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SYNTHESIS AND CHAPACTERIZATIOIJ OF SOME TERMINALLY CYANO- 
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L a b o r a t o i r e  de Phys icochimie  S t r u c t u r a l e  e t  Macromolb- 
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F r a n c e  

A b s t r a c t  The s y n t h e s i s  of  a s e r i e s  of  l i q u i d  c r y s t a l l i n e  
s i d e - c h a i n  p o l y a c r y l a t e s  i n  which t h e  mesogenic  group 
i s  l-(4-benzoyloxyphenyl)-2-(4'-cyanophenyl) e t h a n e  i s  
r e p o r t e d .  N e t h y l e n i c  s p a c e r  groups of d i f f e r e n t  l e n g t h s  
have been  u s e d .  Polymers  were p r e p a r e d  by r a d i c a l  po ly-  
m e r i z a t i o n  (AIBN a s  i n i t i a t o r )  of t h e  c o r r e s p o n d i n g  
a c r y l a t e s .  The l i q u i d  c r y s t a l l i n e  n a t u r e  of t h e s e  poly-  
mers was e s t a b l i s h e d  by c a l o r i m e t r i c  measurements ,  
o p t i c a l  t e x t u r e  o b s e r v a t i o n s  and X-ray i n v e s t i g a t i o n s .  
For  t h e  polymer where n = 6 ,  t h e  u n u s u a l  I-N-S -N 
sequence  w a s  observed .  Ad re 

INTRODUCTION 

I t  i s  known t h a t  t h e  p r o p e r t i e s  ( n a t u r e  of mesophases)  of 

s i d e - c h a i n  l i q u i d  c r y s t a l l i n e  polymers  depend upon t h e  

n a t u r e  of t h e  polymer backbone,  t h e  n a t u r e  of mesogenic  
1 g roup  and t h e  n a t u r e  and t h e  l e n g t h  of t h e  s p a c e r  u n i t  . 
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114 N. LACOUDRE, et al. 

Thus it  i s ,  i n  p r i n c i p l e ,  p o s s i b l e  t o  a d j u s t  t h e  p r o p e r t i e s  

of a l i q u i d  c r y s t a l l i n e  polymer t o  t h a t  r e q u i r e d  €or  a g i v e n  

a p p l i c a t i o n  by  s t r u c t u r a l  m o d i f i c a t i o n s  of  polymer components 

We r e p o r t ,  i n  t h e  p r e s e n t  p a p e r ,  the  s y n t h e s i s  of a new 

s e r i e s  o f  p o l y a c r y l n t e s  of  g e n e r a l  s t r u c t u r e  : 

- CR2 - CH - 
I 

c = o  

These p o l y a c r y l a t e s  are p r e p a r e d  by r a d i c a l  p o l y n i e r i z a t i o n  

of  t h e  c o r r e s p o n d i n g  monomers. The mesogenic  group i s  l i n k e d  

t o  t h e  p o l y a c r y l a t e  backbone t h r o u g h  m e t h y l e n i c  u n i t s  of  

d i f f e r e n t  l e n g t h 5  ( n  = 2 ,  6 ,  1 1 ) .  The polymer w i t h o u t  a 

s p a c e r  group has been a l s o  p r e p a r e d .  

SYNTHESIS OF MONOMERS 

The a c r y l a t e s  a r e  s y n t h e s i z e d  by c o u p l i n g  t h e  two f o l l o w i n g  

b u i l d i n g  u n i t s L .  

CH2 = C H  
I 
c = o  0 

c1 

n = 2 ,  6 ,  1 1 .  

(1) 

THF 
--- -+ CH2 CII 
E t 3 N  I 

c = o  0 

0 - Q) -CH2CH2- <D -CN 

The y i e l d s  of  reaction f o r  diIferent monomers a re  r e s p e c t i -  

v e l y  : n = 2 and n = 6 y i e l d  = 55 %, n = 1 1  y i e l d  = 47 %. 

T h e  p r e p a r a t i o n s o f  p r e c u r s o r  compounds ( I )  and (11) a r e  

r e p o r t e d  b e  l o w .  
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CYANO-SUBSTITUTED SIDE-CHAIN LC POLYACRYLATES 115 

P r e p a r a t i o n  of  ( I )  (n = 2 ,  6 ,  1 1 )  Y i e l d  

HOfCH2SnBr + HO- (o> -COOH 

KOH 1 E t O H / H , O  ( 6 6 % )  

H O f C H 2 j n 0  - o> -COOH 

CH 2 =CH-COOH C 6 H 6 , ( 4 -  @) -S03H (85%) 

CH =CH - COO(CH2)n-O- 0 -COOH 2 1 
(COC1) 2 4 DMF (100%) 

CH2=CH - COO(CH2)  -0- n 

4 - ( w -  p r o p e n ~ l o x y a l k o x y )  b e n z o i c  a c i d s  were s y n t h e s i z e d  

a c c o r d i n g  t o 3 .  The g i v e n  y i e l d s  c o r r e s p o n d  t o  t h e  s y n t h e s i s  

of t h e  d e r i v a t i v e  w i t h  n = 6. 

For t h e  p r e p a r a t i o n  of the  a c y l  h a l i d e , o x a l y l  c h l o r i d e  i s  

used  i n s t e a d  of  t h i o n y l  c h l o r i d e  i n  o r d e r  t o  p r e s e r v e  t h e  

a c r y l a t e  f u n c t i o n .  

p-Acryloyloxybenzoic  a c i d  (no m e t h y l e n i c  s p a c e r  g r o u p )  

i s  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  p-hydroxy- 

b e n z o i c  a c i d  i n  d r y  DMF and i n  t h e  p r e s e n c e  o f  E t  N ; 

( y i e l d  43 Z ) .  
3 

P r e p a r a t i o n  of  (II) 

Rr- '0 - C H ~ C O O H  a ,  j S O C 1 2  

CuCN J NMP 

N c - 0  -cH~cH~-/@ -OH 

Y i e l d  

(100%) 

(75%) 

( 8 5 % )  

( 8 4 % )  
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I16 N. LACOUDRE. et al 

NKl’ : N -me t h y  l p y r r o  1 idone  

L t  m u s t  be  n o t i c e d  t h a t  t h e  r e d u c t i o n  o f  t h e  carbonyl function 

a c c o r d i n g  t o  t h e  H U A N G - M I N I I O N  method ( s t e p  3 )  is accompanied 

by c l e a v a g e  of  t h e  methoxy g r o u p .  

l h e  p r e p a r e d  monomers a r e  p u r i f i e d  by column chromato-  

graphy ( s i l i c a  g e l ,  C H  C 1  / c y c l o h e x a n e / c t h y l  a c e t a t e ) .  2 2  
T h e i r  s t r u c t u r e s  arc. s u b s t a n t i a t e d  by I R  s p e c t r o s c o p y  

and 

monomerwith a ( C H  ) s p a c e r  group i s  shown i n  F i g u r e  1 .  

‘ H  N M R .  A s  an  cxamplc,  t h c  ‘ H  NMR spcctrr im (250MHz) of the  

2 6  

I 1 I r I I 

7 5 3 1 
6 in ppm 

1 FIGURE 1 .  2 5 0  MHz H NMR s p e c t r u m .  

S a t i s f a c t o r y  e l e m e n t a l  a n a l y s e s  have been o b t a i n e d  f o r  

a l l  prepared monomers (Table 1 ) .  

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:
05

 1
9 

Fe
br

ua
ry

 2
01

3 



CYANO-SUBSTITUTED SIDE-CHAIN LC POLYACRYLATES I17 

Monomer 
n C Z  H Z  N Z  

no s p a c e r  7 4 . 9 0  ( 7 5 . 5 6 )  4 . 9 9  ( 4 . 7 8 )  3 .51  ( 3 . 5 2 )  

2 7 3 . 0 4  ( 7 3 . 4 7 )  5 . 2 2  ( 5 . 2 2 )  3 . 1 9  ( 3 . 1 7 )  

6 7 4 . 9 3  ( 7 4 . 8 5 )  6 . 3 3  ( 6 . 2 4 )  2 .81  ( 2 . 8 1 )  

1 1  7 6 . 4 2  (76.19)  7 . 3 0  ( 7 . 2 3 )  2 . 4 9  ( 2 . 4 7 )  

( ) c a l c u l a t e d  v a l u e s .  

POLYMERIZATION 

Polymers  were o b t a i n e d  by r a d i c a l  p o l y m e r i z a t i o n  of t h e  

a b o v e  monomers u s i n g  a z o b i s i s o b u t y r o n i t r i l e  ( A I B N )  a s  

i n i t i a t o r  i n  c h l o r o b e n z e n e  o r  DMF s o l u t i o n  a t  70°C d u r i n g  

4 d a y s .  P o l y m e r i z a t i o n  d a t a  a r e  g i v e n  i n  T a b l e  11. 

TABLE I1 P o l y m e r i z a t i o n  o f  v a r i o u s  a c r y l a t e  monomers. 

= 0 . 5  Z molar  r a t i o ) .  
( (Monome r 

lfonomer Convers ion  - - 
Mn (GPC)* Mw 1 

n ( X )  
no s p a c e r  80 5 900 1 .55  

2 77 5 700  1.4 

6 45  5 100 1.4 

1 1  4 3  7 200 1.4 

.fi P o l y s t y r e n e  s t a n d a r d s .  

A l l  po lymers  were p u r i f i e d  by two p r e c i p i t a t i o n s  u s i n g  

methanol  and d r i e d  i n  vacuo a t  6OoC. 
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118 N. LACOUDRE, ct a1 

- 
2 

6 

1 1  

RESULTS AND DISCUSSION 

The t r a n s i t i o n  t e m p e r a t u r e s  f o r  t h e  monomers a r e  l i s t e d  

i n  T a b l e  111 : 

. 168" 

. 114 - . 134 . 

. 114 - . 142 . 

. 1 1 1  . 115 . 126 . 

TABLE 111 Thermal p r o p e r t i e s  of monomers 

T r a n s i t i o n  T e m p e r a t u r e s  ( " C )  
N I sA K n 

fc O p t i c a l  microscopy of t h i s  monomer d o c s  n o t  r e v e a l  any 

s p e c i f i c  Lexture  a t  t h e  m e l t i n g  p o i n t .  Thermal polyme- 

r i z a t i o n  o c c u r s  above 180°C, which makes i t  i m p o s s i b l e  

t o  i d e n L i f y  t h e  mesophase.  

I n i t i a l  c l a s s i f i c a t i o n  of  t h e  phase  t y p e  was b a s e d  on 

m i c r o s c o p i c  o b s e r v a t i o n s  of t h e  t e x t u r e s  e x h i b i t e d  by  t h e s e  

m a t e r i a l s .  T y p i c a l l y ,  f o r  t h e  n = 2 and n = 6 homologues 

t h e  nemat ic  phnqc  s e p a r a t e s  from t h e  i s o t r o p i c  l i q u i d  on 

c o o l i n g  i n  d r o p l e t s  ( F i g .  2)  ; t h e s e  c o a l e s c e  and form a 

t y p i c a l  t h r e a d e d  t e x t u r e  ( P i g .  3 ) .  The monomer where n = 1 1  

e x h i b i t s  b o t h  n e m a t i c  and s m e c t i c  A p h a s e s .  F i g u r e s  4 and 5 

show t h e  s c h l i e r e n  t e x t u r e  of  t h e  n e m a t i c  phase  and t h e  

f o r a l  c o n i c  f a n  t e x t u r e  of t h e  s m e c t i c  A p h a s e ,  r e s p e c t i v e l y .  

C o n f i r m a t i o n  of t h e  c l a s s i f i c a t i o n  o f  t h e  N and SA 

p h a s e s  was o b t a i n e d  by  X-ray  d i f f r a c t i o n  ( F i g .  6 ) .  The l a y e r  

t h i c k n e s s  of  t h e  SA s t r u c t u r e  i s  40.2 A which i s  c o n s i d e r a -  

b l y  i n  e x c e s s  of t h e  e x t e n d e d  model l e n g t h .  Thus ,  t h e  mole- 

0 
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CYANO-SUBSTITUTED SIDE-CHAIN LC POLYACRYLATES 

Fig.2 : Nematic drople t s  a t  the c lear ing  poin t .  

See Color Plate 11. 

Monomer where n = 6 

F i g . 3  : Nematic threaded tex ture .  Monomer where n = 6 

See Color Plate 111. 
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120 N. LACOUDRE, et al 

F i g . 4  : N e m a t i c  s c h l i e r e n  texture. Monomer where n = 1 1  
See Color Plate IV. 

F i g . 5  : SA t e x t u r e  . Monomer where n = 1 1  

See Color Plate V. 
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CYANO-SUBSTITUTED SIDE-CHAIN LC POLYACRYLATES 121 

F i g . 6  : X-ray d i f f r a c t i o n  photograph  f rom t h e  monomer where 
n = 1 1 .  O r i e n t e d  f i b e r  ( t h e  X-ray beam i s  p e r p e n d i c u l a r  
t o  t h e  f i b e r  a x i s )  

F i g . 7  : Photomicrograph  of h i a t e m p e r a t u r e  n e m a t i c  phase  

See Color Plate VI. 
from polymer where n = 6 
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122 N. LACOUDRE, et al. 

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

d i g i t n t t d  s t r u c t u r e  and t h e  SA s t r u c t u r e  i s  of SAd t y p e .  

The l i q u i d  c r y s t a l  b e h a v i o r  of t h e  polymers  l i s t e d  i n  

T a b l e  I V  shows a s t r o n g  dependence on t h e  l e n g t h  of t h e  

s p a c e r ,  n .  The polymer i n  which t h e  mesogenic  group i s  d i rec-  

t l y  l i n k e d  t o  t h e  e s t e r  g r o u p  shows a s t r o n g  s t i r o p a l e s c e n c e  

between T (217°C) and T (722°C). However, o p t i c a l  o b s e r v a -  

t i o n s  do n o t  r e v e a l  any p a r t i c u l a r  m o r p h o l o g i c a l  f e a t u r e s  

u s e f u l  i n  d c r i n i n g  t h e  t y p e  o f  mesophase.  I n  c o n t r a s t , t h e  

m 1 

TABLE T V  Thermal p r o p e r t i e s  of polymers  

T r a n s i t i o n  'Temperatures  ( " C )  
n I  

204 s4- I s2- = - s3 
66 75 125 1 9 2  1 1  1 K- --L s 1  

I 

polymer wherc n = 2 forms a n e m a t i c  p h a s e .  Upon c o o l i n g  t h e  

i s o t r o p i c  m e l t ,  t h e  n e m a t i c  phase  b e g i n s  t o  s e p a r a t e  a t  t h e  

c l e a r i n g  p o i n t  i n  t h e  form of t y p i c a l  d r o p l e t s  which ,  a f t e r  

f u r t h e r  c o o l i n g ,  j o i n  t o g e t h e r  t o  form a t h r e a d e d  t e x t u r e .  

The polymer w i t h  medium v a l u e  of n (n  = 6 )  e x h i b i t s  t h e  

u n u s u a l  N S N s e q u e n c e .  On c o o l i n g  from t h e  i s o t r o p i c  

s t a t e ,  t h e  h i g h  t e m p e r a t u r e  n e m a t i c  p h a s e  a p p e a r s  a t  190°C 

as a s c h l  i r r e n  t e x t u r e  ( F i g .  71,  T h i n  l a y e r s  of t h i s  meso- 

phase  e x h i b i t  o t h e r  nemat ic  c h a r a c t e r i s t i c s  such  as  scintil- 

l a t i o n  e f f e c t s  and n marked tendency  t o  bt. horneot ropic .  Fur-  

t h e r  redt ic- t ion i n  t e m p e r a t u r e  t o  a b o u t  170"C, p r o d u c e s  a 

€ o c a l - c o n i c  f a n  t e x t u r e  ( F i g .  8) which i s  c o n s i s t e n t  w i t h  a 

A r e  
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CYANO-SUBSTITUTED SIDE-CHAIN LC POLYACRYLATES 123 

Fig.8 : Photomicrograph of smectic A phase from polymer 

See Color Plate VI1. 
where n = 6 

Fig.9 : Photomicrograph of re-entrant nematic phase from 

See Color Plate VIII. 
polymer where n = 6 
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I24 N .  LACOUDRE, el al 

Fig.10 : The f o c a l - c o n i c  f a n  t e x t u r e  of  t h e  S 4  phase of  

Scc Color Plate JX 
polvmer whcrr n = 1 1 .  T = 203°C 

Fig .11  

See Color Plate X .  

: The f o c a l - c o n i c  f a n  t e x t u r e  of  t h e  S 3  p h a s e  of 
polymer where n = 1 1 .  T = 180°C 
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F i g . 1 2  : The f o c a l - c o n i c  f a n  t e x t u r e  o f  t h e  S2 p h a s e  of  
polymer where n = 1 1 .  T = 92°C 

See Color Plate XI. 

F i g . 1 3  : The t e x t u r e  of t h e  S1  p h a s e  of polymer where 

See Color Plate XII. 
n = 11. T = 7 2 ° C  
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I26 N.  LACOUDRE, et a1 

S phase. Below 10O"C, either a schlieren texture is pro- 

gressively restored or a paramorphic fan shaped texture is 

formed (Fig. 9 ) .  Recently, the same N S N sequence has 

been observed for two other polymers containing spacers of 

six methylene units4 and a di(ethy1ene oxide) spacer , res- 
pectively. Interestingly, all the polymers presently known 

to exhibit such an unusual sequence have spacers of compara- 

ble lengths. 

A 

A re 

5 

The polymer with the longest spacer (n = 11) forms only 

smectic phases, the textures of  which are reminiscent of 

those of low molar mass smectics A and C (Figs. 10-13) .  The 

X-ray diffraction patterns obtained for powder samples are 

a l s o  consistcnt with fluid lamellar structures ('If luid" 

meaning without three-dimensional long range periodicities 

hut with n liquid short range order). It should be noted 

that several distinct SA and Sc phases have been recently 

identilied for low molar mass liquid crystals with a termi- 

nal polar group6. A more detailed X-ray diffraction study 

using oriented samples is in progress to establish more pre- 

cisely the structure of the S 

determine their positions with respect to the ( S  
S;j,Sc,Sc2,S;) phases of low molar mass cyano compounds 6 . 

S2,  S3 and S phases and to 

A1 "A2 "Ad ' 
4 
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