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SUMMARY 

Measurements of both apparent molecular w e i g h t  and 

second viriel coefficient of solutions of styrene-4-vinyl- 

pyridine copolymer in ethyl benzoate containing varying 

concentrations of methyl methacrylate-methacrylic acid 

copolymer ieorefractive with ethyl benzoate were carried 

out by low angle laser light scattering. The apparent 

molecular weight depended very little on the acidic copo- 

lymer concentration. The second virial coefficient First 

decreased rapidly, then increased and Finally tends to 

level off as the acidic copolymer concentration was raised. 

Great association is observed when the visible polymer is 

in excess. 

INTRODUCTION 

It is well known that solutions of high molecular 

weight polystyrene [PS) and poly(methyl methacrylate) 

[PMMA) are incompatible (OOBRY and BOYER-KAWENOKI 1947, 

KERN and SLOCOMBE 1955 s KRAUSE 1972 ). We have  p r e v i o u a l y  

(OJADOUN et el. 4977) studied systems of these two incom- 

patible polymers and have shown that depending on the 

solvent used, compatible pairs of random copol~mera of 

styrene-4-vinylpyridine (SB) end of methyl methacrylate- 

methacrylic acid [MA] containing only small amount of 

interacting groups were obtained. Systems of higher content 

of interacting groups led to the Formation of a concentra- 

ted phase which was in equilibrium with a phase containing 

mostly solvent. 
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L i g h t  s c a t t e r i n g  i s  one  o f  s e v e r a l  t e c h n i q u e s  t h a t  can 

be used  t o  s t u d y  a s s o c i a t i o n s .  The themomy o f  l i g h t  s c a t -  

t e r i n g  f r om t e r n a r y  sys tems  (STOCKMAYER t 9 5 0 ,  FLORY and 

KRIGBAUM t 9 5 ~ ) ,  has been used  by a number o f  a u t h o r s  

(HYOE and TANNER t 9 6 8 ,  KUHN e t  e l .  1968,  KUHN and CANTOW 

1969]  t o  s t u d y  i n t e r a c t i o n s  be tween  two d i f f e r e n t  p o l y m e r  

c h a i n s .  U s i n g  s s o l v e n t  i s o r e f r s c t i v e  w i t h  one  o f  t h e  

p o l y m e r s ,  KUHN s t  e l .  c a r r i e d  o u t  e x p e r i m e n t s  o f  t e r n a r y  

sys tems  o f  PS and PMMA i n  benzene  i s o r e f r a c t i v e  w i t h  PMMA 

and f o u n d  t h a t  t h e  a p p a r e n t  second  v i r i a l  c o e f f i c i e n t  o f  

t h e  PS depended  s t r o n g l y  on  b o t h  t h e  c o n c e n t r a t i o n  and 

t h e  m o l e c u l a r  w e i g h t  o f  t h e  PMMA. They showed t h a t  f o r  

p o l y m e r s  o f  h i g h  m o l e c u l a r  w e i g h t ,  t h e  second  v i r i a l  c o -  

e f f i c i e n t  o f  t h e  PS d e c r e a s e d  r a p i d l y  w i t h  an i n c r e a s i n g  

c o n c e n t r a t i o n  o f  t h e  i n v i s i b l e  PMMA and them l e v e l l e d  o f f .  

S i m i l a r l y  VAN DER ESKER e t  e l .  f o u n d  t h a t  t h e  second  v i -  

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

[ i s o m s f r a c t i v e  w i t h  t o l u e n e )  c o n c e n t r a t i o n  i n c r e a s e s .  

The p u r p o s e  o f  t h i s  work  was t o  s t u d y  t h e  a s s o c i a t i o n  

be tween  t h e  a c i d i c  and b a s i c  c o p o l y m e r s  by low a n g l e  l a -  

s e r  l i g h t  s c a t t e r i n g  measu remen ts  o f  t h e  a p p a r e n t  m o l e c u -  

l a r  w e i g h t  and second  v i r i a l  c o e f f i c i e n t  o f  s b a s i c  s t y -  

r e n e  c o p o l y m e r  i n  e t h y l  b e n z o a t e  s o l u t i o n s  c o n t a i n i n g  v a -  

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

p o l y m e r  whose r e f r a c t i v e  i n d e x  ma tched  t h a t  o f  t h e  s o l v e n t .  

EXPERIMENTAL 

Homopo lymera  end c o p o l y m e r s  o f  s t y r e n e  end o f  m e t h y l  

m e t h a c r y l a t e  we re  o b t a i n e d  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  

st 60~ with azo-bia isobutyromitrile[AIBN) as the ini- 

tiator and s t  c o n v e r s i o n s  be low  15 %. The c o p o l y m e r s  o f  

styrene-4-vinylpyridine and of methyl methacrylate math- 

a c r y l i c  a c i d  were  c h a r a c t e r i z e d  s p e c t r o s c o p i c a l l y  and by 

t i t r a t i o n  [OJAOOUN 1 9 7 9 ] .  

F ~ i o r  t o  l i g h t  s c a t t e r i n g  m e a s u r e m e n t s ,  q u a l i t a t i v e  t e s t s  

were  c a r r i e d  o u t  on t h e  t e r n a r y  phase  e q u i l i b r i a .  As e x -  

p e c t e d ,  we f o u n d  t h a t ,  w h i l e  PS and PMMA i n  e t h y l  b e n z o a t e  
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e x h i b i t e d  p h a s e  s e p a r a t i o n  w i t h  t w o  d i l u t e  p h a s e s ,  e a c h  

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

M A - S . I O  ( m e t h y l  m e t h a c r y l a t e - m e t h a c r y l i c  a c i d  c o p o l y m e r  

containing 5.10 mole % of methacrylic acid) and S8-S.80 

[copolymer of styrene-4-vinylpyridine with 5.80 mole % 

of 4-vinylpyridine] in the same solvent led to homoge- 

nous solutions up to a polymer concentration of I0 % 

by weight. 

Bayleigh Ratios : 

Solutions of various concentrations of the acidic 

copolymer MA-S.IO in ethyl benzoate were prepared and 

e a c h  s o l u t i o n  was  u s e d  a s  t h e  s o l v e n t  f o r  a s e r i e s  o f  

solutions of the basic copolymer SB-5o80 of different 

concentrations I0 -3- 6xi0 -3 g/ml All measurements of 

the Rayleigh factors for copolymers and their mixtures 

were carried out with the low angle laser light scattering 

photometer KMX-S manufactured by CHROMATIX at a wavelength 

of 633 nm. 

Refractive index increment measurements: 

Since the Rayleigh factors were determined ate= 633 

nm, it would have been appropriate to measure the [dn/dc] 

st the same wavelength. With the 8rice-Phoenix Oifferential 

Refractometer, this could not be carried out directly; 

however, the refractive index is known to vary with the 

wavelength according to CHUGLIN 1972]: 

n = s + s ' / ~ e  + = " I X 4  

A similar relation should then be valid for [dn/dc). Ne 

therefore determined t h e  [ d n / d o )  a t  ~ = 4 3 6  nm a n d  ~ = S45  

nm and by interpolation of a plot of [dn/dc) against II~ 

we e s t i m a t e d  t h e  v a l u e s  o f  [ d n / d c ]  a t X  = 633 nm. 

RESULTS 

The low angle capability permits simple, rapid and 

m o r e  a c c u r a t e  m e a s u r e m e n t s  o f  m o l e c u l a r  w e i g h t  [Mw ) a n d  

s e c o n d  v i r i a l  c o e f f i c i e n t  ( A 2 )  , c a l c u l a t e d  by  l i n e a r  

regression analysis from the intercept and the slope of 

Kc/~R 9 versus concentrations . ~R~ is the difference 
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between the Rayleigh ratio of the solution and that of 

the solvent. The constant K is given by 

K = [21~n~ / NX4]. [dn/do] e. [ I  + c o s a a ]  

where N is Avogedrots mumber~ the wavelength~ n the 
o 

refractive index of the solvent and Q the average scat- 

tering angle. The refractive indices of ethyl benzoate 

and dioxene used in the calculations of the K values ape 

1.500 and 1.4~0 respectively, The estimated value of the 

(dn/do] in ethyl benzoate of the $8-5.80 was found to be 

much larger than that of the acidic copolymer for which 

the [dn/dc] was very close to zero. 

The molecular weight fop the $8-5.80 and MA-5.10 

copolymers in dioxene are obtained ss 3.TxlOBsnd 8.10xlO 5 

repectively; their second virisl coefficients are found to 

be 7,SxlO -B and 12,6xI0 -6 respectively. 

To study the association between the acidic and basic 

copolymers m we determined the apparent weight average 

molecular weight for the S8-5.80 in solutions of the 

acidic copolymem in ethyl benzoate fop which Cdn/dc] is 

sufficiently small [0.005] to neglect its contribution 

to light scattering. Apparent weight average molecular 

weights and second vimial coefficients are summarized in 

Table [I]; their plots as a function of the acidic copoly- 

mar concentration ape shown in figures [1:2] . Fig. C3] 

exhibits the variation of Kc/Z~Rg for each concentration of 

the SB-5.80 st the different concentrations of the MA-5.10. 

TABLE 1 

Weight Average Molecular Weight and Apparent Second ViPial 
Coefficient for SB-5.80 in ethyl benzoate solutions of 
MA-5 .10  c o p o l y m e r .  

c x l O  4 [ g / m l  ] 1/1~ w 10-51~w 106A2 

0.  O0 2 . 8 0  3057 S. 87 

4 . 0 0  2 . 7 0  3 . 7 0  5~ t3  

10 .00  2 . 6 0  3 . 8 4  2 . 2 0  

2 0 . 0 0  2 . 2 0  4 . 5 4  5 . ~ 8  

40.00 2.18 4.S8 5 . 7 6  
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DISCUSSION 

In order to characterize the effect of the invisible 

polymer on the extension of the other species, light scat- 

tering From solutions containing two homopolymers incom- 

patible with each other in a medium isorefraotive with 

one of the polymeric species has been carried out by a 

number of authors CHYDE and TANNER ISGg, KUHN et al0 196B)o 

Let us now consider the results to be expected in light 

scattering From solutions containing two polymers carrying 

small amounts of strongly interacting groups, compatible 

with each other and with one of the polymeric species 

isorefractive with the medium. The principles governing 

the behavior of such systems can be most easily unders- 

tood by considering a model system containing two trifun- 

ctional species. 

Let us assume for simplicity that the association of 

the interacting groups goes to completion ; then, if the 

invisible species CA) is in large excess, each molecule 

of the visible polymer CB] will associate with three 

molecules of CA) If f is the weight fraction of visible 

polymer in the complex 

[dn/dC]comple X = f. Cdn/dc) 

Ccomple x = Cvisibl e / f 

so t h a t  Kvis. Ovis. / ~ R g  = 

visible 

and Mcomple x = Mvis./ f 

I /M 
vie. 

Since these species are invisible, the presence of MA-5.10 

will have no effect on the observed molecular weight. 

Conversely when S B - 5 o 8 0  is in large excess, these mole- 

cules will associate with one [A] and the molecular wei- 

ght will be three times that of an isolated [B). Of course 

this model is unrealistic in that associations of inter- 

acting groups do mot go to completion, depend on the sol- 

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

d e c r e a s e  w i t h  i n c r e a s i n g  d i l u t i o n ~  
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Figure (i) 
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5 .  

4 . 0  

2 . 0  

Figure (23 

IoSA;~ 

0.1 0.2 0.3 0.4 0 0 . I  0.2 0.3 0.4 

CMA_5.10 Cg/iO0 ml] CMA_5.10 Cg/4OO ml] 

Figure [ i ] :  

Figure [2) : 

R e c i p r o c a l  o f  t h e  w e i g h t  a v e r a g e  m o l e c u l a r  
w e i g h t  o f  $ 8 - 5 . 8 0  v e r s u s  c o n c e n t r a t i o n  o f  
t h e  M A - 5 . 4 0  c o p o l y m e r .  

A p p a r e n t  s e c o n d  v i r i s l  c o e f f i c i e n t  o f  t h e  
S B - S . 8 0  v e r s u s  c o n c e n t r a t i o n  o f  t h e  M A - 5 . 1 0  
c o p o l y m e r .  

Figure C3) shows plots of our light scattering data 

of  given concentrat ions o f  the 58-5.80 copolymer as s 

function of the acidic copolymer; all these graphs exhi- 

bit s minimum; f o r  s smell concentrat ion o f  the 58-5.80 

CO.4g/IO0 ml),  the Ko/~@ values remained p r a c t i c a l l y  

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

i n c r e a s e d  [ i n e x c e s s ) .  On i n c r e a s i n g  t h e  c o n c e n t r a t i o n  

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

p i d l y  f o r  small ooncentpstions, then increased and f i -  

n a l l y  levelled off on further increase of the acidic co- 

polymer concentrat ion.  The minimum o f  these p lo t s  i s  sh i -  

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

mar  a s  t h e  c o n c e n t r a t i o n  o f  t h e  b a s i c  c o p o l y m e r  i n c r e a s e s .  
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T h i s  may be an e x p l a n a t i o n  o f  t h e  e x p e c t e d  g r e a t  a s s o c i a -  

t i o n  when t h e  v i s i b l e  p o l y m e r  i s  i n  l a r g e  e x c e s s .  As t h e  

c o n c e n t r a t i o n s  o f  b o t h  c o p o l y m e r s  i n c r e a s e ,  i n t e r a c t i o n s  

b e t w e e n  m o l e c u l a r  c h a i n s  o f  MA-5otO s p e c i e s  o c c u r  and r e -  

duce  t h e  a c i d - b a s e  i n t e r a c t i o n s  as shown f r o m  t h e  i n c r e a s e  

o f  t h e  K c / ~ A Q  v a l u e s  i n  f i g .  C3 ] .  T h a t  t h e  t e n d e n c y  t o  l e v e l  

o f f  on i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  v i s i b l e  c o p o l y -  

mar  o c c u r s  s t  l o w e r  v a l u e s  t h a n  f o r  t h e  v i s i b l e  c o p o l y m e r  

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

a c t i o n s .  I f  we c h a r a c t e r i z e  t h e  a p p a r e n t  m o l e c u l a r  w e i g h t  

by t h e  v a l u e  o b t a i n e d  by e x t r a p o l a t i o n  o f  t h e  l i n e a r  p o r -  

t i o n s  o f  t h e  p l o t s  o f  K c / ~ R g  a g a i n s t  c ,  t h e n  we o b t a i n  

v a l u e s  i n c r e a s i n g  v e r y  s l i g h t l y  f r o m  3 . B x l O  5 t o  4 . 6 x t 0  5 

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

f r o m  z e r o  t o  0 . 2  g / t O 0  ml  . The m o l e c u l a r  w e i g h t  l e v e l l e d  

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

t i o n  to 0.4 g/lO0 ml. With nonsssociating particles the 
7.5~ 

10 6Kc/~Rg 

\ 
6 . 5  ~ 

I 
I 

Ca) _ _ - x  

\', / 
4.S , \ / /  ~ 

~ 

0 0 . 1  0 . 2  0 . 3  0 . 4  o f  t h e  c o n c e n t r a t i o n  o f  t h e  

c o n c e m t r s t i o n  [ g / l O 0  m l ]  a c i d i c  c o p o l y m e r  i s  r a t h e r  

F i g u r e  [ 3 ]  : P l o t s  o f  Kc /~R~ o f  u n c e r t a i n .  HARRINGTON and  
t h e  SB-5.BO v e r s u s  t h e  a c i S i c  
c o p o l y m e r  c o n c e n t r a t i o n =  Ca] 0 . 1  BURKE h a v e  f o u n d  f r o m  b o t h  
g/1OOml ,[b) O. ;~ g/lO0 ml;[c] 
0.4 g/lO0 ml; Cd) 0.6 g/lO0 ml. 

~econd virial coefficient 

A 2 obtained from the slope 

of the Kc/~Rg plot is a 

m e a s u r e  o f  t h e  e x c l u d e d  

v o l u m e  U, i . e .  A 2 = U/M 2 .  

When we d e a l  w i t h  a s s o -  

c i a t i n g  p a r t i c l e s ,  t h e  s i -  

t u a t i o n  is more complica- 

ted, s i n c e  t h e  a p p a r e n t  

m o l e c u l a r  w e i g h t  a t  any  

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

both by solutiom monidea- 

l i t y  and t h e  v a r y i n g  mass 

o f  t h e  p a r t i c l e ,  t h u s  an 

i n t e r p r e t a t i o n  o f  A 2 p l o t -  

t e d  in Fig. J2] as funotion 
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t h e  c o n c e n t r a t i o n  dependence  o f  t h e  r e d u c e d  v i s c o s i t y  s t u -  

d i e s  and h i g h  speed s e d i m e n t a t i o n  e q u i l i b r i u m  s t u d i e s  t h a t  

m y o s i n  m o l e c u l e s  a r e  i n  r a p i d ,  r e v e r s i b l e  e q u i l i b r i u m  w i t h  

e d i m e r i c  s p e c i e s  a t  h i g h  i o n i c  s t e n g t h .  They  o b s e r v e s  s 

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

v e r s u s  c o n c e n t r a t i o n .  They  c o n c l u d e d  t h a t  t h e  p r e s e n c e  o f  

s min imum i s  a s t r o n g  i n d i c a t i o n  o f  n o n - i d e a l  a s s o c i a t i n g  

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

i n  t h e  m i x t u r e  used  i n  o u r  e x p e r i m e n t s  was 0 . 4  g / l O D  m l ;  

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

m i g h t  l e a d  t o  s i m i l a r  phenomena as t h o s e  o b s e r v e d  by 

HARRINSTON and BURKE whose e x p e r i m e n t s  were  c a r r i e d  o u t  a t  

much h i g h e r  c o n c e n t r a t i o n s .  T e n t a t i v e l y ,  we assume t h e t  

t h e  d e c r e a s e  i n  A 2 o b s e r v e d  a t  l ow  c o n c e n t r a t i o n s  o f  t h e  

a c i d i c  o o p o l y m e r  i s  due t o  d e s o l v a t i o n  f o l l o w i n g  m o l e c u -  

l a r  a s s o c i a t i o n .  A t  h i g h e r  c o n c e n t r a t i o n s ,  t h e  a c i d i c  c o -  

p o l y m e r  may a s s o c i a t e  w i t h  i t s  own k i n d  by c e r b o x y l  d i m e -  

r i z s t i o n  and t h i s  w o u l d  compete  w i t h  t h e  a c i d - b a s s  a s s o c -  

i a t i o n  , reducing the desolvation of the basic copolymer. 
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