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BLUE PHASE I N  L I Q U I D  CRYSTAL POLYMER MIXTURES 

J . F .  D ’ A L L E S T ,  J.M. G I L L I ,  P .  SIXOU 
U . A .  1 9 0 ,  P h y s i q u e  d e  l a  M a t i g r e  C o n d e n s e e  
P a r c  V a l r o s e ,  0 6 0 3 4  Nice CBdex.  F r a n c e .  

A b s t r a c t  Blue p h a s e s  a r e  o b s e r v e d  i n  m i x t u r e s  of a 
l o w  m o l e c u l a r  w e i g h t  c h o l e s t e r i c  a n d  a n e m a t i c  p o l y m e r .  
P h a s e  d i a g r a m s ,  o p t i c a l  p r o p e r t i e s  a n d  t e x t u r e s  o f  
t h e s e  m i x t u r e s  a r e  r e p o r t e d  a n d  c o m p a r e d  t o  t h e  case of  
l o w  mo l e c u l  a r  w e i g h t  c h o  l e s  t e r i c -  l o  w m o l e c u  l a r  w e i g h t  
n e m a t i c  m i x t u r e s .  

B l u e  p h a s e s ,  i n  c o n v e n t i o n a l  l i q u i d  c r y s t a l s ,  a r e  p h a s e s  

w h i c h  e x i s t  i n  a n a r r o w  r a n g e  of  t e m p e r a t u r e  [ a  few d e g r e e s 1  

n e a r  t h e  c h o l e s t e r i c - i s o t r o p i c  t r a n s i t i o n  I .  T h e  BPI 

a n d  BP2 b l u e  p h a s e s  h a v e  a c u b i c  c r y s t a l l i n e  s t r u c t u r e  w i t h  

a g i a n t  u n i t  c e l l .  T h e  s t r u c t u r e  r e s u l t s  f r o m  a c o m p e t i t i o n  

b e t w e e n  l o c a l  g e o m e t r y  a n d  t h e  g l o b a l  p r o p e r t i e s  o f  s p a c e .  

T h e  f a v o r a b l e  l o c a l  s t r u c t u r e  i s  g l o b a l l y  u n f a v o r a b l e ,  i n  

o t h e r  w o r d s  t h e r e  i s  ” f r u s t r a t i o n  of  t h e  c h o l e s t e r i c  p h a -  

sel lL .  An a b u n d a n t  l i t e r a t u r e  e x i s t s  o n  t h i s  s u b j e c t ,  des- 

c r i b i n g  r e s u l t s  f rom e x p e r i m e n t s  a s  well a s  t h e o r y  

T h e  m a i n  e x p e r i m e n t a l  s t u d i e s  c o n c e r n  p u r e  c h o l e s t e r i c s  

o r  m i x t u r e s  w i t h  n e m a t i c s  a n d  t r e a t  t h e r m o d y n a m i c a l  p r o p e r -  

t i e s  a n d  p h a s e s  d i a g r a m s  as well a s  e l a s t i c  

or e l e c t r i c  p r o p e r t i e s 7 ”  . T h e  most  i m p o r t a n t  e f f o r t  was 

m a d e  on  t h e  o p t i c a l  p r o p e r t i e s  o f  t h e s e  mater ia ls  i n  c o n -  

n e c t i o n  w i t h  t h e i r  c r i s t a l l i n i t y  . T o  o u r  k n o w l e d -  

g e ,  n o  s t u d y  h a s  b e e n  c a r r i e d  o u t  o n  l i q u i d  c r y s t a l  p o l y -  

mers. We p r e s e n t  h e r e  t h e  f i r s t  r e s u l t s  o n  t h e  b l u e  p h a s e  

o f  a p o l y m e r  m i x t u r e .  O u r  a p p r o a c h  i s  s i m p l e  : i t  c o n s i s t s  

o f  c o n s i d e r i n g  a m i x t u r e  o f  a c o n v e n t i o n a l  c h o l e s t e r i c  

3 , 1 6  1 7 - 2 1  

1 2 , 1 3 , 1 4  1 0 , l l  

4 , 5 , 6 , 1 5 , 1 6  

57 1 
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572 J .  F. D'ALLEST. J .  M. GILL1 AND P. SIXOU 

in il convention31 nematic, which shows blue phase iri d cer- 

tain range of temperatures and after, replacing the convpn- 

tional nematic by a nematic polymer o f  a relatively large 

degree of polymerization. We study thcn the resulting modi- 

fications of the phase diagrams, of the optical propprties 

of the blue phases in connection with the cholcsteric pitch, 

o f  t h e  crystalline growth properties and more generally of 

the textures. 

EXPERIMENTAL 

The conventional cholesteric compound which was choseri is 

the CF3 which general formula is : 

The chnlesteric - BPI  transition temperature of this com- 

pound is 164.5'C . The main chain nematic polymer used is 
named DGA-9 *. They are of the spacer-mesogen type : 

The polymer saniple used is a frdLtiun ubtaincd from rough 

synthesis of the polymer using the method of solvent aridi- 

tion. Its polydispersity is between 1.2 and 1.4. For the 
fraction selected tor further studies Mn = 3400. The rieriid- 

tic-isotropic biphase of this fraction ranges from 113'C 

to 1 3 2 O C .  In crder to carry out some comparisons we also 

have used a well-known liquid crystal PAA. 

x We are grateful to Profs R.B.arid A.Blumstein fur sup- 
p l y i n g  the sample o f  UDA-9.  
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BLUE PHASE IN LC POLYMER MIXTURES 513 

T h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  t e m p e r a t u r e  o f  t h i s  com- 

pound i s  135'C. 

T h e  samples  were s t u d i e j  w i t h  anolympus  BHP p o l a r i z i n g  rni-  

c r o s c o p e  e q u i p e d  w i t h  a M e t l e r  FP 82 h o t  s t a g e  and examined 

by r e f l e c t i o n  microscopy between c r o s s e d  p o l a r i z e r s .  

PHASE DIAGRAMS 

F i g u r e  1 shows t h e  p h a s e  d iagrams o f  CE3 i n  PAA and i n  

DDA-9 3400.  T h e  c o n c e n t r a t i o n s  c o r r e s p o n d  w i t h  t h e  m o l a r  

f r a c t i o n s  o f  r e p e a t i n g  u n i t s .  I n  b o t h  c a s e s ,  t h e  b l u e  pha- 

ses e x t e n d  o v e r  a l a r g e  r a n g e  o f  c o n c e n t r a e i o n .  I n  t h e  c a s e  

of t h e  polymer m i x t u r e  t h e  t e m p e r a t u r e  o f  a p p e a r a n c e  o f  t h e  

b l u e  phase  i s  lower .  T h i s  i s  r e l a t e d  t o  t h e  r e l a t i v e  v a l u e s  

o f  t h e  i s o t r o p i c - n e m a t i c  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  p o l y -  

5 1 5  20 25 I X  PAA 
MA-9  

F I G U R E  1 .  r, Phase  diagram o f  CE3/PAA 

A Phase  d iagram o f  CEA/DDA-9 I N n =  34001 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
03

 1
9 

Fe
br

ua
ry

 2
01

3 



574 J .  F. D’ALLEST. J .  M. GILL1 AND P. SIXOU 

iner  a n d  oT t h e  smal l  i i i u l e c u l e  l i q u i d  c r y s t a l . 0 n  a n o t h e r  

hand t h e  t e m p e r a t u r e  r a n g e  n f  t h e  b l u e  p h a s e  i s  g r e a t e r  i n  

t h e  case  o f  tile CE3/DDA-9 m i x t u r e .  One p o s s i b l e  r . ause ,o f  

t h i s  h r o a d e n i i i g  i s  t h e  p o l y d i s p e r s i t y  o f  t h e  s a m p l e s .  I n  

t h e  p o l y m e r  m i x t u r e  o n e  c a n  a l s o  o b s e r v e  v e r y  c l e a r l y  a b i -  

p h a s i c  z o n e  ( B P I - I s o t r o p i c )  . 

CHOLESTERIC PITCH 

F i g .  3 s h o w s  t h e  c h o l e s t c r i c  p i t c h  a s  a f u n c t i o n  of  t e m p e r a -  

t u r e  f u r .  d i f f e r e n t  m i x t u r e s  o f  CE3 w i t h  ODA-9 3400 .  Numbers  

a b o v e  e a c h  c u r v e  i n d i c a t e  tlhe p e r c e n t a g e  [molar f r a c t i o n  of 

r e p e a t i n g  u n i t s 1  o f  t h e  n e m a t i c  compound i n  t h e  m i x t u r e .  

Pu1.e c h u l e s t e r i c  C E 3  shows t h e  u s u a l  d e c r e a s e  of t h e  r e f l e c -  

t i o n  c o l o r  w i t h  t e m p e r a t u r e .  

60 80 100 120 140 

FIGURE 2.  C h o l e s t e r i c  p i t c h  f o r  CE3/0DA-9 

[M = 3 4 0 0 )  m i x t u r e s .  

Numbers  i n d i c a t e  t h e  c o n c e n t r a t i o n  o f  DDA-9 
n 
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BLUE PHASE IN LC POLYMER MIXTURES 515 

400 

M i x t u r e s  show d i f f e r e n t  b e h a v i o u r  i f  t h e  t e m p e r a t u r e  o f  t h e  

e x p e r i m e n t  i s  close t o  [ o r  n o t 1  t h e  a n i s o t r o p i c - i s o t r o p i c  

t r a n s i t i o n .  Near t h e  t r a n s i t i o n  t h e  p i t c h  d e c r e a s e s  m o r e  r a -  

p i e d e l y  w i t h  t e m p e r a t u r e .  

F i g u r e  3 c o m p a r e s ,  a t  12O0C t h e  c h o l e s t e r i c  p i t c h  as a 

f u n c t i o n  of  t h e  c o n c e n t r a t i o n  of  t h e  n e m a t i c  d i l u e n t  f o r  

b o t h  CE3/PAA a n d  CE3/UUA-9 3400 m i x t u r e s .  No s i g n i f i c a n t  

v a r i t i o n  o f  t h e  v a l u e  o f  t h e  c h o l e s t e r i c  D i t c h  i s  o b s e r v e d .  

c 
I I I I 

FIGURE 3. C h o l e s t e r i c  p i t c h  a s  a f u n c t i o n  o f  

c o n c e n t r a t i o n .  

W 120°C CE3/PAA M i x t u r e s  

A 1 2 O o C  CE3/UUA-9 ( M n  = 3 4 0 0 1  M i x t u r e s  
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576 J .  F. D'ALLEST, J .  M. GILL1 AND P. SIXOU 

OPTICAL PHOPERTIES 

The  most i n t e r e s t i n g  p r o p e r t y  o f  the b l u e  phases i s  t h e  ru 

f l e c t i o r i  o f  l i g h t  f o r  t h e  i n d i v i d u a l  p l a t e l e t s  o f  a p o l y -  

c r i s t a l l i n e  b l u e  p h a s e  t e x t u r e  w h i c h  f u l f i l l s  t h e  B r a g g  e-  

q u a t i o r i  f o r  r i u r m a l  i n c i d e n c e .  

X(h,K,  1 = 2 n a / [ h 2  + k2 + 1 2 1 1/2 
= R e f  1 e c t i o n  w a v e l e n g t h  

h ,  k, 1 = Miller i n d i c e s  

n = r e f r d c t i v e  i n d e x  

a = cubic l a t t i c e  p a r a m e t e r  

A s  shown by P i e r a n s k y  arid a1 t h e  d i r e c t  o b s e r v a t i o n  u f  f a -  

60U . 

500 . 

'*. 

12.8 9.8 

I t  1 '  

155 160 16l 5 

FIGURE 4 .  Bragg r e f l e c t i o n  w a v e l e n g t h  f o r  B P I  i n  t h e  
c a s e  o f  
[--I CE3/k1AA M i x t u r e s  [ m o l a r  f r a c t i o n ]  
(.--I CF3/DUA-9 (Mn = 34001 M i x t u r e s  
(molar ,  f r a c t i - o n  o f  r e p e b t i n g  u n i t s 1  
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BLUE PHASE IN LC POLYMER MIXTURES 511 

c e t t i n g  i n  l a r g e  c r y s t a l s  d e m o n s t r a t e s  t h a t  t h e  s y m m e t r y  o f  

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

t e r  c u b i c .  

F i g u r e  4 s h o w s  t h e  B P I  B r a g g  r e f l e c t i o n  :of  t h e  CE3-PAA m i x -  

t u r e  a s  a f u n c t i o n  o f  t e m p e r a t u r e  f o r  d i f f e r e n t  c o n c e n t r a -  

t i o n s .  A q u a s i  l i n e a r  v a r i a t i o n  i s  o b t a i n e d .  T h e  c h o l e s t e -  

r i c - n e m a t i c  CE3-DDA9 3400 s y s t e m  i s  a l s o  s h o w n  f o r  compa-  

r i s o n .  [ d a s h e d  l i n e 1 . I t  c a n  be n o t i c d t h a t  two c l o s e d  con-  

c e n t r a t i o n s  [ f o r  e x a m p l e  : 18.9% f o r  t h e  CE3-PAA m i x t u r e  

a n d  16,8% f o r  t h e  CEY-DDA-9 m i x t u r e )  g i v e  a p p r o x i m a t i v e l y  

t h e  same r e f l e c t i o n  wave  l e n g t h s .  

TEXTURES 

P l a t e l e t  p o l y c r i s t a l l i n e  t e x t u r e s  a re  a f u n c t i o n  of  t h e  n a -  

t u r e  a n d  t h e  c o n c e n t r a t i o n  o f  t h e  n e m a t i c  p o l y m e r  a n d  of  

t h e  t e m p e r a t u r e .  As q u a l i t a t i v e l y  e x p e c t e d  : 

a b C d 

FIGURE 5. T e x t u r e s  f o r  t h e  b i g i n n i n g  a n d  t h e  e n d  o f  

B P I  

a, b CE3/PAA Mixture  CCPAAI = 11,9% 
c, d ~ ~ 3 , Q ~ f i - g  3400 M i x t u r e  

C [DDA-91 = 1 0 %  
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578 J. F. D’ALLEST. J .  M. GILL1 AND P. SIXOU 

- For a g i v e n  c o n c e n t r a t i o n  of n e m a t i c  s o l v e n t  t h e  

S i z e  of  p l a t P l e t s  i n c r e a s e s  w i t h  t e m p e r a t u r e .  

- F o i  a g i v e n  n e m a t i c  s o l v e n t  t h e  s i z e  o f  p l a t e l e t s  

d e c r e a s t s  when t h e  c o n c e n t r a t i o n  o f  n e m a t i c  c o m p o n e n t  

i n c r e a s e s .  

- A t  t h e  sdiiie w p i g h t  (or m o l a r 1  c o n c e n t r a t i o n  t h e  s i z e  

o t  p l a t e l e t s  

r n i x t u ~  e c o m p a r e d  t o  t h e  C E 3 / l o w  moleLuldr w c i g h t  m i x t u r e .  

l h e s e  I e s u l t s  a r e  r e l a t e d  t o  a s l o w e r  g i o w t h  o f  c r y s t a l l i -  

t e s  when t h e  p o l y m e r  m o l e c u l a r  w e i g h t  i n c r e a s e s .  F i g u r e  5 

s h o w s  t h e  L h a r d c t p r i s t i c  p l a t e l e t s  for a CE3/PAA m i x t u r e  

a n d  ci CES/DDA-9 r n i x t u i e .  

d e c r e a s e s  when c o n s i d e r i n g  t h e  C E 3 / p o l y m e r  

CONCLUSION 

R l i i ~  phase c a n  be o b s e r v e d  in a m i x t u r e  o f  c o n v e n t i o n a l  

~ h u l e s t e ~ i c s  w i t h  m e s o m o r p h i c  p o l y r n e r r , .  T h e  c h a r a c t e r i s t i c  

o f  t h e s p  p h a s e  seems d i r e c t l y  r e l a t e d  t o  t h e  p h a s e  d i a g r a m .  

Other e x a m p l e s  c a n  b e  s t u d i e d  ; s t u d i e s  of b l u e  p h a s e  i n  

p u r e  p o l y m e r s  a r e  i n  p r o g r e s s .  
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