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NEW THEKMOTROPIC POLYMERS WITH FLEXIBLE BACKBONE AND 
MESOGENIC S I D E - C H A I N S  : SYNTHESIS AND CHAKACTEKIZATION 

P.  ROBEHT, J-J .  VILLENAVE, FI. FONTANILLE 
L.C.P.O. (U.A. C.N.R.S. e t  E.N.S.C.P.B.) 
I n s t i t u t  du  P i n  - 
351, c o u r s  de l a  L ibGrae ion -33405  TALENCE-cedex-France 

J-PI. L I L L I ,  P. S I X O U  
L.P.b,i.C. (U.A. 190 C.N.K.S.) - Parc  V a l r o s e  - 
06043 IN I C E-cedex-Fr  ance 

A b s t r a c t  A new method t o  s y n t h e s i z e  c o i i i b - l i k e  
p o l y m e r i c  l i q u i d  c r y s t a l s  w i t h  f l e x i b l e  ma in  c h a i n s  
t h r o u g h  t h e  c h e m i c a l  m o d i f i c a t i o n  o f  a l o w  m o l e c u l a r  
w e i g h t  p o l y b u t a d i e n e  i s  d e s c r i b e d .  P o l a r i z e d  l i g h t  
o p t i c a l  m i c r o s c o p y  and d i f f e r e n t i a l  s c a n n i n g  
c a l o r i m e t r y  a l l o w  t h e  mesophases t o  be i d e n t i f i e d  as 
SA and t h e i r  e x i s t e n c e  t e m p e r a t u r e  r a n g e  t o  be 
de te r rn i  ned. 

INTRODUCTION 

Among t h e  v a r i o u s  approaches t o  s y n t h e s i z i n g  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 s  po lymers  ”*, t h o s e  based on zhe 

c h e m i c a l  modi f i c a t  i on o f  macromo lecu les  by f u n c t i o n a l  

mesogenic g roups  p r o v e  most s u i t a b l e .  A m a j o r  advan tage  i s  

t h e  p o s s i b i l i t y  o f  o b t a i n i n g  odd rnesogenic m a t e r i a l s  b y  

m e r e l y  w o r k i n g  up  average po lymers .  However, a drawback i s  

The d i f f  i c u l  r;y i n  r e a c h i n g  q u a n t i t a t i v e  niodi f i c a e i o n  

y i e l d s ,  on accoun t  o f  t h e  r e a c t i v i t y  l o w e r i n g  of each 

f u n c t i o n a l  g r o u p  by  i t s  v i c i n a l  hoinologues . 4 
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162 P. ROBERT, et al. 

T h i s  disadvantage i s  l i k e l y  t o  account f o r  t h e  weak 

number of b a s i c  polymers t h a t  have been used u n t i l  now; t h e  
5 7-10 p o l y a c r y l a t e s  , po lyne thac ry l  a tes  and p o l y s i  1 oxanes 

are  most ou ts tand ing .  

As we aimed a t  g e t t i n g  new f a m i l i e s  o f  comb- l i ke  

iiiesogenic g r a f t e d  polyrners, we assumed t h a t  such backbones 

as i s s u i n g  f rom t h e  p o l y m e r i z a t i o n  o f  con jugated  dienes 

should be ab le  t o  a f f o r d  m o d i f i e d  produc ts  d i s p l a y i n g  

unusual p r o p e r t i e s .  Then, a s tudy  o f  t h e  m o d i f i c a t i o n  o f  

po lybutad iene samples by mesogenic groups was undertaken; 

t h e  r e a c t i v e  f u n c t i o n s  o f  t h e  po lymer ic  u n i t s  were thus  

v i n y l i c  ones. 

This paper dea ls  w i t h  t h e  method o f  syn thes i s  

developed as we l l  as w i t h  t h e  physicochemical  

c h a r a c t e r i z a t i o n s  o f  t h e  l i q u i d  c r y s t a l  polymers ob ta ined.  

SYNTHESIS  OF MESOGENIC S I D E - C H A I N S  GRAFTED POLYBUTADIENES 

As raw m a t e r i a l ,  we used an a , w -hydroxy-po lybutad iene 

(HTPB)ll ob ta ined  f rom an a n i o n i c  p o l y m e r i z a t i o n  process; 

as such, i t  con ta ins  ma in l y  1,2 u n i t s .  The c h a r a c t e r i s t i c s  

o f  t h e  bas ic  polymer are repo r ted  hereunder 

HO -fCH2- CH H~ CH2- CH = C H  - CH2- OH 
I 
C H  4 

HTPB : G 200011 
CH2 

- average degree o f  p o l y m e r i z a t i o n  - mn= d = m+ntp = 40 
- average molecu la r  weight 
- 1,2 u n i t s  r a t e  (mtn ) /d  4 0 %  
- random d i s t r i b u t i o n  o f  1,2 u n i t s  (m+n) and 1,4 u n i t s  

Wn = 2000 

( p )  i n  t h e  ol igorner.  
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NEW THERMOTROPIC POLYMERS 163 

A 

1 
BrfCH2)xT2CH2- CH2Br  d B r  < C H 2 k 2 C H = C H 2  

2 I (CH3)2SiHC1 

\L L i  A1 H4 

3 
B r  -(CH2kSi (CH3)2H < B r  -fCH2&Si (CH3>2C1 

4 1 H.T.P.B. 

HO --( CH~-CHH C H ~ - C H = C H - C H ~ ~ O H  
I 
CH 

4 
CH2 

B r  

HO 
mesogenic compound ( X )  

HO~CH~-CHHCH~- C H  p( CH~-CH=CH-CH&--OH 
I I 

HCH w 2  I 

CH2 

62 x X ( s )  

- g r a f t i n g  o r  m o d i f i c a t i o n  
r a t e  s = n/d a - x : spacer l e n g t h  parameter- 

F I G U R E  1 . General r e a c t i o n  scheme 
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lfi4 P. ROBERT, et al 

I n  t h e  p r e s e n t  s t u d y  t h e  t e r m i n a l  h y d r o x y  g roups  o f  HTPB 

were n o t  t a k e n  i n t o  accoun t .  However, t h e y  a r e  o f  o b v i o u s  

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

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

t h r o u g h  t h e  r e a c t i o n  w i t h  m u l t i - i s o c y a n a t e s .  

The s y n t h e t i c  r o u t e  i s  r e q u i r e d  t o  f u l f i l  some 
c o n d i t i o n s .  

- Every  s t a g e  must be c o m p l e t e  i n  o r d e r  t o  c o n t r o l  t h e  

' g r a f t i n g  r a t e '  ( s =  n / d )  more e a s i l y .  

- The method musx a l l o w  a d j u s t a b l e  l e n g t h  spacers  t o  

be i n s e r t e d  between t h e  mesogenic  g roups  and t h e  

po ly rne r i  c backbone. 

To t h i s  end, we o p t e d  t o  g r a f t i n g  u i -bror i ioa lky l  l i n k s  on 

t h e  v i n y l i c  d o u b l e  bonds o f  HTPB by  means o f  h y d r o s i l a t i o n  

r e a c t i o n s ,  and t h e n  t o  s u b s t i t u t i n g  w - h y d r o x y  mesogenic 

g roups  f o r  t h e  t e r m i n a l  b romine  atoms. The g e n e r a l  r e a c t i o n  

scnenie i s  d e s c r i b e d  i n  f i g u r e  1. 

Stage 1 .  S y n t h e s i s  o f  [ ~ ~ - b r o m o - l - a l  kenes 

The t i t l e  compounds were p r e p a r e d  f r o m  coninerc i  a1 l y  

a v a i l a b l e  a ,o - d i b r o m i d e s ,  r e a c t i n g  w i t h  hexamethy l -  

p h o s p h o r i c  t r i a m i d e  12.  F a i r l y  good y i e l d s  were o b t a i n e d  

w i t h  x f r o m  4 t o  7 s t a r t i n g  d i h a l i d e s .  I t  s h o u l d  be n o t e d  

t h a t  spacer  l e n g t h  pa ramete rs  ( x )  f r o m  4 t o  7 g i v e  spacer  

' l e n g t h s '  f r o m  7 t o  10 p r o v i d e d  t h e  s i l i c o n  atom and t h e  

c a r b o n  atoms o f  t h e  v l n y l i c  l i n k a g e  a r e  i n c l u d e d .  

Stages 2 and 3 . H y d r o s i l a c i o n  of t h e  w-bromo-1-a lkenes 

H y d r o s i l a t i o n  o f  t h e  b r o n o  v i n y l i c  conipounds was pe r fo rmed  

w i t h  d i m e x h y l c h l o r o s i l a n e  as reagenr; a c c o r d i n g  l o  t h p  
c a t a l y t i c  (H2PtC1 6,6H20) p r o c e d u r e  g e n e r a l l y  desc r - i  bed 13 . 
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NEW THERMOTROPIC POLYMERS 165 

It shou ld  be observed t h a t  stage 3 o f  t h e  s y n t h e t i c  pathway 

- i . e .  t h e  s u b s t i t u t i o n  o f  hydrogen atoms f o r  bromine ones 

by r e a c t i n g  wi th LiA1H4- aims t o  regenera te  a h y d r o s i l a t i o n  

reagent t h a t  can r e a c t  w i t h  t h e  v i n y l i c  double bonds o f  

HTPB. 

Stage 4. H y d r o s i l a t i o n  o f  HTPB 

Th is  s tage i s  o f  major importance s i n c e  t h e  g r a f t i n g  r a t e s  

( s  = n / d )  a re  a c t u a l l y  s e t t l e d  by t h e  t r i a l k y l s i l a n e  t o  

HTPB r a t i o .  

Staae 5. MesomorDhic GrouD G r a f t i n a  

Among t h e  mesomorphous low molecu la r  we igh t  compounds used, 
t h e  most i n t e r e s t i n g  ones a re  l i k e l y  t o  be : 

-4-hydroxy-4'-cyano-biphenyl HO-CN : A 
and 

HO-@-CH = N++Z 
- S c h i f f ' s  bases 

D ( Z  = cyano group) and E ( Z = a c e t y l  group),  

prepared b y  r e a c t i n g  p-hydroxybenzaldehyde w i t h  t h e  
14 r e l a t e d  s u b s t i t u t e d  p r imary  amines . 

S u b s t i t u t i n g  t h e  mesogenic groups f o r  t h e  bromine atoms o f  

t h e  h y d r o s i l a t e d  HTPB ( w h i l e  e l i m i n a t i n g  H B r )  was c a r r i e d  

o u t  by means o f  s o l i d  - l i q u i d  phase t r a n s f e r  c a t a l y s i s  

(K2C03- butanone o r  to luene  - c a t a l y t i c  amounts o f  

t e t r a b u t y l  arnmoni urn bromide 1 .  

The s y n t h e t i c  pathway thus  ob ta ined  e v e n t u a l l y  y i e l d e d  such 

produc ts  as those  desc r ibed  i n  f i g u r e  1. We decided t o  

i d e n t i f y  them as G2x X ( s ) ,  ti2 s tand ing  f o r  G2000 HTPB, x 
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166 P. ROBERT, et a1 

f o r  t h e  spacer  l e n g t h  pa ramete r ,  X f o r  t h e  mesogenic  g roup  

(A,D o r  E )  and ( s )  f o r  t h e  g r a f t i n g  r a t e .  It s h o u l d  be 

n o t e d  t h a t  t h e  p r e p a r a t i o n  o f  G2x X ( s )  l i q u i d  c r y s t a l  

po l ymers  i s  d e a l t  w i t h  i n  a p a t e n t  t a k e n  o u t  b y  

Rh6ne-Poul enc S.  A. . 15 

CHARACTER1 ZATION OF THE LIQUI D-CRYSTAL POLYBUTADI ENES 
16 An a 1 y t  i c a 1 Tec hn i que s 

The phases b e h a v i o u r  o f  t h e  s y n t h e s i z e d  p r o d u c t s  has been 

s t u d i e d  u s i n g  D i f f e r e n t i a l  Scanning C a l o r i m e t r y  (D.S.C. ) .  

I n  most cases  , t h e  D.S.C.  c h a r t s  i n c l u d e  a g l a s s  

t r a n s i t i o n  ( a t  Tg )  r e l a t e d  t o  t h e  p o l y m e r i c  backbone, and a 

c l e a r a n c e  f i r s t - o r d e r  t r a n s i t i o n  f r o m  t h e  mesophase t o  t h e  

i s o t r o p i c  l i q u i d  ( a t  Tc)  r e l a t e d  t o  t h e  g r a f t e d  mesogens. 

The samples have been scanned u s i n g  a p o l a r i z e d  l i g h t  

m ic roscope  p r o v i d e d  w i t h  a h e a t i n g  s t a g e .  Fan-shaped 

t e x t u r e s  w i t h  f o c a l  c o n i c s ,  wh ich  c h a r a c t e r i z e  s m e c t i c  

phases, were most o f t e n  obse rved .  However, i t  sometimes 

needed l o n g - t i m e  a n n e a l i n g s  t o  o b t a i n  t h e  c h a r a c t e r i s t i c  

t e x t u r e s  o r  even t o  j u s t  obse rve  b i r e f r i n g e n t  shapes. 

R e s u l t s  and D i  s c u s s i  on 

The r e s u l t s  t o  be d i s c u s s e d  a r e  g i v e n  i n  t a b l e  1. 
I n f l u e n c e  o f  t h e  s i d e - c h a i n s  mesogenic  s u b s t i t u e n t s  

The c h a r a c t e r i s t i c  t e m p e r a t u r e s  depend a l i t t l e  on t h e  

mesogens. Thus, u s i n g  c y a n o b i p h e n y l  ( A )  m o i e t i e s  a1 lowed 

s m e c t i c  A (SA) t y p i c a l  t e x t u r e s  t o  b e  o b t a i n e d ,  p r o v i d i n g  

t h e  g r a f t i n g  r a t e s  ( s )  a r e  h i g h  enough, w h i l e  u s i n g  

S c h i f f ' s  bases (D o r  E ,  x b e i n g  e q u a l  t o  4 )  j u s t  r e s u l t e d  

i n  s c a t t e r i n g  t e x t u r e s ,  even a t  h i g h  g r a f t i n g  r a t e s .  W i t h  

t h e  l a t t e r ,  v e r y  l o n g - t i m e  a n n e a l i n g s  ( u p  t o  s e v e r a l  days )  

were needed t o  obse rve  sn iec t i c  n e e d l e s .  
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NEW THERMOTROPIC POLYMERS 167 

TABLE 1 : Phases Behav iou r  C h a r a c t e r i s t i c  Temperatures ( "C)  

o f  b2x X ( s )  Polyrners. 

DSCa M i c r o s c o p y  : b i r e f r i n g e n c e  range  

Temp b 
S Tg Tc Temp. f 

G24A 0.18 - 5  - - 

0.44 0 - 
0.50 16 38.5 30-35 

0.75 15 75 80-84 

0.90 13 86 88-97 

- 

G 2 5 A  0.45 - 3  42 - 
0.90 13.5 109 102-1 16 

G26A 0.45 - 4  32 - 
0.90 8.5 98 96- 108 

- 

75-72 

92-85 

- 

112-100 

- 

104- 93 

G27A 0.85 7 1 1 5  119-124 122-116 

G 2 4 D  0.70 1 4  - 39- 50 

0.85 - - 57-66 

G26D 0.80 12 102 101-1 1 1  98-92 

G24E 0.85 20 - 85-110 1 00- 90 

temp.program. : a ~ ~ o ~ / m i n . ,  0.340/min. 

As expec ted ,  T g ,  w h i c h  i s  m a i n l y  r e l a t e d  t o  t h e  

p o l y m e r i c  backbone, does n o t  depend much on t h e  g r a f t e d  

inesogen. 
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168 P. ROBERT, et al. 

I n f l u e n c e  o f  t h e  Soacer Lenath 

A t  a g i ven  g r a f t i n g  r a t e  ( s  = 0.90) , G2xA samples a re  

s u i t e d  t o  s tudy  t h e  i n f l u e n c e  o f  t h e  spacer l e n g t h  

parameter ( x )  on t h e  t r a n s i t i o n  temperatures.  

The low decrease o f  Tg when x inc reases  would be 

accounted f o r  by a r i s e  i n  t h e  p l a s t i c i z i n g  power o f  t h e  

spacer . 
With r e g a r d  t o  Tc, as x inc reases  f rom 4 t o  5 ,  6 and 

7, i t  s t a r t s  i nc reas ing ,  then s l i g h t l y  decreases , and 

e v e n t u a l l y  i nc reases  again.  Th is  i s  i n  agreement w i t h  t h e  

'even-odd e f f e c t "  a l ready  observed w i t h  o the r  mesogenic 

s ide -cha in  polymers . 
The fan-shaped t e x t u r e s ,  w i t h  f o c a l  conics,  t h a t  a re  

observed whatever t h e  spacer l e n g t h  parameter i s ,  
c h a r a c t e r i z e  a S A  mesophase. However, i t  should be p o i n t e d  

o u t  t h a t ,  a t  t h e  low x values, when t h e  tempera ture  range 

i n c l u d i n g  Tc i s  h igh  enough t o  induce a l ow  v i s c o s i t y  o f  

t h e  polymer , broad fan-shaped t e x t u r e s  appear n e a r l y  a t  

once on s l o w l y  c o o l i n g  t h e  i s o t r o p i c  l i q u i d .  

17 

12 

I n f l u e n c e  o f  t h e  G r a f t i n g  Rate ( s )  
A t  any g r a f t i n g  r a t e ,  G 2 4 A  mesophases a re  S A  ones bu t  

on t h e  o the r  hand, t h e  tempera ture  range i n  which t h e  

mesomorphism e x i s t s  as w e l l  as t h e  annea l ing  necessary t o  

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

values. A t  h i g h  s values (upper t h a n  0.751, b i r e f r i n g e n c e  

i s  observed q u i t e  a t  once w h i l e  s l o w l y  c o o l i n g  t h e  l i q u i d  ; 
t h e  s t a b i l i t y  range o f  t h e  l i q u i d  c r y s t a l l i n e  phases i s  

r a t h e r  broad (more than 60 degrees).  On t h e  c o n t r a r y ,  for  s 

equal t o  0.50, a severa l -day  annea l ing  mere ly  a l l ows  

s c a t t e r i n g  t e x t u r e s  t o  be observed ; t h e  niesomorphi sm 

temperature range i s  then much narrower (about  20 degrees) .  

As t h e  temperature range i n c l u d i n g  Tc (38.5"C) i s  low, t h e  

polymer v i s c o s i t y  i s  h i g h  and t h e  o r d e r i n g  o f  t h e  mesogenic 
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groups i s  l i k e l y  t o  be hindered. I t  should be noted t h a t  no 
birefringence can be obtained f o r  s lower than 0.50. 

As regards Tg, i t  s l i g h t l y  decreases as s r i s e s ,  
which i s  consis tent  with the  increasing mobili ty of the  
backbone. 

CONCLUSION 

The chemical modification of polybutadiene samples o f f e r s  
an enhanced v e r s a t i l i t y  in studying the  influence of much 
s t ruc tura l  parameters on the  phases behaviour of comb-1 i ke 
polymeric l iqu id  c rys t a l .  

Furthermore, such important fea tures  as the  
poss ib i l i t y  of cooling and freezing the mesophases down t o  
temperatures lower than Tg,  are  l i ke ly  t o  promise as wide 
appl icat ion f i e l d s  as those already described f o r  the  
mesogenic side-chain polymers. 
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