
R E S U L T S  A N D  D IS C U S S IO N
CHAPTER IV

4.1 S u r f a c t a n t  A d s o r p t io n

In  th is  p a rt o f  th e  study , th e  a d so rp tio n  o f  s in g le  su rfac tan ts  and  m ixed  
c a tio n ic -n o n io n ic  su rfa c ta n ts  a t v a rio u s  p H  v a lu e s  o n  s ilic a  w ere  stud ied .

4 .1 .1  S in g le -S u rfa c ta n t S y stem s
4 . 1 . 1 . 1  C T A B

F ig u re  4.1 sh o w s th e  a d so rp tio n  iso th e rm s o f  C T A B  at pH  3, 
5, a n d  8, p lo tte d  o n  a  lo g -lo g  sca le . A ll o f  iso th e rm s  re p re se n t th e  charac teris tic  
re g io n s  II, III, an d  IV . F ro m  th is  f ig u re , w e  c a n  see  th a t fo r ev e ry  equ ilib rium  
c o n c e n tra tio n , C T A B  a d so rp tio n  o n  s ilic a  H i-S il® 255 a t p H  8 is a lw ay s h ig h er th an  
th e  a d so rp tio n  a t p H  5 an d  p H  3. C T A B  a d so rp tio n  a t p H  5 an d  p H  3 are  s im ilar 
th o u g h  th e  a m o u n t a d so rb e d  in  re g io n  II o f  p H  5 is  h ig h e r  th a n  th a t o f  p H  3. The 
c ritic a l m ic e lle  c o n c e n tra tio n  (C M C ) o f  C T A B  ad so rb e d  o n  s ilic a  a t a ll pH  values 
c o u ld  b e  d e te rm in e d  fro m  th e  a d so rp tio n  iso th e rm s  w h ic h  are  fo u n d  to be 
a p p ro x im a te ly  9 00  p M , w h ic h  a g ree s  w e ll w ith  th e  re p o rte d  v a lu e  (R o sen , 1989). 
F ro m  th e  p la te a u  reg io n , it can  be  seen  th a t th e  m a x im u m  C T A B  ad so rp tio n  on  silica 
a t pH. 3 a n d  p H  5 are  n e a rly  th e  sam e , a p p ro x im a te ly  4 8 0  p m o l/g  s ilica , w hereas at 
p H  8 C T A B  a d so rp tio n  p la teau s  a t a p p ro x im a te ly  6 20  p m o l/g  s ilica . T his is 
e x p e c te d  a n d  d u e  to  th e  fac t th a t th e  su rfa c e  o f  th e  s ilic a  b e c o m e s  m o re  negative ly  
c h a rg e d  a t p H  h ig h e r  th a n  th e  p o in t o f  ze ro  ch a rg e  (P Z C ) o f  s ilica , th a t is, a pH  o f  2-
3. T h u s , in c re a s in g  p H  o f  th e  sy stem  lead s  to  h ig h e r  a m o u n ts  o f  h ead -o n  adsorbed  
su rfa c ta n t o n  th e  s ilic a  (H o lzh eu  e t  a l ,  2000 ).

4 . 1 . 1 . 2  T r i t o n  X - 1 0 0

F ig u re  4 .2  sh o w s th e  a d so rp tio n  iso th e rm s  o f  T rito n  X -100  at 
p H  3, 5, an d  8, p lo tted  o n  a  lo g -lo g  sca le . A ll th e  iso th e rm s  sh o w  th e  charac teristic  
‘ร , sh ap e . A s  can  be  seen , T rito n  X -1 0 0  a d so rp tio n  o n  s ilic a  H i-Sil® 255 at all th ree 
p H  v a lu e s  is  s im ila r. H o w ev e r, in  re g io n  II th e  a d so rp tio n  o f  T rito n  X -1 0 0  at pH  8 is
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Equilibrium concentra tion  (p M )

F ig u r e  4 .1 A d so rp tio n  iso th e rm s o f  C T A B  o n  H i-S il® 255 a t p H  3 , 5, an d  8.
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F ig u r e  4 .2  A d so rp tio n  iso th e rm s o f  T rito n  X -1 0 0  o n  H i-S il® 255 a t p H  3, 5, an d  8.

s l ig h t ly  h ig h e r  th a n  th a t  a t  p H  5 a n d  p H  3 , r e s p e c t iv e ly .  T h e  C M C  o f  T r i to n  X -1 0 0
a d s o r b e d  o n  s i l i c a  a t  a l l  p H  v a lu e s  c o u ld  b e  d e te r m in e d  f ro m  th e  a d s o r p t io n  is o th e rm
a n d  w e r e  f o u n d  to  b e  a p p r o x im a te ly  3 0 0  p M ,  w h ic h  a g r e e s  w e l l  w i th  th e  re p o r te d
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v a lu e s  (H u a n g  and  G u , 1987). T he m a x im u m  T rito n  X -1 0 0  a d so rp tio n  on  silica  for 
a ll p H  v a lu e s  is ap p ro x im a te ly  300  p m o l/g  silica .

F ro m  th ese  tw o  fig u res , a  c o m p a riso n  b e tw e e n  th e  adso rp tion  
o f  C T A B  a n d  T rito n  X -1 0 0  can  be  m ade. It is o b v io u s  th a t C T A B  adsorbs 
p re fe rab ly  o n  s ilic a  as in d ica ted  by  a m u ch  h ig h e r  ad so rb e d  a m o u n t a t a ll pH  values. 
T h is  s tro n g  in te ra c tio n  b e tw een  the  c a tio n ic  su rfa c ta n t an d  s ilic a  su rface is 
e le c tro s ta tic a lly  d riv en . A t lo w  C T A B  c o n c e n tra tio n s , C T A B  ad so rb s  on  th e  silica  
su rfa c e  b y  e le c tro s ta tic  a ttrac tiv e  fo rces  b e tw e e n  its  p o s itiv e ly  c h a rg e d  groups and 
n e g a tiv e ly  c h a rg e d  s ilic a  su rface , o rien tin g  its  h y d ro c a rb o n  c h a in  to  th e  w a te r phase. 
A s  C T A B  c o n c e n tra tio n  in c rea se s  fu rth er, su rfa c ta n t a d so rb s  th ro u g h  hy d ro carb o n  
c h a in -c h a in  in te ra c tio n  w ith  n e ig h b o rin g  C T A B  (E su m i e t  a i ,  2001 ).

In  co n tra s t, th e  d o m in a n t in te ra c tio n  b e tw e e n  non ion ic  
su rfa c ta n t an d  s ilic a  su rfa c e  is h y d ro g e n  b o n d in g  (P e n fo ld  e t  a l . ,  2002). It is 
su g g e s te d  th a t  T rito n  X -1 0 0  m o lecu les  in  th e  f irs t la y e r a re  a tta c h e d  to  the  silica  
su rfa c e  by  th e ir  e th y len e  o x id e  ch a in s  su ch  th a t h y d ro c a rb o n  c h a in s  a re  exposed  to 
w a te r. A s  th e  c o n c e n tra tio n  in creases, th e  se c o n d  la y e r fo rm s o n  th e  su rface. T he 
su rfa c ta n t m o le c u le s  in  th e  seco n d  lay e r a re  p re su m e d  to  ad so rb  o n  th o se  o f  the  first 
in  th e  o p p o s ite  o rien ta tio n , w ith  th e  e th y len e  o x id e  c h a in s  d ire c te d  to w a rd  th e  w a te r 
p h a se  (H u a n g  an d  G u , 1987). H o w ev e r, it c a n  b e  se e n  fro m  F ig u re  4 .2  tha t pH  has 
little  e ffe c t o n  th e  a d so rp tio n  o f  T rito n  X -1 0 0  o n  s ilica .

4 .1 .2  M ix e d -S u rfa c ta n t S y stem s
In  th is  p a r t o f  th e  s tu d y , th e  a d so rp tio n  o f  m ix e d  su rfac tan ts  o f  C T A B  

a n d  T rito n  X  w as s tu d ie d  at th e  s ilic a -w a te r  in te rfa c e  fro m  e q u im o la r  m ix tu res a t 
v a r io u s  p H  v a lu es . In  th e  m ix ed  C T A B /T rito n  sy s tem , T O C  an d  U V -V IS  
sp rc tro p h o to m e te r  w e re  sy s tem a tica lly  u se d  to  an a ly ze  th e  to ta l su rfac tan t 
c o n c e n tra tio n  an d  T rito n  X -1 0 0  c o n c e n tra tio n , re sp ec tiv e ly . T h en  C T A B  
c o n c e n tra tio n  w as c a lc u la ted  by  su b tra c tin g  T rito n  X -1 0 0  c o n c e n tra tio n s  from  the 
to ta l su rfa c ta n t co n c e n tra tio n . T h e  re su lts  c a n  th u s  b e  p re se n te d  in  te rm s o f  the  to ta l 
su rfa c ta n t c o n c e n tra tio n  (co m b in ed  C T A B  an d  T r ito n  X -1 0 0 ) an d  th e  co n cen tra tio n  
o f  e a c h  su rfa c ta n t sep ara te ly .



31

4 .1 .2 .1  T o t a l  S u r f a c t a n t  A d s o r p t io n

F ig u re  4.3 sh o w s th e  to ta l su rfa c ta n t a d so rp tio n  iso th e rm s o f  
th e  m ix e d  su rfa c ta n t sy s tem s a t p H  3, 5, an d  8, p lo tte d  o n  a  lo g -lo g  scale . T h e  shape 
is in te rm e d ia te  b e tw e e n  th a t o f  th e  ion ic  an d  n o n io n ic  su rfa c ta n ts  a lo n e , show ing  
so m e  lin e a r re g io n s  b u t n o t p a rticu la rly  sh o w in g  sh a rp  b o u n d a rie s  o r  in flec tion  
p o in ts  b e tw e e n  reg io n s . T he C M C  o f  th e  1:1 m ix e d  C T A B  an d  T rito n  X -100  
sy s tem s a t th e  d iffe re n t p H  va lu es a re  q u ite  c lo se  an d  in  th e  ra n g e  o f  3 0 0 -4 0 0  p M . 
T h ese  v a lu e s  c o rre sp o n d  w ell to  th e  re su lt o b ta in e d  fro m  su rface  tension  
m e a su re m e n ts . It c a n  be seen  th a t th e  a d d itio n  o f  T rito n  X -1 0 0  c a u se s  a  red u c tio n  in

o p H  8 
-  p H  5 
A p H  3

1 10 100 1000  10000  10 00 00  
Equilibrium concentration  (p M )

F ig u r e  4 .3  A d so rp tio n  iso th e rm s o f  to ta l su rfa c ta n t in  m ix e d  C T A B /T rito n  X -100  
a d so rp tio n  on  H i-S il® 255 a t pH  3, 5, an d  8.

C M C  o f  th e  sy s tem  fo r all th ree  p H  v a lu e s  w h en  c o m p a re d  to  th e  p u re  C T A B  
sy stem s. F o r th e  su rfa c ta n t ad so rp tio n , th e  m a x im u m  a d so rp tio n  a t p H  3 an d  pH  5 
a re  n e a rly  th e  sam e, a p p ro x im a te ly  3 00  p m o l/g  s ilic a , w h e re a s  a t p H  8, the  
m a x im u m  su rfa c ta n t ad so rp tio n  on  s ilic a  is h ig h e r  (a p p ro x im a te ly  4 5 0  p m o l/g  
s ilica ). It is a lso  fo u n d  th a t an  in c rea se  in  p H  h as  little  e ffe c t o n  th e  ac tu a l am o u n t o f  
a d so rp tio n  a t lo w  c o n cen tra tio n s , th o u g h , fo r in s tan ce , a t an  eq u ilib riu m  
c o n c e n tra tio n  o f  40  m ic ro m o la r, th e  a d so rp tio n  a t p H  5 is ab o u t 4  tim es  th a t o f  pH  3.
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T h e  p H  e ffe c t o n  th e  su rfa c ta n t ad so rp tio n  is m o re  p ro n o u n c e d  in  th e  p la te a u  reg ions. 
T h e  h ig h e r  su rfa c ta n t a d so rp tio n  a t p H  8 th an  th o se  at p H  5 an d  p H  3 suggests that 
in c re a s in g  p H  lead s  to  h ig h e r  a m o u n ts  o f  h ead  o n  a d so rb ed  su rfa c ta n t o n  the surface 
d u e  to  th e  h ig h e r  su rface  charge .

It is a lso  o b se rv ed  fro m  th e  e x p e rim e n ts  th a t th e  ratio  o f  the  
a m o u n t o f  each  su rfa c ta n t ad so rb ed  o n to  p re c ip ita te d  s ilic a  is  q u ite  c lose  to 
eq u im o la r. T h a t is, th e  su rface  c o n c e n tra tio n  is s im ila r  to  th a t o f  th e  feed  at all pH  
v a lu es . F o r e x a m p le , in  m ix e d  sy stem  o f  C T A B /T rito n  a t p H  3, th e  ad so rb ed  C T A B  
a c c o u n ts  fo r  a p p ro x im a te ly  5 0%  o f  th e  to ta l ad so rb e d  a m o u n t o f  su rfac tan t and 
ad so rb e d  T r ito n  a c c o u n ts  fo r ap p ro x im a te ly  5 0 %  in  th e  sy stem .

4 .1 .2 .2  C T A B  A d s o r p t io n

F ig u re  4 .4  sh o w s th e  a d so rp tio n  iso th e rm s  o f  C T A B  on  silica  
in  b o th  s in g le -  an d  m ix e d -su rfa c tan t sy s tem s a t p H  3, 5, an d  8, p lo tte d  on  a log -log  
sca le . A ll iso th e rm s  illu s tra te  th e  c h a ra c te r is tic  re g io n s  II, III, IV .
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F ig u r e  4 .4  A d so rp tio n  iso th e rm s  o f  C T A B  o n  H i-S il® 255 in  s in g le  system  and  
m ix e d  C T A B /T rito n  sy s tem  at p H  3, 5, an d  8, (* d e n o te s  m ix e d  sy stem ).

In lo w  c o n c e n tra tio n  re g io n , th e  a d so rp tio n  o f  C T A B  in 
m ix e d  sy s tem  is s lig h tly  en h an ced  by  th e  a d d itio n  o f  T rito n  in  th e  sy stem , w hereas
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th e  a d so rp tio n  o f  C T A B  in  th e  p la te a u  re g io n  d e c re a se s  a t a ll p H  v a lu e s  in  the 
p re se n c e  o f  T rito n . T h e  d ec rea se  in  th e  a d so rp tio n  o f  C T A B  in  p la te a u  re g io n  is due  
to  th e  la rg e  v o lu m e  ta k e n  up  in  th e  a d m ice lle  b y  th e  T rito n  m o le c u le  w h ic h  does no t 
a llo w  tig h t p a c k in g  o f  C T A B . It is a lso  o b se rv e d  th a t in  th e  p la te a u  reg io n  the 
a d so rp tio n  o f  C T A B  in  m ix ed  sy stem  a t p H  3 an d  p H  5 a re  q u ite  c lo se , w h ich  is 
s im ila r  to  the  a d so rp tio n  o f  C T A B  in  s in g le  system .

4 .1 .2 .3  T r i t o n  X - 1 0 0  A d s u r p i iu n

F ig u re  4.5 sh o w s th e  a d so rp tio n  iso th e rm s  o f  T rito n  on  silica  
in  s in g le  (p u re ) an d  m ix e d  su rfac tan t sy s tem s a t p H  3, 5, a n d  8, p lo tte d  o n  a  log-log  
sca le . A t lo w  c o n c e n tra tio n  reg io n , th e  a d so rp tio n  o f  T r ito n  o n  s ilic a  su rface  is 
e n h a n c e d  by  th e  p re se n c e  o f  C T A B . T h is  m ay  b e  ex p la in e d  by  th e  s tro n g  ad so rp tio n  
o f  C T A + io n s  th ro u g h  e lec tro s ta tic  in te ra c tio n s  w h ic h  m a y  th e n  “ a ttra c t” T rito n  X - 
100 m o le c u le s  th ro u g h  h y d ro p h o b ic  in te ra c tio n  b e tw e e n  th e ir  h y d ro c a rb o n  chains. 
In  th e  p la te a u  re g io n , th e  m a x im u m  a d so rp tio n  o f  T rito n  in  m ix e d  sy s te m  is lo w er 
th a n  th a t in  s in g le  sy s tem  a t all p H  v a lu es . T h is  is d u e  to  a  lo w e r p a c k in g  d en sity  
ca u se d  b y  th e  tw o , d is s im ila r  su rfac tan ts .

p H  8 
p H  5 
p H  3

* p H  8
* p H  5
* p H  3

F ig u r e  4 .5  A d so rp tio n  iso th e rm s o f  T rito n  X -1 0 0  o n  H i-S il® 255 in  s in g le  system  
an d  m ix e d  C T A B /T rito n  sy stem  a t p H  3 , 5, an d  8, (* d en o te s  m ix e d  sy stem ).
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It is in te re s tin g  to  o b se rv e  a  d iffe re n ce  b e tw e e n  the pu re  
T rito n  an d  m ix e d  C T A B /T rito n  sy s te m s  fro m  th is  figu re . T h a t is, o n ly  in  m ixed  
sy s tem  at h ig h e r  eq u ilib r iu m  co n c e n tra tio n s  (h ig h e r  th an  90  p M ) is th e  am oun t o f  
ad so rb e d  T rito n  X -1 0 0  a t p H  8 is g re a te r  th a n  th a t a t p H  5 an d  p H  3. T h is  m ight be 
d u e  to  an  in c rea se  in  th e  a m o u n t o f  C T A B  w h ic h  lead s to  th e  h ig h e r  ad so rp tion  o f  
T rito n  X -1 0 0 .

4 .2  A d s o lu b i l iz a t io n  S tu d ie s

In  th is  p a rt o f  th e  s tu d y , th e  a d so lu b iliz a tio n  o f  th re e  m o d e l o rgan ic 
c o m p o u n d s , b en zen e , to lu e n e , an d  e th y lb e n z e n e , in  th e  s in g le -  an d  m ix ed -su rfac tan ts  
sy s te m s  o f  C T A B  an d  T rito n  X -1 0 0  ad so rb e d  o n  p re c ip ita te d  s ilic a  a t p H  3, 5, and 8, 
w e re  in v es tig a ted . A d so rp tio n  iso th e rm  d a ta  w as  u sed  to  d e te rm in e  a  su rfac tan t feed  
c o n c e n tra tio n  th a t w o u ld  e q u ilib ra te  b e lo w  th e  C M C  o f  th e  su rfa c ta n t sy stem  being  
stu d ied . O rg an ic  so lu te  w as  a d d ed  to  e q u ilib r iu m  su rfa c ta n t/s ilic a  sam ples by  
sy rin g e  in jec tio n s  o f  v a ry in g  a m o u n ts  in to  th e  c r im p -se a le d  v ia ls , up  to  the  w ater 
so lu b ility  o f  th e  so lu tes . T h e  so lu b ility  o f  b en zen e , to lu e n e , an d  e th y lb en zen e  at 
3 0 ° c  are  1755 p p m , 542  p p m , an d  165 p p m , re sp e c tiv e ly  (Y a w s, 1999). A fte r 
a p p ro p ria te  e q u ilib r iu m  tim e , th e  c o n c e n tra tio n  o f  th e  o rg a n ic  c o m p o u n d  rem ain ing  
in  th e  su p e rn a ta n t w as  an a ly zed  b y  a  h e a d sp a c e  g as  c h ro m a to g ra p h y  an d  th e  am ount 
o f  th e  o rg a n ic  c o m p o u n d  ad so lu b iliz e d  w as d e te rm in e d  u s in g  a  m a te r ia l balance.

4.2 .1  A d so lu b iliz a tio n  o f  B e n zen e
F ig u re  4 .6  sh o w s th e  a d so lu b iliz a tio n  iso th e rm s o f  b en zen e  at the  

th ree  s tu d ie d  p H  v a lu e s . T h e  a d so lu b iliz a tio n  o f  b en zen e  in c re a se s  w ith  increasing  
eq u ilib r iu m  c o n c e n tra tio n  o f  b en zen e  fo r all sy s tem s. In  s in g le  su rfa c ta n t system s, 
th e  a d so lu b iliz a tio n  o f  b en zen e  is th e  h ig h e s t in  th e  sy stem  o f  C T A B , w hereas the  
lo w es t is o b se rv e d  in  th e  sy stem  o f  T rito n  X -1 0 0  a t all p H  v a lu e s . T he results 
su g g e s te d  th a t th e  a d so lu b iliz a tio n  o f  b en zen e  m ay  be  re la te d  to  th e  am ount o f  
ad so rb e d  su rfa c ta n t, an d  th e  a m o u n t o f  a d so rb e d  C T A B  is h ig h e r  th a n  th a t o f  T riton  
(F ig u re s  4.1 an d  4 .2 ). W h en  co m p a rin g  th e  a d so lu b iliz a tio n  o f  b en zen e  at th ree 
d iffe re n t p H  v a lu e s , it c a n  be  seen  th a t th e  a d so lu b iliz a tio n  o f  b en zen e  in  b o th  CTA B
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an d  T rito n  sy s te m s  a t p H  8 is h ig h e r  th a n  th a t a t p H  5 an d  p H  3 d e sp ite  little  
d iffe re n ce  in  th e  a m o u n t o f  a d so rb ed  su rfa c ta n t o n  th e  s ilic a  a t a ll p H  v a lu es. T his 
c le a rly  in d ic a te s  th a t th e  a d so lu b iliz a tio n  o f  b en zen e  d ep en d s  n o t o n ly  on  th e  am ount 
o f  ad so rb e d  su rfac tan t o n  s ilic a  b u t a lso  o n  p H  o f  th e  sy stem . T h is  c a n  p ro b ab ly  be 
a ttr ib u te d  to  th e  in c rea se  in  th e  p o la rity  o f  th e  su rface  at p H  8 w h ic h  ca u se s  benzene, 
a  p o la r iz a b le  o rg a n ic  so lu te , to  h av e  in c re a se d  a d so lu b iliz a tio n  n e a r  th e  lo w er p art o f  
th e  ad m ic e lle , n e a r  th e  ch a rg e d  su rface .
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C T A B  pH =8 
C T A B  pH =5 
C T A B  pH=3 
Triton pH =8 
T riton pH =5 
Triton pH =3 
M ixed pH =8 
M iexd pH =5 
M ixed pH=3

F ig u r e  4 .6  A d so lu b iliz a tio n  o f  b en zen e  in  v a rio u s  su rfa c ta n t sy s te m s  a t p H  3, 5, and 
8.

In  th e  m ix e d  su rfa c ta n t sy s tem s, c o m p a re d  to  th e  C T A B -a lo n e  
sy stem , th e  p re se n c e  o f  T rito n  re su lts  in  lo jv ered  b en zen e  a d so lu b iliz a tio n . A s 
p re v io u s ly  se e n  in  th e  su rfa c ta n t a d so rp tio n  s tu d ies , th e  a d d itio n  o f  T rito n  cau ses  the  
C M C  o f  th e  m ix e d  su rfac tan t sy s tem  to  be  lo w e r as  w e ll as th e  a m o u n t o f  su rfac tan t 
ad so rb ed . T h u s , it can  b e  ex p e c te d  th a t th e  b en zen e  a d so lu b iliz a tio n  is low ered  in  
th e  sy s te m  w ith  th e  a d d itio n  o f  T rito n . C o m p a rin g  th e  p u re  T rito n  sy s tem  and  the  
m ix e d  C T A B /T rito n  sy stem s, a lth o u g h  th e  a m o u n t o f  su rfac tan t ad so rb e d  in  the  tw o 
sy s tem s a re  q u ite  s im ila r, b en zen e  a d so lu b iliz e d  is h ig h e r in  th e  m ix e d  C T A B /T riton  
sy stem  as seen  in  F ig u re  4 .6 . T h is  m ay  be  d u e  to  th e  p o la r ity  an d  s tru c tu re  o f  the  
so lu te . B e n z e n e  is p o la r  o rg an ic  so lu te  an d  h as  no  a tta c h e d  b ran ch  and,



3 6

consequently, it can easily incorporate into the head and palisade regions of the 
admicelle. It can also be seen from the isotherms of the mixed surfactant systems 
that pH has little effect on benzene adsolubilization in the mixed surfactant system.

Figure 4.7 shows the value of the partition coefficient (K) versus the 
mole fraction of benzene in the admicelle (Xadmiceiie) at all pH values for CTAB, 
Triton, and mixed CTAB/Triton systems. The general trends observed in each plot 
are similar with the partition coefficient of benzene decreasing as the mole fraction 
of the benzene in admicelle increases. This is thought to indicate that the benzene 
partitions primarily into the palisade regions of the admicelle (Rouse et a l, 1995).

CTAB pH-8 
CTAB pH=5 
CTAB pH=3 
Triton pH=8 
Triton pH=5 
Triton pH=3 
Mixed pH=8 
Miexd pH=5 
Mixed pH=3

Figure 4.7 Partition coefficient (K) of benzene adsolubilization in various surfactant 
systems at pH 3, 5, and 8.

4.2.2 Adsolubilization of Toluene
The adsolubilization of toluene was investigated by using a similar 

approach as for the adsolubilization of benzene. The amount of toluene in the 
supernatant was measured by headspace GC.

Figure 4.8 shows the adsolubilization isotherms of toluene as a 
function of the equilibrium concentration of toluene in the aqueous phase at pH 3, 5, 
and 8. As expected, the toluene adsolubilization increases with increasing 
equilibrium concentration of toluene. Comparison of the adsolubilization of toluene



37

in different surfactant systems shows that the adsolubilization of toluene in the 
CTAB-alone system is much higher than that in Triton and the mixed systems. The 
adsolubilized amount appears to be related to the amount of adsorbed surfactant on 
silica and the packing of surfactant molecules. This can be explained that the CTAB 
molecules packing tighter than Triton and mixed CTAB/Triton molecules, which is 
demonstrated by the highest plateau adsorption (Figures 4.1, 4.2, and 4.3). 
Therefore, it can decrease water penetration into the aggregates and make the core 
proportionally larger, which would result in a higher adsolubilization for slightly 
polar compound. For the single surfactant systems the results of the toluene 
adsolubilization are similar to those observed in the benzene adsolubilization. That 
is, the amount of adsolubilized toluene at pH 8 is slightly higher than that at pH 5 
and pH 3, respectively. The results suggested that increasing surface charge as pH 
increases leads to a higher polarity to the admicelle, thus a higher affinity for toluene 
which is polarizable.
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CTAB pH=8 
CTAB pH=5 
CTAB pH=3 
Triton pH=8 
Triton pH=5 
Triton pH=3 
Mixed pH=8 
Miexd pH=5 
Mixed pH=3

Figure 4.8 Adsolubilization of toluene in various surfactant systems at pH 3, 5, and 
8.

In mixed surfactant system, it is obvious that the presence of Triton in 
the system results in lowered toluene adsolubilization as explained earlier in benzene 
adsolubilization. However, when comparing mixed CTAB/Triton to pure Triton
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system, one can see that the adsolubiiization of toluene in mixed system is lower than 
that in Triton system despite little difference in the amount of adsorbed surfactant on 
silica (Appendix A-l). This indicates that the adsolubiiization of toluene does not 
depend only on the amount of surfactant adsorbed on silica. One possible 
explanation for the toluene adsolubiiization behavior in the mixed system is that the 
reduced repulsion between head groups of CTAB and Triton leads to tighter packing 
of the admicelles, thus making it more difficult for the branched-structure toluene to 
penetrate into the admicelle than for benzene.

Figure 4.9 is the plot of the partition coefficient (K) versus the mole 
fraction of toluene in admicelle (Xadmiceiie) at all pH values. It can be seen that all 
systems show the partition coefficients remain relatively constant as mole fraction of 
toluene in admicelle increases. Since toluene is a slightly polar organic solute, 
toluene tends to partition into both the core and palisade layers of the admicelle as 
seen in previous study (Pradubmook et al, 2003).

• • -X- ■ -

CTAB pH=8 
CTAB pH=5 
CTAB pH=3 
Triton pH=8 
Triton pH=5 
Triton pH=3 
Mixed pH=8 
Miexd pH=5 
Mixed pH=3

Figure 4.9 Partition coefficient (K) of toluene adsolubiiization in various surfactant 
systems at pH 3, 5, and 8.

4.2.3 Adsolubiiization of Ethylbenzene
The adsolubiiization behavior of surfactants adsorbed on silica 

surface for ethylbenzene was investigated by using a similar approach as for the
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adsolubilization of benzene and toluene. Figure 4.10 compares the adsolubilization 
of ethylbenzene in CTAB, Triton, and mixed CTAB/Triton admicelles at the studied 
pH values. Again, as expected, the amount of adsolubilized ethylbenzene increases 
with increasing bulk ethylbenzene concentration. It can also be seen that the 
ethylbenzene adsolubilization in the pure CTAB system is much higher than those in 
Triton and mixed CTAB/Triton systems. This appears to relate to the amount of 
surfactant adsorbed on silica as seen in Figures 4.1, 4.2, and 4.3. In addition, this 
also may be due to the tighter packing of CTAB molecules from the highest CTAB 
adsorption and the increase in the surface charge as pH increases which lead to 
reduce the penetration of water molecules into the palisade region of the admicelle 
and, consequently, increasing the relative size of the core region. Since 
ethylbenzene, which is non-polar solute, is capable of adsolubilization into the core 
region, this increase results in a more favorable adsolubilization.

CTAB pH=8 
CTAB pH-5 
CTAB pH=3 
Triton pH=8 
Triton pH=5 
Triton pH=3 
Mixed pH=8 
Miexd pH=5 
Mixed pH=3

Figure 4.10 Adsolubilization of ethylbenzene in various surfactant systems at pH 3, 
5, and 8.

In pure Triton system, it can be seen for all pH values that the 
adsolubilization of ethylbenzene are quite similar. This can be explained that, 
although the increase in pH leads to a higher polarity of the admicelle, but 
ethylbenzene is quite non-polar, and thus pH does not affect the ethylbenzene
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adsolubilization in the pure Triton system. When comparing the single- and mixed- 
surfactant systems, the results show that the ethylbenzene adsolubilizations are 
similar to those observed in the toluene adsolubilization in which the structural effect 
of the solute is clearly observed. Ethylbenzene has branched structure and thus, it 
can not easily penetrate into the admicelle. Consequently, the adsolubilization of 
ethylbenzene in mixed CTAB/Triton system is lower than that observed in the pure 
systems due to tighter packing of the mixed admicelles as explained earlier.

Figure 4.11 shows the plot of the partition coefficient (K) versus the 
mole fraction of ethylbenzene in the admicelle at all pH values. The trend observed 
from the plot shows a very similar behavior in all systems studied with the partition 
coefficient of ethylbenzene increasing with increasing mole fraction in the admicelle. 
In contrast to benzene, ethylbenzene should adsolubilize into the core layer of the 
admicelle since ethylbenzene is quite non-polar and has a low aqueous solubility.

CTAB pH=8 
CTAB pH=5 
CTAB pH=3 
Triton pH=8 
Triton pH=5 
Triton pH=3 
Mixed pH=8 
Miexd pH=5 
Mixed pH=3

Figure 4.11 Partition coefficient (K) of ethylbenzene adsolubilization in various 
surfactant systems at pH 3, 5, and 8.
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