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L I Q U I D  CRYSTALLINE SIDE CHAIN POLYMERS DERIVED FROM 
POLY-ACRYLATE, POLY-METHYACRYLATE AND POLY-a-CHLOROACRYLATE 

Jem-Claude Dubois, Guy Decobert, P ie r re  Le Barny 

Thomson-CSF, L. C.R. a Domaine de Corbeville , Orsay a FRANCE 
- 

Sophie Esse l in ,  Claude Friedrich , Claudine N o E l  

ESPCI , Laboratoire de Physicochimie S t ruc tura le  e t  Macromolgcu- 

l a i r e ,  Pa r i s ,  FRANCE 

INTRODUCTION 

In t e re s t  i n  l i qu id  c rys t a l l i ne  side-chain polymers has grown 

tremendously i n  recent years because of t h e i r  t heo re t i ca l  aspects 

and t h e i r  po ten t i a l  applications.Over the  pas t  f e w  years , a con- 

s iderable  research e f f o r t  has been made i n  e lectro-opt ic  display 

using nematic ( ’ )  ( * )  or  smectic A ( 3 )  mesogenic side-chain po- 

lymers. On the  other  hand, non l i n e a r  op t i ca l  e f f ec t s  have been 

obtained with a nematic side-chain copolymer doped with a molecule 

exhibi t ing an extremely la rge  molecular hyperpolar izabi l i ty  p 
and poled with a D . C .  e l e c t r i c  f i e l d .  

(4) 

Diff icu l ty  i n  obtaining good or ien ta t ion  and mechanical 

hys te res i s  r e l a t ed  t o  t h e  semisolid character of the  phase have 

delayed the  use of smectic l i qu id  c rys ta l s .  However, i n t e r e s t  i n  

t he  synthesis of ch i r a l  mater ia ls  exhibi t ing t i l t e d  smectic phases 

has increased considerably since the  advent of a fast switching, 

b i s t ab le  , electro-opt ical  device based on t h e i r  f e r roe l ec t r i c  

propert ies .  

A s  par t  of a continuing e f f o r t  t o  produce new mater ia ls  sui-  
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350 J:C. DUBOIS et al. 

t ab l e  f o r  appl icat ions,  w e  have synthesized and s tudied  two 

famil ies  of side-chain polymers, with the  following general  

formulae : 

where n= 2-6 

where n=2, 6 ,  1 1  

and R= H ,  CH C1 
3’ 

From the l i qu id  c rys t a l  propert ies  of low molar mass 

compounds, we expect nematic mesophases f o r  polymers ( 1  ) 

and Ch, S 

mers ( 2 ) .  

and / o r  ch i r a l  t i l t e d  smectic phases f o r  poly- A 

SYNTHESIS 

Liquid c rys t a l l i ne  side-chain polymers a re  generally prepa- 

red by f r ee  rad ica l  polymerization of monomers having an 

ac t iva ted  double bond ( ac ry la t e s ,  methacrylates or  a-chloro- 

acry la tes )  and bearing a mesogenic unit attached t o  the  po- 

lymer backbone by f lex ib le  spacer groups. 

such 8s poly(hydrogenmethylsi1oxane) (5) ( 6 ) ,  sodium poly- 

acry la tes  ( 7 )  o r  sodium polyitaconates by using su i ta -  

b l e  react ive mesogenic compounds (Figure 1 ) .  

Another possible way i s  t o  modify reac t ive  polymers D
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LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 35 1 

Free Radical Polymerizatlon 
I 

X CHI=: 
I -  I '  

Chemical modification of a reactive polymer 
. addition of vinyl substituted mesogenic molecule 

to a poly(hydrogenmethylsiloxane1 

I 

. esterification via Phase-Transfer catalysis 

Figure 1. Synthesis of side-chain l iquid crysta l l ine  
polymers. 
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LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 353 

Polymers ( 1 )  and ( 2 )  were prepared by f r e e  r a d i c a l  poly- 

merization i n  so lu t ion  with t h e  use of azo-bis-isobutyronitrile 

as 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 re-precipi-  

t a t i o n s  i n t o  methanol a f t e r  which t h e  polymers were d r i e d  i n  

vacuo. Molecular he te rogenei t ies  and weight average molecular 

weights were determined by GPC using universa l  c a l i b r a t i o n  (Ta-  

b l e  I ) .  

Synthesis  of t h e  corresponding monomers i s  descr ibed e l se-  
( 9 )  (10)  ( 1 1 )  where 

RESULTS AND DISCUSSION 

Trans i t ion  temperatures i n  polymers were determined by means 

of a d i f f e r e n t i a l  thermal analyser,  Du Pont 1090. 

The s t r u c t u r e  of t h e  mesophases was i d e n t i f i e d  both by 

o p t i c a l  microscopy (us ing  a p o l a r i z i n g  microscope Olympus BHA- 
P equipped with a Mett le r  FP5 hot  s t a g e )  and X-ray invest iga-  

t i o n s .  X-ray d i f f r a c t i o n  p a t t e r n s  were recorded on f la t  f i l m s  

us ing Ni- f i l t e re  d C s  

produced by drawing f i b e r s  out  of  t h e  mesophase with a p a i r  

of tweezers.  

r a d i a t i o n .  Well-ori ented samples were 

POLYMERS ( 1 ) (TABLE- 2 )  

Polymers of t h i s  family a re  e s s e n t i a l l y  non c r y s t a l l i n e  i n  

charac te r .  We may observe t h a t  Tg decreases as t h e  length  of  

t h e  spacer  increases  because t h e  mesogenic group i s  moved 

away from t h e  skeleton and because of t h e  e f f e c t  of i n t e r n a l  

p l a s t i c i z i n g .  

There i s  no r e a l  evidence f o r  l i q u i d  c r y s t a l  p r o p e r t i e s  

i n  polymer PO-2. Rather,  t h i s  polymer resembles t y p i c a l  semi- 

c r y s t a l l i n e  polymers. The D.S.C. t r a c e  i s  charac te r ized  by a 

marked g l a s s  t r a n s i t i o n  at 84°C and a small endotherm at  113.5OC. 
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354 J.-C. DUBOIS ef a/. 

CJ 
E- 

L n  3 

h IP 

TABLZ 2 

Thermal P rope r t i e s  of  Polymers ( 1 )  

( a )  These values  were determined from t h e  unresolved peaks 

which correspond t o  t h e  S /N and N / I  t r ans i t i ons .Thus ,  

t h e  values  of AH are lower t h a n  those  t abu la t ed .  

( b )  This t r a n s i t i o n  does not  appear by D.S .C .  measuremnta 

A 

C 

on cooling. 
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355 LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 

Below t h i s  temperature no f l u i d i t y  can be detected and no typ ica l  

t ex ture  can be obtained.Above 113.5OC the  polymer gives a c l ea r  

i so t ropic  f l u i d  phase. By pressing over the  cover s l i p ,  however, 

birefr ingence appears. This e f f ec t  i s  observable up t o  140°C and 

may be due t o  polymer alignment under stress.The X-ray d i f f r ac t ion  

pa t te rns  obtained with unoriented samples exhibi t  a t  l a rge  d i f -  

f rac t ion  angles a diffuse broad r ing  which i s  r e l a t ed  t o  the  

l a t e r a l  in te r fe rences  between t h e  mesogenic cores and points  out 

t he  lack of l a t e r a l  per iodic  order. It corresponds t o  an average 

intermolecular spacing of approximately 4 .4  A. A seoond d i f fuse  

r ing  i s  seen at s m a l l  angles . I t  corresponds t o  a distance of 

about 23 A which i s  i n  excess of t he  length L of t he  side-chain 

i n  the  f u l l y  extended conformation ( L d 6 . 5  A )  but shorter  than 

2L.The X-ray d i f f r ac t ion  pa t te rns  obtained with s t re tch ing  orien- 

t e d  f ibe r s  do not exhibi t  Bragg ref lexions and are  s imi l a r  t o  

those obtained with nematic polymers.Note tha t  the  side-chains 

are  p a r a l l e l  t o  t he  s t r e t ch ing  d i rec t ion .  

0 

0 

0 

Polymers PO-3 and PO-& exhib i t  SAd phase and N phase,res- 

pect ively.  

By cooling down polymer PO-? from the  i so t ropic  s t a t e ,  

threaded and sch l ie ren  tex tures  with d isc l ina t ions  of s t rength 

- 1/2 appear f i rs t .  Then, a t  about 12OoC, a fan-shaped textu- 

r e  with foca l  conics is observed. X-ray d i f f rac t ion  pa t te rns  o f  a 

powder sample i s  consis tent  with a nematic mesophase a t  high 

temperature and a S mesophase at lower temperature.These 

r e s u l t s  are not i n  agreement with those reported by SHIBAEV e t  

al. (12). Indeed, these authors have described polymer PO-? as  

nematic from 40°C t o  120°C. 

+ 

Ad 

A reent ran t  polymorphism N, SA, Nre i s  observed w i t h  poly- 

A s  Qbserved with cer ta in  low molar mass cyan0 der ivat ives  

( 9 )  mer PO-6 . 

having SAd phases (13-15) polymers PO-3, PO-? and PO-6 i n  the  

smectic A s t a t e  exhib i t  a b i l aye r  s t ruc ture  i n  which the  side- 
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356 I.-C. DUBOIS et al. 

i: II I I I 
Q, 

D 

c ; p %  

0 1 Qo 

L Q) }s 

n 
0 

I- 
b 

F i g u r e  2 .  Thermal evo lu t ion  of t h e  modulation wave v e c t o r s  
in polymer PO-6 (----- d i f f u s e  r i n g s ) .  
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LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 357 

I 

'u a c n m  o o m  
- ( u r n  
. . .  m u m  o n 0  

( U C U M  
. . .  

H H H  

A ,-- 
w - c u  
a t - 0  

I 

c o w 0  
W f C U  

" M  
. . .  

H 
H H -  

(\I .-- 
7 

r 

TABLE 3 

mermal  P r o p e r t i e s  of Polymers (2) 

a : Very s m a l l  i n c r e a s e  i n  heat  capaci ty  

b : Very small endotherm. No t r a n s i t i o n  w a s  

de t ec t ed  by o p t i c a l  microscopy and X-ray 

d i f f r a c t  ion.  D
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358 J.-C. DUBOIS er a[. 

chains are  p a r t i a l l y  overlapped. I n  addition X-ray investiga- 

t i ons  show a diffuse r ing  which i s  r e l a t ed  t o  loca l  monolayer 

f luc tua t ions  (Figure 2 ) .  

P a r t i a l l y  b i layer  and monolayer f luc tua t ions  are also 

present simultaneously i n  the  nematic phase of polymer PO-4 

and i n  the  reentrant  nematic phase of  PO-6. When temperature 

decreases only monolayer f luctuat ions remain. 

POLYMERS ( 2 )  (TABU 3) 

Some of polymers ( 2 )  are e s sen t i a l ly  c rys t a l l i ne  i n  character  

and t h e i r  g lass  t r a n s i t i o n  temperature cannot be determined 

with accuracy from the  D.S.C. t races :  only a very small and 

diffuse increase i n  heat capacity occurs. I n  con t r a s t s  dielec- 

t r i c  measurements provide a simple and d i rec t  method of fo l lo-  

ning the  a - re laxa t ion  process (Table h).All th ree  series give 

the  same type of glass  t r ans i t i on  vs. f l ex ib l e  spacer p lo t  ( 

Fig. 3 ) .  As f o r  conventional polyacrylate  and polymethacrylate 

s e r i e s  

t r ans i t i on  temperature. This behaviour a r i s e s  from the  p l a s t i -  

c iz ing act ion of the  spacer ,  c f .  the  s imi la r  explanation pro- 

posed t o  explain the  decrease of Tg f o r  poly(n-alkylacrylates)  

and poly(n-alkylmethacrylates). With reference again t o  Fig.3,  

t he  glassy t o  l i qu id  mesophase t r a n s i t i o n  i s  strongly sh i f t ed  

towards lower temperature as the  f l e x i b i l i t y  of  t he  polymer 

backbone i s  increased.This e f f e c t  is c lear ly  demonstrated f o r  

polymers ( 2 )  with n=2 and the  following order of f l e x i b i l i t y  

i s  obtained: 

lengthening the  a l ipha t i c  spacer decreases the  g lass  

H )Me 5 C1 

The acry la te  polymer with n=2 exh ib i t s  both smectic A and 

C*phases.The X-ray d i f f rac t ion  pa t te rns  are cha rac t e r i s t i c  of 

disordered lamellar s t ruc tures  : t h e  outer  r i ng  i s  broad indica- 

t i n g  a disordered arrangement of t h e  molecules within the  layers  
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LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 359 

Temperature of d relaxation (glass 
transition) a t  differen; frequencies ( O C )  I 

120 Hz + 
X 35 

X 1 145 

X 70 

X 58 

I :  X 

X 

55 I 6o 

X not determined 

TABLE IV 

4 10 nz 

100 
45 
45 

170 
80 

75 

X 

X 

65 

Temperature of the glass transition of Polymers ( 2  

a t  various frequencies 
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360 J.-C. DUBOIS el al. 

Figure  3 .  Tg as a f u n c t i o n  of (n )  f o r  polymer I1 ( 2 , H ) .  
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LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 361 

Above 1 10°C, t h e  l a y e r  spacings d vary only s l i g h t l y  (F ig .4)  

and correspond t o  a lamel la r  thickness  of approximately 42.6 A 

Thus, it i s  c l e a r  t h a t ,  i n  t h e  smectic A s t a t e ,  d i s  twice t h e  

length o f  t h e  side-chain ca lcu la ted  from standard bond lengths  

and angles under t h e  assumption of an a l l  t r a n s  conformation of 

t h e  molecule. This  implies a form of b i l a y e r  s t ruc ture .At  about 

llO°C t h e  value of d decreases with decreasing temperature b u t  

t h i s  decrease t a p e r s  off and a t  lower temperatures d = 36-37 A 

which i s  l e s s  than  twice t h e  side-chain length L. The d i f f r a c -  

t i o n  p a t t e r n s  obtained using s t r e t c h i n g  o r i e n t e d  f i b e r s  indi-  

c a t e  t h a t  t h e  mesogenic side-chains a re  t i l t e d  with respec t  

t o  t h e  l a y e r  planes,  as ind ica ted  i n  Fig.  4b. 

0 

0 

\ 

If t h e  number of methylene u n i t s  i s  n=6 and n=l l  only mono- 

l a y e r  ( d  = L )  smectic A phases a r e  observed. 

A l l  t h e  polymethacrylates give smectic A phases. Again, f o r  

n=2, t h e  polymer has a b i l a y e r  s t r u c t u r e  while for n=6 and n=l l  , 
t h e  lamel la r  th ickness  corresponds t o  t h e  length  L of t h e  side- 

chain i n  t h e  f u l l y  extended conformation. It  i s  worth not ing  t h a t  

t h e  polymer where R=CH and n = l l  a l s o  e x h i b i t s  smectic C-like 

p r o p e r t i e s  between 5 8 O C  and gO°C. 

c 
3 

In  cont ras t  with t h e  a c r y l a t e  and methacrylate polymers of 

s t r u c t u r e  ( 2 ) ,  t h e  a -ch loropolyacry la tes  (X=C1) with n=2 and 6 

show no l i q u i d  c r y s t a l  p r o p e r t i e s .  On t h e  o ther  hand, t h e  member 

of t h i s  s e r i e s  n=l l  gives r i s e  t o  a t i l t e d  smectic phase with a 

lamel la r  s t r u c t u r e .  

CONCLUSION 

The s tudy of l i q u i d  c r y s t a l l i n e  polyacrylates  with te rmina l ly  

cyanobiphenyl-substituted side-chains allowed us t o  f i n d  a re-  

e n t r a n t  nematic phenomenon. Moreover, one of t h e  polymers (PO-4) 

e x h i b i t i n g  only a nematic mesophase between 42' and l l O ° C  is  use- 

f u l  as hos t  for SHG experiments. 
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A 
1:C. DUBOlS et al. 

20 1 
Figure 4 Polymer (2)  where X=H a n d  n=2.  

a. 

b .  

d(b)  as a func t ion  of temperature.  

Poss ib l e  models f o r  the smect ic  C*-like s t r u c t u r e .  
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363 LIQUID CRYSTALLINE SIDE CHAIN POLYMERS 

It i s  t o  be  expec ted  t h a t  t h e  - ,h ree  sj.de--ch#zin polymers 

of struc'ture: (2) (X=H, n=2; X=CH n=l  1 and X = : C l ,  n = l l )  which 

exh j. b i t, t, i It e d sme c t i c ph as e $5 p os, s F: s s a s p o n  t aneous pol a r  i z a- 

t i o n  end  arc f e r r o e l e c t r i  c .  Siicli ;I'ol;rmer,s m y  poss ib ly  be em- 

ployed i n  different form:; of a p p l i c a t i o n .  tlowever , pre l imina ry  

experl.ment:; on t h e  polymer where X-Ctll and n=l 1 show t h a t  t h e  

d-i ff i c u l t y  ? s t o  obt, z i n  good o r i  ent,at;-Lon. 

3 " 

3 
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