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VISCOELASTIC PROPERTIES OF SIDE C H A I N  MESOMORPHIC 
POLYMERS I N  NEMATIC PHASE : MELT AND SOLUTIONS 

CHRISTIANE CASAGRANDE, PASCALE FABRE, MADELEINE VEYSSIE, 
and CLAIRE WEILL 
College de France, Physique Matibre Condensge, 
Par i s  58me, FRANCE, 

H E I N O  FINKELMANN 
I n s t i t u t e  fiir Physikalische Chemie, 
3392 Clausthal-Zellerfeld,  WEST-GERMANY, 

Abstract  W e  have measured the  Franck e l a s t i c  coef f i -  
c i en t s  and the  t w i s t  v i scos i ty  constant f o r  thermotro- 
p i c  s ide  chain mesomorphic polymers, i n  m e l t  and i n  so- 
lu t ions .  The r e s u l t s  a r e  i n  agreement with a theo re t i ca l  
model based on an anisotropic  conformation of t he  main 
chain. 

INTRODUCTION 

During these l a s t  years ,  an increasing i n t e r e s t  has been de- 

voted t o  thermotropic s ide  chain mesomorphic polymers. How- 

ever ,  r e l a t i v e l y  l i t t l e  is known about t he  typ ica l  mechani- 

c a l  l i qu id  c rys t a l  p roper t ies  of these systems. W e  present  

here measurements of Franck e l a s t i c  coef f ic ien ts  and the 

t w i s t  v i scos i ty  constant f o r  a s e r i e s  of t h i s  kind of 

polymers, e i t h e r  pure o r  i n  d i l u t e  solut ions.  

The relevant  parameters of the  system are  N ,  the  degree 

of polymerization of t he  backbone, n the  number of methylene 

groups between the  main chain and the  mesomorphic moities,  T 

the  absolute  temperature and T =T/T the  reduced temperature. 

The formulae, the  glass temperatures T of the  polymers, and 

the  c lear ing  temperatures T of polymers and the  low- 
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194 C. CASAGRANDE, et al. 

FORMULAE Name Tc(K) T (K) e 

CH3 

[-si-gN 

(CH2ln 

376 287 I p95 

I p95 

I '50 378 282 

385 2 7 8  

O-$-CO0-$-OCH3 

f f l l  360 

'17 C 8 O-@-COO-@-OC6H13 365 

3 h 8  

2 C O-@-COO-@-OCH -CH=CH H13 6 2 

'13 C 6 O-@-COO-$-OC2H5 t12 

molecular-weieht l i q u i d  c r y s t a l s  (1.m.w.) we have s t u d i e d  

are summarized i n  Table I .  

N n 

95 4 

95 6 

50 6 

TABLE I 

EXPERIXENTAL PFOCEDURE 

Ye determined t h e  s p l a y  ( K i )  and bend (K ) e l a s t i c  c o n s t a n t s  3 
and t h e  t w i s t  v i s c o s i t y  c o e f f i c i e n t  y from the  s tudy  of a 

F rede r i cks  t r a n s i t i o n .  For measuring K 1  and yl, t h e  samples 

a r e  o r i e n t e d  between two g l a s s  s l i d e s  i n  a p l a n a r  t e x t u r e ,  

and f o r  measuring K3 ,  i n  a homeotropic t e x t u r e .  A magnetic 

f i e l d  H i s  a p p l i e d  pe rpend icu la r  t o  t h e  i n i t i a l  o r i e n t a t i o n .  

!Then H i s  l a r g e r  than  a c r i t i c a l  va lue  H 

p e a r s .  I t  i s  r e l a t e d  t o  t h e  e l a s t i c  c o n s t a n t s  by 

1 '  

a d i s t o r t i o n  ap- 
C '  
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VISCOELASTIC PROPERTIES OF SIDE CHAIN POLYMERS I95 

= (7/d)(Kl,3/Xa)1/2 where d i s  t h e  sample t h i c k n e s s  

t h e  an i so t ropy  of  t h e  d iamagnet ic  s u s c e p t i b i l i t y  . Hc1,3 1 
and x 
H i s  then  r a p i d l y  decreased t o  a va lue  Hf < Hc,  caus ing  t h e  

sample t o  r e l a x  t o  i t s  i n i t i a l  t e x t u r e .  I n  t h e  weak d i s t o r -  

t i o n  approximation, t h e  r e l a x a t i o n  time i s  g iven  by 

a 

2 

-1 x 2 2 

(Hc3 - Hf 
3 (Hf) = 2 X a h l  

-1 

, one g e t s  K3, w i t h  a good accuracy. 

Thus, by measuring T~ 
-1 y and K l  ; from T 1 3 

The measurements have been Derformed on pure Dolymers €' 
6 6 Pg5 and P50, on 1 . m . w .  M , , ,  !I 

of  t hese  t h r e e  polymers i n  a 1 . m . w .  s o l v e n t .  

f o r  severa l  va lues  of  H f ,  one g e t s  

4 
95' 

and !' 2 8' and on d i l u t e  s o l u t i o n s  

EXPERIMENTAL RESULTS 

DILUTE SOLUTIONS 

Phase diagram s t u d i e s  have shown. tha t  t h e  n a t u r e  of t h e  1 . m .  

w. compounds cons iderably  a f f e c t s  t h e  m i s c i b i l i t y  of t h e  

polymers i n  t h e  nematic range3-4 ; s i n c e  a s  f o r  b?,, t h e  m i s -  

c i b i l i t y  i s  complete i n  t h e  e n t i r e  t e n p e r a t u r e  range, we have 

chosen t h i s  compound as t h e  so lven t  f o r  t h e  polymers. \Je 

c h a r a c t e r i z e  t h e  s o l u t i o n  by t h e  cha in  concen t r a t ion  @ 
ch 

(number of cha ins  p e r  cm >, which w a s  v a r i e d  i n  t h e  range 

0-1Ol6 ch/cm3 ( 2  5 Z i n  weight ) .  

The main r e s u l t s  a r e  summarized below5 : 

I )  While t h e  s t a t i c  cons t an t s  a r e  t h e  same as i n  t h e  pure 

1 . m . w .  M I , ,  t h e  v i s c o s i t y  c o e f f i c i e n t  y i s  modified,  even 

i n  t h e  very  d i l u t e  regime, i n c r e a s i n g  by t h e  q u a n t i t y  6y 

3 

1 

1 '  
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196 C. CASAGRANDE, et a[. 

2) 6y v a r i e s  l i n e a r l y  wi th  Cp as expec ted  i n  t h e  d i l u t e  1 6 ~ h ’  
regime ; comparing P6 

s e s  when N i n c r e a s e s  ( f i g u r e  1 ) .  

3) Comparing P 4  and P6 
when t h e  coupl ing  between t h e  main cha in  and t h e  nematic moi- 

t i e s  i s  i n c r e a s e d .  

4 )  Dependence on TR : 6y 
when t h e  o r d e r  parameter S ( T / T  ) i n c r e a s e s  ( f i g u r e  2 ) .  I n  

f i g u r e  2 w e  a l s o  s e e  a change i n  the  tempera ture  denendence 

f o r  t h e  h i g h e s t  concen t r a t ion  @ = 9.1OI7 ch/cm , t h a t  we 

i n t e r p r e t  a s  t he  change from the  d i l u t e  t o  t h e  semi-d i lu te  

regime. 

model of F .  Brochard6, who has  c a l c u l a t e d  t h e  increment of  

t h e  t w i s t  v i s c o s i t y  c o e f f i c i e n t  y i n  a d i l u t e  s o l u t i o n  of 

polymers i n  a nematic s o l v e n t .  

and P 95 50 shows t h a t  the  e f f e c t  decrea- 

shows t h a t  t h e  e f f e c t  i s  inc reased  95 95 

i n c r e a s e s  when T I T  d e c r e a s e s ,  i . e .  1 

3 
ch 

A l l  t h e s e  r e s u l t s  a r e  i n  agreement wi th  a t h e o r e t i c a l  

1 

-f 
I f  n i s  t h e  d i r e c t o r  of t h e  nematic medium, n a r a l l e l  

2 2 2  t o  t h e  Z a x i s  
( R I  - Rll) 

6yl = @ c h . k T . ~ R . (  2 2  1 
R, . R.,, 

2 2 2 Where R A =  <x2> = <y > and Ri = <Z > a r e  t h e  s i z e  narameters  

of  t h e  backbone, and T i s  a c h a r a c t e r i s t i c  r e l a x a t i o n  t ime 

of t h e  cha in .  
R 

From t h e s e  formulae,  we can s e e  t h a t  t h e  e x i s t e n c e  of 

a non-zero v i s c o s i t y  increment 6y, imp l i e s  an a n i s o t r o n i c  

shape of t h e  polymer backbone : R,, # RL. This an i so t ropy  was 

confirmed by d i r e c t  measurements of r.ll and R on magneti- 

c a l l y  o r i e n t e d  samples o f  d i l u t e  and semi-d i lu te  s o l u t i o n s  

of P 4  and P6 
t h e  q v e c t o r  p a r a l l e l  and pe rpend icu la r  t o  t h e  d i r e c t o r .  

l. 

i n  M,, : by small-angle X-ray s c a t t e r i n g  wi th  25 50 
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VISCOELASTIC PROPERTIES OF SIDE CHAIN POLYMERS 

c ( c . g . s . ) 

0.58. l ow6  6 
' 5 0  

6 1 .43 .  p95 

30.6 . l o +  4 
95 

P 

I97 

EX CkJ /mole) 

108 

108 

98 

PURE POLYMERS 

The e l a s t i c  c o n s t a n t s  K1 and Kg a r e  of t h e  same o r d e r  

of magnitude f o r  a l l  t he  polymers and t h e  1 . m . w .  compounds. 

Comparing t h e  polymers,  we observe t h a t  bo th  K 1  and K3 
i n c r e a s e  wi th  N ,  bu t  ve ry  s l i g h t l y .  

The dependence w i t h  n i s  more pronounced (Table 11) : 

because of t h e  l a r g e  i n c r e a s e  of K3 when going from n = 5 

t o  n = 4 ,  t h e  an i so t ropy  of t h e  e l a s t i c  c o n s t a n t s  r ep resen ted  

by K 3 / K 1  i s  s i g n i f i c a n t l y  i n c r e a s e d  between t h e  two polymers,  

a s  evidenced by t h e  i n f l u e n c e  of t h e  backbone on t h e  Franck 

e l a s t i c i t y .  

Cons ider ing  now t h e  t w i s t  v i s c o s i t y  c o e f f i c i e n t  y l ,  we 

found t h a t  i t  was about t h r e e  o r d e r s  of  magnitude l a r g e r  f o r  

polymers than  f o r  the  analogous l . m . w . ,  and t h a t  i t  inc reased  

f a s t e r  w i th  dec reas ing  tempera ture .  

P l o t t i n g  yl(T,TR)/xa(TR) a s  a func t ion  of a b s o l u t e  

tempera ture ,  we f i n d  t h a t  t h e  exper imenta l  curves a r e  rea-  

sonably f i t t e d  by an exponen t i a l  law. 

X The va lues  of C and E a r e  r epor t ed  i n  Table 111, 
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198 C. CASAGRANDE. et al. 

The f a c t  t h a t  EX remains c o n s t a n t  when N v a r i e s  
5 (Pso + P6 ),  b u t  i n c r e a s e s  w i t h  t h e  s i z e  o f  t h e  s ide-q-ouus  

(P:5 + P6 ) s u p p o r t  t h i s  f ree-volume i n t e r p r e t a t i o n .  The pre-  

f a c t o r  C may t h e n  b e  d i s c u s s e d  i n  terms of B r o c h a r d ’ s  t h e o r y ,  

which i s  a l s o  v a l i d  f o r  melts’. It a p p e a r s  i n  p a r t i c u l a r  

t h a t ,  n b e i n g  c o n s t a n t ,  C i s  n e a r l y  D r o g o r t i o n a l  t o  N ,  i n  

agreement  w i t h  t h e  Rouse model, which seems r e a s o n a b l e  f o r  

t h e s e  r a t h e r  small  v a l u e s  of t h e  c h a i n  l e n g t h  (no e n t a n g l e -  

ment ) .  

95 

95 

CONCLUSION 

V i s c o s i t y  and X-ray s c a t t e r i n g  measurements of s i d e  c h a i n  

mesomorphic polymers  i n  a n e m a t i c  s o l v e n t  i n d i c a t e  an  a n i s o -  

t r o p y  of  t h e  conformat ion  of t h e  main c h a i n .  Our experimen- 

t a l  r e s u l t s  show t h a t  i n  t h e  m e l t  t h e  e l a s t i c  c o n s t a n t s  o f  

s i d e  c h a i n  polymers  are v e r y  c l o s e  t o  t h o s e  of t h e  ana logous  

low-molecular w e i g h t  n e m a t i c s .  However, t h e  e f f e c t  o f  t h e  

backbone i s  ev idenced  by t h e  v a r i a t i o n  of t h e  e l a s t i c  a n i s o -  

t r o p y  w i t h  t h e  s t r e n g t h  of t h e  c o u p l i n g .  On t h e  c o n t r a r y ,  

t h e  t w i s t  v i s c o s i t y  c o e f f i c i e n t ,  a l t h o u g h  i t  i s  s p e c i f i c  t o  

t h e  n e m a t i c  p h a s e ,  behaves l i k e  t h e  o r d i n a r y  v i s c o s i t y  i n  

c o n v e n t i o n a l  polymer m e l t s .  
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VISCOELASTIC PROPERTIES OF SIDE CHAIN POLYMERS 
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TABLE I1 : Variation of 
Ki,K3 and K3/K1 with t h e  
total number v of C atoms 
in the alkyl chain f o r  
polymers and 1.m.w. com- 
Dounds . 
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