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OPTIMIZATION OF PEAK SEPARATION AND BROADENING IN AQUEOUS 

GEL PERMEATION CHROMATOGRAPHY (GPC). DMTRANS 

S.N.E. Omorodion, A.E. Hamielec and J.L. Brash 
Department of Chemical Engineering 

McMaster University 
Hamilton , Ontario, Canada 

ABSTRACT 

Herein is reported an experimental optimization of the 
aqueous size-exclusion chromatography of dextrans on untreated 
CPG-10 glass packings. The molecular weight calibration curve was 
independent of ionic strength and there was no evidence of polymer 
adsorption on the glass packings. However, in the absence of salt 
in the mobile phase, chromatograms did show a high molecular 
weight shoulder which is attributed to small negative charges on 
the dextran molecules resulting in ion exclusion from the pores of 
the negatively charged glass. These high molecular weight 
shoulders were completely eliminated with the addition of a small 
amount of salt (e.g. 0.05 M NaS04). A proper choice of pore 
sizes was essential to obtain good separation with minimal 
peak broadening giving a linear molecular weight calibration curve 
with a wide separation range and a small correction for imprefect 
resolution. Corrections to MN and MI,,J were generally less than 5%. 
To establish an optimal column combination, it is recommended that 
single columns containing packing with one pore size be employed 
to establish the performance of a particular sized pore before a 
column combination is chosen. 

INTRODUCTION 

Many investigations of the aqueous size-exclusion chromato- 
graphy of dextrans have been published recently (1-11). One of 
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4 2  OMORODION, HAMIELEC, AND BRASH 

t h e  e a r l i e s t  s t u d i e s  was t h a t  o f  Eombaugh e t  a l .  ( 1 1 ) .  who used  

water a t  65OC and 1 ml/min a s  m o b i l e  phase  and d e a c t i v a t e d  P o r a s i l  

a s  pzck ing .  Q u a l i t a t i v e l y  t h e  chromatograms i n d i c a t e d  e x c e l l e n t  

peak s e p a r a t i o n  f o r  t h e  m o l e c u l s r  weight  r a n g e  o f  11,000-150,000. 

The chromatograms f o r  t h e  h i g h e r  m o l e c u l a r  weight  s t a n d a r d s  had 

s h o u l d e r s  nea r  t h e  vo id  volume. T h i s  migh t  have  been due  t o  s i z e  

e x c l u s i o n  o r  p o s s i b l y  ion  e x c l u s i o n .  U n f o r t u n a t e l y  s a l t  was n o t  

added t o  t h e  m o b i l e  phase t o  s u p p r e s s  i o n  e x c l u s i o n .  A c a r e f u l  

s t u d y  o f  s d s o r p t i o n  showed t h a t  it was n e g l i g i b l e .  Cooper and 

Matz inger  ( 4 )  found u s i n g  CFG pack ing  ( a  s i n g l e  4 f t  x 3/8 i n  

column c o n t a i n i n g  7 5  A ,  240 A and 2000 A p o r e  d i a m e t e r s )  and 

mob i l e  phtises c o n t a i n i n g  0.01 M ,  0.1 M and 1 . 0  M phospha te  a t  pH I 

7 .0  t h a t  t h e  m o l e c u l a r  weight  c a l i b r a t i o n  c u r v e  was i n d e p e n d e n t  o f  

i o n i c  s t r e n g t h .  They showed t h a t  Cffi pack ing  m a t e r i a l s  can  

e x h i b i t  ion  e x c l u s i o n  f o r  p o l y e l e c t r o l y t e s  i n  low i o n i c  s t r e n g t h  

media .  S p a t o r i c o  and Eeyer (5) chromatographed  d e x t r a n s  on CPG-10 

pack ings  (5 columns: 1250 A ,  670 A ,  500  A ,  190  A and 7 5  A ,  e ach  

column 5 f t  x 0 .17  i n )  u s i n g  0 . 2  M and 0 . 6  M Na2S04 a s  mob i l e  

phase .  l h e y  obse rved  t h a t  t h e  m o l e c u l a r  we igh t  c a l i b r a t i o n  c u r v e  

was i n d e p e n d e n t  o f  s a l t  c o n c e n t r a t i o n  and f l o w r a t e .  P e a k  

s e p a r a t i o n s  were good and t h e  c o r r e c t i o n s  t o  F(, and flh f o r  

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

were n o t  p r e s e n t e d .  E u y t e n h u y s  a n d  Vander  Maeden ( 9 )  
chromatographed  d e x t r a n s  on L i c h r o s p h e r  p a c k i n g s  ( u n t r e a t e d  s i l i c a  

mic ropsck ing  wi th  p s r t i c l e  d i a m e t e r  o f  abou t  10 m i c r o n s  and 100 A ,  

300 A ,  and 500 A p o r e s )  u s i n g  water  and a l s o  0 . 5  M sodium a c e t a t e  

(pH = 5 )  a s  mob i l e  phases .  The u s e  o f  t h e  s a l t  e l i m i n a t e d  t h e  

h i g h  molecu la r  weight  s h o u l d e r  caused  by i o n  e x c l u s i o n .  These 

a u t h o r s  s u g g e s t  t h a t  d e x t r a n s  may h a e  a few n e g a t i v e  c h a r g e s .  A 

s i m i l a r  e x p l a n a t i o n  would a p p l y  f o r  t h e  C f f i  p a c k i n g s  when wa te r  i s  

used a s  mobi le  phase.  Soeteman, Roels, Vzn Di jk  and %it 

chrometographed d e x t r a n s  on t r e a t e d  P o r a s i l  w i th  wa te r  a s  t h e  

mobi le  phase .  l'hey a p p a r e n t l y  d i d  n o t  o b s e r v e  any h i g h  m o l e c u l a r  

weight  s h o u l d e r s  a t t r i b u t a b l e  t o  i o n  e x c l u s i o n .  I t  may be  t h a t  

t h e  n e g a t i v e  c h a r g e  on t h e  t r e a t e d  P o r a s i l  i s  n e g l i g i b l e .  T h e i r  
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AQUEOUS GPC OF DEXTRANS 43 

i n t r i n s i c  v i s c o s i t y  measurements  s u g g e s t  t h a t  be low a m o l e c u l a r  

we igh t  of 50 ,000  t h e  d e x t r a n s  a r e  e s s e n t i a l l y  l i n e a r .  A t  h i g h e r  

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

s u g g e s t s  t h a t  t h e  m o l e c u l e s  a r e  h i g h l y  b ranched .  T r e a t i n g  t h e  

d e x t r a n s  a s  l i n e a r  up t o  a m o l e c u l a r  we igh t  o f  = 532,000 h a s  

p e r m i t t e d  a c c u r a t e  d e t e r m i n a t i o n s  of  m and R, by C P C  by t h e s e  

worke r s .  Pe rhaps  t h e  u s e  o f  b ranched  d e x t r a n  s t a n d a r d s  t o  

e s t a b l i s h  t h e  molecu la r  we igh t  c a l i b r a t i o n  c u r v e  h a s  made t h e  

c a l c u l a t i o n a l  p r o c e d u r e  r e a s o n a b l e .  I t  should  be no ted  however 

t h a t  l a r g e  errors i n  m N  and R, would l i k e l y  r e s u l t  i f  t h e  

c a l i b r a t i o n  c u r v e  were used f o r  an unknown d e x t r a n  sample whose 

b r a n c h i n g  f r equency  were a p p r e c i a b l y  d i f f e r e n t .  

N 

The o b j e c t i v e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  d e f i n e  a 

mob i l e  phase  and a combina t ion  o f  co lumns  o f  CPC-10 pack ing  for 

t h e  e f f i c i e n t  s i z e  s e p a r a t i o n  o f  d e x t r a n s  w i t h  c o r r e c t i o n s  f o r  

i m p e r f e c t  r e s o l u t i o n  t o  E? and fl, o f  l e s s  t h a n  abou t  5%.  N 

EXPERIMENTAL 

The polymers  used i n  t h i s  s t u d y  were a series o f  d e x t r a n s  

s u p p l i e d  by Pharmacia F ine  Chemica ls  ( P i s c a t a w a y ,  M. J . )  . t h e  

m o l e c u l a r  we igh t  d a t a  s u p p l i e d  by Pharmacia a r e  shown i n  Table  1. 

The d e x t r a n  s t a n d a r d s  a r e  known t o  b e  h i g h l y  b r a n c h e d ,  

b r o a d l y  d i s t r i b u t e d  polymers .  These s t a n d a r d s  a r e  u s e f u l  i n  an 

o p t i m i z a t i o n  s t u d y  o f  peak  s e p a r a t i o n  and b roaden ing .  However, 

t h e y  shou ld  be used  w i t h  c a u t i o n  for c a l i b r a t i o n  p u r p o s e s  when 

d e x t r a n  po lymers  wi th  unknown b r a n c h i n g  c h a r a c t e r i s t i c s  a r e  t o  b e  

ana lyzed  by  aqueous  GPC. 

'he l i q u i d  chromatograph  employed i n  t h i s  s t u d y  was a Waters  

A s s o c i a t e s  Model ALC/GPC 300 w i t h  a 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  

o p e r a t e d  a t  room t e m p e r a t u r e .  A 2 m l  sample  l o o p  w i t h  polymer 

c o n c e n t r a t i o n s  of 0.05-0.1 w t %  and a 5 ml s i p h o n  were employed 

w i t h  mob i l e  phase  f l o w r a t e s  i n  t h e  r a n g e ,  1-8 ml/min. The co lumns  

were dry-packed wi th  CPG-10 p a c k i n g .  D e t a i l s  o f  p a c k i n g ,  column 

c o m b i n a t i o n ,  m o b i l e  phase  t y p e  and f l o w r a t e  accompany t h e  F i g u r e s  

showing t h e  r e s u l t s  o f  t h e  i n v e s t i g a t i o n .  
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44 OMORODZON, HAMIELEC, AND BRASH 

TABLE 1 

Molecular  ’ l ieights o f  Dex t rans  

Des igna t ion  
Fi,’FiN 

T 2000 
T 500 
T 250 
T 150 
T 110 
T 70 
T 40 
T 20 
T 10 

- 
173.0 
112.5 
86.0 
76.0 
42.5 
28.9 
15.0 
5.7 

- 
50 9 
23 1 
154 
1 06 

70 
44.4 
22.3 

9.3 

- 
2.94 
2.05 
1.79 
1.39 
1.65 
1.54 
1.49 
1,63 

RESULTS AND DISCUSSION 

The f i r s t  mob i l e  phase t o  b e  i n v e s t i g a t e d  was d i s t i l l e d  water  

w i th  no a d d i t i v e s .  Typ ica l  chromatograms o b t a i n e d  for t h e  d e x t r a n  

s t a n d a r d s  i n  water are shown i n  F igu re  1. A chromatogram f o r  a 

h igh  molecu la r  weight  non ion ic  po lyac ry lamide  i s  a l s o  i n c l u d e d  t o  

show t h e  void volume. Most o f  t h e  d e x t r a n  chromatograms have a 

h igh  molecu la r  weight  s h o u l d e r  o r  a r e  c l e a r l y  bimodal .  The 

s h o u l d e r  o r  second peak i s  c l e a r l y  n o t  t h e  r e su l t  o f  so lu t e  

e x c l u s i o n  frcm t h e  l a r g e s t  p o r e s  on t h e  b a s i s  o f  s i z e  a s  t h e  

r e t e n t i o n  volumes are  c o n s i d e r a b l y  l a r g e r  t han  t h e  vo id  volume. 

Also molecu la r  a g g r e g a t i o n  is u n l i k e l y  for branched d e x t r a n s .  

Th i s  phenomenon is observed wi th  l i n e a r  p l y  ( v i n y l  c h l o r i d e )  

s y n t h e s i z e d  a t  lower t e m p e r a t u r e s  where s y n d i o t a c t i c  s equences  a r e  

o f  s u f f i c i e n t  l e n g t h  t o  pe rmi t  t h e  fo rma t ion  of c r y s t a l l i t e s  ( 1 2 ) .  

These d i s s o l v e  v e r y  s l o w l y  and are r e s p o n s i b l e  for h i g h  m o l e c u l a r  

weight  s h o u l d e r s  and bimodal chromatograms f o r  PVC. The most 
l i k e l y  e x p l a n a t i o n  f o r  t h e  bimodal chromatograms f o r  d e x t r a n s  i s  

ion  e x c l u s i o n .  It i s  hypo thes i zed  t h a t  t h e  d e x t r a n  m o l e c u l e s  have  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



AQUEOUS GPC OF DEXTRANS 45 

m 
RETENTION VOLUME (counts) 

FIGURE 1: Chromatograms o f  d e x t r a n s  on CPC 1 0  p a c k i n g  ( o n e  
column, 4 '  x 3/8", o f  each of  pore  sizes:  125 A, 240 A.  
370 A, 2000 A )  i n  d i s t i l l e d  water showing p a r t i a l  ion  
e x c l u s i o n .  PAM 5000 ( a  high MN polyacrylamide)  shows 
void volume o f  column system. 

a small nega t ive  charge and t h a t  t h e  l a r g e r  o f  t h e s e  polymer 

molecules  have s u b s t a n t i a l l y  reduced a v a i l a b l e  pore volume due t o  

charge repuls ion  near t h e  g l a s s  s u r f a c e .  Buytenhuys and Vander 

Haeden ( 9 )  have made a s i m i l a r  sugges t ion .  'he a d d i t i o n  of s a l t  

to  t h e  mobile phase e l i m i n a t e s  t h e  b i m o d a l i t i e s  and g i v e s  unimodal 

peaks a s  shown i n  Figure 2a. Also shown is a s a l t  peak due t o  ion 

i n c l u s i o n .  The e l e c t r o l y t e  added t o  t h e  mobile phase presumably 

screens  t h e  charge on the  polymer molecules  and compresses t h e  

e l e c t r i c a l  double  l a y e r  a s s o c i a t e d  with t h e  g l a s s  s u r f a c e .  The 

a v a i l a b l e  pore volume f o r  t h e  l a r g e r  dext ran  molecules  i s  t h u s  

increased .  The molecular weight c a l i b r a t i o n  curves  obtained f o r  

water and two s a l t  s o l u t i o n s  a s  mobile phase a r e  shown i n  F igure  

2b. The column combination employed was t h e  same f o r  t h e  d a t a  

presented i n  F igures  1. 2a and 2b. It was observed t h a t  t h e  peak 

r e t e n t i o n  volumes a r e  independent o f  e l e c t r o l y t e  c o n c e n t r a t i o n .  

Moreover, t h e  a d d i t i o n  of  o t h e r  a d d i t i v e s  inc luding  s a l t s ,  a c i d ,  

and, nonionic s u r f a c t a n t s  (e .g .  T e r g i t o l ,  a low MW po lye ther )  a l s o  

had no e f f e c t  on e l u t i o n  volumes. 'his sugges ts  t h a t  adsorp t ion  

o f  dext ran  on t h e  CPC s u r f a c e  i s  n e g l i g i b l e .  It was concluded 
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FIGURE 2: ( a )  Chromatograms o f  d e x t r a n s  on CFG 10 p a c k i n g  (same 
columns a s  F igu re  1 )  w i th  a d d i t i o n  of  0.05 M Na2S04. A 
s a l t  peak i s  now a p p a r e n t .  ( b l  Mw c a l i b r a t i o n  c u r v e s  
f o r  d e x t r a n s  i n  wa te r  (01, 0. 1 M KBr ( 0 )  and 0.05 M 
Na2S04 ( A ) ,  showing l a c k  o f  dependence on e l e c t r o l y t e  
t y p e  and c o n c e n t r a t i o n .  
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AQUEOUS GPC OF DEXTRANS 47 

t h a t  an aqueous s o l u t i o n  0.05 M i n  Na2S04 i s  a s  e f f e c t i v e  a s  any 

o t h e r  mobile phase,  and should be used f o r  f u r t h e r  development o f  

a GPC system for  these  polymers. 

The n e x t  s t e p  i n  system development was t o  opt imize pore s i z e  

s e l e c t i o n  t o  produce  an e f f e c t i v e  column c o m b i n a t i o n .  The 

procedure used was t o  c a l i b r a t e  s i n g l e  columns conta in ing  one pore 

s i z e  or a r e l a t i v e l y  narrow pore s i z e  d i s t r i b u t i o n .  The r e s u l t s  

o f  t h e s e  c a l i b r a t i o n s  a r e  shown i n  Figure 3. I t  i s  c l e a r  t h a t  

pores  of 1000 A o r  g r e a t e r  a r e  too l a r g e  t o  g ive  a p p r e c i a b l e  peak 

J 

I 20.0 25.0 30.0 36.0 40.0 46.0 50.0 
PEAK RETENTION VOLUME (cc) 

FIGURE 3: Mu c a l i b r a t i o n  curves  f o r  d e x t r a n s  on CPG 10 us ing  
s i n g l e  columns (each 4 '  x 3/8") with 0.05 M Na SO a s  
mobile phase. A - 88 A ,  B - 120/88 A ,  C - 240/1$0 1, D 
- 3701327 A, 
A ,  H - 2000 A ,  I - 3000 A .  

E - 700 /500 /370  A, F - 727 /700  A, G - 1000 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



48 OMORODION, HAMIELEC, AND BRASH 

10' 

+ 10' 

3 
a 
S 
3 u 3 106 
0 z 
3 
IS 
ui 
E 

I= l(r 

X 

B 

10  

s e p a r a t i o n  f o r  t h e  r e l a t i v e l y  small  dext ran  molecules .  It may be 

seen t h a t  t h e  s l o p e s  o f  t h e  molecular weight c a l i b r a t i o n  c u r v e s  

f o r  the  ?27/?00 A ,  700/500/370 A ,  370/327 A ,  240/120 A and 88 A 

columns a r e  approximately t h e  same i n  t h e i r  l i n e a r  r e g i o n s  and 

t h a t  t h e r e  a r e  no molecular weight gaps.  This  s u g g e s t s  t h a t  a 

column combination with one column of each o f  t h e s e  pore s i z e s  
should g ive  a l i n e a r  molecular weight c a l i b r a t i o n  curve  having the  

same slope and a very wide molecular weight s e p a r a t i o n  range.  
This is borne out  by t h e  molecular weight c a l i b r a t i o n  curves  shown 

i n  Figure 4. The t r u e  molecular weight c a l i b r a t i o n  curve was 

I 1 I I I I 
105.0 120.0 136.0 150.0 166.0 180.0 196.0 210.0 
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o b t a i n e d  u s i n g  t h e  t w o  broad s t a n d a r d s  method (13). It  is o f  

i n t e r e s t  t o  n o t e  t h a t  f o r  d e x t r a n s  t h e  u s e  of t h e  r o o t  mean s q u a r e  
m o l e c u l e r  w e i g h t  ( N r m s  = J M  . M  1 g i v e s  a m o l e c u l a r  w e i g h t  N W  
c a l i b r a t i o n  c u r v e  which is i n  good agreement  w i t h  t h e  t r u e  
c a l i b r a t i o n  c u r v e .  This would n o t  b e  t r u e  i n  g e n e r a l  for any  

m o l e c u l a r  we igh t  d i s t r i b u t i o n  b u t  a p p a r e n t l y  works r e a s o n a b l y  well 

for t h e  d e x t r a n  s t a n d a r d s .  The use  of $ o b v i o u s l y  g i v e s  t h e  

i n c o r r e c t  c a l i b r a t i o n  c u r v e .  The t r u e  m o l e c u l a r  w e i g h t  
c a l i b r a t i o n  c u r v e  was t h e n  used t o  c a l c u l a t e  k, and f$ u s i n g  t h e  

chromatograms o f  t h e  s t a n d a r d s .  These c a l c u l a t e d  m o l e c u l a r  w e i g h t  
a v e r a g e s  a l o n g  wi th  m o l e c u l a r  weight  a v e r a g e s  p rov ided  by t h e  

s u p p l i e r  a r e  shown i n  Table  2. The ag reemen t  i s  e x c e l l e n t  f o r  t h e  

i n t e r m e d i a t e  m o l e c u l a r  weight  s t a n d a r d s  w i t h  p o o r e r  ag reemen t  a t  

t h e  h i g h  and low m o l e c u l a r  we igh t  ends  where t h e  c a l i b r a t i o n  c u r v e  

is n o n - l i n e a r  . 

TABLE 2 

MW Da ta  fo r  D e x t r a n s :  G P C  V a l u e s  Compared t o  V a l u e s  o f  
Manufac tu re r  

Value s Supp l i ed  GPC Values  Uncor rec t ed  
by Manufac tu re r  for I m p e r f e c t  R e s o l u t i o n  

( Pharmac i a  1 

Sample W fl flW/flN m FI flp, x Y ~ - 3  x Y ~ - 3   YO-^ xY~-3 

T 10 
T 20 
T 40 
T 70 
T 110 
T 150 
T 250 
T 500 

5.70 
15.00 
28.90 
42.50 
76.00 
86.00 
112.50 
173.00 

9.3 
22.3 
44.4 
70.0 
106.0 
154.0 
231.0 
509.0 

1.63 
1.49 
1.54 
1.65 
1.39 
1.79 
2.05 
2.94 

8.73 
15.56 
27.22 
43.02 
70.95 
89.38 
124.89 
206.78 

12.27 
22.66 
44.69 

104.65 
151.99 
230.82 
421.27 

70. a5 

1.41 
1.46 
1.64 
1.69 
1.48 
1.70 

2.04 
1 85 
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I n  summary it has  been shown t h a t  a d d i t i o n  of  smal l  amounts 

o f  e l e c t r o l y t e  (e .g .  0.05 M Na2 SO4) t o  water e l i m i n a t e s  high 

molecular weight shoulders  from the  chromatograms o f  d e x t r a n s  on 

CPG-10 g l a s s .  Using t h i s  mobile phase a column combination having 

pore s i z e s  i n  the  range 88-727 A g i v e s  e x c e l l e n t  r e s o l u t i o n  i n  t h e  

molecular weight range 22,000 < f? < 230,000. 
W 
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