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A NEW PACKING FOR AQUEOUS SIZE EXCLUSION CHROMATOGRAPHY 
POLYVINYLPYRROLIDONE-COATED SILICA. 

Lament L e t o t ,  Jme~  L a e c  and CLaude Quivohon 

L a b o m t o h e  de P h y b i c o - C h i c  MachomoLecLLeaihe (CNRS LA 2 7 8  1 
ESPCI - 10,  kue V u q u d n  - 75231  PatLin Cedex 05 - Ftlance. 

ABSTRACT 

Adsorption of polyvinylpyrrolidone on s i l i c a  i n  aqueous mediur 
i s  studied. Adsorption isotherms, thermogravimetry and elementary 
ana lys i s  show t h a t  a complete surface coverage i s  reached w i t h  
l a rge  pore microbeads. The coating s t a b i l i t y  and i t s  a b i l i t y  t o  
prevent non-steric e f f e c t s  when used a s  packing i n  exclusion chro- 
matography a re  demonstrated. Four d i f f e r e n t  pore s i z e  packings 
were prepared f o r  chromatographic eva lua t ions .  I t  i s  shown t h a t  
water soluble polymers l i k e  polyethylene oxide, polyvinylalcohol, 
polyacrylamide and hydroxyethylcellulose can be chromatographied 
in pure water according t o  the  s t e r i c  exclusion mechanism. 

INTRODUCTION 

For rapid s i z e  exclusion chromatography of water soluble 
polymers, inorganic ge l s  (micropar t ic les  of  porous s i l i c a  or  
controlled pore g l a s s )  seem 
nical s t rength  packings. In order t o  prevent the strong adsorption 
of samples on the surface of these ma te r i a l s ,  s i l i c a  p a r t i c l e s  
bonded with various molecules, have been recent ly  prepared (1-3) .  
Two micropackings a re  now comnercially ava i lab le  (4 -5 )  b u t  the 

t o  be the bes t  way f o r  h i g h  mecha- 
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1312 LETOT, LESEC, AND QUIVORON 

nature a n d  the  covalent s t ruc tu re  of these  bonded phases were not 
pub1 ished. Another technique cons i s t s  i n  p re t r ea t ing  s i l i c a  beads 
by polyethylene oxide ( 6 ) ,  b u t  the cove 

By con t r a s t ,  i t  i s  well known t h a t  
i s  strongly adsorbed onto s i l i c a  (7-8) .  
polymer on a s i l i c a  surface must reduce 
l ecu la r  so lu tes  i n  G P C  experiments ; t h  

age i s  not very s t ab le .  
polyvinylpyrrolidone ( P V P )  
The presence of t h i s  
the adsorption of macrcmo- 
s led us t o  check the 

chranatographic proper t ies  of PVP-coated s i l i c a  i n  exclusion chro- 
matrography of water soluble polymers. 

EXPERIMENTAL 
Apparatus 

A Waters Associates model ALC/GPC 201, equipped w i t h  a M 6000P 
solvent de l ivery  system, a U6K in j ec to r  and a R 401 d i f f e r e n t i a l  
r e f r ac t ane te r ,  was used throughout t h i s  work. S t a in l e s s  s t ee l  
columns (30cm length ,  48mm I .D. ) ,  capped w i t h  Parker e r d f i t t i n g s  
( 2  micron f r i t s )  were packed by the s l u r r y  technique. 

Mater i a1 s 

The s i l i c a  used in  our experiments was Lichrospher , purchased 
from Merck (Darmstadt, RFA). This spherical  porous material  has an 
average pa r t i c l e  diameter o f  10 microns and a con t ro l l ed ,  narrow 
pore s i z e  d i s t r i b u t i o n .  To cover the whole range of molecular weight 
so lu t e s ,  four d i f f e r e n t  po ros i t i e s  were studied : 100 !, 500 1, 
1,000 f i  and 4,000 1. The coating materi a1 was polyvinyl pyrrol idone 
(PVP K 1 5 ) ,  supplied by Fluka (Buchs, Switzerland) w i t h  a molecular 
weight near 10,000. The chranatographic proper t ies  of our PVP-coated 
s i l i c a s  were mainly investigated with two s e t s  o f  standards : dex-  
t rans  f ran  Sigma ( S t  Louis, USA) and polyethylene oxides from Toyo 
Soda (Tokyo, Japan),  In a l l  experiments, desionized water was 
produced by a Milli-Q system supplied by Mill ipore (Bedford, Mass, 
USA). 
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POLYVINYLPYRROLIDONE-COATED SILICA 1313 

PVP Pdsorption 

Adsorption of PVP onto s i l i c a  was studied by s t i r r i n g  a s i l i c a  
microbead suspension i n  aqueous so lu t ions  of PVP. Some k ine t i c  
experiments have shown t h a t  adsorption e q u i l i  br ium was reached 
w i t h i n  6 hours. After t h i s  time, t he  suspension was centrifuged 
a t  6,000 rpm so as t o  separate the supernatant,  and the  polymer 
concentration was measured by refractometry v i a  a c a l i b r a t i o n  curve. 
Adsorption isotherms ( 9 )  were determined on 50Omg of s i l i c a  in  5ml 
so lu t ions  of PVP from 0.1% t o  10%. For each k i n d  of s i l i c a ,  the 
w i g h t  of adsorbed polymer per weight of s i l i c a  was calculated ; 
This was then plotted as a function of polymer concentration i n  
so lu t ion  a t  equilibrium (Figure 1). These curves have a d i f f e r e n t  
adsorption l i m i t ,  depending upon the  bead pore s i z e .  The higher 
the  porosity,  t he  smaller the amount of coated polymer. As the  
spec i f i c  surface area of these  mater ia l s  i s  given by the suppl ie r ,  
we have calculated the amount of the coated polymer per surface 
u n i t .  The r e s u l t s  a r e  g i v e n  i n  Table 1. 

2 The same value (lmg/m ) i s  obtained f o r  500 i, 1,000 i, and 4,000 
mater ia l s .  Conversely, the value found f o r  the 100 A s i l i c a  i s  
smaller (O.&ng/m ) .  These r e s u l t s  a re  i n  good agreement w i t h  the 
chromatographic proper t ies  described below, and lead us t o  believe 
t h a t  a complete coverage of t h e  s i l i c a  surface i s  reached except 
in the case  of the  100 A mate r i a l .  Other measurements were achieved 
by thermogravimetry and elementary ana lys i s  of carbon and nitrogen 
and gave the  same values w i t h  regards t o  experimental e r r o r s .  
(Table 2 ) .  

The coating s t a b i l i t y  was checked by measuring t h e  amount of 
coated polymer v i a  elementary ana lys i s  and thermogravimetry a f t e r  
several washings w i t h  pure water. No desorption could be de tec ted .  
The same r e s u l t  was obtained by checking the coa t ing  before chro- 
matography and a f t e r  e lu t ing  more than 20 l i t e r s  of water. 
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POLYVINYLPYRROLIDONE-COATED SILICA 1315 

Poros'ty 
( in  8) 
100 
500 

1,000 

4,000 

TABLE 1 

Surface area amount of coated polymer 
( i n  m2/g) ( i n  mg/g) in mg/m2) 

256 200 = 0,8 
40 4 1  2 1  

19 20 , =  1 
5 5 1 

Porosity 

(h  

100 

500 
1,000 

4,000 

TABLE 2 

Amount of coated polymer elementary 
( i n  analysis 

isotherms thermogravimetry 

200 170 164 
41 40 43 
20 23 24 

9 -- 5 

I I I 

Chromatographic experiments 

We f i r s t  tr ied t o  f i l l  chromatographic columns w i t h  coated 
s i l i ca s  by the slurry technique using pure water as solvent, The 
resultant efficiency was generally poor and did n o t  exceed 3,000 
plates per foot. After several t r i a l s  in other solvents, the best 
efficiency ( 2  4,000 plates per foot) was obtained with a chloro- 
form-methanol (75:25 v / v )  mixture. Unfortunately, the coating i s  
not very stable i n  th i s  solvent and i s  par t ia l ly  removed from 
s i l i ca .  The columns packed under these conditions s t i l l  present 
some adsorption effects .  
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1316 LETOT, LESEC, ANTI QUIVORON 

We obta ined e f f i c i e n t  PVP-coated s i l i c a  columns, by  t h e  f o l l o -  
wing method. Unmodif ied s i l i c a  was packed i n  ch loroform-methanol  

m i x t u r e  under a pressure o f  300 bars, t hen  r e c o n d i t i o n e d  i n  pure 
water  v i a  THF, methanol and methanol-water (50:50). The p l a t e  
coun t  decreased f r o m  4,000 t o  3,000 p l a t e s  pe r  f o o t .  The s i l i c a  
c o a t i n g  was ob ta ined  by e l u t i n g  a PVP s o l u t i o n ,  through t h e  column 
a t  a l e v e l  o f  10% i n  water  d u r i n g  24  hours, w i t h  a f l o w  r a t e  o f  

0.5 ml/mn. No decrease was observed i n  t h e  e f f i c i e n c y .  Some measu- 

rements were performed by e lementary a n a l y s i s  and thermograv imetry  
and i t  was demonstrated t h a t  t h e  amount o f  adsorbed polymer per  

s u r f a c e  u n i t  i s  t h e  same e i t h e r  by t h i s  method o r  by t h e  a d s o r p t i o n  
i so the rm method. 

The chromatographic exper iments were performed a t  30°C. A t  a 

f l o w  r a t e  o f  lml/mn, t h e  pressure d i d  n o t  exceed 500 P S I  p e r  

column f o r  pure wa te r .  The polymer samples were r u n  w i t h  i n j e c t i o n  
volumes o f  151.11 a t  c o n c e n t r a t i o n s  about 0.5%. The columns were 
c h a r a c t e r i z e d  by p l o t t i n g  t h e  l o g a r i t h m  o f  mo lecu la r  w e i g h t  o f  

v a r i o u s  polymer samples versus t h e  p a r t i t i o n  c o e f f i c i e n t ,  Kd 
d e f i n e d  by : 

Kd = (Ve - VO)/(V, - V 0 )  

where Ve i s  t h e  e l u t i o n  volume, V o  t he  v o i d  volume and Vt, t h e  
t o t a l  volume o f  s o l v e n t .  

D I SCUSS I ON 

We s t u d i e d  t h e  ch rans tog raph ic  p r o p e r t i e s  o f  ou r  columns by 
i n j e c t i n g  two s e t s  o f  s tandards : dex t rans  and p o l y e t h y l e n e  ox ides  
(PEO). As these two s e t s  o f  compounds have d i f f e r e n t  p o l y d i s p e r -  
s i t i e s  (about  1 f o r  PEO and about  2 f o r  d e x t r a n s ) ,  we c h a r a c t e r i z e d  

t h e i r  e l u t i o n  volumes by t h e i r  "peak mo lecu la r  weight"  M = m w ) ,  
which i s  t h e  most r e p r e s e n t a t i v e  parameter o f  t h e  peak apex (10). 

I n  o rde r  t o  use B e n o i t ' s  u n i v e r s a l  c a l i b r a t i o n ,  i n t r i n s i c  v i s c o s i -  
t i e s  l n l  were measured by Ubbelohde v i scomet ry .  

on s i l i c a  su r face  i s  shown i n  F i g u r e  2 : a c l a s s i c a l  u n i v e r s a l  
The a b i l i t y  o f  t h e  PVP c o a t i n g  t o  p r e v e n t  a d s o r p t i o n  o f  samples 
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POLYVINYLPYRROLIDONE-COATED SILICA 1317 

P=o 
odext ran  

Vecml) 

2A 3.0 3.6 4.0 4.2 

FIGURE 2 
0 

U n i v e r s a l  c a l i b r a t i o n  curve on 500 A column : f l o w  r a t e  lml/mn. 

0 

c a l i b r a t i o n  cu rve  f o r  PEO can be ob ta ined  on t h e  500 A column, 
whereas these compounds a re  s t r o n g l y  r e t a i n e d  on u r m o d i f i e d  s i l i c a .  
Besides, t h e  two u n i v e r s a l  c a l i b r a t i o n  curves f o r  dex t rans  and PEO 

a r e  i d e n t i c a l  ( F i g u r e  2 )  and prove t h e  absence o f  n o n - s t e r i c  e f f e c t s  
i n  t h e  e l u t i o n s .  The same r e s u l t  was observed wi th  t h e  1 000 A and 

4 000 A columns. 

behav iou r .  A u n i v e r s a l  c a l i b r a t i o n  can be o b t a i n e d  f o r  dex t rans  
b u t  a d s o r p t i o n  occurs w i t h  PEO. Excluded PEO samples, which a re  

0 

0 

0 

On another  hand, t h e  100 A m a t e r i a l  p resen ts  a p a r t i c u l a r  
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1318 LETOT, LESEC,  ANTI QUIVORON 

strongly adsorbed on unmodified s i l i c a s ,  a r e  eluted here a t  the 
void volume on coated mater ia l s ,  while lower molecular weight 
samples, which penet ra te in to  the  pores, a r e  re ta rded .  T h i s  pheno- 
menon, i n  connection w i t h  adsorption isotherm r e s u l t s ,  can be 
explained by incomplete surface coverage. The coating material  has , 
in so lu t ion ,  too la rge  a hydrodynamic volume ( f lw  2 10,000) t o  en te r  
compl e t e ly  in to  the  pore s t ruc tu re  d u r i n g  the  coating procedure and 

logfl 

6 

5 

4 

3 

2 

I, 

dex t ran  

- pea 

, Kdb 
0 0.2 04 0.6 0.8 1 

FIGURE 3 
0 

Calibration curves f o r  PEO and dextran on 500, 1,000 and 4,000 A 
columns. Solvent : H20. Flow r a t e  : lml/mn. 
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0 

P o r o s i t y  (A) 

500 
1,000 

4,000 

TABLE 3 

E x c l u s i o n  l i m i t  

Dex tr an s I PEO 

6 .  lo5 2 .  lo5 
3. lo6 5.10 

lo7 2 .  lo6 

5 

t h e  su r face  coverage i s  p robab ly  complete o u t s i d e  t h e  beads b u t  
p a r t i a l  w i t h i n  t h e  pores. The use of a l ower  mo lecu la r  w e i g h t  PVP 

c o u l d  p robab ly  overcome t h i s  drawback and we a r e  s t u d y i n g  t h i s  
m o l e c u l a r  we igh t  parameter. 

I n  F i g u r e  3, we have p l o t t e d  t h e  c a l i b r a t i o n  cu rves  logh=f(Kd) 

f o r  dex t rans  and PEO on 500 A, 1,000 A and 4,000 A coated pack ings 
i n  pu re  water .  These curves enhance t h e  d i f f e r e n c e  o f  behaviour  f o r  

t h e  two s e t s  o f  s tandards s i n c e  t h e  hydrodynamic volume o f  PEO i s  
l a r g e r  a t  a g i v e n  m o l e c u l a r  we igh t  t han  t h e  d e x t r a n  one. I n  a d d i t i o n  

these curves show t h a t  t h e  c o a t i n g  procedure does n o t  s i g n i f i c a n t l y  
a f f e c t  t h e  pack ing  p o r o s i t y  and t h a t  PVP coated s i l i c a s  have a v e r y  
wide range o f  m o l e c u l a r  w e i g h t  s e l e c t i v i t y .  The d i f f e r e n t  e x c l u s i o n  
l i m i t s  w i t h  dex t rans  and PEO a r e  g i v e n  i n  Table 3. 

sample m i x t u r e  on a ICOC i column. 

Many water  s o l u b l e  polymers such as p o l y v i n y l a l c o h o l ,  p o l y a c r y l a -  
mide and h y d r o x y e t h y l c e l l u l o s e ,  have been s u c c e s s f u l l y  e l u t e d  i n  
pure water  w i t h o u t  n o n - s t e r i c  e f f e c t s .  However, PVP samples seem 
t o  be re ta rded ,  because o f  d i p o l a r  i n t e r a c t i o n s  between coated PVP 

and PVP cha ins  i n  s o l u t i o n ,  l e a d i n g  t o  an apparent  i n c r e a s e  o f  t h e i r  
e l u t i o n  volumes. Th is  n o n - s t e r i c  e f f e c t  does n o t  p e r m i t  t h e  a c c u r a t e  

a n a l y s i s  o f  PVP samples. 

0 0 0 

As an example, F i g u r e  4 r e p r e s e n t s  t h e  s e p a r a t i o n  o f  a PEO 
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1320 LETOT, LESEC, AND QUIVORON 

1 ethylene glycol 
2 p o e  4000 
3 p o e  10000 
4 p o e  40000 
S P O E  660000 

4 

ml I 

4 3 2 1 

FIGURE 4 

Separation o f  a mixture of PEO on SI 1,000 (30cm). Mobile phase : 

H20. Flow r a t e  : lml/mn. 

Finally,  molecular s i z e  separation o f  charged polymers such as 
proteins o r  polymethacryl i c  acid were achieved w i t h  phosphate buffer 
as e luent .  Figure 5 shows the  separation of some proteins on the 
500 A column. 

0 

CON CLUS ION 

We have shown t h a t  the  porous s i l i c a  surface proper t ies  could 
be dramatically modified by coating i t  w i t h  a polymer such as poly- 
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2 

I 
ml 

4 
5 4 3 2 1  

1 sucrose 340 

2 a I d o l  ase(f r act ion) 

3 r ibonuclease 13000 

4 carbonic anhydrase 25000 

5 bovine serum 68000 

F I G U R E  5 

Separa t i on  o f  p r o t e i n s  on SI 500 (30cm). Mob i l e  phase : phosphate 

b u f f e r  0,lM. Flow r a t e  : O,timl/mn. 

v i n y l p y r r o l i d o n e  u s i n g  a v e r y  s imp le  procedure.  These PVP-coated 

s i l i c a  pack ings a r e  s t a b l e  i n  water  and may r e p l a c e  comnerc ia l  bonded 

phases, t h a t  a r e  c h e m i c a l l y  more d i f f i c u l t  t o  o b t a i n .  

The d i r e c t  a p p l i c a t i o n  o f  these coa ted  m a t e r i a l s  i n  aqueous 

s t e r i c  e x c l u s i o n  chromatography i s  h i g h l y  i n t e r e s t i n g  and p r o m i s i n g  

s i n c e  t h e  absence o f  n o n - s t e r i c  e f f e c t s  enables t h e  e x a c t  m o l e c u l a r  

we igh t  c h a r a c t e r i z a t i o n  o f  many wa te r  s o l u b l e  polymers. 
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