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ABSTRACT 

The molecular weight  c a l i b r a t i o n  curve i n  s t e r i c  exc lus ion  
chromatography o f  a d ib lock  copolymer o f  po lystyrene and po ly  
(e thy lene ox ide)  i s  obtained by a method i n v o l v i n g  the un ive rsa l  
c a l i b r a t i o n  p r i n c i p l e .  The method i s  developed from the  exper i -  
mental observat ion t h a t  Ca l i  b r a t i o n  curves f o r  homopolymers o f  
po lystyrene and poly(ethy1ene ox ide)  i n  N,N-dimethylacetamide a t  
553 K are p a r a l l e l .  
ccpolymer i n  s o l u t i o n  i s  l i n e a r l y  r e l a t e d  t o  the  s i zes  o f  t h e  
corresponding homopolymers. 
determinat ion o f  copolymer composition. Reasonable r e s u l t s  f o r  
t he  number average molecular weights o f  d ib lock  copolymers were 
obta ined w i t h  t h i s  c a l i b r a t i o n  method. 

It i s  assumed t h a t  the s i z e  o f  t he  d ib lock  

The method requ i res  the  exper imental  

INTRODUCTION 

Grubis ic ,  Rempp and Benoi t  (1 )  suggested t h a t  hydrodynamic 
volume can be used f o r  un i ve rsa l  c a l i b r a t i o n  i n  s t e r i c  exc lus ion  
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1740 DAWKINS, GUEST, AND JEFFS 

chromatography (SEC), showing t h a t  a p l o t  o f  log[n]M aga ins t  

r e t e n t i o n  volume VR ( i n  counts) was the same f o r  homopolymers 
and copolymers having var ious s t ruc tu res .  Here, [ q ]  i s  t h e  

i n t r i n s i c  v i s c o s i t y  ( d l  g - l )  o f  the  polymer i n  the  SEC s o l v e n t  
and M i s  the molecular weight o f  the polymer. A t  a g iven VR, i t  

i s  assumed t h a t  a l l  polymers have the  same value o f  [n]M so t h a t  
we can w r i t e  

where ps r e f e r s  t o  a c a l i b r a t i o n  estab i shed  exper imenta l ly  w i t h  

po lystyrene standards and p t o  the c a l  b r a t i o n  f o r  the polymer 
r e q u i r i n g  ana lys i s .  It i s  a l s o  assumed t h a t  t he  column combi- 

nat ion,  so l ven t  and temperature remain constant. Equat ion (1 )  

t he re fo re  permi ts  the determinat ion o f  M from an exper imental  

po lystyrene c a l i b r a t i o n .  This  may be accomplished w i t h  an on- 

l i n e  v i scomet r i c  de tec to r  ( 2 )  by e s t a b l i s h i n g  the  dependence o f  

[n],, and [n], on VR as a polymer e l u t e s  from the  chromatograph. 

A l t e r n a t i v e l y ,  i f  a v i scomet r i c  de tec to r  i s  n o t  ava i l ab le ,  Cql 

and M are r e l a t e d  by the Mark-Houwink equat ion g iven by 

P 

i n  which K and (7 are constants f o r  a p a r t i c u l a r  homopolymer- 

solvent- temperature system. 

homopolymers ps and p i n t o  equat ion ( 1 )  and rearrangement g ives 

S u b s t i t u t i o n  o f  equat ion (2)  f o r  

l o g  t4 - C(1 + a p s ) / ( l  + a  ) ] l o g  11 = C l / ( l  + ~ p ) l l o g ( K  /K ) 
P P PS PS P 

I n  the  molecular  weight  c h a r a c t e r i s a t i o n  o f  b lock  copolymers, 
( 3 )  

a viscometer may be i nc luded  i n  a m u l t i d e t e c t o r  system compris ing 

one o r  more concentrat ion detectors  se lec ted  from r e f r a c t i v e  
index, u l t r a v i o l e t  and i n f r a r e d  detectors  ( 3 ) ,  so t h a t  t he  
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MOLECULAR WEIGHT CALIBRATION 1741 

dependence o f  t he  i n t r i n s i c  v i s c o s i t y  Cqlc o f  the b lock  copolymer 
on VR may be establ ished.  

a v a l i d  un i ve rsa l  c a l i b r a t i o n  parameter f o r  a b lock  copolymer (4 ) ,  
then the molecular weight c a l i b r a t i o n  Mc f o r  the b lock copolymer 

may be c a l c u l a t e d  w i t h  the equat ion 

Provided t h a t  hydrodynamic volume i s  

l o g  Mc - 
PS 

l o g  M ( 4 )  

from an exper imental  c a l i b r a t i o n  f o r  polystyrene, as i n  equat ion 

( 1 ) -  
I f  no viscometer de tec to r  i s  ava i l ab le ,  then the r e l a t i o n  

f o r  l o g  M, aga ins t  VR has t o  be de r i ved  from the  exper imental  

a c a l i b r a t i o n  method which assumed t h a t  t he  s i z e  o f  t he  copolymer 

molecule i s  the sum o f  t h e  two segments o f  the molecule consider-  
i n g  each b lock t o  behave as a separate homopolymer. T h e i r  method 

invo lved  a s imple expression f o r  l o g  Mc i n  terms o f  t he  homo- 
polymer c a l i b r a t i o n s  l o g  M and l o g  M which were weighted 

PS P 
according t o  the copolymer composi ti on. 
(5,6) a l so  repo r ted  t h a t  t h e i r  exper imental  c a l i b r a t i o n  curves 

M and M were p a r a l l e l .  Chang (7,8) proposed a molecular  
weight  c a l i b r a t i o n  method f o r  b lock  copolymers, r e q u i r i n g  homo- 
polymer c a l i b r a t i o n s  and Mark-Houwink constants as de f i ned  i n  
equat ion ( 3 ) .  Chang (7,8) observed t h a t  h i s  method i n  p r a c t i c e  

would o f t e n  i n v o l v e  p a r a l l e l  c a l i b r a t i o n  curves f o r  t h e  homo- 
polymers. 

performed w i  t h  good s o l  vents f o r  homopolymers (9-1 1 ) , when 
a 

s h i f t  f a c t o r  between the  p a r a l l e l  M and M c a l i b r a t i o n  curves. 

When polymers i n  good so lvents  have s i m i l a r  polymer-solvent 

i n t e r a c t i o n s ,  then t h i s  s h i f t  f a c t o r  f o r  un i ve rsa l  c a l i b r a t i o n  
may be considered i n  terms o f  t h e  unperturbed mean-square end-to- 

end d is tance <r2>o o f  a polymer (10-12). I n  t h i s  paper we demon- 

and M c a l i b r a t i o n  curves. Tung and co-workers (5,6) proposed 
MPs P 

Tung and co-workers 

PS P 

This  fo l l ows  because many SEC separat ions are 

= a  so t h a t  t h e  r i g h t  hand s ide  o f  equat ion ( 3 )  becomes a 
PS P 

P PS 
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1742 DAWKINS, GUEST, AND JEFFS 

s t r a t e  how un ive rsa l  c a l i b r a t i o n  based on <r2>o may be extended 

t o  the determinat ion o f  t he  c a l i b r a t i o n  Mc f o r  d ib lock  copolymers 

o f  po lystyrene and poly(ethy1ene ox ide)  designated PS-PEO. 

CALIBRATION METHOD 

The i n t r i n s i c  v i s c o s i t y  f o r  a polymer s o l u t i o n  may be 

expressed i n  terms o f  <r2>o f o r  a polymer (9-11) according t o  the  

Flory-Fox equat ion 

2 3 1 /2  
c n i  = @C<r >o/M13/2  CI PI (5 )  

where ~1 i s  t he  l i n e a r  expansion f a c t o r  and @ i s  the v i s c o s i t y  

constant.  S u b s t i t u t i n g  equat ion ( 5 )  i n t o  equat ion (1 )  and 
rearranging g ives 

l o g  M - l o g  M = logC<r2> / M I  CM/<r2> 1 t logCa 2/ap21 
P P S  0 PS O P  PS (6  1 

ps = ap' assuming t h a t  Q i s  the same f o r  two polymers when a 

Results have been presented showing t h a t  ~1 

i n  good so l  vents when polymer-sol vent i n t e r a c t i o n s  are very 
s i m i l a r  (13) .  Consequently, equat ion ( 6 )  may be s i m p l i f i e d  t o  

?J C( f o r  homopolymers 
PS P 

l o g  M - l o g  M = 1 0 g C < r ~ > ~ / M l  CM/<r2> O P  1 ( 7 )  P PS PS 

Since < r 2 > O / M  i s  a c h a r a c t e r i s t i c  constant  f o r  a homopolymer 

whose conformat ion may be represented by a random c o i l ,  t he  s h i f t  
f a c t o r  on the r i g h t  hand s ide  o f  equat ion ( 7 )  i s  e a s i l y  ca l cu la ted .  

t he  conformat ion may be considered t o  be t h a t  f o r  homopolymers 

(14,15). Thus, molecular s i z e  f o r  an i n d i v i d u a l  b lock,  represen- 

t e d  by the mean-square rad ius  of gy ra t i on ,  i s  the same i n  the  

Recent s tud ies o f  d ib lock  copolymers i n  s o l u t i o n  suggest t h a t  
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MOLECULAR WEIGHT CALIBRATION 1743 

b lock  copolymer as t h a t  i n  the equ iva len t  homopolymer, i .e.  t h e  

molecular s i z e  o f  a b lock  i n  the  d ib lock  copolymer i s  n o t  

a f f e c t e d  by t h e  presence o f  t he  second b lock.  

molecular s i z e  o f  a d ib lock  copolymer i n  s o l u t i o n  may be l i n e a r l y  
r e l a t e d  t o  the  s i zes  o f  t he  homopolymers (16) according t o  the 

r e l a t i o n  

Consequently, t h e  

C<r2>O/M1C = WSC<r2>,/MI + ( 1  - WS)C<r2>o/Mlp 
PS 

where Ws i s  t he  weight f r a c t i o n  o f  s tyrene i n  the d i b l o c k  

copolymer. 

equat ion ( l ) ,  i t  can be shown t h a t  equat ion ( 4 )  f o r  a d ib lock  
copolymer may be transformed t o  

By analogy w i t h  the d e r i v a t i o n  o f  equat ion ( 7 )  from 

1 o y C < r2 >o/M1 ps CM/ < r2 > 01 (9)  

where C<r2>O/M1C may be c a l c u l a t e d  from equat ion (8) as long as 

the copolymer composition has been determined. 

EXPERIMENTAL 

Block Copolymers and PEO Homopolymers 

A l l  polymers were prepared by a n i o n i c  po l ymer i sa t i on  
techniques i n  o rde r  t o  produce samples w i t h  narrow molecular 
weight  d i s t r i b u t i o n s .  

d r i e d  and p u r i f i e d ,  and the  polymer isat ions were performed under 

condi ti ons o f  r i go rous  p u r i  t y  u s i  ng a h i  gh vacuum technique . 
Ampoules con ta in ing  the var ious reactants  were equipped w i t h  

breakseals and were sealed onto an a l l - g l a s s  r e a c t o r  s i m i l a r  t o  
a r e a c t o r  descr ibed p r e v i o u s l y  (17).  

The synthes is  o f  PS-PEO d i  b lock copolymers i n v o l v i n g  t h e  
fonaat ion o f  po l ys ty ry lpo tass ium i n  te t rahyd ro fu ran  fo l l owed  by 
the  a d d i t i o n  o f  e thy lene ox ide was performed according t o  t h e  

method descr i  bed by 0 '  Ma1 l e y  and Marchessaul t (1 8) .  

Solvents and monomers were ex tens i ve l y  

Polymeri - 
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1744 DAWKINS, GUEST, AND JEFFS 

sat ions were i n i t i a t e d  with cumylpotassium. 

t h i s  i n i t i a t o r  i n v o l v e d  f i r s t l y  t h e  p repara t i on  o f  methyl cumyl 
e t h e r  from a-methyl styrene, methanol and hyd roch lo r i c  acid,  and 

secondly t h e  r e a c t i o n  o f  t h i s  e t h e r  w i t h  sodi um-potassium a1 1 oy 

i n  te t rahydrofuran.  
s o l u t i o n  o f  cumyl potassium i n  te t rahyd ro fu ran  was placed i n t o  
an a l l - g l a s s  ampoule which was evacuated and sealed. 

monomers and methanol were r i g o r o u s l y  d r i e d  be fo re  s e a l i n g  i n  
ampoules. 

hydr ide,  d isodium (a-methyl s tyrene tetramer),  and a sodium 
m i r r o r  was d i s t i l l e d  i n t o  the reac to r .  Polystyry lpotass ium was 
formed by r e a c t i o n  a t  273 K f o r  30 min. and then i n i t i a t e d  t h e  
polymer isat ion o f  e thy lene ox ide which was performed a t  room 

temperature f o r  3-4 days be fo re  te rm ina t ing  w i t h  methanol. 
copolymer was recovered by p r e c i p i t a t i n g  the r e a c t i o n  m i  x t u r e  i n  

a f i  ve - fo ld  excess o f  60/80 petroleum e the r .  S i m i  l a r  procedures 
were used t o  prepare PEO homopolymers by the  i n i t i a t i o n  o f  t he  

anion ic  po l ymer i sa t i on  o f  e thy lene ox ide w i t h  cumylpotassium i n  

te t rahyd ro fu ran  us ing  an a1 1-glass reac to r .  

was determined from i n f r a r e d  measurements w i t h  a Perk in  Elmer 457 
spectrometer. 

t r a t i o n  were obta ined f o r  absorpt ion peaks a t  700 cm-l (PS) and 
1105 cm-’ (PEO) w i t h  s o l u t i o n s  o f  t h e  homopolymers d i sso l ved  i n  

t r i c h l o r o e t h y l e n e .  From the spectrum f o r  each PS-PEO d ib lock  
copolymer i n  t r i c h l o r o e t h y l e n e  and t h e  c a l i b r a t i o n  p l o t s ,  t he  

weight f r a c t i o n  o f  each b lock  was ca l cu la ted .  T r i ch lo roe thy lene  
(SLR, Fisons, w i t h  0.2% t r i e t h y l a m i n e  added) was d e s t a b i l i s e d  by 

shaking w i t h  10% v/v hyd roch lo r i c  ac id ,  washed th ree  times w i t h  
d i s t i l l e d  water, and d r i e d  by s t i r r i n g  w i t h  fused ca lc ium 
c h l o r i d e  f o r  30 min. before d i s t i l l a t i o n ,  t a k i n g  the  niiddle 
f r a c t i o n  f o r  use. 

S t e r i  c Excl us i on Chroma to5 rap hy 

t e r i s e d  by SEC w i t h  a Waters Associates model 200 chromatograph 

The synthes is  of 

A predetermined volume o f  a standardised 

Both 

Tetrahydrofuran which had been d r i e d  w i t h  ca lc ium 

Block 

Copolymer composition 

C a l i b r a t i o n  p l o t s  o f  absorbance versus concen- 

PS-PEO d ib lock  copolymers and PEO homopolymers were charac- 
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MOLECULAR WEIGHT CALIBRATION 1745 

a t  I C I  Organics D iv i s ion ,  B lack ley,  Manchester. A s e r i e s  

arrangement o f  columns con ta in ing  c ross l i nked  polystyrene gels  

was used a t  353 K w i t h  N,N-dimethylacetamide as so l ven t  as 
descr ibed i n  the paper by Dawkins and Hemming (19).  The mole- 

c u l a r  weight  c a l i b r a t i o n  f o r  po lystyrene was es tab l i shed  w i t h  
standards supp l i ed  by Pressure Chemical Co. , Pi t tsburgh,  and 

Waters Associates. The molecular  weight  c a l i b r a t i o n  f o r  p o l y  

(e thy lene ox ide)  was es tab l i shed  w i t h  PEO homopolymers prepared 

by an ion i c  po lymer isat ion and w i t h  samples o f  poly(ethy1ene 
g l y c o l )  designated PEG assuming values o f  molecular weight 

prov ided by the  supp l i e rs  (Shell Chemicals, BDH, I C I ) .  The PEO 
homopolymers were character ised by measuring the  s o l u t i o n  

v i s c o s i t y  o f  PEO i n  water w i t h  an Ubbelohde-type viscometer a t  

303 K. Data a t  several  polymer concentrat ions were ex t rapo la ted  
l i n e a r l y  by the  Huggins and Kraemer p l o t s  t o  f i n d  Cn1 a t  i n f i n i t e  

d i l u t i o n .  The value o f  t he  v i s c o s i t y  average molecular weight  

Rv o f  PEO f o r  p l o t t i n g  the GPC c a l i b r a t i o n  was c a l c u l a t e d  from 

the r e l a t i o n  repor ted by Ba i l ey  and co-workers (20) 

Cnl 
0.78 1.25 x 10-4Mv 

The p o l y d i s p e r s i t y ,  def ined as the  r a t i o  o f  weight and number 

average molecular weights $/in, was ca lcu la ted  from the 
chromatograms o f  t he  PEO homopolymers w i t h o u t  co r rec t i ons  f o r  

chromatogram broadening. 
cons t ruc t i on  of a PEO c a l i b r a t i o n  curve w i t h  Mv by t h e  peak 

r e t e n t i  on vo l  urn procedure s houl d be accurate ( 10). 

Values o f  ri/fin were below 1.3, so t h a t  

RESULTS AND DISCUSSION 

Experimental c a l i b r a t i o n  curves f o r  PS standards, PEO homo- 

polymers and PEG samples are shown i n  F igure 1. 

behaviour was assumed f o r  the range o f  VR f rom 16.5 t o  22.0 

S t r a i g h t  l i n e  
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1746 DAWKINS, GUEST, AND JEFFS 

I I 1 , .  
16 2 0  2 4  

VR/counts 

FIGURE 1 

Molecular weight cal i brat ion p lo t s  f o r  N,N-dimethyl acetami de a t  
353 K. 0 polystyrene s tandards,  o poly(ethy1ene oxide) homo- 

polymers, poly(ethy1ene g lycol )  samples. -u-G- predicted C; 
P 

ca l ib ra t ion  f o r  PEO with equation ( 7 )  and a s h i f t  f a c t o r  log lo  
0.593. --- predicted Mc c a l ib ra t ion  f o r  PS-PEO ( W s  = 0.68) with 
equation ( 9 )  and a s h i f t  f a c t o r  loglo 0.82. 
ca l ibra t ion  f o r  PS-PEO (Ws = 0.37) with equation ( 9 )  and a s h i f t  
f ac to r  l o g l o  0.70. 

. - . - a  predicted MC 
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MOLECULAR WEIGHT CALIBRATION 1747 

counts. 

be r e l a t e d  w i t h  equat ion ( 7 ) .  The value o f  C<r2>o /MI  was 
assumed t o  be 0.67 8, as i n  prev ious universa l  c a l i b r a t i o n  s tud ies  

(9,72,19). 

( 7 )  superimposes w i t h  the exper imental  data f o r  PEO i n  F igure 1 
when the s h i f t  f a c t o r  i s  log,, 0.593, so t h a t  C<r2>o/!ll 1/2 f o r  

PEO i s  then 0.87 8.  This value i s  very c lose t o  the value o f  
0.84 8 repo r ted  by Beech and Booth (21) .  

these two values o f  [<r2>o/MI i s  c lose t o  exper imental  e r r o r .  
P 

The s h i f t  f a c t o r  i n  equat ion ( 7 )  i s  presumed t o  be una f fec ted  by 

poss ib le  small d i f f e rences  i n  ~1 and ~1 i n  equat ion (6 )  f o r  PS 

and PEO i n  N,N-dimethylacetamide. 

equat ion (7 )  i s  a s a t i s f a c t o r y  method f o r  determining t h e  

c a l i b r a t i o n  curve f o r  PEO homopolymers. Therefore , i t  i s  

reasonable t o  assume t h a t  t he  c a l i b r a t i o n  curves f o r  PS and PEO 

homopolymers are p a r a l l e l  which i s  a requirement i n  the procedure 

f o r  determining the c a l i b r a t i o n  curve f o r  a PS-PEO d ib lock  co- 

polymer . 

p o l y s t y r y l p o t a s s i  um was removed from the polymer isat ion r e a c t o r  

and deact ivated w i t h  methanol. 
which corresponds the re fo re  t o  the PS b lock i s  shown i n  F igure 2. 

A chromatogram f o r  the PS-PEO d ib lock  copolymer r e s u l t i n g  from 
the same po lys ty ry lpo tass ium i s  a l s o  shown i n  F igure 2. 

p o s i t i o n s  o f  these chromatograms on the  VR a x i s  c l e a r l y  i n d i c a t e  

the  success o f  the sequent ia l  po lymer isat ion procedure f o r  

forming PS-PEO and a l so  i n d i c a t e  t h a t  there i s  no measurable PS 

homopolymer i n  the sample o f  d ib lock  copolymer. Residual PS 

homopolymer would have a r i s e n  from premature te rm ina t ion  o f  some 
o f  the po lys ty ry lpo tass ium on a d d i t i o n  o f  e thy lene ox ide monomer, 
generat ing a second peak a t  V R  = 20-15 counts i n  t he  chromatogram 

f o r  the d ib lock  copolymer i n  F igure 2.  I f  i t  i s  assumed t h a t  t h e  

sample o f  d ib lock  copolymer does no t  con ta in  homopolymer, then 

The c a l i b r a t i o n  curves f o r  PS and PEO homopolymers may 
1 /2  

PS 

The c a l i b r a t i o n  curve f o r  PEO p red ic ted  w i t h  equat ion 

P 

The d i f f e r e n c e  between 

PS P 
The r e s u l t s  i n d i c a t e  t h a t  

I n  the  synthes is  o f  a PS-PEO d ib lock  copolymer, p a r t  o f  the 

A chromatogram f o r  such a sample 

The 
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2 0  
PS BLOCK 

PS - PEO 
DIBLOCK 
COPOLY M E R 

FIGURE 2 

Chromatogranis for  diblock copolymer PS-PEO-4 and the PS block 
from e lu t ion  with N,h-dimethylacetamide a t  353 K .  

values of Nn (PS)  and Rn (PS-PEO) f o r  the polystyrene block and 
the diblock copolymer respect ively a re  re la ted  by 

Ws = Rn (PS) /  fin (PS-PEO) (11) 

A valtie of fin ( P S )  i s  determined from the chroniatoc:ram fo r  the 
polystyrene sample i n  Figure 2 w i t h  the PS ca l ib ra t ion  curve i n  
Figure 1 .  
ments, the value of in (PS-PEO) may be estimated with equation ( l l ) ,  
and r e su l t s  a r e  given i n  Table 1 .  

SEC ca l ibra t ion  curves f o r  PS-PEO di block copolymers were 
determined w i t h  equation (9 ) ,  having calculated C<r2>0/MlC with 

Since Ws i s  known from inf ra red  spectroscopy measure- 
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T A B L E  1 
Character isat ion Data f o r  PS-PEO D i  block Copolymers 

Copolymer M, R,(Ps) FI,(PS-PEO) W,(SEC) $/Rn 
L 

PS-PEO-1 0.72 36200 50300 53900 1.40 
PS-PEO-2 0.68 43900 64600 6450G 1.50 
PS-PEO-3 0.42 36200 86200 76100 1.44 
PS-PEO-4 0.37 22100 59700 54900 1.47 

equation (8) employing C<r2>o/Ml 1/2 = 0.67 1, C<r2>o/M1 li2 = 

0.87 1 f o r  PEO,  and the values of Ws g iven  i n  Table 1 .  The co- 
polymer ca l ibra t ions  Mc a r e  pa ra l l e l  t o  and between the curves 
f o r  the homopolymers, a s  shown by the se lec ted  copolymer examples 
i n  Figure 1 .  
diblock copolymer, values of Rn(SEC) and the polydispers i ty  were 
Calculated and a re  l i s t e d  i n  Table 1 .  
values of Rn f o r  the copolymers i n  f a i r  agreement w i t h  Rn(PS-PEO) 
obtained w i t h  equation (11) .  

In summary, the  proposed ca l ibra t ion  method i s  simple t o  use 
and provides reasonable values of molecular weight  f o r  PS-PEO 
diblock copolymers. I t  i s  l i k e l y  t h a t  many SEC separat ions of 
homopolymers and copolymers w i  11 be performed w i t h  good sol  vents 
having s imi l a r  polymer-solvent in te rac t ions  because solute-gel 
i n t e rac t ions  a r e  more l i k e l y  when the eluent becortles less compati- 
ble w i t h  the gel and when the e luent  is  a poor o r  t he t a  so lvent  
f o r  the polymeric so lu t e  (22) .  In this work we have assumed no 
change in  copolymer composition w i t h  VR.  
equation (8) t h a t  when Ws var ies  across  the chromatogram the Mc 
ca l ibra t ion  calculated with equation (9)  must be non-parallel  t o  
the ca l ib ra t ion  curves f o r  the homopolymers. 

PS P 

With the ca l ib ra t ion  curve and chromatogram f o r  a 

The SEC method gives 

I t  follows from 

Results f o r  diblock 
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copolymers having a copolymer composi t i  on d i s t r i b u t i o n  w i  11 be 
reported i n  a s e p a r a t e  paper.  
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