e n t  i n  t h e  r e g i o n  f r o m  2000cm -1 to  1500cm -1. T h e  s i g n i f i c a n t  
d i f f e r e n c e  of  t h e  two  s p e c t r a  i n  d i f f e r e n t  s t a t e  i s  a p p a r e n t .  T h e  
c a r b o n y l  s t r e t c h i n g  m o d e  s h i f t s  to  l o w e r  f r e q u e n c y  1646cm -1, 14cm-1 s h i f t  
f r o m  b u l k  f i lm to  s o l u t i o n .  B u t  t h e  b e n z e n e  r i n g  C=C s t r e t c h i n g  n e a r  
1600cm -1 s h i f t s  to  h i g h e r  f r e q u e n c y  r e g i o n  a n d  c h a n g e s  i t s  b a n d  s h a p e .  
At  t h e  a m i d e - I I  b a n d  a r e a ,  a b a n d  a t  1520cm -1 i s  d i s c l o s e d  in  t h e  
s o l u t i o n  s t a t e ,  w h i l e  a t  t h e  b u l k  f i lm, t h e  a m i d e - I I  b a n d  i s  o v e r l a p p e d  
w i t h  t h e  s t r o n g  b a n d  a t  1506cm -1 w h i c h  i s  d u e  to  t h e  C=C s t r e t c h i n g  
mode .  T h e s e  s p e c t r a l  d i f f e r e n c e s  b e t w e e n  b u l k  f i lm a n d  s o l u t i o n  i m p l y  
s t r o n g l y  t h a t  t h e  p o l y b e n z a m i d e  c h a i n  s t r u c t u r e  i s  s i g n i f i c a n t l y  m o d i f i e d  
b y  s o l v e n t .  

I t  h a s  b e e n  p o s t u l a t e d  t h a t  l i q u i d  c r y s t a l  p o l y m e r  i n  s t r o n g  a c i d  
e x i s t  in  p r o t o n a t e d  f o r m [  2] , b u t  t h e  l o c a t i o n  o f  t h e  c h a r g e  a n d  t h e  
c h a n g e  i n  s t r u c t u r e  a r e  u n k n o w n .  F r o m  t h e  a b o v e  s p e c t r a ,  o n e  c a n  
s u g g e s t  t h a t  t h e  l o c a t i o n  of  t h e  p r o t o n  i s  a t  t h e  p o s i t i o n  of  c a r b o n y l  
g r o u p  a n d  t h e  p r o t o n  of  t h e  s o l v e n t  b o n d e d  w i t h  t h e  o x y g e n  i n  
e a r b o n y l  w h i c h  h a s  a p a i r  of  so le  e l e c t r o n s .  T h e  c a r b o n y l  b a n d  s h i f t s  to  
l o w e r  f r e q u e n c y  m a y  b e  c a u s e d  d i r e c t l y  b y  f o r m i n g  s t r o n g e r  b o n d  
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F i g u r e  1. The i n f r a r e d  s p e c t r a  of p o l y b e n z a m i d e  at d i f f e r e n t  s t a t e  
at  t h e  s p e c t r u m  r e g i o n  from 2000cm -1 to 1500cm-~. A, PBA s p e c t r a  
in solid film. B, PBA s p e c t r u m  in H2SO4 solut ion .  C, the  b a c k g r o u n d  
s p e c t r a  of  the  cell  window mater ia l  and the  s o l v e n t  H2S04. 

Table I. The band behavior of polybenzamide in different 
states and different temperature. 

Frequency Frequency Frequency Vibrational Mode 
Film 25~ Film 250oC In H2SO4 

1658cm -I 1661cm -I 1646cm -I C--O stretching 
1603cm -I 1601cm -~ 1607cm -I C:C stretching 
1592cm -I 1589cm -I C=C stretching 

between oxygen and proton than the hydrogen bond among the amide 
groups on polymer chains. This might be analogue to the case of the 
polybenzamide in DMAc/LiCI solution where the lithium ions coordinated 
with carbonyl group of polymer chain and led the carbonyl mode shift 
to lower frequency[3L The result is also agree well with the Raman study 
on Poly(p-phenylene benzbisthiaszole) in H2SO4 where the PBT chain is 
protonated at the C=N double bond position[4]. 

For better understanding the structural changes, we measured the 
temperature dependence of spectra of polybenzamide film. The interested 
bands behavior with temperature are listed on Table I. It can be seen 
that the carbonyl band shift to higher frequency, while the benzene 
ring C=C stretching mode moves to lower frequency with elevating 
temperature. This temperature effect is just opposite to the case of 
solution. It is believed that the polybenzamide chains associated in the 
bulk state by forming hydrogen bonds. The carbonyl mode shown a 
higher frequency shift means that the hydrogen bond between chains 
are weakened at higher temperature. This is in accordance with the 
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r e s u l t s  of the  *.~.orma] v i b r a t i o n  ca lcu la t ion  of polybenzamide[  5] t h a t  the  
f r e q u e n c y  c h a n g e s  of  the  s t r e t c h i n g  mode a re  mainly caused  by  c h a n g e s  
in i n t e r m o l e c u l a r  i n t e r a c t i o n s .  The re  is no s ign i f i can t  v a r i a t i o n  in 
i n t r a m o l e c u l e r  s t r u c t u r e  d u r i n g  t e m p e r a t u r e  c h a n g e  for po lybenzamide  
chain .  

I t  is well  known t h a t  t he  c r o s s - c o n j u g a t i o n  is the  main mechanism 
s t a b i l i z i n g  the  cha in  backbone .  The twin band nea r  1600cm -1 a r e  
c o n s i d e r e d  to be s e n s i t i v e  to the  c ross -conjuga t ion[~] .  The two b a n d s  
h a v e  a same i n t e n s i t y  in t he  c o n j u g a t e d  form and the  band  a t  lower  
f r e q u e n c y  s ide  will r e d u c e  i t s  r e l a t i v e  i n t e n s i t y  when t h e r e  is l i t t l e  
c o n j u g a t i o n  e f f e c t  with a d j a c e n t  g roup .  T h e r e f o r e ,  the  C=C s t r e t c h i n g  
mode modif ied i t s  shape  a t  so lu t ion  is a d i r e c t  e v i d e n c e  tha t  the  
c r o s s - c o n j u g a t i o n  r e d u c e d  f rom bu lk  to solut ion.  

The s p e c t r a  r e s u l t s  is a lso he lp fu l  to e luc ida te  the d i s so lu t ion  
mechanism of po lybenzamide  in acids .  The d i s so lu t ion  of  solid sample 
r e q u i r e s  to b r e a k  the  s t r o n g  h y d r o g e n  bond ing  among amide g r o u p s  on 
the  cha ins .  A s t r o n g e r  b o n d i n g  be tween  p ro ton  and the  sole e l e c t r o n s  of  
c a rbony ]  o x y g e n  r e p l a c e d  the  h y d r o g e n  bond and fac i l i t a te  the  
d i s p e r s i o n  of po lymer  chains .  The p r o t o n  p lay  an impor t an t  role  as the  
l i th ium ions  in the  case  of  DMAc/LiC1 s o l v e n t  where  the  l i th ium ions  
c o o r d i n a t e  with the  c a r b o n y l  g r o u p  i n s t e a d  of the  h y d r o g e n  b o n d s  
b e t w e e n  c h a i n s  and led the  po lybenzamide  cha ins  to be d i s s o l v e d  in 
solu t ion .  

From the  above  d i scuss ion ,  i t  is c o n c l u d e d  tha t  the s p e c t r a  of l iqu id  
c r y s t a l  po lymer  po lybenzamide  in s u l f u r i c  acid could be ob ta ined  with  
p o l y e t h y l e n e  as a window mater ia l .  This  method can also be e x t e n d e d  to 
o t h e r  l y o t r o p i c  l iqu id  c r y s t a l  po lymer  solut ion u s ing  s t r o n g  acid as 
so lven t .  The po lybenzamide  cha in  has  been  p r o t o n a t e d  at  the  c a r b o n y l  
pos i t ion .  The s p e c t r a  data  can  be used  to explain the  d i s so lu t i on  
mechanism of l y o t r o p i c  l iqu id  c r y s t a l  po lymer  in acid solut ion.  

A c k n o w l e d g m e n t :  The Chinese  Natura l  Sc ience  founda t ion  is g r a t e f u l l y  
a c k n o w l e d g e d  for  the  f inanc ia l  s u p p o r t .  
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