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C h a r a c t e r i z a t i o n  of Copolymers 

and Polymer Mixtures  by G e l  

Permeat ion Chromatography 

J. 14. Goldwasser, Al f red  Rudin and W .  L .  Elsdon 
Guelph-Waterloo Cent re  f o r  
Graduate Work i n  Chemistry 

U n i v e r s i t y  of Water loo 
Water loo,  O n t a r i o ,  Canada NZL 3G1 

ABSTRACT 

Est imat ion  of molecular  weights  from GPC d a t a  i s  complicated 

when t h e  polymer sample c o n s i s t s  of a mixture  of homopolymers o r  of  s ta t i s -  

t i c a l  copolymers wi th  nonuniform composi t ions .  T h i s  i s  because s i z e s  of 

s o l v a t e d  polymer c o i l s  depend on s o l v e n t  i n t e r a c t i o n  wi th  b o t h  t h e  homo- 

and h e t e r o - u n i t s  of t h e  copolymers and because t h e  e x t e n t  of s o l v a t i o n  of 

d i f f e r e n t  homopolymers c a n  d i f f e r .  The o v e r a l l  d e g r e e  of s o l v a t i o n  may 

change e f f e c t i v e l y  wi th  composi t ion and u s e  of a s i n g l e  "average" s e t  of 

Mark-Houwink c o n s t a n t s  i n  c a l i b r a t i o n  procedures  w i l l  then  produce f a l s e  

molecular  weight  d a t a  from t h e  GPC d a t a .  A new molecular  weight  a v e r a g e ,  

i s  d e f i n e d  t o  overcome t h i s  problem. This  average  can  be determined from t h e  

GPC chromatogram and i n t r i n s i c  v i s c o s i t y  of t h e  sample i n  t h e  GPC s o l v e n t .  

Mark-Houwink c o e f f i c i e n t s  a r e  n o t  needed. 

- 
MX 

l i e s  between Ew and Mz. 

Hydrodynamic volumes of s o l v a t e d  polymers are fundamental  i n  

de te rmining  t h e  g e l  permeat ion chromatographic  (GPC) e l u t i o n  volumes of t h e  

s p e c i e s  i n  a mixture  (1-3) .  A l l  s p e c i e s  wi th  t h e  same hydrodynamic volume 
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appear  w i t h  t h e  same e l u t i o n  volume. For homopolymers i n  a g iven  GPC s o l v e n t ,  

hydrodynamic volumes c a n  be r e l a t e d  d i r e c t l y  t o  molecular  weights ,  w i t h  

al lowance where necessary  f o r  c o n c e n t r a t i o n  e f f e c t s  ( 4 - 6 ) .  When t h e  sample 

c o n s i s t s  of a mixture  of  homopolymers or  s t a t i s t i ca l  copolymers wi th  non- 

unirorm composi t ions Lhe e s t i m a t i o n  o f  molecular  weight  in format ion  from GPC 

d a t a  i s  much more compl ica ted .  

The major d i f f i c u l t y  i n  a n a l y z i n g  t h e  GPC chromatogram of  a com- 

p o s i t i o n a l l y  heterogeneous polymer sample i n v o l v e s  convers ion  of hydrodynamic 

volume (Vh.) of s p e c i e s  i t o  molecular  weight  ( M . ) .  Th is  i s  because t h e  S i z e  

of t h e  so lva ted  polymer c o i l  (and hence t h e  Mark-Houwink c o n s t a n t s  ( 7 ) )  

depends on t h e  s o l v e n t  i n t e r a c t i o n  w i t h  both  t h e  homo- and h e t e r o - u n i t s  i n  

t h e  c a s e  of copolymers (8-10). I n  some c a s e s ,  as when t h e  copolymer s t r u c -  

t u r e  t e n d s  toward a l t e r n a t i o n ,  t h e  i n f l u e n c e  of h e t e r o  segments may predom- 

i n a t e .  As a consequence, t h e  v a l u e s  of  t h e  Mark-Houwink c o n s t a n t s  would be 

re la t ive1 .y  i n s e n s i t i v e  t o  composi t ion  w i t h i n  c e r t a i n  l i m i t s .  However, i n  

i n s t a n c e s  where t h e  copolymer composi t ion t e n d s  t o  be  more random3or when 

t h e  sample i s  a blend of copolymers o r  homopolymers,the o v e r a l l  d e g r e e  of 

s o l v a t i o n  w i l l  change e f f e c t i v e l y  w i t h  blend composi t ion  a t  a g i v e n  molecular  

weight,and t h e  u s e  of a s i n g l e  "average" set of Mark-Houwink c o n s t a n t s  w i l l  

produce f a l s e  molecular  weight  parameters  from GPC d a t a .  The a l t e r n a t i v e  i s  

t o  a s s i g n  a set o €  e f f e c t i v e  Kirk-Houwink c o n s t a n t s  a t  each  e l u t i o n  volume, 

bu t  t h i s  i s  an  i n t r a c t a b l e  exper imenta l  problem. 

We, t h e r e f o r e ,  propose t h e  u s e  of a new molecular  weight  average ,  
- 
M,, t o  c h a r a c t e r i z e  polymer samples of he te rogeneous  composi t ion by GPC 

i n  c a s e s  where a s i n g l e  se t  of Mark-Houwink c o n s t a n t s  i s  u n s a t i s f a c t o r y .  

M,, t h e  hydrodynamic volume average ,  i s  def ined  accord ing  t o :  
- 
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where w.  and [ q ] .  are t h e  weight  f r a c t i o n  and i n t r i n s i c  v i s c o s i t y ,  respec-  

i' t i v e l y ,  of a l l  s p e c i e s  which e x i t  t h e  GPC columns w i t h  e l u t i o n  volume Ve  

The denominator i n  e q u a t i o n  (1)  i s  e q u a l  t o  t h e  i n t r i n s i c  v i s c o s i t y ,  [ q ] ,  

of t h e  whole sample i n  t h e  GPC s o l v e n t .  This  parameter  is measured s e p a r a t e l y .  

The v a l u e s  i n  t h e  numerator are a v a i l a b l e  from t h e  GPC chromatogram. A t  

i n f i n i t e  d i l u t i o n  of t h e  s p e c i e s  i n  t h e  sample ( 5 , 1 1 ) ,  t h e  product  [q ]  . M .  

c a n  be read  d i r e c t l y  from t h e  u n i v e r s a l  c a l i b r a t i o n  c u r v e  and wi i s  equated 

t o  t h e  r a t i o  of t h e  area of t h e  GPC d e t e c t o r  response  a t  e l u t i o n  volume Vei  

t o  t h e  t o t a l  a r e a  under  t h e  chromatogram. This  molecular  weight  a v e r a g e  i s  

p a r t i c u l a r l y  u s e f u l  f o r  m i x t u r e s  of  homopolymers o r  f o r  copolymers  i n  which 

composi t ion  may vary  w i t h  molecular  weight .  

duced i n  f r e e  r a d i c a l  b a t c h  copolymer iza t ions  t h a t  e x h i b i t  a s i g n i f i c a n t  

composi t ion  d r i f t  w i t h  convers ion  and a n  au toacce lera t ion- induced  i n c r e a s e  

i n  molecular  weights  a t  h igher  convers ions .  

1 1  

The l a t te r  materials are pro- 

The v a l u e  of fi w i l l  f a l l  between fi and Gz of  t h e  sample.  The 

Mark-Houwink r e l a t i o n  f o r  a monodisperse  s p e c i e s  i s :  

where K and a are t h e  M-H c o n s t a n t s .  S u b s t i t u t i o n  of  e q u a t i o n  (2) i n t o  

equat ion  (1)  g i v e s :  

a + l  a+1 Zw.M. - ZwiKMi - 1 1  

E W ~ M ~ ~  

- _ _ _  M =  
z ~ ~ K M ~ ~  

When a = 1 

2 

Zw.M. - M~ 

- CwiMi - 
M x = - -  

1 1  
( a  = 1) 

( 3 )  

( 4 )  

and when a = 0 
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z w  M. - i l - -  
M x = - - -  

CWi Mw ( a  = 0) (5) 

For most random c o i l  polymers i n  t h e  r e l a t i v e l y  nonpolar  s o l v e n t s  which 

a r c  commonly used 

dependence on t h e  Mark-Houwink exponent a ,  o f  a homopolymer w i l l  be  some- 

what s o l v e n t  dependent .  

dependence, f o r  s i m i l a r  r e a s o n s .  

1.5 - c a 5 0.8 ( 7 )  and h < fix < Mz. Because of i t s  
W 

The more f a m i l i a r  fi a l s o  e x h i b i t s  some s o l v e n t  

When t h e  composi t ion of a polymer sample v a r i e s  a long  w i t h  t h e  

,nolecular  weights  of t h e  component s p e c i e s  c h a r a c t e r i z a t i o n  of t h e  molecular  

weight d i s t r i b u t i o n  i s  as  formidable  experimeri ta l  problem. Some of t h e  

d i f f i c u l t i e s  can be circumvented by u s e  o f  t h e  fi 

mated from t h e  CPC chromatogram and t h e  i n t r i n s i c  v i s c o s i t y  of t h e  polymer 

without  a c d i b r a t i o n  f o r  t h e  components of t h e  sample.  Although a s i n g l e  

average  must convey less informat ion  than  knowledge of t h e  whole d i s t r i b u t i o n ,  

fi 

t i es  of mixtures  s i n c e  i t s  magnitude l i e s  between h 

t h a t  when h 

parameters  Sw, which is p r o p o r t i o n a l  t o  t h e  weight  a v e r a g e  hydrodynamic volume 

o f  t h e  sample, and t h e  s tandard  d e v i a t i o n  uJ should a l s o  be r e p o r t e d :  

a v e r a g e  which c a n  be esti-  

may be expected t o  c o r r e l a t e  wi th  some mechanical  and r h e o l o g i c a l  proper-  

and ~t i s  recommended 
W 

i s  used t o  c h a r a c t e r i z e  a copolymer o r  polymer b lend ,  bo th  t h e  

u J = (Cwi(Ji - sJ2,1'2 ( 7 )  

where J. = [ n ]  . M . .  'This procedure provides  a molecular  weight a v e r a g e  t o  

c h a r a c t e r i z e  t h e  sample and a measure o f  t h e  mean and b r e a d t h  of t h e  d i s t r i -  

bu t ion  o f  hydrodynamic volumes i n  t h e  sample. 

1 1 1  
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