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AMBERLITE XAD-4 AS A STATIONARY PHASE FOR 
PREPARATIVE LIQUID CHROMATOGRAPHY I N  A RADIALLY COMPRESSED COLUMN 

Donald J .  P i e t r z y k ,  and W i l l i a m  J .  C a h i l l ,  J r .  

The U n i v e r s i t y  o f  Iowa 
C hem i s t r y  Department 

Iowa City, Iowa 52242 
USA 

ABSTRACT 

A m b e r l i t e  XAD-4, a nonpo la r  adsorbent  w i t h  a p a r t i c l e  s i z e  o f  
62 t o  177 pm, was packed i n t o  58 mm i . d .  x 294 mm columns and 
r a d i a l l y  compressed i n  t h e  Waters Prep 500 p r e p a r a t i v e  l i q u i d  
chromatograph. 
r e s o l u t i o n ,  recovery,  and types o f  m o b i l e  phases were m a j o r  
parameters s t u d i e d .  S ince XAD-4 i s  c h e m i c a l l y  i n e r t  mixed s o l v e n t  
and pH c o n t r o l  from 1 t o  13 can be s u c c e s s f u l l y  used i n  t h e  m o b i l e  
phase. Separat ions i l l u s t r a t i n g  these advantages and t h e  scope o f  
t h e  58 mm i . d .  column a r e  desc r ibed .  

E f f i c i e n c y , l o a d i n g  c a p a c i t y  (mu1 t i g r a m  samples), 

INTRODUCTION 

P r e p a r a t i v e  h i g h  performance 1 i q u i d  chromatography (PLC) 

c o n s t i t u t e s  a wide range o f  column l o a d i n g s  ex tend ing  f rom a few 

mgs t o  mu l t i g ram samples. 

a lmos t  a l l  s c i e n t i f i c  f i e l d s .  Typ ica l  a p p l i c a t i o n s  a r e  p u r i f i c a -  

t i o n s  i n  s y n t h e t i c  chemis t r y ,  p u r i f i c a t i o n  o f  s tandards,  and 

c h a r a c t e r i z a t i o n  o f  t r a c e  compounds i n  p h y s i o l o g i c a l ,  e n v i r o n -  

menta l ,  p l a n t ,  e t c .  t ype  samples. Even commercial appl  i c a t i o n s  a r e  

The scope o f  PLC a p p l i c a t i o n s  extends t o  
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782 PIETRZYK AND CAHILL 

f e a s i b l e .  

e l  sewhere (1 - 3 ) .  

D e t a i l s  o f  these and o t h e r  a p p l i c a t i o n s  a r e  rev iewed 

Comnercial LC s u p p l l e r s  have responded t o  t h l s  i n t e r e s t  and 

prepacked columns o f  1 / 4  t o  1 i n c h  d iameters c o n t a i n i n g  e i t h e r  

s i l i c a  o r  a l k y l - m o d i f i e d  s i l i c a  as t h e  s t a t i o n a r y  phase a r e  

a v a i l a b l e .  La rge r  d iameter  columns, which p e r m i t  g r e a t e r  l o a d i n g ,  

a r e  a l s o  a v a i l a b l e .  U s u a l l y  t hese  a r e  ded ica ted  t o  a s p e c i f i c  

t ype  o f  i n s t r u m e n t a t i o n .  One such example i s  t h e  Waters Prep 500, 

which employs s i l i c a  o r  a l k y l - m o d i f i e d  s i l i c a  packed i n  58 mm i . d .  

x 294 mm p l a s t i c  columns t h a t  a r e  r a d i a l l y  compressed. 

Amber1 i t e  XAD-4 i s  a macroporous p o l y s t r y e n e - d i v i n y l  benzene 

nonpolar  adsorbent  w i t h  a l a r g e  s u r f a c e  area and p o r o s i t y .  

f u n c t i o n s  as a reve rsed  s t a t i o n a r y  phase 1 i ke t h e  a1 k y l - m o d i f i e d  

s i l i c a  and has been used I n  PLC 8 mm and 20.5 mm i . d .  columns (4-6)  
and i n  a n a l y t i c a l  h i g h  performance l i q u i d  chromatographic  (ALC) 

columns ( 7 - 8 ) .  

range o f  1 t o  13, s t r o n g l y  a c i d i c  and b a s i c  e l u t i n g  agents, which 

cannot be used w i t h  t h e  a l k y l - m o d i f i e d  s i l i c a ,  a r e  r e a d i l y  used 

w i t h  XAD-4 columns w i t h o u t  l o s s  i n  e f f i c i e n c y  o r  changes i n  ch ro -  

matographic behav io r .  Other advantages and p r o p e r t i e s  o f  XAD-4 

i n c l u d i n g  f a v o r a b l e  mass l o a d i n g  c a p a b i l i t i e s  a r e  desc r ibed  

e l  sewhere ( 4 ) .  

I t  

Since XAD-4 i s  s t a b l e  th roughou t  t h e  e n t i r e  pH 

Th is  r e p o r t  desc r ibes  PLC experiments u s i n g  XAD-4 i n  a 58 mm 

i . d .  x 294 mm p l a s t i c  column which i s  r a d i a l l y  compressed i n  t h e  

Waters Prep 500. Mass and volume ove r load ,  e f f i c l e n c y ,  r e s o l u t i o n ,  

recovery,  and mixed s o l v e n t ,  a c i d i c ,  and b a s i c  m o b l l e  phases a r e  

eva lua ted .  

MATERIALS 

Reagents 

The chemicals used were o b t a i n e d  from C u r t i n  Matheson 

S c i e n t i f i c ,  Eastman Kodak, and Sigma Chemical Company and used as 
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AMBERLITE XAD-4 783 

rece ived .  

mixed bed i o n  exchange column, a charcoal  column and 0.2 pm 

M i l l i p o r e  f i l t e r  d i s k s .  A l l  s o l v e n t  compos i t i on  i s  expressed as 

pe rcen t  by volume. 

Water was p u r i f i e d  by pass ing d i s t i l l e d  wa te r  th rough  a 

A m b e r l i t e  XAD-4 ( 2 0  t o  50 mesh) was purchased f rom 

M a l l i n c k r o d t  Chemical Works. Cleaning,  c r u s h i n g  and s i z i n g  

procedures a r e  desc r lbed  e l  sewhere ( 4 ) .  

(62 t o  177 pm) were used t o  pack p l a s t l c  columns o f  58 mm 1.d. x 

294 mm (Waters Assoc ia tes )  equipped w i t h  e i t h e r  15 pm porous 

s t a i n l e s s  s t e e l  o r  p o l y e t h y l e n e  column end f i t t i n g  d i s k s  (Waters 

Assoc ia tes ) .  

I r r e g u l a r  shaped p a r t i c l e s  

I n s t r u m e n t a t i o n  

A Waters Prep 500 l i q u i d  chromatograph (Waters Assoc ia tes )  was 

used and t h e  column e f f l u e n t  was mon l to red  by a r e f r a c t i v e  index 

d e t e c t o r  (Prep 500) and an A l t e x  Model 153 f l x e d  wavelength 

(254 nm) d e t e c t o r  equipped w i t h  a 2 u l ,  0.5 mm c e l l .  

i n t r o d u c e d  w i t h  10  o r  30 m l  sy r i nges  designed t o  f l t  t h e  Prep 500 

i n j e c t o r .  ALC separa t i ons  were performed on an A l t e x  Model 332 LC 

u s i n g  a 4.1 mm i . d .  x 150 mm, 10 pm, Hami l t on  PRP-1 column. 

Sample was 

Procedures 

The e x i t  f r i t  was i n s e r t e d  i n t o  t h e  p l a s t l c  column and t h e  

column was wrapped w i t h  c l o t h  duc t  tape up t o  b u t  n o t  under t h e  

s e a l i n g  r i n g s .  Approx imate ly  450 g o f  d r y  XAD-4 w l t h  a s i z e  d i s -  

t r i b u t i o n  o f  430 g o f  74 t o  149 pm, 10 g o f  62 t o  74 pm, and 10 g 

o f  149 t o  177 pm was c a r e f u l l y  poured i n t o  t h e  column i n  smal l  

amounts (about  30 m l )  and pressed i n t o  a t l g h t  bed w l th  a p l e x i -  

g l a s s  r o d .  Th is  was con t inued  u n t i l  t h e  column was f u l l .  The 

l a s t  two o r  t h r e e  inches o f  t h e  column which c o u l d  n o t  be pressed 

w i t h  t h e  r o d  was t i g h t l y  packed by hammering a f r i t  ( t h l s  served as 

the  column o u t l e t )  i n t o  p lace  us ing  a rubber  s topper  t o  p r o t e c t  t h e  

fr it. I f  t h e  l ower  p a r t  o f  t h e  column was n o t  packed t i g h t  enough 
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PIETRZYK AND CAHILL 784 

a second f r i t  was hammered i n  ( se rved  as column i n l e t ) .  

column was then i n s e r t e d  i n  t h e  Prep 500, r a d i a l l y  compressed, and 

1 :5 95% EtOH:H20 pumped th rough  t h e  column a t  50 ml  /min f o r  

app rox ima te l y  1 t o  2 h r s .  S ince the XAD-4 p a r t i c l e s  w i l l  swe l l  as 

t h e  % EtOH i nc reases  a change i n  % E t O H  i n  e i t h e r  d i r e c t i o n  must 

be gradual  t o  p reven t  channe l i ng  o r  b u r s t i n g  o f  t h e  column. 

50 m l  /min and 1 : 5  95% EtOH:H20 i n l e t  column pressures were about  

15 atm. 

The packed 

A t  

The r a d i a l  compression was abou t  34 t o  40 atm. 

A f t e r  t h e  LC system s t a b i l i z e d  i n  t h e  a p p r o p r i a t e  m o b i l e  phase 

the  sample, which was i n  water, e thano l ,  t h e i r  m i x t u r e ,  i n  a c i d i c ,  

o r  b a s i c  so lu t i on ,  was i n t r o d u c e d  by  s y r i n g e .  

so l ven ts  were weaker e l u t i n g  agents than  t h a t  used f o r  t h e  

separa t i on .  

manual 1 y . 

I n  genera l ,  sample 

E f f l u e n t  f r a c t i o n s ,  when d e s i r e d ,  were c o l l e c t e d  

RESULTS AND DISCUSSION 

Column P r o p e r t i e s  

The LC p r o p e r t i e s  o f  t h e  58 mm i . d .  XAD-4 column which v a r i e d  

from column t o  column was l a r g e l y  due t o  t h e  i n a b i l i t y  t o  pack t h e  

columns i n  an u n i f o r m  manner. 

d i f f e r e n c e s  were sma l l .  The p r o p e r t i e s  a l s o  change w i t h  usage; 

t h i s  i s  t h e  l a r g e s t  when t h e  column i s  exposed t o  w i d e l y  d i f f e r e n t  

mob i l e  phases. 

p r i o r  t o  exposing t h e  column t o  w i d e l y  d i f f e r e n t  m o b i l e  phases. 

However, w i t h  pack ing p r a c t i c e  t h e  

The p r o p e r t i e s  c i t e d  here a r e  average ones observed 

The 58 mm i .d .  x 2 9 4  mm, 62 t o  177 vm XAD-4 column had an 

average v o i d  volume o f  about  260 m l  determined f o r  a m o b i l e  phase 

t h a t  was i n  t h e  range o f  5 t o  10% e t h a n o l .  T h i s  corresponds t o  

app rox ima te l y  55-60% s t a t i o n a r y  phase. 

The column p e r m e a b i l i t y  changes w i t h  s o l v e n t  compos i t i on .  A s  

t he  o rgan ic  s o l v e n t  c o n c e n t r a t i o n  i n  t h e  m o b i l e  phase inc reases ,  

t he  XAD-4 p a r t i c l e s  s w e l l ,  and t h e  column i n l e t  pressure r e q u i r e d  

t o  m a i n t a i n  the  f l o w  r a t e  i nc reases .  For a 5 t o  10% e thano l  m o b i l e  
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AMBERLITE XAD-4 785 

phase a t  a f l o w  r a t e  o f  50 ml /min i n l e t  p ressu re  was abou t  20 a m .  

I n l e t  pressures d i d  n o t  change a p p r e c i a b l y  when d i l u t e  EtOH m o b i l e  

phases con ta ined  0.1M HC1 o r  0.1M NaOH. 

separa t i ons  were done a t  e i t h e r  50 o r  100 ml /min. 

Because o f  p ressu re  l i m i t s  

The p l a s t i c  columns were taped t o  i n c r e a s e  t h e i r  w a l l  s t r e n g t h  

and t o  p reven t  t h e  s t a t i o n a r y  phase p a r t i c l e s  from e n t e r i n g  t h e  

i n s t r u m e n t  compression chamber i f  t h e  column s p l f t s .  

w r i n k l e s  appear i n  t h e  column; t h e  more t i g h t l y  t h e  column i s  

packed t h e  s m a l l e r  t h e  w r i n k l e s  a r e .  

i s  t h e  most d i f f i c u l t  t o  pack t i g h t l y ,  w r i n k l i n g  was t h e  l a r g e s t  a t  

t h i s  end and column s p l i t t i n g ,  i f  i t  occu r red ,  was u s u a l l y  a t  t h e  

i n l e t  end. I n  genera l ,  l o n g e r  column l i f e  and r e p r o d u c i b i l f t y  was 

favo red  by t i g h t l y  packed columns and by min imal  changes i n  t h e  

EtOH:H20 r a t i o  o f  t h e  mob i l e  phase. However, column and r e t e n t i o n  

p r o p e r t i e s  were reasonably  r e p r o d u c i b l e  even when t h e  column was 

sub jec ted  t o  modest change i n  t h e  s o l v e n t  compos i t i on  w i t h  and 

w i t h o u t  a c i d  (up t o  0.1M HC1) o r  base (up t o  0.1M NaOH) p r o v i d i n g  

the  t r a n s i t i o n  f rom one mob i l e  phase t o  ano the r  was a gradual  one. 

W i t h  use 

Since t h e  column i n l e t  end 

Col umn Performance 

F i g u r e  1 shows how p l a t e  number, N (number o f  p l a t e s  f o r  t h e  

294 mm column), f o r  t h e  r a d i a l l y  compressed XAD-4 column changes 

w i t h  sample l o a d i n g .  

s a l t  samples ( k '  va lues o f  2.47 and 1.88, r e s p e c t i v e l y )  were used 

because o f  t h e i r  l a r g e  s o l u b i l i t y  i n  wa te r .  

i n t r o d u c e d  as small  volumes o f  concen t ra ted  s o l u t i o n  (20 and 17 m l  

i n  F i g u r e  1, r e s p e c t i v e l y ,  o r  abou t  5 t o  7% o f  t h e  v o i d  volume) 

w i t h o u t  exceeding the volume ove r load .  Greater  l oads  were n o t  

examined because these cou ld  o n l y  be a t t a i n e d  by a l a r g e  i nc rease  

i n  sample volume. Al though n o t  shown, k '  decreased as sample 

l o a d i n g  increases which i s  c o n s i s t e n t  w i t h  p rev ious  r e s u l t s  ( 4 ) .  

The a r y l s u l f o n i c  a c i d  and te t raa lky lammonium 

Thus, t h e y  c o u l d  be 

The mass ove r load  l i m i t ,  which by  d e f i n i t i o n  i s  t h e  l o a d  t h a t  

produces a 10% change i n  e f f i c i e n c y  ( 4 ) ,  occurs  a t  abou t  2 t o  2 .5  g. 
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786 PIETRZYK AND CAHILL 

5c 

40 

3c 

N 

2c 

IC  

C 

1 I 1 I 1 I I 1 I I 
A 

I00 %H20,100ml/min - 
80-230um XAD-4 
5.8cm x 29.4cm 
Waters Prep 500 

I 2 6 grams 8 10 

FIGURE 1 

The E f f e c t  o f  Mass Loading on  t h e  
XAD-4 Column 

A 58 mrn x 294 mm, 62 t o  177 um XAD-4 column was used w i t h  
100% H20 a t  a f l o w  r a t e  o f  100 ml /min.  

However, even a t  a column l o a d  i n  excess o f  t h e  mass o v e r l o a d  l i m i t  

many p l a t e s  a r e  s t i l l  a v a i l a b l e .  For example, a t  4 t o  5 t imes t h e  

mass ove r load  l i m i t  (a 10 g l o a d )  app rox ima te l y  20 p l a t e s  a r e  s t i l l  

ob ta ined .  Furthermore, a symmetrical peak shape was r e t a i n e d  

throughout  t h e  ma jo r  p a r t  o f  t h i s  l o a d  range and o n l y  a t  h i g h e r  

loads does t a i l i n g  begin t o  o c c u r .  

e f f i c i e n c y  would be r e a l i z e d  by reduc ing  b o t h  t h e  XAD-4 p a r t i c l e  

s i z e  and i t s  range. 

sma l le r  d iameter  prep columns ( 4 , 9 ) .  

Improvement i n  column 

Th is  has been shown fn b o t h  XAD a n a l y t i c a l  and 
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AMBERLITE XAD-4 787 

Similar loading experiments were done w i t h  pyridine a n d  
picoline samples using an aqueous 0.1M HC1 mobile phase and with 
o-chlorophenol using a 1:5 95% EtOH:H20, 0.1M NaOH mobile phase. 
The mass overload l i m i t  in t he  ac id i c  and basic mobile phases were 
cons is ten t  w i t h  the  r e s u l t s  found in Figure 1 .  

O n  the average fo r  the separations reported here, the  number 
of p la tes  developed on  the r a d i a l l y  compressed XAD-4 column when 
operated below the  mass overload l i m i t  was about 40 to  60 p l a t e s .  
I n  comparison, the  number of p la tes  t yp ica l ly  found f o r  the  
commercially ava i lab le  s i l i c a  and C18-modified s i l i c a  columns tha t  
can be r ad ia l ly  compressed a r e  in the  order of 100 to 130 p la tes  
(10, 1 1 ) .  
commercially ava i lab le  s i l i c a  and C18-modified s i l i c a  a r e  smaller 
pa r t i c l e s  than the  XAD-4 and t h a t  the  samples and  e lu t ing  condi- 
t ions  used in the l a t t e r  s tud ies  a r e  not the same as  t h a t  used on 
the XAD-4. 

Contributing to t h i s  d i f fe rence  i s  the f a c t  t ha t  the  

The in jec t ion  system on the Prep-500 requi res  the in jec ted  
sample t o  replace l i qu id  through and aga ins t  the pressure of the 
column-detector. This prevents a n  accura te  determination of the 
volume overload. Within experimental e r r o r  no s l g n l f i c a n t  e f f e c t  
on e f f ic iency  was found u p  to a 50 ml in j ec t ion  (20% of  the  column 
void volume). This was shown by determining p l a t e  number f o r  the  
e lu t ion  of 1.88 g of p-methylbenzene su l fonic  ac id  a s  a function of  
i n j ec t ion  volume a t  a flow r a t e  of 100 ml/min. Even a t  a 100 ml 
in jec t ion  (40% of the column void volume) a volume overload e f f e c t  
was small .  

Resolution 

Figure 2 i l l u s t r a t e s  the  preparative separation of  two 
benzenesul fonic ac ids  a t  loadlng l eve l s  above the  mass overload 
l i m i t  r e l a t i v e  to  each component. 
the p-methyl- and 2.5-dichloro- der iva t ives  a r e  1 .3 and 2 .7 ,  
respec t ive ly .  

A t  low loadlng the  k '  values of  

For a s ing le  pass a reso lu t ion  of 0.93 i s  obtained 
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PIETRZYK AND CAHILL 

a. p-CH30S03H 
b. 2,5-C120S03H 

R = 0.93 

0 2o min 

8.210 

I I  
20 30 

FIGURE 2 

Separa t ion  o f  a Mixture o f  Benzenesulfonic  
Acids a t  a Mass Overload 

A 58 mm x 294 mm, 62 t o  177 pm XAD-4 column was used 
with 1:4 95% EtOH:H20 a t  43 ml/min. 
was 9 ml. 

I n j e c t i o n  volume 

a t  a t o t a l  load o f  8 g ( s e e  Figure 2 ) .  
t i o n  i s  more f a v o r a b l e .  For example, a t  1 .6 g t o t a l  l o a d ,  a 
r e s o l u t i o n  o f  1 .O was found. 
subsequent ly  r e s o l u t i o n  d e c r e a s e s .  Thus, a t  1 6  g t o t a l  load  
(F igure  2 )  r e s o l u t i o n  drops t o  0.83. 
t r i b u t e  t o  t h i s  a r e  an i n c r e a s e  In peak broadening and a decrease  
i n  r e t e n t i o n  with increased  loading.  
e f f e c t s  enough p l a t e s  a r e  s t i l l  a v a l l a b l e  t o  permit  i s o l a t i o n  o f  a 
s i g n i f i c a n t  amount o f  each component f r e e  o f  t h e  o t h e r  i n  a s i n g l e  
column pass even though t h e  column i s  g r o s s l y  over loaded .  

A t  lower loadings  r e s o l u -  

As loadlng i n c r e a s e s ,  e f f i c i e n c y  and 

Two major  f a c t o r s  which con- 

However, even w i t h  t h e s e  

Mobile Phase V e r s a t i l i t y  and Sample Recovery 

Retent ion o r d e r  i s  t h e  same a s  found on a n a l y t l c a l  XAD-4 
columns and t h e s e  d a t a  can be used t o  p r e d i c t  e l u t i o n  o r d e r  and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



AMBERLITE XAD-4 789 

optimum m o b i l e  phase ( 7 - 9 ) .  Thus, r e t e n t i o n  i s  reduced when t h e  

a n a l y t e  i s  i n  a charged form, r e t e n t i o n  i nc reases  as t h e  p e r c e n t  

o r g a n i c  s o l v e n t  i n  t h e  m o b i l e  phase i s  reduced, and t h e  e l u t i n g  

power changes i n  t h e  o r d e r  CH3CN > E t O H  > MeOH. 

s w e l l i n g  and t h e  f l e x l b i l i t y  o f  t h e  p l a s t i c  columns t h e  b e t t e r  

column performance i s  achieved when t h e  m o b i l e  phase compos i t i on  i s  

o n l y  modes t l y  changed d u r i n g  packing, c o n d i t i o n i n g  and e l u t i o n  and 

when H20 i s  t h e  m a j o r  m o b i l e  phase component. 

Because o f  XAD-4 

A m i x t u r e  o f  p-methyl-and 2,5-dichlorobenzenesul f o n i c  a c i d s  

were separated a t  a t o t a l  l o a d  o f  about  3 . 7  g where t h e  two a c i d s  

a r e  i n  t h e  we igh t  r a t i o  o f  40/1, 1/1, and 1/40. The 1 /1  m i x t u r e  

rep resen ts  t h e  i s o l a t i o n  o f  two ma jo r  components w h i l e  t h e  o t h e r  

two a r e  examples o f  s e p a r a t i o n  o f  a m ino r  (2 .5% o f  t h e  sample) and 

a ma jo r  (97.5% o f  t h e  sample) component. These chromatograms a r e  
shown i n  F i g u r e  3.  V e r i f i c a t i o n  o f  t h e  s e p a r a t i o n  was done by  

40/1 
p-cn30s03n/ 

2,5-C120S03H 
3.65g/O.O93g 

1 / 1  I /40 
p-cn3@so3n/ P - C ~ ~ ~ J S O ~ H /  

Z . ~ - C I ~ ~ S O ~ H  2.5-CI&S03H 
0.092g/3.61g 1.84g/1859 

0 10 2 0 0  10 20 300 10 20 30 
min 

FIGURE 3 

Separa t i on  o f  a M i x t u r e  o f  
Benzenesul f o n i c  Ac ids 

The c o n d i t i o n s  and column desc r ibed  i n  F i g u r e  2 
were used. I n j e c t i o n  volume was 5 m l .  
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790 PIETRZYK AND CAHILL 

c o l l e c t i n g  2 min (86 m l )  f r a c t i o n s  and a n a l y z i n g  each f r a c t i o n  by 

ALC. The f r a c t i o n  a n a l y s i s  f o r  each chromatogram i s  shown i n  

F i g u r e  4. 

I n  the  40/1 m i x t u r e  t h e  p-methyl d e r i v a t i v e  swamps t h e  

d e t e c t o r  c e l l  because o f  i t s  l a r g e  c o n c e n t r a t i o n  and masks t h e  

2 ,5 -d i ch lo ro  peak. 

separa t i on  and shows t h e  minor  component a t  t h e  t a i l  o f  t h e  peak. 

For a s i n g l e  pass and w i t h  c a r e f u l  f r a c t i o n  c o l l e c t i n g  80 t o  90% 

o f  t he  major  component can be i s o l a t e d  a t  h i g h  p u r i t y  l e v e l .  The 

minor  component c o u l d  be i s o l a t e d  i n  mg q u a n t i t i e s  a t  a h i g h  

p u r i t y  l e v e l  by c o l l e c t i n g  t h e  peak t a i l ,  o r  a l a r g e  amount o f  i t  

cou ld  be c o l l e c t e d  where i t s  en r i ched  and p u r i f i e d  v i a  a second 

pass through t h e  column. For t h e  1/1 m i x t u r e  t h e  chromatogram 

( F i g u r e  3) and f r a c t i o n  a n a l y s i s  ( F i g u r e  4 )  i n d i c a t e  t h a t  a 

s i g n i f i c a n t  amount (up t o  70 t o  80%) o f  each component can be 

i s o l a t e d  a t  a h i g h  p u r i t y  l e v e l  by j u s t  a s i n g l e  column pass. 

t he  1 /40  m i x t u r e ,  F igures 3 and 4, about  80 t o  90% o f  t h e  second 

o r  ma jo r  component can be i s o l a t e d  i n  mg q u a n t i t i e s  o f  h i g h  p u r i t y  

by c o l l e c t i n g  the  beg inn ing  o f  t h e  f i r s t  peak. O r ,  l a r g e r  q u a n t i -  

t i e s  o f  an en r i ched  m i x t u r e  can be i s o l a t e d  and p u r i f i e d  by a 
second pass through t h e  c o l  umn. 

F r a c t i o n  a n a l y s i s  ( F i g u r e  4 )  v e r i f i e s  t h e  

I n  

S i l i c a  and C-18 m o d i f i e d  s i l i c a  a r e  t h e  o n l y  s t a t i o n a r y  

phases t h a t  have been used i n  r a d i a l l y  compressed columns I n  t h e  

Waters Prep-500. A l though they  a r e  r e a d i l y  used i n  mixed so l ven ts ,  

t h e i r  a p p l i c a t i o n s  a r e  l i m i t e d  t o  a pH range o f  2 t o  8 .  Th is  i s  

n o t  t h e  case f o r  XAD-4 which i s  c h e m i c a l l y  s t a b l e  th roughou t  t h e  

pH range o f  1 t o  13 .  

The a p p l i c a t i o n  o f  an a c i d i c  and b a s i c  m o b i l e  phase I n  PLC 

o f f e r s  severa l  advantages. 1 .  Organic a c i d s ,  bases, and 

ampholytes can be separated as charged spec ies  r a t h e r  t h a n  

n e u t r a l  ones. 2. Re ten t i on  o f  charged spec ies  i s  g r e a t l y  reduced 

which broadens t h e  u s e f u l  range o f  e l u t i n g  c o n d i t i o n s .  3. The 
aqueous s o l u b i l i t y  o f  t h e  i o n i z e d  sample i s  i nc reased  which 

a1 lows small  e r  volumes o f  concen t ra ted  sampl e so l  u t i o n  t o  be 
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10 min 20 

I 
O t  

c c al I 2 'ool \ r 
10 min 20 

IOOL - - - -  - - - -  
I /40 

p-cn36~03n1 
2.5-cigi3s03n 

0.092g/3.61g 

50 - 

0 -  - - - -  
I -  1 -  - 0 '  

10 min 20 

FIGURE 4 

F r a c t i o n  A n a l y s i s  f o r  t h e  
Chromatogram i n  F i g u r e  3 

ALC was done on a 4.1 mm x 150 mm, 1 0  pm, Hami l ton  
PRP-1 column us ing  a 8.5:91 .5 CH3CN:H20 pH=6.0 
(phosphate) mob i l e  phase a t  a f l o w  r a t e  o f  1 ml/min. 
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7 9 2  PIETRZYK AND CAHILL 

i n j e c t e d .  4 .  

t h e  a n a l y t e s  can o f t e n  improve t h e  s e l e c t i v l t y .  5. A d d i t i o n  o f  

e l e c t r o l y t e  t o  t h e  m o b i l e  phase o f t e n  reduces band w i d t h  and 

improves s e l e c t i v i t y  when u s i n g  XAD-4. Perhaps t h e  ma jo r  d i s -  

advantage o f  u s i n g  a c i d s ,  bases, o r  b u f f e r  s a l t s  i n  PLC i s  t h a t  

t he  separated components c o n t a i n  these e l e c t r o l y t e s .  
ment o f  mob i l e  phase c o n d i t i o n s  so t h a t  t h e  sample i s  conve r ted  back 

t o  the  n e u t r a l  form t h e  same o r  a second XAD-4 column can be used 

t o  separa te  the  sample f rom t h e  s a l t s .  

Adjustment o f  pH r e l a t i v e  t o  t h e  Ka va lues  f o r  

By a d j u s t -  

2511 I /I 1/25 
pyridine/picoline pyridine/picoline pyridine/picoline 

3.019g 0 . 2 5 4 g / 0 . 2 4 7 g  0.020g/0.456g (346: 

a, u 
K 
0 

g In 
0 
n 

tJ 
0 

a. pyridine 
b. picoline 

I 
% IOmin I 0 

F I G U R E  5 

Separa t i on  o f  a P y r i d i n e / P i c o l i n e  M i x t u r e  w i t h  a 
S t r o n g l y  A c i d i c  Mob i l e  Phase 

A 58 mm x 294 mm, 62 t o  177 pm XAD-4 column was used 
w i t h  0.1M H C 1  a t  102 ml/min. I n j e c t i o n  volume was 
5 m l .  
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AMBERLITE XAD-4 793 

o-chlorophenol (a )/m-chbrophenol (b) 

1 / 1  I /20 
1.01g/O.O5g 0.504g/0.5009 0.05Q/1.O1g 

FIGURE 6 

Separa t i on  o f  a o - Chl o r o  pheno 1 /m- Chl o r o  phenol 

A 58 mm x 294 mm, 62 t o  177 wn XAD-4 column was used 
w i t h  3:7 95% EtOH:H20, 0.1M NaOH a t  100 ml /min.  
I n j e c t i o n  volume was 10 m l .  

M i x t u r e  w i t h  a S t r o n g l y  Bas ic  Mob i l e  Phase 

Two separa t i ons  were c a r r i e d  o u t  on t h e  XAD-4 column t o  

demonstrate t h e  f e a s i b i l i t y  o f  u s i n g  an a c i d i c  and b a s i c  m o b i l e  

phase. F i g u r e  5 i l l u s t r a t e s  t h e  s e p a r a t i o n  o f  a p y r i d i n e /  

p i c o l i n e  m i x t u r e  a t  a 25/1, 1 / 1 ,  and 1 /25  r a t i o  u s i n g  an aqueous 

0.1M HC1 m o b i l e  phase w h i l e  F i g u r e  6 shows t h e  s e p a r a t i o n  o f  a o- 

ch loro/m-chlorophenol  m i x t u r e  a t  a 20/1, 1 /1 ,  and 1 / 2 0  r a t i o  

u s i n g  1 :5 95% EtOH:H20, O.1M NaOH m o b i l e  phase. 

chromatographic p r o p e r t i e s  a r e  i n t r o d u c e d  i n t o  t h e  s e p a r a t i o n  as 

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

t h e  presence o f  H C I  o r  NaOH i n  t h e  c o l l e c t e d  f r a c t i o n s .  

No u n d e s i r a b l e  

For t h e  p y r i d i n e / p i c o l i n e  m l x t u r e ,  where t h e  k' values a r e  

1 .6 and 4.5, r e s p e c t i v e l y ,  chromatographic  peaks a r e  found f o r  

b o t h  components i n  a l l  t h r e e  m i x t u r e s .  T h i s  was v e r i f i e d  by 

f r a c t i o n  a n a l y s i s .  Only f o r  t h e  1/25 m i x t u r e  i s  t h e  r e s o l u t i o n  

l ow  and t h i s  occu rs  because t h e  p i c o l i n e  k '  decreases w i t h  t h e  

i nc reased  p i c o l i n e  l o a d i n g .  Thus, t h e  m ino r  component i n  the  
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794 PIETRZYK AND CAHILL 

25/1 and 1/25 m i x t u r e  can be i s o l a t e d  i n  s i g n i f i c a n t  amounts a t  a 

h i g h  p u r i t y  l e v e l .  S i m i l a r l y ,  t h e  ma jo r  component i n  a l l  t h r e e  

m i x t u r e s  can be i s o l a t e d  i n  l a r g e  q u a n t i t i e s  a t  a h i g h  p u r i t y  
l e v e l .  The p y r i d l n e / p i c o l i n e  m i x t u r e  c o u l d  be separated i n  mixed 

s o l v e n t  i n  the  absence o f  a c i d ,  however, t h e  E t O H  c o n c e n t r a t i o n  

i n  the  mob i l e  phase must be s i g n i f i c a n t l y  i nc reased  s i n c e  t h e  

p y r i d i n e / p i c o l i n e  a r e  now r e t a i n e d  as n e u t r a l  spec ies .  A lso,  i n  

the  absence o f  t h e  a c i d  t h e  peaks become much broader .  The 

conc lus ions  r e g a r d i n g  t h e  o-ch loro/m-chlorophenol  s e p a r a t i o n  a r e  

s i m i l a r .  S ince t h e  k '  va lues i n  a b a s i c  m o b i l e  phase ( r e t e n t i o n  

as an ions )  a r e  f a v o r a b l e  a base1 i n e  s e p a r a t i o n  i s  o b t a i n e d  except  

f o r  t h e  1/20 m i x t u r e .  I n  t h e  absence o f  HC1 ( r e t e n t i o n  as 

n e u t r a l  spec ies)  t h e  E t O H  would have t o  be abou t  40 t o  50% t o  

a f f e c t  t h e  separa t i on ;  a l s o ,  peaks would be b roader .  
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