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L I Q U I D  CRYSTALLINE COMB-SHAPED POLY(V1NYL 
ETHERIS W I T H  CYANBIPHENYL MESOGENIC GROUPS 

S.G. KOSTROMIN, NGO DUY CUONG, E . S .  GARINA, 
V.P.  SHIBAEV* 
Chemical Department,  Moscow State  U n i v e r s i t y ,  
11 9 8 9 9  - Moscow, USSR 

Abstract The s y n t h e s i s  o f  t h e  series o f  new 
l i q u i d  c r y s t a l l i n e  comb-shaped po ly l tv iny l  
e t h e r ) s  w i t h  cyanbiphenyl  mesogenic groups 
i s  r e p o r t e d .  Methylenic  space r  groups o f  t h e  
d i f f e r e n t  l e n g t h s  ( n = 2 - 6 , l l )  were used. Poly- 
m e r s  w e r e  p repa red  by c a t i o n i c  po lymer i za t ion  
co r re spond ing  v i n y l  e t h e r s .  The i n f l u e n c e  of 
molar m a s s  and molar m a s s  d i s t r i b u t i o n  on 
t h e  mesomorphic p r o p e r t i e s  and phase t r a n s i -  
t i o n s  has  been s t u d i e d .  The e f f e c t  o f  chemi- 
c a l  s t r u c t u r e  of  t h e  main c h a i n  on t h e  meso- 
morphic p r o p e r t i e s  i s  d i s c u s s e d .  

INTRODUCTION 

A t  p r e s e n t  it i s  w e l l  e s t a b l i s h e d  t h a t  t h e  chemi- 

c a l  n a t u r e  and f l e x i b i l i t y  of  t h e  main c h a i n  o f  

comb-shaped l i q u i d  c r y s t a l l i n e  ( L C )  polymers es- 
s e n t i a l l y  i n f l u e n c e  on  mesophase t y p e  and i t s  
thermodynamical p r o p e r t i e s .  Although i n c r e a s e  o f  

t h e  main c h a i n  f l e x i b i l i t y  r e s u l t s  i n  t h e  r e g u l a r  

g l a s s  t r a n s i t i o n  (T ) s h i f t  towards lower tempera- 
t u r e s ,  t h e  change o f  c l e a r i n g  t empera tu re  ( T  

and mesophase t y p e s  are o f t e n  u n p r e d i c t a b l e .  The 
role  o f  t h e  main c h a i n  f l e x i b i l i t y  i n  t h e  forma- 

t i o n  o f  LC s t a t e  of comb-shaped polymers and i t s  

e f f e c t  on mesophase t y p e  and Tcl cannot  be cons i -  
dered  as comple t e ly  e l u c i d a t e d ;  it needs t h e  com- 
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178/19581 S . G .  KOSTROMIN ET AL. 

p a r a t i v e  inves t iga t ions  of t h e  d i f f e r e n t  homolo- 

gous series of comb-shaped polymers w i t h  a n  iden-  

t i c a l  mesogenic groups.  

The f i r s t  g o a l  of t h i s  paper  i s  t o  o b t a i n  the 

new homologous series of LC p o l y ( v i n y 1  e t h e r ) s  (I) 

w i t h  h igh  p o l a r  cyanbiphenyl  mesogenic groups and 

a l i p h a t i c  s p a c e r s  of t h e  d i f f e r e n t  l e n g t h  a s  w e l l  

as t o  d i s c u s s  some r e g u l a r i t i e s  and r e l a t i o n s h i p s  

between t h e i r  molecular  parameters  (molar mass and 

molar  m a s s  d i s t r i b u t i o n )  and t h e  phase t r a n s i t i o n s .  

* 

-CH2-CH - (1) 
I P  
0- ( C H 2 )  n-O-@@CN, where n=2-6,11 

The second g o a l  i s  t o  compare b r i e E l y  t h e  

the rma l  p r o p e r t i e s  of t h e  s y n t h e s i z e d  LC p o l y ( v i -  

n y l  e t h e r ) s  w i t h t h e  ones of LC p o l y a c r y l a t e s ,  

methemethacrylates  and p o l y s i l o x a n e s  w i t h  t h e  
same mesogenic groups 
MONOMER SYNTHESIS AND PROPERTIES O F  MONOMERS 

Monomers w e r e  s y n t h e s i z e d  accord ing  t o  t h e  scheme 

4 -6 

0 shown below 

H a l -  (CH2)  ,-OH+CH3-C 
4 

+HC1 - H a l -  (CH;! In -O-CHCI-C% 
'H I 

H a l -  ( CH2)  n-O-CH=CH2 

H2C=CH-0- ( CH2 ) n-O -@@-CN 
I KO-@-@-CN 

n = 2-6,11 H a l  = C 1 ,  B r  

The mesogenic behaviour  of  t h e  monomers and poly-  

m e r s  w a s  i n v e s t i g a t e d  by a "Polamll p o l a r i z i n g  m i -  
c r o s a p e  equipped w i t h  a "Mettler FP-800" hot stage. 

Some of LC comb-shaped p o l y ( v i n y 1  e t h e r ) s  w e r e  
* 
r e c e n t l y  s y n t h e s i z e d  and d e s c r i b e d  by Percec2 and 
L W ~  e t  a l .  
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COMB-SHAPED POLY(V1NYL ETHERIS [959]/179 

The p r o p e r t i e s  of t h e  synthes ized  monomers 

are l i s t e d  i n  Table 1 .  

TABLE 1 .  Phase Behaviour of Monomers 
C H ~ = C H - O - ( C H  ) -0-c H -c H -CN 2 n  6 4  6 4  

~~~~~~ 

n Phase and Phase T r a n s i t i o n s ,  OC 

2 

3 

4 

5 
6 

11  

K 1 1 6  I 

K 61 I 

K 71 N 77 I 

K 48 (N 4 1 )  I 

K 7 0  N 75 I 

K 68 (N 56) I 

The e x i s t e n c e  of oxyvinyl  group i n  t h e  mono- 

m e r  molecules l eads  t o  t h e  s t r o n g  a l t e r n a t i o n  of 

mel t ing  p o i n t s  and c l e a r i n g  tempera tures  of v iny l -  

e t h e r s  under i n v e s t i g a t i o n .  W e  can no te  i n  Table 1 
t h a t  t h e  s t a b i l i t y  of t h e  mesophase f o r  monomers 

w i t h  a n  even number of CH2-groups (n=4  and 6 )  i s  
comparable wi th  one of corresponding homologues 

of alkoxycyanbiphenyls (n-OCB) 7. However t h e  t e m -  
p e r a t u r e  i n t e r v a l  of mesophase i s  s l i g h t l y  narrow 

a s  compared wi th  one of n-OCB series owing t o  more 

high va lues  of Tm. A t  t h e  same t i m e  t h e  homologue 

wi th  n=5 forms only  monotropic LC phase and has 
more low va lues  T as compared t o  monomers w i t h  

n=4 and 6 .  
c l  

POLYMER SYNTHESIS AND PROPERTIES O F  POLYMERS 

The polymers were prepared by c a t i o n i c  poly- 
mer i za t ion  us ing  J and B F 3 * O ( C 2 H 5 ) 2  a s  i n i t i a -  

0 2 
t o r s o .  The  r e a c t i o n s  w e r e  c a r r i e d  o u t  i n  Schlenk 

tube  under d ry  argon atmosphere. The polymers w e r e  
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180/[960] S.G. KOSTROMIN ET AL. 

p r e c i p i t a t e d  w i t h  c o l d  ammoniacalmethanol. The 

products  w e r e  d i s so lved  i n  methylene c h l o r i d e  and 

twice r e p r e c i p i t a t e d  w i t h  methanol. The polymers 

w e r e  d r i e d  i n  a vacuum. The r e a c t i o n  c o n d i t i o n s  

and some c h a r a c t e r i s t i c s  of t h e  polymers a r e  sum- 
marized i n  Table 2 .  

The average molar m a s s  and molar m a s s  d i s t r i -  
b u t i o n  of t h e  syn thes i zed  polymers w e r e  measured 

by GPC ("Waters GPC-2 equipped w i t h  t h r e e  s t y r a g e l  

columns, d i f f e r e n t i a l  r e f r a c t o m e t r i c  d e t e c t o r ) .  

The t e t r ahydro fu ran  s o l u t i o n s  wi th  concen t r a t ion  

of polymers lower 1 %  (weight)  w e r e  used f o r  chro- 

matography. A s  t h e  c a l i b r a t i o n  s t anda rds  t h e  frac-  

t i o n s  of polymer I1 wi th  well-known va lues  of mo- 
l a r  m a s s  l y i n g  i n  i n t e r v a l  Mn=6,15~103-1~10 5 and 

p o l y d i s p e r s i t y ,  M /M = 1.15-1.39 ( independent ly  

determined by GPG and l i g h t  s c a t t e r i n g )  were used 
w n  

-CH2-CH- 
t 

OC-0- ( CH2) 6-0 -@@-CN (11) 

As it has been r e c e n t l y  shown' a s  w e l l  as i t  
has been e s t a b l i s h e d  by us  i n  pre l iminary  e x p e r i -  
ments t h e  a p p l i c a t i o n  of po lys ty rene  s t anda rds  f o r  

de t e rmina t ion  of molar mass parameters  of LC poly- 

m e r s  by GPC has l e d  t o  essent ia l  e r r o r s .  Tha t  i s  

why w e  have chosen t h e  polymer I1 a s  a s t anda rd  
whose molecular  s t r u c t u r e  i s  very s imilar  t o  t h e  

one of polymers of series ( I ) .  Table 3 p r e s e n t s  

t h e  r e s u l t s  of GPC of some of synthes ized  polymers. 
RESULTS AND DISCUSSION 

The comparison of d a t a  presented  i n  Table 2 and 3 

shows t h a t  t h e  usage of t h e  d i f f e r e n t  i n i t i a t o r  
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COMB-SHAPED POLY (VINYL ETHER) S [961]/18 1 

TABLE 2 .  Reac t ion  c o n d i t i o n s * ,  y i e l d s ,  i n t r i n -  
s i c  v i s c o s i t y  and phase t r a n s i t i o n s  
of t h e  polymers 

-CH2-CH - 
0- I ( CH2) -0-@-@-CN 

p o l y m e r s  n Y i e l d ,  [QI **,  P h a s e s  and Pha- 
se T r a n s i t i o n s ,  

O n  
% d l / g  

I n i t i a t o r  J2/ ( 1  mM) ; T = -15OC 

2.1 2 50  - no mesophase 
3 . 1  3 30 - N 94 '  I 
4 .1  4 5 5  0 . 0 5 0  N 78O I 
5.1 5 6 0  0 . 0 6 0  91 N 1 0 8  I 
6 . 1  6 5 7  - gi 90 N 1 0 3  I 
6 . l a  ( f r a c t i o n )  - 0 . 0 7 2  Sc 54 SA 1 1 6  I 

0 . 0 6 2  Sc 4 5  SA 1 1 6  I 6 . l b  - I 1 -  - 
6 . 1 ~  - I 1 -  - 0 . 0 5 0  SA 97 N 1 0 3  I 

SA 1 0 4 - 1 4 5  I 11  . I  1 1  48  - 
1 l . l a  ( f r a c t i o n )  - 0 . 0 7 0  SA 1 3 3 - 1 4 5  I 
1 l . l b  - ' I -  - 0 . 0 6 0  S A  114-140 I 

0 . 0 5 5  S A  108-140 I 1 l . l c  - I 1 -  - 
I n i t i a t o r  BF3.O(C2g5L2 ( 2 0  mM) T= -7OOC 

2 . 2  2 8 0  OiO56 no mesophase 
3 . 2  3 50  0 . 0 4 0  N 78 I 
4 . 2  4 5 0  0 . 0 6 0  N 7 3  I 
4 . 2 a  ( f r a c t i o n )  - 0 . 0 6 5  N 74 I 
4 . 2 b  - I 1 -  - 0 . 0 6 0  N 6 9  I 
4 . 2 c  - I 1 -  - 0 . 0 5 5  N 6 2  I 
5 . 2  5 5 5  0 . 0 5 4  SA 6 5  N 9 8  I 
6 . 2  6 40 0 . 0 6 0  SA 9 8  N 1 0 0  I 

6 . 2 b  - I 1 -  - 0 . 0 6 0  Sc 33 SA 1 0 7  I 
6 . 2 ~  - ' I -  - 0 . 0 5 5  SA 90-96 I 

6 . 2 a  ( f r a c t i o n )  - 0 . 0 7 0  Sc 38 SA 1 1 0  I 

1 1 . 2  1 1  3 0  0 . 0 6 5  SA 1 0 0 - 1 0 7  I 
* 

Monorrer c o n c e n t r a t i o n  0 .36  M ,  so lvent  - CH C1 2 2  P o l y m e r i z a t i o n  t i m e  - 6 0  m i n .  ** 
1 , 2  Dichloroethane , 3 0  "C. D
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182/[962] S . G .  KOSTROMIN ET AL. 

TABLE 3. Molecular  c h a r a c t e r i s t i c s  of  some 
s y n t h e s i z e d  p o l y ( v i n y 1  e t h e r )  s 

Polymer Mn* 10 -3 M ~ ~ ~ o - ~  Mw/Mn Pn (Pw) 

5.1 

5.2 
6 . l a  

6.  I b  

6. lc  

6 . 2  

6 . 2 a  

6.2b 

6 . 2 ~  

5.32 

3.44 

6.40 

5.12 
2.84 

4 . 1 2  

4.80 

4.61 

3.77 

9.16 

5.88 

8.73 

6 . 2 6  

3.58 

7.25 

7.31 

7.13 

5.84 

1 . 7 2  
1 . 7 1  
1 . 3 6  

1 . 2 2  

1 . 2 6  

1.76 

1.52 

1.55 

1.55 

1 7  (30 )  

11 (19 )  
20  ( 2 7 )  

16 ( 2 0 )  

9 (11)  
13 (23 )  

15 ( 2 3 )  

14 (22)  

1 2  (18 )  

systems l e a d s  t o  t h e  s i m i l a r  r e s u l t s .  I n  b o t h  t h e  

cases o n l y  ol igomer compounds w i t h  c l o s e  molar 
mass d i s t r i b u t i o n  (Mw/Mn=l ,7-1 ,8 )  are formed. The 

f r a c t i o n a t i o n  o f  s y n t h e s i z e d  polymers by f r a c t i o -  

n a l  p r e c i p i t a t i o n  (Table  3 ,  polymers 6 . l , a - c / 6 . 2 ,  

a-c) pe rmi t s  t o  d e c r e a s e  t h e  p o l y d i s p e r s i t y  t o  a 

c e r t a i n  degree .  Low molar m a s s  of t h e  polymers 
a f f e c t  t h e i r  mesomorphic behav iour ,  as it is  ob- 

se rved  f o r  LC p o l y a c r y l a t e s ”  w i t h  low degree  of  

po lymer i za t ion  ( D P ) .  So t h e  i n c r e a s e  of  D P  f o r  

polymer f r a c t i o n s  6.1,a-c (Table  3 )  r e s u l t s  i n  in -  

c r e a s i n g  of  t h e  c l e a r i n g  tempera ture  and v a r i a t i -  

on of mesophase t y p e s .  The lowes t  molar m a s s  

f r a c t i o n  of polymer 6 . 1  (P = 9 )  i s  c h a r a c t e r i z e d  

by SA and N-phases; f r a c t i o n  6 . 1  ,b (Pn=16)  g i v e s  
SA and t i l t e d  Sc phases .  I t  i s  impor t an t  t o n o t e  

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

narrow molar m a s s  d i s t r i b u t i o n .  A t  t h e  same t i m e  

n 
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COMB-SHAPED POLY ( V I N Y L  ETHER) S [963]/183 

t h e  more wide molar m a s s  d i s t r i b u t i o n  of u n f r a c t i -  
onated polymers 6.1 and 6 . 2 ,  (Table  3)  l eads  t o  de- 
c r e a s i n g  c l e a r i n g  tempera tures .  Most l i k e l y  t h e  
more wide molar mass d i s t r i b u t i o n  of  polymer f r a c -  

t i o n s  6 . 2  ,a-c (Table  3 )  , ob ta ined  by us ing  i n i t i a -  
t o r  systems BF3.0(C H ) predetermines t h e i r  lower 2 5 2  
c l e a r i n g  tempera tures  as comparison wi th  polymer 
f r a c t i o n s  6.1 ,a-c (Table  3 )  syn thes i zed  using J2 

as an i n i t i a t o r .  A l l  t h e s e  d a t a  c l e a r l y  shows t h e  
e f f e c t  of molar m a s s  d i s t r i b u t i o n  width on phase 
t r a n s i t i o n s  and mesophase types .  

Consider ing t h e  phase behaviour of a l l  t h e  
syn thes i zed  polymers it i s  necessary  t o  no te  t h e  

i n f l u e n c e  of t h e  space r  l e n g t h  on t h e  mesophase 

types .  For example t h e  polyrhers w i th  very s h o r t  
space r  l e n g t h  (n=2)  do n o t , d i s p l a y  LC p r o p e r t i e s ;  
t h e  i n c r e a s e  of t h e  space r  l e n g t h  (n=3 ,4 )  l e a d s  t o  
nematic  mesophase and f u r t h e r  i n c r e a s e  of it 

(1-05) g ives  smectic mesophases. Thus t h e  c h a r a c t e r  
of t h e  v a r i a t i o n  of mesophase types  i n  polyvinyl-  
e t h e r s  looks l i k e  t h e  s i t u a t i o n  i n  t h e  homologpus 
series of low molar m a s s  l i q u i d  c r y s t a l s  - alko-  
xycyanbiphenyls;  however t h e  behaviour of p o l y ( v i -  
n y l  e the r )  s i s  cons ide rab ly  d i f f e r e n t  from theme ol' 
polymer l i q u i d  c r y s t a l s  having polymethacry l ic ,  
po lys i loxane  main cha ins  ( S  phase i s  c h a r a c t e r i s -  
t i c  f o r  n = 4 - 6 , l l )  and p o l y a c r y l i c  backbone ( N  

phase f o r  n = 2 , 4 , 6 ;  SA phase f o r  n=3,5,11) 

n y l  e t h e r ) s  under i n v e s t i g a t i o n  and low molar m a s s  
l i q u i d  c r y s t a l s  are most l i k e l y  condi t ioned  by 

A 

6 . 
Analogy of mesomorphic behaviour of p o l y ( v i -  
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184119641 S.G. KOSTROMIN ET AL. 

t h e  " s i m p l i c i t y "  of p o l y e t h e r ' s  main c h a i n  s t r u c -  

t u r e  ( r e l a t i v e l y  s m a l l  volume of monomeric u n i t ,  

absence  of s t r o n g  d i p o l e s )  and i t s  minimum i n f l u -  

ence  on t h e  s i d e  c h a i n  packing.  
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