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HIGH PERFORMANCE SIZE EXCLUSION 
CHROMATOGRAPHY USING POROUS GLASS 

PACKING MATERIALS 

Sadao Mori 
Department of Industrial Chemistry 

Faculty of Engineering 
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Tsu, Mie 514, Japan 

ABSTRACT 

Porous g l a s s  packing m a t e r i a l s  of average p a r t i c l e  d iameter  5 
pm have been packed i n t o  a 7.2 m m  i .d. x 25 cm column by v i s c o u s -  
s l u r r y  pack ing  pa rocedure .  Average po re  d i a m e t e r s  o f  po rous  
g l a s s e s  were  170 A ,  500 A ,  1000 A ,  and 2000 A. The numbers o f  
t h e o r e t i c a l  p l a t e s  were be tween 7000 and  8000 p e r  a column f o r  
poroua g l a s s e s  of pore d iameters  o f  170, 500, and 1000 A,  and 5000 
f o r  t h a t  o f  2000 A. The r e t e n t i o n  volumes  o f  na r row m o l e c u l a r  
weight -d is t r ibu t ion  p o l y s t y r e n e  s t a n d a r d s  have been d e t e r m i n e d  
u s i n g  t e t r a h y d r o f u r a n  as mob i l e  phase  f o r  t h e  c o n s t r u c t i o n  o f  
c a l i b r a t i o n  curves. S e p a r a t i o n s  of p o l y s t y r e n e  ove r  m o l e c u l a r  
weight ranges of 1000 and 4,000,000 have been obtained by combin- 
i n g  a l l  f o u r  porous  g l a s s  columns i n  s e r i e s .  Molecu la r  w e i g h t  
a v e r a g e s  of  NBS 706 p o l y s t y r e n e  have been measured and compared 
wi th  the  values determined wi th  polystyrene g e l  columns. Both 
r e s u l t s  were  e q u i v a l e n t  t o  t h e  manufac tu re r ' s  d a t a .  Porous  
g l a s s e s  t h u s  a p p e a r  t o  be a u s e f u l  pack ing  m a t e r i a l s  f o r  HPSEC. 

INTRODUCTION 

There a r e  a number of  m a t e r i a l s  which a r e  used  as column 

pack ings  i n  h i g h  pe r fo rmance  s i z e  e x c l u s i o n  chromatography 
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(HPSEC). Most successfully used packing material is polystyrene 

gel. Inactivated silica gel is applied in some cases. Porous 

glass is rigid, mechanically stable, and easy for controlling pore 
sizes and pore uniformities. It can also be used with polar and 
non-polar solvents which are not applied to polystyrene gel. 

There have been several application reports f o r  porous glass 
packing materials so far: separation of polystyrene using tetrahy- 
drofuran as mobile phase(l), comparison with columns packed with 
polystyrene gels ( 2 ) ,  effects of pore structure or pore size 

distribution(3 - 6), inactivation of the surface of porous glasses 
by silanization to prevent adsorption of solutes onto the glasses 
(7 - 9). However, these works were made with porous glasses of 

larger particle diameter such as 35 to 75 pm. Commercially 
available porous glasses have these particle sizes. By sieving 
these porous glasses, only the particles between L4 and 50 pm were 
packed and applied f o r  high-speed SEC, though the column efficien- 
cy was not satisfactory (10). 

Recently, porous glass materials having average particle 
diameter of 5 o r  10 pm and relatively narrow distribution of 
particle size have been developed, though it is still on the stage 
of trial manufacture. Packing procedure for these materials has 
been reported (11). This paper describes the performance of 
these materials for HPSEC of polystyrenes. 

EXPERIMENTAL 

Packing Materials and Packing Procedure 

Porous glasses were FPG 170, FPG 500, FPG 1000, and FPG 2000 
which were obtained from Fuji Photo Film Co., Ltd., Japan. These 
materials have averge pore diameters 170 A,  500 A ,  1000 8, and 
2000 1, respectively and are irregular shaped particles obtained 
by crushing the original larger materials. Average particle 
diameter of the porous glasses used in this experiment was 5 pm (+_ 
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2 pm). Pore volumes and s u r f a c e  areas of t h e  porous g l a s s e s  were 

0.96 m l / g  and  1 4 5  m2/g for FPG 170,  1.01 a n d  57 f o r  FPG 500,  1.03 

a n d  29  f o r  FPG 1000,  a n d  0.91 a n d  1 5  f o r  FPG 2000. 

Column p a c k i n g  was c a r r i e d  o u t  on a Chemco h i g h - p r e s s u r e  

s lur ry-packing  appara tus  w i t h  an a i r - d r i v e n  pneumatic pump, Model 

124PP + 1 2 4  A (Chemco Co., K i t a - k u ,  Osaka 530 ,  J a p a n ) .  A s l u r r y  

r e s e r v o i r  (a  p a c k e r )  w a s  a n  e m p t y  t u b i n g  of 1 6  m m  i.d. x 40 cm 

l e n g t h  and had a n  i n n e r  volume of  80 m l .  An empty column of 7.2 

m m  i.d. x 25 cm l e n g t h  was connected t o  t h e  r e s e r v i o r  through a n  

e x t e n s i o n  t u b i n g  o f  t h e  same s i z e  t o  t h e  column blank. 

A s l u r r y  s o l v e n t  was a m i x t u r e  o f  m e t h a n o l  a n d  e t h y l e n e  

g l y c o l  (70/30, v / v )  f o r  FPG-170, (25/75, v / v )  for FPG-500 a n d  FPG 
1000, and m e t h a n o l  f o r  FPG 2000. A 8-g p o r t i o n  o f  p o r o u s  g l a s s  

w a s  s l u r r i e d  i n  70 m l  of  t h e  s l u r r y  s o v l e n t  and degassed. Carbon 

t e t r a c h l o r i d e ,  25 m l ,  and t h e  degassed s l u r r y  were poured i n t o  t h e  

column-reservoir  assembly from t h e  t o p  of t h e  r e s e r v o i r  i n  t h i s  

o r d e r ,  and  t h e n  t h e  r e s t  of  a s s e m b l y  was f i l l e d  w i t h  n - h e p t a n e  

which was used as a packing so lvent .  

P a c k i n g  p r e s s u r e  w a s  i n c r e a s e d  g r a d u a l l y  s o  as t o  m a i n t a i n  

packing f l o w  r a t e  between 15 and 20 ml/min and f i n a l l y  r a i s e d  t o  

500 Kg/cm2. A f t e r  a b o u t  80 m l  o f  n - h e p t a n e  p a s s e d  t h r o u g h  t h e  

c o l u m n - r e s e r v o i r  a s s e m b l y ,  p a c k i n g  p r e s s u r e  was d e c r e a s e d  and  

maintained t h e  packing f low r a t e  t o  30 ml/min. A f t e r  a n o t h e r  200 
m l  o f  n - h e p t a n e  p a s s e d  t h r o u g h  t h e  a s s e m b l y ,  t h e  r e s e r v o i r  was 

d i s c o n n e c t e d .  The e q u i l i b r a t i o n  f o r  c o l u m n s  was p e r f o r m e d  by 

pumping  c h l o r o f o r m  f o r  5 m i n u t e s ,  m e t h a n o l  f o r  5 m i n u t e s ,  and 

f i n a l l y  t e t e r h y d r o f u r a n e  f o r  30 m i n u t e s  a t  3.0 m l / m i n  e a c h  i n  

success ion .  The column was d isconnec ted  from t h e  e x t e n s i o n  tub-  

i n g .  

Measurements of SEC 

SEC was p e r f o r m e d  on a J a s c o  T R I R O T A R - V  h i g h - p e r f o r m a n c e  

l i q u i d  c h r o m a t o g r a p h  ( J a p a n  S p e c t r o s c o p i c  Go., Ltd., H a c h i o j i ,  
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Tokyo 192, Japan) with a differential refractometer Model SE-11 
(Showa Denko Co., Ltd., Minato-ku, Tokyo 105, Japan) and a sample 
loop injector, Model VL-611. Mobile phase was tetrahydrofuran 

and flow rate was 1.0 ml/min. Four columns of FPG 170, FPG 500, 
FPG 1000, and FPG 2000 were connected in series in reverse order. 

Sample concentration was 0.1 % for polystyrene standards of narrow 

molecular weight distribution below 1x106 molecular weight, 0.05% 

f o r  those over 1x10 molecular weight, and 0.2% for polystyrene 

NBS '706. Sample injection volume was 0.1 ml. 

6 

The number of theoretical plates (N) f o r  each column was 

determined by injecting 0.05 ml of a 0.5% benzene solution at flow 

rate of 0.5 ml/min. The value of N was calculated by measuring 
the width of the peak at half height. Similarly, construction of 
a calibration curve for each column was performed by injecting 
0.05 ml of polystyrene standard solutions at the same flow rate. 

For comparison purpose, two Shodex A80M columns (each 8 m m  
i .d .  x 50 c m ,  Showa Denko, Co.) packed with polystyrene gels were 

used and a calibration curve and molecular weight distribution of 

NBS 706 polystyrene were determined. The value of N for this 
column was 40000 plates per meter by injecting 0.2 ml of a 0.5% 
benzene solution. 

RESULTS and DISCUSSION -- 

The values of N for columns packed with porous glasses were 
as follows: 8000 plates per a 25 cm column for FPC 170, 7600 for 
FPG 500, 7000 for FPG 1000, and 5000 for FPG 2000. Viscous 

solvent such as a mixture of ethylene glycol and methanol was used 
as slurry sovlent in order to prevent sedimentation of particles 
during packings. Methanol was used as slurry solvent for FPG 

2000, because a mixture of methanol and ethylene glycol was too 
viscous to pack it in reasonable time (e.g., usually, in five 

minutes f o r  other porous glasses). With increasing pore size of 
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POROUS GLASS PACKING MATERIALS IN HPSEC 2 6 2 1  

porous g l a s s e s ,  v i s c o s i t y  of s l u r r y  s o l v e n t  had t o  be decreased.  

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

s l u r r y  r e s e r v o i r  or i n  t h e  column b l a n k  was p r e f e r a b l e  ( 1 2 )  and  

t h e r e f o r e ,  n-heptane was used as packing so lvent .  Viscous solur- 

r y  s o l v e n t  and  n o n - s o l u b l e  p a c k i n g  s o l v e n t  i n  t h e  s l u r r y  a r e  

c h a r a c t e r i s t i c  o f  ou r  packing procedure (1 1 ). 

C a l i b r a t i o n  curves  for columns packed w i t h  d i f f e r e n t  porous 

g l a s s e s  a r e  shown i n  F igure  1.  From t h e s e  curves  t h e  e x c l u s i o n  

l i m i t s  as molecular  weights  f o r  po lys tyrenes  can be determined as 

fo l lows:  

S u b s t r a t e  

FPG 170 

FPG 500 

FPG 1000 

FPCr 2000 

Exclusion l i m i t  

1.0 105 
6.0 105 

2.0 x I06 
6 over  4.5 x 10 

Though p o r o u s  g l a s s  FPG 2000 h a s  enough p o r e  volume as  g r o s s  

c h a r a c t e r i s t i c ,  i n n e r  vo lume,  V i ,  i n  t h e  column c a l c u l a t e d  f r o m  

t h e  c a l i b r a t i o n  curve  was very small comparing w i t h  o t h e r  porous 

g l a s s e s  and t h i s  reason  was a t t r i b u t e d  t o  c rush  d u r i n g  packing. 

F igure  2 shows c a l i b r a t i o n  curves  f o r  a l l  f o u r  porous g l a s s  

columns combined i n  s e r i e s  and f o r  two Shodex A80M columns. It  

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

( s l o p e  of c a l i b r a t i o n  curves  a r e  d i f f e r e n t ) .  Resolu t ion  over  2 x 

10 molecular  weight  and below 6 x lo3 molecular  weight  i s  b e t t e r  

f o r  Shodex A80M c o l u m n s  and t h a t  b e t w e e n  t h e s e  t w o  m o l e c u l a r  

w e i g h t s  i s  b e t t e r  f o r  a s e t  of  p o r o u s  g l a s s  co lumns .  The s l o p e  

and l i n e a r i t y  o f  a c a l i b r a t i o n  curve f o r  porous g l a s s  columns can 

be i m p r o v e d  by c h a n g i n g  a c o m b i n a t i o n  o f  p o r o u s  g l a s s  c o l u m n s  

( s t r i c t l y  s p e a k i n g ,  by m i x i n g  p o r o u s  g l a s s e s  a t  a n  a p p r o p r i a t e  

r a t i o  and by packing them t o g e t h e r ) ,  and t h e r e f o r e  , i t  i s  poss i -  

6 

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



2628 

1 

7 -  

3 -  

2 -  

18, 

7 -  

c Jz 
9 Id  

2 
3 -  
U aJ 
0 
- 
z 

lo", 

MORI 

(3. - 
- 

5 -  - 

- 
- 

5 -  

3 -  

2 -  

- 

= 
7: 
5 -  

3-  

2 -  

- 
7 -  

5 -  

3 -  

2 -  

- 

- 

I 1  I I I I I I 
4 5 6 7  8 9 10 

Retention Volume (ml) 

F igure  1. C a l i b r a t i o n  curves  f o r  each porous glass (FPG) column 
u s i n g  p o l y s t y r e n e s :  ( 0 - 0 )  FPC 170;  ( x - - - x )  FPG 500; (0- 0 )  

FPG 1000; and tl--- n )  FPG 2000. 
Column: 7.2 m m  i.d. x 25 cm l e n g t h ;  mobile phase: 
t e t r a h y d r o f u r a n  a t  0.5 ml/min f l o w  r a t e ;  sample: 0.1%, 0.05 m l  
i n j e c t i o n .  
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Figure  2. C a l i b r a t i o n  curves  f o r  t h e  two d i f f e r e n t  column systems:  
(0--- 0 )  f o u r  porous g l a s s  columns; (o-- 0 )  two p o l y s t y r e n e  g e l  
columns. 

Mobile phase: t e t r a h y d r o f u r a n  a t  1 .O rnl/min f l o w  r a t e ;  sample: 
0.1%, 0.1 m l  i n j e c t i o n .  
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Molecular Weight 

Figure 3. Normalized integral molecular weight distribution curves 
for NBS 706 polystyrene: (-) four porous glass columns; 
(---) two polystyrene gel columns. 

ble to say that both column systems have the equivalent resolu- 

tion. The ratio of inner volume and interstitial volume in 

columns is somewhat higher for porous glasses. 

The performance of the combined porous glass columns was 

estimated by measuring the chromatogram of NBS 706 polystyrene and 
calculating molecular weight distribution and compared with Shodex 

A80M columns. Average molecular weights obtained from both sys- 

tems are as follows: 

- - 

Mw Mn Column system 

porous glass columns 2.63~1 O5 1 .37x1 O5 
polystyrene gel columns 2.68~1 O5 1 .37x105 

Both column systems gave almost equivalent values to the manufac- 

turer's data: RW = 2.58~10~ and Rn = 1.37~10~. Though the dif- 
ference between average molecular weight calculated from the chro- 
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POROUS GLASS PACKING MATERIALS IN HPSEC 263 1 

matograms obta ined  on both column sys tems a r e  small, t h e i r  i n t e g -  

ral  m o l e c u l l a r  weight  d i s t r i b u t i o n  curves  d i f f e r  s l i g h t l y .  

F igure  3 shows t h e  r e s u l t s  which a r e  probably due t o  h i g h e r  reso-  

l u t i o n  between 2x104 and 1x10 molecular  weights  for porous g l a s s  

columns.  P r a c t i c a l l y ,  t h i s  d i f f e r e n c e  i s  n e g l i g i b l e  comparing 

w i t h  o t h e r  t y p e s  of column sets  (13). 

6 

REFERENCES 

1. Cantow, M .  J. R. a n d  J o h n s o n ,  J. F., The Use o f  P o r o u s  G l a s s  
a s  a Column P a c k i n g  f o r  Gel  P e r m e a t i o n  Chromatography,  J. 
Appl. Polym. S c i . ,  1 1 ,  1851, 1967. 

2. S p a t o r i c o ,  A. L., Exclusion Chromatography Using Cont ro l led  
P o r o s i t y  Glass. I. Comparison With S tyrene  Gels, J. Appl. 
Polym. S c i . ,  19, 1601, 1975. 

3. Zhdanov, S. P., K o r o m a l d i ,  E. V.,  V i n o g r a d o v a ,  R. G., 
G a n e t s k i i ,  M. B., Golynko,  0. M . ,  Z h i l z o v a ,  N. E., B e l e n k y ,  
B. G., V i l e n c h i k ,  L. Z., a n d  Nefedov,  P. P., A p p l i c a t i o n  of  
Porous Glasses f o r  Gel Permeat ion Chromatography o f  Polymers, 
J. Chromatogr., 53, 77, 1970. 

4. Cooper ,  A. R., B r u a z o n e ,  A. R., C a i n ,  J. H., a n d  E a r r a l l ,  
E. M., 11, Gel Permeat ion Chromatography: P h y s i c a l  C h a r a c t e r i -  
z a t i o n  and Chromatographic P r o p e r t i e s  of Corning Porous 
G l a s s e s ,  J .  Appl. Polym. S c i . ,  15, 571, 1971. 

5. Cooper ,  A. R. a n d  J o h n s o n ,  J. F., G e l  P e r m e a t i o n  
Chromatography: The E f f e c t  of  Pore S i z e  D i s t r i b u t i o n  on 
S e p a r a t i o n  E f f i c i e n c y ,  J. Appl. Polym. S c i . ,  15, 2293, 1971. 

6. Zhdanov,  S. P., B e l e n k i i ,  B. G., Nefedov,  P. P., K o r o m a l d i ,  
E. V., a n d  K u z n e t s o v a ,  M. A.,  I n f l u e n c e  o f  t h e  S t r u c t u r e  o f  
Macroporous Glasses  on t h e  S e p a r a t i o n  of  Polymers by Gel 
Permeat ion Chromatography, J .  Chromatogr., 77, 149, 1973. 

7. Cooper ,  A. R a n d  J o h n s o n ,  J. F., G e l  P e r m e a t i o n  Chromatog-  
raphy: The E f f e c t  of Treatment  w i t h  Hexamethyldis i laaane on 
P o r o u s  Glass P a c k i n g s ,  J. Appl. Polym. S c i . ,  13, 1487, 1969. 

8. Cooper, A. R., Gel Permeat ion Chromatography: Evalua t ion  of  
Porous Glass-Columnpacking M a t e r i a l s  for LowMolecular 
Weight  S o l u t e s ,  J. Appl. Polym. S c i . ,  17,  2707, 1973. 

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



2632 MORI 

9. Dawidowicz, A., Waksmundzki, A. and SokoYowski, S., Gel 
Permeation Chromatography Using Porous Glass. Investigations 
of the Influence of Silanization on Exclusion and Adsorption, 
Sep. Sci., 12, 573, 1977. 

10. Gudzinowicz, B. J. and Alden, K., High-speed Gel Permeation 
Chromatography, J. Chromatogr. Sci., 9, 65, 1971. 

11. Mori, S., Kato, M. and Suzuki, M., Column Packing Procedure 
of Porous Glass Packing Materials for High Performance 
Aqueous Size Exclusion Chromatography and Evaluation of the 
Columns, Bunseki Kagaku, 34, 492, 1985. 

12. Siemon, C. C., Preparation of High Efficiency Columns for 
High Performance Liquid Chromatography, J. Liq. Chromatogr., 
6, 765, 1983. 

13. Mori, S., Effects of Column Combinations on the Measurement of 
Average Molecular Wegiths and the Molecular-Weight Distribu- 
tion in High-Performance Size-Exclusion Chromatography, J. 
Chromatogr., 174, 23, 1979. 

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


