
C H A PT E R  VII
Q U A L IT A T IV E  STU D IES O F SO L U B IL IZ A T IO N  A N D  

A D SO L U B IL IZ A T IO N  O F O R G A N IC  SO L U T E S B Y  D IFFE R E N T A IL
SC A N N IN G  C A L O R IM E T R Y *

7.1 A bstract

T h is  s tu d y  e x a m in e s  so lu b iliz e d  and  a d so lu b iliz e d  n -o c ta n e , p -to lu n itr ile , 4 -  
b r o m o to lu e n e , d ip h e n y le th e r  an d  d ip h e n y lm e th a n e  u s in g  d iffe r e n tia l sc a n n in g  
c a lo r im e tr y  (D S C ) . C e ty lp y r id in iu m  ch lo r id e  (C P C ), a  c a t io n ic  su rfa cta n t, w a s  u se d  
to  fo r m  m ic e l le s  and  a d m ic e lle s  ca p a b le  o f  s o lu b iliz in g  th e  so lu te s  fro m  a q u e o u s  
s o lu t io n  at p H  8. A d m ic e lle  fo rm a tio n  w a s  a c c o m p lish e d  o n  p rec ip ita ted  s i l ic a  a s  th e  
s o l id  su b strate  fo r  su rfactan t a d so rp tio n . T h e  d ata  su g g e s ts  th e  fo llo w in g :  (1 )  C P C  
m ic e lla r  and  a d m ic e lla r  p h a se s  are l iq u id - lik e  (2 )  th ere  are th ree  m ajor  lo c i  o f  
so lu b iliz a t io n  o b se r v e d  b y  D S C , i.e . th e  h yd ra ted  p a lisa d e /h e a d g r o u p  r e g io n , th e  
n o n -h y d ra ted  p a lisa d e  r e g io n  and  th e  c o r e /so lu te  drop  r e g io n  (3 )  for  so lu b iliz a t io n ,  
w ith  in c r e a s in g  to ta l so lu te  co n ce n tr a tio n  it is  p o s s ib le  fo r  so lu te  d rop s to  fo rm  in  
m ic e l le s  at lo w  so lu te  c o n cen tra tio n  w h ic h  th en  d isap p ea r  w ith  in c r e a s in g  th e  so lu te  
c o n c e n tr a tio n  an d  p o s s ib ly  reap p ear in  th e  m ic e l le  a s  so lu te  c o n c e n tr a tio n  in c r e a se s  
to  s u ff ic ie n t ly  h ig h  v a lu e s , (4 )  su rfactant m o le c u le s  in  a d m ic e lle s  ap p ea r  to  p a ck  
m o r e  d e n s e ly  th an  th e  sa m e  su rfactan t m o le c u le s  in  m ic e l le s ,  an d  (5 )  D S C  a n a ly s is  
ca n  n o t  d if fe r e n tia te  b e tw e e n  a d so lu b iliz e d  so lu te s  r e s id in g  in  th e  n o n -h y d ra ted  and  
h yd ra ted  r e g io n s  b e c a u s e  th e  p a c k in g  d e n s ity  o f  su rfa cta n t m o le c u le s  in  th e  
a d m ic e lle  m a y  b e  u n ifo r m  th ro u g h o u t th e  a d m ic e lla r  p h a se  reg a r d le ss  o f  lo c u s  o f  
a d so lu b iliz a t io n . S u b se q u e n t a d so lu b iliz a t io n  m a k e s  a d m ic e lle s  m o re  lo o s e ly  p a c k e d  
w ith  in c r e a s in g  s o lu te  co n ce n tr a tio n  in  th e  a d m ic e lle s .
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7.2 Introduction

S u rfa cta n ts  in  a q u e o u s  so lu t io n  h a v e  th e  rem ark a b le  a b ility  to  s e lf -a s s e m b le  
as th r e e -d im e n s io n a l a g g r e g a te s , c a lle d  m ic e l le s ,  w h e n  a cr itica l m ic e l le  
co n ce n tr a tio n  (C M C ) is  rea c h ed  [1 ], A  ty p ica l m ic e l le  at C M C  is  a ro u g h ly  sp h er ica l 
or g lo b u la r  a g g r e g a te  w ith  th e h y d r o p h ilic  "head" r e g io n s  in  co n ta c t w ith  the  
su rrou n d in g  w a ter , se q u e s te r in g  the h y d ro p h o b ic  ta il r e g io n s  in  th e  m ic e l le  cen ter . 
T h e m ic e l le  p r o v id e s  a m ic r o e n v ir o n m e n t c o n d u c tiv e  to  th e  p artit io n in g  o f  so lu te  
m o le c u le s  w h ic h  are o th e r w ise  sp a r in g ly  s o lu b le  in  th e  a q u e o u s  so lu t io n , a 
p h e n o m e n o n  k n o w n  a s so lu b iliz a t io n  [1 -3 ] . W h e n  su rfactan t m o le c u le s  are d isp e r se d  
in  an a q u e o u s  so lu t io n  that a lso  h a s a so lid  su b strate , th e  su rfactan t m o le c u le s  m a y  
a g g r e g a te  a s  tw o -d im e n s io n a l stru ctu res, c a lle d  a d m ic e lle s , w h ic h  are so m e w h a t  
s im ila r  in  stru ctu re to  m ic e l le s ,  at th e  s o lid /l iq u id  in ter fa ce  [4 ], T h e  so lu b iliz a t io n  o f  
so lu te  b y  a d m ic e lle s  h a s  b e e n  term ed  a d so lu b iliz a t io n  [4 ],

F igure 7.1 T y p ic a l m ic e l le  (a ) and a d m ic e lle  (b )  stru ctu res w ith  p ro p o se d  lo c i  o f  
so lu b iliz a t io n  and  a d so lu b iliz a t io n .
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C o n s id e r in g  th e  w id e  n u m b er  o f  a p p lic a tio n s  o f  so lu b iliz a t io n  and  
a d so lu b iliz a t io n  [5 -1 5 ] , a c le a r  k n o w le d g e  o f  the n atu re o f  th e  su rfa cta n t a g g reg a te  
in ter ior  h a s  b e c o m e  v e r y  im p ortan t. It is  g en era lly  ag reed  that th e  p rim ary lo c a t io n s  
fo r  s o lu b iliz a t io n  o f  n eu tra l o rg a n ic  s o lu te s  in su rfactan t a g g r e g a te s  h a v e  b e e n  
d iv id e d  in to  th ree  m a in  parts b y  p o la r ity  [1 , 1 6 -1 7 ] ( s e e  F ig u re  7 .1 ) . T h e se  areas  
c o n s is t  o f  th e  (1 )  h e a d g ro u p  r e g io n  (2 )  h yd ra ted  p a lisa d e  r e g io n  and  (3 )  n o n -h y d ra ted  
p a lisa d e  r e g io n . T h e se  p r o p o se d  lo c a t io n s  o f  v a r io u s  so lu te s  so lu b iliz e d  in  the  
su rfactan t a g g r e g a te s  h a v e  b e e n  e lu c id a te d  b y  N M R  sp e c tr o sc o p y  [1 8 -2 1 ] ,

T h e  ou ter  r e g io n  is  th e  m o s t  p o la r , c o n s is ts  o f  th e  su rfactan t h e a d g ro u p s, 
an d  fo r m s th e  su rfa cta n t a g g r e g a te /w a te r  (an d  su rfactan t a g g r e g a te /so l id  for  
a d m ic e lle )  in ter fa ce . T h e  in n er r e g io n  (su rfactan t ta il r e g io n )  is  referred  to  as th e  
p a lisa d e  r e g io n . T h is  r e g io n  is  d iv id e d  in to  tw o  s e c t io n s  b ased  u p o n  th e  p r e se n c e  o f  
w ater. T h e  first r e g io n  is  th e  h yd ra ted  p a lisa d e  re g io n  w h ic h  c o n s is t s  o f  th e  ca rb o n s  
n ear th e h e a d g r o u p s  an d  w h ic h  is  a lso  ch ara cter ized  b y  w a ter  m o le c u le s  that h a v e  
p en etra ted  th e  su rfactan t a g g r e g a te s  [2 2 -2 4 ] .  T h is  r e g io n  is  in term ed ia te  in  p o la r ity . 
T h e  s e c o n d  r e g io n , th e  n o n -h y d ra ted  p a lisa d e  r e g io n , c o n s is t s  o n ly  o f  h y d ro carb on  
c h a in s  and  is  n o n p o la r  in  nature [1 ]. W ith in  th e  m ic e l le , th e  p a lisa d e  r e g io n  c o n s is t s  
o f  in te r tw in e d , ra n d o m ly  o r ien ted  h y d ro ca rb o n  g r o u p s, fo r m in g  a liq u id - lik e  r e g io n  
h a v in g  a v i s c o s it y  a p p r o x im a te ly  an  ord er o f  m a g n itu d e  greater  than  that o f  liq u id  
h y d r o ca rb o n s o f  s im ila r  c h a in  le n g th  [2 5 ] . T h e  p a lisa d e  r e g io n  o f  th e  a d m ic e lle  is  
s im ila r  but d en se r  [4 ], S o m e t im e s , w h e n  m ic e l le s  s o lu b i l iz e  la rge  a m o u n ts  o f  h ig h ly  
h y d r o p h o b ic  so lu te s , th e  m ic e l le s  ten d  to  rad ia lly  ex p a n d  ( s w e l l )  and  pure so lu te  
d ro p le ts  are th en  fo r m e d  in  th e  m ic e l le s  [1 8 , 2 6 ] , T h is  p h a se  sep a ra tio n  can  a lso  
h ap p en  w ith  a d m ic e lle s  [2 7 ] , W e  p r o p o se  an ad d itio n a l r e g io n , th e  c o r e /so lu te  d rop  
r e g io n , as sh o w n  in  F ig u r e  7 .1 . V a r io u s  s tu d ie s  h a v e  in d ic a te d  that o r g a n ic  so lu te s  
p artition  in to  th e  r e g io n s  o f  the su rfa cta n t a g g r e g a te s  that p o s s e s s  s im ila r  p o lar ity  [1 -  
4 , 2 8 ] . T h u s , a lk a n e s  or o th er  n o n p o la r  s o lu te s  p artition  p r im a rily  to  th e  n o n -h y d ra ted  
p a lisa d e  or  c o r e /s o lu te  d rop  r e g io n , w h i le  p o lar  c o m p o n e n ts  p a rtitio n  to  th e  h yd ra ted  
p a lisa d e  or  h e a d g r o u p  r e g io n .

It h a s  b e e n  su g g e s te d  that th e  lo c a t io n  o f  th e  s o lu b iliz e d /a d s o lu b il iz e d  
s o lu te s  ca n  b e  d e te r m in e d  b y  e x a m in in g  th e  graph o f  th e  p artition  c o e f f ic ie n t  p lo tted  
a g a in st  th e  m o le  fra c tio n  o f  so lu te  in  th e  su rfactan t a g g r e g a te s  [3 , 4 , 6 , 2 9 , 3 0 ] , T h e
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fo l lo w in g  tren d s h a v e  b e e n  p ro p o sed  c o n c e r n in g  th e  lo c u s  o f  so lu b iliz a t io n  and  
p a rtitio n  c o e f f ic ie n ts :  (1 )  i f  th e  so lu te  p a rtit io n s p r im a rily  to  th e  n o n -h y d ra ted  r e g io n  
(n o n -h y d ra ted  p a lisa d e  or c o r e /so lu te  d rop  r e g io n ), th e  p artition  c o e f f ic ie n t s  w il l  
in c r e a se  a s  s o lu te  m o le  fra c tio n  in  th e  su rfactan t a g g r e g a te s  in c r e a se s ;  (2 )  i f  th e  
so lu te  p a r tit io n s  p r im a rily  to  th e  h yd ra ted  re g io n  (h y d ra ted  p a lisa d e  or h ea d g ro u p  
r e g io n ) , th e  p a rtit io n  c o e f f ic ie n t s  w ill  d e c r e a se  as th e  so lu te  m o le  fra c tio n  in  th e  
su rfactan t a g g r e g a te s  in c r e a se s ;  and (3 )  i f  th e  so lu te  p a rtition s to  b o th  th e  h yd ra ted  
and  th e  n o n h y d ra ted  r e g io n s , th e  p artition  c o e f f ic ie n t  w il l  rem ain  co n sta n t a s  so lu te  
m o le  fr a c tio n  in  th e  su rfa cta n t a g g r e g a te s  in crea ses . It is  p o s s ib le  th at th is  data  can  
r o u g h ly  d is t in g u is h  so lu te  p a r tit io n in g  b e tw e e n  so lu te  in  th e  h yd ra ted  r e g io n  and  
so lu te  in  th e  n o n -h y d ra ted  r e g io n s  o f  th e  m ic e l le /a d m ic e lle .

In  th is  s tu d y , w e  a im  to  e lu c id a te  th e  lo c u s  o f  so lu b iliz a t io n /a d so lu b iliz a t io n  
b y  d e te r m in in g  th e  m e lt in g  p o in t  v a r ia tio n  o f  so lu te  in  th e  m ic e l le /a d m ic e lle  u p o n  
c h a n g in g  s o lu te s  ty p e  an d  th eir  to ta l co n c e n tr a tio n s  at c o n sta n t su rfactan t 
co n c e n tr a tio n . T h e  stu d y  h a s  b e e n  c o n d u c te d  b y  D S C  and p r o v id e s  m o r e  d e ta il ab ou t 
th e  m ic e l le  an d  a d m ic e lle  in teriors th an  th o se  in terp reted  fro m  th e  p artition  
c o e f f ic ie n t  tren d . T h e  r e su lts  m a in ly  in d ica te  that th ere  are th ree  c le a r ly  
d is t in g u ish a b le  s ite s  for  so lu b iliz a t io n , w h e r e a s  d ifferen t s ite s  for  a d so lu b iliz a t io n  
c o u ld  n o t  b e  d is t in g u ish e d  d u e to  an ap p aren tly  u n ifo rm  e n v ir o n m e n t in  th e  
a d m ic e lla r  p h a se .

7.3 M aterials and M ethods

7 .3 .1  M a ter ia ls
P rec ip ita ted  s i l ic a  p o w d e r , H i-S il®  2 3 3 , w ith  a s p e c if ic  su r fa ce  area  o f  

1 5 0  m 2/g  w a s  su p p lie d  b y  P P G  In d u str ies  In c. (P ittsb u rg h , P A ) and  u se d  as a so lid  
su b strate . T h e  c a t io n ic  su rfa cta n t c e ty lp y r id in iu m  c h lo r id e  (C P C ) (9 9 .8 %  in  h yd ra ted  
fo r m ) w a s  o b ta in e d  fro m  S ig m a  (S t. L o u is , M O ). T h e  stu d ied  s o lu te s  in c lu d e  ท- 
o c ta n e  9 9 .5 %  (F lu k a , S t. L o u is , M O ), d ip h e n y lm e th a n e  9 9 + %  (A ld r ic h , St. L o u is ,  
M O ), d ip h e n y le th e r  9 9 + %  (A ld r ic h , S t. L o u is , M O ), 4 -b r o m o to lu e n e  (9 9 + % ) fro m  
F lu k a  (S t. L o is , M O ) an d  p -to lu n itr ile  (9 8 + % ) fro m  F lu k a  (S t. L o u is , M O ). D e ­
io n iz e d  w a te r  w ith  a  r e s is t iv ity  o f  1 8 .2  M Q -c m  w a s  o b ta in ed  from  a  B a m ste a d  E -
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p u re w a ter  s y s te m . A ll  c h e m ic a ls  w e r e  u sed  a s  r e c e iv e d . P h y s ic a l p ro p er tie s  o f  th e  
s tu d ie d  so lu te s  are sh o w n  in  T a b le  7.1 [3 1 ] .

T ab le 7.1 P h y s ic o c h e m ic a l p ro p er tie s  o f  th e  s tu d ied  so lu te s .

S o lu te s
C h e m ic a l
F o rm u la

A q u e o u s  
S o lu b ility  
at 25 °c  

(p m o l/L )

M e lt in g  p o in t
(°C )

B o il in g  p o in t
(°C )

n -O cta n e C 8H ,8 5.78 -56.8 126
D ip h e n y lm e th a n e c 13h 12 83.8 25.2 264

D ip h e n y le th e r C i2H 10O 106 26.8 259
4 -B r o m o to lu e n e C 7H 7B r 6 4 3 2 8 .5 18 4

p -T o lu n itr ile c 8 H7N 7860 29.5 217

7 .3 .2  S a m p le  P rep ara tio n  for  D S C  A n a ly s is
W e  e x a m in e d  b o th  th e  s o lu b iliz a tio n  and a d so lu b iliz a t io n  o f  o rg a n ic  

s o lu te s  b y  D S C . T o  p rep are sa m p le s  for  D S C  stu d y  o f  so lu b iliz a t io n , w e  p rim a rily  
a s s u m e d  th e c r it ica l m ic e l le  c o n cen tra tio n  o f  C P C  to  b e  9 0 0  p m o l/L  [1 ] . A  sto ck  
m ic e lla r  s o lu t io n  o f  5 8 8 0  p m o l/L  (~ 6 x C M C ) w a s  p rep ared  an d  a d ju sted  to  p H  8. T h e  
C M C  at p H  8 is  a lso  a p p r o x im a te ly  9 0 0  p m o l/L  [3 2 ] , th u s  th e  c o n c e n tr a tio n  o f  
m ic e lla r  su rfa cta n t is  arou n d  4 9 8 0  p m o l/L . T w e n ty  m il l i l ite r s  o f  th is  so lu t io n  w a s  
m ix e d  w ith  a m ea su r e d  a m o u n t o f  th e  so lu te  in  a g la s s  v ia l and  th e n  se a le d . T h e  
s o lu t io n s  w e r e  eq u ilib r a ted  for  tw o  d a y s  p rior to  a n a ly z in g  b y  D S C .

F or a d so lu b iliz a t io n  stu d y , a s to c k  m ic e lla r  so lu t io n  w a s  p rep ared  for  
th e  s a m e  c o n c e n tr a tio n  o f  th e  m ic e lla r  so lu t io n  and  th e  s o lu t io n  p H  w a s  a d ju sted  to  8 
u s in g  N a O H  s o lu t io n . T h e  d e s ir e d  a m o u n t o f  so lu te  w a s  d is s o lv e d  in  2 0  m l o f  the  
m ic e lla r  s o lu t io n  in  a g la s s  v ia l , v ig o r o u s ly  stirred  and th en  se a le d . A fte r  that, 0 .4  g  
o f  s i l ic a  p o w d e r  w a s  a d d ed  to  th e  so lu tio n . A  b u lk  a q u e o u s  su rfactan t c o n cen tra tio n  
at eq u ilib r iu m  a fter  s il ic a  a d d it io n  w a s  ju s t  b e lo w  th e cr it ica l m ic e l le  c o n cen tra tio n  
( ~ 0 .9 x C M C ). T h e  su rfa cta n t m o le c u le s  c o n se q u e n tly  s e lf -a s s e m b le  a s  a d m ic e lle s  at
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s il ic a /a q u e o u s  in te r fa c e  w ith o u t  a  p r e se n c e  o f  m ic e l le s  in  th e  b u lk  a q u e o u s  p h a se . 
T h is  s y s te m  w a s  e q u ilib r a ted  fo r  tw o  d a y s  p r io r  to  sa m p lin g  to  b e  a n a ly z e d  b y  D S C .

7 .3 .3  D iffe r e n tia l S c a n n in g  C a lo r im etry
D S C  e x p e r im e n ts  w e r e  p er fo r m e d  o n  C a lo r im etr y  S c ie n c e s  

C o rp o ra tio n  (C S C ) 6 1 0 0  N a n o  II D iffe r e n tia l S c a n n in g  C a lo r im ete r , w h ic h  is  
su ita b le  fo r  a n a ly s is  o f  e v e n  s m a ll a m o u n t o f  so lu te  in  a q u e o u s  so lu tio n . T h e  liq u id  
sa m p le  and  r e fe r e n c e  w e r e  e a c h  lo a d e d  in to  D S C  c e l l s  (w ith  n o m in a l v o lu m e  o f  0 .3 3  
m L ) in  th e  c e ll  ch am b er . T h e  c e l l  ch a m b er  w a s  th e n  t ig h tly  c lo s e d  and  p r e ssu r iz e d  to
4 .5  atm . B e fo r e  ru n n in g  th e  D S C , th e  s ta b le  h ea t tran sfer  rate th ro u gh  th o se  liq u id s  
m u st b e  lo w e r  than  3 0  p W  a s th e  p ressu re  w a s  in cr e a se d  fro m  0  to  3 a tm  to  en su re  
th at n o  sm a ll b u b b le s , w h ic h  w i l l  s ig n if ic a n tly  d istu rb  so lu t io n  p ro p erties  le a d in g  to  
w r o n g  D S C  c u r v e , are p resen t in  th e  c e l l s .  T h e  sa m p le  and r e fe r e n c e  w e r e  
e q u ilib r a ted  at th e  in it ia l tem p era tu re  (5 °C ) fo r  10  m in u tes . T h e  D S C  m e a su r e s  th e  
h ea t tran sfer  rate (p W ) th ro u gh  th e  sa m p le  b a c k g r o u n d -c o r r e c te d  b y  a c o r r e sp o n d in g  
r e fe r e n c e . H eat tran sfer  rate d ata  w e r e  n o r m a lly  c o l le c te d  b e tw e e n  5 and 6 0  °c at a 
c o n s ta n t  sca n  rate o f  1 ° c /m in .  H o w e v e r , o n ly  th e  tem p era tu re  ran g e  b e tw e e n  5 -3 0  
°c  in  th e  D S C  c u rv e  w a s  p r e se n te d  in  th is  p ap er b e c a u s e  r e su lts  a b o v e  th is  ra n g e  d id  
n o t s h o w  an y  p e a k s . O u r a n a ly s is  o n  D S C  c u r v e  is  q u a lita t iv e ly  b a se d  o n  th e  
o b se r v e d  p h a se  tr a n sitio n  tem p era tu re . O n ly  D S C  h e a tin g  c u rv e  w a s  u se d  to  
in terp ret th e  lo c u s  o f  s o lu b iliz a t io n  and  a d so lu b iliz a t io n .



7 8

Figure 7 .2  D S C  h ea tin g  c u r v e  o f  5 8 8 0  p m o l/L  C P C  m ic e lla r  so lu t io n  (p H  8 ), w h ic h  
is  b a ck g ro u n d -c o r r e c te d  b y  d e - io n iz e d  w a ter .

7.4 R esults and D iscussion

7 .4 .1  S o lu b iliz a t io n
T h ro u g h  th e  D S C  a n a ly s is  w e  e x p e c te d  to  s e e  so m e  p h a se  tra n sitio n s /  

“m e lt in g  p o in t s ” fo r  th e  s o lu te  in  m ic e l le s .  T h is  p r o c e s s  sh o u ld  b e  en d o th erm ic;  
fo r m in g  a  d o w n w a r d -p o in t in g  p eak  in  th e  D S C  h e a tin g  cu rv e . F ig u re  7 .2  s h o w s  D S C  
cu rv e  a s  tem p era tu re  d e p e n d e n c e  o f  th e  h ea t tran sfer  rate th ro u gh  a 5880 p m o l/L  
C P C  m ic e lla r  so lu t io n s  (~ 6 x C M C ), w h ic h  is  b a ck g ro u n d -c o r r e c te d  b y  d e - io n iz e d  
w ater. T h e  tem p era tu re  in c r e a se s  fro m  5°c, c r o s s e s  th e  K raft p o in t  o f  C P C  (1 0 ± l°c  
at p H  8), an d  th e n  u p  to  30°c. T h e  D S C  c u rv e  o f  th is  C P C  so lu t io n  is  v e r y  s im ila r  to  
that o f  d e g a s s e d /d e - io n iz e d  w a ter  (n o t  sh o w n  h ere ). T h ere  is  n o  s ig n if ic a n t  
en d o th e r m ic  p ea k  p rese n ts  in  th is  D S C  cu rv e , n o t at th e  K raft tem p era tu re  nor at th e  
m e lt in g  p o in t  o f  C P C  h y d ro ca rb o n  c h a in s  (~ 1 9 ° C ) . It s e e m s  th e m ic e lla r  p h a se  in  th e  
5880 p m o l/L  C P C  so lu t io n  is  l iq u id - lik e . T h is  m ic e lla r  so lu t io n  w a s  further u se d  for  
our s o lu b iliz a t io n  stu d ie s .
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T h e  s o lu te s  for  ou r so lu b iliz a t io n  stu d y  are n -o c ta n e , p -to lu n itr ile , 4 -  
b r o m o to lu e n e , d ip h e n y le th e r  an d  d ip h e n y lm e th a n e , w h ic h  are e x p e c te d  to  b e  
s o lu b i l iz e d  at d if fe r e n t  lo c a t io n s  in  th e  m ic e l le .  T h is  stu d y  w ill  u s e  th e s e  n eutra l 
s o lu te s  a s  m o le c u la r  p r o b e s  to  e x a m in e  m ic r o e n v ir o n m e n t in  th e  m ic e l le  a s  a n a ly z e d  
fro m  d iffe r e n tia l sc a n n in g  ca lo r im e tr ic  resu lts .

F igure 7.3 D S C  h e a tin g  c u rv e  o f  th e  p -to lu n itr ile -so lu b iliz e d  C P C  ( 5 8 8 0  p m o l/L )  
m ic e lla r  s o lu t io n s  ( in it ia l p H  8 ) , w h ic h  is  b a c k g ro u n d -co rrec ted  b y  th e  5 8 8 0  p m o l/L  
C P C  m ic e lla r  s o lu t io n  (p H  8 ) , at v a r io u s  to ta l co n ce n tr a tio n s  o f  p -to lu n itr ile . S /M  is  
th e  ra tio  o f  to ta l so lu te  c o n c e n tr a tio n  /  m ic e lla r  su rfactan t c o n cen tra tio n .

7 .4 .1 .1  p - T o lu n i t r i l e  S o lu b i l i z a t io n
p -T o lu n itr ile  p o s s e s s e s  h ig h  a q u e o u s  so lu b ility  (7 8 6 1  p m o l/L )  

an d  a  m e lt in g  p o in t  o f  29.5°c. It h a s  b e e n  p r e v io u s ly  s h o w n  that p -to lu n itr ile  m a in ly  
s o lu b i liz e d  in  th e  h yd ra ted  r e g io n  o f  a d m ic e lle s  [3 2 ] . W e w o u ld  e x p e c t  it to  p artition  
in to  th e  sa m e  r e g io n  in  m ic e l le s .  F ig u re  7 .3  s h o w s  th e D S C  h e a tin g  c u rv e  o f  th e  p - 
to lu n itr ile -s o lu b i liz e d  C P C  (5 8 8 0  p m o l/L )  m ic e l la r  so lu t io n s , w h ic h  is  b a ck g ro u n d -  
c o rr ec ted  b y  th e  5 8 8 0  p m o l/L  C P C  m ic e lla r  s o lu t io n , at v a r io u s  to ta l co n cen tra tio n s
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o f  p -to lu n itr ile . A t  v e r y  lo w  p -to lu n itr ile  c o n c e n tr a tio n  (0 .7 9  p m o l/L ) , th e  D S C  cu rv e  
e x h ib its  n o  p ea k s , in d ic a tin g  that th e  s o lu b i liz in g  m ic e l le s  are s im ila r  to  th e  m ic e l le  
w ith o u t  so lu b iliz e d  so lu te . T h is  m ig h t  b e  d u e  to  th e  v e r y  sm a ll a m o u n t o f  s o lu b iliz e d  
p -to lu n itr ile  in  th e  m ic e l le s .  T h e  in itia l d e v e lo p m e n t  o f  th e  p ea k  w a s  o b se r v e d  
arou n d  10-13°c w h e n  th e  p -to lu n itr ile  c o n c e n tr a tio n  w a s  in c r e a se d  to  7 .8 6  p m o l/L . 
A s  p -to lu n itr ile  c o n c e n tr a tio n  w a s  in crea sed  to  7 8 .6 2  p m o l/L , T h e  D S C  c u r v e  c le a r ly  
s h o w s  an en d o th e r m ic  p eak  (m e lt in g  p o in t)  at 11.13°c, w h ic h  w e  s u g g e s t  as th e  
m e lt in g  p o in t  o f  p -to lu n itr ile  so lu b iliz e d  in  th e  m ic e l le  b e c a u se  (1 )  th e  p u re  m ic e l le s  
d id  n o t s h o w  an y p e a k  and (2 )  p -to lu n itr ile  d is s o lv e d  in  w a ter  d o e s  n o t s h o w  an y  
D S C  p ea k  at th is  tem p era tu re  (n o t  s h o w n ). T h is  m e lt in g  p o in t  is  lo w e r  th an  that o f  
pure p -to lu n itr ile  (2 9 .5 ° C ) . It m e a n s  th e m o b ility  o f  p -to lu n itr ile  in  its  p u re  p h a se  is  
m o r e  restr ic ted  than  that in  th e  m ic e l le s  (at h yd ra ted  r e g io n ) . T h is  is  a ls o  c o n s is te n t  
w ith  th e  lo o s e  p a c k in g  o f  su rfactan t m o le c u le s  n ear th e  m ic e l le /s o lu t io n  in ter fa ce . A s  
th e  p -to lu n itr ile  c o n c e n tr a tio n  w a s  in crea sed  to  7 8 6 .1 7  p m o l/L , the p e a k  lo c a t io n  
s h if ts  to  1 2 .6  °c. T h is  sh if t in g  o f  th e  p e a k  lo c a t io n  to  h ig h e r  tem p era tu re  w ith  
in c r e a s in g  p -to lu n itr ile  co n ce n tr a tio n  p o s s ib ly  im p lie s  th at th e  lo c a t io n  o f  
su b se q u e n tly  s o lu b i l iz e d  p -to lu n itr ile  m o le c u le s  m o v e s  d e e p e r  in to  m o re  d e n s e ly  
p a c k e d  n o n -h y d ra ted  r e g io n  o f  th e  m ic e lle . T h is  is  c o n s is te n t  w ith  th e  data  c o lle c te d  
fo r  th e  a d so lu b iliz a t io n  o f  th is  so lu te , that is , th e  p -to lu n itr ile  p artition  c o e f f ic ie n t  
d e c r e a s e s  w ith  in c r e a s in g  in tr a -a d m ic e lle  m o le  fra c tio n  at lo w  in tra -a d m ice lla r  m o le  
fra c tio n  and  (2 )  th e  p a rtit io n  c o e f f ic ie n t  b e c o m e s  n ea r ly  co n sta n t and  th en  g ra d u a lly  
in c r e a se s  u p o n  in c r e a s in g  in tra -a d m ice lla r  m o le  fra ctio n  at in term ed ia te  and  h ig h  
in tra -a d m ice lla r  m o le  fr a c tio n s  [3 2 ] ,

7 .4 .1 .2  n -O c ta n e  S o lu b i l i z a t io n
n -O c ta n e  is  n o n p o la r  and  p re su m a b ly  s o lu b i l iz e s  in to  th e  n o n -  

h yd ra ted  p a lisa d e  r e g io n  o f  th e  m ic e l le  [3 , 3 0 ]  w ith o u t  s w e l l in g  th e  m ic e l le  [3 3 -3 7 ] .  
F ig u re  7 .4  s h o w s  th e  D S C  h e a tin g  cu rv e  o f  n -o c ta n e -s o lu b iliz e d  C P C  (5 8 8 0  p m o l/L )  
m ic e lla r  so lu t io n s , b a ck g ro u n d -c o r r e c te d  b y  a 5 8 8 0  p m o l/L  C P C  m ic e lla r  so lu t io n , at 
v a r io u s  to ta l c o n c e n tr a t io n s  o f  n -o c ta n e . It w a s  sh o w n  that a lo w  to ta l c o n c e n tr a tio n  
o f  n -o c ta n e  (6 1 5  p m o l/L )  in th e  m ic e lla r  s o lu t io n  d id  n o t e x h ib it  an y  p e a k  o n  D S C  
cu r v e , w h ic h  m ig h t b e  d u e  to  to o  sm a ll s o lu b i liz e d  n -o c ta n e  in  th e  m ic e l le s .  W h en  
th e  to ta l c o n c e n tr a tio n  o f  n -o c ta n e  w a s  in c r e a se d  to  1 8 4 6  p m o l/L , D S C  c u r v e  s h o w s
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an en d o th e r m ic  p e a k  (m e lt in g  p o in t)  at 11.7 °c. T h is  m e lt in g  p o in t  is  su p p o se d  to  b e  
that o f  th e  so lu b iliz e d  n -o c ta n e  in  th e  m ic e lla r  p h a se  - p u re  m ic e lla r  so lu t io n  and  
c o m p le te ly  d is s o lv e d  n -o c ta n e  in  w a te r  d id  n o t  s h o w  an y  p e a k  o n  D S C  cu rv e . T h is  
p ea k  is  m u c h  h ig h e r  th a n  that o f  p u re  n -o c ta n e  ( -5 6 .8  °C ). T h e  ap p ea ran ce  o f  th is  
h ig h e r  m e lt in g  p o in t  in d ic a te s  that th e  m o b ility  o f  so lu b iliz e d  n -o c ta n e  m o le c u le s  in  
th e  m ic e l le s  are m u c h  m o re  restr ic ted  than  th o se  in  its  p u re p h a se . A s  th e  tota l 
co n ce n tr a tio n  o f  n -o c ta n e  in  th e  m ic e l la r  s o lu t io n  w a s  in c r e a se d  to  4 3 0 8  p m o l/L , th e  
p ea k  o b se r v e d  in  th e  D S C  c u r v e  s lig h tly  sh if ts  to  h ig h e r  tem p era tu re , ag a in  
s u g g e s t in g  that n -o c ta n e  b e g in  s o lu b i l iz in g  d e e p e r  in to  th e  m o r e  d e n se ly  p a ck ed  
n o n -h y d ra ted  r e g io n  o f  th e  m ic e l le ,  m u c h  th e sa m e  as w ith  p -to lu n itr ile .

F igure 7.4 D S C  h e a tin g  c u rv e  o f  n -o c ta n e -s o lu b i liz e d  C P C  ( 5 8 8 0  p m o l/L )  m ic e lla r  
s o lu t io n s  ( in it ia l p H  8 ) , w h ic h  i s  b a c k g r o u n d -co rrec ted  b y  a 5 8 8 0  p m o l/L  C P C  
m ic e lla r  so lu t io n  (p H  8 ) , at v a r io u s  to ta l c o n c e n tr a t io n s  o f  n -o c ta n e .

C o m p a r in g  n -o c ta n e  an d  p -to lu n itr ile  in  th e  m ic e l le ,  th e  
p h a se  tra n sitio n  tem p era tu re  o f  n -o c ta n e  is  s l ig h t ly  lo w e r  th a n  th at o f  p -to lu n itr ile .  
T h is  s u g g e s ts  that th e  m o b ility  o f  p -to lu n itr ile  lo c a te d  in  th e  h y d ra ted  r e g io n  is  m o re
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r e s t r i c t e d  t h a n  n - o c t a n e  l o c a t e d  i n  t h e  n o n - h y d r a t e d  r e g i o n  o f  t h e  m i c e l l e ,  e v e n  
t h o u g h  t h e  n o n - h y d r a t e d  r e g i o n  i s  b a s i c a l l y  d e n s e r .  W e  s u g g e s t  t w o  r e a s o n s  f o r  t h i s .  

F i r s t ,  t h e  e f f e c t s  o f  c a t i o n - T t  b i n d i n g  a n d  d i p o l e - d i p o l e  a t t r a c t i v e  i n t e r a c t i o n s  i n  t h e  
v i c i n i t y  o f  t h e  C P C  h e a d g r o u p s  n e a r  t h e  m i c e l l e / w a t e r  i n t e r f a c e  p l a y s  a  v i t a l  r o l e  f o r  
p - t o l u n i t r i l e .  T h e s e  a t t r a c t i v e  i n t e r a c t i o n s  a r e  n o r m a l l y  s t r o n g e r  t h a n  h y d r o p h o b i c  
f o r c e s ,  w h i c h  e x i s t  f o r  n - o c t a n e .  S e c o n d ,  a t t r a c t i v e  f o r c e s  b e t w e e n  n - h e x a n e  a n d  ท -  
a l k y l  s u r f a c t a n t  t a i l s  i n  t h e  m i c e l l e  i s  m o s t  l i k e l y  w e a k e r  t h a n  t h e  a t t r a c t i v e  f o r c e  
b e t w e e n  p - t o l u n i t r i l e  a n d  t h e  t a i l s .  T h i s  i s  s u g g e s t e d  b y  t h e  m u c h  l o w e r  v a l u e s  o f  
b o t h  m e l t i n g  a n d  b o i l i n g  p o i n t s  ( i n d i c a t i n g  w e a k e r  c o h e s i v e  f o r c e  [ 3 8 ] )  o f  n - o c t a n e .  
W e  f o u n d  t h a t  d i f f e r e n t  s o l u t e s  s o l u b i l i z e d  i n  d i f f e r e n t  r e g i o n s  i n  t h e  m i c e l l e s  d i d  n o t  
a l w a y s  s h o w  c l e a r l y  d i f f e r e n t  m o l e c u l a r  m o b i l i t y  a s  r e p r e s e n t e d  i n  t h e  D S C  c u r v e .  
T h u s ,  D S C  d o e s  n o t  a p p e a r  a b l e  t o  d i s t i n g u i s h  t h e  d i f f e r e n c e  i n  t h e  l o c a t i o n  o f  
s o l u t e s  i n  t h e s e  s t u d i e d  c a s e s  ( p - t o l u n i t r i l e  a n d  n - o c t a n e ) .  T o  v a l i d a t e  t h e  D S C s  
a b i l i t y  t o  a n a l y z e  s o l u t e  l o c a t i o n  i n  t h e  m i c e l l e s ,  w e  h a v e  t o  m i n i m i z e  e f f e c t  f r o m  t h e  
s e c o n d  r e a s o n  a b o v e  a n d  c o n s e q u e n t l y  e x a m i n e  t h e  o t h e r  s o l u t e s  ( i n s t e a d  o f  ท -  
o c t a n e )  p o s s e s s i n g  m e l t i n g  p o i n t s  a n d / o r  b o i l i n g  p o i n t s  t h a t  a r e  s i m i l a r  t o  p -  
t o l u n i t r i l e  ( s e e  T a b l e  7 . 1 ) ,  s u c h  a s  4 - b r o m o t o l u e n e ,  d i p h e n y l e t h e r  a n d  
d i p h e n y l m e t h a n e .  T h e s e  s o l u t e s  h a v e  p o l a r i t i e s  d e c r e a s i n g  i n  t h e  o r d e r  o f  p -  
t o l u n i t r i l e  >  4 - b r o m o t o l u e n e  >  d i p h e n y l e t h e r  >  d i p h e n y l m e t h a n e .

7.4.1.3 4-Bromotoluene Solubilization
4 - B r o m o t o l u e n e  h a s  a  l o w  a q u e o u s  s o l u b i l i t y  (643 p m o l / L )  

a n d  a  m e l t i n g  p o i n t  o f  28.5°c. F i g u r e  7.5 s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  4 -  
b r o m o t o l u e n e - s o l u b i l i z e d  C P C  (5880 p m o l / L )  m i c e l l a r  s o l u t i o n s ,  b a c k g r o u n d -  
c o r r e c t e d  b y  t h e  5880 p m o l / L  C P C  m i c e l l a r  s o l u t i o n ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  
o f  4 - b r o m o t o l u e n e .  T h e  4 - b r o m o t o l u e n e  c o n c e n t r a t i o n  o f  0.64 p m o l / L  D S C  c u r v e  
e x h i b i t s  t w o  p e a k s .  T h e  f i r s t  p e a k  i s  l o c a t e d  a t  ~12.0°c, w h e r e a s  t h e  s e c o n d  p e a k  i s  
l o c a t e d  a t  ~15.7°c, w h i c h  m a y  b e  t h e  p h a s e  t r a n s i t i o n  p o i n t s  o f  4 - b r o m o t o l u e n e  
r e s i d i n g  i n  t h e  s h a r p l y  d i f f e r e n t  e n v i r o n m e n t s .  B o t h  p e a k  l o c a t i o n s  a r e  n e a r l y  
u n c h a n g e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  4 - b r o m o t o l u e n e  f r o m  0.64 t o  6.43 t o  
64.31 t o  643.12 p m o l / L ,  s u g g e s t i n g  t h a t  t h e  p h a s e  t r a n s i t i o n  p o i n t  o f  4 - b r o m o t o l u e n e  
i n  t h e  m i c e l l e  i s  c o n c e n t r a t i o n - i n s e n s i t i v e .
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T e m p e r a t u r e  ( ° C )

Figure 7.5 D S C  h e a t i n g  c u r v e  o f  t h e  4 - b r o m o t o l u e n e - s o l u b i l i z e d  C P C  ( 5 8 8 0  
p m o l / L )  m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 ) ,  w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y  t h e  5 8 8 0  
p m o l / L  C P C  m i c e l l a r  s o l u t i o n  ( p H  8 ) ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  4 -  
b r o m o t o l u e n e .

A d d i t i o n a l l y ,  i f  t h e  c o n c e n t r a t i o n  o f  4 - b r o m o t o l u e n e  i s  v e r y  
h i g h  (643.12 p m o l / L ,  i t s  a q u e o u s  s o l u b i l i t y ) ,  a n  a d d i t i o n a l  p e a k  a p p e a r s  a t  a r o u n d  
20°c. T h u s ,  t h e r e  a r e  t h r e e  t r a n s i t i o n  p o i n t s  ( a t  — 1 2 ,  ~16 a n d  ~20 °C) o f  4 -  
b r o m o t o l u e n e  s o l u b i l i z e d  i n  t h e  m i c e l l e s .  W e  b e l i e v e d  t h o s e  t h r e e  t r a n s i t i o n  p o i n t s  
c o r r e s p o n d  t o  t h r e e  d i f f e r e n t  l o c u s  o f  s o l u b i l i z a t i o n .  T o  i d e n t i f y  t h e m ,  w e  c o n s i d e r  
t h e  s h a r p l y  d i f f e r e n t  n a t u r e  o f  t h e  p o s s i b l e  l o c i ,  ( 1 )  c o r e / s o l u t e  d r o p  r e g i o n  i n  t h e  
m i c e l l e  (2) d e n s e l y / n o n - h y d r a t e d  p a l i s a d e  r e g i o n  a n d  (3) l o o s e l y / h y d r a t e d  r e g i o n  
( h y d r a t e d  p a l i s a d e / h e a d g r o u p )  a s  s i m i l a r l y  i n t e r p r e t e d  f r o m  N M R  s p e c t r o s c o p i c  
r e s u l t s  f o r  b e n z e n e  s o l u b i l i z a t i o n  [ 1 8 ] .  T h e  f i r s t  l o c u s  i s  c o n f i r m e d  b y  s o l u b i l i z e d  p -  
t o l u n i t r i l e  w h i c h  g i v e s  t h e  s a m e  p e a k  l o c a t i o n  a t  12 °c  ( i n  s e c t i o n  7 .4 .1 .1 . ) .  
T h e r e f o r e ,  i n  t h e  c a s e  o f  4 - b r o m o t o l u e n e ,  t h e  t r a n s i t i o n  p o i n t s  o f  12, 16 a n d  20 °c  
s h o u l d  c o r r e s p o n d s  t o  s o l u t e  r e s i d i n g  i n  t h e  h y d r a t e d  p a l i s a d e / h e a d g r o u p ,  n o n -  
h y d r a t e d  p a l i s a d e  a n d  c o r e / s o l u t e  d r o p  r e g i o n s  o f  t h e  m i c e l l e s ,  r e s p e c t i v e l y .
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7.4.1.4 Diphenylether Solubilization
D i p h e n y l e t h e r  h a s  a n  a q u e o u s  s o l u b i l i t y  o f  106 p m o l / L  a n d  a  

m e l t i n g  p o i n t  o f  26.8 °c, c o m p a r a b l e  w i t h  t h o s e  4 - b r o m o t o l u e n e  a n d  p - t o l u n i t r i l e .  
F i g u r e  7.6 s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  t h e  d i p h e n y l e t h e r - s o l u b i l i z e d  C P C  (5880 
p m o l / L )  m i c e l l a r  s o l u t i o n s ,  w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y  t h e  5880 p m o l / L  C P C  
m i c e l l a r  s o l u t i o n ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  d i p h e n y l e t h e r .
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3

1c/วุ่

iI

\ \  ■ ๆ /•
i

\ \ /  '■
พ / ■ 'พ 1 :

\ \S เ  : 40 pW
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\  ร • — y  ^  -  - ■ * — - — -—  7 2 0  p m o l/L
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—  2 .9  p m o l/L

_________________ 1_________________ (ร /]V1=0.0 0 0 6 )
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T e m p e r a t u r e  ( ° C )

Figure 7.6 D S C  h e a t i n g  c u r v e  o f  t h e  d i p h e n y l e t h e r - s o l u b i l i z e d  C P C  (5880 p m o l / L )  
m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 ), w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y  t h e  5880 p m o l / L  
C P C  m i c e l l a r  s o l u t i o n  ( p H  8 ) ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  d i p h e n y l e t h e r .

A t  v e r y  l o w  t o t a l  c o n c e n t r a t i o n  o f  d i p h e n y l e t h e r  ( 2 . 9  
p m o l / L ) ,  t h e  D S C  c u r v e  s h o w s  t h e  e n d o t h e r m i c  p e a k s  a t  1 2 . 4  a n d  1 5 . 8  °c. T h i s  m a y  
b e  c o m p a r e d  w i t h  t h e  p e a k s  o f  4 - b r o m o t o l u e n e ,  w h i c h  w e  s u g g e s t  c o r r e s p o n d i n g  t o  
d i p h e n y l e t h e r  s o l u b i l i z e d  i n  t h e  h y d r a t e d  p a l i s a d e / h e a d g r o u p  a n d  t h e  n o n - h y d r a t e d  
p a l i s a d e  r e g i o n s  o f  t h e  m i c e l l e s ,  r e s p e c t i v e l y .  T h e  p e a k  a t  1 2 . 4  °c b e c a m e  m o r e  
d o m i n a n t  w h e n  d i p h e n y l e t h e r  c o n c e n t r a t i o n  i n c r e a s e d .  I n  a d d i t i o n ,  b o t h  p e a k s  t e n d  
t o  m e r g e  t o g e t h e r  t o  o n e  p e a k  a t  t h e  a r o u n d  1 2  °c ( f i r s t  p e a k )  w i t h  i n c r e a s i n g
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d i p h e n y l e t h e r  c o n c e n t r a t i o n .  T h e s e  i n d i c a t e  t h a t  t h e  l o c a t i o n  o f  t h e  s u b s e q u e n t l y -  
s o l u b i l i z e d  d i p h e n y l e t h e r  m o l e c u l e s  t e n d s  t o  m o v e  t o w a r d  t h e  a q u e o u s  p h a s e .  I t  w a s  
a l s o  o b s e r v e d  t h a t  t h e  m e r g e d  p e a k  s m o o t h l y  c o v e r s  t h e  t e m p e r a t u r e  r a n g e  o f  t h e  
s e c o n d  p e a k .  T h i s  i m p l i e s  t h a t  s o l u b i l i z a t i o n  m a k e s  t h e  s h a r p  b o u n d a r y  b e t w e e n  n o n -  
h y d r a t e d  p a l i s a d e  r e g i o n  a n d  h y d r a t e d  p a l i s a d e / h e a d g r o u p  r e g i o n  g r a d u a l l y  m e r g e d  
p o s s i b l y  b y  m a k i n g  t h e  n o n - h y d r a t e d  p a l i s a d e  l e s s  d e n s e l y  p a c k e d  ( m o r e  d i s o r d e r e d )  
w i t h  i n c r e a s i n g  d i p h e n y l e t h e r  c o n c e n t r a t i o n .

1Gท 2

Ô5£

10 1 5  2 0

T e m p e r a t u r e  ( ° C )

4 2 0 . 2 3  p m o l / L  
( S / M = 0 . 0 8 4 )  
2 2 9 . 2  p m o l / L  
( S / M — 0 . 0 4 6 )  
7 6 . 4  p m o l / L  
( ร / M = 0 . 0 1 5 )

-  2 5 . 5  p m o l / L  
( S / M - 0 . 0 0 5 )  

- 2 . 5  p m o l / L  
( S / M = 0 . 0 0 0 5 )

2 5 3 0

Figure 7.7 D S C  h e a t i n g  c u r v e  o f  t h e  d i p h e n y l m e t h a n e - s o l u b i l i z e d  C P C  ( 5 8 8 0  
p m o l / L )  m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 ) ,  w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y  t h e  5 8 8 0  
p m o l / L  C P C  m i c e l l a r  s o l u t i o n  ( p H  8 ) ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  
d i p h e n y l m e t h a n e .

7.4.1.4 Diphenylmethane Solubilization
D i p h e n y l m e t h a n e  p o s s e s s e s  v e r y  l o w  a q u e o u s  s o l u b i l i t y  ( 8 3 . 8  

p m o l / L ) ,  i s  w e a k l y  p o l a r i z a b l e ,  a n d  h a s  a  m e l t i n g  p o i n t  o f  25.2 °c , c l o s e  t o  t h a t  o f  
d i p h e n y l e t h e r .  F i g u r e  7 . 7  s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  t h e  d i p h e n y l m e t h a n e -  
s o l u b i l i z e d  C P C  ( 5 8 8 0  p m o l / L )  m i c e l l a r  s o l u t i o n s ,  w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y
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t h e  5 8 8 0  p m o l / L  C P C  m i c e l l a r  s o l u t i o n ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  
d i p h e n y l m e t h a n e .  A t  v e r y  l o w  d i p h e n y l m e t h a n e  c o n c e n t r a t i o n  ( 2 . 5  p m o l / L ) ,  t h e  
D S C  c u r v e  s h o w  n o  p e a k s .  D i f f e r e n t  f r o m  4 - b r o m o t o l u e n e ,  w h e n  t h e  t o t a l  
c o n c e n t r a t i o n  o f  d i p h e n y l m e t h a n e  w a s  i n c r e a s e d  t o  2 5 . 5  p m o l / L ,  t h e  D S C  c u r v e  
s h o w s  t h r e e  p e a k s  ( t r a n s i t i o n  p o i n t s )  a t  —12, ~16 a n d  ~20 °c , e v e n  a t  t h i s  v e r y  l o w  
c o n c e n t r a t i o n .  A s  s i m i l a r  p e a k  l o c a t i o n s  w e r e  o b s e r v e d  f o r  s o l u b i l i z e d  4 -
b r o m o t o l u e n e ,  t h e y  s h o u l d  c o r r e s p o n d  t o  s o l u t e  l o c a t e d  i n  t h e  h y d r a t e d
p a l i s a d e / h e a d g r o u p ,  n o n - h y d r a t e d  p a l i s a d e  a n d  c o r e / s o l u t e  d r o p  r e g i o n s ,
r e s p e c t i v e l y .  W h e n  t h e  d i p h e n y l m e t h a n e  c o n c e n t r a t i o n  w a s  i n c r e a s e d  t o  7 6 . 4  
p m o l / L ,  t h e  f i r s t  p e a k  a t  12°c d i s a p p e a r s  s u g g e s t i n g  t h a t  s o l u b i l i z e d  
d i p h e n y l m e t h a n e  m o v e s  d e e p e r  i n t o  t h e  m i c e l l a r  i n t e r i o r .  A b o v e  a  d i p h e n y l m e t h a n e  
c o n c e n t r a t i o n  o f  2 2 9 . 2  p m o l / L ,  t h e  s e c o n d  p e a k  a t  a r o u n d  16 °c  s h i f t s  t o  a  l o w e r  
t e m p e r a t u r e  ( 1 3 . 4  ° C )  a n d  t h e  t h i r d  p e a k  a t  2 0  °c  d i s a p p e a r s .  T h e  l o c a t i o n  o f  t h i s  
p e a k  i s  b e t w e e n  t h a t  o f  t h e  i n i t i a l  f i r s t  a n d  s e c o n d  p e a k s .  M o r e o v e r ,  t h i s  p e a k  a r e a  
d o e s  n o t  c o v e r  t h e  r a n g e  o f  t h e  f o r m e r  t h i r d  p e a k .  T h e s e  m e a n  a t  h i g h
d i p h e n y l m e t h a n e  c o n c e n t r a t i o n ,  t h e  c o r e / s o l u t e  d r o p  r e g i o n  f o r m a t i o n  i s  n o t  
p r e f e r r e d .  D i p h e n y l m e t h a n e  i s  t o t a l l y  s o l u b i l i z e d  a t  t h e  m e r g e d  n o n - h y d r a t e d  
p a l i s a d e  a n d  h y d r a t e d  p a l i s a d e / h e a d g r o u p  r e g i o n s .  T h e  p r o p e r t y  o f  t h i s  m e r g e d  
r e g i o n  s h o u l d  b e  s o m e w h a t  o f  a n  a v e r a g e  b e t w e e n  t h o s e  t w o  r e g i o n s .

7 . 4 . 2  A d s o l u b i l i z a t i o n
A d s o l u b i l i z a t i o n  w a s  s t u d i e d  b y  u s i n g  a  5 8 8 0  p m o l / L  C P C  m i c e l l a r  

s o l u t i o n  m i x e d  w i t h  a m o r p h o u s  s i l i c a  t o  f o r m  a d m i c e l l e s  i n  t h i s  m i x t u r e .  T h i s  t o t a l  
s u r f a c t a n t  c o n c e n t r a t i o n  c o r r e s p o n d s  t o  a d m i c e l l a r  s u r f a c t a n t  c o n c e n t r a t i o n  o f  5 4 8 0  
p m o l / L  [ 3 2 ]  T h i s  c a s e ,  t h e  b u l k  a q u e o u s  c o n c e n t r a t i o n  o f  C P C  w a s  j u s t  b e l o w  t h e  
C M C .  F i g u r e  7 . 8  s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  a  5 8 8 0  p m o l / L  C P C  m i c e l l a r  
s o l u t i o n  ( p H  8 )  m i x e d  w i t h  s i l i c a  p o w d e r  t o  f o r m  a d m i c e l l e s ,  w h i c h  i s  b a c k g r o u n d -  
c o r r e c t e d  b y  s i l i c a / w a t e r  m i x t u r e .  I t  i s  v e r y  s i m i l a r  t o  t h e  c u r v e  o b t a i n e d  f r o m  
d e g a s s e d / d e - i o n i z e d  w a t e r  a n d  t h e  m i c e l l a r  s o l u t i o n  ( n o t  s h o w n ) .  T h i s  s u g g e s t s  t h a t  
t h e  a d m i c e l l a r  p h a s e  i s  s t i l l  l i q u i d - l i k e .  T h i s  a d m i c e l l a r  s o l u t i o n  w i l l  b e  u s e d  f o r  a l l  
a d s o l u b i l i z a t i o n  s t u d i e s .
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Figure 7.8 D S C  h e a t i n g  c u r v e  o f  a  5 8 8 0  p m o l / L  C P C  m i c e l l a r  s o l u t i o n  ( p H  8 )  
m i x e d  w i t h  s i l i c a  p o w d e r  t o  f o r m  a d m i c e l l e s ,  w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y  
s i l i c a / w a t e r  m i x t u r e .

7.4.2.1 p -T o lun itr ile  A dsolubiliza tion

F i g u r e  7 . 9  s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  p - t o l u n i t r i l e -  
a d s o l u b i l i z e d  C P C  ( 5 8 8 0  p m o l / L )  a d m i c e l l a r  s o l u t i o n s  m i x e d  w i t h  a m o r p h o u s  s i l i c a ,  
w h i c h  i s  b a c k g r o u n d - c o r r e c t e d  b y  t h e  5 8 8 0  p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  m i x e d  
w i t h  s i l i c a ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  p - t o l u n i t r i l e .  A t  a  p - t o l u n i t r i l e  
c o n c e n t r a t i o n  o f  2 6 . 2 1  p m o l / L ,  t h e  D S C  c u r v e  p r e s e n t s  o n l y  o n e  p e a k  a t  1 6 . 9  °c. 
T h i s  p e a k  p o s i t i o n  s h i f t s  t o  l o w e r  t e m p e r a t u r e  u p o n  i n c r e a s i n g  p - t o l u n i t r i l e  
c o n c e n t r a t i o n .  T h e  p e a k  i s  a t  1 6 . 0  °c w h e n  t h e  p - t o l u n i t r i l e  c o n c e n t r a t i o n  r e a c h e s  i t s  
a q u e o u s  s o l u b i l i t y  ( 7 8 6 2  p m o l / L ) .  W e  i n i t i a l l y  t h o u g h t  t h a t  t h e s e  p e a k s  w e r e  i n  t h e  
v i c i n i t y  o f  t h e  s e c o n d  p e a k  f o r  s o l u b i i z a t i o n ,  c o r r e s p o n d i n g  t o  s o l u t e  r e s i d i n g  i n  t h e  
n o n - h y d r a t e d  p a l i s a d e  r e g i o n  o f  m i c e l l e s .  H o w e v e r ,  t h e  a d s o l u b i l i z a t i o n  r e s u l t s  o f  p -  
t o l u n i t r i l e  i n t e r p r e t e d  f r o m  p a r t i t i o n  c o e f f i c i e n t  t r e n d s  f r o m  t h e  s a m e  s y s t e m  [ 3 2 ]  
i m p l i e s  t h a t  p - t o l u n i t r i l e  i s  m a i n l y  a d s o l u b i l i z e d  a t  t h e  h y d r a t e d  p a l i s a d e / h e a d g r o u p  
r e g i o n  o f  t h e  a d m i c e l l e s .  W e  w i l l  e x a m i n e  t h i s  c o n f l i c t  d a t a  l a t e r  i n  t h i s  p a p e r .
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Figure 7.9 D S C  h e a t i n g  c u r v e  o f  p - t o l u n i t r i l e - a d s o l u b i l i z e d  C P C  (5880 p m o l / L )  
a d m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 )  m i x e d  w i t h  s i l i c a  p o w d e r ,  w h i c h  i s  b a c k g r o u n d -  
c o r r e c t e d  b y  t h e  5880 p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  ( p H  8 ) m i x e d  w i t h  s i l i c a  
p o w d e r ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  p - t o l u n i t r i l e .  S / A  i s  t h e  r a t i o  o f  t o t a l  s o l u t e  
c o n c e n t r a t i o n  /  a d m i c e l l a r  s u r f a c t a n t  c o n c e n t r a t i o n .

7 . 4 . 2 .2  4 - B r o m o t o l u e n e / D i p h e n y l e t h e r / D i p h e n y l m e t h a n e  

A d s o l u b i l i z a t i o n

T h e  r e s u l t s  f r o m  t h e  a d s o l u b i l i z a t i o n  o f  4 - b r o m o t o l u e n e ,  
d i p h e n y l e t h e r  a n d  d i p h e n y l m e t h a n e  i n t e r p r e t e d  f r o m  t h e i r  p a r t i t i o n  c o e f f i c i e n t  t r e n d s  
i m p l y  t h a t  t h e y  a r e  d o m i n a n t l y  a d s o l u b i l i z e d  a t  t h e  n o n - h y d r a t e d  p a l i s a d e  r e g i o n  o f  
t h e  a d m i c e l l e s  [32], F i g u r e  7.10, 7.11 a n d  7.12 s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  5880 
p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 )  m i x e d  w i t h  s i l i c a  a n d  s o l u b i l i z i n g  4 -  
b r o m o t o l u e n e ,  d i p h e n y l e t h e r  a n d  d i p h e n y l m e t h a n e ,  r e s p e c t i v e l y .  T h e  c u r v e  w a s  
b a c k g r o u n d - c o r r e c t e d  b y  t h e  5880 p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  m i x e d  w i t h  
s i l i c a .  A l l  t h r e e  s y s t e m s  g a v e  s i m i l a r  r e s u l t s  w i t h  o n l y  o n e  D S C  p e a k  l o c a t e d  a t  
r o u g h l y  16 °c  f o r  a l l  s t u d i e d  s o l u t e  c o n c e n t r a t i o n s .  T h e  p e a k  p o s i t i o n  a n d  p a t t e r n  a r e  
n e a r l y  t h e  s a m e  a s  t h a t  o b s e r v e d  f r o m  p - t o l u n i t r i l e  a d s o l u b i l i z a t i o n  s y s t e m ,  e v e n
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t h o u g h  t h e  p r e f e r r e d  l o c a t i o n  o f  t h e s e  s o l u t e s  i n  t h e  a d m i c e l l e  i s  d i f f e r e n t  f r o m  t h a t  
o f  p - t o l u n i t r i l e .  T h i s  e v i d e n c e  s o l v e s  t h e  c o n f l i c t  o n  t h e  p r e f e r r e d  l o c u s  o f  
a d s o l u b i l i z a t i o n  o f  p - t o l u n i t r i l e  i n  t h e  p r e v i o u s  s e c t i o n .  I t  s u g g e s t s  t h a t  t h e  s u r f a c t a n t  
p a c k i n g  d e n s i t y  a n d  m o l e c u l a r  i n t e r a c t i o n s  i n  t h e  a d m i c e l l a r  p h a s e  a r e  r a t h e r  u n i f o r m  
t h r o u g h o u t  t h e  w h o l e  r e g i o n  o f  t h e  a d m i c e l l e  c o r r e s p o n d i n g  t o  t y p i c a l  c l o s e l y -  
p a c k e d  b i l a y e r  s t r u c t u r e / g e o m e t r y  o f  a d m i c e l l e s .  T h i s  a d m i c e l l e  i n t e r i o r  s h o u l d  b e  
s i m i l a r  w i t h  t h e  n o n - h y d r a t e d  r e g i o n  o f  t h e  m i c e l l e s  m e n t i o n e d  i n  t h e  p r e v i o u s  
s e c t i o n .  A s  w i t h  p - t o l u n i t r i l e ,  t h i s  p e a k  p o s i t i o n  s t i l l  s h i f t s  t o  l o w e r  t e m p e r a t u r e  u p o n  
i n c r e a s i n g  t o t a l  s o l u t e  c o n c e n t r a t i o n .  H o w e v e r ,  i t  d o e s  n o t  a l w a y s  m e a n  t h e s e  s o l u t e  
m o l e c u l e s  a r e  s u b s e q u e n t l y  a d s o l u b i l i z e d  t o w a r d  t h e  a q u e o u s  p h a s e ;  i n s t e a d ,  i t  t e l l s  
u s  t h a t  t h e  i n t e r i o r  o f  t h e  a d m i c e l l e s  b e c o m e  l e s s  c o m p a c t  w i t h  i n c r e a s i n g  s o l u t e  
a m o u n t  i n  t h e  a d m i c e l l e s .  D i f f e r e n t  s o l u t e  l o c a t i o n s  i n  t h e  a d m i c e l l e s  c o u l d  n o t  b e  
d i s t i n g u i s h e d  b y  t h i s  D S C  a n a l y s i s .

T e m p e r a t u r e  ( ° C )

Figure 7.10 D S C  h e a t i n g  c u r v e  o f  4 - b r o m o t o l u e n e - a d s o l u b i l i z e d  C P C  ( 5 8 8 0  
p m o l / L )  a d m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 )  m i x e d  w i t h  s i l i c a  p o w d e r ,  w h i c h  i s  
b a c k g r o u n d - c o r r e c t e d  b y  t h e  5 8 8 0  p m o l / T  C P C  a d m i c e l l a r  s o l u t i o n  ( p H  8 )  m i x e d  
w i t h  s i l i c a  p o w d e r ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  4 - b r o m o t o l u e n e .
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T e m p e r a t u r e  ( ° C )

Figure 7.11 D S C  h e a t i n g  c u r v e  o f  d i p h e n y l e t h e r - a d s o l u b i l i z e d  C P C  ( 5 8 8 0  p m o l / L )  
a d m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 )  m i x e d  w i t h  s i l i c a  p o w d e r ,  w h i c h  i s  b a c k g r o u n d -  
c o r r e c t e d  b y  t h e  5 8 8 0  p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  ( p H  8 )  m i x e d  w i t h  s i l i c a  
p o w d e r ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  d i p h e n y l e t h e r .

7 .4 .2 .3  n - O c t a n e  A d s o l u b i l i z a t i o n

F i g u r e  7 . 1 3  s h o w s  t h e  D S C  h e a t i n g  c u r v e  o f  n - o c t a n e -  
a d s o l u b i l i z e d  C P C  ( 5 8 8 0  p m o l / L )  a d m i c e l l a r  s o l u t i o n s  m i x e d  w i t h  s i l i c a ,  
b a c k g r o u n d - c o r r e c t e d  b y  t h e  5 8 8 0  p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  m i x e d  w i t h  
s i l i c a ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  n - o c t a n e .  I t  w a s  f o u n d  t h a t  o n l y  o n e  p e a k  
w a s  p r e s e n t  ( a t  1 6 . 5  ° C )  a t  v e r y  l o w  n - o c t a n e  c o n c e n t r a t i o n  ( 1 . 2  p m o l / L ) .  T h i s  
c o n c e n t r a t i o n  i s  v e r y  m u c h  l o w e r  t h a n  t h a t  w h i c h  g a v e  a  c l e a r  D S C  p e a k  f o r  t h e  
s o l u b i l i z a t i o n  o f  n - o c t a n e .  T h i s  s u g g e s t s  t h a t  s u r f a c t a n t  m o l e c u l e s  i n c o r p o r a t e d  i n  
a d m i c e l l e s  p a c k  m o r e  d e n s e l y  t h a n  t h o s e  i n  m i c e l l e s .  T h i s  c o n c l u s i o n  i s  a l s o  
c o n f i r m e d  b y  h i g h e r  v a l u e  o f  t h i s  t r a n s i t i o n  t e m p e r a t u r e  ( 1 6 . 5 ° C )  t h a n  t h a t  o b s e r v e d  
f o r  n - o c t a n e  s o l u b i l i z a t i o n  ( 1 2 ° C ) .  A d d i t i o n a l l y ,  t h e  p o s i t i o n  o f  t h i s  p e a k  m o v e s  t o  
l o w e r  t e m p e r a t u r e  u p o n  i n c r e a s i n g  t h e  n - o c t a n e  c o n c e n t r a t i o n  r e p r e s e n t i n g  t h a t  t h e  
s u b s e q u e n t l y  a d s o l u b i l i z e d  n - o c t a n e  m o l e c u l e s  a l s o  m a k e  a d m i c e l l e  l e s s  c o m p a c t .
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Figure 7.12 D S C  h e a t i n g  c u r v e  o f  d i p h e n y l m e t h a n e - a d s o l u b i l i z e d  C P C  ( 5 8 8 0  
p m o l / L )  a d m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 )  m i x e d  w i t h  s i l i c a  p o w d e r ,  w h i c h  i s  
b a c k g r o u n d - c o r r e c t e d  b y  t h e  5 8 8 0  p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  ( p H  8 )  m i x e d  
w i t h  s i l i c a  p o w d e r ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  d i p h e n y l m e t h a n e .
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Figure 7.13 D S C  h e a t i n g  c u r v e  o f  n - o c t a n e - a d s o l u b i l i z e d  C P C  ( 5 8 8 0  p m o l / L )  
a d m i c e l l a r  s o l u t i o n s  ( i n i t i a l  p H  8 )  m i x e d  w i t h  s i l i c a  p o w d e r ,  w h i c h  i s  b a c k g r o u n d -  
c o r r e c t e d  b y  t h e  5 8 8 0  p m o l / L  C P C  a d m i c e l l a r  s o l u t i o n  ( p H  8 )  m i x e d  w i t h  s i l i c a  
p o w d e r ,  a t  v a r i o u s  t o t a l  c o n c e n t r a t i o n s  o f  n - o c t a n e .

7.5 Conclusions

B a s e d  o n  t h e  i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  s t u d y  o f  s o l u b i l i z a t i o n  a n d  
a d s o l u b i l i z a t i o n  o f  n - o c t a n e ,  p - t o l u n i t r i l e ,  4 - b r o m o t o l u e n e ,  d i p h e n y l e t h e r  a n d  
d i p h e n y l m e t h a n e  b y  D S C ,  i t  w a s  c o n c l u d e d  t h a t :

-  C P C  m i c e l l a r  a n d  a d m i c e l l a r  p h a s e s  a r e  l i q u i d - l i k e  ( l o w  d e n s i t y ,  n o  
D S C  p e a k )

-  T h e r e  a r e  t h r e e  p o t e n t i a l  l o c i  o f  s o l u b i l i z a t i o n  o b s e r v e d  b y  D S C :  
h y d r a t e d  p a l i s a d e / h e a d g r o u p  r e g i o n ,  n o n - h y d r a t e d  p a l i s a d e  r e g i o n  a n d  
c o r e / s o l u t e  d r o p  r e g i o n

-  F o r  s o l u b i l i z a t i o n ,  u p o n  i n c r e a s i n g  t o t a l  s o l u t e  c o n c e n t r a t i o n  i t  i s  
p o s s i b l e  f o r  b o t h  ( 1 )  t h e  f o r m a t i o n  o f  c o r e / s o l u t e  d r o p  r e g i o n  i n  m i c e l l e  
i n i t i a l l y  o c c u r s  a t  l o w  s o l u t e  c o n c e n t r a t i o n s  a n d  t h e n  d i s a p p e a r s  u p o n



9 3

increasing solute concentration and (2) the core/solute drop region 
begin forming in micelles as the solute concentration is increased to 
high enough levels.

- Surfactant molecules in the admicelles appear to pack more densely 
than the same surfactant molecules in micelles.

- The DSC analysis can not distinguish between adsolubilization in the 
non-hydrated and hydrated regions because the packing density of 
surfactant molecules in the admicelle is possibly rather uniform 
throughout the whole region of admicellar phase regardless of locus of 
adsolubilization. Subsequent adsolubilization makes admicelles less 
compact upon increasing solute amount in the admicelles.
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