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REVERSED PHASE H I G H  PERFORMANCE LIQUID CHROMATOGRAPHY 
W I T H  C E T R I M I D E  C O N T A I N I N G  ELUENTS 

R . H . A .  S o r e l ,  A .  H u l s h o f f  a n d  S .  Wiersema 
P h a r m a c e u t i c a l  L a b o r a t o r y ,  Depar tment  o f  A n a l y t i c a l  

Pharmacy 
U n i v e r s i t y  of  U t r e c h t ,  C a t h a r i j n e s i n g e l  6 0 ,  

3511 GH U t r e c h t ,  The N e t h e r l a n d s  

ABSTRACT 

A r a d i a l l y  compressed  column,  packed  w i t h  micro 
p a r t i c l e ,  r e v e r s e d  p h a s e  ( C  1 8 )  m a t e r i a l ,  w a s  u s e d  t o  
s t u d y  HPLC w i t h  cetr imide c o n t a i n i n g  e l u e n t s .  The 
amount o f  c e t r i m i d e  a d s o r b e d  o n t o  t h e  s t a t i o n a r y  p h a s e  
w a s  measured:  n o t  t h e  number of  a v a i l a b l e  a d s o r p t i o n  
s i t e s ,  b u t  r a t h e r  t h e  p r e s e n c e  of  micel les  i n  t h e  e l u e n t  
a p p e a r s  t o  be t h e  l i m i t i n g  f a c t o r  € o r  t h e  u p t a k e  of c e t r i -  
mide from t h e  e l u e n t .  

compounds were d e t e r m i n e d  i n  t h i s  s y s t e m ,  w i t h  v a r y i n g  pH 
and c e t r i m i d e  c o n c e n t r a t i o n  of t h e  e l u e n t  ( m e t h a n o l - w a t e r ,  
5 0 %  w / w ) .  The r e s u l t s  o b t a i n e d  upon c h a n g i n g  t h e  pH of 
t h e  e l u e n t  c a n  n o t  a l l  b e  e x p l a i n e d  w i t h  an  ion-exchange  
(o r  i o n - p a i r )  model .  

Upon i n c r e a s i n g  t h e  c e t r i m i d e  c o n c e n t r a t i o n ,  maximum 
v a l u e s  i n  k '  a re  r e a c h e d  a t  a b o u t  t h e  c r i t i c a l  micel le  
c o n c e n t r a t i o n  ( c m c )  of ce t r imide  i n  t h e  e l u e n t .  The re- 
s u l t s  of  c o n d u c t i m e t r i c  e x p e r i m e n t s  s u g g e s t e d ,  t h a t  t h e  
d e c r e a s e  of  k '  a t  c e t r i m i d e  c o n c e n t r a t i o n s  above  t h i s  CKC,  
o b s e r v e d  f o r  m o s t  o f  t h e  compounds,  c a n  b e  e x p l a i n e d  by 
p a r t i t i o n i n g  o f  t h e  s o l u t e s  be tween t h e  micelles and t h e  
b u l k  o f  t h e  mobile p h a s e .  From t h e s e  e x p e r i m e n t s  it was 
a l s o  c l e a r  t h a t  i o n - p a i r  f o r m a t i o n  be tween c e t r i m i d e  and  
s o l u t e s  i s  p o s s i b l e .  

The c a p a c i t y  f a c t o r s ,  k ' ,  o f  several  - m a i n l y  a c i d i c  - 

INTRODUCTION 

R e c e n t l y ,  chromatography on n o n - p o l a r  p h a s e s  w i t h  

i o n - p a i r  r e a g e n t s ,  w i t h  o r  w i t h o u t  marked s u r f a c e  ac t iv -  

1961 
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1962 SOREL, HULSHOFF, AND WIEKSEMA 

i t y ,  added t o  t h e  e l u e n t  has been  t h e  s u b j e c t  o f  many 

s t u d i e s .  D i f f e r e n t  t h e o r i e s  have  been  d e v e l o p e d  t o  ex- 

p l a i n  t h e  r e t e n t i o n  b e h a v i o u r  of s o l u t e s  i n  t h e s e  s y s -  

t e m s .  Most o f  t h e s e  t h e o r i e s  h a v e  b e e n  d i s c u s s e d  r e c e n t -  

l y  by  B i d l i n q m e y e r  ( 1 )  a n d  by Knox a n d  H a r t w i c k  ( 2 ) .  

O n e  o f  t h e  p o i n t s  which h a v e  n o t  b e e n  s e t t l e d  y e t  i s ,  

how t o  e x p l a i n  a maximum i n  t h e  c a p a c i t y  f a c t o r ;  k ' ,  

when k '  i s  p l o t t e d  a g a i n s t  t h e  p a i r i n g - i o n  c o n c e n t r a -  

t i o n  i n  t h e  e l u e n t .  

T h r e e  t h e o r i e s  have  b e e n  p r o p o s e d  t o  e x p l a i n  t h i s  

phenomenon which was o b s e r v e d  by many a u t h o r s  ( 2 - 1 0 ) ;  

a )  "The d e c r e a s e  i n  k '  a t  h i g h e r  c o u n t e r  i o n  con-  

c e n t r a t i o n s  may b e  due  t o  t h e  combined e f f e c t  o f  a de- 

c r e a s e  i n  t h e  a d s o r p t i o n  c a p a c i t y  of t h e  r c t a i n i n q  

p h a s e  and  a n  i o n - p a i r  f o r m a t i o n  . . . . . . . . . . ' I  ( 7 )  ; 

b )  Above a c r i t i c a l  c o n c e n t r a t i o n  a number o f  s u r -  

f a c e  a c t i v e  i o n s  a r e  a b l e  t o  form micel les ;  s o l u t e s  a re  

supposed  t o  p a r t i t i o n  be tween  t h e  micel les  and  t h e  b u l k  

o f  t h e  m o b i l e  p h a s e  ( 2 - 4 ,  1 0 ) ;  

c )  Hung and  T a y l o r  ( 9 )  e x p l a i n  t h e  d e c r e a s e  i n  k '  

by a s suming  a d e c r e a s e  of t h e  s u r f a c e  which i s  a v a i l a b l e  

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

of  p a i r i n g - i o n  a d s o r b e d  o n t o  t h e  s u r f a c e .  

S e c o n d l y ,  a c c o r d i n g  t o  t h e s e  a u t h o r s ,  t h e  i n c r e a s e d  

c o n c e n t r a t i o n  of t h e  c o u n t e r  i o n s  accompanying t h e  p a i r -  

i n g  i o n s  r e s u l t s  i n  less  p o s s i b i l i t i e s  €or  ion -exchange  

o f  t h e  s o l u t e  i o n s  w i t h  t h e  a d s o r b e d  p a i r i n q - i o n s .  
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REVERSED PHASE HPLC WITH CETRIMIDE 1963 

In this investigation the retention behaviour of 

various compounds, with different acidic and basic 

properties, were studied at different cetrimide (the 

" pa i r ing - ion " ) c onc e n tr a t ion s . Po s s ib 1 e inter ac t ion s 
between solutes and cetrimide above as well as below 

the critical micelle concentration (CMC) were studied 

by conductimetry. 

The factors which influence the adsorption of 

cetrimide onto the stationary phase are also of in- 

terest. Different authors studied the adsorption of 

cetrimide as a function of the cetrimide concentration 

in the eluent (3, 4, 9, 1 0 ) ;  little is known about the 

influence of the pH on the adsorption phenomena (4). 

In the present study the influence of pH on the 

chromatographic behaviour of mainly acidic compounds is 

described. However, the chosen pH range is higher than 

usual, so the effect of pH on k' could be studied under 

conditions where for instance carboxylic acids are com- 

pletely deprotonated. 

MATERIALS 

A pparatus 

The chromatographic system consisted of a 6000 A 

solvent delivery system, a U6K injection system and a 

Radial-Pak A cartr-idge, 1 0  cm x 8 mm I.D., in combina- 

tion with an RCM-100 Radial Compression Module (all from 

Waters ASSOC., Milford, Mass., U S A ) .  The column was in- 
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1964 SOREI,, HULSHOFF, AND WIERSEMA 

s t a l l e d  between the  U 6 K  i n j e c t i o n  system and two on-line 

d e t e c t o r s ,  a model 4 4 0  d i f f e r e n t i a l  UV absorbance de tec -  

t o r ,  operated a t  2 5 4  nm and an R 4 0 1  r e f r a c t i v e  index de- 

t e c t o r  (both from Waters h s s o c . ) .  By means of a Valco 

r o t a r y  s i x  p o r t  7 0 0 0  ps ig  valve (Chrompack, Middelburg, 

The Ne the r l ands ) ,  connected between the  column and t h e  

d e t e c t o r s ,  a bypass could be used t o  f l u s h  t h e  e n t i r e  

s y s t e m  except t he  column. 

Retention t imes were obtained b y  means of an SP4000 

(Spectra-Physics ,  Santa C l a r a ,  C A I  USA) d a t a  s y s t e m .  

For measuring pH va lues  a Radiometer (Copcnhagen, 

Denmark) PHM 6 4  pH meter was used. 

The conductance was measured with a Consort (Turn- 

hou t ,  Belgium) K620  conductometer i n  combination w i t h  a 

t y p e  EA 645 t i t r a t i o n  ce l l  (Metrohm, Herisau,  S w i t z e r -  

l a n d ) .  

Conductance and chromatographic experiments were 

c a r r i e d  o u t  a t  25 .0  f .0 .1 '  C and 2 5 . 0  f 0 . 2 ' C ,  r e s p e c t i v e -  

l y .  

Chemicals 

Methanol, potassium bromide and sodium hydroxyde 

were of a n a l y t i c a l  r eagen t  grade and were obtained from 

Merck (Darmstadt,  G . F . R . ) .  Cetyl  trimethylammonium bro- 

mide ( c e t r i m i d e )  was purchased from B . D . H .  (Poole ,  Eng- 

1 and) . Boric a c i d  , "analyzed" r eagen t  , was obtained 

from Baker (Deventer,  The Ne the r l ands ) .  2-Methoxy methyl 

benzoate was prepared by methylat ion of methyl s a l i c y l a t e  
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REVERSED PHASE HPLC WITH CETRIMIDE. 1965 

w i t h  methyl  i o d i d e ,  i n  a n  a n a l o g o u s  manner a s  w a s  r e p o r t e d  

f o r  t h e  p r o p y l a t i o n  o f  n a l i d i x i c  a c i d  w i t h  p r o p y l  i o d i d e  

( 1 1 ) .  The o t h e r  compounds u n d e r  i n v e s t i g a t i o n  w e r e  commer- 

c i a l l y  a v a i l a b l e  p r o d u c t s  and  were u s e d  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 .  

C e t y l  t r i m e t h y l  ammonium (CTA) c o n t a i n i n g  e l u e n t s  

were p r e p a r e d  i n  water -methanol  m i x t u r e s  ( f i n a l  r a t i o  i n  

t h e  e l u e n t ,  1 : l  w / w )  w i t h  0 . 1 %  w / w  u p  t o  1 . 6 %  w/w ( =  2.74 

x - 4.39 x mol-kg-’)  c e t r i m i d e ;  p o t a s s i u m  b r o -  

mide was added t o  a f i n a l  bromide c o n c e n t r a t i o n  of 0 . 1  

mol-kg-’ :  t h e  e l u e n t s  were b u f f e r e d  w i t h  b o r i c  ac id  b u f -  

f e r s ,  0 

pH w i t h  

b u f f e r s  

a r e  i n d  

-1 025 m o l * k g  e l u e n t  and a d j u s t e d  t o  t h e  d e s i r e d  

sodium h y d r o x i d e ,  measured a g a i n s t  w a t e r - m e t h a n o l  

( 1 2 ) .  The pH v a l u e s  i n  t h e  w a t e r - m e t h a n o l  s y s t e m  

c a t e d  by pH*. 

METHODS 

The amount of  c e t r i m i d e  a d s o r b e d  o n t o  t h e  column w a s  

s t u d i e d  as  a f u n c t i o n  o f  pH and  of t h e  c e t r i m i d e  concen-  

t r a t i o n  i n  t h e  e l u e n t .  

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

t h e  e l u e n t  of  t h e  d e s i r e d  p H  w i t h o u t  t h e  c e t r i m i d e ;  a f -  

t e r  t h a t  t h e  c e t r i m i d e  c o n t a i n i n g  e l u e n t  w i t h  t h e  same 

pH w a s  pumped t h r o u g h  t h e  column. The amount o f  ce t r i -  

mide a d s o r b e d  would t h e n  b e  ( V r - V o ) .  C ,  where V r =  b r e a k -  

t h r o u g h  volume of  cetrimide as i n d i c a t e d  by t h e  r e f r a c -  
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1966 SOREL, HULSHOFF, AND WIERSEMA 

t i v e  i n d e x  d e t e c t o r ,  V = v o i d  volume and C =  c o n c e n t r a -  

t i o n  of c e t r i m i d e  i n  Lhe e l u e n t .  

0 

A f t e r  t h e  b r e a k t h r o u g h  volume of ce t r imide  was re- 

g i s t e r e d  more s o l v e n t  was pumped t h r o u g h  t h e  co lumn,  un- 

t i l  t h e  pH of t h e  e l u a t e  h a d  become e x a c t l y  t h e  same a s  

t h e  pH of  t h e  e l u e n t  ( 1 2 ) .  C e t r i m i d e  w a s  removed from 

t h e  column w i t h  t h e  same e l u e n t  w i t h o u t  c e t r i m i d e .  T h i s  

s t r i p p i n g  p r o c e s s  was f o l l o w e d  w i t h  t h e  r e f r a c t i v c  i n d e x  

d e t e c t o r .  I n  o r d e r  t o  c h e c k  w h e t h e r  a l l  o f  t h e  a d s o r b e d  

c e t r i m i d e  had b e e n  removed, t h e  r e t e n t i o n  volume of  s a l i -  

c y l i c  a c i d  w a s  d e t e r m i n e d ,  b e c a u s e  t h i s  volume w a s  found 

t o  b e  s t r o n g l y  i n f l u e n c e d  by t h e  p r e s e n c e  o f  even  small 

amounts  of ce t r imide .  

The pKa v a l u e s  of some of t h e  compounds u n d e r  i n -  

v e s t i g a t i o n  i n  w a t e r - m e t h a n o l ,  1 : l  w / w ,  w e r e  d e t e r m i n e d  

a c c o r d i n g  t o  t h e  method d e s c r i b e d  by H u l s h o f f  and  P e r r i n  

( 1 4 ) ;  t h e s e  pKa v a l u e s  are i n d i c a t e d  by pKa*. 

C r i t i c a l  micelle c o n c e n t r a t i o n s  of c e t r i m i d e  i n  t h e  

d i f f e r e n t  e l u e n t s  were measured c o n d u c t i m e t r i c a l l y  a s  

described b c f o r e  ( 1 0 ) .  O t h e r  c o n d u c t i m e t r i c  measurements  

w e r e  c a r r i c d  o u t  t o  s t u d y  p o s s i b l e  i n t e r a c t i o n s  between 

s o m e  of thc compounds u n d e r  i n v e s t i g a t i o n s  and cetr imide.  

In t h e s e  measurements  6 . 2 5  x mol of  t h e s e  compounds 

were added t o  4 0  g w a t e r - n e t h a n o l  m i x t u r e s ,  c o n t a i n i n g  

v a r y i n g  c o n c e n t r a t i o n s  of c e t r i m i d e  (be low a n d  above  

t h e  C M C ) .  
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REVERSED PHASE HPLC WITH CETRIMIDE 1967 

RESULTS AND DISCUSSION 

Adsorption of cetrimide onto the column packing material 

W e  r e p o r t e d  e a r l i e r  on t h e  b r e a k t h r o u g h  p a t t e r n s  

o f  c e t r i m i d e  c o n t a i n i n g  e l u e n t s  and  on t h e  p H - s h i f t s  

which c a n  be o b s e r v e d  d u r i n g  t h e s e  p r o c e s s e s  ( 1 3 ) .  The 

amount o f  c e t r i m i d e  a d s o r b e d  o n t o  t h e  column i s  shown 

as  a f u n c i t o n  of  pH* i n  F i g .  l a  and  i n  F i g .  I b  a s  a 

f u n c t i o n  o f  t h e  c e t r i m i d e  c o n c e n t r a t i o n  i n  t h e  e l u e n t .  

The phenomenon of  i n c r e a s i n g  amounts  of  ce t r imide  ad-  

s o r b e d  o n t o  t h e  column a t  i n c r e a s i n g  pH w e  h a v e  d i s -  

c u s s e d  b e f o r e  ( 1 3 ) .  Knox and L a i r d  ( 3 )  f o u n d ,  t h a t  t h e  

a d s o r p t i o n  i s o t h e r m  of c e t r i m i d e  on SAS s i l i c a  obeyed  a 

F r e u n d l i c h  t y p e  e q u a t i o n .  

Hung and T a y l o r  ( 9 )  s t a t e  t h a t  n e i t h e r  a F r e u n d l i c h  

n o r  a Langmuir t y p e  of  e q u a t i o n  c a n  b e  u s e d  t o  d e s c r i b e  

t h e  a d s o r p t i o n  o f  q u a t e r n a r y  n i t r o g e n  compounds.  Assuming 

t h a t  t h e  c a r b o n  c h a i n s  l i e  f l a t  on t h e  s u r f a c e ,  t h e y  made 

t h e  c o n t r a d i c t o r y  o b s e r v a t i o n  t h a t  t h e  l a r g e r  t h e  a l k y l  

g r o u p s  of  t h e  q u a t e r n a r y  n i t r o g e n  compounds,  t h e  more 

s u r f a c e  area seemed t o  b e  a v a i l a b l e .  They t h e r e f o r e  i n t r o -  

duced  t h e  wellknown Hansch t h e o r y  t o  d e s c r i b e  t h e  ad-  

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

l o n g e s t  a l k y l  g r o u p  o f  t h e  p a i r i n g  i o n .  However, w e  

s u p p o s e  t h a t  t h e  c a r b o n  c h a i n s  of  t h e  p a i r i n g  i o n s  are  

s i t u a t e d  be tween t h e  C I 8  b r u s h e s  o f  t h e  s t a t i o n a r y  

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

a n  e q u a l  number o f  s i t es  of  a d s o r p t i o n  w i l l  t h e n  b e  
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FIGURE 1 A d s o r p t i o n  of  c e t r i m i d e  o n t o  t h e  co lumn,  ( A )  
a s  a f u n c t i o n  of t h e  p H *  of t h e  e l u e n t ;  c e t r i m i d e  con-  
c e n t r a t i o n ,  0 . 2 %  w/w, and ( B )  a s  a f u n c t i o n  of the ce- 
t r i m i d e  c o n c e n t r a t i o n  i n  t h e  e l u e n t  a t  pH* 6 .8 .  For 
o t h e r  c o n d i t i o n s ,  see Materials.  
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REVERSED PHASE HPLC WITH CETRIMIDE 1969 

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

i s o t h e r m  c a n  b e  u s e d .  The h y d r o p h o b i c  i n t e r a c t i o n  i n -  

creases w i t h  t h e  l e n g t h  of t h e  c a r b o n  c h a i n ,  r e s u l t i n g  

i n  a h i g h e r  l eve l  of  maximal a d s o r p t i o n  f o r  t h e  r e a -  

g e n t s  w i t h  l o n g e r  a l k y l  g r o u p s .  The a d s o r p t i o n  iso-  

t h e r m s  found i n  o u r  e x p e r i m e n t s  , p a r t i c u l a r l y  w i t h  res- 

p e c t  t o  t h e  d a t a  a t  t h e  h i g h e r  c e t r i m i d e  c o n c e n t r a t i o n s ,  

d i d  n o t  f i t  q u i t e  w e l l  t o  t h e  e m p i r i c a l  F r e u n d l i c h  t y p e  

e q u a t i o n .  The r e a s o n  f o r  t h i s  i s  s i m p l y  t h e  p r e s e n c e  of  

cetr imide micel les  above  0 . 1 %  w/w c e t r i m i d e  i n  t h e  e l u -  

e n t .  The CMC v a l u e s ,  a s  d e t e r m i n e d  i n  t h e  e l u e n t s  and  

i n  d i f f e r e n t  methanol -water  m i x t u r e s ,  are summarized i n  

T a b l e  I .  

A t  i n c r e a s i n g  c e t r i m i d e  c o n c e n t r a t i o n  above  t h e  CMC t h e  

c e t r i m i d e  monomer c o n c e n t r a t i o n  w i l l  o n l y  s l i g h t l y  i n -  

crease ( d e p e n d e n t  on t h e  h y d r o p h o b i c i t y  o f  t h e  e l u e n t ) .  

So t h e  l i m i t i n g  f a c t o r  f o r  t h e  u p t a k e  of c e t r i m i d e  o u t  

of t h e  m o b i l e  p h a s e  i s  n o t  n e c e s s a r i l y  t h e  s u r f a c e  cover- 

a g e  of t h e  s t a t i o n a r y  p h a s e ,  b u t  more l i k e l y  t h e  c e t r i -  

mide monomer c o n c e n t r a t i o n  i n  t h e  e l u e n t .  A s  i s  e v i d e n t  

f rom F i g u r e  l b ,  t h e  maximal a d s o r p t i o n  i s  i n d e e d  r e a c h -  

e d  n e a r  t h e  CMC o f  c e t r i m i d e .  

Al though o u r  r e s u l t s  f i t  q u i t e  w e l l  w i t h  a Langmuir 

t y p e  o f  e q u a t i o n ,  i n  f a c t  n e i t h e r  a F r e u n d l i c h  n o r  a 

Langmuir i s o t h e r m  c a n  t h e r e f o r e  b e  u s e d  when c o n c e n t r a -  

t i o n s  above t h e  CMC are  i n c l u d e d  i n  t h e  d a t a .  
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1970 

TABLE I 

SOREL, HUISHOFF,  AND WIERSEMA 

Critical Micelle Concentrations of cetrimide 
____ _--___I- _____ - 

CMC f SD ( 8  w/wi _ -  Solvent 

pH* 6.8 0.70 k 0.03 
p H *  9.0 0.70 f 0 . 0 3  
p H *  1 1  - 0  0 . 8 5  f 0.04 

1 )  eluent 

water 

methanol/watcr 

2) 0.036 ? 0.001 

10% w/w 0.045 f 0.001 
20% w/w 0.090 f 0.004 
30% w/w 0 . 2 1  f 0.01 
4 0 %  w/w 0.47 f 0.04 
504, w/w 0.95 ? 0.04 

___ - .  -- 

see MATERIALS , Chemicals 

"the same value has been reported in REFERENCE (25) 

Recently Knox and Hartwick (2) published adsorption 

isotherms of some anionic surfactants onto Hypersil ODs. 

They estimated the CMC valucs of these surfactants in 

the eluents from data reported in the literature. Their 

results show t.hat the adsorption of these reagents in- 

creases even above these CMC values, so we suppose that 

their estimations are not accurate enough. The adsorp- 

tion curve f o r  cctrimide, as reported by Hung and 

Taylor (9) reaches a maximum close to the CMC of cetri- 

mide in water (which is the eluent they used). The con- 

sequences of this for their hypothesis concerning the 

retention mechanism will bc! considered further below. 
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1971 

1.00- 

0.50- 

REVERSED PHASE HPLC WITH CETRIMIDE 

Influence of pH on the retention 

In Figure 2, k '  values for the different compounds 

are plotted versus the pH* of the eluent. Some unexpect- 

ed results were obtained. 2-Methoxy-methyl benzoate, a 

neutral compound, shows a marked decrease in k '  with in- 

creasing p H * .  The conclusion h a s  to be that at higher 

0.00 - 

-.* methylphenobarbltal 
p-hydroxybenzoic acid 

--_ 
P morphine '-- %_ 

2-rnethoxy-methylbenzoate 

7 8 9 10 i 1  p H *  

FIGURE 2 Influence of the p H *  of the eluent on log k'; 
cetrimide concentration, 0.2% w/w; for other conditions, 
see Materials. 
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1972 SOREL, HULSHOFF, AND WIERSEMA 

pH v a l u e s  t h e  nvailab1.c: area f o r  h y d r o p h o b i c  i n t e r a c -  

t i o n s  i s  d e c r e a s e d .  A p o s s i b l e  e x p l a n a t i o n  c a n  be found 

i n  t h e  work of  Hung and T a y l o r  ( 9 )  , who s t a t e d  t h a t  t h e  

more i o n - p a i r i n g  r e a g e n t  Is  a d s o r b e d  o n t o  t h e  s u r f a c e ,  

t h e  less  s i t e s  a re  a v a i l a b l e  f o r  d e s o l v a t i o n  of s o l u t e s  

d u r i n g  chromatography.  

We o b s e r v e d  t h a t  more c e t r i m i d e  w a s  bound o n t o  t h e  

column a t  h i g h e r  pH ( F i g .  l a ) ;  t h e r e f o r e  t h e i r  hypothe-  

s i s  might  h e l p  t o  e x p l a i n  t h i s  phenomenon of d e c r e a s i n g  

k '  w i t h  i n c r e a s i n g  pH. With b e n z o i c  a c i d  (pKa* = 5 . 2 )  , 

p r e s e n t  a s  a n i o n  i n  t h e  e n t i r e  pH range ,  t h e  same behav-  

i o u r  was o b s e r v e d  a s  t h e  n e u t r a l  compound. 

Although i t  w a s  e x p e c t e d  t h a t  k '  would i n c r e a s e ,  

b e c a u s e  t h e  i n c r e a s e d  amount of a d s o r b e d  c e t r i m i d e  

s h o u l d  g i v e  more p o s s i b i l i t i e s  f o r  ion-exchange  c h r o -  

matography,  w e  have  t o  c o n c l u d e  t h a t  a n o t h e r  (unknown) 

mechanism i s  working  i n  t h e  o p p o s i t e  d i r c x t i o n .  

On i n t r o d u c i n g  a p h e n o l i c  f u n c t i o n  i n t o  t h e  ben- 

z o i c  a c i d  m o l e c u l e ,  k '  increases be tween pH* 9 and 1 1  

( S e e  d a t a  f o r  m-hydroxybenzoic ac id  and  p-hydroxyben- 

z o i c  a c i d ) .  T h i s  i s  i n  agreement  w i t h  an  i n c r e a s e  i n  

r e t e n t i o n  due  t o  an ion-exchange ,  f o r  i n  t h i s  pH r a n g e  

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

d o u b l i n g  t h e  n c g a t i v e  c h a r g e  of  t h e  i o n s .  

Phenol  t s e l f  shows t h e  same b e h a v i o u r  i n  t h e  pH 

r a n g e  ( 9 - 1 1 )  Of t h e  o t h e r  p h e n o l i c  compounds o n l y  
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REVERSED PHASE HPLC WITH CETRIMIDE 1973 

m e t h y l  s a l i c y l a t e  i s  a n  e x c e p t i o n ;  i t  shows a de- 

crease i n  k '  . 
The i n t r a m o l e c u l a r  hydrogen  b o n d i n g ,  which i s  known 

t o  e x i s t  w i t h  t h i s  t y p e  o f  compound, i s  p r o b a b l y  res- 

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

F o r  p h e n o b a r b i t a l  (pKa* = 8 . 2 )  and m e p h o b a r b i t a l  

(pKa* = 8 . 4 )  k '  i n c r e a s e s  between pH* 7 and  9 ,  t h i s  is  

a l s o  i n  good a g r e e m e n t  w i t h  t h e  ion-exchange  t h e o r y .  

However, a t  pH* 1 1 , k '  f o r  b o t h  compounds i s  d e c r e a s e d .  

P o s s i b l y  t h e  same mechanism i s  r e s p o n s i b l e  as  t h e  m e -  

c h a n i s m  c a u s i n g  t h e  d e c r e a s e  i n  k '  f o r  e.9. b e n z o i c  

ac id  and 2-methoxy-methyl b e n z o a t e .  

F o r  c o d e i n e  (pKa* = 7 . 6 )  and  morphine  (pKa* = 7 . 7 )  

k '  i n c r e a s e s  f rom pH* 7 t c j  9 ; i n  t h i s  r a n g e t h e  n i t r o g e n  

g r o u p s  are  g e t t i n g  d e p r o t o n a t e d ,  so t h e  p o s s i b i l i t i e s  

f o r  h y d r o p h o b i c  i n t e r a c t i o n  a re  i n c r e a s e d .  Above pH* = 9 ,  

t h e  p h e n o l i c  f u n c t i o n  of  morphine c a u s e s  an  i n c r e a s e  i n  

k' . 
S i m i l a r  p a t t e r n s  of  log  k '  v e r s u s  pH* w e r e  o b t a i n -  

e d  a t  1 . 6 %  w / w  c e t r i m i d e  ( a b o v e  t h e  CMC) i n  t h e  e l u e n t  

( R e s u l t s  n o t  s h o w n ) .  

Influence of the cetrimide concentration on k '  

I n  f i g u r e  3 ,  k '  i s  p l o t t e d  v e r s u s  t h e  c e t r i m i d e  

c o n c e n t r a t i o n  i n  t h e  e l u e n t  a t  pH* 9 . A t  t h i s  pH t h e  CMC 

i s  0 . 7 0 %  w / w  (see T a b l e  I ) .  F o r  a l l  weak and  s t r o n g  

ac ids  t h e r e  i s  a s h a r p  i n c r e a s e  i n  k '  when c e t r i m i d e  i s  

added  t o  t h e  e l u e n t ,  till a maximum v a l u e  i s  r e a c h e d .  
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REVERSED PHASE HPLC WITH CETRIMIDE 1 9 7 5  

These f i r s t  p a r t s  of t he  d i f f e r e n t  p l o t s  correspond 

very wel l  with the  adso rp t ion  isotherm of c e t r i m i d c  

( F i g .  I b ) .  The ion-exchange mechanism, t h e r e f o r e ,  seems 

t o  be an important r e t e n t i o n  mechanism f o r  t h e s e  com- 

pounds. This i s  i n  agreement with t h e  r e s u l t s  found by 

seve ra l  i n v e s t i g a t o r s  ( 2 , 4 ,  9 ,  1 5 - 1 9 ) .  Themaximum i n  k' 

f o r  t h e  a c i d i c  compounds co inc ides  r a t h e r  w e l l  wi th  t h e  

CMC of ce t r imide  i n  t h e  e l u e n t .  

A t  c e t r imide  concen t r a t ions  above t h e  CMC, f o r  some 

compounds, k '  dec reases  ( e . g .  s a l i c y l i c  a c i d )  o r  k '  does 

not change anymore ( e . 9 .  m-hydroxybenzoic a c i d )  . 
For the  two b a s i c  compounds,codeine and morphine, t he  ad- 

d i t i o n  of ce t r imide  t o  t h e  e l u e n t  r e s u l t s  i n  a decrease 

of k', caused by the  loss  of adso rp t ion  s i t e s  on to  t h e  

s i l i c a  ma t r ix ,  a s  was apparent  from t h e  improved peak 

symmetry. Fu r the rmore ,k '  of morphine i s  l a r g e r  than k '  

of codeine i n  t h e  presence of c e t r i m i d e ;  t h i s  i s  caused 

by t h e  anion-exchange p o s s i b i l i t i e s  f o r  morphine due t o  

i t s  phenol ic  func t ion .  

Hung and Taylor ( 9 )  c la im t h a t  t h e  dec rease  i n  k' 

a t  h ighe r  pa i r ing - ion  c o n c e n t r a t i o n s  has  nothing t o  do 

with t h e  occurrence of m i c e l l e s ,  because they a l s o  

found a dec rease  i n  k '  wi th  non- su r fac t an t s  a s  i on -pa i r  

r eagen t s  ( t e t r a m e t h y l  ammonium, t e t r a e t h y l  ammonium and 

t e t r a b u t y l  ammonium). T h i s  gene ra l  dec rease  i n  k '  i s  a s -  

c r i b e d  by them t o  two f a c t o r s :  a )  a decrease i n  t h e  C I 8  

s u r f a c e  a v a i l a b l e  f o r  deso lva t ion  of t h e  s o l u t e s ,  and 
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1976 SOREL, HULSHOFF, AND WIERSEMA 

b )  t h e  i n c r e a s i n g  c o u n t e r i o n  c o n c e n t r a t i o n  a t  h i g h e r  con-  

c e n t r a t i o n s  of t h e  i o n - p a i r  r e a g e n t s ,  which w i l l  l e a d  

t o  a d e c r e a s e  i n  r e t e n t i o n  d u e  t o  ion-exchange  p r o c e s s e s .  

However, i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  s u r f a c e  

a r e a  a v a i l a b l e  f o r  d e s o l v a t i o n  w i l l  n o t  change  anymore 

above  t h e  CMC ( a s  d i s c u s s e d  b e f o r e ) .  S e c o n d l y ,  t h e  coun- 

t e r i o n  c o n c e n t r a t i o n  was k e p t  c o n s t a n t ,  so w e  have  t o  

c o n c l u d e  t h a t  a n o t h e r  mechanism i s  r e s p o n s i b l e  f o r  t h e  

d e c r e a s e  i n  k'. 

I n  f a c t  t h e  s a m e  c o n c l u s i o n s  c a n  b e  drawn f o r  t h e i r  ( 9 )  

own r e s u l t s  w i t h  cetr imide.  Because t h e  e l u e n t  u s e d  by 

Hung and T a y l o r  was wa te r ,  t h e y  a l so  have  t o  dea l  w i t h  

micelles above 0 . 0 3 6 %  cetr imide.  

Once t h e  CMC has  b e e n  r e a c h e d ,  t h e  a d d i t i o n  of  

more c e t r i m i d e  t o  t h e  e l u e n t  w i l l  o n l y  r e s u l t  i n  an  

i n c r e a s e  of t h e  number and  s i z e  of  t h e  micelles. The 

monomer c o n c e n t r a t i o n ,  a n d  t h e r e f o r e  a l s o  t h e  amount 

of a d s o r b e d  c e t r i m i d e  and  t h e  f r e e  c o u n t e r i o n  concen-  

t r a t i o n  w i l l  r emain  p r a c t i c a l l y  c o n s t a n t  above  t h e  C M C .  

The s h a r p  d e c r e a s e  i n  k' v a l u e s  o b s e r v e d  by Hung and 

T a y l o r  i n  c e t r i m i d e  c o n t a i n i n g  e l u e n t s  must  t h e r e f o r e  

b e  a t t r i b u t e d  t o  a n o t h e r  mechanism t h a n  t h o s e  p r o p o s e d  

b y  them. However, f o r  t h e  o t h e r  p a i r i n g  i o n s  i n  t h e i r  

i n v e s t i g a t i o n ,  t h e i r  t h e o r y  i s  p o s s i b l y  cor rec t ,  b e c a u s e  

i n d e e d  t h e  c o u n t e r i o n  c o n c e n t r a t i o n  i n c r e a s e s  a t  i n -  

c r e a s i n g  p a i r i n g  i o n  c o n c ' s n t r a t i o n .  
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REVERSED PHASE HPLC WITH CETRIMIDE 1977 

Interaction between cetrimide and solute anions 

P o s s i b l e  i n t e r a c t i o n s  be tween some of  t h e  a n i o n s  

u n d e r  i n v e s t i g a t i o n  and c e t r i m i d e  w e r e  s t u d i e d  by con-  

d u c t i m e t r i c  e x p e r i m e n t s .  S a l i c y l i c a t e  and  m-hydroxy 

b e n z o a t e  were c h o s e n ;  t h e  f i r s t  a n i o n ,  b e c a u s e  i t  shows 

a s t r o n g  decrease i n  k ’  above  t h e  CMC of  c e t r i m i d e ,  

w h i l e  f o r  t h e  second a n i o n  k ‘  seems t o  be i n d e p e n d e n t  

of t h e  ce t r imide  c o n c e n t r a t i o n  above  t h e  CMC ( F i g . 3 ) .  

Both  compounds w e r e  added  a s  t h e i r  sodium s a l t s  t o  so- 

l u t i o n s  of d i f f e r e n t  c o n c e n t r a t i o n s  of  c e t r i m i d e  (below 

and above t h e  CMC). W i t h t h e  o f f s e t  o f  t h e  c o n d u c t o m e t e r  

t h e  c o n t r i b u t i o n  of t h e  c e t r i m i d e  i t s e l f  t o  t h e  con-  

d u c t a n c e  w a s  c o r r e c t e d  f o r .  

The e l u e n t s  u s e d  i n  t h i s  s t u d y ,  c o n t a i n  compara-  

t i v e l y  h i g h  c o n c e n t r a t i o n s  of  i o n i c  s u b s t a n c e s ;  t h i s  

would p r e v e n t  t h e  measurement o f  small c h a n g e s  i n  con-  

d u c t i v i t y ,  so p u r e  water -methanol  m i x t u r e s  were u s e d .  

F i g u r e  4 shows t h e  increase i n  s p e c i f i c  c o n d u c t i v i -  

t y ,  Ak e x p r e s s e d  i n  S.cm-’*mol-l*kg, o f  d i f f e r e n t  c e t r i -  

mide c o n t a i n i n g  s o l u t i o n s  a f t e r  t h e  a d d i t i o n  o f  so- 

dium s a l i c y l a t e  o r  sodium m-hydroxy b e n z o a t e .  I t  i s  

a p p a r e n t  from t h e s e  f i g u r e s  t h a t  i n  s o l v e n t s  c o n t a i n -  

i n g  up t o  30% methanol  a minimum v a l u e  f o r  Ak e x i s t s ,  

which c o i n c i d e s  w i t h  t h e  CMC o f  ce t r imide ,  d e t e r m i n e d  

a t  e a c h  of  t h e s e  methanol  c o n c e n t r a t i o n s .  T h e r e  i s  ob- 

v i o u s l y  an  i n t e r a c t i o n  be tween s a l i c y l a t e  ( a n d  m-hydro- 
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1980 SOREL, HUISHOFP, AND WIERSEMA 

xy b e n z o a t e )  and  c c t r i m i d e  be low t h e  CMC, f o r  o t h e r w i s e  

Ak s h o u l d  be  t h e  same v a l u e  a t  e a c h  c e t r i m i d e  concen-  

t r a t i o n ,  r e s u l t i n g  i n  a h o r i z o n t a l  s t r a i g h t  l i n e .  

B i d l i n g m e y e r  c t  a l .  ( 2 0 )  a l s o  u s i n g  c o n d u c t i m e t r i c  

e x p e r i m e n t s ,  found  n o  i n t e r a c t i o n s  be tween  o c t a n e  s u l -  

p h o n a t e  and  o c t y l  amine ( a n d  some d r u g s )  i n  wa te r -me tha -  

n o 1  m i x t u r e s .  However, Me lande r  e t  a l .  ( 2 1 ) , u s i n g  t h e  

d a t a  of  B i d l i n g m e y e r  e t  a l .  ( 2 0 ) ,  c o n c l u d e d  t h a t  i o n -  

p a i r  f o r m a t i o n  c a n  n o t  b e  e x c l u d e d .  

I n  o u r  s t u d y  t h e  v a l u e s  f o r  Ak were f o u n d  t o  i n c r e a s e  

above  t h e  CMC, p r o b a b l y b y  p a r t i t i o n i n g  of t h e  s o l u t e s  

be tween  t h e  micel les  and  t h e  b u l k  s o l u t i o n ,  r e s u l t i n g  

i n  a bromide (mice l le  c o u n t e r - i o n )  release. From t h e  

I i t e r a C u r e  ( 2 2 )  it i s  known t h a t  a n i o n s  a re  able  t o  

release b romide  from c e t r i m i d c  miccl les .  The o b s e r v e d  

i n c r e a s e  i n  Ak i s  more p ronounced  f o r  s a l i c y l a t e  t h a n  

f o r  m-hydroxy b e n z o a t e ,  so t h i s  phenomenon o f f e r s  a 

p o s s i b l e  e x p l a n a t i o n  f o r  t he  d e c r e a s e  of k '  o f  s a l i c y -  

l a t e  as  compared w i t h  m-hydroxy b e n z o a t e .  

Assuming t h a t  below t h e  CMC of cetrimide i o n - p a i r  

f o r m a t i o n  o c c u r s ,  t h e o r e t i c a l l y  t h e  i o n - a s s o c i a t i o n  

c o n s t a n t , K .  c a n b e  c a l c u l a t e d  f rom t h e  measu remen t s  in 

t h e  f o l l o w i n g  way: 
1 P' 

Fo r  i o n - p a i r  f o r m a t i o n  t h e  f o l l o w i n g  e q u a t i o n  c a n  

b e  w r i t t e n ,  

f 
CTA+ + s- -, CTAS 
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REVERSED PHASE HF'LC WITH CETRIMIDE 1981 

and  
[CTAS] C .  

K ,  =--=a 
1P 

[CTA+J [ s g  c .C 

where [CTA'] = C i s t h e  c e t r i m i d e  c a t i o n  c o n c e n t r a t i o n ,  

[S-1 = C 1  i s  t h e  s o l u t e  a n i o n  c o n c e n t r a t i o n  and  [CTAS] = 

C i s  t h e  c o n c e n t r a t i o n  of  t h e  i o n - p a i r  (all. i n  mol-kg-'1. 
i P  

F o r  t h e  s p e c i f i c  c o n d u c t i v i t y ,  k ,  t h e  f o l l o w i n g  

e q u a t i o n  c a n  be w r i t t e n ,  when n o  i o n  a s s o c i a t i o n  o c c u r s ,  

( 2 )  
1 k x 1 0 0 0  = ACTABr C + A N a S *  C 

and !INaS a r e  t h e  e q u i v a l e n t  c o n d u c t i v i t i e s  where 'CTABr 

o f  C T A B r  and NaS r e s p e c t i v e l y .  

The f o l l o w i n g  e q u a t i o n  f o r  K c a n  b e  d e r i v e d ,  i n  
i P  

an  a n a l o g o u s  way as  w a s  done by Tomlinson a n d  Davis 

(231, u s i n g  K o h l r a u s c h ' s  l a w  of t h e  i n d e p e n d e n t  migra-  

t i o n  of i o n s  and  t h e  Law of Mass A c t i o n .  

1 0 0 0  *Ak 
(31 X C T A +  + x - 

1 (cl - 
S K ,  =--- 

I 
'CTA+ + Is-  

1000-Ak 1 0 0 0  *Ak 1P 

'CTA+ + I s -  
(c - 

where I i s  t h e  e q u i v a l e n t  c o n d u c t i v i t y  f o r  e a c h  i o n .  

The v a l u e  Ak c a n  be c a l c u l a t e d  from ACTABr and 

A N a S  which are d e t e r m i n e d  s e p a r a t e l y ;  f rom t h e  sum of 

t h e s e  two v a l u e s  t h e  measured v a l u e  of k ,  o b t a i n e d  a f -  

t e r  a d d i t i o n  of NaS t o  t h e  c e t r i m i d e  s o l u t i o n ,  i s  sub-  

t r a c t e d .  The v a l u e s  XCTA+and h - c a n  b e  o b t a i n e d  by 
S 
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1982 SOREL , HULSHOFF, AND WIERSEMA 

s u b t r a c t i n g  t h e  e q u i v a l e n t .  c o n d u c t i v i t i e s  of bromide 

and sodium i o n s  ( 2 4 )  from ACTABr and /INaS, r e s p e c t i v e l y .  

However, w i t h  t h e  a v a i l a b l e  equipment  t h e  s t a n d a r d  

d e v i a t i o n s  o b t a i n e d  f o r  measured values w e r e  s u c h ,  t h a t  

t h e , c o m p a r a t i v e l y  small  Ak v a l u e s  l a c k e d  s u f L i c i e n t  p r c -  

c i s i o n  t o  a l l o w  t h e  d e t e r m i n a t i o n  of r e l i a b l e  K .  v a l u e s .  

T h i s  w a s  a l s o  c o n c l u d e d  by Melander e t  a l .  ( 2 1 )  f o r  t h e  

o c t y l  amine - o c t y l  s u l f o n a t e  s y s t e m .  F o r  i n s t a n c e  i n  

w a t e r  t h e  K f o r  c e t r i m i d e  s a l i c y l a t e  was found t o  be 

2 x 1 0  kcymol-l a t  0 .01% c e t r i m i d e  and  2 x l o 4  kg-mol-l 

a t  0 . 0 2 %  c e t r i m i d c .  

1P 

iP 
3 

The c o n c l u s i o n s  from t h e s e  c o n d u c t i m e t r i c  e x p e r i m e n t s  

a re  t h e r e f o r e  q u a l i t a t i v e  i n  n a t u r e .  Below t h e  CMC i n -  

t e r a c t i o n  between c e t r i m i d e  and t h e  s o l u t e  a n i o n s  i n  

t h e  mobi le  p h a s e  seems l i k e l y ,  p a r t i c u l a r l y  a t  lower 

met han o 1 con c e n t r il t i o n  s . 
Above t h e  CMC of c e t r i m i d e  t h e  r e s u l t s  suggest .  t h e  p a r -  

t i t i o n i n q  of s o l u t e s  between micelles and b u l k  p h a s e ;  

f o r  s a l i c y l a t e  t h c  i n t e r a c t i o n  w i t h  t h e  micelles is  

more pronounced t h a n  € o r  m--hydroxy b e n z o a t e ,  t h e  de-  

c r e a s e  i n  k' of  s a l i c y l a t e  r e l a t i v e  t o  m-hydroxy benzo- 

a t e  c o u l d  be  e x p l a i n e d  i n  t h i s  way. 
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