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ABSTRACT 

W a t e r ,  m e t h a n o l ,  t e t r a h y d r o f u r a n  a n d  t h e i r  m i x t u r e s  were u s e d  
as m o b i l e  p h a s e s  a n d  t h e  r e l a t i o n s h i p  b e t w e e n  r e t e n t i o n  v o l u m e s  of 
p o l y e t h y l e n e  g l y c o l  (PEG) a n d  t h e  c o m p o s i t i o n  o f  t h e  m o b i l e  p h a s e s  
o n  a h y d r o p h i l i c  p o l y m e t h a c r y l a t e  g e l  c o l u m n  was i n v e s t i g a t e d .  
T h e  c o l u m n  p a c k e d  w i t h  t h i s  p o l y m e r  g e l  c o u l d  b e  u s e d  w i t h  b o t h  
p o l a r  a n d  n o n - p o l a r  o r g a n i c  s o l v e n t s  as  well as a q u e o u s  s o l v e n t s .  
R e t e n t i o n  v o l u m e  of PEG h a v i n g  t h e  same m o l e c u l a r  w e i g h t  c h a n g e d  
w i t h  c h a n g i n g  t h e  c o m p o s i t i o n  of t h e  m o b i l e  p h a s e .  The  c h a n g e  of 
m o l e c u l a r  s i z e  of PEG w i t h  c h a n g i n g  t h e  c o m p o s i t i o n  of t h e  m o b i l e  
p h a s e  was sma l l  c o m p a r e d  t o  t h e  d i f f e r e n c e  i n  r e t e n t i o n  v o l u m e ,  
a n d  PEG s a m p l e s  were c o n s i d e r e d  t o  b e  s e p a r a t e d  m a i n l y  by s i z e  
e x c l u s i o n ,  s e c o n d a r y  e f f e c t s  b e i n g  s u p e r i m p o s e d .  I n  o r d e r  t o  
c a l c u l a t e  m o l e c u l a r  w e i g h t  a v e r a g e s  of PEG, t h e  a d e q u a t e  s e l e c t i o n  
of t h e  m o b i l e  p h a s e  w h i c h  m i n i m i z e s  t h e  p e a k  w i d t h  of  PEG i s  
i m p o r t a n t  a n d  t h e  recommended c o m b i n a t i o n  of PEG a n d  t h e  m o b i l e  
p h a s e  w i t h  t h e  c o l u m n  u s e d  h e r e  f o r  PEG a r e  PEG - wate r ,  PEG 
h i g h e r  t h a n  1000 m o l e c u l a r  w e i g h t  - THF/methanol  (50/50) or THF. 
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2270 MORI, MORI, AND MUKOYAMA 

INTRODUCTION 

H y d r o p h i l i c  p o l y m e r  g e l s  s u c h  a s  p o l y h y d r o x y e t h y l  m e t h a c r y -  

l a t e  g e l s  a n d  p o l y v i n y l  a l c o h o l  g e l s  are  now c o m m e r c i a l l y  a v a i l -  

a b l e  f o r  a q u e o u s  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  (ASEC). Most of 

t h e s e  p o l y m e r  g e l s  u n d e r g o  s h r i n k a g e  w i t h  many o r g a n i c  s o l v e n t s  

a n d ,  t h e r e f o r e ,  t h e  m o b i l e  p h a s e s  a v a i l a b l e  t o  ASEC are l i m i t e d  t o  

a q u e o u s  s o l u t i o n s  p l u s  a small  a m o u n t  o f  o r g a n i c  s o l v e n t s .  F o r -  

t u n a t e l y ,  some o f  t h e s e  h y d r o p h i l i c  p o l y m e r  g e l s  were f o u n d  t o  b e  

c o m p a t i b l e  w i t h  b o t h  p o l a r  a n d  n o n - p o l a r  o r g a n i c  s o l v e n t s  ( 1 , Z )  

a n d  t h e  e l u t i o n  b e h a v i o r  o f  s e v e r a l  t y p e s  o f  o l i g o m e r s  were i n v e s -  

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

u s i n g  water, m e t h a n o l ,  t e t r a h y d r o f u r a n  (THF), c h l o r o f o r m ,  n - h e x a n e  

a n d  t h e  m i x t u r e s  o f  two of t h e s e  s o l v e n t s  (2-4). 

I t  is  c o m m o n l y  r e c o g n i z e d  t h a t  p a c k i n g  m a t e r i a l s  u s e d  f o r  

ASEC s h o u l d  be  d i f f e r e n t  f r o m  t h o s e  f o r  n o n - a q u e o u s  SEC: ASEC w i t h  

h y d r o p h i l i c  p o l y m e r  g e l s  a n d  n o n - a q u e o u s  SEC w i t h  h y d r o p h o b i c  

p o l y m e r  g e l s .  I t  m u s t  b e  v e r y  e c o n o m i c a l  i f  o n e  c a n  u s e  t h e  same 

c o l u m n  f o r  non-aqueous  SEC w i t h  n o n - p o l a r  s o l v e n t s  a n d  ASEC w i t h  

a q u e o u s  s o l v e n t s .  I n  SEC, p o l y m e r s  w h i c h  h a v e  t h e  same m o l e c u l a r  

s i z e  are  s u p p o s e d  t o  e l u t e  a t  t h e  same r e t e n t i o n  v o l u m e  i n d e p e n -  

d e n t l y  of a n y  t y p e s  o f  p o l y m e r s  a n d  f r o m  t h i s  fact ,  o n e  c a n  es t i -  

mate m o l e l c u l a r  w e i g h t  (MW) or  MW a v e r a g e s  of o n e  t y p e  of p o l y m e r s  

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

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

b e t w e e n  t h e  s o l u t e s  a n d  t h e  s t a t i o n a r y  p h a s e  e x i s t , t h e n  i t  b e c o m e s  

d i f f i c u l t  t o  m e a s u r e  M W  a n d  M W  a v e r a g e s  of p o l y m e r s  p r e c i s e l y  a n d  

a c c u r a t e l y .  B e c a u s e ,  t h e  m a g n i t u d e  of t h e  s e c o n d a r y  e f fec ts  i n  

SEC d e p e n d s  o n  b o t h  M W  a n d  c h e m i c a l  s t r u c t u r e s  o f  t h e  p o l y m e r s ,  

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

ween l o g  P1W a n d  r e t e n t i o n  v o l u m e  c a n n o t  b e  e x p e c t e d  among d i f f e r -  

e n t  p o l y m e r s  a n d  o l i g o m e r s .  

I n  t h e  p r e s e n t  w o r k ,  r e t e n t i o n  v o l u m e s  of p o l y e t h y l e n e  g l y -  

c o l s  (PEG) o n  a c o l u m n  p a c k e d  w i t h  t h e  h y d r o p h i l i c  g e l s  w h i c h  c a n  
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ELUTION BEHAVIOR OF POLYETHYLENE GLYCOLS 2271 

b e  u s e d  w i t h  b o t h  h y d r o p h i l i c  a n d  h y d r o p h o b i c  s o l v e n t s  were mea- 

s u r e d  u s i n g  s e v e r a l  s o l v e n t s  a s  t h e  m o b i l e  p h a s e  a n d  were com- 
p a r e d  w i t h  m o l e c u l a r  s i z e s  o f  PEG. T h e  s e l e c t i o n  of t h e  a d e q u a t e  

s o l v e n t  f o r  t he  m o b i l e  p h a s e  is  i m p o r t a n t  f o r  SEC a n d  t h e  p r o c e -  

d u r e  is p r o p o s e d .  

EXPERIMENTAL 

A G e l p a k  GL-W550 c o l u m n  (300 m m  x 10.7 m m  i . d . )  ( H i t a c h i  

C h e m i c a l  Co., S h i n j u k u - k u ,  Tokyo 160, J a p a n )  p a c k e d  w i t h  h y d r o p h i -  

l i c  p o l y m e t h a c r y a l t e  g e l s  h a v i n g  h y d r o p h i l i c  p e n d a n t  g r o u p s  was 

u s e d  i n  t h i s  e x p e r i m e n t .  T h e  g e l s  p a c k e d  i n  t h i s  c o l u m n  h a v e  

w i d e  p o r e s  a n d  a re  e x c l u s i v e l y  u s e d  f o r  p o l y m e r  a n a l y s i s .  T h e  

n u m b e r  of t h e o r e t i c a l  p l a t e s  (N) p e r  c o l u m n  was 13000 p l a t e s  o n  

i n j e c t i n g  0.1 m l  of a 0.1% e t h y l e n e  g l y c o l  (EG) s o l u t i o n  w i t h  

water as  t h e  m o b i l e  p h a s e .  The  d e c r e a s e  of t h e  c o l u m n  e f f i c i e n c y  

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

s o l v e n t s .  

A 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  Model  TRIROTAR (Jasco 

I n c . ,  H a c h i o j i ,  Tokyo 192, J a p a n )  was u s e d  w i t h  a r e f r a c t i v e  i n d e x  

d e t e c t o r  ( R I )  M o d e l  R401 (Waters, M i l f o r d ,  Mass., USA). M o b i l e  

p h a s e s  were water, methano1,THF a n d  m i x t u r e s  o f  water a n d  m e t h a n o l  

a n d  o f  THF a n d  m e t h a n o l .  T h e  f l o w  r a t e  was 1.0 m l / m i n  a n d  t h e  

i n j e c t i o n  v o l u m e  of  s a m p l e  s o l u t i o n s  was 0.1 m l .  S a m p l e s  were 

d i s s o l v e d  i n  t h e  s o l v e n t  u s e d  a s  t h e  m o b i l e  p h a s e  i n  t h e  c o n c e n -  

t r a t i o n  of  0.1%. 

T h e  s a m p l e s  u s e d  i n  t h i s  e x p e r i m e n t  were EG, PEGS 200, 300, 

4 0 0 ,  6 0 0 ,  1000, 2000, 6000, 2 . 5 ~ 1 0 ~  a n d  7 . 3 ~ 1 0 ~  ( t h e  f i g u r e s  

r e p r e s e n t  t h e  n o m i n a l  M W ) .  T h e  i n t r i n s i c  v i s c o s i t y  of PEG i n  

s e v e r a l  s o l v e n t s  was m e a s u r e d  by u s i n g  a U b b e l o h d e - t y p e  v i s c o m e t e r  

i n  a c o n s t a n t - t e m p e r a t u r e  water b a t h  a t  35 OC. 
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F I G U R E  1. R e l a t i o n s h i p  b e t w e e n  r e t e n t i o n  v o l u m e  of  PEG a n d  
m o b i l e  p h a s e  c o m p o s i t i o n .  M o b i l e  p h a s e :  water ,  m e t h a n o l ,  and 
wate r -me thano l  (80 /20 ,  6 0 / 4 0 ,  40 /60 ,  20/80) .  

RESULTS A N D  DISCUSSION -- 

R e t e n t i o n  Volume v e r s u s  Mobile  P h a s e  Compos i t ion .  

The c h a n g e s  i n  t h e  r e t e n t i o n  v o l u m e s  o f  EG a n d  PEGS w i t h  

v a r i a t i o n  i n  t h e  m o b i l e  phase c o m p o s i t i o n  were d e t e r m i n e d  and t h e  

r e s u l t s  a r e  s h o w n  i n  FIGURES 1 a n d  2. T h e  r e s u l t s  i n  w a t e r ,  
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FIGURE 2. R e l a t i o n s h i p  b e t w e e n  r e t e n t i o n  v o l u m e  of  PEG a n d  
m o b i l e  phase  c o m p o s i t i o n .  Mobi l e  phase:  me thano l ,  THF and metha- 
nol-THF (80/20, 50/50, 20/80). 

methano l  and m i x t u r e s  of water and me thano l  are shown i n  FIGURE 1. 

R e t e n t i o n  volumes of t h e  s a m p l e s  o b t a i n e d  a t  t h e  mob i l e  phase  of 

water were smal le r  t h a n  t h o s e  o b t a i n e d  a t  t h e  m o b i l e  p h a s e  of 

methanol .  The PEG s a m p l e s  e l u t e d  from t h e  column w i t h  t h e  mob i l e  

p h a s e s  of  m i x t u r e s  of  water a n d  m e t h a n o l  e a r l i e r  t h a n  t h e y  d i d  

w i t h  water o r  me thano l  a l o n e .  
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T h e  e l u t i o n  b e h a v i o r  of  PEGS s h o w n  i n  FIGURE 1 is s o m e w h a t  

d i f f e r e n t  f r o m  t h a t  o b t a i n e d  i n  t h e  c o l u m n  of p o l y v i n y l  a l c o h o l  

(PVA) g e l s  (3). I n  t h e  PVA c o l u m n ,  r e t e n t i o n  v o l u m e s  o f  t h e  

s a m p l e s  o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  of water were l a r g e r  t h a n  

t h o s e  o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  of m e t h a n o l .  

R e t e n t i o n  v o l u m e s  of  EG a n d  PEGs o b t a i n e d  w i t h  t h e  m o b i l e  

p h a s e s  of m e t h a n o l ,  THF a n d  t h e  m i x t u r e s  of m e t h a n o l  a n d  THF are  

s h o w n  i n  FIGURE 2. T h e  r e t e n t i o n  v o l u m e s  o f  PEGs o b t a i n e d  w i t h  

t h e  m o b i l e  p h a s e s  of  t h e  m i x t u r e s  o f  m e t h a n o l  a n d  THF were smaller 

t h a n  t h o s e  o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  o f  m e t h a n o l  o r  THF 

a l o n e .  T h e s e  r e s u l t s  a r e  s i m i l a r  t o  t h o s e  i n  FIGURE 1. On t h e  

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

c o n t e n t  o f  THF i n  m e t h a n o l .  

R e t e n t i o n  v o l u m e s  o f  PEGs o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  of 

THF were lower t h a n  t h o s e  o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  o f  m e t h a -  

n o l  i f  M W  o f  PEG was h i g h e r  t h a n  1000. T h e  s i t u a t i o n  was r e v e r s e d  

when M W  of PEG was lower t h a n  1000. T h e  r e t e n t i o n  v o l u m e  of PEG 

1000 w i t h  t h e  m o b i l e  p h a s e  o f  THF was s i m i l a r  t o  t h a t  w i t h  t h e  

m o b i l e  p h a s e  o f  m e t h a n o l .  T h e  m i n i m u m  r e t e n t i o n  v o l u m e  w a s  

o b t a i n e d  a t  a m o b i l e  p h a s e  c o m p o s i t i o n  of m e t h a n o l  - THF (50/50) .  

When m e t h a n o l ,  THF a n d  m i x t u r e s  of THF - m e t h a n o l  ( t h e  compo- 

s i t i o n s  o f  T H F / m e t h a n o l  were 20/80,  50/50 a n d  80/20)  were u s e d  as  

m o b i l e  p h a s e s ,  t h e  v a l u e s  o f  N were 14000, 7200, 16000, 1 9 0 0 0 ,  a n d  

9 2 0 0  p l a t e s  p e r  c o l u m n ,  r e s p e c t i v e l y  i n  t h a t  o r d e r .  T h e  e x p e r i -  

m e n t s  were p e r f o r m e d  w i t h  m o b i l e  p h a s e s  b e i n g  c h a n g e d  i n  t h e  o r d e r  

water, water - m e t h a n o l ,  m e t h a n o l ,  THF a n d  THF - m e t h a n o l .  After 

a s e r i e s  of  t h e  e x p e r i m e n t s ,  t h e  m o b i l e  p h a s e  w a s d  r e t u r n e d  t 

water  a n d  t h e  v a l u e  o f  N was r e m e a s u r e d .  I t  was u n c h a n g e d  a n d  

t h e  r e t e n t i o n  v o l u m e  o f  EG was a l s o  s t a b l e .  T h e  maximum v a l u e  of 

N was o b t a i n e d  a t  a m o b i l e  p h a s e  c o m p o s i t i o n  of THF - m e t h a n o l  

( 5 0 / 5 0 )  a n d  a t  t h i s  m o b i l e  p h a s e ,  t h e  r e t e n t i o n  v o l u m e  a n d  t h e  

p e a k  w i d t h  a t  h a l f - h e i g h t  o f  EG were 20.91 r n l  a n d  0.36 m l ,  r e s p e c -  

t i v e l y .  T h e  m i n i m u m  v a l u e  of N a t  a THF m o b i l e  p h a s e  r e s u l t e d  

f r o m  t h e  l a r g e  v a l u e  of t h e  p e a k  w i d t h  a t  h a l f - h e i g h t  of EG (=0.65 
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m l ) ,  e v e n t h o u g h  t h e  r e t e n t i o n  v o l u m e  o f  EG a t  THF m o b i l e  p h a s e  

i n c r e a s e d  t o  26.90 m l .  However, t h i s  i n c r e a s e  i n  t h e  peak w i d t h  

was n o t  d u e  t o  t h e  d e g r a d a t i o n  o f  t h e  c o l u m n  by c h a n g i n g  m o b i l e  

p h a s e s , b u t  r e s u l t e d  i n  t h e  peak b roaden ing  d u r  t o  t h e  i n t e r a c t i o n s  

b e t w e e n  EG a n d  t h e  s t a t i o n a r y  p h a s e .  P e a k  w i d t h  of EG w i t h  

mob i l e  p h a s e s  o f  water, me thano l  and t h e i r  m i x t u r e s  was unchanged 

and t h e  i n c r e a s e  i n  t h e  v a l u e  o f  N w i t h  t h e  me thano l  mob i l e  phase  

was due t o  t h e  i n c r e a s e  i n  r e t e n t i o n  volume. 

Molecu la r  S i z e  o f  PEG. 

Two r e a s o n s  c a n  be c o n s i d e r e d  for  t h e  d i f f e r e n c e  i n  r e t e n t i o n  

volumes of  PEGS s u c h  as  a s  shown i n  FIGURES 1 and 2: t h e  change of 

t h e  m o l e c u l a r  s i z e  o f  PEG i n  d i f f e r e n t  s o l v e n t s  and t h e  d i f f e r e n c e  

i n  t h e  m a g n i t u d e  o f  t h e  s e c o n d a r y  e f f e c t s  b e t w e e n  PEGS a n d  t h e  
s t a t i o n a r y  phase.  

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

p r o p o r t i o n a l  t o  t h e  m o l e c u l a r  s i z e  i s  d e f i n e d  a s  t h e  i n t r i n s i c  

v i s c o s i t y  times MW. The i n t r i n s i c  v i s c o s i t i e s  of  PEGS i n  water, 

me thano l ,  THF and t h e i r  m i x t u r e s  are p l o t t e d  a g a i n s t  t h e  composi- 

t i o n  of  t h e  s o l v e n t s  and t h e  r e s u l t s  are shown i n  FIGURE 3. The 

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

i n  m e t h a n o l  a n d  t h o s e  i n  t h e  m i x t u r e s  of  water a n d  m e t h a n o l  de -  

c r e a s e d  w i t h  i n c r e a s i n g  t h e  c o n t e n t  o f  me thano l  i n  water. S imi -  

l a r l y ,  t h e  v a l u e s  o f  t h e  i n t r i n s i c  v i s c o s i t y  i n  THF was l a r g e r  

t h a n  t h o s e  i n  me thano l  and t h o s e  i n  t h e  m i x t u r e s  o f  THF and metha- 

n o l  d e c r e a s e d  w i t h  i n c r e a s i n g  t h e  c o n t e n t  of me thano l  i n  THF. 

The r e s u l t s  shown i n  FIGURE 3 i n d i c a t e  t h a t  t h e  d i f f e r e n c e  i n  

t h e  m o l e c u l a r  s i z e s  o f  PEGS i n  water, me thano l ,  and THF a f f e c t e d  

t h e  v a l u e s  of  r e t e n t i o n  volumes t o  some e x t e n t  and t h a t  t h e  smal- 

l e r  r e t e n t i o n  volumes o f  PEGS i n  t h e  mixed s o l v e n t s  t h a n  t h o s e  i n  

p u r e  s o l v e n t s  c a n n o t  b e  e x p l a i n e d  o n l y  by t h e  d i f f e r e n c e  i n  t h e  

m o l e c u l a r  sizes.  The magn i tude  o f  t h e  secondary  e f f e c t s  must be 

c o n s i d e r e d .  
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PEG 1000 " - 0 
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PEG 2000 
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PEG 1000 

PEG 600 
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PEG 2000 
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FIGURE 3. I n t r i n s i c  v i s c o s i t y  of PEG i n  s e v e r a l  s o l v e n t s .  
S o l v e n t :  (a)  water,  m e t h a n o l  a n d  t h e i r  m i x t u r e s ;  (b)  m e t h a n o l ,  THF 
a n d  t h e i r  m i x t u r e s .  

S e c o n d a r y  I n t e r a c t i o n s .  

The  c o n c e p t  o f  t h e  s o l u b i l i t y  p a r a m e t e r  d e f i n e d  by H i l d e b r a n d  

c a n  be  a p p l i e d  t o  e l u c i d a t e  t h e  e l u t i o n  m e c h a n i s m  t h a t  t h e  s e c o n -  

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

A c c o r d i n g  t o  t h e  t h e o r y  p r o p o s e d  by o n e  o f  t h e  a u t h o r s  (S.M.)(5), 

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

n e a r l y  e q u a l  t o  t h a t  o f  t h e  g e l  o r  a s o l u t e ,  t h e n  t h e  s e p a r a t i o n  

o c c u r s  m a i n l y  by the s i z e  e x c l u s i o n  e f f e c t .  H i l d e b r a n d  s o l u b i l i t y  

p a r a m e t e r s  f o r  w a t e r ,  m e t h a n o l  a n d  THF a r e  47.9, 29.1 a n d  2 0 . 5  

( J / ~ m ~ ) l ' ~ ,  r e s p e c t i v e l y .  T h e  p a r a m e t e r s  f o r  t h e  m i x t u r e s  are a s  

f o l l o w s :  w a t e r / m e t h a n o l  80/20 - 43.8; 60/40 - 40.2; 40/60 - 36.3; 

2 0 / 8 0  - 3 2 . 7 ;  m e t h a n o l / T H F  8 0 / 2 0  - 2 7 . 3 ;  5 0 / 5 0  - 24.8;  2 0 / 8 0  - 
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P E G  200 

a3 

I I I I I I 
18 19 20 21 2 2  23 

Retention Volume, ml 

P E G  300 

a 

I I I I I I 
18 19 20 21 2 2  2 3  

Retent ion Volume, rnl 

FIGURE 4 .  Chromatograms of PEG 200 and PEG 300 i n  THF and mixed 
s o l v e n t s  o f  THF a n d  m e t h a n o l .  M o b i l e  p h a s e :  (a)  THF; ( b )  THF - 
m e t h a n o l  80/20; ( c )  THF - m e t h a n o l  5 0 / 5 0 ;  ( d )  THF - m e t h a n o l  
20/80. 

22.3. The  p a r a m e t e r s  f o r  EG i s  33.2 a n d  t h o s e  f o r  PEGs a r e  

b e t w e e n  21.4 a n d  32.7, d e p e n d i n g  on  t h e i r  M W .  T h e r e f o r e ,  t h e  

m o b i l e  p h a s e s  wa te r -me thano l  (20/80 - 40/60) ,  which gave  minimum 

r e t e n t i o n  volumes of  PEG, have  s imilar  s o l u b i l i t y  p a r a m e t e r s  t o  

PEGs and m i n i m i z e  t h e  s e c o n d a r y  e f f e c t s .  The s o l u b i l i t y  p a r a m e t e r s  

of  h y d r o p h i l i c  p o l y m e t h a c r y l a t e  g e l s  are n o t  known i n  t h e  l i t e r a -  
ture ,  b u t  f rom FIGURE 2 ,  t h e  p a r a m e t e r  o f  t h e  h y d r o p h i l i c  polymer 

g e l s  u s e d  i n  t h i s  e x p e r i m e n t  was e s t i m a t e d  t o  b e  a r o u n d  22 .3  - 
24.8. 

Secondary i n t e r a c t i o n s  s u c h  as t h e  a d s o r p t i o n  e f f e c t  and t h e  

p a r t i t i o n  e f f e c t  are  supe r imposed  on t h e  s i z e  e x c l u s i o n  e f f e c t  i n  

t h e  SEC s y s t e m  used i n  t h i s  work and t h e  e x t e n t  of  t h e s e  secondary  
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e f f e c t s  i s  d e p e n d e n t  o n  t h e  c o m p o s i t i o n  of t h e  m o b i l e  p h a s e s .  I n  

SEC f o r  PEG, m o l e c u l a r  w e i g h t  a v e r a g e s  c a n  b e  c a l c u l a t e d  u s i n g  a 

c a l i b r a t i o n  c u r v e  o f  l o g  M W  o f  PEG v s .  r e t e n t i o n  v o l u m e ,  a n d  

t h e r e f o r e ,  a n y  m o b i l e  p h a s e  seems t o  b e  u s e d  a s  f a r  a s  PEGS a r e  

e l u t e d  i n  o r d e r  o f  d e c r e a s i n g  M W .  I n  t h e  s y s t e m  o f  t h e  m o b i l e  

p h a s e s  w a t e r - m e t h a n o l  (FIGURE l ) ,  p e a k s  o f  PEGS were a l l  s y m -  

m e t r i c a l ,  b u t  p e a k  w i d t h s  o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  of m e t h a -  

n o l  were 10% w i d e r  t h a n  t h o s e  w i t h  t h e  m o b i l e  p h a s e  o f  water. 

W i t h  THF m o b i l e  p h a s e ,  PEG 2 0 0  a n d  PEG 300 were s e p a r a t e d  

i n t o  s e v e r a l  p e a k s .  T h e  r e s u l t s  are  s h o w n  i n  FIGURE 4. PEG 400 

a n d  PEG 6 0 0  w i t h  THF s h o w e d  o n l y  o n e  p e a k  b u t  t h e i r  p e a k s  were 

b r o a d  a n d  2 5  - 50% w i d e r  t h a n  t h o s e  w i t h  water. PEGs l a r g e r  t h a n  

M W  1000 were a l l  s h a r p  a n d  s y m m e t r i c a l  i n  t h e  THF m o b i l e  p h a s e .  

When THF a n d  m i x t u r e s  o f  THF a n d  m e t h a n o l  were u s e d  a s  m o b i l e  

p h a s e s ,  peak  w i d t h s  a t  h a l f - h e i g h t  o f  PEGS h a v i n g  M W  l a r g e r  t h a n  

1000 were smaller  t h a n  t h o s e  o b t a i n e d  w i t h  t h e  m o b i l e  p h a s e  o f  

w a t e r ,  a n d  t h o s e  o f  PEGs h a v i n g  M W  s m a l l e r  t h a n  600 were l a r g e r  

t h a n  t h o s e  w i t h  water. T h e  p e a  w i d t h s  o b t a i n e d  w i t h  t h e  m o b i l e  

p h a s e  o f  m e t h a n o l  were l a r g e r  t h a n  t h o s e  w i t h  water. 

T h e  p e a k  b r o a d e n i n g  p h e n o m e n a  o r i g i n a t e d  i n  t h e  s e c o n d a r y  

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

t o  i n c r e a s e  i n  t h e  c a l c u l a t e d  v a l u e s  o f  t h e  p o l y d i s p e r s i t y  of 

p o l y m e r s  ( = M w / M n ) .  T h e r e f o r e ,  w h e n  o n e  d e t e r m i n e s  M W  a n d  M W  

a v e r a g e s  o f  PEG u s i n g  a c o l u m n  W-550,  t h e  c o m b i n a t i o n  of t h e  

m o b i l e  p h a s e  a n d  PEG w h i c h  m i n i m i z e s  p e a k  w i d t h  of PEG s h o u l d  b e  

s e l e c t e d .  I n  t h i s  p o i n t ,  t h e  c o m b i n a t i o n  of PEG lower t h a n  1000 

M W  - THF o n  a W-550 c o l u m n  is n o t  a d e q u a t e  t o  SEC. T h e  recommended 

c o m b i n a t i o n s  o f  PEG a n d  t h e  m o b i l e  p h a s e  w i t h  a W-550 c o l u m n  are 

a s  f o l l o w s :  PEG - water, PEG h i g h e r  t h a n  1000 MU - T H F / m e t h a n o l  

(50/50) o r  THF. 
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