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G E L  PERMEATION CHROMATOGRAPHY OF POLYELECTROLYTES 

M .  Rinaudo, J .  Desbrieres,  C .  Rochas 
Centre de Recherches sur  l e s  Macromolecules Vegetales, Laboratoire 
propre d u  C . N . R . S . ,  associe a 1 'Univers i te  Sc ien t i f ique  e t  Medicale 

de Grenoble 
53 X - 38041 - Grenoble Cedex, France. 

ABSTRACT 

The mechanisms are  discussed which control the GPC e lu t ion  of 
ion ic  so lu t e s ,  b o t h  the polye lec t ro ly tes  and the low molecular 
s a l t s .  The processes involved a re  qu i t e  general a n d  va l id  in or- 
ganic a n d  in aqueous so lvents .  The conclusion i s  t h a t  gel permea- 
t i on  chromatography i s  a powerful1 method t o  charac te r ize  poly- 
e l e c t r o l y t e s  ; and i t  i s  shown t h a t  the cor rec t  data on molecular 
weight d i s t r ibu t ion  can be obtained when the ion ic  content i n  the 
e luen t  i s  larger than 5.10-2 M and when the  concentration in jec ted  
i s  lower than the  c r i t i c a l  overlapping concentration. The i n t e r -  
p re ta t ion  of chromatograms can be performed using the universal 
ca l ib ra t ion  and a viscosimetric de t ec to r .  

I N T R O D U C T I O N  

This paper deals with the  mechanism of gel chromatography on 

ion ic  polymers in organic and aqueous so lvents .  We have previous- 
l y  shown t h a t  the  processes involved were controlled by e l ec t ros -  
t a t i c  mechanisms whatever i s  the solvent (1  - 4 ) .  One will  propose 

a general treatment f o r  charac te r iza t ion  of po lye lec t ro ly tes  by 

gel permeation chromatography ( G P C ) .  Much papers concern GPC on 
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1298 RINAUDO, DESBRIERES, AND ROCHAS 

synthe t ic  neutral polymers ; i t  i s  well es tab l i shed  t h a t  the s t e r i c  
exclusion i s  controlled by the hydrodynamic volume [q] M of the 
polymers ( 5 ) .  When the  chromatography of i on ic  so lu tes  i s  perfor- 
med, even w i t h  low molecular weight so lu t e s  e l e c t r o s t a t i c  exclu- 
sions a r e  observed ( 2 ,  3, 6,  9 ) .  As consequence the  volume of e lu-  
t ion  depends on the  ion ic  concentration of the  so lu t e  in j ec t ed  
b u t  a l so  on t h a t  of the  e luent .  On po lye lec t ro ly tes ,  universal ca- 
l i b ra t ion  has  been validated f o r  polystyrenesulfonate and poly- 

acry la te  sodium s a l t s  ( 9 ) .  

One wants : 1/ to  d i s soc ia t e  e l e c t r o s t a t i c  and s t e r i c  proces- 
ses as soon as the secondary adsorptions on the gel a r e  avoided ; 

exclusion mechanism on ion ic  polymers such as t o  get t h e i r  mole- 
cul ar weight di s t r i  buti on. 

2/ t o  propose bes t  conditions t o  obtain s t e r i c  

MATERIAL A N D  METHODS 

The porous s i l i c a  gels a re  Spherosil from RhBne-Poulenc ; a 
s e t  of columns (he ight  = 147 cm ; inner diameter 0.8 cm) a re  f i l -  
led up  with ge ls  of following average pores diameters 70 ,  150, 
300, 500, 1250, 3000 and 5000 i. 

The solvents a re  dirnethylformamide (DMF) o r  water f r e sh ly  d i s -  
t i l l e d  and degazed. With H20, the  tank of so lvent  i s  maintained a t  
60°C during e l u t i o n .  Constant flow-rate i s  maintained with a Mil- 

t o n  Roy pump (11 m l / h  i n  DMF - from 1 2  t o  60 ml/h i n  wa te r ) .  The 
de tec tors  a re  adapted on l i n e  : a d i f f e r e n t i a l  refractometer R 
401 Waters, a conductivity ce l l  b u i l t  u p  i n  our laboratory and con- 
nected t o  a Wayne Kerr B 642 Conductimeter and a n  automatic visco- 

simeter from Fica f i l l e d  w i t h  constant e f f l u e n t  volume delivered 
by a special  buret  b u i l t  up in t he  laboratory ( 4 ) .  The s igna l s  of 
the  refractometer ( A n )  and of t he  conductimeter ( A x )  are  associa- 
ted t o  get informations 1/ on the  pu r i ty ,  osmotic coe f f i c i en t  and 
charge d i s t r ibu t ion  of po lye lec t ro ly tes ,  (10) 

ge so lu tes  o r  po lye lec t ro ly tes .  
2/ on e l e c t r o s t a t i c  exclusion of low char- 
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GPC OF POLYELECTROLYTES 1299 

The d i f f e r e n t i a l  r e f r a c t o m e t e r  s i g n a l  ( A n )  i s  coupled w i t h  t h e  

au tomat i c  v i s c o s i m e t e r  d a t a  (n) when s t e r i c  e x c l u s i o n  i s  i n v e s -  

t i g a t e d .  A l l  t h e  c o n c e n t r a t i o n s  a r e  expressed i n  e q u i v a l e n t  i o n i c  

charge p e r  u n i t  volume. The s tandards used t o  c a l i b r a t e  t h e  s e t  

o f  columns a r e  : p o l y s t y r e n e s  i n  Df.lF,dextrans and sodium p o l y s -  

t y r e n e s u l f o n a t e s  i n  wa te r  ; t h e  t o t a l  volume V T  o f  t h e  system i s  

determined w i t h  D20, whatever i s  t h e  e l u e n t .  

RESULTS AND DISCUSSION 

A/ E l e c t r o s t a t i c  e x c l u s i o n  on s imp le  s a l t  

c u l a r  we igh t  s o l u t e  g e n e r a l l y  NaCl i n  w a t e r  (11) and NaN03 i n  
DMF (10) .  

Dependence w i t h  t h e  i o n i c  c o n c e n t r a t i o n s  

F i r s t ,  we s h a l l  d i scuss  t h e  r e s u l t s  o b t a i n e d  w i t h  a low mole- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
When a cons tan t  volume ( v )  o f  a g i v e n  e l e c t r o l y t e  a t  a cons- 

t a n t  c o n c e n t r a t i o n  C, i s  i n j e c t e d ,  t h e  e l u t i o n  volume Ve decrea- 
ses when t h e  i o n i c  c o n c e n t r a t i o n  o f  t h e  e l u e n t  (C,) decreases. 

volume Ve decreases t o  a l i m i t  c a l l e d  Vex when t h e  i o n i c  concen- 

t r a t i o n  (C,) i n j e c t e d  decreases. The f i g u r e  1 g i v e s  a schemat ic  
r e p r e s e n t a t i o n  o f  t h i s  behav iou r .  

i o n i c  c o n t e n t  v a r i e s  ; t h e y  a re  s y m e t r i c a l  as soon as t h e i r  e l u -  
t i o n  volume reaches V f o r  ve ry  d i l u t e  s o l u t i o n  and V T  f o r  h i g h  ex 
c o n c e n t r a t i o n  ( f i g u r e  2 ) .  

i s  t h e  s o l v e n t  by  D20 used as r e f e r e n c e  ; t h e  volume o f  e l u t i o n  o f  
D 0 i s  independent  on t h e  i o n i c  c o n c e n t r a t i o n  o f  t h e  e l u e n t .  On 

t h e  c o n t r a r y ,  when samples o f  H20 a r e  i n j e c t e d ,  one o b t a i n s  an 

e l u t i o n  peak a t  a l i m i t i n g  volume o f  e x c l u s i o n  Vex depending o n l y  

on Ce.  
The s e t  o f  r e s u l t s  r e c a l l e d  i n  t h i s  paper  i s  d i r e c t l y  r e l a t e d  

t o  e l e c t r o s t a t i c  e x c l u s i o n  -, t h e  c o n c l u s i o n  i s  t h a t  o v e r  5.10-2M 

A t  a g i v e n  i o n i c  c o n c e n t r a t i o n  o f  t h e  e l u e n t ,  t h e  e l u t i o n  

I n  a d d i t i o n ,  t h e  fo rm o f  t h e  peaks e l u t e d  i s  m o d i f i e d  when t h e  

The t o t a l  volume (V,) o f  t h e  s e t  o f  columns i s  g i v e n  wathever  
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1300 RINAUDO, DESBRIERES, AND ROCHAS 

__- 

Figure 1 : Schematic dependence of the  i o n i c  concentration on the 
e lu t ion  volume (V, )  f o r  a constant volume ( v )  of e l e c t r o l y t e  i n -  
j e c t ed .  

( a )  influence of C s  a t  constant Ce 
1. c = 10-1 N ; 2 .  ce = 10-4 N ; 3 .  water 

( b )  influence o Ce a t  constant C, 
e 

-5 
1. cs = 10 N ; 2 .  cs = 1 0 - 4 ~ .  

or b e t t e r  
repulsions a re  screened (Figure l b ) .  

Dependence with the ion ic  content i n j ec t ed .  

f o r  the ion ic  concentration of the  e l u e n t ,  the  

_______-__ -________- - - - -_ - - - - - - - - - - - - - - - - -  
As previously mentionned, the  e lu t ion  volume i s  dependent on 

the concentration of the so lu t e  in jec ted .  I n  f a c t ,  ones demonstra- 
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--- 
, A x  

1301 

- 

F i g u r e  2 : Conduc t ime t r i c  t r a c e s  f o r  v a r i o u s  c o n c e n t r a t i o n s  Cs  
i n j e c t e d  and e l u t e d  by  wa te r  ( v  = 5 h 1 ) .  
1. Cs  = 1 M - s e n s i t i v i t y  x 1 ; 2. Cs  = 4 x 10 M - s e n s i t i v i t y  x 2 0  
3.  C, = 8 x 10-3M - s e n s i t i v i t y  x 100 ; 4. C = 2 x 10-6M - s e n s i -  
t i v i t y  x 5000. 

-2  

S 

t e  t h a t  V 

as t h e  volume o f  s o l u t i o n  (V,) i n  wh ich  a g i v e n  s a l t  i s  e l u t e d  i s  

a p p r o x i m a t i v e l y  constant,one proposes t o  p l o t  t h e  dependence o f  ave- 

as a f u n c t i o n  o f  t h e  p a r t i -  rage  s a l t  c o n c e n t r a t i o n  Cs = 'v, 

i s  imposed by t h e  p roduc t  (volume x c o n c e n t r a t i o n )  (11); e 

VCS 

t i o n  c o e f f i c i e n t  K = ve - "O ;Yo i s  t h e  v o i d  volume determined v - vo 
T 

from t h e  e l u t i o n  o f  a v e r y  h i g h  m o l e c u l a r  we igh t  po l ymer ) .  When 

t h e  e l u e n t  i s  an e l e c t r o l y t e ,  t h e  area o f  t h e  peak as w e l l  as i t s  
p o s i t i o n  i s  imposed by t h e  excess o f  e l e c t r o l y t e  A< = ( C s  - C e )  

V x - 

each e l u e n t ,  a o n l y  curve c o r r e l a t e s  t h e  average excess s a l t  con- 

c e n t r a t i o n  ATs t o  t h e  e l u t i o n  volume expressed by K. 
I n  a d d i t i o n ,  i t  i s  shown t h a t  1) t h e  curve i s  dependent on t h e  

average pore d iameter  i f  t h e  e l u t i o n  volume of NaCl i s  t e s t e d  on 

( C e  i s  t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  o f  t h e  s o l v e n t ) .  For  
" S  
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1302 RINAUDO, DESBRIERES, AND ROCHAS 

0 

a column f i l l e d  up w i t h  one t y p e  o f  g e l  (one compares 0 = 300 A 

and 5000 

Na2S04 i n  wa te r  i s  n e a r l y  i d e n t i c a l  t o  t h a t  o b t a i n e d  w i th  NaCl. 
Each cu rve  i s  c h a r a c t e r i z e d  by 3 parameters : 

- [A] i s  t h e  h i g h e r  average s a l t  c o n c e n t r a t i o n  necessary t o  

screen the  e l e c t r o s t a t i c  r e p u l s i o n  (ATs > [A] + K = 1). [A] de- 

pends on t h e  p o r o s i t y  o f  t h e  g e l .  

t i o n  volume remains cons tan t  (AT < [B], K = cons t  = K ) ; 

[B] depends on t h e  i o n i c  c o n t e n t  o f  t h e  e l u e n t .  

( F i g u r e  3 ) ;  2) t h e  cu rve  ob ta ined  f o r  e l u t i o n  o f  

- [B] i s  t h e  l ower  average c o n c e n t r a t i o n  under which t h e  e l u -  

S ex 

1 
I 

F i g u r e  3 : I n f l u e n c e  of t h e  po re  s i z e ( 0  = average pore d iarneter)on 
t h e  volume o f  e l u t i o n  o f  NaCl expressed by t h e  p a r t i t i o n  c o e f f i -  
c i e n t  K - e l u e n t  H20 ; - - - - -  e l u e n t  NaCl lO-4M. 
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GPC OF POLYELECTROLYTES 1303 

- Kex i s  the limiting parti t ion coefficient corresponding t o  
the electrostat ic  exclusion with 0 < K < 1. Kex depends on the 
porosity of the gel,  on the ionic content of the eluent b u t  n o t  
on the valence of the ions. One proposes t o  interpret  qua l i ta t i -  
vely this  se t  of results by introduction of the screening length 
of Debye-Huckel 6 % p-'i2 (p i s  the ionic strength) compared with 
the pore size 0 ( 0  i s  the average pore diameter) : 
For the ionic concentration B y  when 6 

i s  of the same order t h a n  0,  K corresponds t o  the vo- when &[Bl ex 
lume fraction of the pores whose diameters are larger t h a n  6 ; i t  
implies a sor t  of s t e r i c  exclusion without dependence with the net 
charge of the ions. I n  the range of porosity investigated, the l i -  
mit ionic concentration [B] i s  imposed by the ionic content of the 
eluent ; i t  i s  around l o m 4  in NaCl 
A t  l a s t ,  the ionic concentration [A] i s  attained when ~ L A J  i s  lo- 
wer t h a n  the lower pore diameter in the gel ( 3 ) .  

ex 

> @, one gets Kex = 0 ; SBI 

M and in water. 

B/ Electrostatic exclusion on polyelectrolyte. 

When a polyelectrolyte i s  injected and eluted by pure solvent 
(water or DMF) , a only peak i s  obtained i f  the polymer i s  free of 
low molecular weight s a l t .  I t  i s  a good way t o  t e s t  the purity. 
The ra t io  of  conductimetric and refractometric peak gives an in- 
formation on the charge distribution on the polymer ; th i s  point 
has been previously discussed (1-2). 

When two samples of  sodium polystyrenesulfonate (M,., = 21.000 
and 145 .OOO respectively) are injected a t  various concentration 
C and eluted by water , resul ts  l ike t h a t  given in figure 3 
with NaCl are obtained ; the l imit  Kex depends on the molecular 
weight of the polymer ( 3 ) .  This result  i s  interesting and means 
that  for very low concentration ( C  < Ce)  the chromatograms should 
be interpreted in terms of molecular weight distribution even i f  
e lec t ros ta t ic  exclusion i s  n o t  a t  a l l  screened ; the curve AX/An 

(V , )  gives the charge density as a function of the molecular weight 
d i s t r i  buti on. 

P 

P 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1304 RINAUDO, DESBRIERES, AND ROCHAS 

When an e l e c t r o l y t e  i s  used as e luen t ,  two peaks a re  observed 

in  the  chromatogram due t o  Donnan equilibrium previously discussed 

(1-12). One peak corresponds t o  e lu t ion  o f  the  polymers and the 

second t o  t h a t  of low molecular weight so lu t e  contained in the 

solvent and excluded by the polye lec t ro ly te .  Both peaks separa te  

as a function of t h e  concentration of polymer in jec ted  Fig. 4 a ) .  

I A r  

L 
“0 

a 

t o  

Figure 4 : Influence of the  polye lec t ro ly te  concentration in jec ted  
on the  chromatogram (e luen t  NaCl lO-4M) 

( a )  Chromatograms obtained fo r  v a r i a b l e  po lye lec t ro ly te  concen- 
t r a t i o n  ( C  ) dissolved in the same so lvent  (NaC1 lO-4M) 
1. c = 10-1 eq.1-1 ; 2.  c = 5 . 1 0 - ~ e q . l - ~  ; 3. c = 10 P P P 

po lye lec t ro ly te  in jec ted  separa te ly .  

v = 50 p l )  
P -s -1 

eq. 1 

( b )  Schematic dependence of the  volume e lu t ion  f o r  NaCl and the  
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I n  t h e  f i g u r e  4b, one g i v e s  t h e  volume o f  e l u t i o n  o f  NaCl and po- 
l y e l e c t r o l y t e  s e p a r a t l y  as a f u n c t i o n  o f  t h e  average i o n i c  con- 

c e n t r a t i o n  ; i t  demonstrates how t o  i n t e r p r e t  t h e  e v o l u t i o n  o f  

chromatogram ( F i g u r e  4a) .  The area o f  t h e  peak e l u t e d  t o  h i g h e r  
e l u t i o n  volume a l l o w s  t o  c a l c u l a t e  t h e  osmot ic  c o e f f i c i e n t  0 of 
t h e  p o l y e l e c t r o l y t e  i n  presence o f  e x t e r n a l  s a l t .  

The number o f  e q u i v a l e n t  o f  s a l t  

l a t e d  t o  t h a t  o f  t h e  p o l y e l e c t r o l y t e  
t i o n  : 

Q 
Q s  Î 7 Qp = 

By GPC, t h e  c o e f f i c i e n t  0 can be 

Q, under  t h i s  peak i s  c o r r e -  

i n j e c t e d  (Q,) by  t h e  r e l a -  

Q C  v P 
4 

o b t a i n e d  as a f u n c t i o n  o f  

t h e  i o n i c  s t r e n g t h  (C,) and o f  t h e  polymer c o n c e n t r a t i o n  ( C  ) ; 

when e l u e n t  i s  wa te r ,  t h e  c o n d u c t i m e t r i c  s i g n a l  a l l o w s  t o  deduce 

Q d i r e c t l y  (1 -2 )  b u t  a l s o  t h e  m o b i l i t y  o f  t h e  p o l y e l e c t r o l y t e .  
The dependence o f  0 as a f u n c t i o n  o f  t h e  polymer c o n c e n t r a t i o n  

o b t a i n e d  by  GPC has been p r e v i o u s l y  compared w i t h  d i r e c t  measu- 

rements ( 2 ) .  

C/ S t e r i c  e x c l u s i o n .  

P 

One demonstrates t h a t  t h e  same c a l i b r a t i o n  o f  a s e t  o f  s i l i c a  
g e l s  i s  v a l i d  i n  wa te r  and o r g a n i c  s o l v e n t  (4-11) ; t h e  c a l i b r a -  

t i o n  i n  DMF was per formed w i t h  s tandards o f  p o l y s t y r e n e  and i n  

wa te r  w i t h  dex t rans  ( u s i n g  1 % e t h y l e n e g l y c o l  i n  t h e  e l u e n t  t o  
a v o i d  a d s o r p t i o n  (13 ) )and  sodium p o l y s t y r e n e s u l f o n a t e s .  Coup l i ng  
r e f r a c t o m e t r i c  and v i s c o s i m e t r i c  d e t e c t o r s ,  one i n t e r p r e t s  t h e  

chromatograms ob ta ined  f o r  a p o l y e l e c t r o l y t e  f o r  d i f f e r e n t  e l  uents .  

I t  i s  ve ry  i m p o r t a n t  t o  c o n t r o l  t h e  n a t u r e  o f  t h e  c o u n t e r i o n s  and 
t o  adopt an u n i v a l e n t  e l e c t r o l y t e  w i t h  same i o n  than  t h e  counte- 
r i o n s  o f  t h e  p o l y e l e c t r o l y t e .  Us ing t h e  u n i v e r s a l  c a l i b r a t i o n  

( [nl  M ( V  ) )  one deduced an apparent  m o l e c u l a r  w e i g h t  which de- 

creases t o  a cons tan t  va lue as t h e  i o n i c  c o n t e n t  o f  t h e  e l u e n t  

i nc reases  (Tab le  I ) .  T h i s  e f f e c t  corresponds t o  t h e  sc reen ing  o f  

t h e  e l e c t r o s t a t i c  e x c l u s i o n  o f  t h e  p o l y e l e c t r o l y t e .  

e 
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1306 RINAUDO, DESBRIERES, AND ROCHAS 

TABLE I 

Influence of the  ion ic  concentration in e luen t  (NaN03 in DMF) 

on the  apparent molecular w e i g h t  obtained from GPC experiments. 

5 ~ o - ~ M  450,000 350,000 

1.5 x 10-2M 350,000 290,000 

5 x l O - * M  250,000 200,000 

10-lM 230,000 170,000 

2 x 10-lM 250,000 170,000 
x 

x Light s ca t t e r ing  measurements. 

[I] and [11] a r e  two samples of poly(acrylonitri1e-co-metalyl- 
su l fona te)  sodium s a l t .  Ionic content : 0.6 x 10-3 and 1,2 x 

equivalent -SO - per gram of dried polymer respec t ive ly .  3 

When Ce > 5.10-2M, t he  molecular weight % obtained by GPC i s  

In addition a s  the  ion ic  content of the e luent  increases over 
equal t o  t h a t  obtained by l i g h t  s ca t t e r ing  (1-10).  

5.10-’M, 

t o  decrease of the c l a s s i ca l  hydrodynamic volume of the polyelec- 
t r o l y t e .  

In the  Table 11, an exemple f o r  the  charac te r iza t ion  o f  polysty- 
renesulfonates i n  aqueous solvent i s  g i v e n  ; t he  agreement be t -  
ween molecular weight obtained by GPC and d i r e c t  measurements i s  
good ; the i n t r i n s i c  v i s c o s i t i e s  given by the  viscometric detec- 

t he  peak i s  s t i l l  displaced t o  higher e lu t ion  volume due 
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25,000 

94,000 

51,000 

TABLE I 1  

18,000 15.2 

109,000 102 

303,000 301 

1307 

C h a r a c t e r i z a t i o n  o f  p o l y s t y r e n e s u l  f ona tes  (sodium s a l t  form) 
by GPC ; comparison w i t h  d i r e c t  measurements. 

Samples 

I 

I 1  

I11 

MW 
L i g h t  s c a t t e r i n g  

23 ,400 

188,000 

646,000 

S o l v e n t  : H20 - 0.1M NaCl . 

GPC 
S t a t i c  

( m l  . g - l )  

15 .2  

10 2 

303 

t o r  i s  a l s o  v e r y  comparable t o  t h a t  determined i n  a separa te  ex- 

per iment  w i t h  an Ubbelohde v iscometer .  

A t  end, i t  i s  i m p o r t a n t  t o  c o n t r o l  t h e  polymer c o n c e n t r a t i o n  
Cn i n j e c t e d  ; i n  f a c t ,  one observes a dependence o f  t h e  e l u t i o n  

I- 

volume w * ove r  C , 
i t h  Cp : up t o  a c r i t i c a l  c o n c e n t r a t i o n  C*, Ve i s  constant ;  

t r a n s i t i o n  between d i l u t e  t o  s e m i - d i l u t e  regime (14) .  I t  i s  a q u i -  
t e  genera l  behav iou r  ob ta ined  w i t h  n e u t r a l  and i o n i c  po lymer ; so, 

i t  i s  e s s e n t i a l  t o  determine t h e  e l u t i o n  volume e x t r a p o l a t e d  t o  
i n f i n i t e  d i l u t i o n  t o  p l o t  t h e  c a l i b r a t i o n  and i t  i s  necessary t o  

i n j e c t  a polymer a t  a i n i t i a l  c o n c e n t r a t i o n  C Q C*. T h i s  should 

be a l i m i t a t i o n  f o r  t h e  GPC c h a r a c t e r i z a t i o n  o f  v e r y  h i g h  mole- 
c u l a r  w e i g h t  po lymers.  

i t  inc reases  ( 4 ) .  T h i s  c o n c e n t r a t i o n  corresponds t o  t h e  

P 

meat 

CONCLUSION 

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

on chromatography on p o l y e l e c t r o l y t e s  ; r e s u l t s  a r e  q u i t e  
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1308 RINAUDO, DESBRIERES, AND ROCHAS 

i den t i c  in organic and aqueous so lu t ions .  The dependence of ion ic  
concentration of the  so lu te  in j ec t ed ,  of the  e l u e n t ,  of the poro- 
s i t y  o f  the gel on  the  e lu t ion  volume has been discussed. 

e luen t  with s a l t  content higher than 5.10-’M a t  l e a s t  f o r  ge ls  
whose pores diameter i s  l a rge r  than 50 A ; then the  mechanism of 
s t e r i c  exclusion i s  the only one which cont ro ls  the  e lu t ion  and 
the universal ca l ib ra t ion  i s  convenient t o  analyze chromatograms. 

Nevertheless, i t  i s  shown t h a t  the concentration of the polymer 
in jec ted  must remain lower than the overlapping concentration C . 

A l l  the r e s u l t s  a r e  es tab l i shed  on anionic polymers ; i t  i s  
c l ea r  t h a t  u p  t o  day with p a r t i a l l y  negative charged g e l s ,  i t  i s  

impossible t o  e l u t e  polycations.  The GPC on polye lec t ro ly tes  seems 
t o  be a very important technic o f  charac te r iza t ion  1/ t o  determi- 
ne the pur i ty  of a sample, the ionic  charge d i s t r i b u t i o n  on the 
polymer, the  osmotic coe f f i c i en t s  when the  e luent  i s  f r e e  o f  ex- 
ternal s a l t  or a t  a low s a l t  conten t ,  2/ t o  e s t ab l i sh  the  molecu- 
l a r  weight d i s t r ibu t ion  based on s t e r i c  exclusion using the uni- 

versal ca l ib ra t ion .  

The e l e c t r o s t a t i c  exclusion from the gel i s  suppressed with 

* 
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