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A POLYMER COATED S I L I C A  GEL FOR HIGH-PERFORMANCE 
L I  Q U I D CH ROMATOG RAP H Y 

R . M .  C a s s i d y  
G e n e r a l  C h e m i s t r y  B r a n c h  

A t o m i c  E n e r g y  o f  Canada  L i m i t e d  
C h a l k  R i v e r  N u c l e a r  L a b o r a t o r i e s  

C h a l k  R i v e r ,  O n t a r i o ,  Canada  
KOJ 1JO 

ABSTRACT 

The t r e a t m e n t  o f  m i c r o p a r t i c u l a t e  s i l i c a  g e l  w i t h  
C a r b o w a x  20M r e s u l t s  i n  a s t a b l e  a n d  r e p r o d u c i b l e  
s u p p o r t  w h i c h  g r e a t l y  r e d u c e s  t h e  i r r e v e r s i b l e  a d -  
s o r p t i o n  e f f e c t s  o b s e r v e d  f o r  p o l y o x y e t h y l e n e  compounds  
on u n t r e a t e d  s i l i c a  g e l .  T h e  s e l e c t i v i t y  o f  t h i s  
c o a t e d  s u p p o r t ,  l i k e l y  a r e s u l t  o f  s e l e c t i v e  d e a c t i v a -  
t i o n ,  p e r m i t s  t h e  r a p i d  s e p a r a t i o n  o f  o l i g o m e r s  
d i f f e r i n g  b y  <3% i n  m o l e c u l a r  w e i g h t .  The  a d v a n t a g e s  
a n d  d i s a d v a n t a g e s  o f  t h i s  s u p p o r t  a n d  a C l S  r e v e r s e d -  
p h a s e  s u p p o r t  f o r  t h e  s e p a r a t i o n  a n d  a n a l y s i s  o f  
p o l y o x y e t h y l e n e  o l i g o m e r s  a n d  t h e i r  a d d u c t s  a r e  
i l l u s t r a t e d  a n d  d i s c u s s e d .  

I NT RO DU CT I ON 

S i l i c a  g e l  i s  a w i d e l y  u s e d  a d s o r b e n t  i n  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 y  (HPLC) i n  s p i t e  o f  
d i s a d v a n t a g e s  s u c h  as b a t c h  t o  b a t c h  i r r e p r o d u c i b i l i t y ,  
i r r e v e r s i b l e  a d s o r p t i o n ,  a n d  v a r i a t i o n s  i n  t h e  e n e r g y  

o f  a d s o r p t i o n  f o r  d i f f e r e n t  a d s o r p t i o n  s i t e s  ( 1 ) .  
T h e s e  v a r i a t i o n s  make i t  d i f f i c u l t  t o  c o n t r o l  a d s o r b e n t  
a c t i v i t y  a n d  t o  r e p r o d u c e  r e t e n t i o n  t i m e s .  T h e s e  d i s -  
a d v a n t a g e s  h a v e  c o n t r i b u t e d  t o  t h e  p o p u l a r i t y  o f  
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242 CASSIDY 

r eve r sed -phase  s u p p o r t s  a n d  t o  t h e  development of  
s o p h i s t i c a t e d  methods t o  c o n t r o l  s u p p o r t  d e a c t i v a t i o n .  
Recent ly  a s e r i e s  of r e p o r t s  (2 -6 )  have d e s c r i b e d  a 
unique polymer-coated s i l i c a  gel f o r  gas chromato- 
graphy ( G C ) .  We have found t h i s  i r r e v e r s i b l y  ad -  
sorbed  ( p o s s i b l y  bonded ( 2 ) )  Carbowax 20M t o  be q u i t e  
u se fu l  f o r  G C  a n d  have been i n t e r e s t e d  i n  i t s  a p p l i c a -  
t i o n  t o  H P L C .  Carbowax 20M has been used t o  d e a c t i v a t e  
c o n t r o l l e d - p o r e  g l a s s e s  f o r  s t e r i c - e x c l u s i o n  s e p a r a -  
t i o n s  ( 7 , 8 )  b u t  i t s  behav iour  i n  l i q u i d - s o l i d  
adso rp t ion  chromatography h a s  n o t  been i n v e s t i g a t e d  i n  
any d e t a i l  ( 2 ) .  I t  was f e l t  t h a t  t h i s  t y p e  o f  packing  
might have s e v e r a l  a t t r a c t i v e  f e a t u r e s  ; t he  p r e p a r a -  
t i o n  of t h e s e  s u p p o r t s  shou ld  be s i m p l e r  r e l a t i v e  t o  
bonded-phase packings a n d  t h e  d i sadvan tages  of  s i l i c a  
gel  desc r ibed  above shou ld  be e l i m i n a t e d  o r  g r e a t l y  
reduced.  

P a r t  of t he  impetus  behind t h i s  s t u d y  was an 
i n t e r e s t  i n  t he  s e p a r a t i o n  and a n a l y s i s  of Carbowaxes 
a n d  o t h e r  po lyoxyethylene  ( P O E )  compounds. P O E  com- 
pounds a r e  wide ly  used and t h e i r  s e p a r a t i o n  and a n a l y s i s  
i s  s t i l l  a problem ( 9 , l O )  i n  s p i t e  o f  t h e  f a c t  t h a t  a 
number of  G C  (11 - 1 4 ) ,  t h i n - l a y e r  chromatographic  (15-171,  
L C  (18-24)  a n d  c o l o r i m e t r i c  ( 2 5 )  methods have been 
d e s c r i b e d .  S e p a r a t i o n s  on s i l i c a  g e l  a r e  p a r t i c u l a r l y  
di  f f i c u l t  due t o  i r r e v e r s i  b l e  a d s o r p t i o n  (19,261 which 
a l s o  l eads  t o  pronounced t a i l i n g  and i r r e p r o d u c i b l e  
chromatograms. 

MATERIALS 

The mobile  phases  were h i g h  p u r i t y  s o l v e n t s  
(Burdick and Jackson ,  Muskegon, Michigan,  U . S . A . ) .  
The P O E  compounds (Chromatographic  Spec4 a1 t i e s ,  
B r o c k v i l l e ,  O n t a r i o ,  Canada) ,  5 -d imethylamino- l -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



POLYMER COATED SILICA GEL FOR HPLC 24 3 

n a p t h a l e n e s u l f o n y l  c h l o r i d e  (DANSYL C1; Eastman 
Organic  Chemicals ,  Roches t e r ,  N . Y . ,  U . S . A . ) ,  and 
3 , 5 - d i n i t r o b e n z o y l c h l o r i d e  ( D N B  C1; Eastman) were used 
as r e c e i v e d .  The l i q u i d  chromatographs were custom- 
bui 1 t from commercial components and have been d e s c r i b e d  
e l sewhere  ( 2 7 ) .  E lu t ed  samples  were d e t e c t e d  wi th  one 
or more of t he  fo l lowing  d e t e c t o r s :  U V  (Model 430001- 
0 0 ,  Var ian ,  Pa lo  Al to ,  C a l i f . ,  U . S . A . ;  Model 970 
v a r i a b l e  wavelength ,  T raco r  I n s t r u m e n t s ,  A u s t i n ,  Texas ,  
U . S . A.  ) a n  d f 1 uores cen ce ( F1 u ro-Mon i t o r  , Arne r i  can 
Ins t rumen t  Co., S i l v e r  S p r i n g ,  Md. ,  U.S.A.). A C 1 8  u -  
Bondapak (Waters Assoc ia t e s  , M i l f o r d ,  Mass. , U . S . A . )  
was used f o r  r eve r sed -phase  s t u d i e s .  

M E T H O D S  

P r e p a r a t i o n  of P O E  Coated S u p p o r t .  The p rocedure  
desc r ibed  by Aue e t  a l .  (5) was used t o  c o a t  t h e  micro-  
p a r t i c u l a t e  s i l i c a  gel (LiChrosorb  SI -60  and S I -100 ,  
10 urn; Brinkmann, Rexdale ,  O n t a r i o ,  Canada) w i t h  
Carbowax 20Y. The s i l i c a  gel was washed w i t h  s e v e r a l  
volumes of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  u n t i l  t he  
washings were c o l o u r l e s s  , washed t o  n e u t r a l i t y  w i t h  
w a t e r  and then d r i e d  f o r  s e v e r a l  hours  a t  20OoC. The 
h o t ,  dry s i l i c a  was then  coa ted  (6% w / w )  w i t h  t h e  
Carbowax 20M by r o t a r y  e v a p o r a t i o n  ( t h e  s o l v e n t  was 
ch lo ro fo rm)  and p l aced  i n  a g l a s s  t u b e  which was 
hea ted  t o  27OoC f o r  16-18 hours  w h i l e  a slow flow o f  
n i t r o g e n  was passed  through i t .  

Column Packing.  Approximately 8 ml of t h e  pack ing  
( c o a t e d  o r  uncoated  s i l i c a  g e l )  were added t o  50 ml 
C C 1 4  a n d  p l aced  i n  an u l t r a s o n i c  ba th  f o r  1-2 minu tes .  
This s l u r r y  was then t r a n s f e r r e d  t o  a r e s e r v o i r  and 
packed i n t o  a 4 m m  x 30 cm 316 s t a i n l e s s  s t e e l  
( p o l i s h e d  w i t h  B r a s s o R )  or g l a s s - l i n e d  s t e e l  column 
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( A l l t e c h  A s s o c i a t e s ,  A r l i n g t o n  H e i g h t s ,  Ill., U . S . A . )  

a t  48  MPa (7000 p s i )  w i t h  a c o n s t a n t  p r e s s u r e  pump 
(Mode l  P1N 26890-4 ,  H a s k e l  E n g i n e e r i n g ,  B u r b a n k ,  C a l i f . ,  
U.S.A.) .  The Carbowax c o a t e d  co lumn was t h e n  c o n -  
d i t i o n e d  w i t h  20-50 co lumn vo lumes o f  CH2C12, C H a C N ,  

CH30H and H 2 0  i n  t h a t  o r d e r .  The s i l i c a - g e l  co lumns 
were  washed w i t h  CH30H, C H 3 C N ,  CH2C12 a n d  n - C s H l b i n  
t h a t  o r d e  r . 
L i n e a r  Column C a p a c i t y .  L i n e a r  co lumn c a p a c i t i e s  w e r e  

d e t e r m i n e d  w i t h  e t h y l e n e  g l v c o l  m o n o e t h y l  e t h e r  
d i p h e n y l e t h a n o l  and  o - c r e s o l .  The l i n e a r  c a p a c i t y  was 
t a k e n  as t h e  amount o f  s o l u t e  r e q u i r e d  t o  r e d u c e  t h e  
co lumn c a p a c i t y  f a c t o r ,  k ' ,  b y  10%. 

DNB C1 D e r i v a t i v e s  o f  POE. A p p r o x i m a t e l y  1 mg o f  a 
P O E  d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  and a 5 : l  m o l a r  
e x c e s s  o f  DNB C1 ( f r e s h l y  p r e p a r e d  2.5% ( w / v )  s o l u t i o n  
i n  m e t h y l e n e  c h l o r i d e )  w e r e  s e a l e d  i n  a 5 m l  r e a c t i o n  
v i a l  and 30 v l  o f  d r y  p y r i d i n e  ( d i s t i l l e d  o v e r  BaO) 
were  t h e n  added. T h i s  m i x t u r e  was t h e n  h e a t e d  t o  55OC 
f o r  one h o u r .  The p y r i d i n e  and m e t h y l e n e  c h l o r i d e  
were  e v a p o r a t e d  w i t h  n i t r o g e n  and e x c e s s  DNB C1 was 
h y d r o l y z e d  w i t h  one  o r  two d r o p s  of 2N H C 1 ,  I f  
d e s i r e d  t h e  d i n i t r o b e n z o i c  a c i d  can be removed b y  

e x t r a c t i o n  w i t h  1% Na2C03. 

DANSYL C1 D e r i v a t i v e s  o f  P O E .  The DANSYL C1 d e r i -  
v a t i v e s  were  p r e p a r e d  as d e s c r i b e d  f o r  DNB C1 
d e r i  v a t i  ves .  

RESULTS A N D  D I S C U S S I O N  

D e r i v a t i z a t i o n .  F o r  P O E  and many POE a d d u c t s  
d e r i v a t i z a t i o n  i s  r e q u i r e d  f o r  s e n s i t i v e  LC d e t e c t i o n .  

DANSYL C1 i s  w i d e l y  used ( 2 8 )  f o r  t h e  p r e p a r a t i o n  o f  
f l u o r e s c e n t  d e r i v a t i v e s  o f  amines ( 2 9 )  and  p h e n o l s  (30). 
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The d e r i v a t i v e s  f o r m e d  w i t h  P O E  e x h i b i t e d  s t r o n g  
f l u o r e s c e n c e  a n d  o f f e r e d  s e n s i t i v e  d e t e c t i o n  b u t  t h e  
r e a c t i o n  was v e r y  s l o w  and  t h r e e  s e r i e s  o f  p r o d u c t s  
were  o b t a i n e d ;  m o n o s u b s t i t u t e d ,  d i s u b s t i t u t e d  and an 
unknown t h i r d  p r o d u c t  p r o d u c e d  a t  l o n g  r e a c t i o n  t i m e s .  
C o n s e q u e n t l y  t h i s  r e a g e n t  was n o t  s t u d i e d  f u r t h e r .  

d e r i v a t i z a t i o n  ( U V  c h r o m o p h o r e )  o f  l a r g e  q u a n t i t i e s  
( s e v e r a l  mg) o f  P O E  compounds. When s m a l l e r  q u a n t i t i e s  
a r e  d e r i v a t i z e d  i t  i s  n e c e s s a r y  t o  use  p u r e  s o l v e n t s  
w h i c h  have  been c a r e f u l l y  d r i e d  and t h e n  s t o r e d  i n  
s e a l e d  v i a l s .  S o l v e n t s  s u c h  as p y r i d i n e  ( 3 1 )  and d i -  
m e t h y l f o r m a m i d e  ( 3 2 )  w e r e  t r i e d  b u t  w i t h  u n s a t i s f a c t o r y  
r e s u l t s .  M e t h y l e n e  c h l o r i d e ,  w h i c h  i s  a g o o d  s o l v e n t  
f o r  P O E  and  o t h e r  POE compounds, gave  good  r e s u l t s  when 
a s m a l l  amount o f  p y r i d i n e  was added as a c a t a l y s t .  
F o r  1 mg samp les  t h e  y i e l d  o f  t h e  d e r i v a t i v e s  f o r  
e i g h t  P O E  o l i g o m e r s  was t h e  same f o r  r e a g e n t  t o  samp le  
mo le  r a t i o s  f r o m  3 2 : l  t o  5 : l .  Y i e l d s  w e r e  c o n s t a n t  

a f t e r  a one h o u r  r e a c t i o n  a t  55OC a n d  t h e  r e l a t i v e  
s t a n d a r d  d e v i a t i o n  ( d e t e r m i n e d  by  i n t e g r a t i o n  o f  LC 
peaks  as d i s c u s s e d  b e l o w )  f o r  e i g h t  Carbowaxes was 
2 -3%.  B o t h  f r e e  OH g r o u p s  o f  t h e  Carbowaxes r e a c t  t o  
g i v e  d i s u b s t i t u t e d  D N B  C1 d e r i v a t i v e s  and t h e  
d e t e c t i o n  l i m i t  ( t w i c e  b a s e l i n e  n o i s e )  f o r  e t h y l e n e  
g l y c o l  was %0.5 ng. 

Carbowax C o a t e d  S i l i c a  G e l .  F i g u r e  1 shows a 
r e p r e s e n t a t i v e  ch romatog ram f o r  t h e  s e p a r a t  on o f  t h e  
DNB C1 d e r i v a t i v e s  o f  a m i x t u r e  o f  Carbowax 200 and 750. 
The e x c e l l e n t  s e l e c t i v i t y  o f  t h i s  p a c k i n g  f r t h e  s e p a -  
r a t i o n  o f  t h e  i n d i v i d u a l  P O E  o l i g o m e r s  i s  e v i d e n t .  
The s e p a r a t i o n  o f  t h e s e  o l i g o m e r s  on u n t r e a t e d  s i l i c a  
g e l  was n o t  p o s s i b l e  due t o  b a d l y  skewed peaks  and 
i r r e p r o d u c i b l e  r e t e n t i o n  t i m e s .  The s e l e c t i v i t y  o f  t h e  

D N B  C1 has been u s e d  p r e v i o u s l y  (31 ,32 )  f o r  t h e  
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FIGURE 1 

S e p a r a t i o n  o f  ONB C1 D e r i v a t i v e s  o f  Carbowax 200  and  
750 on Carbowax 20M S i l i c a  G e l .  Column, g l a s s  l i n e d  
4 mm x 25 cm p a c k e d  w i t h  c o a t e d  10 pm s i l i c a  g e l  ( 1 0  nm 
p o r e ) ;  F low ,  2 m l  m in" ;  S o l v e n t ,  3% ( v / v )  a c e t o n i t r i l e  
i n  1 : l  m e t h y l e n e  c h l o r i d e - h e x a n e  t o  100% a c e t o n i  t r i l e ;  
G r a d i e n t ,  l i n e a r ,  30 m i n .  

c o a t e d  co lumns i s  s u c h  t h a t  POE o l i g o m e r s  w i t h  m o l e -  
c u l a r  w e i g h t s  o f  1300 can be s e p a r a t e d  w i t h  b a s e l i n e  
r e s o l u t i o n  on a s i n g l e  25 cm column. T h i s  c o r r e s p o n d s  
t o  t h e  s e p a r a t i o n  o f  m o l e c u l e s  w i t h  a m o l e c u l a r  w e i g h t  
d i f f e r e n c e  o f  o n l y  3%. Such a s e p a r a t i o n  w o u l d  be v e r y  
d i  f f i c u l  t i f n o t  i m p o s s i b l e  by  s t e r i  c - e x c l  u s i  on 
c h r o m a t o g r a p h y  . 
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Retent ion  time r e p r o d u c i b i l i t y  was exce l  l e n t  a n d  
t h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  f o r  t h e  s e p a r a t i o n  
a n d  a n a l y s i s  (peak a r e a )  of D N B  C 1  d e r i v a t i v e s  was 
2-3%. The d i f f e r e n c e s  observed  from one column t o  
a n o t h e r  were smal l  as long as t h e  columns were con- 
d i t i o n e d  with t h e  same s o l v e n t s .  N o  d e t e r i o r a t i o n  was 
observed in  any of  t h e  columns e i t h e r  a f t e r  lonq con- 
t i nuous  use ( 1 - 3  months) or a f t e r  s i t t i n g  i d l e  f o r  
s e v e r a l  m o n t h s .  

s o l v e n t  on t h e  behaviour  of new columns was de te rmined  
wi th  D N B  C1 Carbowax d e r i v a t i v e s  used as  t e s t  s o l u t e s .  
I n c r e a s e s  i n  t h e  p o l a r i t y  o f  t h e  c o n d i t i o n i n g  s o l v e n t  
caused a cor responding  i n c r e a s e  i n  the  r e t e n t i o n  of 
t he  Carbowax d e r i v a t i v e s .  This chanpe was q u i t e  
n o t i c e a b l e  from C H 2 C 1 2  t o  C H 3 C N  t o  CH30H and then 
t h e r e  was very l i t t l e  change as t h e  c o n d i t i o n i n g  
s o l v e n t  was g radua l ly  changed t o  wa te r .  I n j e c t i o n  o f  
Carbowax 20M s o l u t i o n s  onto  t h e  column dec reased  
re t en  t i  on t i  mes wi t h 1 i q ui d -  1 i q u i  d be h av i  o u r  even t u a l  1 y 
be ing  observed.  Column performance could  be r e s t o r e d  
with a methanol-water  w a s h .  

s i l i c a  gel  w i th  a n d  w i thou t  h e a t  t r e a t m e n t  a t  27OoC 
was e s s e n t i a l l y  i d e n t i c a l .  Consequent ly  t h e  h e a t  
t r ea tmen t  i s  n o t  r e q u i r e d  f o r  L C  a p p l i c a t i o n s .  This 
r e s u l t  sugges t s  t h a t  t h e  func t ion  of t h e  Carbowax may 

n o t  be the same f o r  L C  as  i t  i s  f o r  G C  ( 2 ) .  Recent ly  
( 2 6 )  i t  has been shown t h a t  a combinat ion of hydro-  
phobic  and h y d r o p h i l i c  s i t e s  on the s i l i c a  ge l  w i l l  
r e s u l t  in  s t r o n g e r  adso rp t ion  o f  P O E  than on  hydro-  
p h i l i c  s i l i c a  ge l  a lone .  Consequent ly  i t  w o u l d  be o f  
i n t e r e s t  t o  examine the  G C  and L C  behaviour  o f  t h e s e  

The e f f e c t  o f  t h e  p o l a r i t y  of  the c o n d i t i o n i n g  

The performance of columns p repa red  from coa ted  
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p a r t i  a1 l y  hydrophobic  s i l i c a  g e l s  p repa red  e i t h e r  by 
h e a t  t r ea tmen t  a t  6 O O 0 C  ( 2 6 )  o r  by p a r t i a l  s i l a n i z a -  
t i  on. 

The l i n e a r  column c a p a c i t i e s  found f o r  the  coa ted  
s i l i c a  were 2-5 t imes those  f o u n d  f o r  u n t r e a t e d  s i l i c a  
g e l .  The l a r g e s t  l i n e a r  caDaci ty  was found f o r  e t h y l e n e  

g lycol  monoethvl e t h e r  which c o n t a i n s  two P O E  u n i t s .  
Re la t ive  k '  va lues  f o r  a number of small  molecules  
(molecu la r  weights  <200) were t h e  same on both coa ted  
a n d  uncoated s i l i c a  gel and t h i s  s u g g e s t s  t h a t  t he  
adso rben t - adso rba te  i n t e r a c t i o n  i s  very s i m i l a r  f o r  
t h e  two packings .  I t  would appear  t h a t  the s t r o n g l y  
adsorbed Carbowax a c t s  mainly as a s t a b l e  d e a c t i v a t o r  
a n d  s i n c e  C a r b o w a x  i s  a P O E ,  i t  i s  p a r t i c u l a r l y  
s e l e c t i v e  f o r  the  s e p a r a t i o n  of P O E  molecules .  

Comparison of Coated S i l i c a  Gel and C l e  Reversed-Phase 
System. The e x c e l l e n t  s e l e c t i v i t y  of t h e  coa ted  
columns f o r  the s e p a r a t i o n  of P O E  o l igomers  i s  
i l l u s t r a t e d  i n  t h e  fo l lowing  examples .  These examples ,  
which a r e  r e p r e s e n t a t i v e  of t h r e e  of  t h e  most common 
cl a s ses  of P O E  compounds, i 1 1 us t r a t e  t h e  advantages 
a n d  d i sadvantages  of  Carbowax coa ted  s i l i c a  ve r sus  a 
C I ~  r eversed-phase  sys tem.  Figure 2 shows a r e p r e s e n t a -  
t i v e  chromatogram f o r  t h e  reversed-phase  s e p a r a t i o n  of 
DNB C 1  d e r i v a t i v e s  of P O E .  This poor  s e l e c t i v i t y  was 
found f o r  a l l  P O E  compounds. Changes in  t h e  s o l v e n t  
systems gave no s i g n i f i c a n t  improvement. This  r e s u l t  

can be compared t o  t he  e x c e l l e n t  s e l e c t i v i t y  of  t h e  
coa ted  s i l i c a  ge l  i l l u s t r a t e d  in  F igure  1 .  F igure  3 
shows t h e  reversed-phase  s e p a r a t i o n  o f  a f a t t y  a c i d  
d i e s t e r  (mix tu re  o f  o l e i c  and l i n o l e i c )  o f  P O E  wi th  
an average o f  9-10 P O E  u n i t s  (de te rmined  by s t e r i c  
exc lus ion  chromatography) .  S ince  t h e  r eve r sed -phase  
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I ,  I 1 I I I 
0 L) 8 1 2  16 20 2L) 

T I M E  I H I N )  

F I G U R E  2 

S e p a r a t i o n  o f  D N B  C1 D e r i v a t i v e s  o f  Carbowax 750 on 
C l e  u -Bondapak Column. Column, 4 mm x 30 cm; F low,  
2 m l  m i n - ’ ;  S o l v e n t ,  20% ( v / v )  t o  70% t e t r a h y d r o f u r a n  
i n  H 2 0 ;  G r a d i e n t ,  l i n e a r ,  40 m i n .  

s y s t e m  i s  s e n s i t i v e  t o  changes i n  t h e  h y d r o p h o b i c  con -  
t e n t  o f  a s o l u t e  t h e r e  i s  n o t i c e a b l e  b r o a d e n i n g  of 
t h e  p e a k s  ( r e l a t i v e  t o  F i g u r e  2 )  due t o  t h e  p r e s e n c e  o f  
t w o  f a t t y  a c i d s  i n  t h e  POE f o r m u l a t i o n  and t o  i m p u r i -  
t i e s  such  as m o n o s u b s t i t u t e d  P O E  e s t e r s .  The a d v a n t a g e  
o f  c o a t e d  s i l i c a  g e l  f o r  t h e  s e p a r a t i o n  o f  t h i s  samp le  
i s  o b v i o u s  f r o m  t h e  r e s u l t s  shown i n  F i g u r e  4. S i n c e  
t h e  s e p a r a t i o n  be tween  t h e  peaks  e l u t i n g  f r o m  16 t o  
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I 1 I 1 1 I 

T I M E  ( M I N I  
0 4 a 1 2  1 6  20 

F I G U R E  3 

S e p a r a t i o n  o f  F a t t y  A c i d  D i e s t e r s  o f  P O E  o n  C l s - y -  
Bondapak. Column, 4 mm x 30 cm; F l o w ,  2 m l  m i n  ; 
S o l v e n t ,  60% ( v / v )  t e t r a h y d r o f u r a n  i n  H 2 0  t o  100% 
t e t r a h y d r o f u r a n ;  G r a d i e n t ,  l i n e a r ,  30 m i n .  

2 5  m i n  i s  c h a r a c t e r i s t i c  o f  m o n o s u b s t i t u t e d  P O E  t h e s e  
peaks  a r e  l i k e l y  due t o  s m a l l  amounts o f  mono- 
subs t i  t u t e d  f a t t y  a c i d  e s t e r s .  The h y d r o p h o b i c  
p o r t i o n  o f  POE compounds has  v e r y  l i t t l e  i n f l u e n c e  on 
t h e i r  r e t e n t i o n .  F o r  examp le ,  a c o m p a r i s o n  o f  t h e  
ave rage  r e t e n t i o n  t i m e  f o r  t h e  o l i g o m e r s  shown i n  
F i g u r e  4 w i t h  r e t e n t i o n  t i m e s  i n  F i g u r e  1 s u g g e s t s  
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I 1 I I I I I 
O Y 8 1 2  16 20 2’4 

T I M E  ( W I N )  

FIGURE 4 

S e p a r a t i o n  of Fa t ty  Acid D i e s t e r s  o f  P O E  o n  Carbowax 
20M S i l i c a  Gel. Experimental  c o n d i t i o n s  as f o r  
Figure 1 .  

t h a t  t h e r e  a r e  a n  average of  9-10 P O E  u n i t s  i n  t h i s  
d i e s t e r  a n d  a n a l y s i s  of  t h e  f r e e  POE o b t a i n e d  on 
h y d r o l y s i s  confirmed t h i s  r e s u l t .  Figure 5 shows t h e  
p a r t i  a1 reversed-phase  s e p a r a t i o n  of  the  P O E  oligomers  
of T r i t o n  X-100 (rnonoal k y l s u b s t i  t u t e d  phenol-POE 
adduc t )  fo l lowed by a sma l l  peak due t o  t h e  d i a l k y l  
s u b s t i t u t e d  impur i ty .  Figure 6 shows t h a t  t h e  P O E  
o l igomers  a r e  wel l  s e p a r a t e d  w i t h  t h e  c o a t e d  s i l i c a  
gel b u t ,  due t o  poor response  t o  hydrophobic  s u b -  
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AP - S E N S I T I V I T Y  

INCREASED HERE 

I 1 I 
0 9 8 1 2  16 20  2 9  28  3 2  

T I M E  I M I N I  

F I G U R E  5 

S e p a r a t i o n  o f  T r i  t o n  X-100 on C1 p-Bondapak.  Column , 
4 mm x 30 cm; F low,  2 m l  m i n ” ;  S o l v e n t ,  20% ( v / v )  t o  
50% t e t r a h y d r o f u r a n  i n  H 2 0 ;  G r a d i e n t ,  l i n e a r ,  30 m in .  

s t i  t u e n t s  , t h e  p r e s e n c e  o f  d i  a1 k y l  i m p u r i t y  i s  n o t  

e v i d e n t .  
A l t h o u g h  t h e  C I 8  r e v e r s e d - p h a s e  s y s t e m  i s  o f  

l i m i t e d  use f o r  t h e  s e p a r a t i o n  o f  P O E  o l i g o m e r s  i t  

c o u l d  b e  q u i t e  u s e f u l  f o r  t h e  p r e c o n c e n t r a t i o n  o f  f r e e  
P O E  and  POE a d d u c t s  f r o m  aqueous s y s t e m s .  F i g u r e  7 
shows t h a t  p r e c o n c e n t r a t i o n  i s  f e a s i b l e  f o r  a1 1 f r e e  
P O E  e x c e p t  n = 1 o r  2 ,  and  t h e  p r e c o n c e n t r a t i o n  o f  
t h e s e  two o l i g o m e r s  c o u l d  l i k e l y  be a c h i e v e d  w i t h  an 
i n c r e a s e  i n  i o n i c  s t r e n g t h .  The r e t e n t i o n  o f  a d d u c t s  
w i t h  h y d r o p h o b i c  g r o u p s  i s  s t r o n g e r  t h a n  t h a t  f o r  t h e  
c o r r e s p o n d i n g  f r e e  P O E .  F o r  e x a m p l e ,  T r i t o n  X-100 
c o n t a i n s  an a v e r a g e  o f  9 -10  u n i t s  o f  P O E  b u t  i s  e l u t e d  
a t  t h e  same p o s i t i o n  as a f r e e  POE w i t h  22 -23  u n i t s .  
Such a p r e c o n c e n t r a t i o n  scheme s h o u l d  p r o v e  t o  be  
f a s t e r  and more e f f i c i e n t  t h a n  e x t r a c t i o n  p r o c e d u r e s  
( 3 3 1 ,  e s p e c i a l l y  i f  i t  i s  p o s s i b l e  t o  combine  p r e -  
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POLYMER COATED SILICA GEL FOR HPLC 253 

FIGURE 6 

S e p a r a t i o n  o f  T r i t o n  X-100 on Carbowax 20M S i l i c a  Gel .  
Column, g l a s s  l i n e d  4 m m  x 25  cm packed wi th  c o a t e d  
10 pm s i l i c a  gel  (10  nm p o r e ) ;  Flow, 2 ml m i n - ' ;  
S o l v e n t ,  1 .5% ( v / v )  a n d  3% a c e t o n i t r i l e  i n  1 : l  
hexane-methylene c h l o r i d e  t o  10% i sopropano l  i n  
a c e t o n i t r i l e ;  G r a d i e n t ,  l i n e a r ,  30 min. 

c o n c e n t r a t i o n  and a n a l y s i s  i n  one o p e r a t i o n  on t h e  
same a n a l y t i c a l  column ( 3 4 ) .  

CONCLUSIONS 

I n  summary, t h e  above r e s u l t s  have shown t h a t  
Carbowax t r ea tmen t  of  s i l i c a  gel  e l i m i n a t e s  i r r e v e r -  
s i b l e  a d s o r p t i o n  e f f e c t s  and r e s u l t s  i n  an a d s o r b e n t  
w i t h  e x c e l l e n t  s e l e c t i v i t y  f o r  the s e p a r a t i o n  o f  P O E  
o l igomers .  In a d d i t i o n  t o  q u a l i t y  c o n t r o l  and 
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CARBOWAX M O L E C U L A R  W E I G H T  

F I G U R E  7 

Percentage  Methanol Required t o  E l u t e  Carbowaxes wi th  
k '  = 1.  

e f f l u e n t  a n a l y s i s ,  t h i s  adsorbent  should  prove 
va luab le  f o r  b iodegrada t ion  s t u d i e s  ( 9 )  a n d  f o r  t h e  
p r e p a r a t i o n  of pure P O E  o l igomers .  This t echn ique  
could a l s o  o f f e r  a s imp le  and r e p r o d u c i b l e  method f o r  
the permanent d e a c t i v a t i o n  o f  s i l i c a  ge l  f o r  o t h e r  
kinds o f  a n a l y s i s .  I t  i s  a l s o  p o s s i b l e  t h a t  o t h e r  
polymers could be used t o  g ive  adso rben t s  wi th  
d i f f e r e n t  s e l e c t i v i t i e s .  Reversed-phase sys tems a r e  
o f  l i m i t e d  use f o r  t h e  s e p a r a t i o n  o f  F O E  o l igomers  b u t  
should  prove use fu l  f o r  t h e  p r e c o n c e n t r a t i o n  of P O E  
compounds d i r e c t l y  from aqueous sys t ems .  I f  t h e  mole- 
c u l a r  s i z e  of t h e  P O E  compound i s  l a r g e  enough 
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(>2000-3000)  t h e n  t h e  u t i l i t y  o f  b o t h  t h e  c o a t e d  
s i l i c a  g e l  and t h e  r e v e r s e d - p h a s e  sys tems  i s  l i m i t e d  
due t o  s t e r i c  e x c l u s i o n ,  and s l o w  d e s o r p t i o n  a n d / o r  
i r r e v e r s i b l e  a d s o r p t i o n .  However  m o s t  P O E  compounds 
o f  i n t e r e s t  do  n o t  f a l l  i n  t h i s  m o l e c u l a r - w e i g h t  r a n g e .  
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