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G .  DECOBERT and J.C. DUBOIS 

1 - IFJTRODUCTION 

I n  t h e  c h i r a l  smect ic  phase (i.e. the  C phase), t h e  molecu- 

l e s  a re  arranged randomly i n  l aye rs  and t i l t e d  w i t h  respect 

t o  the  normal layer .  The symmetry p lane  o f  t h e  o r d i n a r y  

smect ic C s t r u c t u r e  i s  absent because the  molecules are  c h i -  

r a t .  The o n l y  symmetry element i s  a t w o f o l d  r o t a t i o n  a x i s  

which a l l o w s  molecules t o  " f  l i p - f  lop"  head- to - ta i  1. I f  t h e r e  

i s  any t ransve rse  e l e c t r i c  mo lecu la r  d i p o l e  moment, i t s  

component a long t h i s  a x i s  cannot be averaged t o  zero  and 

so each Layer i s  spontaneously po la r i zed .  However, on pas- 

* 

s i n g  from l a y e r  t o  l a y e r  the  

l e s  i s  t u rned  through a s m a l l  

c u l a r  t o  t h e  l a y e r s  and hence 

The spontaneous p o l a r i z a t i o n  

i l t  d i r e c t i o n  o f  t he  molecu- 

ang le  about an a x i s  perpend i -  

a h e l i c a l  s t r u c t u r e  i s  formed. 

s r o t a t e d  from one l a y e r  t o  

t h e  n e x t  about t h e  h e l i c a l  a x i s  and averages t o  ze ro  i n  a 

b u l k  sample. Hence, the  c h i r a l  smect ic  phase i s  f e r r o e t e c -  

t r i c  o n l y  i f  the  h e l i c a l  arrangement i s  suppressed. 

I n  1980, C la rk  and Lagerwa l l  desc r ibed  the  sur face-s ta -  

b i  l i z e d  F e r r o e t e c t r i c  L i q u i d  C r y s t a l  ( S S F L C )  dev ice  concept 
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312 S .  ESSELIN, C. NOEL, G .  DECOBERT AND J .  C .  DUBOIS 

* 
based upon t h e  use o f  C phase 

b l e  i n t e r e s t  i n  the  syn thes i s  o f  new compounds which e x h i -  

b i t  smect ic C phases. 

'. This  c rea ted  considera- 

* 

L i q u i d  c r y s t a l l i n e  polymers o f f e r  s e v e r a l  chemical  

design p o s s i b i l i t i e s  which are n o t  a v a i l a b l e  i n  to i l  molar 

mass systems. Over the  p a s t  few years, we have been p a r t i -  

c u l a r l y  i n t e r e s t e d  i n  e x p t o r i p q  the  p o s s i b i  t i  t y  o f  o b t a i n i n g  

f e r r o e l e c t r i c  smect ic l i q u i d  c r y s t a l s  and we have synthe- 

s i z e d  polymers hav ing  t h e  genera l  s t r u c t u r e  : 

C I 
i H 3  o// 'Of CH 2+ 0- R -0- CH -5 H- C 2  H 

where R = 0 - C O - 0 0 -  ( A ) ,  QCH=CH-CO-O 

- 9 ,  (B) 
n = 2, 6, 11 and X = H, CH3, C L  3'4. Here we r e s t r i c t  our 

a t t e n t i o n  t o  the  the rmot rop ic  mesomorphic behav io r  o f  p o l y -  

methacry la tes  DCH, n and p o l y  c1 c h l o r o a c r y l a t e .  BCl11. 

2. EXPERIMENTAL 

4 Polymer izab le  honomers were prepared by s tandard  methods 

v i a  the  scheme desc r ibed  i n  F igu re  1. Polymers were prepa- 

red  by  f r e e  r a d i c a l  p o l y m e r i z a t i o n  i n  to luene a t  60°C w i t h  

a z o - b i s - i s o b u t y r o n i t r i  l e  as the  i n i t i a t o r .  P u r i f i c a t i o n  was 

accomplished by  two p r e c i p i t a t i o n s  i n  methanol a f t e r  which 

the  polymers were d r i e d  i n  vacuo. 

Phase t r a n s i t i o n  temperatures and 

red  us ing  a d i f f e r e n t i a l  thermal  ana 

opera t i ng  a t  20"C/minute. Ind ium was 

t i o n  standard. 

O p t i c a l  obse rva t i ons  were made us 

e n t h a l p i e s  were measu- 

yse r  (Du Pont 1090) 

used as t h e  c a l i b r a -  

ng  a p o l a r i z i n g  micros- 
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SMECTIC SIDE-CHAIN POLYMERS 
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314 S.  ESSELIN, C. NOEL, G.  DECOBERT AND J .  C. DUBOIS 

cope (Olympus BHA-P) i n  c o n j u n c t i o n  w i t h  a M e t t ' t e r  FP52 h o t -  

s t a g e  and FP5 c o n t r o l  u n i t .  

The l a y e r  s p a c i n g s  were measured b y  X-ray d i f f r a c t i o n ,  

u s u a l l y  on powder specimens b u t  sometimes u s i n g  a l i g n e d  sam- 

p l e s  c o n t a i n e d  i n  1 mm Lindemann g l a s s  tubes.CuK r a d i a t i o n ,  

monochromated b y  a f l a t  g r a p h i t e  c r y s t a l  i n  c o n j u n c t i o n  w i t h  

a p i n h o l e  c o l l i m a t o r  was used. Exposure  t i m e s  o f  2-3 h o u r s  

were r e q u i r e d  u s i n g  f l a t  p h o t o g r a p h i c  f i  lms. The s e a l e d  

c a p i  l l a r y  t u b e s  were mounted i n  an e l e c t r i c a l l y  h e a t e d  oven, 

t h e  t e m p e r a t u r e  o f  w h i c h  was c o n t r o l l e d  w i t h  a p r e c i s i o n  o f  

- 0.5"C. The whole d i f f r a c t i o n  a p p a r a t u s  was p l a c e d  i n s i d e  

a t a n k  w h i c h  was e v a c u a t e d  d u r i n g  measurement t o  reduce t h e  

s c a t t e r i n g  o f  X-rays: b y  a i r .  

ct 

f 

3- RESULTS AND DISCUSSION 

3.1. Thermal  p r o p e r t i e s  

The t a b l e  g i v e s  some o f  p r e v i o u s  r e s u l t s  5~ 

AXn and compares them w i t h  o u r  p r e s e n t  data.  S e v e r a l  i n t e -  

r e s t i n g  r e s u l t s  emerge : 

I /  The b u l k y  mesogenic g roups  s e v e r e l y  h i n d e r  ma in  c h a i n  

m o t i o n s  and so t h e  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  f o r  t h e  

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

c o n v e n t i o n a l  p o l y ( n - a l k y l  a c r y l a t e s )  and p o l y ( n - a l k y l  metha- 

c r y l a t e s )  

2 /  The change f r o m  H t o  Me o r  C l  r e s u l t s  i n  a s t i f f e n i n g  o f  

t h e  po lymer  backbone and t h e  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  

on p o l y m e r s  

i s  i nc reased .  The e f f e c t s  o f  X = We and X = C l  a r e  n e a r 1  

t h e  same. 

31 Decreases i n  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  accompany 

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

because i/ l o n g  f l e x i b l e  spacers  have a p l a s t i c i z i n g  

e 
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316 S .  ESSELIN, C. NOEL, G .  DECOBERT AND J .  C. DUBOlS 

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

p o l y ( n - a l k y l a c r y l a t e s )  and p o l y I n - a l k y l m e t h a c r y l a t e s )  and 

ii/ t h e  b u l k y  mesogenic g r o u p  i s  moved f a r t h e r  away f r o m  

t h e  po lymer  backbone and causes l e s s  h i n d r a n c e  t o  main 

c h a i n  mo t ions .  However, t h e  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  o f  

p o l y m e r  AH11 ( 3 2 " C ) i s  h i g h e r  t h a n  t h a t  o f  p o l y m e r  AH6 

(15°C). T h i s  u n u s u a l  b e h a v i o r  f o r  a homologous s e r i e s  i s  

a g a i n  r e m i n i  s c e n t  o f  r e s u l t s  o b t a i n e d  f o r  p o l y ( n - a l k y l a c r y -  

Lates)  : above a c r i t i c a l  v a l u e  o f  n, p a r t i a l  c r y s t a l l i z a -  

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

an i n c r e a s e  i n  Tg. 

The o r d e r e d - t o - i s o t r o p i  c phase t r a n s i t i o n  has a s m a t t e r  

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

gen a lone  (25-45 J / K i ~ o l ) .  Thus, t h e  mesophases must c o n t a i n  

c o n s i d e r a h t e  d i s o r d e r ,  even f o r  t h e  mesogens. F o r  a g i v e n  

s e r i e s ,  t h e  rep lacemen t  o f  hyd rogen  i n  t h e  p o l y m e r  backbone 

b y  a m e t h y l  g r o u p  o r  a c h l o r i n e  atom seems t o  r e s u l t  i n  

h i g h e r  o r i e n t a t i o n a l  o r d e r  i n  L iqu id c r y s t a l s .  As i n  the  

low m o l a r  mass m a t e r i a l s ,  l o n g e r  f l e x i b l e  s p a c e r s  i n c r e a s e  

t h e  t r a n s i t i o n  en t ropy ,  but  Less t h a n  e x p e c t e d  f o r  a f u l l y  

ex tended  a t i p h a t i c  c h a i n .  A d d i t i v e  v a l u e s  t o  t h e  e n t r o p y  

change o f  0.75-1.4 J / K  and t o  t h e  e n t h a l p y  change o f  

0.3-0.5 KJ  can be c a l c u l a t e d  f o r  each me thy tene  un i t .  From 

such va lues  one can conc lude  t h a t  o v e r  60 % o f  t h e  methy- 

tene g roups  a r e  i n  t h e  t r a n s  c o n f o r m a t i o n  t h u s  p r o v i d i n g  

e v i d e n c e  t h a t  t h e  f l e x i b l e  spacer  i s  i n  a r a t h e r  ex tended  

s t a t e  i n  t h e  mesophase. 

3.2. T e x t u r e  o b s e r v a t i o n  

O p t i c a l  m i c r o s c o p y  o f  t h e  s m e c t i c  phase o f  p o l y m e r s  BCH 2, 
3 
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SMECTIC SIDE-CHAIN POLYMERS 371 

BCH 6 and O C l l l  does n o t  r e v e a l  any s p e c i f i c  t ex tu res .  I n  

cont ras t ,  polymer BCH 11 e x h i b i t s  smect ic  phases, t he  tex -  

t u r e s  o f  which a re  rem in i scen t  o f  those o f  low molar  mass 

l i q u i d  c r y s t a l s  7 t  '. T y p i c a l l y ,  the  smect ic  A phase separa- 

t e s  from the  i s o t r o p i c  l i q u i d  i n  the  form o f  bd tonnets  these 

coalesce t o  produce an unbroken f o c a l  con ic  fan  t e x t u r e  

(Fig.2). The phase a l s o  e x h i b i t s  the  homeotropic tex tu re .  O n  

c o o l i n g  the  A phase, a t r a n s i t i o n  t o  t h e  C *  phase takes  

p l a c e  w i t h  the fans becoming broken and m o t t l e d  i n  appearance 

(Fig.3).  The homeotropic areas become b i r e f r i n g e n t  and e x h i -  

b i t  a s c h l i e r e n  tex tu re .  

3 

3 

3.3 - X-ray d i f f r a c t i o n  

Polywer BCH 2 
3 

3 For polymer BCH 2, X-ray d i f f r a c t i o n  p a t t e r n s  oh ta ined  w i t h  

powder samples i n  the  temperature range 125-172°C a r e  cha- 

r a c t e r i s t i c  o f  a d i so rde red  l a m e l l a r  s t r u c t u r e .  They p resen t  

a broad, d i f f u s e  o u t e r  r i n g  i n  the  q = 4 71 s i n  8/A range 

1.3-1.4 A r e f l e c t i n g  the  absence o f  o r d e r i n g  w i t h i n  the  

l a y e r  p lanes  and two w e l l - d e f i n e d  i n n e r  r i n g s  cor respond ing  

t o  a spac ing  d, o f  - 49 A (Fig.  4 ) .  I t  i s  c l e a r  t h a t  d i s  

approx imate ly  t w i c e  the  l eng th  L o f  the s i d e  cha in  i n  i t s  

most extended conformat ion  as c a l c u l a t e d  by  assuming s tan-  

da rd  bond lengths, angles and van der  Maals r a d i i .  These 

r e s u l t s  a re  cons is ten t  w i t h  the  fo rma t ion  o f  a "b i  l a y e r "  

smect ic  A phase. I n  a d d i t i o n  a d i f f u s e  r i n g  can be a l s o  seen. 

"-1 

I t  corresponds t o  a d i s tance  o f  12.5 A, which i s  approxima- 

t e l y  h a l f  t he  Length L. I t  i s  imposs ib le  t o  e s t a b l i s h  the  

o r i g i n  o f  t h i s  d i f f u s e  r i n g  s o l e l y  f rom t h e  X-ray p a t t e r n s  

o f  powder samples. U n f o r t u n a t e l y  i t  was n o t  p o s s i b l e  t o  a l i g n  

t h i s  sample f o r  f u r t h e r  X-ray study. 
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378 S .  ESSELIN, C. NOEL, G. DECOBERT AND J .  C. DUBOIS 

FIGURE 2 - High-temperature smect ic phase o f  polymer 

See Color Plate x i3  
BCH 11 

FIGURE 3 - Low-temperature smect ic phase o f  polymer 

See Color Plate XV. 

DCH31 1 
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SMECTIC SIDE-CHAIN POLYMERS 379 

d (i 
5c 

4c 

3c 

1 

2c 

1c 

C 

a 0 - - 
0 first order 

second order 
0 0 - 

0 

third order 
0 

50 100 (T  o c )  150 

F I G U R E  4 - I n t e r m o l e c u l a r  d i s t a n c e  (---) and l a y e r  s p a c i n g  
(---) i n  po lymer  BCH 2 3 
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3 80 S. ESSELIN, C. NOEL, G. DECOBERT AND J. C. DUBOIS 

Polymer BCH 6 3 
F o r  po l ymer  BCH,6, X-ray d i f f r a c t i o n  p a t t e r n s  o f  powder sam- 

-I 

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

d i f f u s e  o u t e r  r i n g  i n d i c a t  

r a t  o r d e r  and  two w e l t - d e f  

t o  t h e  l a m e l l a r  t h i c k n e s s .  

o n l y  s l i g h t l y  i n  t h e  tempe 

s m e c t i c  A phase. They p r e s e n t  a 

n g  t h e  absence o f  p e r i o d i c  l a t e -  

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

The o b s e r v e d  l a y e r  s p a c i n g s  v a r y  

a t u r e  range  92-125°C and a r e  

a ln iost  i d e n t i c a l  w i t h  t h e  m o l e c u l a r  l e n g t h  L = 30 A s o  t h a t  

a "monolayer"  s t r u c t u r e  i s  i m p l i e d  (F ig .5 ) .  

The d i f f r a c t i o n  p a t t e r n s  o b t a i n e d  u s i n g  s t r e t c h e d  o r i e n -  

t e d  f i b e r s  (F ig .6)  c o n s i s t  m a i n l y  o f  : 

(i) e q u a t o r i a l  B ragg  s p o t s  showing t h e  e x i s t e n c e  o f  e x t e n s i v e  

l a y e r - t i  ke c o r r e l a t i o n s  

(ii) two d i f f u s e  c r e s c e n t s  a t  l a r g e  ang les .  The r e l a t i v e  

p o s i t i o n s  o f  t h e s e  d i f f u s e  c r e s c e n t s  and o f  t h e  B r a g g  s p o t s  

w i t h  r e s p e c t  t o  t h e  f i b e r  a x i s  show t h a t  t h e  s i d e - c h a i n s  

a r e  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  whi  l e  t h e  s m e c t i c  l a y e r s  

and, as a consequence, t h e  main c h a i n s  a r e  p a r a l l e l  t o  t h e  

s t r e t c h i n g  d i r e c t i o n .  

(iii) p a r a l l e l  d i f f u s e  t i n e s  wh ich  a r i se  f r o m  u n c o r r e l a t e d  

p e r i o d i c  columns ( 9 ) .  The p e r i o d i c i t y  i n  t h e s e  columns i s  

t h e  same as t h e  s m e c t i c  p e r i o d i c i t y  ( i . e .  t h e  m o l e c u l a r  

Length L) but t h e y  a r e  o u t  o f  t h e  mean p o s i t i o n  i n  t h e  l a y e r  

p lane .  The c o r r e l a t i o n  l e n g t h  can b e  measured f r o m  t h e  w i d t h  

o f  t h e  d i f f u s e  l i n e s  and i s  o f  t h e  o r d e r  o f  240 A ( i . e .  8 

s i d e - c h a i n s ) .  From t h e  q dependence o f  t h e  i n t e n s i t y  o f  t h e  

d i f f u s e  l i n e s ,  t h e  a m p l i t u d e  o f  t h e  d i s p l a c e m e n t  f r o m  t h e  

l a y e r  p l a n e  can b e  e v a l u a t e d  ( 3 A ) .  

( i v )  f o u r  d i f f u s e  spo ts .  I n  f a c t ,  t h e s e  s p o t s  a r e  t h e  i n t e r -  

s e c t i o n  o f  two d i f f u s e  r i n g s  l o c a t e d  i n  r e c i p r o c a l  p l a n e s  

(OOR) w i t h  R c l o s e  t o  - 2 lo. They o r i g i n a t e  i n  a p e r i o d i c  
t 
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C 

SMECTIC SIDE-CHAIN POLYMERS 

f i r s t  o r d e r  . . -  

s e c o n d  order . -  
third order 

50 

F I G U R E  5 - I n t e r m o l e c u l a r  d i s tance  (---) and Layer spac ing  
(-) i n  polymer BCH 6 3 

38 1 

- 
F I G U R E  6 - X-ray d i f f r a c t i o n  p a t t e r n  ob ta ined  f o r  polymer 

BCH 6 u s i n g  o r i e n t e d  f i b e r s  3 

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:
04

 1
9 

Fe
br

ua
ry

 2
01

3 



382 S .  ESSELIN, C. NOEL, G. DECOBERT AND J .  C. DUBOIS 

m o d u l a t i o n  o f  a d j a c e n t  l a y e r s  w i t h  a wave v e c t o r  a p a r a l l e l  

t o  t h e  l a y e r  p lane .  Knowing t h e  p o s i t i o n  o f  t h e  d i f f u s e  s p o t s  

and t a k i n g  i n t o  accoun t  t h a t  t h e  r e f l e c t i o n s  a r e  n o t  seen 

f o r  h > 1 and  R 2, we can deduce t h a t  t h e  p e r i o d  o f  u n d u l a -  

t i c n  i s  a = 20 A w i t h  mean square  f l u c t u a t i o n s  o f  about  5 

and 4 A i n  a d i r e c t i o n  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  l a y e r  

p Lanes, r e s p e c t i v e l y .  

Polymer BCH311 

0 

F o r  po l ymer  BCH 11, X-ray d i f f r a c t i o n  p a t t e r n s  o b t a i n e d  w i t h  

powder samples i n  t h e  t e m p e r a t u r e  range  115-145°C a r e  c o n s i s -  

t e n t  w i t h  a "monolayer"  s m e c t i c  A phase (F ig.7) .  Below I I O ' C ,  

t h e  d i f f r a c t i o n  p a t t e r n s  a r e  e s s e n t i a l l y  t h e  same as t h o s e  

f o r  t h e  s m e c t i c  A phase e x c e p t  t h a t  t h e  i n n e r  r i n g s  c o r r e s -  

pond  t o  a B ragg  s p a c i n g  wh ich  i s  l e s s  t h a n  t h e  m o l e c u l a r  

l e n g t h  L. T h i s  s u g g e s t s  a t i l t e d  s m e c t i c - l i k e  o r d e r i n g .  A 

t i l t  a n g l e  o f  20" would accoun t  f o r  t h e  d i f f e r e n c e  between 

t h e  ex tended  model l e n g t h  L and t h e  l a y e r  s p a c i n g  d. A pure 

f i b e r  d iag ram f o r  t h e  s m e c t i c  phase c o u l d  n o t  b e  o b t a i n e d  

because o f  t h e  s t r o n g  tendency  o f  p o l y m e r  BCH 11 t o  c r y s t a l  

l i z e .  However, t h e  d i f f r a c t i o n  p a t t e r n s  o b t a i n e d  u s i n g  s t r e t -  

ched o r i e n t e d  f i b e r s  (F ig .  8 )  a r e  c h a r a c t e r i z e d  by  i/ equa- 

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

a r e  found  t o  b e  33.5 A wh ich  i s  s m a l l e r  t h a n  t h e  m o l e c u l a r  

Length L and ii/ f o u r  l a r g e - a n g l e  a r c s  wh ich  a r e  r o u g h l y  

e q u i d i s t a n t  f r o m  t h e  o r i g i n  and wh ich  f o r m  p a i r s  a l i g n e d  on 

s t r a i g h t  t i n e s  making an a n g l e  w i t h  r e s p e c t  t o  t h e  f i b e r  

a x i s .  T h e r e f o r e  one can conc lude  t h a t  t h e  mesogenic  g r o u p s  

a r e  t i l t e d  w i t h  r e s p e c t  t o  t h e  l a y e r  p lanes .  

3 

3 

PoLymer B C L l l  

I n  t h e  t e m p e r a t u r e  range 76-140°C, p o l y m e r  B C l l l  g i v e s  

d i f f r a c t i o n  D a t t e r n s  c h a r a c t e r i s t i c  o f  a d i s o r d e r e d  l a m e l l a r  
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SMECTIC SIDE-CHAIN POLYMERS 

40- 

4 

30- 

first order . 
I 

I 

20. 
second order - - third order 

10. 

T ("C) 150 
50 100 

FIGURE 7 - I n t e r m o l e c u l a r  d i s t a n c e  (---) and l a y e r  spa- 
c i n g  (-) i n  po lymer  BCH 11 

3 

383 

FIGURE 8 - X-ray d i f f r a c t i o n  p a t t e r n s  o b t a i n e d  f o r  p o l y m e r  
ECH 11 u s i n g  o r i e n t e d  f i b r 2 . s .  

3 
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384 S .  ESSELIN, C .  NOEL, G. DECOBERT AND J .  C. DUBOIS 

s t r u c t u r e .  They show a d i f f u s e  ou te r  r i n g  l oca ted  a t  

q = 1.3-1.4 A which corresponds t o  t h e  average in te rmo le -  

c u l a r  spacing. I t  i s  t o  b e  no ted  t h a t  the  f i r s t  o rde r  r e f l e c -  

-1 

t i o n  a t  about 35 A i s  weak i n  comparison w i t h  t h e  second 

and t h i r d  r e f l e c t i o n s .  The L a t t e r  correspond t o  d spacings 

o f  11.8 A and 17.6 A i n  good agreement w i t h  t h e  extended 

molecu la r  Length L = 35-36 A. These r e s u l t s  a re  cons is ten t  

w i t h  a "monolayer" smect ic A - l i k e  s t r u c t u r e .  The Low i n t e n -  

s i  t y  o f  the  f i  r s t  o rde r  t r a n s i t i o n  may be i n t e r p r e t e d  as 

a r i s i n g  from some o r g a n i z a t i o n  i n  the  smect ic l a y e r s  : t h e  

c h l o r i n e  atoms i n  the  main cha in  do impose a l o c a l  orde- 

r i n g  o f  t he  mesogenic s i d e  groups. S i m i l a r  r e s u l t s  were 
6 

ob ta ined  f o r  polymer A C l l l  

0 

0 

A pure f i b e r  diagram f o r  t he  smect ic  phase c o u l d  n o t  be 

ob ta ined  because o f  t he  s t r o n g  tendency o f  polymer B C l l l  

t o  c r y s t a l l i z e .  However, the  d i f f r a c t i o n  p a t t e r n s .  ob ta ined  

us ing  s t r e t c h e d  o r i e n t e d  f i b e r s  (Fig.9) a r e  c h a r a c t e r i z e d  

b y  two se ts  o f  s t rong  r e f l e c t i o n s :  one on the  equator  w i t h  

a d-spacing o f  - 35 A which corresponds approx imate ly  t o  

the  l eng th  o f  a side-chain, t he  o t h e r  on the  mer id ian  which 

can be assigned t o  the  average d i s tance  between successive 

mesogenic s i d e  groups. From the  p o s i t i o n  o f  t he  two s e t s  

o f  r e f l e c t i o n s ,  i t  f o l l o w s  t h a t  t h e  s ide-cha ins  a r e  perpen- 

d i c u l a r  t o  t h e  f i b e r  a x i s  w h i l e  the  main-chains a r e  p a r a l l e l  

t o  the  s t r e t c h i n g  d i r e c t i o n .  

I n  add i t ion ,  p a r a l l e l  d i f f u s e  L ines  a re  observed a long 

the  equator. As observed f o r  polymer BCH 6, these l i n e s  

a r i s e  from u n c o r r e l a t e d  p e r i o d i c  columns which have the  

same p e r i o d i c i t y  as the  smect ic  layers,  i .e.  L = 35 A, b u t  

a re  ou t  o f  t he  mean p o s i t i o n  i n  the  l a y e r  plane. The co r re -  

3 

l a t i o n  l eng th  i s  o f  the  o rde r  o f  220 A ( i .e.  6 s ide-cha ins)  
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SMECTIC SIDE-CHAIN POLYMERS 385 

FIGURE 9 - X-ray d i f f r a c t i o n  p a t t e r n  ob ta ined  
B C l l l  u s i n g  o r i e n t e d  f i b e r s  

and the  displacement from t h e  mean p o s i t i o n  i s  

o r  polymer 

u = 4 A .  

F i n a l l y ,  t h e  f o u r  d i f f u s e  spots  seen o u t  o f  t h e  equa- 

t o r i a l  l i n e  can be  asc r ibed  t o  a p e r i o d i c  modu la t ion  o f  wave 

v e c t o r  a p a r a l l e l  t o  the  l a y e r  p lane.  However, they  a re  o f  

ve ry  loV i  i n t e n s i t y  which makes i t  d i f f i c u l t  t o  determine the  

p e r i o d  o f  undu la t ions .  

4 .  CONCLUSIONS 

The da ta  ob ta ined  f o r  polymers A X r  5'6 and BXn r e v e a l  change 

i n  t h e  s t r u c t u r e  o f  the  mesophases as X and n are var ied .  

The f o l l o w i n g  remarks shouLc!be no ted  : 

- The l a y e r  spacings determined f o r  polymers where n = 2 

a re  cons is ten t  w i t h  t h e  fo rma t ion  o f  " b i  l a y e r "  s t r u c t u r e s  

- The l a y e r  spacings c a l c u l a t e d  f o r  polymers w i t h  longer  

f Lex ib le  spacers imp ly  "monolayer" s t r u c t u r e s .  The X-ray 

p a t t e r n s  ob ta ined  us ing  o r i e n t e d  f i b e r s  p resent  p a r a l l e l  D
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386 S .  ESSELIN, C. NOEL, G .  DECOBERT AND J .  C. DUBOIS 

d i f f u s e  l i nes .  These l i n e s  a r i s e  from u n c o r r e l a t e d  columns 

which have t h e  same p e r i o d i c i t y  as t h e  smect ic  Layers b u t  

a r e  ou t  o f  t he  mean p o s i t i o n  i n  the  l a y e r  p lane .  

- I n  monolayer smectics, t h e  change from H t o  Me o r  C l  i n  

the  polymer backbone seems t o  c o n s t r a i n  the  polymer which 

r e s u l t s  i n  a p e r i o d i c  modu la t ion  o f  ad jacent  layers .  

- For polymers A C L l l  and BCLII, the  r a d i a l  ex tens ion  o f  t h e  

o u t e r  r i n g  i n  the  X-ray p a t t e r n s  o f  powder samples i s  sma l l  

compared t o  o r d i n a r y  S l i q u i d  c r y s t a l s  and the  f i r s t  o rde r  

r e f l e c t i o n  i s  weak. There fore  the  c h l o r i n e  atoms i n  t h e  

main cha in  do impose a l o c a l  o r d e r i n g  on the  mesogenic 

s i d e  groups. 

A and C *  phases a re  observed thus  making these polymers 

i n t e r e s t i n g  f o r  the  f a b r i c a t i o n  o f  e l e c t r o  o p t i c a l  devices 

based on f e r r o e t e c t r i  c p r o p e r t i e s .  

A 

For potymers AH2, A C H  7, ACH 11 and BCH 11 b o t h  smect ic 3- 3 3 
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