
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Adsorption of Surfactants onto Hydrophobic Silica

4 .1 .1  A d so r p tio n  Iso th erm  o f  P lu ro n ic  L31
T h e a d so rp tio n  iso th erm  o f  P lu ro n ic  L 31 (P E O 1 P P O 1 7 P E O 1 , tr ib lo ck  

c o p o ly m e r s , H L B  6.8) o n to  h y d ro p h o b ic  s il ic a  at 29°c is  sh o w n  in  F ig u re  4 .1 . T h e  
m a x im u m  su rfactan t ad so rp tio n  o c cu rs  at th e  eq u ilib r iu m  c o n c e n tr a tio n  o f  1 .7 0  m M  
and  th e m a x im u m  a d so rb ed  su rfactant is  0 . 1 0  m m o l o f  su rfa cta n t p er  gram  o f  
h y d r o p h o b ic  s il ic a .

Equilibrium surfactant concentration (mM)

Figure 4.1 A d so r p tio n  iso th erm  o f  P lu ro n ic  L 31 o n to  h y d r o p h o b ic  s i l ic a  at 2 9 ° c  
( S D  =  ±  0 .0 0 1 2 - 0 .0 1 7 2 ) .

T h e  sh a p e  o f  L 31 ad so rp tio n  iso th erm  h a s tw o  p la tea u  r e g io n s . F or th e  
first p la tea u  re g io n , L31 is  ad so rb ed  p a ra lle l, or f la t, on  th e h y d r o p h o b ic  su r fa ce  
in c r e a s in g  in  c o v e r a g e  u n til it rea ch es m o n o la y e r  sa tu ration . T h e  s u b se q u e n t  in c r e a se  
in  a d so rp tio n  is  d o m in a ted  b y  ad so rb a te -a d so r b a te  in te r a c tio n s , w h e r e  L 31 is  
d isp la c e d  from  th e su r fa c e  b y  th e ad jacen t m o le c u le s  and  c h a n g e s  to  a m o re  v e r tic a l 
o r ien ta tio n , r e su lt in g  in  a large  in crea se  in a d so rp tio n . T h is  is  d u e  to  th e  lo w  n u m b er  
o f  E O  g ro u p s in L31 (P aria  and K h ilar, 2 0 0 4 ) .
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4 .1 .2  A d so r p tio n  Iso th erm  o f  P lu ro n ic  P I 23
T h e  a d so rp tio n  iso th e r m  o f  P lu ro n ic  P I 2 3  (P E O 19 P P O 69P E O 19 , 

tr ib lo ck  c o p o ly m e r s , H L B  8 ) o n to  h y d r o p h o b ic  s i l ic a  at 2 9 ° c  is  s h o w n  in F ig u re  4 .2 .  
T h e m a x im u m  su rfa cta n t ad so rp tio n  o c c u r s  at th e  e q u ilib r iu m  c o n c e n tr a t io n  o f  0 .0 5  
m M  an d  th e  m a x im u m  a d so rb ed  su rfactan t is  0 .1 0  m m o l o f  su rfa cta n t per g ra m  o f  
h y d r o p h o b ic  s il ic a .

๐ 1bJD

I  0.,
I  ?
I  ฉ๊ั
5 ■ 0.01

13 -๐ น
I  0.001

0 0.1 0.2 0.3 0.4  0.5  0.6  0.7 0.8 0.9 1
Equilibrium  surfactant concentration (mM)

Figure 4.2 A d so r p tio n  iso th erm  o f  P lu ro n ic  P 1 2 3  o n to  h y d r o p h o b ic  s il ic a  at 29°c 
( S D  =  ±  0 .0 0 1 1 - 0 .0 1 7 0 ) .

4 .1 .3  A d so r p tio n  Iso th erm  o f  P lu r o n ic  L 6 4
T h e  a d so rp tio n  iso th erm  o f  P lu ro n ic  L 6 4  (P E O 1 3 P P O 3 0P E O 1 3 , 

tr ib lo ck  c o p o ly m e r s , H L B  15) o n to  h y d r o p h o b ic  s il ic a  at 29°c is  sh o w n  in  F ig u re
4 .3 . T h e  m a x im u m  su rfactan t a d so rp tio n  o c c u r s  at th e  e q u ilib r iu m  c o n c e n tr a t io n  o f  
0 .1 6  m M  and  th e  m a x im u m  a d so rb ed  su rfactan t is  0 .0 8  m m o l o f  su rfa cta n t p er  gram  
o f  h y d r o p h o b ic  s il ic a .
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F ig u r e  4 .3  A d so r p tio n  iso th e r m  o f  P lu ro n ic  L 6 4  o n to  h y d r o p h o b ic  s i l ic a  at 2 9 ° c  
( S D  =  ±  0 .0 0 1 2 - 0 .0 1 7 4 ) .

4 .1 .4  A d so r p tio n  Iso th erm  o f  P lu r o n ic  17 R 2
T h e  a d so rp tio n  iso th e r m  o f  P lu ro n ic  17R2 (P P O 1 5 P E O 10P P O 1 5 , 

rev e r se d  tr ib lo ck  c o p o ly m e r s , HLB 6) o n to  h y d r o p h o b ic  s i l ic a  at 29°c is  s h o w n  in  
F ig u r e  4 .4 . T h e  m a x im u m  su rfa cta n t a d so rp tio n  o c c u r s  at th e  eq u ilib r iu m  c o n c e n tr a 
t io n  o f  0.95 m M  and the m a x im u m  a d so rb ed  su rfactan t is  0.05 m m o l o f  su rfactant  
p er gram  o f  h y d r o p h o b ic  s il ic a .

F ig u r e  4 .4  A d so r p tio n  iso th e r m  o f  P lu ro n ic  17 R 2  o n to  h y d r o p h o b ic  s i l ic a  at 2 9 ° c  
( S D  =  ±  0 .0 0 0 8 - 0 .0 1 2 0 ) .



32

4 .1 .5  A d so r p tio n  Iso th erm  o f  P lu ro n ic  2 5 R 4
T h e  a d so rp tio n  iso th erm  o f  P lu ro n ic  2 5 R 4  (P P O 19 P E O 3 3 P P O 19 , 

rev e rsed  tr ib lo ck  c o p o ly m e r s , H L B  8 ) o n to  h y d r o p h o b ic  s i l ic a  at 2 9 ° c  is  sh o w n  in  
F ig u re  4 .5 . T h e  m a x im u m  su rfa cta n t a d so rp tio n  o c c u r s  at th e  e q u ilib r iu m  c o n c e n tr a 
t io n  o f  0 .1 8  m M  and th e m a x im u m  a d so rb ed  su rfa cta n t is  0 .0 3  m m o l o f  su rfactan t  
p er gram  o f  h y d r o p h o b ic  s il ic a .

F ig u r e  4 .5  A d so r p tio n  iso th e r m  o f  P lu ro n ic  2 5 R 4  o n to  h y d r o p h o b ic  s i l ic a  at 29°c 
(S D  =  ±  0 .0 0 0 9 - 0 .0 0 7 0 ) .

4 .1 .6  A d so r p tio n  Iso th erm  o f  P lu r o n ic  10 R 5
T h e  a d so rp tio n  iso th e r m  o f  P lu r o n ic  10 R 5  (P P O 8P E O 2 3 P P O 8, 

rev e r se d  tr ib lo c k  c o p o ly m e r s , H L B  1 5 ) o n to  h y d r o p h o b ic  s i l ic a  at 29°c is  sh o w n  in  
F ig u re  4 .6 . T h e  m a x im u m  su rfactan t a d so rp tio n  o c c u r s  at th e  e q u ilib r iu m  c o n c e n tr a 
t io n  o f  2.22 m M  and th e  m a x im u m  a d so rb ed  su rfa cta n t is  0 .0 5  m m o l o f  su rfa cta n t  
p er  gram  o f  h y d r o p h o b ic  s il ic a .
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Equilibrium  surfactant concentration (mM )

F ig u r e  4 .6  A d so r p tio n  iso th erm  o f  P lu ro n ic  10 R 5  o n to  h y d r o p h o b ic  s i l ic a  at 2 9 ° c  
( S D  =  ±  0 .0 0 1 0 -0 .0 1 .4 5 ) .

F ig u re  4 .7  s h o w s  th e  a d so rp tio n  iso th e r m s  o f  v a r io u s  E O /P O  tr ib lo ck  
c o p o ly m e r s  o n  h y d r o p h o b ic  s il ic a  su rfa ce .

■  PI 23  
A L 64
♦  L31 
X 17R2  
X 2 5R 4
•  10R5

0  0 .5  1 1.5 2 2 .5  3 3.5
Equilibrium  surfactant concentration (mM)

F ig u r e  4 .7  A d so r p tio n  iso th e r m s  o f  v a r io u s  c o p o ly m e r s  on  h y d r o p h o b ic  s il ic a .
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A s  ca n  b e  s e e n  in  F ig u re  4 .7 ,  th e  a d so rp tio n  iso th e r m s  o f  P I 2 3 , L 6 4 , 
1 7 R 2 , 2 5 R 4 , and  10 R 5  se e m  to  b e  L a n g m u ir ia n  in  sh a p e  (R o s e n , 1 9 8 9 ). H o w e v e r , the  
sh a p e  o f  L31 a d so r p tio n  iso th e r m  is  d ifferen t fro m  o th ers , e x p la in  p r e v io u s ly . P I 23  
s h o w s  th e  h ig h e s t  a d so rp tio n  o n to  h y d ro p h o b ic  s il ic a , f o l lo w e d  b y  L 6 4 , L 3 1 , 1 7 R 2 , 
2 5 R 4 , and  1 0 R 5 , r e s p e c t iv e ly , it can  b e  s e e n  that P lu r o n ic s  (L 3 1 , P I 2 3 , L 6 4 )  sh o w  
h ig h e r  a d so rp tio n  th an  th e r e v e r se  P lu r o n ic s  (1 7 R 2 , 2 5 R 4 , 1 0 R 5 ), in d ic a tin g  that the  
c o n fig u r a tio n  o f  c o p o ly m e r s  is  an apparent factor . P lu r o n ic s  h a v in g  lo w e r  H L B  
v a lu e s  and  E O /P O  ratio  ten d  to  s h o w  h ig h e r  a d so rp tio n  w ith  th e  e x c e p t io n  o f  L 3 1 . 
L o w e r  H L B  v a lu e s  an d  E O /P O  ratio  m ea n  h ig h e r  h y d r o p h o b ic ity  w h ic h  ca n  in teract  
h ig h ly  w ith  th e  h y d r o p h o b ic  su rfa ce . F or L 3 1,. a lth o u g h  it h a s  lo w e s t  H L B  v a lu e  and  
E O /P O  ratio , it s h o w s  lo w e r  a d so rp tio n  than  P I 2 3  an d  L 6 4 . T h e  rea so n  for  th is  m ay  
b e  that L 3 1 h a s  m u c h  lo w e r  n u m b er  o f  P O  g ro u p s th an  P 123 and  L 6 4  le a d in g  to  a 
lo w e r  a b ility  and  p ro b a b ility  o f  m o le c u le s  to  in teract w ith  th e  h y d r o p h o b ic  su rfa ce . 
N e v e r th e le s s , L 3 1 s h o w s  h ig h e s t  m a x im u m  a d so rb ed  a m o u n t d u e  to  th e  s e c o n d  step  
in  a d so rp tio n , e x p la in  p r e v io u s ly . T h e  r e v e r se  P lu r o n ic s  s h o w  th e sa m e  trend  as  
P lu r o n ic s  w h e r e  th e  o n e s  w ith  lo w e r  H L B  v a lu e s  and  E O /P O  ratio  ten d  to  h a v e  
h ig h e r  a d so rp tio n .

T h e  e f fe c t  o f  c o n fig u r a tio n  o n  a d so rp tio n  is  c le a r ly  s e e n  w h e n  w e  
co m p a r e  th e  a d so rp tio n  o f  P lu ro n ic  L 6 4  and r e v e r se  P lu r o n ic  1 7 R 2  w h ic h  h a v e  the  
sa m e  n u m b er o f  P O  u n its . L 6 4  h a s a h ig h e r  H L B  v a lu e s  and  E O /P O  ratio  and it 
w o u ld  b e  e x p e c te d  to  h a v e  lo w e r  a d so r p tio n , but th e  r e v e r se  is  s e e n . W e  can  
c o n c lu d e  that c o n fig u r a tio n  is  an im p ortan t fa c to r  for  ad so rp tio n ; P lu r o n ic s  s h o w  
h ig h e r  a d so rp tio n  th an  r e v e r se  P lu ro n ics .

F rom  th e p r e v io u s  w o rk , W atta n a p h an  ( 2 0 0 8 )  fo u n d  th at L 31 and  
1 7 R 2  w ith  H L B  v a lu e s  lo w e r  than 7 d id  n o t a p p r e c ia b ly  a d so rb ed  o n to  h y d r o p h ilic  
s il ic a . F or th is  w o r k , L 31 and  17 R 2  can  ad so rb  o n to  h y d r o p h o b ic  s i l ic a  d u e  to  the  
la rge  n u m b er o f  P O  gro u p s that ca n  in tera c tin g  w ith  th e  h y d r o p h o b ic  s i l ic a  su rfa ce . 
In a d d it io n , T su ru m i et al. ( 2 0 0 6 )  sh o w e d  that P lu r o n ic s  w ith  H L B  v a lu e s  h ig h er  
th an  18 d id  n o t ad sorb  w e l l  o n to  h y d r o p h ilic  s i l ic a  b ut it ca n  ad so rb  w e l l  o n to  
h y d r o p h o b ic  s il ic a . T h u s, h y d r o p h o b ic  s il ic a  is  a b etter  su b stra te  for  E O /P O  tr ib lock  
c o p o ly m e r s  than  h y d r o p h ilic  s i l ic a  b e c a u se  larger  ran g e  o f  H L B  v a lu e s  can  b e  u sed .
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4.2 Adsolubilization of Organic Compounds

4 .2 .1  A d s o lu b iliz a t io n  o f  O rga n ic  C o m p o u n d s
T a b le  4.1 s h o w s  th e a m o u n ts  o f  a d so rb ed  c o p o ly m e r  su rfa cta n ts  o n  

h y d r o p h o b ic  s i l ic a  that w e r e  u sed  d u rin g  th e  a d so lu b iliz a t io n  s tu d ie s . W e  a ssu m e  
that th e  a d d itio n  o f  th e  a d so lu b iliz a te  in  th e  sy s te m  w i l l  n o t h a v e  s ig n if ic a n t ly  e f fe c t  
th e  a m o u n t o f  ad so rb ed  su rfactan t o n  th e  a d so rb en ts .

Table 4.1 T h e am o u n t o f  ad so rb ed  c o p o ly m e r  su rfa cta n ts  o n  th e a d so rb en ts  u se d  in  
th e  a d so lu b iliz a t io n  stu d ie s

Copolymer surfactants Adsorbed surfactant (mmol/g of silica)
L31 0.05
P123 0.09
L64 0.08
17R2 0.02
25R4 0.03
10R5 0.05

4.2.1.1 Adsolubilization o f Phenol
F ig u re  4 .8  s h o w s  th e  a m o u n t o f  a d s o lu b iliz e d  p h e n o l v e r su s  

its  red u ced  b u lk  c o n c e n tr a tio n  (e q u ilib r iu m  c o n c e n tr a t io n /m a x im u m  s o lu b ility  in  
w a ter ). T h e  resu lts  s h o w  that h y d r o p h o b ic  s i l ic a  c o n ta in in g  P lu r o n ic  P I 2 3  s h o w s  th e  
h ig h e s t  a d so lu b iliz a t io n , fo l lo w e d  b y  h y d r o p h o b ic  s i l ic a  c o n ta in in g  L 6 4 , 1 0 R 5 , 
2 5 R 4 , 1 7 R 2 , and  L 3 1 , r e sp e c t iv e ly . F rom  T a b le  4 .1 , h y d r o p h o b ic  s i l ic a  c o n ta in in g  
P I 2 3  sh o w s  th e h ig h e s t  ad so rb ed  su rfa cta n t, f o l lo w e d  b y  h y d r o p h o b ic  s i l ic a  
c o n ta in in g  L 6 4 , 10R 5 and  L 3 1 , 2 5 R 4 , and 1 7 R 2 , r e s p e c t iv e ly . T h e r e fo r e , th e  ord er  
o f  a d so lu b iliz a t io n  is  se e m  to  b e  c o n s is te n t  w ith  th e  ord er o f  a m o u n t o f  a d so rb ed  
su rfa cta n ts o n  the su r fa ce  o f  h y d r o p h o b ic  s il ic a ;  h ig h e r  a m o u n ts  o f  a d so rb ed  
c o p o ly m e r  su rfactan t lea d  to  h ig h er  le v e ls  o f  a d so lu b iliz a t io n . T h is  ca n  b e  e x p la in e d  
that h ig h er  a m o u n t o f  a d so rb ed  su rfactan t p r o v id e  a h ig h e r  n u m b er  o f  s ite s  that is



36

a v a ila b le  to  a d s o lu b iliz e  th e  m o le c u le s  o f  p h e n o l (T su ru m i et al., 2 0 0 6 ) .  F o r  L 3 1 ,  
a lth o u g h  it h a s a m o d era te  am o u n t o f  a d so rb ed  su rfactan t, it s h o w s  th e  lo w e s t  p h e n o l  
a d so lu b iliz a t io n . T h is  is  m o st  lik e ly  b e c a u se  p h e n o l m o le c u le s  w i l l  a d s o lu b iliz e  in to  
the E O  r e g io n  o f  th e  a d so rb ed  c o p o ly m e r  su rfactan t la y e r s  (S c h ic k , 1 9 8 7 ). F ro m  th e  
stru ctu re o f  L 3 1, w ith  its  lo w  n u m b er o f  E O  u n its , th is  le a d s  to  a r e la t iv e ly  lo w  
v o lu m e  for  p h e n o l a d so lu b iliz a t io n .

I
1I
ไวิcเม-Cร.~o
ร
■ a<

♦  L 31  
■  P 123  
A L 6 4  
X 1 7R 2  
X 2 5 R 4
•  1 0R 5

Equilibrium concentration o f Phenol/maximum solubility

F ig u r e  4 .8  T h e  a d so lu b iliz a t io n  o f  p h e n o l in  th e  e x a m in e d  su rfa cta n ts  ( S D  =  ±
0 .0 9 0 0 - 0 .2 1 0 0 ) .

In ord er to stu d y  th e  e f fe c t  o f  th e  stru ctu re an d  p ro p er tie s  o f  
c o p o ly m e r s  w e  m a y  co m p a re  th e a d so lu b iliz a t io n  o f  p h e n o l in to  su rfa cta n ts  h a v in g  
th e  sa m e  a m o u n t o f  a d so rb ed  su rfactant. F ig u re  4 .9  s h o w s  th e  a d s o lu b iliz a t io n  ratio  
(a d so lu b il iz e d  p h e n o l/a d so r b e d  c o p o ly m e r  su rfa cta n ts) v e r su s  its  red u ced  b u lk  
co n c e n tr a tio n . T h e  r e su lts  sh o w  that h y d r o p h o b ic  s i l ic a  c o n ta in in g  2 5 R 4  h a s th e  
h ig h e s t  a d so lu b iliz a t io n , fo llo w e d  b y  h y d r o p h o b ic  s i l ic a  c o n ta in in g  1 0 R 5 , P I 2 3 ,  
L 6 4 , 1 7 R 2 , and L 3 1 , r e sp e c tiv e ly . H a v in g  h ig h  E O /P O  ratio  and  h ig h  n u m b er  o f  E O  
g ro u p s, 2 5 R 4  sh o u ld  p r o v id e  a la rge  v o lu m e  fo r  p h e n o l p a r tit io n in g  an d  a h ig h  
in tera c tio n  w ith  p o la r  p h e n o l, le a d in g  to  h ig h e s t  a d so lu b iliz a t io n . F or  1 0 R 5 , e v e n  
th o u g h  it h a s h ig h e s t  E O /P O  ratio , but it h a s o n ly  a m o d era te  n u m b er  o f  E O  gro u p s.



37

F or L 6 4 , P 1 2 3 , and  1 7 R 2 , th e y  h a v e  in term ed ia te  E O /P O  ra tio s  and  a lso  in term ed ia te  
le v e ls  o f  a d so lu b iliz a t io n . H a v in g  th e  lo w e s t  E O /P O  ratio  an d  lo w e s t  n u m b er  o f  E O  
g r o u p s, L 31 s h o w s  th e lo w e s t  le v e l o f  a d so lu b iliz a t io n . B a se d  o n  th e  r e su lts , th e  
a d so lu b iliz a t io n  o f  p h e n o l h as s h o w n  to  d ep en d  s ig n if ic a n tly  o n  th e  E O /P O  ratio  and  
the n u m b er  o f  E O  g ro u p s o f  c o p o ly m e r s  w h e r e  c o p o ly m e r s  w ith  h ig h  E O /P O  ratio  
and h ig h  n u m b er  o f  E O  gro u p s s h o w  h ig h  a d so lu b iliz a t io n . T h e  rea so n  that E O /P O  
ratio  and  n u m b er  o f  E O  g ro u p s a f fe c t  the p h e n o l a d so lu b iliz a t io n  ca n  b e  e x p la in e d  
that p h e n o l is  a p o la r  o rg a n ic  m o le c u le  w h ic h  te n d s  to  a d s o lu b iliz e  p r e fe r e n tia lly  in to  
h ig h ly  p o la r  r e g io n s , in  th is  c a s e , r e g io n s  w ith  h ig h  E O /P O  ratio . S c h ic k  ( 1 9 8 7 )  
rep orted  that p h e n o l so lu b iliz e d  in to  th e  E O  c h a in  r e g io n  o f  th e  m ic e l le s  w h ic h  
im p lie s  that p h e n o l m o le c u le s  w i l l  p ro b a b ly  b e  a d s o lu b iliz e d  in to  th e  E O  r e g io n s  in  
a d m ic e lle s . T h e r e fo r e , h ig h  n u m b er o f  E O  g ro u p s o f  c o p o ly m e r s  p r o v id e s  fa v o r a b le  
n u m b er  o f  s ite s  o f  th e  su rfactan t a d so rb ed  la yer  fo r  p h e n o l m o le c u le s  to  
a d so lu b iliz e .

♦  L31 
■  PI 23 
A L64 
X 17R2 
X 25R4
• 10R5

F ig u r e  4 .9  A d s o lu b iliz a t io n  ratio  o f  p h en o l ( S D  =  ±  1 .0 0 0 0 -1 1 .0 0 0 0 ) .

4.2.1.2 Adsolubilization o f 2-Naphthol
F ig u re  4 .1 0  s h o w s  th e am o u n t o f  a d s o lu b iliz e d  2 -n a p h th o l  

v e r su s  its  red u ced  b u lk  co n c e n tr a tio n . It ca n  b e  se e n  that h y d r o p h o b ic  s i l ic a  w ith
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P 123 s h o w s  th e  h ig h e s t  a d so lu b iliz a t io n , fo l lo w e d  b y  h y d r o p h o b ic  s i l ic a  w ith  L 6 4 , 
1 0 R 5 , 2 5 R 4 , 1 7 R 2 , and L 3 1 , r e sp e c t iv e ly . S im ila r  to  th e  a d so lu b iliz a t io n  o f  p h e n o l, 
th e  ord er o f  2 -n a p h th o l a d so lu b iliz a t io n  s e e m s  to  b e  c o n s is te n t  w ith  th e ord er o f  
a d so rb ed  c o p o ly m e r  su rfa cta n ts . F ig u re  4 .1 1  s h o w s  th e  a d so lu b iliz a t io n  ra tio  v e r su s  
its  red u ced  b u lk  co n c e n tr a tio n . T h e  d e g r e e  o f  th e  a d so lu b iliz a t io n  s e e m s  to  b e  
en h a n c e d  as th e  n u m b er o f  E O  b lo c k s  in c r e a se s . H a v in g  h ig h er  n u m b er  o f  E O  
g ro u p s, P I 2 3  and  2 5 R 4  s h o w  h ig h e r  a d so lu b iliz a t io n  w h e r e a s  L 6 4 , 1 7 R 2 , and  10 R 5  
h a v e  m o d era te  n u m b er  o f  E O  gro u p s s h o w  m o d era te  in  a d so lu b iliz a t io n . O n c e  a g a in  
that L 31 s h o w s  lo w e s t  a d so lu b iliz a t io n  b e c a u se  it h a s th e  lo w e s t  n u m b er  o f  E O  
g ro u p s. T h e r e fo r e , th e  im p ortan t fac to r  a f fe c t in g  2 -n a p h th o l a d so lu b iliz a t io n  
h a s sh o w n  to  b e  th e  n u m b er  o f  E O  g ro u p s for  th e  sa m e  rea so n  a s  w ith  p h e n o l. 
N e v e r th e le s s , th e  E O /P O  ratio  d o e s  n ot s e e m  to  h a v e  m u c h  in f lu e n c e  o n  2 -n a p h th o l 
a d so lu b iliz a t io n , w h ic h  m a y  b e  b e c a u se  th e  m o le c u le s  o f  2 -n a p h th o l are le s s  p o lar  
th an  th e p h e n o l m o le c u le s .

0  0 .1  0 . 2  0 .3  0 . 4  0 . 5  0 . 6  0 .7

♦  L 3 1  
■  P 1 2 3  
A L 6 4  
X 1 7 R 2  
X 2 5 R 4
•  1 0 R 5

E q u i l ib r iu m  c o n c e n t r a t i o n  o f  2 - N a p h t h o l / m a x i m u m  s o l u b i l i t y

Figure 4.10 The adsolubilization of 2-naphthol in the examined surfactants (SD = ±
0.0020-0.0300).
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♦  L31 
■  P 123  
A L64  
X 17R2  
X 2 5R 4
•  10R5

E q u i l ib r iu m  c o n c e n t r a t i o n  o f  2 - N a p h t h o l / m a x i m u m  s o l u b i l i t y

F ig u r e  4 .1 1  A d s o lu b iliz a t io n  ratio o f 2 - n a p h th o l  ( S D  =  ±  0 .1 0 0 0 - 1 .0 0 0 0 ) .

4.2.1.3 Adsolubilization o f Naphthalene
F ig u re  4 .1 2  s h o w s  th e a m o u n t o f  a d s o lu b iliz e d  n a p h th a len e  

v e r su s  its  red u ced  b u lk  c o n c e n tr a tio n  and F ig u re  4 .1 3  s h o w s  th e  a d so lu b iliz a t io n  
ratio  v e r su s  its  red u ced  b u lk  co n c e n tr a tio n . F rom  F ig u re  4 .1 2 ,  a lth o u g h  th e a m o u n ts  
o f  a d so rb ed  su rfa cta n ts  on  h y d r o p h o b ic  s i l ic a  u se d  in  th e  a d s o lu b iliz a t io n  w er e  
d iffe r e n t, th e  resu lts  s h o w  that th e  a d s o lu b iliz a t io n  o f  n a p h th a len e  is  a lm o s t  th e  sa m e  
for  a ll c o p o ly m e r s  s tu d ie d , w ith  an  e x c e p t io n  o f  L 3 1 . C o m p a r in g  th e  ratio  o f  
a d so lu b iliz a t io n  to  a d so rb ed  su rfactan t (or th e  a d s o lu b iliz a t io n  ra tio ), in  F ig u re  4 .1 3 ,  
th e  resu lts  s h o w  that th e  c o p o ly m e r s  w h ic h  h a v e  th e  lo w e r  a m o u n t o f  a d so rb ed  
su rfactan t s h o w  h ig h e r  a d so lu b iliz a t io n  ra tio s , s in c e  a ll c o p o ly m e r s  h a v e  
a p p r o x im a te ly  th e  sa m e  a d so lu b iliz a t io n  (F ig u r e  4 .1 2 ) .  F or L 3 1 , th e  a d so lu b iliz a t io n  
is  d iffe r e n t from  o th ers  a s  it sh o w s  th e  lo w e s t  in  a d s o lu b iliz a t io n  b o th  in  F ig u re  4 .1 2  
and 4 .1 3 .  T h e  rea so n  for  th is  m a y  b e  referred  to  S c h ic k  ( 1 9 8 7 )  w h o  e x p la in e d  that 
n a p h th a len e  w o u ld  a d so rb  in to  th e  in te r fa c e  b e tw e e n  th e h y d r o p h o b ic  part and  E O  
part o f  th e  su rfactan t a d so rb ed  layer. In a d d it io n , L31 h a s v e r y  lo w  n u m b er  o f  E O  
g ro u p s le a d in g  to  v e r y  lo w  v o lu m e  o f  in ter fa ce  to  p r o v id e  th e  s ite s  for  a d so lu b iliz a -
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t io n . T h ere fo re , a d so lu b iliz a t io n  o f  n a p h th a len e  in to  L31 a d so r b e d  la y e r  h a s  s h o w n  
to  b e  th e  lo w e s t .

♦  L31 
■  P 123  
A L 64  
X 17R2  
X 2 5 R 4
•  10R5

E q u i l ib r iu m  c o n c e n t r a t i o n  o f  N a p h t h a l e n e / m a x i m u m  s o l u b i l i t y

F ig u r e  4 .1 2  T h e  a d so lu b iliz a t io n  o f  n a p h th a len e  in  th e  e x a m in e d  su rfa cta n ts  (S D  =  
±  0 .0 0 0 8 - 0 .0 0 2 0 ) .

♦  L31  
■ P123  
A L64  
X 17R2  
X 25R4
• 10R5

E q u i l ib r iu m  c o n c e n t r a t i o n  o f  N a p h t h a l e n e / m a x i m u m  s o l u b i l i t y

F ig u r e  4 .1 3  A d s o lu b iliz a t io n  ratio  o f  n a p h th a len e  ( S D  =  ±  0 .0 1 0 0 - 0 .0 6 0 0 ) .
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W h en  w e  co m p a re  th e a d so lu b iliz a t io n  resu lt o f  th is  w o k  w ith  
ou r p r e v io u s  w o r k  (W a ttan ap h an , 2 0 0 8 ) ,  w h ic h  u se d  h y d r o p h ilic  s i l ic a  as an  
a d so rb en t, th e  a d so lu b iliz a t io n  o f  p h e n o l, 2 -n a p h th o l, an d  n a p h th a le n e  in to  th e  
h y d r o p h o b ic  s i l ic a  m o d if ie d  w ith  E O /P O  tr ib lo ck  c o p o ly m e r s  (th is  w o rk ) is  
s ig n if ic a n tly  h ig h e r  th an  w h a t o b se r v e d  p r e v io u s ly  w h e n  u se d  h y d r o p h ilic  s il ic a .  
T h ere fo re , it ca n  b e  c o n c lu d e d  that th e  m o d e l a ro m a tic  o r g a n ic  c o m p o u n d s  can  
p r e fe r e n tia lly  a d s o lu b iliz e  in to  th e  E O /P O  tr ib lo ck  c o p o ly m e r s  la y er  o n  h y d r o p h o b ic  
s i l ic a  to  a  h ig h e r  d e g r e e  th an  on. th e  h y d r o p h ilic  s il ic a .

4 .2 .2  T h e  E ffe c ts  o f  T h e  S tru ctu res o f  T h e  A r o m a tic  O rg a n ic  M o le c u le s  to  
T h e  A d s o lu b iliz a t io n  B e h a v io r s

T h e  a d so lu b iliz a t io n  o f  p h e n o l, 2 -n a p h th o l, and  n a p h th a len e  in to  th e  
a d so rb ed  la y e r s  o f  P lu r o n ic s  L 3 1 , P 1 2 3 , L 6 4 , and  r e v e r se  P lu r o n ic s  1 7 R 2 , 2 5 R 4 ,  
10 R 5  are sh o w n  in  F ig u r e s  4 . 1 4 ,4 .1 5 ,  4 .1 6 ,  4 .1 7 ,  4 .1 8 , and  4 .1 9 ,  r e s p e c t iv e ly .

E qu ilib r ium  concentra tion  o f organic  
compounds/maximum  so lu b ility

♦  P h e n o l  
■  2 - N a p h t h o l  
A N a p h t h a l e n e

Figure 4.14 The adsolubilization of phenol, 2-naphthol, and naphthalene into the
adsorbed layer of L31 on hydrophobic silica.
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♦  P h e n o l  
■  2 - N a p h t h o l  
A N a p h th a le n e

Equilibrium  concentration o f organic 
compounds/maximum so lub ility

F ig u r e  4 .1 5  T h e  a d so lu b iliz a t io n  o f  p h e n o l, 2 -n a p h th o l,:  an d  n a p h th a len e  in to  th e  
a d so rb ed  la y er  o f  P I 2 3  o n  h y d r o p h o b ic  s il ic a .

to

♦  P h e n o l  
■  2 - N a p h t h o l  
A N a p h t h a le n e

E qu ilib r ium  concentra tion  o f organic  
compounds/maximum  so lu b ility

F ig u r e  4 .1 6  T h e  a d so lu b iliz a t io n  o f  p h e n o l, 2 -n a p h th o l, and  n a p h th a len e  in to  the  
a d so rb ed  la y e r  o f  L 6 4  o n  h y d r o p h o b ic  s il ic a .
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♦  P h e n o l  
■  2 - N a p h t h o l  
A N a p h t h a le n e

E qu ilib r ium  concentra tion o f  organic  
compounds/maximum  so lu b ility

F ig u r e  4 .1 7  T h e  a d so lu b iliz a t io n  o f  p h e n o l, 2 -n a p h th o l, and  n a p h th a le n e  in to  th é  - 
a d so rb ed  la y er  o f  17 R 2  on  h y d r o p h o b ic  s il ic a .
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Figure 4.18 The adsolubilization of phenol, 2-naphthol, and naphthalene into the
adsorbed layer of 25R4 on hydrophobic silica.
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♦  Phenol 
■  2-Naphthol 
A Naphthalene
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Figure 4.19 The adsolubilization of phenol, 2-naphthol, and naphthalene into the 
adsorbed layer of 10R5 on hydrophobic silica.

From Figures 4.14-4.19, the results show that adsolubilization of 
phenol is higher than 2-naphthol and naphthalene in all cases studied. This can be 
explained that phenol, which has a single benzene ring, is the smallest in size among 
the three compounds studied. The smaller molecule can easily penetrate and 
adsolubilize into the surfactant adsorbed layer and also take up less adsolubilization 
capacity. Therefore, due to the effect of the molecular size, smaller molecule can 
adsolubilize into surfactant adsorbed layer much higher than the larger ones.

Comparing the adsolubilization of 2-naphthol and naphthalene, 
2-naphthol shows a higher degree of adsolubilization than naphthalene. This is 
because 2-naphthol has a hydroxyl group which makes it more polar, thus increasing 
the degree of interaction with the EO groups of the adsorbed layer. Naphthalene, 
which is polarizable, should adsolubilize primarily into the interface between the EO 
groups and hydrophobic parts (Schick, 1987). Therefore, for the systems studied, 
polar molecules adsolubilized to a greater extent than non-polar molecules.
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