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ADSORPTION OF AN ANIONIC SURFACTANT 
ON AN OCTADECYL BONDED PHASE FROM 

A PURE AQUEOUS MOBILE PHASE 

I. Girard and C. Gonnet 
Laboratoire de Chimie Analytique III (U.A. CNRS 04.0435) 
Pr. M. Porthault, Universite Claude Bernard - Lyon I 

43 boulevard du 11 novembre 1918 
69622 Villeurbanne Cedex, France 

ABSTRACT 

D i f f i c u l t i e s  encountered when u s i n g  pure  aqueous mobile  pha- 
s e s  i n  i o n  p a i r  r e v e r s e d  phase l i q u i d  chromatography a r e  d e s c r i -  
bed. 

s t r u c t u r e  and w e t t a b i l i t y  of  t h e  s t a t i o n a r y  phase s u r f a c e  on t h e  
a d s o r p t i o n  of  an a n i o n i c  s u r f a c t a n t  (sodium o c t y l  s u l f a t e ) .  

The r e s u l t s  p r e s e n t e d  i n  t h i s  paper  show t h e  i n f l u e n c e  of  t h e  

INTRODUCTION 

Reversed-phase i o n - p a i r  chromatography h a s  been w e l l  e s t a b l i s h e d  

as a method o f  choice  f o r  t h e  s e p a r a t i o n  of  i o n i c  o r  i o n i z a b l e  

organic  compounds. The main parameter  f o r  c o n t r o l l i n g  t h e  sepa-  

r a t i o n . i s  the  counter- ion c o n c e n t r a t i o n  i n  t h e  mobile phase.  Much 

a t t e n t i o n  has  been focused on the mechanism under ly ing  t h i s  type 
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2036 CIRARD A N D  GONNET 

of  chromatography. Although t h e r e  has  been cons iderable  d i s a g r e e -  

ment on t h e  s u b j e c t ,  most a u t h o r s  agree  wi th  t h e  f a c t  s o l u t e  re- 

t e n t i o n  mainly depends on t h e  s u r f a c e  c o n c e n t r a t i o n  o f  t h e  surfac- 

t a n t  (1-7)  adsorbed on t h e  s t a t i o n a r y  phase.  V i t a l  t o  t h i s  d e t e r -  

mination of adsorbed s u r f a c t a n t  c o n c e n t r a t i o n  is t h e  es tao l i shment  

of an adsorp t ion  isotherm.  Numeraus s t u d i e s  have been and a r e  being 

c a r r i e d  o u t  on t h e s e  adsor2 t ion  i s o t h e r m  : t h e  shape of tne  i s o -  

t h e m  depending on : 

1 - t h e  n a t u r e  and t h e  charge of  t h e  a m p h i p i l i c  ion  (3,8) 

2 - i t s  r e l a t i o n  w i t h  t h e  c o n c e n t r a t i o n  of remaining s i l a n o l s  

3 - i t s  dependence on o t h e r  parameters  of i o n  p a i r  chromatography 

(7,9) (na ture  of  o r g a n i c  m o d i f i e r ,  c h a r a c t e r i s t i c s  of  s t a t i o -  

nary phase,  n a t u r e  of b u f f e r ) .  

Adsorption i so therms of sodium o c t y l  s u l f a t e  (S.O.S.) were esta- 

b l i s h e d  i n  a wide range of  chromatographica l ly  meaningful concen- 

t r a t i o n s  of  s u r f a c t a n t  and methanol us ing  Hypers i l  ODS 5 !Jm a s s t a -  

t i o n a r y  phase. I o n i c  s t r e n g t h ,  pH o f  mobile phase and temperature  

were k e p t  c o n s t a n t .  S p e c i f i c  d i f f i c u l t i e s  ( i . e .  non-reproducib i l i -  

t y  i n  t h e  amount o f  adsorbed s u r f a c t a n t )  encountered when u s i n g  

pure aqueous mobile phases  a r e  r e l a t e d  i n  t h i s  paper .  The dependen- 

ce of  s u r f a c t a n t  a d s o r p t i o n  on alkyl-bonded s i l i c a  s u r f a c e  s t r u c t u -  

r e  and w e t t a b i l i t y  i s  d e s c r i b e d .  These d a t a  a r e  i n t e r p r e t e d i n  terms 

of t h e  "entrapment mode;" p r e v i o u s l y  suggested by G i l p i n  (10,ll) i n  

which changes i n  s o l u t e  r e t e n t i o n  were a t t r i b u t e d  t o  phase r e a r r a n -  

gement s o l v e n t ,  t h e  p o l a r  and non-polar n a t u r e  of t h e  s o l v e n t ,  t h e  

unreacted s u r f a c e  s i l a n o l  groups,  e tc  ... ) .  
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ADSORPTION OF ANIONIC SURFACTANT 2037 

This  k ind  of rearrangement  of hydrocarbon moieties is also d e s c r i -  

bed ( 1 2 )  as a r e s u l t  of  the i n t e r a c t i o n  between t h e  hydrocarbon 

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

EXPERIMENTAL 

The chromatographic appara tus  c o n s i s t e d  o f  t w o  chromatem 380 pumps 

(Touzart  & Matignon, P a r i s ) ,  a thermotemp thermosta ted  b a t h  (Lauda) 

and a model 70-10 s i x - p a r t  Rheodyne i n j e c t i o n  va lve .  

. Reteqeits - Sodium o c t y l s u l f a t e  hyamine 1622 ( s u r f a c t a n t  ana ly-  

sis q u a l i t y  grade)  and methanol BDH,LC g r a d e ,  were purchased from 

Merck. H3PO4, N a C l  and NaH2P04, R.P. Normapur grade were from Pro- 

labo .  Solvents  and mobile phases  were f i l t e r e d  through PTFE ( M i l l i -  

pore)  and degassed i n  an a l t r a s o n i c  b a t h  b e f o r e  use.  

. Columns - Columns dimensions were 5 cm x 4.6 m I.D. They were 

packed w i t h  Hypersil ODS 5 pm (Shandon-Touzart & Matignon, P a r i s )  

and P a r t i s i l  5 ODS 3 (Whatman, In te rch im,  MontluGon). 

The known c h a r a c t e r i s t i c s  of t h e  t w o  packings are t h e  f o l l o w i n g  : 

- P a r t i s i l  5 ODS 3 i s  a polymer-type, octadecyl-bonded s i l ica .  The 

s i l i ca  had been prepared  wi th  t r i f u n c t i o n a l  o c t a d e c y l s i l a n e  and 

f u r t h e r  capped wi th  t r i m e t h y l s i l a n e .  The carbon coverage i s  10.5 %. 

- Hypersil ODS is a monolayer bonded s i l i ca  t h a t  has  a lso been cap- 

ped. The carbon coverage i s  9 %. 

. column packing procedure  - The s l u r r y  was prepared  i n  1 .butanol  

( 7  g bonded s i l i ca  i n  10 cm3 1 . b u t a n o l ) .  The packing procedure  has  

-_--________------------ 
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2038 GIRARD AND GONNET 

a l r e a d y  been publ i shed  ( 1 4 ) .  When 500 c m 3  MeOH h a s  been passed  

through t h e  column a t  400 b a r s ,  t h e  p r e s s u r e  i s  g r a d u a l l y  decrea-  

sed .  Columns a r e  then e l u t e d  wi th  1 l i t e r  MeOH and 1 l i t e r  H20. 

adsorp t ion  and d e s o r p t i o n  are s imul taneous ly  accompanied by adsorp-  

t i o n  and d e s o r p t i o n  of  t h e  o t h e r  e l u e n t  components (9 ,15 ) .  T h i s  i s  

e a s i l y  v e r i f i e d  by t h e  shape of breakthrough p a t t e r n s .  For t h i s  

reason ,  t h e  de te rmina t ion  of breakthrough curves  d i d  n o t  lead t o  

s u f f i c i e n t l y  a c c u r a t e  and reproducib le  va lues .  A s i n g l e - s t e p  proce-  

dure  was adopted f o r  t h e  de te rmina t ion  of adsorbed c8 s u l f a t e  con- 

c e n t r a t i o n s  : when s u r f a c t a n t  had been adsorbed by e l u t i n g  w i t h  t h e  

mobile phase and a g iven  s u r f a c t a n t  c o n c e n t r a t i o n ,  the adsorbed 

amount w a s  then desorbed by e l u t i n g  w i t h  water and f u r t h e r  t i t r a t e d  

using a s p e c i f i c  r e a g e n t  (hyamine 1622) ( 1 6 ) .  

The mobile phase composi t ion used d u r i n g  t h e  a d s o r p t i o n  s t e p  w a s  

t h e  fol lowing : 0.02M NaH2PO4, p H  2.0 (H3P04) ; t h e  to ta l  sodium 

concent ra t ion  w a s  a d j u s t e d  to  0.1M with  sodium c h l o r i d e  ; sodium 

O c t y l s u l f a t e  M. The 

column w a s  immersed i n  a thermostated b a t h  (30°C).  Adsorpt ion and 

desorp t ion  f low-ra te  w a s  2 ml.min . 

-3 
c o n c e n t r a t i o n  ranged from 10-3h t o  80 x 10 

-1 

When 70 ml mobile phase had been passed  through t h e  column, t h e  ad- 

sorbed amount of s u r f a c t a n t  w a s  cons tan t .  Then, t h e  mobile phase 

volume corresponding to  t h e  adsorp t ion  process w a s  f i x e d  a t  70 m l .  
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ADSORPTION OF ANIONIC SURFACTANT 2039 

Using t h e  same procedure ,  the  mobile phase volume f o r  t h e  s u r f a c -  

t a n t  d e s o r p t i o n  w a s  f i x e d  a t  50 m l .  T o t a l  d e s o r p t i o n  w a s  v e r i f i e d  

by measuring : t h e  t o t a l  amount of s u r f a c t a n t  passed through t h e  

column, the  adsorbed amount and t h e  remaining amount i n  t h e  mobile 

phase a f t e r  adsorp t ion .  The desorbed amount o f  o c t y l s u l f a t e  w a s  

s e l e c t i v e l y  t i t r a t e d  (16)  and c o r r e c t e d  from t h e  dead volume. The 

column dead volume was determined by i n j e c t i n g  NaC104 and f r u c t o s e  

d i s s o l v e d  e i t h e r  i n  t h e  mobile phase o r  i n  water .  

RESULTS - DISCUSSION 

The adsorbed amounts of  S.O.S. determined wi th  a pure aqueous mobi- 

l e  phase are i r r e p r o d u c i b l e  over  a p e r i o d  of t i m e ,  when l a r g e  volu-  

mes of  e l u e n t  have been passed through t h e  column between two ad- 

sorp t ion-desorp t ion  measurements (Table  1 )  . An a d s o r p t i o n  i so therm 

of S . O . S .  was e s t a b l i s h e d  from t h e  s t a n d a r d  e l u e n t  under t h e  condi-  

t i o n s  s p e c i f i e d  above. 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 s  i n  t h e  mobile 

phase (G) range  from 10-3M t o  80 x 10 M. For  Cm = 20 x 10 M ,  

290 umo1.g-' of S.O.S. (C,) were adsorbed o n t o  t h e  C 18 bonded pha- 

se (Table  1 ) .  Complete p l o t t i n g  of a d s o r p t i o n  isotherm r e q u i r e d  

- 3  -3 

,+j 2 1 mobile phase.  When 2 1 mobile phase h a s  been passed  through 

t h e  column, t h e  isotherm p o i n t  f o r  Cm = 20 x 10 

aga in  and w a s  found t o  be 270 pmo1.g-l. Then 20 1 phosphate b u f f e r  

- 3  
M w a s  measured 

were e l u t e d  through t h e  column and t h e  same measurement w a s  made 
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2040 GIRARD AND GONNET 

Table  1 

Evolut ion of adsorbed amounts (pmole.g-l) of C 8 s u l f a t e  as a func- 
t i o n  of aqueous s o l v e n t  volume passed  through t h e  column ( h y p e r s i l  
ODS). Each measurement is an a d s o r p t i o n  w i t h  70 m l  o f  0.02 mole / l  
S.O.S. and desorp t ion  wi th  50 m l  of  pure  water. 

i n i t i a l  adsorbed amount, measurement 1 .._ 

2 1 of aqueous s o l u t i o n  passed  
through t h e  column.... .................... 

measurement 2 ... 

20 1 phosphate b u f f e r  passed  through 
t h e  column ............................... 

measurement 3 

20 1 H20 passed through t h e  column ... 

... 

... 

measurement 4 ... 

100 ml MeOH + 100 m l  H20 passed  through 
the column ............................... 

measurement 5 ... 

290 

I 

270 

2 45 

i 
230 

230 
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ADSORPTION OF ANIONIC SURFACTANT 204 1 

again : t h e  Cs v a l u e  w a s  245 Pmo1.g-l. A f t e r  20 1 H 2 0  had been pas-  

sed through t h e  column a g a i n ,  t h e  amount of  adsorbed S.O.S .  decrea-  

sed aga in  down to  C s  = 230 3mol.g-l. T h i s  decrease  i n  Cs v a l u e  w a s  

no t  observed when methanol-water mobile phases  were o p e r a t e d .  

S c o t t  and Simpson (17 )  have shown t h a t  monolayers (brush-type)  and 

polymeric-type bonded phases  may e x h i b i t  v e r y  d i f f e r e n t  behaviour  

when pure  aqueous mobile phases  are used. The explana t ion  t h a t  has  

been p u t  forward by t h e s e  a u t h o r s  i s  t h a t  hydrocarbon c h a i n s  can  on- 

l y  e x h i b i t  d i s p e r s i v e  i n t e r a c t i o n s ,  so t h a t  hydrocarbon-hydrocarbon 

i n t e r a c t i o n s  w i l l  be much s t r o n g e r  t h a t  hydrocarbon-water i n t e r a c -  

t i o n s .  T h i s  would r e s u l t  i n  a c o l l a p s e  o f  hydrocarbon c h a i n s  a t  t h e  

bonded phase s u r f a c e  ; t h e r e f o r e ,  a d e c r e a s e  i n  t h e  e f f e c t i v e  chroma- 

tographic  s u r f a c e  may be n o t i c e d .  T h i s  abnormal behaviour  was obser -  

ved when water - r ich  mobile phases  c o n t a i n i n g  up t o  4 % W/W MeOH were 

used. With polymeric  phases ,  d i s p e r s i v e  i n t e r a c t i o n s  between hydro- 

carbon c h a i n s  cannot  occur because of  t h e  more r i g i d  s t r u c t u r e  o f  

t h e  bonded phase. Looking a t  our  r e s u l t s  (Table  l ) ,  w e  p u t  forward 

t h e  fo l lowing  e x p l a n a t i o n  : as Hypers i l  ODS i s  a brush-type m a t e r i a l  

a slow d i f f u s i o n  of  s u r f a c e  phys isorbed  methanol from t h e  s u r f a c e  

i n t o  t h e  aqueous mobile phase may occur, r e s u l t i n g  i n  a slow decrea-  

se i n  t h e  e f f e c t i v e  s u r f a c e  area and t h e r e f o r e ,  of  t h e  amount o f  

adsorbed surfactant. 

As can be seen from Table  1, t h i s  hypothes is  w a s  verified and a re- 

g u l a r  decrease  i n  t h e  c o n c e n t r a t i o n  o f  adsorbed s u r f a c t a n t  was obser- 
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2042 GIRARD AND CONNET 

ved when pass ing  l a r g e  volumes of  aqueous s o l u t i o n s  through t h e  co- 

lumn. These r e s u l t s  can be r e l a t e d  t o  those  o f  G i l p i n  and col l .  (10 ,  

11) who observed s i g n i f i c a n t  cnanges i n  s o l u t e  r e t e n t i o n  which were 

i n t e r p r e t e d  i n  terms o f  a l k y l  arrangement (from a " b r i s t l e  s ta te"  

i n t o  a "co l lapsed"  s ta te)  and s o l v e n t  entrapment .  

S i m i l a r  o b s e r v a t i o n s  were made by Morel and S e r p i n e t  (19) when s t u -  

dying t h e  i n f l u e n c e  of  temperature  on t h e  r e t e n t i o n  o f  a s o l u t e  

chromatographed on a C 22  bonded phase which has  (or has  n o t )  been 

d r i e d  previous ly  t o  remove any trace of  sorbed  s o l v e n t .  

The presence of phys isorbed  MeOH a t  t h e  bonded phase s u r f a c e  has  been 

confirmed by Bayer and c o l l .  (20)  us ing  13C CP-MAS NMR de te rmina t ions .  

The s i g n a l  corresponding t o  phys isorbed  MeOH d isappeared  when t h e  si- 

l i ca  had been hea ted  up to  12OOC under vacuum. All e a r l i e r  s t u d i e s  

(10,11,17,19) r e p o r t  changes i n  r e t e n t i o n  r e l a t e d  t o  a l k y l  arrangement  

and/or s o l v e n t  r e l e a s e  by t h e  a l k y l  phase.  Our a i m  h e r e  is t o  demons- 

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

i n  a c o l l a p s e d  s ta te  r e s u l t s  i n  a decrease  i n  the amount o f  adsorbed 

o c t y l s u l f a t e  o n t o  t h e  s t a t i o n a r y  phase.  The fo l lowing  exper iments  

were c a r r i e d  o u t  t o  confirm t h i s  hypothes is .  

. Inf luence  of  methanol release on C 8 s u l f a t e  

concent ra t ion  of o c t y l s u l f a t e  i n  the mobile  phase was 0.02 M ; 

adsorp t ion  - The ................................................... ---- 

adsorbed amounts were determined b e f o r e  and after d r y i n g  t h e  column 

f o r  8 hours  with N2 a t  70°C. Two s i m i l a r  experiments  where c a r r i e d  
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ADSORPTION OF ANIONIC SURFACTANT 2043 

Table  2 

Adsorbed amounts of sodium o c t y l  s u l f a t e  on t w o  reversed-phase 
packings wi th  (or wi thout )  e l i m i n a t i o n  of adsorbed MeOH. Each mea- 
surement i s  an a d s o r p t i o n  wi th  70 m l  o f  0.02M S.O.S. and d e s o r p t i o n  
wi th  50 m l  of pure water .  

(pmo1.g-l) adsorbed amount of C 8 1 
s u l f a t e  on : 
- - - - - - - - - - - - - - - - -  
Hypersil O D s  : P a r t i s i l  5 - O D s - 3  : 

'STEP 1 i n i t i a l  adsorbed amount 310 

'STEP 2 N 2  (7O0C, 8 hours)  203 

'STEP 3 200 ml MeOH + 100 m l  H 01 276 296 
2 1  

I 

'STEP 4 N2 (7OoC, 8 hours)  I 18 

o u t  when the  bonded phase s u r f a c e  ( p r e v i o u s l y  d r i e d  o r  n o t )  had been 

regenera ted  with MeOH. A l l  t h e  columns used i n  t h i s  s t u d y  where 

f r e s h l y  packed e i t h e r  wi th  Hypers i l  ODS o r  w i t h  P a r t i s i l  5 ODS 3. 

The r e s u l t s  a r e  shown i n  T a b l e  2. I t  can be seen from Table  2 t h a t  

when t h e  column has  been d r i e d  wi th  N2, t h e  decrease  i n  t h e  amount 

of adsorbed o c t y l s u l f e t e  i s  93 % i n  t h e  case of Hypers i l  ODS and 

35 % w i t h  P a r t i s i l  5 ODS 3. When 200 m l  MeOH + 100 m l  H 2 0  have been 

passed through t h e  column ( S t e p  3 )  t h e  i n i t i a l  amounts a re  a g a i n  ob- 

se rved  so t h a t  t h e  s u r f a c e  modi f ica t ion  seems t o  be r e v e r s i b l e .  

I t  i s  assumed t h a t  d r y  N2 e l i m i n a t e s  e v e r y  trace of MeOH or remai- 

n ing  1.butanol  ( s l u r r y  packing so lven t ) .  The phenomenon a p p e a r i n g  

t o  be r e v e r s i b l e  once t h e  bonded phase has been wetted by MeOH, one 

can c o n s i d e r  t h a t  the observed d i f f e r e n c e s  i n  t h e  amounts of  adsor- 
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bed C 8 s u l f a t e  r e s u l t  from t h e  presence  o r  t h e  absence of  remai- 

n ing  s u r f a c e  MeOH, even when t h e  column has been r i n s e d  with l a r g e  

amounts of  water .  

The g r e a t  decrease  i n  t h e  adsorbed amounts on Hypers i l  ODS is i n  

agreement wi th  t h e  hypothes is  o f  S c o t t  and co l l .  (17)  i . e .  i n  pre-  

sence of water ,  t h e  hydrocarbon c h a i n s  o f  t h e  brush-type bonded pha- 

se i n t e r a c t ,  r e s u l t i n g  i n  a decrease  i n  t h e  e f f e c t i v e  s u r f a c e  area. 

In  these  extreme c o n d i t i o n s  ( i .e .  d r y i n g  t h e  bonded phase s u r f a c e  

w i t h  NZ), t h e  s t a t i o n a r y  phase d o e s  n o t  e x h i b i t  i t s  normal condi-  

t i o n s  observed i n  u s u a l  chromatographic  experiments .  Never the less  , 

t h e  prev ious  r e s u l t s  seem t o  prove t h a t  t h e  r e g u l a r  removing ofMeOH 

from t h e  s t a t i o n a r y  phase s u r f a c e  i s  r e s p o n s i b l e  f o r  t h e  r e g u l a r  

decrease  i n  adsorbed amounts. T h i s  phenomenon was no longer  r e v e r -  

s i b l e  a f t e r  s e v e r a l  month 's  use of a column (Table  1 )  e l u t e d  w i t h  

pure  aqueous mobile phases .  With a polymer-type bonded phase (such 

as P a r t i s i l - 5  ODs-3) a lower b u t  s i g n i f i c a n t  decrease  i n  t h e  adsor-  

bed amounts can a l s o  be n o t i c e d  ( t h i s  phenomenon i s  r e v e r s i b l e  when 

e l u t i n g  t h e  column wi th  MeOH),  a l though S c o t t  and c o l l .  (17)  have 

shown t h a t  bu lk  phases  e x h i b i t  t h e  expected r e t e n t i v e  c h a r a c t e r i s -  

t ics according t o  t h e i r  carbon c o n t e n t  even i n  the presence o f  pure 

water. The decrease  i n  the adsorbed amounts observed w i t h  P a r t i s i l - 5  

i s  however lower t h a n  t h a t  observed w i t h  H y p e r s i l  ODs due t o  i t s  

r a t h e r  r i g i d  c ross - l inked  s t r u c t u r e .  
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It is  d i f f i c u l t  t o  explore these pa r t i cu la r  behaviour in  g rea t e r  

depth since l i t t l e  information ex is t s  on the commercial bonded pha- 

se s t ruc tu re ,  s i l y l a t ion  reagent, e tc . .  . 

Nevertheless, it is possible t o  underline some p rac t i ca l  considera- 

t ions : the use of pure aqueous mobile phase i n  p rac t i ca l  I.P.C. 

u t i l i s a t i o n  seems t o  present some d i f f i c u l t i e s .  The extensive use 

of these aqueous eluents ,  i n  pa r t i cu la r  with brush-type mater ia ls ,  

leads t o  a s ign i f i can t  decrease i n  e f f ec t ive  chromatographic surface 

area and, consequently, t o  an i r r ep roduc ib i l i t y  i n  observed reten- 

t ions.  The decrease i n  spec i f i c  surface and i n  adsorbed amounts of 

oc ty l su l f a t e  seems t o  be i r r eve r s ib l e  a f t e r  several  months' use. 

In f a c t  the d i f f i c u l t i e s  encountered when using pure aqueous phases 

do not e x i s t  when water-methanol mobile phases a re  used ; t he  deter-  

mination of adsorption isotherms is  then possible and chromatogra- 

phic measurements a re  reproducible. 
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