
CHAPTER II
BACKGROUND AND LITERATURE REVIEW

2.1 Adsorption of Surfactant at Solid-Liquid Interface

2.1.1 Adsorption Isotherm for Ionic Surfactants on Polar Surfaces
Adsorption isotherms are com m only seen for ionic surfactants 

adsorbing from aqueous solution on surfaces with a charge opposite to the charge on 
the surfactant. In aqueous solution, the protonation or deprotonation o f  chemically 
adsorbed water w ill cause the solid surface to be charged with a charge dependent on 
the pH value o f  the solution. In m ildly basic environments, cationic surfactants 
readily adsorb onto silica; in m ildly acidic environments, anionic surfactants adsorb 
on alumina. The adsorption isotherm o f  an ionic surfactant onto an oppositely 
charged substrate is typically an elongated sigm oid curve ( ‘ร ’-รhaped) when the 
amount o f  adsorbed surfactant is plotted log-log versus the equilibrium concentration 
o f  the surfactant (Scam ehom  e t  a l . ,  1982). The shape o f  the isotherm is commonly 
subdivided into four regions, as shown in Figure 2.1.

In region I, marked by very low  bulk concentration, surfactants are 
adsorbed by electrostatic interactions between ionic surfactants and oppositely 
charged substrates through ion exchange. Adsorbed surfactant m olecules in this 
region are thought to be singly adsorbed, that is, that they do not form aggregates. 
This is an indicative o f  the absence o f  lateral interactions between the adsorbed 
surfactant m olecules (Rosen, 1989).

Region II is distinguished by a rapid increase in adsorption shown as 
a sharp increase in the slope o f  the isotherm. This occurs due to hydrophobic 
interactions between surfactant chains. These adsorbed surfactant aggregates are 
called hem im icelles or adm icelles, depending upon their morphology. The term 
hem im icelle is used to describe surfactant m olecules that are arranged in a 
monolayer with the head group next to the surface and the tail group exposed to the 
solution. The term adm icelle is used to describe surfactant m olecules adsorbed in 
bilayered aggregates resembling adsorbed m icelles with headgroups facing both 
toward the surface and into the solution (Y eskie and Harwell, 1988). The bulk
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surfactant concentration at the region I-to-II transition is called the critical admicelle
concentration (CAC) or the hemimicelle concentration (HMC).

Figure 2.1 Typical adsorption isotherm o f  surfactant on solid oxide surface.

The slope o f  the isotherm decreases in region III for one perhaps two 
reasons, because the extent o f  adsorption is sufficient to neutralize the surface 
charge, or adsorption is now beginning on lower energy surface sites (Tiberg, 2000). 
This region the surfactant concentration is below  the critical m icelle concentration 
(CM C) o f  the surfactant. The region II-to-III transition does not always correspond 
to a change in the charge o f  the surface; however it is also noticed in systems o f  
nonionic surfactant adsorbed on silica (Rosen, 1989).

Adsorption reaches a maximum in Region IV, having almost constant 
surfactant adsorption with increasing surfactant concentration. Thus, this region is 
often called the plateau region. The point o f  transition region III to region IV occurs 
at or near the critical m icelle concentration (CMC). At the CMC, the first micelle 
forms at the same chemical potential as the last admicelle to form because the
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chemical potential o f  the surfactant monomers remains nearly constant despite an 
increase o f  surfactant concentration (Holzheu e t  a l ,  2000).

2.1.2 Adsorption Isotherm for N onionic Surfactants on Polar Substrates
Adsorption isotherms o f  nonionic surfactants from aqueous solutions 

on polar substrates are sigmoidal in shape, indicative o f  a cooperative adsorption 
mechanism (Levitz and Damme, 1986). N onionics adsorb onto these surface by 
hydrogen bonding, for example, polyoxyethlenated surfacatants (POE nonionics) 
may adsorb onto silica surfaces via hydrogen bonding between SiOH groups on the 
surface and the oxygens o f  the oxyethylene groups. On negatively charged silica  
surfaces, the oxygens o f  the POE chain may interact electrostatically with negative 
sites on the surface by picking up protons from the water and acquiring positive 
charges. Adsorption isotherms for POE nonionics are o f  the Langmuir type with 
both efficiency and effectiveness decreasing with increase in the length o f  POE 
group. The latter effect is due to the larger area occupied by the surfactant molecule 
at the interface as the length o f  the POE group is increased. At low  coverage, the 
surfactant m olecule may lie prone on the surface; at higher coverage, the 
hydrophobic group may be displaced from the surface by the hydrophilic group and 
lateral interactions between adjacent hydrophobic groups (hem im icelle formation) 
may occur. M aximum adsorption, which occurs near the critical micelle 
concentration o f  the surfactant, has been ascribed to both monolayer and bilayer 
formation (Rosen, 1989).

Kira'ly e t  al. (1997) investigated the adsorption o f  nonionic 
surfactants, n-octyl tetraethylene. glycol monoether (CgE4) and n-octyl P-D- 
m onoglucoside (CgGi), at the hydrophilic silica glass/aqueous solution interface by 
simultaneous measurements o f  the adsorption isotherm. Both surfactants displayed 
pronounced cooperative adsorption behavior ( ‘ร , -shaped isotherms). W hile in the 
low-affinity region the amount adsorbed was only slightly smaller for CgGi than for 
CgE4, the deviation increased to an order o f  magnitude in the aggregative adsorption 
region. The observed difference in the adsorption behavior was interpreted in terms 
o f  the different hydrophilic head groups o f  the two amphiphiles.
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T h e  a d so rp tio n  o f  n o n io n ic  su rfa c ta n ts , a lk y l (C n3 E np) and  ฟ kyl 
p h e n o l p o ly o x y e th y le n e  g ly co l (CnbPEnp) a t th e  so lid /w a te r  in te rface  has been 
s tu d ie d  (L ev itz , 2 0 0 2 ). H e fo u n d  th a t th e  re v e rs ib le  a d so rp tio n  o f  nonionic 
su rfa c ta n ts  o c c u rre d  o n to  h y d ro p h ilic  o r  p o la r  so lid s  b e lo w  th e  critica l m icelle 
c o n c e n tra tio n  (C M C ), a ll a d so rp tio n  iso th e rm s  re a c h e d  a p la te a u  a ro u n d  the CM C. 
T h is  p la te a u  a m o u n t d e c re a sed  w ith  in c re a s in g  p o la r  c h a in  len g th . A  step  isotherm  
c a n  b e  o b se rv e d  fo r v e ry  sh o rt p o la r  c h a in s , w h e re a s  fo r lo n g  p o la r  chains, the 
a d so rp tio n  iso th e rm  ap p e a re d  to  h av e  a  ‘L a n g m u ir  s h a p e ’ w ith  no  c lea r inflection 
p o in t. In  b e tw e e n , ty p ic a l s ig m o id a l iso th e rm s  th a t re a c h  p la te a u  b e lo w  bu t near the 
C M C  are  o b se rv e d . G e n e ra lly  sp eak in g , a d so rp tio n  a p p e a re d  to  b e  a  cooperative 
p ro c e ss  in v o lv in g  s tro n g  la te ra l in te ra c tio n  b e tw e e n  su rfa c ta n ts  an d  w e a k  interaction 
w ith  th e  so lid  su rface .

A  sy s te m a tic  s tudy  on  th e  a d so rp tio n  b e h a v io r  o f  decy le thoxy lene 
n o n y l p h e n o l (N P -1 0 )  o n  s ilic a  h as  b een  c a rr ie d  o u t in  o rd e r  to  e lucidate the 
m e c h a n ism  th a t  g o v e rn e d  th e  fo rm a tio n  o f  th e  ad so rb e d  la y e r  o f  th e  nonionic 
su rfa c ta n ts  (M is ra  e t  a l . ,  2005 ). N P -1 0  a d so rb e d  on  s ilic a  m a in ly  d u e  to  hydrogen 
b o n d in g  an d  la te ra l a lk y l ch a in  a sso c ia tio n , th e  la tte r  le a d in g  to  m ask in g  o f  the 
su rfa c e  p o te n tia l. E ffe c t o f  p H  an d  s ilic a -w a te r  ra tio  o n  a d so rp tio n  isotherm s 
in d ic a te d  th a t  th e  a d so rp tio n  o f  N P -1 0  a t s ilic a -w a te r  in te rfa c e  re su lted  from  the 
c o n tr ib u tio n  o f  b o th  h y d ro p h o b ic  an d  h y d ro p h ilic  p a r ts  o f  th e  su rfac tan t and the 
su rfa c e  c h a rg e  o f  a  s ilica . T h e  a d so rp tio n  d e n s ity  o f  N P -1 0  w a s  found  to  be 
u n c h a n g e d  w ith in  th e  ra n g e  o f  e x p e rim e n t p H . T h e  a d so rp tio n  iso th e rm s  in  all cases 
w e re  fo u n d  to  b e  s ig m o id a l n a tu re . N P -1 0  e v o lv e d  h e m im ic e lle s  o f  low er 
a g g re g a tio n  n u m b e r  a t s ilic a -w a te r  in te rfa c e  c o m p a re d  to  io n ic  su rfac tan ts  w ith 
re la tiv e ly  sm a ll h ead  g ro u p , su ch  a s  so d iu m  d o d e c y l su lfa te  a t a lum ina-w ater 
in te rfa c e  p o ss ib ly  d u e  to  s ize  o f  th e  la rg e  p o ly o x y e th y le n e  h e a d  g ro u p  o f  the form er.

2 .1 .3  F a c to rs  A ffe c tin g  S u rfac tan t A d so rp tio n
T h e  a d so rp tio n  o f  su rfac tan ts  a t th e  so lid - liq u id  in te rface  is strongly 

in flu e n c e d  b y  a  n u m b e r  o f  facto rs:
- T h e  n a tu re  o f  th e  s tru c tu ra l g ro u p s  o n  th e  so lid  su rface . T his factor 

p lay s  an  im p o rta n t ro le  in  d e te rm in in g  a d so rp tio n  d e p e n d in g  o n  w h e th e r  the surface



7

has h ig h ly  c h a rg e d  s ites , w eak ly  ch a rg ed  s ite s  o r  is n o n p o la r , an d  th e  n a tu re  o f  the 
a to m s o f  w h ic h  th e se  s ite s  o r g ro u p in g  a re  c o n s titu ted .

C h o rro  e t  a l .  (1 9 9 9 ) in v e s tig a te d  th e  e ffe c t o f  th e  s ta te  o f  th e  silica 
su rfa c e  an d  o f  th e  su rfa c ta n t m o le c u la r  s tru c tu re  o n  th e  a d so rp tio n  o f  cation ic 
su rfa c ta n t o n to  s ilica . T h e  ad so rp tio n  o f  d o d e c y ltr im e th y la m m o n iu m  brom ide 
(D T A B ) an d  o f  th e  d im eric  su rfa c ta n t 12 -2-12  (e th a n e d iy l- l ,2 -b is  
(d o d e c y ld im e th y la m m o n iu m  b ro m id e )) o n  ra w  s ilic a  (S iN a ) an d  o n  HC1 w ashed  
s ilic a  (S iH ) h as  b e e n  s tu d ie d  u n d e r “ fre e ” sy s te m  c o n d itio n s . T h e  re su lts  show ed 
th a t th e  a m o u n t o f  su rfac tan t a d so rb ed  a t th e  p o in t o f  ze ro  ch a rg e  an d  a t sa tu ra tio n  o f  
s ilic a  p a rtic le , th e  so d iu m  ions re lea sed  b y  th e  su rfa c e  an d  th e  d e c re a se d  in  C M C  o f  
th e  su p e rn a ta n t w ith  re sp ec t to  p u re  w a te r  w e re  all la rg e r fo r  th e  ra w  s ilic a  than  for 
th e  tre a te d  s ilica .

- T h e  m o le c u la r  s tru c tu re  o f  th e  su rfa c ta n t b e in g  ad so rb ed . T he 
p ro p e rtie s  o f  su rfa c ta n ts , w h ic h  d e te rm in e  th e  ad so rp tio n , a re  as  fo llo w : ( 1) num ber 
an d  le n g th  o f  h y d ro c a rb o n  ch a in ; (2 ) b ra n c h in g  an d  d o u b le  b o n d s  p resen t in  
h y d ro c a rb o n  ch a in ; (3 ) p re se n c e  o f  p o la r  io n ic  g ro u p ; (4 ) th e  c ro ss  se c tio n  a rea  o f  the 
p o la r  g ro u p ; an d  (5 ) th e  o rien ta tio n  o f  th e  c h a in s  w ith  re sp e c t to  o n e  a n o th e r  and the 
su rfa c e  (D ix it e t  a l ,  2002 ).

F o r  ex am p le , E su m i e t  a l .  (1 9 9 6 ) s tu d ie d  th e  a d so rp tio n  o f  quaternary  
a m m o n iu m  c a tio n ic  su rfa c ta n t w ith  one , tw o , o r  th re e  a lk y l c h a in s  o n  s ilic a  has been 
s tu d ie d  b y  m e a su rin g  a d so rp tio n  d e n s ity  an d  d isp e rs io n  s tab ility . T h e  adsorbed  
a m o u n ts  a t s a tu ra tio n  d ec rea sed  w ith  in c re a s in g  c h a in  n u m b e r  o f  th e  su rfactan ts 
b e c a u se  o f  th e  s tru c tu re  o f  th e  d o u b le -c h a in  o r tr ip le -c h a in  su rfa c ta n t in  th e  adsorbed  
lay e r o n  s ilic a  w a s  d iffe re n t fro m  th a t o f  th e  s jn g le -c h a in  su rfa c ta n t: th e  m o lecu la r 
p a c k in g  o f  th e  m u lti-c h a in  su rfac tan ts  w as  h ig h e r, an d  th e  d e so rp tio n  o f  these 
su rfa c ta n ts  w as  h a rd ly  o b se rv ed  co m p ared  w ith  th o se  o f  s in g le -c h a in  su rfac tan t.

- T h e  e n v iro n m e n t o f  th e  a q u e o u s  p h a se - its  p H , its  e le c tro ly te  conten t, 
th e  p re se n c e  o f  a n y  ad d itiv e s  su ch  as sh o rt-c h a in  p o la r  so lu te s  (a lco h o l, u rea , etc.), 
an d  its  te m p e ra tu re . T o g e th e r th e se  fac to rs  d e te rm in e  th e  m e c h a n ism  b y  w hich 
a d so rp tio n  o c c u rs , a n d  th e  e ff ic ie n cy  an d  e ffe c tiv e n e ss  o f  a d so rp tio n  (R o sen , 1989).

T h e  e ffe c t o f  ad d ed  sa lt o n  a d so rp tio n  a n d  a d so lu b iliz a tio n  by a 
d im eric  (1 , 2 -b is  (d o d e c y ld im e th y la m m o n io )  e th an e  d ib ro m id e , 2 R en Q ) o n  silica
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fro m  its  a q u e o u s  so lu tio n  h as  b e e n  in v e s tig a te d  (E su m i e t  a l ,  1996). T hey found  
th a t th e  a d so rp tio n  o f  2 R en Q  on  s ilic a  w as  e n h a n c e d  b y  in c re a s in g  am o u n t o f  added  
N a B r b u t th e  ra tio s  o f  ad so lu b iliz e d  a m o u n t o f  2 -n a p h th o l/a d so rb e d  am ount o f  
2 R en Q  a t m a x im u m  a d so lu b iliz a tio n  d e c re a sed  w ith  in c re a s in g  N a B r concentra tion . 
T h is  re su lt c a n  be  re la te d  to  th e  p a c k in g  o f  2 R en Q  m o le c u le s  in  th e  ad so rb ed  layer.

2 .1 .4  A d so rp tio n  o f  S in g le  S u rfac tan t
T h e  a d so rp tio n  o f  a  n u m b e r  o f  su rfac tan ts , in c lu d in g  ca tio n ic , anionic, 

an d  n o n io n ic  su rfa c ta n ts , h a s  b een  s tu d ie d  o n  so lid  o x id e  su rfaces .
F o r  ex am p le , a d so rp tio n  iso th e rm s  fo r th re e  iso m erica lly  pure  

a lk y lb e n z e n e  su lfo n a te s  o n  a lu m in a  an d  k a o lin ite  fro m  a q u e o u s  so lu tio n s w ere 
e x a m in e d  (S c a m e h o m  e t  a l ,  1981). A  p a tc h w ise  a d so rp tio n  m odel, w hich  
in c o rp o ra te d  b ila y e r  a d so rp tio n , la te ra l in te ra c tio n s , an d  tw o -d im en s io n a l phase 
tra n s itio n s , w a s  d e v e lo p e d  an d  sh o w ed  to  d e sc rib e  th e  o b se rv e d  iso th e rm s be low  the  
C M C . A s  e x p ec ted , H e n ry 's  la w  d e sc r ib e s  th e  a d so rp tio n  a t su ffic ien tly  low

su rfa c ta n t co n c e n tra tio n s . In  th is  re g io n , o n ly  u n a sso c ia te d , f irs t lay er, surfactan t

m o le c u le s  w e re  p re se n t on  th e  su rfa c e  in  a d d itio n  to  th e  c h a rg e d  h ead  surface 
e le c tro s ta tic  a ttrac tio n . T h e  a d so rp tio n  in c re a se d  ra p id ly  b e y o n d  a  certa in

co n cen tra tio n . A t th is  co n c e n tra tio n , h e m im ic e lle s  re su ltin g  fro m  la te ra l in teraction  

b e tw e e n  a d so rb e d  su rfa c ta n ts  f irs t ap p e a re d  o n  th e  m o s t e n e rg e tic  su rface  patches.

A t s till h ig h e r  c o n c e n tra tio n s , su c c e ss iv e ly  le ss  e n e rg e tic  p a tc h e s  w e re  s ites  fo r tw o- 
d im e n s io n a l p h a se  tra n s itio n s  fo rm in g  h em im ice lle s . A b o v e  th e  C M C , adsorp tion

. w as  in d e p e n d e n t o f  co n cen tra tio n . T h is  in d ica ted  th a t m ic e lle s  d id  no t adsorb

s ig n if ic a n tly  an d  th a t  th e  p se u d o -p h a se  se p a ra tio n  m o d e l w as  a  g o o d  ap p rox im ation  
fo r th e se  sy stem s.

Y esk ie  an d  H a rw e ll (1 9 8 8 ) in v e s tig a te d  th e  s tru c tu re  o f  th e  adsorbed 
su rfac tan t a g g re g a te s , fo cu s in g  o n  th e  su rface  c h a rg e  d e n s ity  at the 
h e m im ic e lle /a d m ic e lle  tran s itio n . T h e y  fo u n d  th a t su rfa c ta n ts  ad so rb ed  from  
aq u eo u s  so lu tio n  o n to  m in e ra l o x id e  su rface  fo rm e d  m ic e lle - lik e  ag g reg a tes  a t the 
in te rface . It h as  lo n g  b e e n  v ie w e d  th a t a t lo w  c o v e ra g e  th e se  su rfac tan t aggregates
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w ere  p r in c ip a lly  in  th e  fo rm  o f  m o n o ia y e rs , fo rm ed  o n  p a tc h e s  o f  th e  surface. 
In d iv id u a l su rfa c ta n t m o le c u le s  o r  m o n o m e rs  in  th e se  a g g re g a te s  w ere  v iew ed  as 
b e in g  o r ie n te d  su ch  th a t th e  h y d ro p h ilic  g ro u p s  o f  th e  su rfa c ta n ts  w ere  n ex t to  the 
su rface , w ith  th e  su rfa c ta n t ta il g ro u p s  fo rm in g  a  h y d ro p h ilic  film  in  c o n ta c t w ith  the 
aq u eo u s  so lu tio n . A g g re g a te s  o f  th is  s tru c tu re  w e re  c o m m o n ly  re fe rre d  to  as 
h e m im ic e llc s  w h ile  it h as  b een  p ro p o se d  th a t a  b ila y e re d  ag g re g a te , te rm ed  an 
ad m ice lle , w as  fo rm ed  (S c a m e h o rn  e t  a l ,  1981).

T h e  a d so rp tio n  o f  c a tio n ic  su rfac tan t, d o d e c y l p y r id in iu m  ch lo ride , on  
m o n o d isp e rse  p o ro u s  s ilic a  in  an  aq u eo u s  so lu tio n  has b e e n  s tu d ie d  as a  function  o f  
p H  an d  e le c tro ly te  c o n c e n tra tio n . It w as  c o n c lu d e d  th a t  th e  p ro to n  c h a rg es  o f  these 
s ilic a  p a rtic le s  c an  b e  d is tin g u ish e d  in  c h a rg es  o n  th e  o u te r  su rface , c h a rg e s  in the 
m e so p o re s  an d  c h a rg e s  in  a  m ic ro p o ro u s  reg io n . F ro m  a  c o m p a r iso n  w ith  the  
a d so rp tio n  o n  n o n -p o ro u s  s ilic a  it w as c o n c lu d e d  th a t d o d ecy l p y r id in iu m  ca tio n s  can  
p e n e tra te  th e  m e so p o re s , b u t w ere  ex c lu d e d  fro m  th e  (h ig h ly  c h a rg e d )  m icroporous 
reg io n . O n  th e  o u te r  su rface , a d so rp tio n  o f  c a tio n ic  su rfa c ta n t led  to  a  m ax im u m  in a 
h y d ro p h o b ic ity  a t ab o u t 50%  o f  th e  m a x im a lly  a d so rb e d  am o u n t. C h a rg e  reversal 
h as  a lre a d y  ta k e n  p la c e  a t ab o u t 10%  o f  th e  p la te a u  v a lu e . It w as  c o n c lu d e d  that, 
a f te r  ch a rg e  re v e rsa l, h e a d -o n  a d so rp tio n  p ro c e e d e d  u n til m o n o la y e r  co v e rag e , a fter 
w h ic h  b ila y e r fo rm a tio n  se ts  in  (S zek e re s  e t  a l ,  1998).

T h e  a d so rp tio n  o f  io n ic  su rfac tan ts  o n  tita n iu m  d io x id e  w ith  dodecyl 
c h a in  g ro u p s  o r q u a te rn a ry  a m m o n iu m  g ro u p s  (X N /77, w h e re  m  is  th e  c a rb o n  num ber 
o f  a lk y l ch a in , 4 -1 6 )  w a s  s tu d ie d  (E su m i, 2 0 0 1 ). T h e  re su lt sh o w e d  th a t th e  adsorbed  
a m o u n t o f  c a tio n ic  su rfa c ta n ts  (d o d e c y ltr im e th y la m m o n iu m  b ro m id e , D T A B ; 1,2- 
b is (d o d e c y ld im e th y la m m o n io )e th a n e  d ib ro m id e , 2 R en Q ) on, t i ta n iu m  d io x id e  w ith  
d o d ecy l c h a in  g ro u p s  in c rea sed  w ith  in c re a s in g  c o n c e n tra tio n  o f  th e  d o d e c y l chain 
d u e  to  h y d ro p h o b ic  in te rac tio n , w h e re  th e  a d so rb e d  a m o u n ts  o f  D T A B  a t sa tu ra tion  
w as co n s id e ra b ly  g re a te r  th a n  th o se  o f  2 R en Q . A d so rp tio n  o f  a n  a n io n ic  su rfac tan t 
(so d iu m  d o d ecy l su lfa te , S D S ) o n  X N w  o c c u rre d  m a in ly  d u e  to  b o th  e lec tro sta tic  
a ttra c tio n  fo rce  an d  h y d ro p h o b ic  in te ra c tio n , d ep en d in g  on  th e  a lk y l c h a in  leng th  on 
X N m . O n  th e  o th e r  h an d , a d so rp tio n  o f  c a tio n ic  su rfac tan ts , D T A C  an d  2R enQ C I 
(th e ir  c o u n te r  io n s  a re  c h lo r id e  io n s), o n  X N /n  w as q u ite  sm a lle r  c o m p a re d  w ith  that 
o f  S D S d u e  to  e le c tro s ta tic  re p u ls io n  force .
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F lem in g  e t  a i .  (2 0 0 1 ) s tu d ie d  th e  o rg a n iz a tio n  o f  c a tio n ic  su rfac tan t, 
h e x a d e c y ltr im e th y lam m o n iu m  b ro m id e  (C T A B ) to  s ilic a  fro m  so lu tio n  fa r b e lo w  th e  
C M C  by  u s in g  op tica l re fle c to m etry  an d  A F M . T h e  re su lts  h av e  b een  sh o w n  tha t the  
lo w e r c ritic a l su rface  a g g re g a tio n  co n c e n tra tio n , C S A C , re su lts  fro m  th e  increased  
su rfa c e  c h a rg e  o f  th e  silica . T h is  c o n firm s  th a t a  th re sh o ld  su rface  co n cen tra tio n  o f  
ad so rb e d  su rfac tan t w as req u ired  to  in itia te  su rface  ag g re g a tio n . S pec ifica lly , on  
s ilic a  an  ad so rb e d  d en sity  m u st b e  su ff ic ie n t fo r  h y d ro p h o b ic  in te rac tio n s  b e tw een  
n e ig h b o rin g  ad so rb a tes . T h is  p ro m o te d  a d so rp tio n  b e y o n d  th a t  re q u ire d  to  ba lance  
th e  su rface  c h a rg e , an d  h en ce  th e  fo rm a tio n  o f  su rface  ag g reg a te s . In  ad d itio n , s lo w  
a d so rp tio n  w as o b se rv ed  d id  n o t a  s im p le  fu n c tio n  o f  th e  b u lk  su rfac tan t 
c o n c e n tra tio n , b u t ra th e r a  c o m p le x  fu n c tio n  o f  su rface  c h a rg e  c h a rac te ris tic s  in  the  
c a se  o f  o p p o s ite ly  c h a rg ed  su rfac tan ts  ad so rb e d  to  silica .

G o n z â le z -G a rc iâ  e t  a l .  (2 0 0 4 ) s tu d ie d  th e  a d so rp tio n  o f  n o n io n ic  
su rfa c ta n ts , T X -1 0 0 , T X -3 0 5 , an d  T X -4 0 5  w ith  a  d iffe re n t le n g th  o f  th e  h y d ro p h ilic  
ta il o n  ac tiv a te d  ca rb o n  o v e r a  w id e  c o n c e n tra tio n  ran g e . A d so rp tio n  iso therm s 
sh o w e d  a  tw o -s te p  in c rease  w h ic h  w as lim ite d  a t th e  c ritic a l m ic e lle  co n cen tra tio n  
(C M C ) o f  th e  su rfac tan ts . T h e  a d so rp tio n  d e p e n d e d  o n  th e  o x y e th y le n ic  ch a in  leng th  
in  su ch  w ay  th a t the  a m o u n t ad so rb e d  d e c re a se d  w ith  in c re a s in g  th e  ch a in  len g th  
(T X -1 0 0 > T X -3 0 5 > T X -4 0 5 ) , a lth o u g h  th e  e ffe c t w a s  m u c h  lo w e r fo r  the  longest 
p o la r  ch a in s. In  th e  c o n c e n tra tio n  ra n g e  b e lo w  th e  C M C  o f  th e  su rfac tan t, the  
m o le c u le s  w e re  a d so rb ed  by  d ire c t in te ra c tio n s  w ith  th e  a c tiv a te d  c a rb o n  su rface , b u t 
d iffe re n t co n fig u ra tio n  o f  th e  p o ly o x y e th y le n e  c h a in  (P O E ) d ire c te d  to  th e  aq u eo u s 
p h ase . F o r co n cen tra tio n s  ab o v e  th e  C M C , th e  a d so rp tio n  to o k  p lace  by  the  
in te ra c tio n s  b e tw e e n  th e  a d so rb ed  su rfa c ta n ts  m o le c u le s  an d  d iffe re n ce s  re la ted  to  
th e  le n g th  o f  th e  h y d ro p h ilic  ch a in .

2 .1 .5  A d so rp tio n  o f  M ix ed  S u rfa c ta n ts
M ix ed  su rfac tan t a d so rp tio n  fro m  aq u eo u s  so lu tio n  on to  so lids 

in c lu d e s  th e  ad so rp tio n  o f  b in a ry  m ix tu re s  o f  a n io n ic  su rfa c ta n ts , an io n ic -n o n io n ic  
su rfac tan ts , an d  ca tio n ic -n o n io n ic  su rfac tan ts . M ix ed  su rfa c ta n t sy s tem s have  ga ined  
in c re a s in g  in te re s t s in ce  the  a d so rp tio n  o f  o n e  su rfa c ta n t is o fte n  enh an ced  by  
a d d itio n  o f  a  sm all a m o u n t o f  th e  o th e r su rfac tan t. M ix e d  su rfa c ta n ts  a re  w id e ly  u sed
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in  in d u s try  s in c e  th ey  can  in  m o s t c a se s  p ro v id e  su p e rio r  p e rfo rm a n c e  fo r specific 
a p p lic a tio n s  o v e r  s in g le  su rfa c ta n t sy s tem s. T h e  a d so rp tio n  o f  m ix ed  su rfactan t 
sy s tem s o n  so lid s  can  be c o n tro lle d  u s in g  a p p ro p ria te  su rfac tan t an d  solu tion  
p ro p e rtie s  (E su m i e t  a l ,  2000 ).

F o r  ex am p le , th e  a d so rp tio n  o f  e th o x y la te d  o c ty l p h en o l (T rito n  X - 
100 an d  T r ito n  X -3 0 5 ) an d  c e ty ltr im e th y la m m o n iu m  b ro m id e  (C T A B ) fro m  their 
s in g le  an d  m ix e d  aq u eo u s so lu tio n s  o n  s ilic a  gel an d  m e th y la te d  s ilic a  g e l has been 
in v e s tig a te d  (H u a n g  and  G u , 1987). T h ey  fo u n d  th a t th e  a d so rp tio n  fro m  m ixed 
so lu tio n s  o f  C T A B /T rito n  X -1 0 0  o r C T A B /T rito n  X -3 0 5  o n  s ilic a  g e l ex h ib ited  a 
sy n e rg is tic  e ffe c t a t lo w  co n c e n tra tio n s  an d  a n  a n ta g o n is tic  e ffe c t at h igh  
c o n c e n tra tio n s , b u t th e  e ffec ts  w e re  le ss  p ro n o u n c e d  fo r th e  la tte r  sy s tem . It w as 
su g g e s te d  th a t th e  sy n e rg is tic  e ffe c t w a s  d u e  to  th e  a d d itio n a l in te rac tio n  b e tw een  the  
h y d ro c a rb o n  c h a in s  o f  a d so rb e d  T rito n  X - m o le c u le s  an d  a d so rb e d  C T A + ions. T he 
a n ta g o n is tic  e ffec t, w h ich  o ccu rs  a t h ig h  c o n c e n tra tio n s , w as  b e liev ed  to  re su lt from  
th e  fo rm a tio n  o f  m ix ed  m ic e lle s  in  th e  b u lk  so lu tio n . In  c o n tra s t w ith  th a t on  the 
s ilic a  g e l, th e  a d so rp tio n  fro m  m ix e d  so lu tio n  o f  T rito n  X -1 0 0 /C T A B  o n  m ethy la ted  
s ilic a  gel sh o w e d  no  sy n e rg is tic  e ffe c t a t lo w  co n c e n tra tio n s  s in ce  th e  C T A + ions 
w ere  n o t a d so rb e d . A t h ig h  c o n c e n tra tio n s , a lth o u g h  th e  a d so rp tio n  o f  T r ito n  X -100 
w as o b v io u s ly  d ep re ssed  in  th e  p re se n c e  o f  C T A B , th e  a d so rp tio n  o f  C T A + ion  
b ecam e  s ig n if ic a n t in  th e  p re sen ce  o f  T rito n  X -1 0 0 . It w as  su g g es ted , as ab o v e , that 
th e  d e c re a se  in  th e  a d so rp tio n  o f  T rito n  X -1 0 0  w as d u e  to  th e  fo rm a tio n  o f  T riton  X - 
1 0 0 /C T A + m ix e d  m ice lle s  in  th e  b u lk  so lu tio n . A t h ig h  co n c e n tra tio n s  o f  T riton  X - 
100, so m e  C T A + ions m ay  be  in c o rp o ra te d  in to  th e  ad so rb e d  T rito n  X -1 0 0  layer by 
th e  h y d ro p h o b ic  in te rac tio n  b e tw e e n  n e ig h b o rin g  h y d ro p h o b es , (surface 
so lu b iliz a tio n ) . H o w ev er, th e  re su lts  sh o w e d  th a t n e ith e r  T rito n  X -3 0 5  n o r  CTA B  
w ere  ad so rb e d  o n to  m e th y la ted  s ilic a  gel e ith e r  fro m  th e ir  re sp ec tiv e  s in g le  so lu tion  
o r fro m  th e ir  m ix e d  so lu tion .

T h e  a d so rp tio n  o f  d o d e c y ltr im e th y la m m o n iu m  b ro m id e  (D T A B ), 
d o d e c y lp y rid in iu m  b ro m id e  (D P B ), so d iu m  d o d e c y lb e n z e n e su lfo n a te  (S D B S ), and  
so d iu m  d o d e c y l su lfa te  (S D S ) fro m  th e ir  s in g le  a q u e o u s  so lu tio n s  and  D T A B -S D B S  
and  D P B -S D S  b in a ry  m ix ed  so lu tio n s  o n  s ilic a  gel h as  b een  in v es tig a ted  (H uang  e t  

a l ,  1989). T h e y  fo u n d  th a t th e  in d iv id u a l c a tio n ic  su rfac tan ts  c an  be  adsorbed
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s tro n g ly  o n to  th e  s ilic a  gel, b u t no  s ig n if ic a n t a d so rp tio n  o f  an io n ic  su rfac tan ts  can  
be  d e tec ted . H o w ev e r, in  the  m ix ed  sy s tem s, th e  a d so rp tio n  am o u n ts  o f  bo th  the  
c a tio n ic  an d  an io n ic  su rfac tan t io n s  w e re  e n h a n c e d , an d  th e  ex cess  ad so rp tion  o f  
c a tio n ic  su rfa c e -ac tiv e  io n s  w as e x a c tly  eq u a l to  th e  a d so rp tio n  o f  an io n ic  surface- 
a c tiv e  io n s . T h u s , it w as  rea so n ab le  to  su g g e s t th a t  th e  e x c e ss  ad so rp tio n  o f  ca tion ic  
an d  a n io n ic  su rfa c e -ac tiv e  ions w as in  th e  fo rm  o f  io n -p a irs .

X u  e t  a i .  (1 9 9 1 ) s tu d ied  th e  m ix e d  su rfa c ta n ts  ad so rp tio n  from  
d o d e c y l tr im e th y la m m o n iu m  ch lo rid e  (D T A C ) as a  c a tio n ic  an d  o c tae th y len e  g lycol 
m o n o - n -d e c y l tr im e th y l am m o n iu m  ch lo rid e  as  n o n io n ic  o n  so d iu m  k ao lin ite  surface. 
T h e  re su lts  fro m  b e lo w  C M C  sh o w ed  th a t th e  a d so rp tio n  o f  c a tio n ic  su rfac tan t 
in c re a se d  in  th e  p re sen ce  o f  n o n io n ic  su rfa c ta n t w h e re a s  ab o v e  th e  C M C  the 
a d so rp tio n  lev e l o f  th e  ca tio n ic  su rfa c ta n t d e c re a se d  w ith  in c re a s in g  in  th e  m ole 
fra c tio n  o f  n o n io n ic  su rfac tan t. T h e  d e c re a se  a d so rp tio n  o f  c a tio n ic  su rfac tan t has 
b een  a ttr ib u te d  to  th e  fo rm a tio n  o f  m ix e d  m ic e lle s  o f  c a tio n ic  and  non ion ic  
su rfac tan t.

T h e  a d so rp tio n  o f  th e  m ix ed  c a tio n ic  a n d  n o n io n ic  su rfac tan ts  o f  
h e x a d e c y ltr im e th y la m m o n iu m  b ro m id e  (C lô T A B ) an d  h ex ae th y le n e  glycol 
m o n o d o d e c y l e th e r  (C i2E 6) a t th e  h y d ro p h ilic  s ilic o n -so lu tio n  in te rface  has been  
m e a su re d  b y  sp e c u la r  n eu tro n  re flec tio n . T h e  e ffe c t o f  so lu tio n  co m p o sitio n  and  
c o n c e n tra tio n  o n  th e  a d so rb ed  am o u n t, su rface  s tru c tu re , an d  c o m p o s itio n  has been 
in v es tig a ted . T h e  re su lts  sh o w ed  th a t th e  v a r ia tio n  in  su rfa c e  c o m p o sitio n  w ith  
so lu tio n  c o m p o s itio n  rev ea led  th e  ro le  o f  th e  d if fe re n t sp e c if ic  in te ra c tio n s  o f  the  tw o  
su rfa c ta n ts  w ith  th e  so lid  su rface  w h ich  th e  a d so rb e d  a m o u n t w as  a  m ax im u m  at an  
e q u im o la r  so lu tio n  co m p o sitio n . F o r c a tio n ic -r ic h  so lu tio n s , th e  su rface  and  so lu tion  
c o m p o s itio n s  w ere  id en tica l (co n s is ten t w ith  id ea l m ix in g ). W h erea s  fo r non ion ic- 
r ic h  so lu tio n s , th e  su rface  w as r ich e r in  c a tio n ic  su rfa c ta n t, re fle c tin g  the greater 
a ff in ity  o f  th e  c a tio n ic  fo r th a t su rface  (P e n fo ld  e t  a i ,  2 0 0 0 ).

D ix it e t  a l .  (2 0 0 2 ) s tu d ie d  c o -a d so rp tio n  by  u s in g  m ix ed  quaternary  
a m m o n iu m  co m p o u n d s  C T A B , T T A B  an d  n o n y l p h e n y l e th o x y la te s  (N P 13 , N P20, 
N P 3 0 ). T h ree  so lid  su b stra te s , q u a rtz , p o ly s ty re n e  an d  P T F E  w ere  chosen  fo r 
in v es tig a tio n . T h ey  fo u n d  th a t the  ‘ร ’ sh ap ed  a d so rp tio n  iso th e rm s w ere  ob ta ined  in  
th e  case  o f  a ll th e  th re e  su b stra te s . T h e  p re se n c e  o f  n o n io n ic s  had  v a ried  effects on
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th e  a d so rp tio n  o f  C T A B /D T A B  d ep en d in g  o n  c o n c e n tra tio n  w h ich  in  all th e  cases 
th e  a d so rp tio n  o f  C T A B  w as in c reased  d u e  to  th e  p re se n c e  o f  n o n io n ic s , N P„ in the  
p re -p la te a u  reg io n . S im ila rly  th e re  w as a  d e c re a se  in  th e  a d so rp tio n  o f  C T A B  in the 
p la te a u  re g io n  in  a ll c a se  o f  all th e  su b s tra te s  d u e  to  m ix e d  m ice lliz a tio n .

T h e  s tru c tu re  and  c o m p o sitio n  o f  th e  m ix ed  an io n ic  an d  nonion ic  
su rfa c ta n ts  a d so rb e d  a t th e  h y d ro p h ilic  s ilic o n  so lid -so lu tio n  in te rface  w as stud ied  by 
P e n fo ld  e t  a l .  (2 0 0 2 ). T h is  s tu d y  sh o w ed  th a t th e  a n io n ic  su rfa c ta n t so d iu m  dodecyl 
su lfa te  (S D S ) a lo n e  d id  n o t ad so rb  at th e  h y d ro p h ilic  s ilic o n -so lu tio n  in terface. In 
th e  p re se n c e  o f  th e  n o n io n ic  su rfac tan t h e x a e th y le n e  g ly co l m o n o d o d ecy l e ther 
( C 12E 6), c o -a d so rp tio n  w as o b se rv ed  fo r so lu tio n s  r ich  in  C 12E 6. T h e  adsorbed  
a m o u n t an d  m o le  fra c tio n  o f  S D S  d ec rea sed  m a rk e d ly  w ith  in c re a s in g  m o le  fraction  
o f  S D S  in  so lu tio n , an d  fo r  so lu tio n s  r ic h e r  th a n  e q u im o la r  th e re  w as little  su rfac tan t 
a d so rp tio n  a t th e 'in te r fa c e .  T h e  ad so rp tio n  o f  S D S  at th e  in te rface  in  th e  p resence 
C 12E 6 w a s  d u e  to  th e  sy n e rg is tic  in te rac tio n  b e tw e e n  th e  tw o  su rfac tan ts .

2.2 Solubilization and Adsolubilization

2.2 .1  F u n d a m e n ta ls
S o lu b iliz a tio n  is d e fin ed  as th e  sp o n ta n e o u s  d isso lv in g  o f  a  substance 

(so lid , liq u id  o r  g as) b y  rev e rs ib le  in te ra c tio n  w ith  th e  m ic e lle  o f  th e  su rfac tan t in a 
so lv e n t to  fo rm  a  th e rm o d y n a m ic a lly  s tab le  iso tro p ic  so lu tio n  w ith  reduced  
th e rm o d y n a m ic  a c tiv ity  o f  th e  so lu b iliz ed  m a te ria l (R o sen , 1989). A  m ice lle  is a 
tra n s ie n t a g g re g a te  o f  10 to  100 su rfac tan t m o lecu le s . T h e  co n cen tra tio n  o f  
su rfa c ta n t a t w h ic h  m ic e lle s  b e g in  to  fo rm  is c a lled  c ritic a l m ice lle  co n cen tra tio n  
(C M C ); th e  C M C  is a  fu n c tio n  o f  th e  s tru c tu re  o f  th e  su rfac tan t, th e  tem p era tu re  o f  
th e  su rfa c ta n t so lu tio n , th e  c o n c e n tra tio n  o f  a d d ed  e le c tro ly te s , an d  th e  co n cen tra tio n  
o f  so lu b iliz a te s  an d  o th e r  a m p h ip h ile s  (H a rw e ll, 1991).

F o r  ex am p le , Z h u  an d  F en g  (2 0 0 3 ) in v e s tig a te d  th e  so lu b iliza tio n  o f  
p o ly c y c lic  a ro m a tic  h y d ro c a rb o n s  (P A H s) b y  m ix e d  an io n ic -n o n io n ic  su rfac tan ts . In 
s in g le  su rfa c ta n t sy s te m , so lu b ilitie s  o f  P A H s in  w a te r  w e re  g rea tly  en h an ced  in a 
lin e a r fa sh io n  b y  th e  a d d itio n  o f  T X 1 0 0 , T X 3 0 5 , B rij 35 , an d  so d iu m  d o d ecy l su lfate 
(S D S ). S o lu b ility  e n h a n c e m e n t e ff ic ie n c ie s  o f  su rfa c ta n ts  ab o v e  C M C  fo llo w  the
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o rd e r o f  T X 1 0 0  >  B rij 35 >  T X 3 0 5  >  S D S . P A H s w ere  so lu b iliz e d  sy n erg is tica lly  in 
m ix e d  a n io n ic -c a tio n ic  su rfac tan t so lu tio n s , e sp e c ia lly  a t lo w  su rfac tan t 
c o n c e n tra tio n s . T h e  sy n e rg is tic  p o w e r o f  th e  m ix e d  su rfac tan ts  w as  S D S -T X 305  >  
S D S -B rij 35 >  S D S -T X 1 0 0 .

A d so lu b iliz a tio n  is d e fin ed  as  “ th e  e x c e ss  c o n c e n tra tio n  o f  a  spec ies  
at an  in te rface  in th e  p re sen ce  o f  an  a d m ice lle  th a t w o u ld  n o t ex is t in  th e  absence o f  
th e  a d m ic e lle ” (พ น  e t  a l . ,  1987). F ac to rs  in flu e n c in g  a d so lu b iliz a tio n  b eh av io r are  
as  fo llow : (a ) su rfac tan t s tru c tu re ; (b ) k in d  o f  w a te r- in so lu b le  co m p o u n d ; and  (c) 
k in d  o f  p a rtic le s . T h e  a d so lu b iliz a tio n  p h e n o m e n o n  is th e  su rface  analog  o f  
so lu b iliz a tio n , w ith  a d so rb ed  su rfac tan t a g g reg a te  ta k in g  th e  p lace  o f  m icelle , as 
sh o w n  in  F ig u re  2 .2 .

ร ร ร 
ร ร ร 

ร ร ร
►

Solubilization

ร ร ร 
ร ร ร 

ร ร ร

* Adsolubilization

Figure 2.2 T h e  p h e n o m e n a  o f  so lu b iliz a tio n  an d  a d so lu b iliz a tio n  (D ic k so n  and 
O ’H av er, 2 0 0 2 ).

2 .2 .2  E ffe c t o f  N a tu re  o f  O rg an ic  C o m p o u n d s  o n  A d so lu b iliz a tio n  
B e h a v io r
S u rfac tan ts  a d so rb ed  on  a so lid  su rface  can  be  u sed  to  increase  th e  

so rp tio n  o f  o rg an ic  c o m p o u n d s . T h ere  a re  b a s ic a lly  th re e  lo ca tio n s  w ith in  an
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a d m ic e lle  w h e re  c o n ta m in a n ts  m ay  be  a d so lu b iliz e d : th e  p o la r  h ead  reg ion , the  
h y d ro p h o b ic  c o re  re g io n  w h ich  th is  re g io n  c o n s is ts  o f  th e  h y d ro c a rb o n  ch a in s  and  is 
n o n p o la r  in  n a tu re , an d  th e  so -ca lled  “p a lisa d e  re g io n ” w h ic h  is in te rm ed ia te  in 
p o la r ity  (D ic k so n  a n d  O ’H av er, 2 0 0 2 ), as  sh o w n  in  F ig u re  2 .3 .

p o la r  re g io n

Figure 2.3 T h e  a d m ic e lle  s tru c tu re .

S u rfa c ta n t ag g re g a te s  o n  so lid /liq u id  in te rface , ad m ice lle s , a re  
c ap ab le  o f  re m o v in g  h y d ro p h o b ic  o rg an ic  co m p o u n d s  fro m  so lu tio n  (benzene, 
to lu e n e , e tc .)  a n d  e n jo y  a  h ig h e r se le c tiv ity  o v e r  o th e r  co n v e n tio n a l tech n o lo g ies  
su c h  as  f iltra tio n  an d  a c tiv a te d  c a rb o n  a d so rp tio n  (L ee , 2 0 0 2 ). T h e  lo ca tio n  o r 
c o m b in a tio n  o f  lo c a tio n s  w ith in  th e  a d m ic e lle  a t w h ic h  a  p a r tic u la r  co n ta m in a n t w ill 
b e  a d so lu b iliz e d  d e p e n d s  p rim arily  o n  th e  w a te r  so lu b ility  o f  th e  co n tam in an t 
m o le c u le s  an d  th e  s tru c tu re  o f  th e  co m p o u n d . W h en  th e  c o n ta m in a n t is n o n -p o la r 
an d  h as  lo w  so lu b ility  in  w a te r, su ch  as th e  a lk an es  o r  o th e r  h y d ro p h o b ic  organic 
c o m p o u n d s  a re  p re fe re n tia lly  a d so rb ed  in  th e  co re  re g io n  o f  su rfa c ta n t agg rega tes, 
w h e rea s  th e  p o la r  o rg a n ic  co m p o u n d s  s tay  in  th e  p a lisa d e  la y e r o r  a t th e  in terface  
b e tw e e n  su rfa c ta n t a g g re g a te  an d  aq u eo u s  so lu tio n .

A s  m e n tio n e d , it h as  b een  su g g e s te d  th a t p a r titio n  c o e ff ic ien ts  can be 
u sed  to  e lu c id a te  th e  lo cu s  o f  a d so lu b iliz a tio n  in  a d m ice lle s . T h e  fo llo w in g  trends 
h av e  b e e n  o b se rv e d  c o n c e rn in g  th e  lo cu s  o f  a d so lu b iliz a tio n  an d  partition
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c o e ffic ien ts : ( 1) i f  th e  so lu te  p a rtitio n s  p rim a rily  to  th e  co re , th e  p a r titio n  coeffic ien ts 
w ill in c rea se  as  th e  m o le  frac tio n  o f  th e  a d so lu b iliz a te  in c rea se s ; (2 ) i f  the  solute 
p a r titio n s  p r im a rily  to  th e  p a lisad e  reg io n , th e  p a r titio n  c o e ff ic ien ts  w ill decrease as 
th e  m o le  fra c tio n  o f  th e  a d so lu b iliz a te  in c rea se s ; an d  (3 ) i f  th e  so lu te  partitions to  
b o th  th e  c o re  an d  th e  p a lisa d e , th e  p a r titio n  c o e ff ic ien ts  w ill re m a in  co n stan t as the  
m o le  frac tio n  o f  th e  ad so lu b iliz a te  in c rea se s  (H a rw e ll, 1991).

F o r ex am p le , K itiy an an  e t  a l .  (1 9 9 6 ) s tu d ie d  th e  adso lub iliza tion  
iso th e rm s fo r  s ty ren e  an d  iso p ren e  in to  ce ty ltr im e th y la m m o n iu m  b ro m id e  (C TA B ) 
b ila y e rs  (a d m ic e lle s )  o n  p re c ip ita te d  silica. T h e  re su lts  sh o w ed  th a t the  partition

c o e ff ic ien ts  fo r  s ty ren e  rem a in e d  c o n s ta n t w h ile  th e  m o le  fra c tio n  o f  styrene 
in c rea sed , an d  th e  p a r titio n  c o e ffic ien ts  fo r  iso p re n e  d e c re a se d  w ith  in c reas in g  m ole 
fra c tio n  o f  isop rene . T h e  s tu d y  co n c lu d ed  th a t s ty re n e  p a r titio n  to  b o th  the palisade

an d  co re  re g io n s , w h ile  iso p ren e  ad so lu b iliz e s  in to  p a lisa d e  reg ion .

T h e  a d so lu b iliz a tio n  c a p a b ilitie s  an d  s ta b ility  o f  th e  bonded  
o c ta d e c y ltr ic h lo ro s ila n e  (O D S ) w ere  e v a lu a te d  an d  c o m p a re d  to  th o se  o f  physically  
ad so rb e d  ag g re g a te s  o f  c e ty ltr im e th y la m m o n iu m  b ro m id e  (C T A B ) o n  p o ro u s silica  
w e re  s tu d ied . T h e  a d so lu b iliz a tio n  o f  tw o  o rg an ic  so lu te s , tr ic h lo ro e th y le n e  (TC E) 
an d  p h en o l, w as  a lso  m easu red . B o th  b o n d e d  O D S  an d  C T A B  ad m ic e lle s  on  silica  
sh o w e d  a lm o s t th e  sam e  tren d  in  ad so lu b ilz a tio n  o f  T C E  d u e  to  th e  nonpolar 
p ro p e rty  o f  T C E , w h ile  th e  p h en o l a d so lu b iliz e d  to  a  g re a te r  e x te n t in  C T A B  than in  
b o n d e d  O D S  m ay  be  d u e  to  in te rac tio n  o f  th e  p o la r  p h e n o l w ith  th e  p a lisad e  layer o f  
th e  C T A B  a d m ice lle s , w h ic h  p a lisad e  la y e r d id  n o t e x is t in  th e  bonded 
(T h a k u lsu k a n a n t e t  a l . ,  1997).

H o lu z h e u  e t  a l .  (2 0 0 0 ) in v es tig a ted  th e  d is tr ib u tio n  ra tio s  o f  a rom atic

c o m p o u n d s  b e tw e e n  aq u eo u s  so lu tio n  an d  su rfa c ta n t-co v e re d  silica  by  
c h ro m a to g ra p h ic  m eth o d . In  th is  w o rk  eq u ilib r iu m  c o n s ta n ts  o f  26  arom atic

co m p o u n d s  w e re  d e te rm in e d  as a  fu n c tio n  o f  p H  an d  o f  th e  a d so rp tio n  density  o f  
h e x a d e c y ltr im e th y la m m o n iu m  b ro m id e  (H D T M A B ) o n  silica. F o rm a tio n  o f  core

re g io n s  in  th e  su rfa c ta n t a g g reg a te s  d u e  to  h y d ro p h o b ic  ag g re g a tio n  favors 
a d so lu b iliz a tio n  o f  n o n -p o la r  co m p o u n d s. A t th e  sam e  tim e  eq u ilib r iu m  constan ts o f
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p o la r  o rg a n ic  c o m p o u n d s  d e c re a sed  b e c a u se  o f  th e  red u ced  in te rfac ia l area  per 
su rfa c ta n t m o lecu le

T h e  a d so lu b iliz a tio n  o f  th e  o rg a n ic  c o m p o u n d s , to lu en e  and  
a c e to p h e n o n e  in to  C T A B  a d m ic e lle s  o n  p re c ip ita te d  s ilic a  as a  fu n c tio n  o f  ionic 
s tre n g th  w as in v e s tig a te d  (K a n ja n a k h u n th a k u l, 2 0 0 2 ). It w as o b se rv e d  that, fo r 
to lu en e , th e  p a r ti t io n  c o e ff ic ien t d e c re a sed  w ith  in c rea s in g  io n ic  s tren g th . In 
co n tra s t, th e  p a r titio n  c o e ff ic ie n t o f  a c e to p h e n o n e  in c reased  w ith  in c rea s in g  ionic 
s tren g th . T h is  m ay  b e  d u e  to  th e  d iffe ren ce  in  th e  p o la rity  o f  the  tw o  so lu tes  and  also  
th e  d iffe re n ce  in  th e  s tru c tu ra l c h a ra c te r is tic s  o f  th e  a d so rb e d  C T A B  o n  s ilic a  surface 
a t d iffe re n t io n ic  s tre n g th . A t th e  p a r titio n  c o e ffic ien t (K ) p re d ic te d  th a t location  
a d so lu b iliz a tio n  fo r a c e to p h e n o n e  w as in  th e  p a lisad e  reg io n s , w h ile  to lu en e  w as 
b o th  th e  c o re  an d  p a lis a d e  reg io n s .

D ic k so n  an d  O ’H a v e r  (2 0 0 2 ) in v e s tig a te d  th e  ad so lu b iliz a tio n  o f  
n a p h th a le n e  an d  a -n a p h th o l  w ith  h av e  th e  s im ila r  s tru c tu re s  b u t d iffe ren t in  
p o la r itie s  in  C nT A B  (ท= 1 2 , 14, 16) ad m ice lle s . T h e y  in v es tig a ted  the  
a d so lu b iliz a tio n  c a p a c itie s  o f  th e  co re  an d  p a lisa d e  reg io n s  w ith in  th e  ad m ice lle  and 
th e ir  in te ra c tio n s  w ith in  th e  ad m ice lle . T h e  p a r titio n  c o e ff ic ien ts  fo r  a -n a p h th o l 
re m a in e d  c o n s ta n t as  th e  m o le  fra c tio n  o f  a -n a p h th o l  in  th e  a d m ic e lle  increased , 
im p ly in g  th a t a -n a p h th o l  ad so lu b iliz e d  to  b o th  th e  co re  an d  p a lisa d e  reg io n s . T he 
p a r titio n  c o e ff ic ie n ts  fo r  n a p h th a le n e  in  th e  C léT A B  an d  C 12T A B  sy s te m  rem ain  
e s se n tia lly  co n s ta n t as  th e  m o le  fra c tio n  in  th e  a d m ice lle  in c re a se d  d u e  to  the  
in te rm e d ia te  p o la r ity  o f  n a p h th a le n e , in d ic a tin g  th a t n a p h th a le n e  ad so lu b iliz ed  to  
b o th  th e  c o re  an d  p a lisa d e  reg io n s . In  th e  C 14T A B  sy stem , th e  p a r titio n  co effic ien t 
in c re a se d  s lig h tly  as  th e  m o le  frac tio n  o f  n a p h th a le n e  in  th e  a d m ic e lle  increased . 
T h is  in c rea se  in  th e  p a r titio n  co e ff ic ien t im p lied  th a t  th e  c o m p o n e n t w as  p artitio n in g  
p rim a rily  to  th e  co re  o f  ad m ice lle s .

2 .2 .3  A d so lu b iliz a tio n  in  S in g le -su rfa c ta n t an d  M ix e d -S u rfa c ta n t S ystem s
2 . 2 . 3 . 1  S i n g l e - S u r f a c t a n t  S y s t e m

T h e  a d so lu b iliz a tio n  o f  p h e n o x y a lc o h o ls  an d  fo u r ca tion ic  
su rfa c ta n ts  w ith  v a rio u s  h e a d g ro u p s  a t th e  s ilic a /w a te r  in te rface  as  a  fu n c tio n  o f  bo th
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so lu te  an d  su rfac tan t co n cen tra tio n  w a s  in v e s tig a te d  by  M o n tic o n e  and  T reiner 
(1 9 9 4 ). T h e  n e cessa ry  a d so rp tio n  iso th e rm s  o f  th e  c a tio n ic  surfactan ts 
h e x a d e c y lp y rid in iu m , trim e th y lte tra d e cy l, tr im e th y e x a d e c y lam m o n iu m  brom ides, 
an d  b e n z y ld im e th y lte tra d ec y la m m o n iu m  c h lo r id e s  o n  s ilic a  h av e  a lso  b een  studied  a t 
lo w  p H  an d  ion ic  fo rce . It w as sh o w e d  in  th e  case  o f  p h e n o x y a lc o h o ls  that the  
a d so rp tio n  p ro file  o f  th e  so lu tes  w as v e ry  s im ila r  to  th a t o f  th e  su rfac tan ts: at low  
a lc o h o l c o n c e n tra tio n  a  p la teau  a d so rp tio n  w as o b se rv e d  fo llo w ed  by  a  rap id  increase 
o f  a d so lu b iliz a tio n  ab o v e  a so lu te  th re sh o ld  c o n c e n tra tio n  an d  a n e w  plateau at 
h ig h e r  c o n cen tra tio n . T h is  ty p e  o f  iso th e rm  w as o b ta in ed  at lo w  surfactan t 
c o n c e n tra tio n  an d  m ay  be  fitted  w ith  th e  sam e  th e o re tic a l a d so rp tio n  iso th e rm s as th e  
c a tio n ic  su rfac tan ts .

L ai e t  a l .  (1 9 9 7 ) s tu d ie d  th e  a d so lu b iliz a tio n  o f  sm all a liphatic  
f lu o ro c a rb o n  a lco h o ls  in to  p e rf lu o ro h e p ta n o a te  a d m ic e lle  fo rm ed  o n  a lum ina . T hey  
fo u n d  th a t a t lo w  flu o ro ca rb o n  su rfa c ta n t a d so rp tio n , th e  h ig h  ra tio s  o f  fluo rocarbon  
a lc o h o ls  ad so lu b iliz a te d  to  f lu o ro ca rb o n  su rfa c ta n t ad so rb ed . H ig h e r  con cen tra tio n s 
a n d  in c re a s in g  h y d ro p h o b ic ity  o f  th e  a d so lu b iliz a te  en h a n c e d  su rfa c ta n t adsorp tion  
b e lo w  th e  p la te a u  reg ion . P a rtitio n ed  a m o u n ts  o f  th e  f lu o ro c a rb o n  a lc o h o ls  rose w ith  
th e  a lco h o l su p e rn a tan t co n cen tra tio n  a n d  c h a in  len g th . T h e  ab o v e  re su lts  led  to  the  
c o n c lu s io n  th a t th e  tw o -s ite  a d so lu b iliz a tio n , w h ic h  seem s to  be  rea so n ab le  by the  
e s tim a te s  o f  a g g re g a tio n  n u m b ers  w ith  lin e a r re la tio n  to  a d so rp tio n  d en sities .

W an g  e t  a l .  (1 9 9 9 ) s tu d ie d  th e  a d so lu b iliz a tio n  o f  2 -naph tho l 
b y  te tra d e c y ltr im e th y la m m o n iu m  b ro m id e  (T T A B ) an d  by  m ix tu re s  o f  T T A B  and  
h y d ro p h o b ic a lly  m o d ifie d  p o ly a c ry la m id e  (H M P A M ) o n  N a -k a o lin ite . I t w as found 
th a t th e  p re sen ce  o f  H M P A M  s tro n g ly  a ffe c tr  th e  a m o u n ts  o f  2 -naph tho l 
a d so lu b iliz e d  o n to  th e  c lay  su rface . . A t h ig h  T T A B  co n cen tra tio n s , the  
a d so lu b iliz a tio n  e ffic ien cy  o f  2 -n ap h th o l b y  th e  m ix tu re  d id  n o t h ig h e r  than  w ith  
T T A B  a lo n e . A t lo w er T T A B  c o n c e n tra tio n s , h o w ev e r, th e  a m o u n t o f  2 -naph tho l 
a d so lu b iliz e d  w as m u c h  h ig h e r in  th e  p re se n c e  o f  H M P A M  th an  in  th e  absence o f  
H M P A M , a t a  g iv en  co n cen tra tio n  o f  T T A B . F in a lly , th e  d eg ree  o f  c lay  d ispersion  
w a s  g rea tly  in flu en ced  by  the  p re sen ce  o f  H M P A M .

T h e  im p ac t o f  lip o p h ilic  lin k e rs  (lo n g  ch a in  lin ea r a lcohols) 
o n  th e  a d so rp tio n  o f  an d  s ty ren e  a d so lu b iliz a tio n  in  p o ly e th y o x y la te d  alky lpheno ls
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(T rito n  X ) n o n io n ic  su rfac tan ts  w ith  v a ry in g  E O  u n its  o n  a m o rp h o u s  p rec ip ita ted  
s ilic a  w a s  a lso  in v e s tig a te d  (T an  an d  O ’H av e r, 2 0 0 4 ). T h e  s tu d y  sh o w ed  that the 
p re se n c e  o f  lip o p h ilic  lin k ers  in c re a se d  b o th  su rfa c ta n t ad so rp tio n  an d  styrene 
a d so lu b iliz a tio n . T h e  a d so lu b iliz a tio n  c a p a c ity  o f  su rfa c ta n ts  in c rea sed , up  to  a 
c e rta in  v a lu e , w ith  in c rea s in g  lip o p h ilic  lin k e rs  ta il len g th  o r  c o n cen tra tio n . S tyrene 
a d so lu b iliz a tio n  d e c re a sed  w ith  in c rea s in g  n u m b e rs  o f  e th y o x y la te d  (E O ) u n its  in the 
su rfac tan t, e sp e c ia lly  a t h ig h e r s ty re n e  lo ad in g  lev e ls . T h e  en h an cem en t o f  
a d so rp tio n  an d  s ty re n e  a d so lu b iliz a tio n  w a s  th o u g h t to  b e  cau sed  by  th e  linkers 
in c re a s in g  in te ra c tio n s  b e tw een  s ty ren e  an d  su rfa c ta n t h y d ro p h o b ic  g ro u p s. Partition  
c o e ff ic ie n t d a ta  su p p o rts  in itia l s ty ren e  a d so lu b iliz a tio n  in to  b o th  th e  p a lisad e  and  
co re  re g io n s  o f  th e  ad m ic e lle s  w h ile  a t h ig h e r  c o n c e n tra tio n s  it ap p ea rs  to go 
p r im a rily  in to  co re . S ty ren e  a d so lu b iliz a tio n  in c re a se d  w ith  in c re a s in g  s ty ren e  bu lk  
c o n c e n tra tio n , a s  d id  th e  ra tio  o f  ad so lu b iliz e d  sty ren e .

2 . 2 . 3 . 2  M i x e d - S u r f a c t a n t s  S y s t e m

T h e  b e h a v io r  o f  a  m ix tu re  is o f te n  q u ite  d iffe ren t fro m  tha t o f  
a  s in g le  su rfa c ta n t, an d  in  m o st c ase  o f  sy n e rg is tic  e ffec t. M ix e d  su rfac tan ts  g ive 
v a r io u s  a d v a n ta g e s  o v e r  s in g le  su rfa c ta n t sy s tem  d u e  to  lo w e r q u an titie s  o f  
su rfa c ta n ts  n e e d e d  to  ach iev e  th e  sa m e  e ffe c t o r p e rfo rm an ce . A s a result, 
a p p lic a tio n s  in c lu d e  d e te rg en cy , fab ric  c o n d itio n in g , d y e in g  an d  m in era l f loa ta tion  
a m o n g  m an y .

F o r ex am p le , E su m i e t  a l .  (2 0 0 0 ) ex am in ed  the 
a d so lu b iliz a tio n  o f  2 -n ap h th o l by  su rfa c ta n t m ix tu re s  o f  an  an io n ic  su rfac tan t, 
so d iu m  d o d e c y l su lfa te  (S D S ), an d  a  n o n io n ic  su rfa c ta n t, h ex ao x y e th y len ed o d ecy l 
e th e r  (C ioEô) o n  a lu m in a . T h ey  sh o w e d  c o m p le x  b e h a v io r  c o m p a re d  to  those 
o b ta in e d  w ith  a  s in g le  su rfac tan t sy s tem . In  s in g le -su rfa c ta n t sy s tem , on ly  the  
a n io n ic  su rfa c ta n t w as  fo u n d  to  sh o w  an  a p p re c ia b le  a d so lu b iliz a tio n . In  th e  m ixed- 
su rfa c ta n ts  sy s te m , th e  a d so lu b iliz a tio n  g re w  w ith  an  in c rea se  in  th e  to ta l am o u n t o f  
a d so rb e d  su rfa c ta n t, w h e rea s  th e  a d so lu b iliz a tio n  b ecam e  g rea te r  w ith  an  increase  in 
th e  a n io n ic  su rfa c ta n t co n ten t in  th e  in itia l m ix tu re s . T h u s, su rfa c ta n t m ix tu res  o f  
an io n ic  an d  n o n io n ic  su rfac tan ts  w ith  lo w  c o n c e n tra tio n s  h av e  g rea t p o ss ib ilitie s  fo r 
e n h a n c in g  a d so lu b iliz a tio n  o f  so lu tes .
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S u b seq u en tly , E su m i e t  a l .  (2 0 0 1 ) investiga ted  the  
a d so lu b iliz a tio n  o f  2 -n ap h th o l by  b in a ry  m ix tu re s  o f  c a tio n ic  su rfac tan ts , 1, 2-b is 
(d o d e c y ld im e th y la m m o n io )  e th an e  d ib ro m id e s  (2 R en Q ) and 
h e x a d e c y ltr im e th y lam m o n iu m  b ro m id e  (H T A B ) an d  n o n io n ic  surfactant, 
h e x a o x y e th y le n e d e cy l e th e r (CioEô) o n  silica . In th e  s in g le  su rfac tan t system s, 
a d so lu b iliz a tio n  o f  2 -n ap h th o l fo r H T A B  an d  2 R en Q  w as s im ila r  an d  w as greater 
th a n  th a t fo r CioEô- In  th e  H T A B /C ioE ô sy stem , th e  ra tio s  o f  a d so lu b iliz e d  am ount o f  
2 -n a p h th o l an d  ad so rb e d  am o u n t o f  su rfa c ta n t fo r th e  m ix tu re s  o f  d ifferent 
c o m p o s itio n s  w ere  g re a te r  th an  th o se  o f  th e  s in g le  su rfa c ta n t sy s tem s. H ow ever, in 
th e  2R enQ /C ioE ô  sy s tem  th e  ra tio s  fo r m ix tu re s  w e re  in te rm e d ia te  b e tw een  those o f  
s in g le  su rfa c ta n t sy s tem s. It w as su g g e s te d  th a t  th e  h y d ro p h o b ic  p ro p erties  in the  
m ix e d  su rfa c ta n t ad so rb e d  lay e r fo r a d so lu b iliz a tio n  o f  2 -n a p h th o l w ere  effected by  
th e  s tru c tu re  o f  c a tio n ic  su rfac tan t.

2.3 Effect of pH on Adsorption and Adsolubilization

T h e  a d so rp tio n  o f  su rfac tan ts  d ep en d s  o n  m a n y  p a ra m e te rs  su ch  as the type 
o f  su rfac tan t m o le c u le , th e  e lec tro ch em ica l n a tu re  o f  th e  su b s tra te , an d  the pH  value 
o f  th e  so lu tio n . A d ju s tin g  th e  pH  v a lu e  o f  th e  c o n ta c tin g  aq u eo u s  so lu tion  can  
c h a n g e  th e  c h a rg e  o n  so lid  o x id e  su rface  to  be  e ith e r  p o s itiv e  o r  n eg a tiv e  because 
b o th  h y d ro g e n  (H +) an d  h y d ro x y l (O H ')  io n s  a re  p o te n tia l d e te rm in in g  ions o f  
m in e ra l o x id e s . T h e  p H  v a lu e  th a t m ak es  th e  ch a rg e  o n  th e  so lid  o x id e  surface equal 
z e ro  is c a lle d  th e  p o in t o f  zero  ch a rg e  (P Z C ). W h en  th e  p H  o f  th e  contacting  
a q u e o u s  so lu tio n  is b e lo w  th e  P Z C  o f  th e  so lid  o x id e  su rfy ce , th e  su rface  will be 
p ro to n a te d  a n d  p o s itiv e ly  ch a rg ed , w ith  c o n se q u e n t in c rea se  in  th e  adsorp tion  o f  
an io n ic  su rfa c ta n ts  an d  d ec rease  in  th e  a d so rp tio n  o f  ca tio n ic . T h e  reverse  is true 
w h e n  th e  p H  ab o v e  th e  PZ C . T h ese  e ffe c ts  a re  sh o w e d  m a rk e d ly  fo r m ineral oxide, 
su c h  as  s ilic a  an d  a lu m in a , and  by  w o o l an d  o th e r p o ly am id e . C h an g e  in  the pH a ls0 
m ay  a ffe c ts  su rfa c ta n t m o lecu les , n o ta b ly  th o se  c o n ta in in g  c a rb o x y la te  g roup  (soap) 
o r  n o n q u a te m a ry  a m m o n iu m  g roup . In  th e se  c a se s , c h a n g e  in  p H  m ay  convert the 
su rfa c ta n t fro m  o n e  co n ta in in g  an  io n ic  g ro u p  c a p a b le  o f  s tro n g  ad so rp tio n  onto 
o p p o s ite ly  c h a rg e d  sites  on  th e  a d so rb en t to  a  n eu tra l m o le c u le  cap ab le  o f  adsorption
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o n ly  th ro u g h  h y d ro g e n  b o n d in g  o r d isp e rs io n  fo rces . C h a n g e  in  p H  a lso  m ay  affect 
n o n io n ic  su rfa c ta n ts , n o ta b ly  th o se  h a v in g  p o ly o x y e th y le n e  ch a in , b e c a u se  th e  e ther 
lin k a g e  in  th e se  c h a in s  can  b e  p ro to n a te d  a t lo w  p H , y ie ld in g  p o s itiv e ly  charged  
g ro u p in g  th a t  m a y  a d so rb  o n to  n e g a tiv e ly  c h a rg e d  su b stra te .

S h a rm a  e t  a l .  (1 9 9 6 ) in v e s tig a te d  th e  m o rp h o lo g y  o f  a d so rb ed  cation ic 
su rfa c ta n t, c e ty ltr im e th y la m m o n iu m  b ro m id e  (C T A B ), o n  m ica . It ap p e a re d  that at 
lo w  C T A B  c o n c e n tra tio n  an d  lo w  p H  v a lu e s , d isc re te  ag g re g a te s  o f  adsorbed  
su rfa c ta n ts  w e re  fo u n d  o n  th e  su rface . A s th e  su rfa c ta n t c o n c e n tra tio n  w as 
in c re a se d , th e se  a g g re g a te s  b ec o m e  m o re  o rg a n iz e d  in to  e lo n g a ted  cy lindrica l 
sh ap es . T h e  c o n tin u ity  o f  th e  n e tw o rk  o f  p a tc h e s  in c re a se d  u n til a  co n cen tra tio n  ju s t  
b e lo w  th e  C M C . A t th is  c o n cen tra tio n , th e  p a tc h e s  b e cam e  c o n tin u o u s  w orm like  
a d m ic e lle  o n  th e  su rface . I t w as  c lea r  th a t  th e  fo rm a tio n  o f  d en se  co n tin u o u s 
m o n o la y e rs  o r  b ila y e rs  d id  n o t o c c u r  as  p o s tu la te d  ea rlie r . In d eed  o b serv a tio n s 
su g g e s te d  th e  fo rm a tio n  o f  d isc re te  su rfa c ta n t a g g re g a te s  o n  th e  su rface  w h ic h  under 
c e r ta in  c o n d itio n s  (h ig h  p H  an d  h ig h  su rfa c ta n t c o n c e n tra tio n )  b e cam e  co n tin u o u s 
an d  fo rm e d  w o rm lik e  a d m ic e lle s  o n  th e  m ic a  su rface . T h is  ch an g e  in  su rfac tan t 
m o rp h o lo g y  fro m  ad so rb e d  su rfac tan t a g g re g a te s  to  m o re  co n tin u o u s  s tru c tu res  w as 
a lso  re sp o n s ib le  fo r  th e  tra n s itio n  fro m  h y d ro p h ilic  to  h y d ro p h o b ic  surface 
p ro p e rtie s . I t w a s  a lso  sh o w ed  th a t p H  an d  sa lt c o n c e n tra tio n  p la y e d  a n  im portan t 
ro le  in  th is  tran s itio n .

In  2 0 0 1 , A tk in  e t  a l .  in v es tig a ted  th e  e f fe c t o f  p H , e lec tro ly te , an d  surface 
p re p a ra tio n  o n  th e  su rface  e x cess  o f  c e ty lp y rid in iu m  b ro m id e  to  th e  s ilic a  b y  using 
o p tic a l re f le c to m e try  an d  A F M . A t c o n c e n tra tio n s  a ro u n d  th e  c ritic a l surface 
a g g re g a tio n  c o n c e n tra tio n  (C S A C ), a d so rp tio n  p ro c e e d e d  s lo w ly  in  th e  ab sence  o f  
sa lt a n d  ta k e n  h o u rs  to  reach  an  eq u ilib r iu m  v a lu e . A t a ll o th e r  co n cen tra tio n s  and  
e v e n  a t th e  C S A C  w h e n  e le c tro ly te  w as  p re se n te d , th e  a d so rp tio n  w as co m p le ted  
w ith in  m in u te s . A t m o d e ra te  to  h ig h  su rfa c ta n t c o n c e n tra tio n  w ith  a d d ed  e lec tro ly te , 
p H  in c re a se d  h a s  little  e ffe c t o n  su rface  ex cess . In  in c re a se s  w e re  p rim a rily  due  to  
in c re a se d  so lu tio n  io n ic  s tren g th  an d  n o t d u e  to  in c re a se d  c h a rg e  o n  th e  su b stra te . A t 
lo w  su rfa c ta n t c o n c e n tra tio n s , ad d ed  c a tio n s  c o m p le te  e ffe c tiv e ly  w ith  th e  cation ic 
su rfa c ta n t fo r  a d so rp tio n  s ite s , re su ltin g  in  n o  d e te c ta b le  a d so rp tio n  u n til a  pH  ~8 
w as reach ed .
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T h e  a d so lu b iliz a tio n  o f  a n th ra c e n e  o n  h ex ad ecy ltr im e th y lam m o n iu m  
(H D T M A ) c a tio n ic  su rfa c ta n t c o v e red  s ilic a  as a  fu n c tio n  o f  p H  w as stud ied  by 
B e h re n d s  a n d  H e rm a n n  (2 0 0 0 ). T h is  w o rk  in d ica ted  th a t th e  p a r titio n in g  constant, 
K , n o rm a liz e d  o n  th e  c o n te n t o f  o rg an ic  c a rb o n  in  th e  su rfa c ta n t co v erag e  did no t 
o n ly  a  fu n c tio n  o f  th e  su rface  c o n c e n tra tio n  b u t a lso  d ep en d s  o n  pH . A t low  
c o n c e n tra tio n s  o f  a d so rb e d  H D T M A  no a d so lu b iliz a tio n  o f  an th acen e  w as m easured.

P ra d u b m o o k  (2 0 0 1 ) in v es tig a ted  th e  e ffe c t o f  p H  o n  ad so lu b iliza tio n  o f  
to lu e n e  a n d  ac e to p h e n o n e  in to  ad so rb e d  su rfa c ta n t o n  p re c ip ita te d  silica. B o th  
s in g le -so lu te  an d  m ix e d -so lu te  sy s tem s w e re  in v e s tig a te d  u s in g  b a tch  liqu id  
a d so rp tio n  a t p H  5 a n d  p H  8. T h e  re su lts  fro m  th e  a d so rp tio n  o f  C T A B  revealed  th a t 
in c re a s in g  p H  led  to  h ig h  am o u n ts  o f  su rfac tan t ad so rb e d  o n  th e  p rec ip ita ted  silica. 
F o r  to lu e n e , p H  a p p e a re d  to  h av e  little  e ffe c t o n  th e  a d so lu b iliz a tio n . In  contrast, th e  
p H  e ffe c t w a s  m o re  p ro n o u n c e d  in  th e  case  o f  a c e to p h e n o n e  as  ind icated  by  
s ig n if ic a n t in c re a se d  in  th e  a c e to p h en o n e  a d so lu b iliz a tio n  w h e n  p H  w as increased  
fro m  5 to  8.

T h e  a d so lu b iliz a tio n  o f  4 -n itro p h en o l a t a  k a o lin ite /w a te r  in terface  as a  
fu n c tio n  o f  p H  an d  su rfac tan t su rface  co v e ra g e  w as  in v e s tig a te d  b y  T a lb o t e t  a l .  

(2 0 0 3 ). It w a s  o b se rv e d  th a t th e  so lu te  w as  in c o rp o ra te d  in to  th e  ad so rb e d  surfactan t 
a g g re g a te s  a s  n eu tra l sp e c ie s  a t lo w  pH . A s  th e  p H  w as  ra ised , th e  ad so lub iliza tion  
in c re a se d  s lig h tly  as th e  re su lt o f  th e  d isso c ia tio n  o f  th e  w e a k  ac id  s tud ied . A t low  
su rfa c ta n t c o n c e n tra tio n : th e  a d so lu b iliz a tio n  d e c re a se d  w ith  in c re a s in g  pH  as the  
re su lt o f  th e  re p u ls iv e  in te ra c tio n  b e tw e e n  th e  d e p ro to n a te d  so lu te  m o lecu le  and the  
n e g a tiv e ly  c h a rg e d  s ite s  o n  k ao lin ite  p a rtic le s . A t h ig h  su rfa c ta n t concen tra tions 
in c re a s in g  p H  in d u c e d  in c re a se d  a d so lu b iliz a tio n  a s  a  c o n s e q u e n c e ,o f  th e  favorab le 
in te ra c tio n  w h ic h  to o k  p lace  b e tw e e n  th e  d e p ro to n a te d  w e a k  a c id  an d  th e  positively  
c h a rg e d  su rfa c e  su rfa c ta n t ag g reg a ted . H en ce , d e p e n d in g  u p o n  th e  e x te n t o f  surface 
c o v e ra g e , in c re a s in g  th e  p H  m ay  re ta in  4 -n itro p h e n o l a t th e  k a o lin ite /w a te r  in terface 
o r re je c t it in to  th e  b u lk  m ic e lla r  so lu tio n .

O k a m o to  e t  a l .  (2 0 0 4 ) rep o rted  th a t th e  a d so lu b iliz a tio n  o f  2-naphthol, 
b ip h e n y l, a n d  th e ir  b in a ry  so lu te s  in  th e  h e x a d e c y ltr im e th y l am m o n iu m  brom ide 
(H T A B ) ad so rb e d  la y e r fo rm ed  o n  s ilic a  w as s ig n if ic a n tly  a ffec ted  b y  the  feed  
c o n c e n tra tio n  o f  H T A B  an d  so lu tio n  pH . A t th e  lo w  feed  co n c e n tra tio n s  o f  H TA B ,
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c o m p e titiv e  a d so lu b iliz a tio n  b e tw e e n  2 -n a p h th o l an d  b ip h en y l w a s  o b se rv e d  at above 
p H  4 .5 . In  c o n tra s t, th e  a d so lu b iliz a tio n  o f  b ip h e n y l w as  c le a r ly  en h a n c e d  over the 
w h o le  re g io n  b y  in c o rp o ra tio n  o f  2 -n a p h th o l a t a  h ig h  feed  c o n c e n tra tio n . T he 
c o m p e titiv e  a d so lu b iliz a tio n  b e tw e e n  2 -n a p h th o l an d  b ip h e n y l m a y  be  d e riv ed  from  
sh a rin g  th e  sa m e  a d so lu b iliz a tio n  site , i.e ., h y d ro c a rb o n  c h a in s  o f  H T A B . O n the 
o th e r  h an d , a t th e  h ig h  feed  c o n c e n tra tio n  o f  H T A B , 2 -n a p h th o l ad so lu b iliz e s  the 
p a lisa d e  re g io n , w h ile  b ip h en y l in co rp o ra te s  in to  th e  c o re  o f  th e  lay er. In  add ition , in  
th e  h ig h  p H  re g io n  d e p ro to n a te d  2 -n a p h th o l re n d e re d  th e  a d so rp tio n  lay e r m ore 
co m p a c t b y  in c re a s in g  in te ra c tio n  w ith  th e  h y d ro p h ilic  g ro u p  o f  H T A B .
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