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GEL CHROMATOGRAPHY WITH SILICA GELS 

I ,  COLUMN SYSTEMS FOR CONVENTIONAL POLYMER SEPARATIONS 
EXTENDED TOWARDS LOWER MOLAR MASSES + 

I, Novak a n d  D. B e r e k  

S l o v a k  Academy o f  S c i e n c e s ,  842 36 B r a t i s l a v a ,  Czecho-  
Po lymer  I n s t i t u t e ,  C e n t r e  f o r  C h e m i c a l  R e s e a r c h ,  

s l o v a k i a  

ABSTRACT 
T h r e e  p r o c e d u r e s  f o r  p r e p a r a t i o n  o f  s i l i c a  g e l s  

w i t h  smal l  p o r e  d i a m e t e r s  s u i t a b l e  f o r  g e l  c h r o m a t o -  
g r a p h y  were t e s t e d .  The mater ia l s  w i t h  opt imum p r o p e r -  
t i e s  were n o t  o b t a i n e d ,  however ,  i t  was shown t h a t  t h e  
column s e t  w i t h  t h e  s e p a r a t i o n  r a n g e  e x t e n d e d  t o w a r d s  
l o w e r  m o l a r  m a s s e s  c a n  b e  b u i l t  u s i n g  a p p r o p r i a t e l y  
c h o s e n  s i l i c a  g e l s .  

INTRODUCTION 
S i n c e  r e c e n t l y ,  Si02 b a s e d  co lumn f i l l i n g  mate- 

r i a l s  h a v e  b e e n  r a t h e r  f r e q u e n t l y  u s e d  i n  b o t h  con-  
v e n t i o n a l  a n d  h i g h  p e r f o r m a n c e  g e l  c h r o m a t o g r a p h y  
( s i z e  e x c l u s i o n  c h r o m a t o g r a p h y ) .  

S i l i c a  b a s e d  g e l s  p o s s e s  severa l  a d v a n t a g e s :  
1. T h e i r  s t r u c t u r e  a n d ,  c o n s e q u e n t l y ,  t h e i r  b o t h  

e x t e r n a l  and  p o r e  g e o m e t r y  is e s s e n t i a l l y  i n -  
d e p e n d e n t  o f  p r e s s u r e ,  t e m p e r a t u r e  a n d  e l u e n t .  

+ 
P r e s e n t e d  a t  7th Symposium on Column L i q u i d  Chro -  
m a t o g r a p h y ,  Baden Baden ,  May 1983 
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1832 NOVAK AND BEREK 

2. They a r e  c o m p a t i b l e  w i t h  m o b i l e  p h a s e s  of  

3, They a l l o w  t o  p r e p a r e  column p a c k i n g s  w i t h  
d i f f e r e n t  p o l a r i t i e s  , 

- open p o r e  s t r u c t u r e  e x h i b i t i n g  h i g h  s e p a r a -  
t i o n  e f f i c i e n c y  d u e  t o  f a i r l y  h i g h  v e l o c i t y  
o f  t h e  mass t r a n s f e r  

- l a r g e  p o r e  v o l u m e s  a l l o w i n g  t o  increase se- 
p a r a t i o n  s e l e c t i v i t y  

- d e s i r e d  p o r e  sizes f rom a b o u t  s i x  n a n o m e t e r s  
up t o  few h u n d r e d s  of  n a n o m e t e r s  

- matched  p o r e  s ize  d i s t r i b u t i o n  t o  o b t a i n  
p o s s i b l y  h i g h e s t  s e p a r a t i o n  s e l e c t i v i t y  

- s t r i c t l y  s p h e r i c a l  p a r t i c l e  s h a p e  w i t h  d i a -  
meters r a n g i n g  f rom few m i c r o m e t e r s  up t o  
h u n d r e d s  of  um, / 

4, It i s  p o s s i b l e  t o  modi fy  t h e i r  s u r f a c e  by 
s i m p l e  c h e m i c a l  r e a c t i o n s .  

High m e c h a n i c a l  a n d  t h e r m a l  s t a b i l i t y ,  u n i v e r s a -  
l i t y  a s  t o  t h e  e l u e n t  and  v e r s a t i l i t y  in p h y s i c o - c h e -  
m i c a 1  p r o p e r t i e s  make Si02 a e r o - g e l s  a welcome comple-  
t i o n  t o  t h e  o r g a n i c  p o l y m e r s  b a s e d  column f i l l i n g s  f o r  
g e l  c h r o m a t o g r a p h y  ( G P C ) ,  

On t h e  o t h e r  h a n d ,  t h e  s i l i c a  g e l s  a n d  p o r o u s  
g l a s s e s  e x h i b i t  some d r a w b a c k s  : 

1. F r e e  s i l a n o l  g r o u p s  c a u s e  t h e  s u r f a c e  a c t i v i t y  
of  t h e  p a c k i n g  a n d ,  c o n s e q u e n t l y ,  unwanted  
i n t e r a c t i o n s  w i t h  b o t h  e l e c t r o n e u t r a l  a n d  c h a r -  
ged  s a m p l e s .  

2. Both  Si02 m a t r i x  and  i t s  b o n d s  w i t h  o r g a n i c  
g r o u p s  o f  t h e  s u r f a c e  m o d i f i e r  a re  u n s t a b l e  i n  
e l u e n t s  w i t h  pH 7 - 8 a n d ,  g e n e r a l l y ,  i n  
a q u e o u s  m o b i l e  p h a s e s ,  

3. So f a r  s i l i c a  g e l s  are n o t  a v a i l a b l e  w i t h  s u f -  
f i c i e n t l y  l a r g e  p o r e  volume and  n a r r o w  p o r e  
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CHROMATOGRAPHY WITH SILICA GELS. I 1833 

s i z e  d i s t r i b u t i o n  w i t h  t h e  l a r g e  p o r e s  above 
400 n m  and w i t h  t he  s m a l l  p o r e s  between abou t  

2 and 6 n m  i n  d iameter .  The column f i l l i n g s  w i t h  
v e r y  l a r g e  p o r e  s i z e s  a r e  needed f o r  f r a c t i o n a -  
t i o n s  o f  e x t r e m e l y  l a r g e  s y n t h e t i c  and b i o l o g i -  
c a l  macromolecules and f o r  s e p a r a t i o n s  o f  p a r t i -  
c l e s  o f  d i s p e r s i o n s ,  O n  the  o t h e r  hand, g e l s  w i t h  
s m a l l  p o r e  d imens ions  wou ld  be used: 
i, F o r  b o t h  a n a l y t i c a l  and p r e p a r a t i v e  s e l e c t i -  

ve  GPC f r a c t i o n a t i o n  of o l i g o m e r s  o r  a t  l e a s t  

f o r  t h e i r  q u a n t i t a t i v e  s e p a r a t i o n  f rom h i g h  
po lymers  

ii, F o r  c o n s t r u c t i o n  o f  GPC column s e t s  w i t h  ca- 
l i b r a t i o n  dependences: l o g  mo la r  mass v e r s u s  
e l u t i o n  volume l i n e a r  down t o  few hundreds 
g mo1-l mo la r  mass v a l u e s  

v a r i o u s  ghos t  peaks caused by gases, w a t e r  
and o t h e r  l o w  m o l e c u l a r  i m p u r i t i e s  and p o l y -  
mer a d d i t i v e s  o f t e n  p r e s e n t  i n  t h e  i n j e c t e d  
s o l u t i o n s .  

The l i n e a r i t y  o f  t h e  c a l i b r a t i o n  cu rve  s i m p l i f i e s  
s u b s t a n t i a l l y  t he  GPC d a t a  p r o c e s s i n g  w h i l e  t h e  q u a n t i -  
t a t i v e  s e p a r a t i o n  o f  o l i g o m e r i c  and l o w  m o l e c u l a r  sub- 

s tances  f rom t h e  ana lysed  po lymer  i s  a necessary  c o n d i -  
t i o n  f o r  o b t a i n i n g  r e l i a b l e  d a t a  on mean mo la r  masses 
and mo la r  mass d i s t r i b u t i o n :  I t  i s  known t h a t  t h e  d i s -  
t u rbances  o f  GPC t r a c e s  i n  t h e  r e g i o n  o f  h i g h  e l u t i o n  
volumes decrease the  p r e c i s i o n  o f  t h e  v a l u e s  o f  number 
average mo la r  mass o f  t h e  macromolecu la r  substance 
measured by  g e l  chromatography. 

c e r n i n g  e x p e r i m e n t a l  work devoted  t o  t h e  s o l v i n g  t h e  

l a t t e r  problem. The o b t a i n e d  r e s u l t s  a r e  p r e s e n t e d  i n  
t h e  fo rm o f  c a l i b r a t i o n  curves. 

iii. For  s e p a r a t i o n  of  peaks o f  po lymers  f rom 

I n  p r e s e n t  paper,  we d e s c r i b e  o u r  r e s u l t s  con- 
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1834 NOVAK AND BEREK 

EXPERIMENTAL 

The GPC c a l i b r a t i o n  dependences were measured by  
means o f  a s i m p l e  d e v i c e  assembled i n  t h i s  Labora to ry .  

The e l u e n t  was t r a n s p o r t e d  by means o f  a s i n g l e  p i s t o n  
r e c i p r o c a t i n g  membrane pump, Model VMC 300 (Workshops 
of  Czechoslovak Academy o f  Sciences, Prague, Czechoslo- 

v a k i a )  t h a t  was p r o v i d e d  w i t h  a p u l s e  damper a c c o r d i n g  
t o  (1). The three-way s i x - p o r t  i n j e c t i o n  v a l v e  was 
equ ipped w i t h  the  l o o p s  0.5 - 3 m L  depending on  the  

column s e t ,  The column d imens ions  were 1,220 o r  610 o r  
500 mm i n  l e n g t h  and 8 o r  4 mm i n  d iameter ,  The de tec -  

t o r  was 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 ,  Model 2025/50 
(Knauer K. G., Bad Homburg, FRG), The e l u t i o n  volumes 
were measured e i t h e r  by  means o f  an  a u t o m a t i c  s i p h o n  

system t h a t  was p r o v i d e d  w i t h  a d e v i c e  d i m i n i s h i n g  t h e  
loss o f  e l u e n t  by  e v a p o r a t i o n  (2 )  o r  w i t h  a d r o p  coun- 
t e r  Model DC 1002 ( L a b o r a t o r y  I n s t r u m e n t s  Works, Prague, 

Czechos lovak ia ) .  B o t h  s i p h o n  system and d r o p  c o u n t e r  
were c a l i b r a t e d  by weigh ing .  

T e t r a h y d r o f u r a n  (THF) was used a s  e l u e n t  a f t e r  

p u r i f i c a t i o n  d e s c r i b e d  i n  ( 3 ) .  Narrow p o l y s t y r e n e s  w i t h  
mo lar  masses i n  the  range f rom 6 x l o 2  up t o  10 

were p r o d u c t s  o f  Pressure  Chemicals, P i t t s b u r g h ,  PA, 

USA,or Toyo Soda MfG.  Co., Ltd., Tokyo, Japan. 

The column p a c k i n g s  were p r o d u c t s  o f  E l e c t r o  Nu- 
c l e o n i c s ,  F a i r f i e l d ,  NJ, USA ( v a r i o u s  t y p e s  o f  po rous  
g l a s s  CPG - 10) ;  Merck. Darmstadt ,  FRG ( s e t  o f  F r a c t o -  
s i l s ) ;  I ' iaters Inc., M i l f o r d ,  t4A, USA ( s e t  o f  P o r a s i l s )  
and Glassworks K a v a l i e r ,  V o t i c e ,  Czechos lovak ia  ( S i l -  
p e a r l ) .  S i l p e a r l  so rben t  was o r i g i n a l l y  i n t e n d e d  f o r  

TLC. I t s  s u r f a c e  a rea  was about  600 m g p o r e  v o l u -  
me approx. 0.5 mL g-'. I n  o u r  e x p e r i m e n t s  t h e  p a r t i c l e  

f r a c t i o n  30 - 60 

packed by the  c l a s s i c a l  t a p - a n d - f i l l  p rocedure .  

7 g mol" 

2 -1 

u m  was s e l e c t e d .  A l l  columns were d r y  / 
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CHROMATOGRAPHY WITH SILICA GELS. I 1835 

RESULTS AND DISCUSSION 

F igs .  1 - 3 show the  GPC c a l i b r a t i o n  c u r v e s  f o r  
v a r i o u s  commercial  S i 0 2  based column packings. E v i d e n t l y ,  

t he  s e l e c t i v i t y  o f  t he  s e p a r a t i o n  i s  r a t h e r  p o o r  i n  the  
mo la r  mass range be low about  4 x 10 

g e l s  s t u d i e d .  

t o  make them more s u i t a b l e  f o r  s e p a r a t i o n  i n  l o w e r  

mo la r  mass reg ion ,  t h r e e  d i f f e r e n t  p rocedures  were used: 
a. D i m i n i s h i n s  the  p o r e  s i z e s  by  d e p o s i t i n a  v a r i o u s  

m a t e r i a l s  i n t o  wide-pore packinqs, The e a s i e s t  way 

seemed t o  be t h e  p o l y m e r i z a t i o n  o f  d i f f e r e n t  mono- 
mers on the  p o r e  w a l l s  o f  s i l i c a  g e l s .  V a r i o u s  epoxy 
r e s i n s  were formed w i t h i n  t h e  pores.  The amount o f  
r e s i n  v a r i e d  f rom 10 t o  60 mass % c a l c u l a t e d  on t h e  

s t a r t i n g  s i l i c a  g e l .  The r e s u l t s  were n o t  p r o m i s i n g :  
Whi le  t h e  s m a l l e s t  p o r e s  had been a l r e a d y  c o m p l e t e l y  

b l o c k e d  by the  r e s i n  t h e  l a r g e  p o r e s  have s t i l l  r e -  
mained t o o  l a r g e .  If the amount o f  d e p o s i t e d  r e s i n  
was f u r t h e r  i nc reased ,  b o t h  the  p o r e  d i a m e t e r s  and 
p o r e  volumes decreased s i m u l t a n e o u s l y  so t h a t  the  

r e s u l t i n g  m a t e r i a l  w i t h  d e s i r e d  p o r e  s i z e  had t o o  
s m a l l  p o r e  volume. 

b. C o n t r o l l i n q  t h e  p o l y m e r i z a t i o n  o f  s i l i c i c  a c i d  so 
t h a t  presumably s m a l l  p o r e s  were formed i n  r e s u l t i n g  

s i l i c a  ae l s ,  V a r i o u s  c o n d i t i o n s  f o r  f i n e  p o r e  forma- 
t i o n  were t e s t e d :  C o n c e n t r a t i o n  o f  s t a r t i n g  s o l  o f  
s i l i c i c  ac id ,  t i m e  and tempera ture  o f  p o l y m e r i z a t i o n  
as  w e l l  as p o s t p o l y n e r i z a t i o n  t rea tmen t .  The r e s u l t s  
o b t a i n e d  were a g a i n  n o t  s a t i s f a c t o r y  ( c f .  F ig .  41, 

The s i l i c a  g e l s  so f a r  p r e p a r e d  had e i t h e r  t o o  l a r g e  

mean p o r e  d i a m e t e r s  o r  t oo  s m a l l  po re  volumes. 
c. I n c r e a s i n s  t h e  p o r e  d i a m e t e r s  o f  the  s i l i c a  q e l  w i t h  

v e r y  s m a l l  pores,  In o u r  exper iments ,  we have chosen 

3 g mol" f o r  a l l  

I n  an e f f o r t  t o  change p o r e  s i z e s  o f  s i l i c a  g e l s  
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FIGURE 1, GPC c a l i b r a t i o n  curves  f o r  F r a c t o s i l s ,  
IJ - F r a o t o s i l  500 nm; A - F r a c t o s i l  250 nm; Q -  Fracto- 
s i l  100 nm; @ -  F r a c t o s i l  50 nm; 0 - F r a c t o s i l  15 nm. 
The numbers represent  t h e  mean pore diameters o f  t h e  
g e l s  g iven  by the producer. 

FIGURE 2 ,  GPC c a l i b r a t i o n  curves  for  P o r a s i l s ,  

s i l  D; a- P o r a s i l  E; X- P o r a s i l  F. 
Column dimensions 610 x 8 mm. 

0 -  P o r a s i l  A; - P o r a s i l  €3; V - P o r a s i l  C; A - Pora- 
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b ',e i 

30 40 50 VS/mL 

FIGURE 3, GPC c a l i b r a t i o n  curves f o r  CPG - 10 Porous 
Glasses. A - 204.5 nm; 7 -  142.2 nm; a- 72 nm; 

X -  36.8 nm; A - 15,6 nm; - 11.8 nm; v - 7.5 nm; 
0- 4 nm. Column dimensions 1220 x 8 mm. 

i 

FIGURE 4, GPC c a l i b r a t i o n  curves f o r  exper imenta l  i r r e -  
g u l a r  s i l i c a  g e l s .  - SG-3N; v -  SG-15N; 0 - SG-lON, 
Column dimensions 500 x 6 mm, 1 count represents  0,7 mL, 
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1838 NOVAK AND BEREK 

s i l i c a  g e l  S i l p e a r l  d e s p i t e  o f  its r a t h e r  smal l  p o r e  
volume. \Ye used v a r i o u s  l e a c h i n g  techn iques  a p p l y i n g  

s o l u t i o n s  o f  a l k a l i n e  (NaOH, KOH) o r  a c i d i c  (HF)  

l e a c h i n g  a g e n t s  a t  d i f f e r e n t  c o n c e n t r a t i o n s ,  tempe- 
r a t u r e s  and r e a c t i o n  t imes. Here again,  we have 

found t h a t  p r o b a b l y  due t o  t h e  i n t e r f a c e  t e n s i o n  
between l e a c h i n g  agent  and s i l i c a  g e l ,  as  w e l l  as  
due t o  t h e  r e s t r i c t e d  d i f f u s i o n  r a t e  o f  t h e  l e a c h i n g  
agent  i n t o  s m a l l  pores ,  t h e  d i s s o l u t i o n  o f  g e l  mat- 
r i x  s t a r t e d  p r e f e r a b l y  i n  l a r g e r  pores .  I n  o t h e r  
words, l e a c h i n g  r e s u l t e d  a g a i n  i n  m a t e r i a l s  w i t h  t o o  
l a r g e  p o r e  d iamete rs .  The c a l i b r a t i o n  cu rves  f o r  

some m a t e r i a l s  o b t a i n e d  b y  l e a c h i n g  o f  S i l p e a r l  s i -  

l i c a  g e l  a r e  shown F i g .  5. 

F i n a l l y ,  we have dec ided  to use t h e  columns 
packed w i t h  o r i g i n a l  and leached  S i l p e a r l  i n  combina- 
t i o n  w i t h  t he  above ment ioned commerc ia l  wide-pore s i -  
l i c a  g e l s  i n  o r d e r  t o  p r e p a r e  column s e t s  w i t h  t h e  se- 
p a r a t i o n  ranges ex tended towards  l o w e r  mo la r  masses. 

The examples o f  t h e  c a l i b r a t i o n  dependences f o r  
some column s e t s  a r e  shown i n  F ig .  6. The e x p e r i m e n t a l  

p o i n t s  a r e  compared w i t h  t h e  cou rses  o f  t h e  c a l i b r a t i o n  
dependences o b t a i n e d  b y  s i m p l e  a d d i t i o n  o f  t h e  e l u t i o n  
volumes f o r  p a r t i c u l a r  s i n g l e  columns. The agreement i s  

s u r p r i s i n g l y  good. 
From t h e  p r e s e n t e d  r e s u l t s  i t  can be conc luded 

t h a t  s p e c i a l  t ypes  o f  na r row p o r e  s i l i c a  g e l s  can be 
used f o r  e x t e n d i n g  t h e  s e p a r a t i o n  range o f  t he  conven- 

t i o n a l  wide p o r e  S i 0 2  based GPC p a c k i n g s  towards l o w e r  
mo la r  masses. However, due t o  g e n e r a l l y  s m a l l e r  p o r e  
volume o f  these m a t e r i a l s ,  s e v e r a l  columns packed w i t h  

na r row p o r e  s i l i c a  g e l s  must be added t o  the  column 
systems i n  o r d e r  t o  o b t a i n  l i n e a r  c a l i b r a t i o n  c u r v e s  
down t o  10 3 g mol" and l o w e r  mo la r  masses o r ,  a t  l e a s t ,  
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M 

f05- 

f04 -- 

403- 

F I G U R E  5. GPC c a l i b r a t i o n  c u r v e s  on S i l p e a r l ,  
0- s t a r t i n g  s a m p l e ;  Q -  s a m p l e  l g a c h e d  by HF (0.5 hour  
i n  3 9; a q u e o u s  HF s o l u t i o n  a t  25 C )  V - s a m p l e  l e a c h e d  
by NaOH (1 h o u r  i n  b o i l i n g  2 9; NaOH s o l u t i o n ) .  
Columns d i m e n s i o n s  1220 x 8 m m .  

FIGURE 6. Combined c a l i b r a t i o n  c u r v e s .  0 -  F r a c t o s i l s :  
1 x 500 nm, 2 x 250 nm, 1 x 100 nm, 2 x 15 nmJ 
p l u s  1 x S i l p e a r l  m o d i f i e d  by NaOH, 1 x S i l p e a r l  m o d i f i e d  
by HF, co lumns  8 x 610 m m ;  a- P o r a s i l e t  C,  D ,  E, 1 x 
o r i g i n a l  S i l p e a r l ,  1 x S i l p e a r l  m o d i f i e d  by NaOH,  
1 x S i l p e a r l  m o d i f i e d  by HF, co lumns  8 x 1220 mm; 
V -  1,5 x F r a c t o s i l  500 nm, 1 x CPG P o r o u s  Glass  142.2 nm, 
1 x CPG Porous Glass  36,8 nm, 1 x CPG Porous Glass  
15.6 nm, 1 x o r i g i n a l  S i l p e a r l ,  1 x S i l p e a r l  m o d i f i e d  
by NaOH, 1 x S i l p e a r l  m o d i f i e d  by HF, columns  8 x 1220 mm; 
s o l i d  l i n e  - c a l c u l a t e d  c u r v e ,  p o i n t s  - e x p e r i m e n t a l .  
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column systems t h a t  r e s o l v e  t h e  peaks  o f  po l ymers  f rom 
the  peaks o f  o l i g o m e r i c  o r  l o w  m o l e c u l a r  accompanying 
substances. Consequent ly,  b o t h  t h e  dead volume o f  t h e  
system and t h e  t i m e  o f  a n a l y s i s  i n c r e a s e  and t h e  o v e r a l l  

s e p a r a t i o n  e f f i c i e n c y  i s  p a r t i a l l y  s a c r i f i c e d .  

1. 

2. 

3. 
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