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CROSSLINKED CHOLESTERIC NETWORK FROM THE ACRYLIC A C I D  
ESTER OF (HYDROXYPR0PYL)CELLULOSE 

S.N. RHADANI* AND D.G. GRAY 
P u l p  and P a p e r  R e s e a r c h  I n s t i t u t e  of Canada,  and De-  
p a r t m e n t  of Chemis t ry ,  M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,  
Canada H 3 A  2A7 

(Received for Publication September 10. 1984) 

The a c r y l i c  a c i d  e s t e r  of (hydroxypropy1)cellulose w a s  
p r e p a r e d  from (hydroxypropy1)cellulose and a c r y l o y l  
c h l o r i d e .  The r e s u l t a n t  polymer,  w i t h  2.2 es te r  
g r o u p s  p e r  a n h y d r o g l u c o s e  u n i t ,  formed a t h e r m o t r o p i c  
c h o l e s t e r i c  mesophase w i t h  v i s i b l e  r e f l e c t i o n  hands a t  
t e m p e r a t u r e s  between ambien t  and 60" C. By e x p o s i n g  a 
t h i n  l a y e r  of t h e  mesophase t o  UV l i g h t ,  t h e  mesophase 
s t r u c t u r e  was s t a b i l i z e d  t o  g i v e  a c r o s s l i n k e d  c h o l e s -  
t e r i c  f i l m .  

C e l l u l o s e  and i t s  d e r i v a t i v e s  o f t e n  fo rm c h o l e s t e r i c  
l i q u i d  c r y s t a l s  u n d e r  a p p r o p r i a t e  c o n d i t i o n s '  s2. The con- 
c e n t r a t e d  s o l u t i o n  ( l y o t r o p i c  mesophase)  o r  t h e  melt ( t h e r -  
m o t r o p i c  mesophase)  o f  t h e s e  polymers  d i s p l a y s  c h o l e s t e r i c  
r e f l e c t i o n  c o l o r s  when t h e  c h o l e s t e r i c  h e l i c a l  p i t c h  ap- 
p r o x i m a t e s  t h e  w a v e l e n g t h  of  v i s i b l e  l i g h t .  Most s t r o n g l y -  
r e f l e c t i n g  c e l l u l o s i c  c h o l e s t e r i c s  r e p o r t e d  t o  d a t e  are 
e i t h e r  l y o t r o p i c  mesophases ,  o r  a r e  t h e r m o t r o p i c  mesophases  
w i t h  g l a s s  t r a n s i t i o n  t e m p e r a t u r e s  c l o s e  t o  o r  below ambi- 
e n t  t e m p e r a t u r e s .  Thus n o t  o n l y  are t h e  materials f l u i d  
a n d  t a c k y ,  b u t  t h e  r e f l e c t i o  band w a v e l e n g t h s  are s e n s i -  
t i v e  t s o l v e n t  c o m p o s i t i 0 2 ~ ~  a n d  c h a n g e s  i n  t e m p e r a -  
t n re5 - ' .  A m e c h a n i c a l l y  s t r o n g  f r e e - s t a n d i n g  c h o l e s t e r i c  
f i l m  w i t h  good s t a b l e  r e f l e c t i o n  p r o p e r t i e s  based  on  c e l l u -  
lose  is  more d e s i r a b l e .  I n  t h i s  p r e l i m i n a r y  r e p o r t ,  we  
d e s c r i b e  one of s e v e r a l  p o s s i b l e  r o u t e s  t o  s u c h  a mate- 
r i a l .  

* P e r m a n e n t  Address:  Department  of C h e m i s t r y ,  Ranch i  Uni- 
v e r s i t y ,  Ranch i ,  I n d i a .  
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256 S. N .  BHADANI and D. G .  GRAY 

EXPERIMENTAL PART 

The a c r y l i c  a c i d  es te r  of (hydroxypropy1)cellulose was 
r e a d i l y  p r e p a r e d  by r e a c t i n g  a c r y l o y l  c h l o r i d e  w i t h  (hy- 
d r o x y p r o p y 1 ) c e l l u l o s e  (HPC). Acry loyl  c h l o r i d e  ( A l d r i c h ,  
20 mL)  was added t o  10 g of d r i e d  HPC (nominal  mo1.-wt. 100 
00 from A l d r i c h  Chemical Co.) i n  a 100 mL round bot tom 
f l a s k  f l u s h e d  w i t h  d r y  n i t r o g e n  a t  room t e m p e r a t u r e .  An 
exothermic  r e a c t i o n  ensued immediately w i t h  f r o t h i n g .  The 
f l a s k  was s w i r l e d  t o  e n s u r e  t h e  homogeneity of t h e  r e a c t i o n  
mixture .  The f i n a l  r e a c t i o n  mass appeared  as a f a i n t  y e l -  
low v i s c o u s  s o l u t i o n  and was a l lowed t o  s t a n d  a t  room t e m -  
p e r a t u r e  o v e r n i g h t  i n  t h e  dark .  Then i t  was poured i n t o  a 
l a r g e  e x c e s s  of c o l d  d i s t i l l e d  water. The polymer s e p a r a -  
t e d  as a w h i t e  s t i c k y  mass which w a s  washed s e v e r a l  times 
w i t h  water t o  remove r e a c t a n t s .  The c rude  p r o d u c t  was 
p u r i f i e d  by d i s s o l u t i o n  i n  a c e t o n e  and r e p r e c i p i t a t i o n  i n  
water. The p u r i f i e d  polymer was d i s s o l v e d  i n  s p e c t r o s c o p i c  
g r a d e  a c e t o n e  and t h e  s o l u t i o n  was s l o w l y  e v a p o r a t e d  a t  
room t e m p e r a t u r e  and f i n a l l y  d r i e d  under  vacuum f o r  48 h. 
The d r i e d  polymer was a deformable  t a c k y  mater ia l  which 
d i s p l a y e d  a b lu ish-green  r e f l e c t i o n  c o l o r .  The hea t -  and 
l i g h t - s e n s i t i v e  polymer was s t o r e d  i n  a f r e e z e r .  

The i n f r a r e d  s p e c t r a  of t h e  polymer was measured on a 
Perkin-Elmer model 298 I n f r a r e d  Spec t rometer .  The charac-  
t e r i s t i c a l l y  i n t e n s e  ester c a r b o n y l  band was observed  a t  
1720 cm-l. Also  e v i d e n t  were bands a t  1620 and 1640 cm-l, 
due t o  t h e  C=C double  bond i n  t h e  a c r y l a t e  es te r  group,  and 
v i n y l  C-H d e f o r m a t i o n  a t  1400 c m - l  w i t h  a C-H out-of-plane 
d e f o r m a t i o n  a t  810 c m - l .  These bands were a b s e n t  i n  spec-  
t r a  of t h e  HPC s t a r t i n g  material. However t h e  ester showed 
a s i g n i f i c a n t  broad hydroxyl  peak i n  t h e  3500 - 3400 cm-l 
r e g i o n .  Although much smaller t h a n  t h e  c o r r e s p o n d i n g  peak 
i n  t h e  HPC s p e c t r a ,  t h i s  i n d i c a t e d  t h a t  complete  e s t e r i f i -  
c a t i o n  of all t h e  hydroxyl  groups  had n o t  o c c u r r e d .  

When t h e  polymer f i l m  w a s  s u b j e c t e d  t o  i r r a d i a t i o n  
u n d e r  a UV lamp (UVL 22,  F i s h e r  S c i e n t i f i c ) ,  t h e  i n t e n s i t y  
of a l l  t h e s e  bands began t o  d e c r e a s e  w i t h  i r r a d i a t i o n  t i m e  
and f i n a l l y  d isappeared .  The i r r a d i a t e d  f i l m  was i n f u s i b l e  
and i n s o l u b l e .  

The NMR spec t rum of t h e  o r i g i n a l  polymer i n  carbon 
t e t r a c h l o r i d e ,  r e c o r d e d  by a V a r i a n  T-60 s p e c t r o m e t e r  
showed bands c h a r a c t e r i s t i c  of v i n y l e n e  p r o t o n s  ( 6  5.6 t o  6 
6.4 ppm). The es te r  c o n t e n t  was found t o  be 26 wt.-% by 
t h e  s a p o n i f i c a t i o n  of t h e  polymer i n  a c e t o n e  a t  room tempe- 
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CROSSLINKED CHOLESTERIC NETWORK 257 

6 r a t u r e  . T h i s  v a l u e  c o r r e s p o n d s  t o  2.2 es te r  groups  p e r  
anhydroglucose  u n i t ,  assuming t h a t  t h e r e  are 3.4 hydroxy- 
p r o p y l  groups  p e r  anhydroglucose  u n i t  i n  t h e  HPC s t a r t i n g  
m a t e r i a l  . The l i m i t i n g  v i s c o s i t y  [q] of t h e  polymer w a s  
de te rmined  t o  be 0.67 dL g-l i n  a c e t o n e  a t  25' C. 

O p t i c a l  o b s e r v a t i o n s  were made w i t h  a R e i c h e r t  pola-  
r i z i n g  microscope equipped w i t h  a Mettler FP52 h o t  s t a g e .  
The v a r i a t i o n  i n  b i r e f r i n g e n c e  w i t h  t e m p e r a t u r e  w a s  mea- 
s u r e d  by r e p l a c i n g  one microscope e y e p i e c e  w i t h  a Mettler 
1800 p h o t o c e l l  and r e c o r d i n g  t h e  o u t p u t  on a V a r i a n  A25 
s t r i p  c h a r t  r e c o r d e r .  The wavelengths  of c h o l e s t e r i c  re- 
f l e c t i o n  c o l o r s  a t  v a r y i n g  t e m p e r a t u r e s  were recorded  by 
means of a Pye-Unicam SP8-150 UV/VIS s p e c t r o p h o t o m e t e r  and 
a modi f ied  Mettler FP52 hot  s t a g e .  A t h i n  f i l m  of t h e  
sample,  p l a c e d  between a microscope s l i d e  and c o v e r  g l a s s  
was k e p t  a t  t h e  d e s i r e d  t e m p e r a t u r e  in t h e  h o t  s t a g e  which 
w a s  p l a c e d  i n  a v e r t i c a l  p o s i t i o n  i n  t h e  s p e c t r o p h o t o m e t e r  
beam. 

6 

RESULTS AND DISCUSSION 

The d r i e d  polymer w a s  a t a c k y  mass w i t h  a blue-green 
i r i d e s c e n t  c o l o r  a t  room tempera ture .  The i r i d e s c e n t  c o l o r  
i s  c h a r a c t e r i s t i c  of c h o l e s t e r i c  mesophases where t h e  p i t c h  
of t h e  h e l i c a l  s t r u c t u r e  cor responds  t o  t h e  wavelength  of 
t h e  v i s i b l e  l i g h t  and i s  due t o  t h e  s e l e c t i v e  r e f l e c t i o n  of 
a c i r c u l a r l y  p o l a r i z e d  component of t h e  l i g h t .  Slow evapo- 
r a t i o n  of a s o l u t i o n  of t h e  polymer i n  a c e t o n e  gave  r ise  t o  
a g r e e n  i r i d e s c e n t  f i l m  which on h e a t i n g  a t  50' C t u r n e d  t o  
red.  The i n i t i a l  g r e e n  r e f l e c t i o n  c o l o r  w i t h  some red  t i n t  
g r a d u a l l y  r e a p p e a r e d  on c o o l i n g  t h e  f i l m  t o  room tempera- 
t u r e .  The materi 1 t h u s  resembles  o t h e r  esters of (hydrox- 
y p r o p y l ) c e l l ~ l o s e ~ - ~ .  However, when t h e  f i l m  w a s  s u b j e c t e d  
t o  UV i r r a d i a t i o n  f o r  5 h ,  t h e  r e f l e c t i o n  c o l o r  d i d  n o t  
change w i t h  subsequent  changes i n  tempera ture .  The i r r a d i -  
a t e d  f i l m  was i n s o l u b l e  and i n f u s i b l e  and was s t r o n g l y  
b i r e f  r i n g e n t  under  t h e  p o l a r i z i n g  microscope.  T h i s  shows 
t h e  f o r m a t i o n  of t h e  c r o s s l i n k e d  polymer network w i t h  
" 1 o cke d i n  " ch o les t e r i c o r g a n i z a t i o n .  

The a n i s o t r o p i c - i s o t r o p i c  phase  t r a n s i t i o n  t e m p e r a t u r e  
of  t h e  polymer was de termined  by means of t h e  p o l a r i z i n g  
microscope.  A t h i n  f i l m ,  sandwiched between a microscope 
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258 S .  N .  BHADANI and D. G .  GRAY 

s l i d e  and c o v e r  g l a s s ,  was h e a t e d  on a h o t  s t a g e .  The 
i n t e n s i t y  of t h e  b i r e f r i n g e n c e  began t o  d e c r e a s e  and f i n a l -  
l y  d i s a p p e a r e d  c o m p l e t e l y  a t  145' C ( F i g .  1 ,  broken l i n e ) ,  
as i n d i c a t e d  by t h e  comple te  e x t i n c t i o n  of t r a n s m i t t e d  
l i g h t  between c r o s s e d  p o l a r s .  On t h e  o t h e r  hand, t h e  
c r o s s l i n k e d  polymer f i l m  r e t a i n e d  i t s  b i r e f r i n g e n c e  undimi- 
n i s h e d  up t o  208' C ( F i g .  1 ,  s o l i d  l i n e ) .  A t  h i g h e r  tempe- 
r a t u r e s ,  t h e  b i r e f r i n g e n c e  i n t e n s i t y  began t o  d e c r e a s e  and 
e v e n t u a l l y  d i s a p p e a r e d  a t  a b o u t  250' C due t o  decomposi t ion  
of t h e  polymer.  Thus,  t h e  c h o l e s t e r i c  s t r u c t u r e  f i x e d  i n  
t h e  c r o s s l i n k e d  polymer p e r s i s t e d  o v e r  a r e l a t i v e l y  wide 
temp e ra t  u r e  r a n g e  . 

! 
! 
! 
! 
! 
1. 

I - 
100 140 180 220 260 

TEMPERATURE / o C  

FIGURE 1 E f f e c t  of t e m p e r a t u r e  on t h e  l i g h t  t r a n s m i t t e d  
t h r o u g h  a t h i n  f i l m  of bu lk  a c r y l i c  a c i d  es te r  
of (hydroxypropy1)cellulose b e f o r e  ( b r o k e n  l i n e )  
and a f t e r  ( s o l i d  l i n e )  c r o s s l i n k i n g .  Transmi t -  
t a n c e  measured between c r o s s e d  p o l a r s  d e c r e a s e s  
w i t h  d e c r e a s i n g  sample b i r e f r i n g e n c e ;  h e a t i n g  
ra te ,  1' Clmin. 

T h e  w a v e l e n g t h s  of  maximum r e f l e c t i v i t y ,  Lo,  of t h e  
u n c r o s s l i n k e d  polymer f i l m  a t  d i f f e r e n t  t e m p e r a t u r e s  were 
r e c o r d e d  s p e c t r o p h o t o m e t r i c a l l y .  The r e s u l t s  a r e  p r e s e n t e d  
i n  F i g .  2 ( o p e n  c i r c l e s ) ,  w h i c h  s h o w s  t h a t  ho i n c r e a s e s  
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CROSSLINKED CHOLESTERIC NETWORK 259 

w i t h  t e m p e r a t u r e ,  a s  observed  f o r  most c e l l u l o s i c  c h o l e s -  
t e r i c s .  A t h i n  f i l m  of t h e  polymer was s u b j e c t e d  t o  UV 
i r r a d i a t i o n  a t  50' C f o r  5 h r  and t h e n  i t s  ho w a s  r e c o r d e d  
a t  d i f f e r e n t  t e m p e r a t u r e s .  I t  i s  s e e n  from Fig .  2 ( c l o s e d  
c i r c l e s ) ,  t h a t  ho d i d  n o t  change s i g n i f i c a n t l y  f rom 50" C 
t o  140' C. Thus,  as t h e  c h o l e s t e r i c  s t r u c t u r e  i s  i n t e r -  
l o c k e d  i n  t h e  s o l i d  s t a t e  by t h e  c r o s s l i n k s ,  t h e  h e l i c a l  
p i t c h  becomes i n s e n s i t i v e  t o  t h e  change i n  t e m p e r a t u r e .  

0 

L - - 

I I I I I 

20 40 60 80 100 120 140 
TEMPERATURE /OC 

FIGURE 2 Temperature  dependence of t h e  r e f l e c t i o n  band 
maximum w a v e l e n g t h ,  lo,  f o r  a t h i n  l a y e r  of t h e  
a c r y l i c  a c i d  e s t e r  of (hydroxypropy1)cellulose 
b e f o r e  (open c i r c l e s )  and a f t e r  ( f i l l e d  c i rc les )  
c r o s s l i n k i n g .  

No a t t e m p t  h a s  been made h e r e  t o  o p t i m i z e  t h e  o p t i c a l  
o r  mechanica l  p r o p e r t i e s  of t h e  c r o s s l i n k e d  f i l m .  The 
r e f l e c t i o n  band a b s o r b a n c e s  were of t h e  o r d e r  of 0.1 f o r  
f i l m s  a b o u t  1 mm t h i c k ,  w i t h  peak w i d t h s  a t  h a l f  h e i g h t  of 
90 nm. F r e e - s t a n d i n g  f i l m s  were r a t h e r  b r i t t l e .  Obvious ly  
more work i s  r e q u i r e d  t o  a c h i e v e  a b e t t e r  i n i t i a l  p l a n a r  
t e x t u r e ,  and t o  p h o t o s e n s i t i z e  and c o n t r o l  t h e  c r o s s l i n k  
d e n s i t y  more e f f e c t i v e l y .  There  are o t h e r  r o u t e s  t o  poly- 
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260 S. N .  BHADANI and D .  G. GRAY 

meric c h o l e s t e r i c  f i l m s  (8). These  i n c l u d e  p o l y m e r i z a t i o n  
of  s t i f f  c h a i n  p o l y m e r i c  l y o t r o p i c  mesophases  i n  v i n y l  
s o l v e n t s  ( 9 ) ,  i n c o r p o r a t i o n  of c h o l e s t e r y l  d e r i v a t i v e s  as 
s i d e  c h a i n s  i n  a c r y l a t e  ( 1 0 )  and s i l o x a n e  po lymers  ( l l ) ,  
and i n c o r p o r a t i o n  of  o p t i c a l l y  a c t i v e  main c h a i n  d i a c i d s  i n  
a r o m a t i c  p o l y e s t e r s  (12 ) .  P o t e n t i a l  a d v a n t a g e s  of t h i s  
c e l l u l o s e  d e r i v a t i v e  i n c l u d e  t h e  r e l a t i v e l y  low c o s t  of 
c e l l u l o s i c s  and t h e  a p p a r e n t l y  small  d e g r e e  of  d i s r u p t i o n  
of t h e  t h e r m o t r o p i c  mesophase s t r u c t u r e  r e s u l t i n g  f rom t h e  
p h o t o i n i t i a t e d  c r o s s l i n k i n g .  
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