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ADSORPTION OF TETRALKYL AMMONIUM 
IONS ON REVERSED-PHASE HPLC COLUMNS 

M. E. Del Rey and L. E. Vera-Avila* 
A naly tical Chemistry Depart men t 

Facultdad de Quimica 
Wniversidad Nacional Autonoma de Mkxico 

0451 0 M&xico, D.F. 

ABSTRACT 

A s y s t e m a t i c  s t u d y  of t h e  i n f l u e n c e  o f  several 
chromatographic  p a r a m e t e r s  upon a d s o r p t i o n  of  t e t r a l k y l  ammonium 
i o n s  on reversed-phases  h a s  been made. R e s u l t s  show t h a t  o r p a n i c  
s o l v e n t  c o n t e n t  i n  mobile  phase ,  t e t r a l k y l  ammonium hydrophobic i ty  
and t e t r a l k y l  ammonium c o n c e n t r a t i o n  i n  e l u e n t  are t h e  most 
i n f l u e n t  v a r i a b l e s .  A mathematical  e x p r e s s i o n  t o  c a l c u l a t e  t h e  
adsorbed i o n  c o n c e n t r a t i o n  f o r  d i f f e r e n t  combinat ions of t h e s e  
v a r i a b l e s  i s  deduced. R e s u l t s  from t h i s  s t u d y  can  be. a p p l i e d  i n  
Ion  P a i r  Reversed-Phase Chromatography t o  c a l c u l a t e  column 
e q u i l i b r a t i o n  t i m e s ,  f o r  s e t t i n g ,  p - a d i e n t  e l u t i o n  s e p a r a t i o n  
methods and for t h e  s t u d y  of  r e t e n t i o n  mechanisms. 

INTRODUCTION 

Ion P a i r  Reversed-Phase Chromatography (RP-IPC) i s  a c t u a l l y  a 

t e c h n i q u e  o f  common use f o r  t h e  s e p a r a t i o n  of  i o n i c  compounds. The 

mobile  phase i s  composed, Renera l ly  , of water-methanol o r  water- 

a c e t o n i t r i l e  mixtures w i t h  pH and i o n i c  c o n c e n t r a t i o n  a d j u s t e d  by 

a d d i t i o n  of b u f f e r s  and salts. S p e c i a l l y  impor tan t  for t h e  

s e p a r a t i o n  of i o n i c  solutes are t h e  i o n s  o f  o p p o s i t e  charge 
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2912 DEL REY AND VERA-AVILA 

present  i n  t h e  mobile phase.  These i o n s  have r e c e i v e d  many 

d i f f e r e n t  names [ c o u n t e r i o n s  (11, h e t a e r o n s  (2) ,  i o n - i n t e r a c t i o n  

r e a g e n t s  (3) and s o  o n ]  which shows t h e  u n c e r t a i n t y  e x i s t i n g  about  

t h e  r e t e n t i o n  mechanism o p e r a t i n g  i n  t h e s e  sys tems.  I n  t h e  p r e s e n t  

work we w i l l  c a l l  them c o u n t e r i o n s .  

For t h e  s e p a r a t i o n  o f  i o n i c  compounds whose molecules  have 

small hydrocarbonate  s u r f a c e s ,  t h e  counter ions  i n  t h e  mobile phase 

w i l l  have t o  be compounds w i t h  a s t r o n g  hydrophobic i ty  such  as 

a l k y l  s u l p h a t e s  o r  a l k y l  s u l p h o n a t e s  f o r  c a t i o n i c  s o l u t e s  o r  

t e t r a l k y l  ammonium i o n s  f o r  a n i o n i c  s o l u t e s .  S e v e r a l  i n v e s t i g a t o r s  

have proved t h a t  t h i s  t y p e  o f  i o n s  do adsorb  by hydrophobic e f f e c t  

on t h e  s u r f a c e  o f  t h e  s t a t i o n a r y  phase ( L - 6 ) .  
The p r o c e s s  o f  a d s o r p t i o n  o f  c o u n t e r i o n s  has  s e v e r a l  

i m p l i c a t i o n s  : 

F i r s t ,  it can be deduced t h a t  t h e  mobile  phase volume r e q u i r e d  f o r  

r e a c h i n g  c o l ~ m  e q u i l i b r i u m  w i l l  change wi th  t h e  mobile phase 

composi t ion because o f  changes i n  t h e  a d s o r p t i o n  i s o t h e r m  o f  t h e  

c o u n t e r i o n .  b o x  e t  a1 ( 7 )  r e p o r t e d  a case  where e q u i l i b r i u m  was 

reached a f te r  passage  o f  8 L o f  mobile  phase through t h e  column. 

Then, when s e t t i n g  a s e p a r a t i o n  method f o r  r o u t i n e  v o r k  by RP-IPC 
w i t h  p a d i e n t  e l u t i o n ,  a main requirement  is r e p r o d u c i b i l i t y  b u t  

it i s  a l s o  very impor tan t  t h a t  t h e  t i m e  f o r  going: back t o  i n i t i a l  

c o n d i t i o n s  be as s h o r t  as p o s s i b l e .  Never the less  d u r i n g  t h e  

developpment of t h e  g r a d i e n t  t h e r e  w i l l  be chanees I n  t h e  

c o n c e n t r a t i o n  of adsorbed c o u n t e r i o n  so  t h a t  t h e  r e p r o d u c i b i l i t y  

w i l l  depend on t h e  k i n e t i c s  o f  t h e  d e s o r p t i o n  p r o c e s s  f o r  t h i s  

s p e c i e s .  B e s i d e s ,  i f  i n i t i a l  and f i r . a l  c o n d i t i o n s  o f  p a d i e n t  

correspond t o  very  d i f f e r e n t  concent ra t  ions  o f  adsorbed counter -  

i o n , t h e  t i m e  r e q u i r e d  t o  r e t u r n  t o  i n i t i a l  c o n d i t i o n s  may be 

f a i r l y  lonF.  

F i n a l l y ,  t 3  s t u d y  t?,e r e t e n t i o n  mecksnisrr. i n  FP-IPC i s  n e c e s s a r y  

a knowledge o f  t h e  p r e v i o u s  s t a t e  of t h e  s t a t i o n a r y  phase ,  t h a t  

is, t h e  adsorbed c o u n t e r i o n  c o n c e n t r a t i o n  b e f o r e  i n j e c t i o n  o f  

s o l u t e s ,  which would be v e r y  d i f f e r e n t  w i t h  d i f f e r e n t  exper imenta l  

c o n d i t i o n s .  
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ADSORPTION OF TETRALKYL AMMONIUM IONS 2913 

T h i s  d i s c u s s i o n  shows t h e  importance of t h e  s tudy  o f  

a d s o r p t i o n  of heavy c o u n t e r i o n s  on reversed-phase columns. Even 

i f  many i n v e s t i u a t o r s  have publ i shed  a d s o r p t i o n  i so therms of some 

counter ions  w i t h  several mobile  phase composi t ions (4 ,6-13), a 

more complete  and s y s t e m a t i c  s t u d y  of  t h i s  p r o c e s s  i s  s t i l l  

necessary .  

Here w e  p r e s e n t  t h e  r e s u l t s  of t h e  s t u d y  o f  t e t r a l k y l  

ammonium i o n s  a d s o r p t i o n  on  reversed-phase columns. We have 

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

c o n c e n t r a t i o n .  A r e l a t e d  s t u d y  for  a n i o n i c  c o u n t e r i o n s  h a s  been 

p u b l i s h e d  e l s e w h e r e  (10) .  

EXPERIMENTAL 

I n s t r u m e n t a t i o n  and Chrornatomaphic Procedures  

The l i q u i d  chromatograph used c o n s i s t e d  of a Perkin-Elmer 

3 B  S e r i e s  Pump System, a Model 7105 Rheodyne i n j e c t o r ,  a Model 

R 401 Waters refract ive i n d e x  d e t e c t o r  and a Perkin-Elmer Model 

023 r e c o r d e r .  Column t e m p e r a t u r e  was f i x e d  a t  40' C by means o f  

a Perkin-Elmer Model LC-100 oven. A l l  mobile phases  were deRassed 

b e f o r e  use  i n  an u l t r a s o n i c  b a t h  (Branson Ins t ruments  Model D-50). 
The columns of  Lichroma t u b i n g  (15  cm x 4.6 mm i . d . )  were 

homepacked w i t h  a 5 ) ~  C 18 i r r e g u l a r  shaped reversed-phase p a c k i n g  

S u p e l c o s i l  LC-7 (250 m /g , s u p p l i e r  d a t a ) .  Elementary a n a l y s i s  

o f  packinF showed a carbon c o n t e n t  o f  13.6% which cor responds  t o  

a 0.63 m o l / g  c o n c e n t r a t i o n  o f  C 18 c h a i n s  chemical ly  bounded t o  

s i l i c a .  The weigkt  o f  p a c k i n g  i n  t h e  columns w a s  1 . 2 4  g - 2% 

(from a 5 column a n a l y s i s ) .  These columns were used i n  a lmost  a l l  

t h e  exper iments  e x c e p t  f o r  t h e  s t u d y  of t h e  e f f e c t  o f  d i f f e r e n t  

sa l t s  on  c o u n t e r i o n  a d s o r p t i o n  where t h e  packing  was i r r ep la r  

shaped 5)1 R s i l  C 18 HL ( A l l t e c h )  w i t h  a carbon content  o f  16 % 
( s u p p l i e r  d a t a ) .  The weight of p a c k i n g  i n  the column w a s ,  i n  t h i s  

case, 1.45 g .  For t h e  s u l f a '  s e p a r a t i o n  we used a prepacked 10L1 

Lichrosorb  RP 8 column (25cm x 4.6mm i . d .  k o m  Chromapon I n c .  1. 
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2914 DEL REY AND VERA-AVILA 

The void  volume of t h e  chromatop;raphic system w a s  measured 

f o r  every composition of mobile phase (without counterion present  ) 

by i n j e c t i o n  of a NaN03 so lu t ion .  This volume var ied  s i g n i f i c a -  

t i v e l y  wi th  changes i n  a c e t o n i t r i l e  content i n  t h e  mobile phase 

(Table 1). Changes i n  o the r  mobile phase va r i ab le s  (sal t  content 

o r  s a l t  t y p e )  d i d  not modify apprec iab ly  t h e  void volume. 

The adsorbed t e t r a l k y l  ammonium ion  concentration was 

evaluated by means of t h e  mobile phase volume passed through t h e  

column u n t i l  t h e r e  w a s  a de tec t ion  of t h e  migration f r o n t  of t h e  

counterion by r e f r a c t i v e  index ( 5 ) .  It w a s  poss ib le  t o  de t ec t  

migration f r o n t s  with counterion concent ra t ions  i n  mobile phase 

l o w  M. 
For each experiment, before pass ing  t h e  mobile phase with 

counterion, t h e  column was pre-equi l ibra ted  with a so lvent  o f  t h e  

same composition but without counterion. After each experiment,  

t h e  column was washed with 40 mL o f  pure methanol i n  order  t o  

e l imina te  a l l  counterion from t h e  s t a t i o n a r y  

The tetralwl ammonium concent ra t ion  i n  

was c a l c u l a t e d  *om each experiment wi th  t h e  

(Vf - yo) . + [C+lst  = rc Im 
Wst 

TABLE 1 

phase. 

t he  s t a t i o n a r y  phase 

following r e l a t i o n :  

Variation of Void Volume with A c e t o n i t r i l e  Content i n  Mobile Phase 

Conditions: column (15cmx4.6mm i . d . )  packed with 5u Supelcos i l  
LC-7; mobile phase ace ton i t r i l e -wa te r  (pH=7), 
conta in ing  0.25 M ammonium a c e t a t e ;  temperature 4OoC. 

% a c e t o n i t r i l e  (v /v )  vo id  volume (mL) 

40 
35 
30 
25 
20 
10 

1.98 
2.04 
2.14 
2.16 
2.22 
2.35 
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ADSORPTION OF TETRALKYL AMMONIUM IONS 2915 

+ 
where [ C  I s t ,  i s  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  t h e  s t a t i o n a r y  

phase (mmol/g), [C Im i s  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  ir.  t h e  

mobile phase  (mmol/mL), Vf i s  t h e  mobile  phase volume passed  

t h r o u g h  t h e  column u n t i l  e l u t i o n  o f  t h e  m i g r a t i o n  fr0r . t  (mL), 
V i s  t h e  v o i d  volume o f  t h e  chromatographic  system (a) and 

Wst i s  the  mean packing  weight  i n  t h e  column ( 6 ) .  

+ 

0 

S t a n d a r d  and Re agents  

A n a l y t i c a l  grade a c e t o n i t r i l e  and methanol  w e r e  from Merck. 

Water w a s  b i d i s t i l l e d  and degassed t h o r o u g h l y  by vacuum. The 

bromide sa l t s  of t e t r a e t h y l  ammonium (TEA), t e t r a p r o p y l  ammonium 

(TPA), t e t r a b u t y l  ammonium (TBA) and t e t r a h e x y l  ammonium (THA) 

were purchased  from Eastman Chemicals. S a l t s  added t o  t h e  mobile  

phase ,  sodium s u l p h a t e  (Baker ) ,  mono and disodium phosphates  

(Merck) , c i t r i c  a c i d  (Merck) and c r o t o n i c  a c i d  (Eastman Chemicals)  

were a n a l y t i c a l  g rade .  The sodium hydroxide  used w a s  from 

React ivos  Qufmicos Monterrey. The s u l f a  d r u g s  were o b t a i n e d  from 

L a b o r a t o r i o  C e n t r a l  de l a  Direcc i6n  Genera l  d e  Aduana!s. 

Mobile phases  were prepared  i n  v o l u m e t r i c  f l a s k s  t a k i n g  

a l i q u o t s  from concent ra ted  s o l u t i o n s  o f  t e t r a l k y l  ammonium i o n s  

and o f  i n o r g a n i c  salts  and adding  t h e  r e q u i r e d  volume o f  water 

and a c e t o n i t r i l e .  The s o l v e n t s  t o  p r e - e q u i l i b r a t e  t h e  column were 

p r e p a r e d  i n  a similar way but  wi thout  t h e  c o u n t e r i o n .  All mobile 

phases  were degassed i n  an u l t r a s o n i c  b a t h  b e f o r e  use. 

The c o n c e n t r a t e d  s o l u t i o n  o f  t e t r a l k y l  mrnriium i o n s  were 

p r e p a r e d  d i s s o l v i n g  t h e  c a l c u l a t e d  amsunt of t?.e bromide s a l t  i n  

water t o  g i v e  a c o n c e n t r a t i o n  o f  lo-' M. For THA, which is 

s p a r i n g l y  s o l u b l e  i n  water, t h e  "concent ra ted"  s o l u t i o n  w a s  lom3 

M. Concentrated s o l u t i o n s  of  t h e  salts were prepared  d i s s o l v i n g  

t h e  c a l c u l a t e d  amount of the  salt (sodium s u l p h a t e  or ammonium 

a c e t a t e )  , t h e  m i x t u r e s  of  salts (mono and disodium p h o s p h a t e s )  

or  t h e  a c i d  ( c r o t o n i c  or c i t r i c  a c i d )  i n  water and adJus t inp ,  the  

pH t o  7 w i t h  a NaOH s o l u t i o n .  For  t h e  ammonium a c e t a t e  s o l u t i o n  
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2916 DEL REY AND VERA-AVILA 

where it w a s  n e c e s s a r y  t o  know t h e  c o n c e n t r a t i o n  v i t k  bet ter  

p r e c i s i o n ,  a t i t r a t i o n  w a s  made u s i n g  t h e  formaldehide method 

(11). 

RESULTS 

Adsorption I so therms o f  T e t r a l k y l  Ammonium Ions 

F igure  1 shows t h e  a d s o r p t i o n  i s o t h e r m s  o f  TBA and TPA i o n s  

at 4 O o C  usinR a water r i c h  mobile  phase w i t h  a c o n s t a n t  axmonium 

a c e t a t e  c o n c e n t r a t i o n  t o  f i x  pH and i o n i c  s t r e n g t h .  The two i o n s  

fol low a P r e u n d l i c h  type a d s o r p t i o n  i s o t h e r m  d e s c r i b e d  by t h e  

mathematical  r e l a t i o n  : 

where A ,  B and A'  are c o n s t a n t s .  

When t h e  t e t r a l k y l  ammonium c o n c e n t r a t i o n  i n  t h e  p a t i o n a r y  

phase r a i s e d  over  a v a l u e  o f ,  approximate ly ,  0.12 mmol/~ t h e  

r e l a t i o n  2 w a s  no l o n g e r  obeyed and a r a p i d  and i r r e v e r s i b l e  

degrading  o f  t h e  column w a s  observed  ( i . e .  a dramat ic  l o s t  o f  

e f f i c i e n c y  fol lowed by p i c  d e d o u b l i n g ) .  T h i s  l i m i t i n g  v a l u e  o f  

overcharge  o f  t h e  s t a t i o n a r y  phase w i t h  c o u n t e r i o n  cor responds  

t o  about one TBA molecule  f o r  each  f i v e  hydrocarbonate  c h a i n s .  

It w a s  not  p o s s i b l e  t o  o b t a i n  t h e  i so therms f o r  TEA,because 

o f  a very  weak a d s o r p t i o n ,  o r  f o r  THA,wkich h a s  a l o w  s o l u b i l i t y  

i n  mobile phases  and consequent ly  a very  s t r o n e  a d s o r p t i o n  on 

t h e  non po le r  pkJase t h a t  r a p i d l y  o v e r p a s s e s  t h e  s t a b i l i t y  l i m i t  

mentionned b e f o r e .  

A c e t o n i t r i l e  Content i n  Mobile Phase 

TBA a d s o r p t i o n  w a s  measured for s e v e r a l  a c e t o n i t r i l e  

conten ts  i n  t h e  mobile  phase ,  all o t h e r  v a r i a b l e s  b e i n g  f i x e d .  

Resul t s  f o r  two d i f f e r e n t  sets of e p e r i m e n t s  are showed i n  
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FIGURE 1. Adsorption Isotherms of Te t r a lky l  Ammonium Ions 

Conditions: column (l5cm x k.6mm i . d . )  packed wi th  5v Supelcos i l  
LC-7; mobile phase ace ton i t r i l e -wa te r  (pH=?) 10:90 V/Y,  conta in ing  
( A )  TPA and 0.31 M ammonium a c e t a t e ,  (B) TEA and 0.25 M ammonium 
ace ta te ;  Temperature 4 O o C .  

Regess ion  Equations : 
+ 

(r=O. 998) + 
( A )  lOg[C Ist = - 0.18k + 0.577 l O g [ C  Im 
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2918 DEL REY AND VERA-AVILA 

M w e  2. I n  both o f  them t h e  counterion behaviour i s  wel l  

expressed by t h e  r e l a t i o n :  

where, X and Y a r e  cons tan ts  f o r  a given s e t  o f  experiments and 

QOrg i s  t h e  a c e t o n i t r i l e  volume f r a c t i o n  i n  t h e  mobile phase. 

Carbon Atoms i n  Counterion Molecule 

Because o f  t h e  mentionned problems wi th  THA and TEA, it was 

only poss ib l e  t o  make t h e  two following s e t s  of experiments: 

In  t h e  first s e t  TPA, TBA and THA adsorp t ion  w a s  measured us ing  a 

r i c h  a c e t o n i t r i l e  mobile phase and a low counterion concentration. 

In  t h e  second set we  measured TEA, TPA and TBA adsorption i n  a 

water r i c h  mobile phase and a low counterion concentration so as 

t o  make it poss ib le  t o  observe a counterion migration f ron t  a t  an 

e l u t i o n  volume w e l l  d i f f e r e n t i a t e d  from system void volume. 

Results from t h e s e  s t u d i e s  can be seen i n  Figure 3. 

Counterion adsorption can be expressed by t h e  relatidn: 

where, C and D are cons tan ts  for a given s e t  of experiments and 

NC i s  t h e  number of carbon atoms i n  t h e  counterion molecule. 

Sa l t  Concentration i n  Mobile Phase 

E w e  4 shows t h e  c h a n ~ e s  produced i n  counterion adsorp t ion  

with vary ing  ammonium a c e t a t e  concent ra t ion  i n  t h e  mobile phase. 

In  t h e  three sets of experiments t h e  behaviour o f  t h e  counterion 

can be ad jus t ed  by t h e  l i n e a r  r e a l t i o n :  

+ 
log [C Ist = P + R l o g [ s a l t I m  

where, P and R are cons tan ts  for a given set and [ s a l t I m  is  t h e  

molar salt  concent ra t ion  i n  t h e  mobile phase. 

The concent ra t ion  sal t  range s tud ied  corresponds t o  bu f fe r  

concent ra t ions  commonly used i n  RP-IPC t o  f i x  pH and i o n i c  
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-1.0 - 

-1.5 ' c, m 

M 
0 
rl 

-2.0 . 

I I I 1 
0.1 0.2 0.3 0.4 

'or g 

FIGURE 2 .  Adsorp t ion  as a F'unction of t h e  A c e t o n i t r i l e  Content i n  

Condi t ions :  column ( l5cm x 4.6mm i . d . 1  packed w i t h  5p  S u p e l c o s i l  
LC-7; mobile phase a c e t o n i t r i l e - w a t e r  (pH=7) c o n t a i n i n g ,  
( A )  0.004 M TBA ( B )  0.0006 M TBA; and 0.25 M ammonium a c e t a t e ;  
temperature hO°C. 

Regress ion  Equat ions  : 

t he  Mobile Phase. 

+ 
(A) l o g  [ C  Ist = - 0.812 - 2.05 Oorg 
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2920 DEL REY AND VERA-AVILA 

-2.0 

-2.5 

-3.0 + 
U 

M 
0 
d 

u 

-3.5 

-4.0 

1 I 1 I I 
8 12 16 20 24 

NC 

FIGUFE 3. Adsorp t ion  as a Punct ion o f  the Nwnber of Carbon A t o m s  

Condi t ions:  column (l5cm x 4.6mm i . d . )  packed w i t h  5p S u p e l c o s i l  
LC-7; mobile  phase a c e t o n i t r i l e - w a t e r  (pH=7), ( A )  40:60 v/v, 
(B) 13:w v/v; c o n t a i n i n g  0.25 M ammonium a c e t a t e  and 0.0001 M 
T e t r a l k y l  ammonium i o n ;  Temperature 40°C 

i n  t h e  T e t r a l k y l  Ammonium Ion  Molecu le .  

Regression Equat ions : 

( A )  log[C+Ist = -5.21 + 0.144 NC 
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-1.25 

-1.45 

1 I I 
-1 .3 -1.0 -0.7 -0: L 

log [ s a l t I m  

FIGURE 4. Adsorption as a Function o f  t h e  S a l t  Concentration i n  
t h e  Mobile Phase. 

Conditions: column (15cm x 4.6mm i . d . )  packed with 511, ( A )  and ( C )  
Supelcos i l  LC-7 (B) R s i l  C 18 HL; mobile phase a c e t o n i t r i l e - v a t e r  
(pH=7), ( A )  1O:W v/v, (B) and (C) 20:80 vjv; conta in ing  0.002 M 
TBA and ammonium a c e t a t e ;  Temperature b o C .  
Regression Equations : 

( A )  log[C+Ist = -1.136 + 0.097 l o g [ s a l t l m  

(B) log[C+Ist = -1.282 + 0.149 lop;[saltIm 

( C )  log[C Ist = -1.383 + 0.099 l ~ g [ s a l t ] ~  

(rd. 9981 

( r d  . 990 1 

(r=~. 986) + 
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2922 DEL REY AND VERA-AVILA 

s t r e n g t h  of t h e  mobile phase. It can be observed t h a t  i n  t h i s  

v a r i a t i o n  range t h e  e f f e c t  o f  sa l t  concent ra t ion  changes on 

counterion adsorp t ion  i s  very small en  r e l a t i o n  t o  o thers  

v a r i a b l e s ’  e f f e c t  s tud ied  before.  

S a l t  Type 

For t h i s  p a r t  we considered t h a t  t h e  e f f e c t  o f  s a l t s  i n  t h e  

mobile phase on t h e  t e t r a l k y l  ammonium adsorption i s  given by 

t h e  anion of  t h e  sa l t .  I n  f a c t ,  adsorbed counterions a t t r a c t  

toward t h e  s t a t i o n a r y  phase oppos i te  charge ions  forming a 

double l a y e r ,  charged surface-ionic c loud ,  e l e c t r i c a l l y  n e u t r a l .  

I n  a l l  t h e  experiments we used a 0.04 M concentration o f  

t h e  chosen anion i n  combination wi th  a 0.01 M concentration of  

ammonium a c e t a t e .  The l a t t e r  w a s  used i n  order  t o  f i x  pH i n  t h e  

mobile phase. Experimental r e s u l t s  are shown i n  Table 2. 

Results show t h a t  TBA adsorp t ion  inc reases  with anion type  

i n  t h e  fo l lowing  order :  

which means t h a t  counterion adsorp t ion  rises wi th  charge and 

hydrophobicity o f  oppos i te  charge i o n s  i n  t h e  mobile phase, but 

t h i s  e f f e c t  is r a t h e r  weak. 

TABLE 2 

TBA Adsorption wi th  Dif fe ren t  S a l t s  i n  t h e  Mobile Phase. 

Conditions: column (15cm x4.6mm i .d.)packed with 5p R s i l  C 18 
HL; mobile phase ace ton i t r i l e -wa te r  (pH=7) 20 :80 
v /v ,  conta in ing  0.002 M TBA, 0.01 M ammonium ace ta t e  
and 0.04 M s tudied  anion sa l t ;  temperature 40°C. 

Studied a c e t a t e  su lpha te  phosphate c ro tona te  c i t r a t e  
anion 

ads orbed 

a O l / R  
TBA 0.0327 0.0364 0 .0391 0.0424 0.0435 
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DISCUSSION 

It has been observed t h a t ,  i n  t h e  u s u a l  ranges  o f  v a r i a t i o n  

o f  t h e  s t u d i e d  parameters ,  t h e  most impor tan t  e f f e c t s  on t h e  

a d s o r p t i o n  o f  t e t r a l k y l  ammonium i o n s  on reversed-phases  are 

given by v a r i a t i o n s  i n  t h e  a c e t o n i t r i l e  c o n t e n t  and c o u n t e r i o n  

c o n c e n t r a t i o n  of t h e  mobile phase as w e l l  as by changes i n  t h e  

c o u n t e r i o n  carbon number. 

A c e t o n i t r i l e  conten t  and c o u n t e r i o n  carbon number e f f e c t s  

are  t y p i c a l  o f  reversed-phases  and t h u s  t h e y  are r e l a t e d  t o  t h e  

hydrophobic  e f f e c t  r e s p o n s i b l e  o f  s o l u t e  r e t e n t i o n  i n  t h i s  t y p e  

of p h a s e s .  S e v e r a l  i n v e s t i g a t o r s  have observed  l i n e a r  r e l a t i o n s  

between log k '  and t h e  carbon number i n  s o l u t e  molecules  f o r  

homologue ser ies  (12-13) i n  reversed-phases .  A l i n e a r  r e l a t i o n  

between t h e  o r g a n i c  s o l v e n t  volume f r a c t i o n  i n  t h e  mobile  phase 

and l o g  k '  has  a l s o  been observed  (13-15). 

F r e u n d l i c h  a d s o r p t i o n  i s o t h e r m s  have been p u b l i s h e d  b e f o r e  

f o r  l i n e a r  c h a i n  an ions  as a l k y l  s u l p h a t e s  and a l k y l  s u l p h o n a t e s  

(9-10) and f o r  l i n e a r  c h a i n  c a t i o n s  as i o n i c  a l k y l  m i n e s  and 

c e t r i m i d e  (4,6). O u r  r e s u l t s  show t h a t  t h i s  t y p e  o f  i s o t h e r m  i s  

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

m o n i u m ,  t h e r e f o r e  it seems t h a t  a l l  heavy i o n s  f o l l o w  a 

F r e u n d l i c h  a d s o r p t i o n  i s o t h e r m  on reversed-phases  , independent ly  

o f  t h e i r  s t r u c t u r e .  

Our r e s u l t s  can be compared w i t h  t h o s e  o b t a i n d  by J . T .  

Davies (16 )  i n  h i s  s t u d y  o f  t h e  a d s o r p t i o n  o f  i o n i c  s u r f a c t a n t s  

at t h e  o i l - w a t e r  i n t e r f a c e .  He observed  F r e m d l i c h  t y p e  i so therms 

and proposed t h a t  t he  e l e c t r i c a l  p o t e n t i a l  e x i s t i n g  between t h e  

charned i n t e r f a c e  and t h e  a s s o c i a t e d  i o n i c  c loud  w a s  r e s p o n s i b l e  

f o r  t h i s  behaviour .  With t h i s  base  Davies developped t h e  f o l l o w i n g  

r e l a t i o n :  

l op  n = A + BNc + C log[SIvater + D 1oR[saltlwater 

vhere ,  A, B, C and D are c o n s t a n t s ,  [SIwater i s  t h e  m o l a r  i o n i c  

surfactant c o n c e n t r a t i o n  i n  w a t e r ,  [ s a l t  Iwater is t h e  t o t a l  m o l a r  
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2924 DEL REY AND VERA-AVILA 

monovalent e l e c t r o l y t e  c o n c e n t r a t i o n  i n  w a t e r  and n i s  t b e  

number o f  adsorbed s u r f a c t a n t  molecules  p e r  s u r f a c e  u n i t .  

The s t r o n g  s i m i l a r i t y  between Davies e q u a t i o n  ( h )  and OUT 

own r e s u l t s  ( e q u a t i o n s  2 ,  4 and 5 )  has  brought  us  t o  propose t h a t  

f o r  t h e  s t u d y  o f  t h e  RP-IPC r e t e n t i o n  mechanism, t h e  format ion  

o f  an e l e c t r i c a l  double  l a y e r  a t  t h e  s t a t i o n a r y  phase-e luent  

i n t e r f a c e  has  t o  be c o n s i d e r e d .  

The weak e f f e c t  observed f o r  s a l t  c o n c e n t r a t i o n  v a r i a t i o n s  

on c o u n t e r i o n  a d s o r p t i o n  has an i n t e r e s t i n g  p r a c t i c a l  a p p l i c a t i o r . .  

It has  been observed  i n  RP-IPC t h a t  s o l u t e  r e t e n t i o n  d isminishes  

p r o p o r t i o n a l l y  t o  mobile  phase sal t  c o n c e n t r a t i o n  ( 5 ,  6 , 9 )  s o ,  

e l u t i o n  g r a d i e n t s  b a s e d  i n  a gradual  i n c r e a s e  o f  s a l t  

c o n c e n t r a t i o n  i n  t h e  mobile  phase would be v e r y  r e p r o d u c i b l e  and 

would r e q u i r e  a minimal e q u i l i b r a t i o n  t i m e  t o  r e t u r n  t o  i n i t i a l  

c o n d i t i o n s  because t h e  s t a t i o n a r y  phase i s  s c a r c e l y  modif ied 

d u r i n g  g r a d i e n t  developpment . An e x p e r i m e n t a l  example o f  t h i s  

a p p l i c a t i o n  i s  shown (Table  3) i n  t h e  s e p a r a t i o n  o f  Some s u l f a  

drugs  by RP-IPC, w i t h  TBA as c o u n t e r i o n  and w i t h  an ammonium 

a c e t a t e  c o n c e n t r a t i o n  g r a d i e n t .  The s e p a r a t i o n  w a s  r e p e a t e d  

s e v e r a l  t i m e s  and o n l y  a 5 mL volume ( 2  t imes t h e  void volume o f  

t h e  s y s t e m )  o f  i n i t i a l  s o l v e n t  w a s  passed  through t h e  column i n  

between s u c c e s i v e  i n j e c t i o n s .  The r e t e n t i o n  t i m e  v a r i a t i o n  

c o e f f i c i e n t  for e a c h  s o l u t e  was less t h a n  2 %  which,  c o n s i d e r i n e  

t h e  a b r u p t  changes of  sa l t  c o n c e n t r a t i o n  i n  t h e  mobile phase 

d u r i n g  g r a d i e n t ,  i s  f a i r l y  good. 

Another i n t e r e s t i n g  parameter  t o  a d j u s t  s e p a r a t i o n s  by 

RP-IPC i s  t h e  salt t y p e  i n  the  mobile  phase and s p e c i f i c a l l y  t h e  

i o n  of o p p o s i t e  charge  t o  counter ion .  R e s u l t s  i n  Table  2 show 

t h a t  ,when changing  mobile  phases  w i t h  d i f f e r e n t  d i s s o l v e d  sa l t s ,  

e q u i l i b r a t i o n  t i m e  w i l l  be small because c o u n t e r i o n  a d s o r p t i o n  

remains a lmost  c o n s t a n t .  N e v e r t h e l e s s ,  it h a s  been observed  

bet'ore ( 5 ,  9 )  t h a t  changes i n  s a l t  t y p e  may produce a p p r e c i a b l e  

v a r i a t i o n s  i n  solute  r e t e n t i o n  and s e l e c t i v i t y  i n  RP-IPC. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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TABLE 3 

R e t e n t i o n  Time R e p r o d u c i b i l i t y  i n  a RP-IPC S e p a r a t i o n  w i t h  S a l t  
Concent ra t ion  Gradien t  (1) 

Condi t ions :  column (25cm x 4.6mm i . d . )  packed w i t h  1Ol.l L i c h r o s o r b  
RP 8; Solvent  "A" acetonitrile-water(pH=7) 20 :80 V/V 

c o n t a i n i n g  0 .OO5 M TBA and 0 -05  M ammonium a c e t a t e  , 
Solvent  "B" acetonitrile-water(pH=7) 20:80 v/V 
c o n t a i n i n g  0.005 M TBA and 0.5 M ammonium a c e t a t e ;  
F lowra te  1 mL/min; Temperature 3OoC. 

- r e t e n t i o n  t i m e  (min) i n  run N : 
ox102 %v.c. SOLUTES tr  

1 2 3 4 5 ( 2 )  ( 3 )  ( 4 )  

7.0 7.1 7.0 7.1 6.9 7.0 8.4 1.2 S u l f a  
me r az  i ne 

8.8 9.0 8.8 9.0 8.7 8.9 13 1.5 S u l f a  
m e t  haz i ne 

S u l f a  
methoxazol 9.7 10.0 10.0 10.0 9.7 9.9 16 1.7  

S u l f a  
benzamide 13.9 14.3 1b.3 14.3 13.8 14.1 24.9 1.76 

P h t a l i l  
s u l f a  19.6 20.3 20.3 20.3 19.9 20.1 31.9 1.59 
t h i a z o l  

GRADIENT : 

T i m e  ( m i n ) :  0 10 13 15 30 

% B  : 0 10 30 100 190 

(1) A t  t h e  end of a r u n  a 5 mL volume o f  S o l v e n t  "A" w a s  passed 
t h r o u f h  t h e  column b e f o r e  t h e  n e x t  i n j e c t i o n .  

( 2 )  Meaa r e t e n t i o n  t i m e  (min) 
( 3 )  StEr.3e-d d e v i a t i o n  i n  t i m e  u n i t s  
( 4 )  5 \ r a r i a t i o n  C o e f f i c i e s t  = ( a / t r )  x 100 
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2926 DEL REY AND VERA-AVILA 

General Model for Counterion Adsorption 

Considering only  t h e  t h r e e  parameters wi th  major in f luence  
on tetralkyl ammonium adsorption and us ing  only  8 d a t a  from 
experiments corresponding t o  l i m i t i n g  po in t s  i n  t h e  v a r i a t i o n  

ranges s t u d i e d  (Table 41, we have developped equat ion  ( 7 ) .  This 

r e l a t i o n  permi ts  t h e  ca l cu la t ion  of t h e  s t a t i o n a r y  counterion 

concent ra t ion  and s o  t h e  equi l ibr ium t i m e  (equat ion  8 )  r e q u i r e d ,  

for a l l  pos ib l e  combinations of parameter va lues  in s ide  t h e s e  

v a r i a t i o n  ranges .  

where, t 

us ing  a mobile phase containing a t e t r a l k y l  ammonium ion  (min) ,  
to i s  t h e  time of e l u t i o n  of a non r e t a ined  compound (min) and F 

i s  t h e  mobile phase flowrate.  

i s  t h e  t i m e  requi red  t o  reach  column equi l ibr ium when 
eq 

The mathematical model (equation 7 )  w a s  t e s t e d  with t h e  

results from t h e  26 experiments made throughout t h i s  work, some 

of  them o u t s i d e  t h e  va r i a t ion  range used t o  c a l c u l a t e  t h e  model. 

The fo l lowing  are t h e  s t a t i s t i c a l  results deduced from t h i s  t es t :  

- c o r r e l a t i o n  c o e f f i c i e n t  ( r )  = 0.978 
- dependent variable ( [ l o g  C I s t )  variance = 3.02 x 

- dependent variable medium value = -1.793 
- dependent variable v a r i a t i o n  c o e f f i c i e n t  = 3.06 % 

+ 

The s t a t i s t i c a l  results show t h a t  t h e  mathematical model 

r ep resen t s  c o r r e c t l y  t h e  behaviour sf t h e  system i n s i d e  t h e  

following ranges : 
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ADSORPTION OF TETRALKYL AMMONIUM IONS 2927 

S e l e c t e d  Experiments  for t h e  Es tab l i shment  o f  t h e  General  
Adsorpt ion Model' 

Condi t ions :  s t a t i o n a r y  phase 5p S u p e l c o s i l  LC-7 C 18; mobile  phase 
a c e t o n i t r i l e - w a t e r  (pH=7) c o n t a i n i n g  0.25M (1) or 
0.31 M (2) ammonium a c e t a t e  and a v a r i a b l e  concent ra -  
t i o n  of t e t r a l b l  ammonium i o n ;  Temperature  40OC. 

0 0.10 0.10 0.10 0.10 0.30 0.40 0.40 0.40 
org  

log[c+lm -2.4 -4 -2.4 -4 -2.4 -4 -2.4 -4 

* The mathemat ica l  model and t h e  s t a t i s t i c a l  r e s u l t s  were 
o b t a i n e d  working w i t h  reduced parameters  i n  o r d e r  t o  have 
a l l  parameter va lues  at t h e  same l e v e l  and t o  form an 
o p t i m a l  m a t r i x .  

so it i s  p o s s i b l e  t o  e s t a b l i s h  similar models for d i f f e r e n t  

c o n d i t i o n s  ( s t a t i o n a r y  phase carbon c o n t e n t ,  t e m p e r a t u r e  or  type 

o f  c o u n t e r i o n )  w i t h  o n l y  8 exper imenta l  masures o f  c o u n t e r i o n  

migra t ion  f r o n t ,  s e l e c t e d  adequate ly .  It seems impor tan t  t o  

remark t h a t  i n  a p r e v i o u s  work (10) where we s t u d i e d  a l k y l  - 
su lphonate  and a l k y l  s u l p h a t e  a d s o r p t i o n ,  on a d i f f e r e n t  

reversed-phase ( L i c h r o s o r b  RP-8), we deduced a mathematical  

model of the same form. 
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