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RETENTION I N  REVERSED-PHASE ION-PAIR CHROMATOGRAPHY OF 
AMINES ON ALKYL-BONDED PHASES. 

I. Monika Johansson  

Department of  A n a l y t i c a l  P h a r m a c e u t i c a l  Chemis t ry  
U n i v e r s i t y  of Uppsa la  

Biomedical  Cen te r  
Box 574,  S-751 23 Uppsala  (Sweden) 

ABSTRACT 

Reversed phase ion -pa i r  chromatography of  phene thy lamine  
d e r i v a t i v e s  ( n o r a d r e n a l i n e ,  a d r e n a l i n e ,  dopamine, s y n e p h r i n e ,  
t y ramine  and p h o l e d r i n e )  and lower a l k y l a m i n e s  has  been performed 
w i t h  o c t y l  s u l f a t e  as c o u n t e r  i o n  i n  an aqueous e l u e n t  wi th  a low 
c o n t e n t  of 1 -pen tano l .  LiChrosorb RP-18 w a s  used as t h e  s o l i d  
phase.  The r e t e n t i o n  of l i t h i u m  and po ta s s ium i n  t h e  sys t em h a s  
a lso been s t u d i e d .  

t h e  ch romatograph ic  behav iour  of t h e  amines is proposed t h a t  
i n c l u d e s  i n t e r a c t i o n  w i t h  two si tes w i t h  d i f f e r e n t  b i n d i n g  a b i l i t y  
i n  t h e  s t a t i o n a r y  phase.  The a d s o r p t i o n  c a p a c i t y  of t h e  sites h a s  
been c a l c u l a t e d  as w e l l  as a d s o r p t i o n  c o n s t a n t s  f o r  t h e  o c t y l  
s u l f a t e  i on  p a i r s .  

On t h e  basis of  a d s o r p t i o n  and r e t e n t i o n  s t u d i e s  a model f o r  

INTRODUCTION 

Reversed phase ion -pa i r  chromatography has  been wide ly  used 

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

compounds (e .g .  [ l -41) .  Most s e p a r a t i o n s  are performed on a 
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1436 JOHANSSON 

n-a lky l  bonded phase w i t h  a s o l u t i o n  of the c o u n t e r  ion in 
m i x t u r e s  of aqueous b u f f e r s  and an o r g a n i c  s o l v e n t  as e l u e n t s .  

D i f f e r e n t  models have been proposed f o r  t h e  ch romatograph ic  

p r o c e s s  in i on -pa i r  ch romatograph ic  sys t ems  w i t h  a r e t a i n i n g  s o l i d  

phase .  Horvath and co-workers have used a r e t e n t i o n  model based on 

t h e  so c a l l e d  s o l v o p h o b i c  t h e o r y  [ 5 , 6 ] .  O the r s  have measured t h e  

a d s o r p t i o n  of hydrophobic  c o u n t e r  ions l i k e  c e t r i m i d e  [7], o c t y l  

s u l f o n a t e  [8] and n -a lky l  s u l f o n a t e s  [ 9 ]  on t h e  s o l i d  phase and 

c l a imed  t h a t  t h e  ch romatograph ic  sys t em can be c h a r a c t e r i z e d  as 

ion exhange chromatography w i t h  t h e  adso rbed  c o u n t e r  ions a c t i n g  

r e t e n t i o n  mechanism has a lso been 

a l .  in a s t u d y  of s u l f o n a t e s  b o t h  a s  

and C a n t w e l l  et al. have a p p l i e d  t h e  

e l e c t r i c a l  doub le  l a y e r  t o  e x p l a i n  

as t h e  s t a t i o n a r y  phase.  The 

d i s c u s s e d  by Bidl ingmeyer  et 

samples  and coun te r  i o n s  [ l o  

Stern-Gouy-Chapman t h e o r y  of 

t h e  r e t e n t i o n  [ L L ] .  
Ti l ly -Mel in  e t  a l .  have s t u d i e d  the i n f l u e n c e  of t e t r a b u t y l -  

ammonium on t h e  r e t e n t i o n  of a n i o n i c  and b a s i c  compounds and 

proposed a r e t e n t i o n  model based on c o m p e t i t i o n  f o r  s i tes on t h e  

a d s o r b i n g  s o l i d  phase between ion p a i r s  fotmed by components in 

t h e  e l u e n t  and t h e  sample [ 1 2 , 1 3 ] .  This model have a l s o  been used 

in s t u d i e s  of hydrophobic  amines where ions with  the same c h a r g e  

as t h e  sample w a s  used to  r e g u l a t e  t h e  r e t e n t i o n  on alkyl-bonded 

s o l i d  p h a s e s  [ 1 4 , 1 5 ] ,  as w e l l  as on u n d e r i v a t i z e d  s i l i c a  [ 1 6 ] .  

In t h e  p r e s e n t  s t u d y  t h e  model of  T i l ly -Mel in  e t  a l .  has  been 

a p p l i e d  on t h e  ch romatograph ic  behav iour  of h y d r o p h i l i c  amines as 

ion p a i r s  w i th  o c t y l  s u l f a t e  in a sys t em w i t h  1.15% 1-pen tano l  in 

t h e  e l u e n t .  

It h a s  been found t h a t  t h e  r e t a i n i n g  phase is composed of  two 

k i n d s  of sites wi th  d i f f e r e n t  b i n d i n g  a b i l i t y  for t h e  ion p a i r s .  

The a d s o r p t i o n  of o c t y l  s u l f a t e  on t h e  s o l i d  phase  has  been 

measured and t h e  a d s o r b i n g  c a p a c i t y  of t h e  s o l i d  phase has  been 

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

i o n - p a i r s .  
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AMINES ON ALKYL-BONDED PHASES 

EXPERIMENTAL 
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Appara tus  

The l i q u i d  chromatograph comprised an Altex Model 100 s o l v e n t  

P1 m e t e r i n g  pump, an LDC W - d e t e c t o r  Model 1205 w i t h  8 

c e l l  volume, measuring a t  254 nm wave leng th  and a Valco h i g h  

p r e s s u r e  v a l v e  i n j e c t o r  with a sample l o o p  of 30 pl. The 

ch romatograph ic  equipment  was t h e r m o s t a t e d  i n  a water b a t h ,  model 

HETO 02 PT 923 TC ( B i r k e r a d ,  Denmark). The ch romatograph ic  columns 

were made of 316 s t a i n l e s s  s t e e l  w i t h  a p o l i s h e d  i n n e r  s u r f a c e .  

They were equipped w i t h  mod i f i ed  Swagelok c o n n e c t o r s  and 

2 ,urn s t a i n l e s s  s tee l  f r i t s  from A l t e x .  The d imens ions  of 

t h e  s e p a r a t i o n  columns were (150  x 4.5) mm. 

The equipment  f o r  post-column r e a c t i o n  wi th  p h t h a l d i a l d e h y d  

i n c l u d e d  a second Altex Model 100 s o l v e n t  m e t e r i n g  pump and a n  LDC 

f l u o r o m e t r i c  d e t e c t o r  Model 1311 w i t h  30 pl c e l l  volume, 

and emiss ion  c u t  o f f  a t  418  

m,  was drypacked wi th  g l a s s  

( H a l s t e a d ,  Essex ,  England)  was 

e x c i t a t i o n  wavelength a t  340-380 nm 

nm. The r e a c t o r  column, (300 x 4.6)  

beads  1 6  2 2.3 pm. 
A Corning 400 Flame Photometer  

used as d e t e c t o r  i n  t h e  ch romatograph ic  s t u d i e s  on l i t h i u m  and 

po ta s s ium u s i n g  t h e  wave leng ths  671 nm and 767 nm r e s p e c t i v e l y .  

The d e t e r m i n a t i o n  of  1 -pen tano l  was performed w i t h  a Var i an  

1400 g a s  chrornatograh equ ipped  w i t h  a f l ame  i o n i z a t i o n  d e t e c t o r  

and pH was measured w i t h  an Or ion  801 Research pH meter equ ipped  

w i t h  an I n g o l d  combined e l e c t r o d e .  

Chemical and Reagen t s  

Sodium o c t y l  s u l f a t e  was o b t a i n e d  from E .  Merck ( D a r m s t a d t ,  

GFR) and from Eastman Kodak ( R o c h e s t e r ,  N.Y., USA). 1-Pentanol  was 
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1438 JOHANSSON 

of A.C.S. q u a l i t y  from F i s h e r  S c i e n t i f i c  ( P i t t s b u r g ,  Pa . ,  USA). 

P h t h a l d i a l d e h y d  ( f u r  d i e  F l u o r e s z e n z a n a l y s e )  were  o b t a i n e d  from E. 

Merck and 2-mercapto-ethanol from Serva  ( H e i d e l b e r g ,  GFR). The 

c a t i o n  exchanger  was Amber l i t eR  IR-120 p.a. 

A l l  amines used as ch romatograph ic  samples  were o f  

pha rmacope ia l  OK e q u i v a l e n t  g rade .  The s t r u c t u r e s  of t h e  

phenethylamine d e r i v a t i v e s  are g i v e n  i n  T a b l e  1. 

A l l  o t h e r  s u b s t a n c e s  used were of a n a l y t i c a l  OK r e a g e n t  g r a d e  

and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Phosphate  b u f f e r s  were p repa red  from phosphor i c  a c i d ,  sodium 

dihydrogen phosphate  and disodium hydrogen phospha te  w h i l e  b o r a t e  

b u f f e r s  were p repa red  from b o r i c  a c i d  and sodium hydrox ide .  A l l  

b u f f e r s  were p repa red  w i t h  an i o n i c  s t r e n g t h  o f  0.1 u s i n g  water, 

p u r i f i e d  by ion-exchange and f i l t e r e d  th rough  a M i l l i - Q  

Reagent-Grade Water system. 

TABLE 1 

L i s t  of Phene thy lamine  D e r i v a t i v e s  

N a m e  

P h o l e d r i n e  CH3 CH3 H H 
Tyramine H H H H 
Synephr ine  CH3 

Adrena l ine  CH3 

H OH H 
Dopamine H H H OH 

H OH OH 
Nor a d r e n a l i n e  H H OH OH 
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AMINES ON ALKYL-BONDED PHASES 1439 

Column P r e p a r a t i o n  

L iChroso rb  RP-18, 10 pm, o b t a i n e d  from E. Merck was 
used as s o l i d  phase.  The same b a t c h  was used th rough  t h e  s t u d y .  

The s e p a r a t i o n  columns were packed at 400 b a r  by a 

b a l a n c e d - d e n s i t y  s l u r r y  t e c h n i q u e  a c c o r d i n g  to  M a j o r s  [ 171. The 

s o l i d  phase  was suspended i n  t e t r a c h l o r o e t h a n e  0.1 g/ml and 

t r e a t e d  i n  u l t r a s o n i c  b a t h  f o r  30 sec immedia t e ly  b e f o r e  pack ing .  

A f t e r  pack ing  300 m l  hexane and 80 m l  a c e t o n e  w a s  passed t h r o u g h  

t h e  column. 

The q u a l i t y  of t h e  columns w a s  t e s t e d  w i t h  methanol-water 

(6+4) as e l u e n t .  A test s o l u t i o n  of p h e n o l ,  2 -pheny le thano l ,  

2 ,6-dimethylphenol  and 2 , 3 , 5 - t r i m e t h y l p h e n o l  was i n j e c t e d .  The 

a c c e p t e d  columns had a reduced p l a t e  h e i g h t  of less t h a n  6 f o r  

c a p a c i t y  r a t i o s  above 2. The f l o w  ra te  w a s  0.6 m m / s .  

P r e p a r a t i o n  o f  E l u e n t s  

Sodium o c t y l  s u l f a t e  was f r e e d  from lower a l k y l  s u l f a t e s  by 

t h e  f o l l o w i n g  p rocedure .  An aqueous s o l u t i o n  of sodium o c t y l  

s u l f a t e  w a s  passed th rough  a c a t i o n  exchanger  i n  hydrogen form. 

Phosphor i c  a c i d  was added to t h e  e l u a t e  to a c o n t e n t  o f  0.1 M. The 

o c t y l  s u l f u r i c  a c i d  was then  e x t r a c t e d  t o  p e n t a n o l  u s i n g  e q u a l  

phase volumes and r e - e x t r a c t e d  to  aqueous phase by r e p e a t e d  

e x t r a c t i o n s  w i t h  phospha te  b u f f e r  pH 3. The c o n c e n t r a t i o n  of o c t y l  

s u l f a t e  i n  t h e  aqueous phase w a s  measured w i t h  t h e  e x t r a c t i o n  

method g i v e n  i n  [la]. 
The e l u e n t s  c o n t a i n i n g  1.15% p e n t a n o l  were p r e p a r e d  by mixing 

s o l u t i o n s  e q u i l i b r a t e d  w i t h  p e n t a n o l  a t  25.OoC w i t h  e q u a l  volumes 

o f  p e n t a n o l - f r e e  b u f f e r s .  

Chromatographic  Technique 

The s e p a r a t i o n  column, t h e  r e s e r v o i r  and the i n j e c t o r  were 

t h e r m o s t a t e d  a t  25.0 2 0.1'C by immersion i n  a wa te r -ba th .  
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The columns were c o n d i t i o n e d  by p a s s i n g  50 m l  of b u f f e r  w i th  

t h e  same c o n t e n t  of p e n t a n o l  as t h e  e l u e n t  [ 1 9 , 2 0 ]  fo l lowed  by 

e l u e n t  u n t i l  t e s t  samples  had a c o n s t a n t  r e t e n t i o n .  The hold-up 

volume of t h e  column, V was de te rmined  by the  peak o b t a i n e d  when 

po ta s s ium n i t r a t e  was i n j e c t e d .  The d e t e r m i n a t i o n  was made b e f o r e  

t h e  pas sage  of e l u e n t  had s t a r t e d .  

rn' 

A l l  samples  were i n j e c t e d  d i s s o l v e d  in t h e  e l u e n t .  A l l  

ch romatograph ic  r e s u l t s  r e p o r t e d  are t h e  means of t r i p l i c a t e  

i n j e c t i o n s .  

???!7??:??? .?FflY?!!??! !?? 
Pr imary  amines w i t h o u t  UV-adsorbance were d e t e c t e d  

f l u o r o m e t r i c a l l y  a f t e r  on - l ine  post-column d e r i v a t i s a t i o n  w i t h  

p h t h a l d i a l d e h y d  [21-231. 

The r e a g e n t  was p r e p a r e d  by mixing 0.4 g p h t h a l d i a l d e h y d ,  1 

m l  2-mercapto-ethanol ,  5 m l  e t h a n o l  and b o r i c  b u f f e r  pH 10.4 t o  

500 m l .  The s o l u t i o n  was p r o t e c t e d  from l i g h t .  

The post-column r e a c t o r  sys t em w i t h  a packed bed r e a c t o r  

d e s c r i b e d  by Deelder  et a1 was used [ 2 3 ] .  The f l o w  rate  in t h e  

s e p a r a t i o n  column was s e t  t o  0.6 ml/min and t h e  r e a g e n t  was pumped 

a t  a f l o w  ra te  of 1 .4  m l / m i n  which gave  a r e a c t i o n  t i m e  of a b o u t  1 

min. 

E???.!!?F???!?f .?! .??FOF.F?f 
The s e p a r a t i o n  column and t h e  o r d i n a r y  . i n t a k e  of t h e  f l ame  

photometer w a s  connec ted  by a c a p i l l a r y  t u b e ,  500 nrm i n  l e n g t h  and 

w i t h  an i n n e r  d i ame te r  of 0.25 mm. "he f lame photometer w a s  

a d j u s t e d  t o  a s p i r a t e  1 .3  ml/min which was e q u a l  to t h e  f low rate  

used i n  t h e  s e p a r a t i o n  column. 

De te rmina t ion  of O c t y l  S u l f a t e  and 1 -Pen tano l  Adsorbed on t h e  

S o l i d  Phase 

O c t y l  s u l f a t e  and 1 -pen tano l  were s t r i p p e d  o f f  by e l u t i n g  t h e  

column w i t h  5 ml e thano l -wa te r  (1+4) fo l lowed  by 10 m l  
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AMINES ON ALKYL-BONDED PHASES 1441 

e thano l -wa te r  (4+1) and e t h a n o l  t o  100 m l .  The amount of adso rbed  

s p e c i e s  was o b t a i n e d  as t h e  d i f f e r e n c e  between t h e  amount found in 

t h e  e l u a t e  and i n  t h e  mobile  phase.  

The amount of p e n t a n o l  i n  t h e  e l u a t e  was de te rmined  by g a s  

chromatography on a 1 .5  meter s i l a n i z e d  g l a s s  column w i t h  an i n n e r  

d i a m e t e r  o f  2 mm packed w i t h  15% OV 225  on Gas Chrom Q 100/200 

mesh u s i n g  1 -bu tano l  as i n t e r n a l  s t a n d a r d .  

Oc ty l  s u l f a t e  i n  t h e  e l u a t e  was de te rmined  by t h e  e x t r a c t i o n  

method g iven  in [ l a ] .  C o n t r o l  by f u r t h e r  e l u t i o n  wi th  waper showed 

t h a t  > 99% of adso rbed  o c t y l  s u l f a t e  had been e l u t e d .  

A t  c o n c e n t r a t i o n s  of o c t y l  s u l f a t e  in t h e  e l u e n t  lower than 

M t h e  a d s o r p t i o n  of  o c t y l  s u l f a t e  was measured by 2 x lom3 
b r e a k  through c u r v e s  ( 2 4 1 .  

RESULT AND D I S C U S S I O N  

P u r i f i c a t i o n  of  O c t y l  S u l f a t e  

Commercially a v a i l a b l e  sodium o c t y l  s u l f a t e  c o n t a i n s  an i o n i c  

i m p u r i t y ,  t h a t  can be d e t e c t e d  and q u a n t i f i e d  in a s t r a i g h t  phase 

ch romatograph ic  system w i t h  N - m e t y l p r o t r l p t y l i n e  a s  c o u n t e r  ion 

[ 2 5 ] .  A chromatogram is shown in Fig .  1. The q u a n t i t a t i o n  was 

based on peak h e i g h t  measurements and e x t e r n a l  s t a n d a r d i s a t i o n .  

The d e g r e e  of i m p u r i t y  was found t o  v a r y  between 1 and 20 % 

in d i f f e r e n t  b a t c h e s  of sodium o c t y l  s u l f a t e .  The e x a c t  n a t u r e  of 

t h e  i m p u r i t y  is n o t  known b u t  i t  has  t h e  same r e t e n t i o n  in t h e  

ch romatograph ic  sys t em in Fig.1 as  p r o p y l  s u l f a t e  and hexy l  

s u l  f o n a t e .  

Sodium o c t y l  s u l f a t e  w a s  p u r i f i e d  by a p rocedure  t h a t  

i n c l u d e d  a t r a n s f o r m a t i o n  t o  o c t y l  s u l f u r i c  a c i d  by ion exchange 

fo l lowed  by an e x t r a c t i o n  of t h e  a c i d  from an aqueous phase of  pH 

2 ( i . e .  0.1 M phosphor i c  a c i d )  i n t o  p e n t a n o l .  Oc ty l  s u l f u r i c  a c i d  

has  in t h i s  sys t em a d i s t r i b u t i o n  r a t io  of more than 10 w h i l e  t h e  
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min i i 6 
FIGURE 1. Chromatogram of o c t y l  s u l f a t e .  S t a t i o n a r y  phase:  
2.7 x M N - m e t y l p r o t r i p t y l i n e  (MPT) in phospha te  
b u f f e r  pH 8.0 on LiChroso rb -d io l ,  5 ,urn; E l u e n t :  
c h l o r o f o r m  + 1-propanol  (92+8);  Flow rate:  1.1 ml/min; 
peaks:  1 = o c t y l  s u l f a t e ;  2 = i m p u r i t y .  

e x t r a c t i o n  of t h e  i m p u r i t y  was i n s i g n i f i c a n t  as c o n t r o l l e d  by t h e  

ch romatograph ic  sys t em g iven  in Fig .  1. The o c t y l  s u l f a t e  was 

r e - e x t r a c t e d  t o  an aqueous b u f f e r  of pH 3.0. Repeated e x t r a c t i o n s  

were r e q u i r e d  (181.  

Ion -pa i r  Chromatography w i t h  Adsorbing S t a t i o n a r y  Phase  

P r e v i o u s  s t u d i e s  w i t h  aqueous e l u e n t s  c o n t a i n i n g  1 -pen tano l  

and L iChroso rb  RP-18 as s o l i d  phase  have i n d i c a t e d  t h a t  a d s o r p t i o n  

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

p a i r s  when t h e  c o n t e n t  o f  1 -pen tano l  is as l o w  as  1.15% [20]. 

S t u d i e s  of T i l ly -Mel in  e t  a1 and o t h e r s  [12-151 have  shown 

t h a t  t h e  r e t e n t i o n  of ion p a i r s  in a d s o r b i n g  sys t ems  can be 
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e x p r e s s e d  by a model based on c o m p e t i t i o n  fo r  a l i m i t e d  number of 

s i t e s  on t h e  a d s o r b i n g  s u r f a c e .  The p r i n c i p e  can be i l l u s t r a t e d  by 

t h e  f o l l o w i n g  example.  

The d i s t r i b u t i o n  of a c a t i o n ,  Q', t o  an a d s o r b i n g  s u r f a c e  as 
- 

ion p a i r  w i th  t h e  c o u n t e r  ion, X , can be e x p r e s s e d  by t h e  

f o r  mula 

+ -  
Qm + Xm + As = Q X * A s  

+ - 
where 

a v a i l a b l e  a d s o r p t i o n  s i tes  and QX.A t h e  adso rbed  ion p a i r .  A 

q u a n t i t a t i v e  e x p r e s s i o n  is g i v e n  by t h e  a d s o r p t i o n  c o n s t a n t ,  K 

d e f i n e d  by 

and Xm r e p r e s e n t  t h e  i o n s  in t h e  mobile  p h a s e ,  As t h e  

S 

Q X '  

The b r a c k e t s  s i g n i f y  c o n c e n t r a t i o n s  in m o l / l  in t h e  mob i l e  phase 

and in mol/g in t h e  s o l i d  phase.  Analogous e q u i l i b r i u m  e x p r e s s i o n s  

a r e  v a l i d  fo r  each  adso rbed  ion p a i r .  

The s u r f a c e  can accomodate a l i m i t e d  number of mol o f  

a d s o r b e d  s p e c i e s  per g. I f  t h e  ion p a i r ,  Q X ,  is t h e  o n l y  adso rbed  

s p e c i e s ,  t h e  c a p a c i t y  of t h e  s u r f a c e ,  K is g iven  by t h e  

e x p r e s s i o n  
0' 

The c o n c e n t r a t i o n  of t h e  adso rbed  ion p a i r  in t h e  s t a t i o n a r y  phase 

is t hen  g i v e n  by t h e  e q u a t i o n  

o b t a i n e d  by combina t ion  of e q s .  (1) and ( 2 ) .  
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1444  JOHAN S SON 

I f  a sample ion, B', is i n j e c t e d  on t h e  column and Q+ and X- 

a r e  components of t h e  mob i l e  phase ,  t h e  ion p a i r s  BX and QX w i l l  

compete €OK t h e  a v a i l a b l e  a d s o r p t i o n  si tes.  

The e x p r e s s i o n  of t h e  a d s o r p t i o n  c a p a c i t y  is then 

K = [A] + [QX-A] + [BX-A] ( 4 )  0 S 

+ 
An e x p r e s s i o n  f o r  t h e  c a p a c i t y  r a t i o  of B , k i X  , can b e  

o b t a i n e d  by combining eq.  ( 4 )  w i t h  t h e  e q u a t i o n s  fo r  a d s o r p t i o n  of 

t h e  two ion p a i r s  ( e q .  (1)) 

where q is t h e  phase volume r a t i o  e x p r e s s e d  i n  g of s o l i d  phase 

per 1 of mobile  phase p r e s e n t  i n  t h e  column. 

Symmetric ch romatograph ic  peaks are o b t a i n e d  under such  

c o n d i t i o n s  t h a t  t h e  c o n c e n t r a t i o n  of t h e  sample has  an 

i n s i g n i f i c a n t  i n f l u e n c e  on t h e  r e t e n t i o n  as shown by t h e  

r e l a t i o n s h i p  

From eq .  ( 5 )  f o l l o w s  t h a t  t h e  t e t e n t i o n  can be r e g u l a t e d  by 

t h e  n a t u r e  and t h e  monomeric C o n c e n t r a t i o n  in t h e  mob i l e  phase of 
- + 

t h e  coun te r  ion, X , and t h e  competing ion, Q , wi th  t h e  

same c h a r g e  as t h e  sample.  The eq.  is v a l i d  f o r  an a d s o r b i n g  

s t a t i o n a r y  phase t h a t  has  one k ind  of a d s o r p t i o n  s i t e .  T i l ly -Mel in  

e t  a1 [12,13], Sokolowski et  a1 (141 and o t h e r s  (151 have ,  

however,  g i v e n  examples of sys t ems  where t h e  r e t e n t i o n  of i on  

p a i r s  on alkyl-bonded phases  can be d e s c r i b e d  by a model w i t h  t w o  

s i t e s  of d i f f e r e n t  b i n d i n g  a b i l i t y .  The e q u a t i o n  fo r  t h e  c a p a c i t y  
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r a t i o  w i l l  t hen  i n  ana logy  w i t h  e q .  ( 5 )  have t h e  f o l l o w i n g  form 

when t h e  r e t e n t i o n  is  independen t  of t h e  sample c o n c e n t r a t i o n .  

KX 

second s i t e  w h i l e  K X  i s  i t s  a d s o r p t i o n  c a p a c i t y .  The t o t a l  

c o n c e n t r a t i o n  of QX adso rbed  t o  t h e s e  two s i tes  i n  t h e  s t a t i o n a r y  

phase is g iven  by 

and KX are t h e  a d s o r p t i o n  c o n s t a n t s  of t h e  ion  p a i r s  t o  t h e  
QX ax 

0 

The i n f l u e n c e  of a t h i r d  s p e c i e s ,  e .g .  1 -pen tano l  adso rbed  t o  

t h e  same s i t e s  as QX and BX, can be e x p r e s s e d  by e q s .  ana logous  t o  

( 3 ) ,  ( 5 ) ,  ( 7 )  and (8) by i n t r o d u c i n g  a term i n  t h e  denominator  

t h a t  e x p r e s s e s  t h e  c o n c e n t r a t i o n  of 1 -pen tano l  i n  t h e  s t a t i o n a r y  

phase  ( c f .  [ 1 5 , 1 6 ] ) .  The magnitude of t h i s  term w i l l  be c o n s t a n t  

i f  t h e  c o n c e n t r a t i o n  of 1 -pen tano l  i n  t h e  mobile  phase is c o n s t a n t  

as i n  t h e  p r e s e n t  s t u d y .  

Adsorp t ion  of  Mobile  Phase Components 

I n  a p r e v i o u s  s t u d y  it w a s  e s t a b l i s h e d  t h a t  a L iChroso rb  

RP-18 column i n  e q u i l i b r i u m  w i t h  a mob i l e  phase of phospha te  

b u f f e r  pH 3 w i t h  1.15% 1-pentanol  was c o a t e d  wi th  a monolayer of 

1 -pen tano l  [ Z O ] .  

If o c t y l  s u l f a t e  is added t o  t h e  mob i l e  phase t h e r e  is  a 

change of t h e  compos i t ion  of t h e  adso rbed  l a y e r  as demons t r a t ed  i n  

F i g .  2 .  The amount of 1 -pen tano l  on t h e  s o l i d  phase d e c r e a s e s  wi th  
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1.5 

1.0 

0.5 

0.01 0.02 0.03 C x  

octyl sulfate ( M )  

FIGURE 2. Adsorp t ion  o f  1-pentanol  and o c t y l  s u l f a t e  to  the  s o l i d  
phase .  S o l i d  phase:  LiChrosorb RP-18, 10 pm; E l u e n t :  
o c t y l  s u l f a t e  i n  phosphate  b u f f e r  pH 3.0 w i t h  1.15% 1-pen tano l ;  

0 = o c t y l  s u l f a t e ;  A = 1-pen tano l ;  0 = t o t a l  a d s o r p t i o n .  

i n c r e a s i n g  a d s o r p t i o n  of o c t y l  s u l f a t e ,  b u t  t h e  t o t a l  number of 

moles  of t h e  two s p e c i e s  is  a lmos t  c o n s t a n t .  Th i s  i n d i c a t e s  t h a t  

t h e  two s p e c i e s  compete f o r  t h e  same b i n d i n g  si tes on t h e  s o l i d  

phase.  

Oc ty l  s u l f a t e  can be adso rbed  bo th  as ion  p a i r  w i t h  sodium 

and i n  a c i d i c  form bu t  it has  n o t  been p o s s i b l e  t o  d i s t i n g u i s h  

between t h e  two forms of a d s o r p t i o n  by t h e  e x p e r i m e n t a l  t e c h n i q u e  

used.  The e l u e n t  used i n  t h e  a d s o r p t i o n  s t u d i e s  had pH 3.0 and a 

c o n c e n t r a t i o n  of sodium between 0.10 and 0.13 mol/l. D i s t r i b u t i o n  

s t u d i e s  of o c t y l  s u l f a t e  between t h i s  aqueous phase a n d  1 -pen tano l  

in b a t c h  have shown t h a t  t h e  e x t r a c t i o n  as ion p a i r  w i t h  sodium 

domina te s  [18], and a l l  t he  c a l c u l a t i o n s  below have been based on  
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t h e  s i m p l i f i e d  assumption t h a t  o c t y l  s u l f a t e  is d i s t r i b u t e d  t o  t h e  

s t a t i o n a r y  phase as ion p a i r  w i t h  sodium o n l y .  

The a d s o r p t i o n  of sodium o c t y l  s u l f a t e  cou ld  no t  be d e s c r i b e d  

by a s i n g l e  s i t e  model as i n d i c a t e d  by an i n v e r s e d  p l o t  based on 

eq .  ( 3 ) .  The t w o  s i t e  model g i v e n  in eq. (8 )  w a s  then a p p l i e d  as 

f o l l o w s  . 
The two si tes were assumed t o  have h i g h l y  d i f f e r e n t  b i n d i n g  

a b i l i t y ,  K and K b e i n g  t h e  c o n s t a n t s  o f  t h e  s t r o n g e r  s i t e  and 

Kx and KX 
0 QX 

t h o s e  of t h e  weaker b i n d i n g  s i t e .  A computa t ion  of 
0 QX 

t h e  c o n s t a n t s  was based on eq .  ( 8 )  t r a n s f o r m e d  t o  

b 1 b 
= -  + -  

C K:.K:,.b KO'KQX KO 

Q x a s  1 + KtX.b 

(9) 

+ - 
where 

A p r e l i m i n a r y  e s t i m a t i o n  was made wi th  v a l u e s  of C 

o b t a i n e d  a t  l o w  c o n c e n t r a t i o n s  of o c t y l  s u l f a t e  a 

[X-] < 2 x 

o n l y  s l i g h t l y  cove red  and t h e  a p p r o x i m a t i o n  

Kx b < 1 cou ld  be a p p l i e d .  A v a l u e  o f  KX K X  was found t h a t  

g a v e  a s t r a i g h t  l i n e a r  

r e l a t i o n s h i p  between b/(C 

p r e l i m i n a r y  KO and K 
and t h e  i n t e r c e p t  of t h e  l i n e .  A small d i m e r i z a t i o n  of o c t y l  

s u l f a t e  in t h e  aqueous phase w a s  t aken  i n t o  accoun t  when 

c a l c u l a t i n g  t h e  c o n s t a n t s  [ 1 8 , 2 0 ] .  

b = [Q ],.[X 1, 

Q X , S  

M,  where t h e  weak a d s o r p t i o n  s i t e ,  As,  shou ld  be 

QX' 0' QX 

x x  
Ko.KQX.b) and b by way of t r i a l .  

QX ,s- 
were c a l c u l a t e d  from t h e  s l o p e  

QX 

The found v a l u e  of K i n d i c a t e d  t h a t  t h e  s t r o n g  
QX 

a d s o r p t i o n  s i t e ,  A shou ld  be covered t o  ca 95% w i t h  

8 x M o c t y l  s u l f a t e  in t h e  mobile  phase .  The p r e l i m i n a r y  

KO and K and v a l u e s  of C o b t a i n e d  at h i g h e r  

c o n c e n t r a t i o n  of o c t y l  s u l f a t e ,  [X-Im = (8-30) x 10 

S '  

-3 
QX Q X a s  

M, were 

used in t h e  n e x t  computat ion which w a s  based on t h e  e q .  
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(10) 

+ - 
where b = [ Q  ];[X Im 

Qx,s- K 
.K 

0 QX 
.b / ( l+KQX.b))  v e r s u s  b gave a l i n e a r  A p l o t  of b / (C  

X X 
r e l a t i o n s h i p .  The v a l u e s  of  K and KO o b t a i n e d  from t h e  s l o p e  

and i n t e r c e p t  of t h e  l ine  i n d i c a t e d  t h a t  t h e  assumption of 

Kx 

QX 

.b < 1 was not  v a l i d  i n  t h e  e n t i r e  r a n g e  it had been a p p l i e d .  
QX 

The p reml imina ry  v a l u e s  were then  used i n  r e p e a t e d  

c a l c u l a t i o n s  by s u c c e s s i v e  use  of e q s .  (9) and (10) u n t i l  t h e  

v a l u e s  of t h e  c o n s t a n t s  remained unchanged. The r e s u l t s  a r e  g iven  

i n  Table 2.  

R e t e n t i o n  of A l k a l i  Metal Ion 

In t h e  c a l c u l a t i o n  of a d s o r p t i o n  c o n s t a n t s  i n  T a b l e  2 i t  was 

assumed t h a t  o c t y l  s u l f a t  is  r e t a r d e d  as i o n  p a i r  w i t h  sodium. I f  t h e  

TABLE 2 

E q u i l i b r i u m  C o n s t a n t s  f o r  O c t y l  S u l f a t e  

S o l i d  phase: L iChroso rb  RP-18 
E l u e n t :  o c t y l  s u l f a t e ,  X-, i n  phosphate  b u f f e r  pH 3.0 
w i t h  1.15% 1-pen tano l  

s i t e  cove rage  

S i t e  
4 -3 

AS 
cx x 10 KO x 10 KQX x 10 

A 0.23- 1.9 0.52 25 36-83 1- 9 
S 

8.6 -31 3.1 0.50 96-99 30-62 A: 
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assumpt ion  is v a l i d ,  i t  shou ld  a l s o  be p o s s i b l e  t o  r e t a i n  o t h e r  a l k a l i  

metals, e .g .  po ta s s ium and l i t h i u m ,  as ion p a i r s  w i t h  o c t y l  s u l f a t e .  

The expe r imen t s  were performed wi th  on l i n e  f l ame  pho tomet r i c  

d e t e c t i o n  (see EXPERIMENTAL). A t y p i c a l  chromatogram is g iven  i n  

F ig .  3. The r e l a t i o n  between t h e  c a p a c i t y  r a t i o  and t h e  o c t y l  

s u l f a t e  c o n c e n t r a t i o n  is demons t r a t ed  in F i g .  4. The c o r r e s p o n d i n g  

r e l a t i o n s h i p  fo r  sodium, c a l c u l a t e d  by use of eq .  ( 7 )  and t h e  

c o n s t a n t s  from T a b l e  2 ,  is i n c l u d e d  in t h e  F i g u r e .  

The r e s u l t s  i n d i c a t e  t h a t  l i t h i u m ,  as e x p e c t e d ,  i s  less 

hydrophobic  than sodium w h i l e  po ta s s ium h a s  a s l i g h t  h i g h e r  

h y d r o p h o b i c i t y .  Fig.  4 i l l u s t r a t e s  t h a t  a l l  i o n i c  compounds have a 

s p e c i f i c  i n f l u e n c e  on t h e  r e t e n t i o n  in i on -pa i r  ch romatograph ic  

s y s t e m s  w i t h  a d s o r b i n g  s t a t i o n a r y  phases .  An exchange of sodium 

f o r  l i t h i u m  in t h e  e l u e n t  would t h u s  g i v e  r i s e  t o  an i n c r e a s e  of t h e  

r e t e n t i o n  of o t h e r  c a t i o n i c  samples .  

R e t e n t i o n  o f  Amines as Ion P a i r  w i t h  O c t y l  S u l f a t e  

A l l  r e t e n t i o n  s t u d i e s  were performed a t  pH 3.0 where t h e  

a l k y l -  and a r y l a l k y l a m i n e s  are  comple t e ly  i o n i z e d  and w i l l  be  

rnin 3 2 1 0 

FIGURE 3. Chromatogram of l i t h i u m ,  r e t a i n e d  as ion  p a i r  w i t h  o c t y l  
s u l f a t e .  S o l i d  phase: LiChrosorb RP-18, 10 ; E l u e n t :  

1 -pen tano l ;  Flow rate:  1 .3  ml/min; D e t e c t o r :  f lame pho tomete r ;  
Sample: l i t h i u m  (0.2 p g ) .  

0.005 M o c t y l  s u l f a t e  in phospha te  b u f f e r  p C" 3.0 w i t h  1.L5X 
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0.01 0.02 cx 
octyl sulfate (MI 

FIGURE 4. R e t e n t i o n  of  a l k a l i  metals as ion  p a i r s  w i t h  o c t y l  
s u l f a t e .  S o l i d  phase:  LiChrosorb RP-18,  10 pm; E l u e n t :  
o c t y l  s u l f a t e  i n  phospha te  b u f f e r  pH 3.0 w i t h  1.15% 1-pen tano l ;  
Sample: V =  po tas s ium;  = l i t h i u m ;  -.-.- - sodium, c a l c u l a t e d  
by use  of eq .  ( 7 ) .  q=822 and c o n s t a n t s  f rom T a b l e  2. 

r e t a i n e d  as ion p a i r s  on ly .  The i n f l u e n c e  of  t h e  c o n c e n t r a t i o n  of 

o c t y l  s u l f a t e  on t h e  r e t e n t i o n  of some phene thy lamine  d e r i v a t i v e s  

( T a b l e  1) i s  i l l u s t r a t e d  i n  F ig .  5 .  

Since  t h e  a d s o r p t i o n  of sodium o c t y l  s u l f a t e  f o l l o w s  a two 

s i t e  model, it is obvious t h a t  an ana logous  model shou ld  be 

a p p l i e d  t o  t h e  r e t e n t i o n  of amines as ion  p a i r s  w i t h  o c t y l  

s u l f a t e .  The I e t e n t i o n  model used i s  g iven  i n  eq.  ( 7 ) .  The 

v a l i d i t y  of t h e  model was t e s t e d  by computat ion of c o n s t a n t s  f o r  

i on  p a i r  a d s o r p t i o n  and a d s o r p t i o n  c a p a c i t y  by s u c c e s s i v e  

approx ima t  ion as demons t r a t ed  above. 

Eg. ( 7 )  can be t r ans fo rmed  t o  
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k ' e x  , 
IS - 

10 - 

PHASES 1451 

5 

0.01 0.0 2 0.03 Cx 

o c t y l  sulfate ( M )  

FIGURE 5. R e t e n t i o n  of phene thy lamine  d e r i v a t i v e s  as i o n  pairs 
w i t h  o c t y l  s u l f a t e .  C o n d i t i o n s  as i n  FIGURE 2. 
Samples:  A = n o r a d r e n a l i n e ;  = a d r e n a l i n e ;  v = s y n e p h r i n e ;  
8 = dopamine; = t y r a m i n e ;  0 = p h o l e d r i n e .  

- + x x  - where b = [Q ],.[X I m  and c - q.Ko.KsX.[X I m  

A p r e l i m i n a r y  computa t ion  of q.KO.KBX and K 

c a p a c i t y  r a t i o s  o b t a i n e d  a t  [X-Im < 2 x 10 

t h e  approx ima t ion  Kx .b < 1. The found v a l u e  were used i n  a 

g r a p h i c a l  computa t ion  of q.KX.KX and KX by use  of c a p a c i t y  

was made by use of  
QX 

- 3  M and 

QX 

0 BX QX 
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r a t io s  o b t a i n e d  a t  h i g h e r  c o n c e n t r a t i o n  of o c t y l  s u l f a t e ,  

[X-Im = (8-30) x 10 M ,  and t h e  eq .  
-3  

d 
k' - 

BX 1 + KQX.b 

1 
= + K q X - h  

q.Kx KX q.K:.KiX 0 '  BX 

- + 
where b = [ Q  lm.[X-Im and d = q.Ko.KBX.[X I m  

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

c a l c u l a t i o n s  wi th  s u c c e s s i v e  u s e  of e q s .  ( 1 1 )  and ( 1 2 ) .  It should 

be n o t i f i e d  t h a t  the r e t e n t i o n  of t h e  amines i n  t h e  absence  of  

o c t y l  s u l f a t e  was v e r y  low and d i s r e g a r d e d  i n  t h e  c a l c u l a t i o n s  

above. The r e s u l t s  a r e  g iven  i n  T a b l e  3. 

TABLE 3 

E q u i l i b r i u m  C o n s t a n t s  f o r  Phene thy lamine  D e r i v a t i v e s  

S o l i d  phase: L iChroso rb  RP-18 
E l u e n t :  o c t y l  s u l f a t e ,  x-, i n  phospha te  b u f f e r  pH 3.0 
w i t h  1.15% 1-pen tano l  

Sample 

C a(O.23-1.9) x 10-3M C =(8.6-31) x 10-3M 
X x 

Nor a d r  e n a l  i n e  39 24 0.89 0.57 
Adrena l ine  37 18 0.93 0.60 
Synephr ine  51 15 1 .2  0 . 5 1  
Dopamine 61 20 1.6 0.35 
Tyramine 97 22 2.5 0.36 
P h o l e d r i n e  155 20 4.0 0.38 

~~ 

-5 -4 
and K Z  = 3.1 x 10 a ) c a l c u l a t e d  by u s e  of q = 8 2 2 ,  KO = 5 . 2  x 10 

( T a b l e  2 )  
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X 
The found v a l u e s  o f  KQX and KQX a r e  i n  good agreement  w i t h  

t h e  r e s u l t s  from t h e  a d s o r p t i o n  s t u d i e s  ( T a b l e  2 )  which c o n f i r m s  

t h e  v a l i d i t y  of t h e  model. The s t r o n g e r  s i t e  has  a b o u t  40 times 

h i g h e r  a d s o r p t i o n  c o n s t a n t  t han  t h e  weaker s i t e  f o r  all t h e  

phene thy lamine  d e r i v a t i v e s  s t u d i e d .  The e f f e c t  of t h e  two sites 

on t h e  r e t e n t i o n  is i l l u s t r a t e d  i n  F i g .  6 w i t h  dopamine as o b j e c t .  

The r e t e n t i o n  by t h e  weaker s i t e  domina te s  a t  h i g h e r  

c o n c e n t r a t i o n s  of  o c t y l  s u l f a t e  because  t h e  weaker s i t e  h a s  abou t  

six times h i g h e r  c a p a c i t y  than  t h e  s t r o n g e r  one. 

R e t e n t i o n  s t u d i e s  were a l s o  performed w i t h  some lower 

a l k y l a m i n e s ,  u s i n g  f l u o r i m e t r i c  d e t e c t i o n  a f t e r  post-column 

d e r i v a t i s a t i o n  w i t h  p h t h a l d i a l d e h y d  ( s e e  EXPERIMENTAL). The 

r e l a t i o n  between t h e  c a p a c i t y  r a t i o  and t h e  c o n c e n t r a t i o n  of o c t y l  

s u l f a t e  in t h e  e l u e n t  is demons t r a t ed  i n  Fig.  7.  

The r e t e n t i o n  d a t a  were a p p l i e d  to  t h e  two s i t e  model and 

a d s o r p t i o n  c o n s t a n t s  were c a l c u l a t e d  by e q s .  (11) and (12 )  u s i n g  

t h e  same method as f o r  t h e  phene thy lamine  d e r i v a t i v e s .  S t r a i g h t  

0 . , 
0 

0.01 OD2 0.03 C x  

octyl sulfate IM) 

FIGURE 6. R e t e n t i o n  of dopamine as i o n  pair wi th  o c t y l  s u l f a t e .  
C o n d i t i o n s  as i n  FIGURE 2.; 0 = t o t a l  r e t e n t i o n ;  ----- = r e t e n t i o n  t o  t h e  weaker a d s o r p t i o n  s i te ;  . . . . . = r e t e n t i o n  t o  t h e  s t r o n g e r  a d s o r p t i o n  s i te .  
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0.01 0.02 0.03 C x  

octy l  sulfate ( M I  

FIGURE 7.  R e t e n t i o n  of a l i p h a t i c  amines as i on  pairs w i t h  o c t y l  
s u l f a t e .  C o n d i t i o n s  as in FIGURE 2 w i t h  f l u o r o m e t r i c  d e t e c t i o n  
a f t e r  post-column d e r i v a t i s a t i o n  wi th  p h t h a l d i a l d e h y d ;  
Samples: 0 = methylamine;  V - e t h y l a m i n e ;  A = propy lamine .  

l i n e a r  p l o t s  were o b t a i n e d  in t h e  g r a p h i c a l  computa t ion  of t h e  

c o n s t a n t s  and t h e  found v a l u e s  o f  K 

agreement  wi th  t h o s e  found f o r  n o r a d r e n a l i n e  and dopamine in t h e  

same chromatograph ic  system. The a l k y l a m i n e s  seems to  be adso rbed  

t o  t h e  same s i t e s  as t h e  phenethylamine d e r i v a t i v e s .  

and KX were i n  good 
QX QX 

The n a t u r e  of bonded phases  has  been d i s c u s s e d  by s e v e r a l  

a u t h o r s  ( c f .  [26-291).  This s t u d y  has  f n d i c a t e d  t h e  p r e s e n c e  of 

two si tes on t h e  s o l i d  phase w i t h  d i f f e r e n t  a b i l i t y  t o  r e t a i n  i o n  

p a i r s .  It is  no t  p o s s i b l e  however t o  s t a t e  t h e  n a t u r e  of t h e  

i n d i v i d u a l  s i t e ,  s i n c e  t h e  samples  used have similar s t r u c t u r e  and 

show t h e  same r e l a t i v e  b i n d i n g  t o  bo th  s i t e s .  
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