
C H A P T E R  VI
E F F E C T  OF A D SO L U B IL IZ E D  SO L U T E S ON 2-D  ST R U C T U R E  OF

C A T IO N IC  A D M IC E L L E S*

6.1 A bstract

The effect of adsolubilized solutes possessing different polarities and loci of 
adsolubilization on the two-dimensional structural transformation of cationic 
admicelles was studied. Cetylpyridinium chloride (CPC) was used to form 
admicelles on mica surfaces below its critical micelle concentration (-80% of CMC). 
The studied solutes include n-hexane, naphthalene, diphenylmethane, diphenyl ether, 
diphenylamine and 4,4'-bipyridine. In the presence of adsolubilization, it was 
concluded that both hydrophobic interactions and cation-7t binding tend to induce 
cationic admicelle structural transformation from full-cylinders to bilayer. There is 
evidence that the effect of the hydrophobic interactions is possibly stronger than the 
cation-7T binding. In addition, the influence of adsolubilized solutes (in the same 
molecular series) on the admicelle structure should be examined by comparing solute 
dipole moment instead of solute aqueous solubility.

A c c e p te d  b y  C o llo id  a n d  S u rfa ces A  2 0 0 7
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6.2 Introduction

I ท the formation of aggregates by surfactant adsorbed at the solid/liquid 
interfaces has been well studied for decades [1], The nature of these aggregates is 
much like that of micelles and they have thus been termed admicelles (adsorbed 
micelles) [1, 2], As with micelles, admicelles can solubilize various kinds of 
sparingly soluble solutes in a phenomenon called adsolubilization. Various areas 
involving adsolubilization have been examined to date, including chemical 
separation [3, 4], semiconductor [5, 6], surface modification [7-11], drug delivery 
[12] and soil remediation [13].

Solute phase separation

Headgroup region 
Palisade region

Core region

Figure 6.1 T ypical model of an extensive admicelle bilayer with solute phase 
separation. Polar solutes are expected to primarily partition within the palisade and 
headgroup regions, while less polar solutes would primarily partition in the core. The 
solute phase separation may exist for some highly hydrophobic solutes at high solute 
concentration.
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The admicelle provides three main regions for adsolubilization [14]; i.e. 
surfactant headgroup, palisade and core regions, and where a solute partitions is 
dependent upon the physicochemical compatibility between each region and the 
adsolubilized solute as shown in Figure 6.1. The headgroup, palisade and core 
regions typically accommodate the partition of solutes possessing high, medium and 
low polarity, respectively. At very high solute concentration, some hydrophobic 
solutes may demonstrate phase separation in admicelles [15] as also seen in micelles 
[16, 17].

The solution-side structure of admicelle at solid/liquid interface can be 
directly imaged by atomic force microscopy (AFM), which has revealed various 
shapes of admicelles [18-24]. On hydrophobic surfaces, e.g. graphite, surfactant 
adsorbs as half-spherical, half-cylindrical or monolayer admicelle, while on 
hydrophilic surfaces (silica and mica) surfactant adsorbs as full-spherical, full- 
cylindrical and bilayer admicelles depending upon surfactant type, surfactant 
structure, surfactant concentration, additives and solution properties. As with 
micelles, admicelle shape is mainly controlled by intermolecular forces among 
surfactant molecules in the admicelle, with additional influence from surfactant-solid 
surface interactions, which provide different admicelle shapes [23, 24],

Admicelle shapes have been observed playing key roles in adsolubilization 
potential because the shape determines the packing density of surfactant molecules in 
admicelles which results in different potential to solubilize sparingly organic solutes 
[14, 25]. The influences of ionic additives, i.e. counterions and co-ions, interacting 
with surfactant ionic headgroups, have been studied. The results provide well- 
understood concepts of admicelle structural transition [20], For aromatic solutes, the 
adsolubilization of naphthalene and naphthols in cationic admicelles cause the 
admicelle to transform to a form with a lower admicelle/water interfacial curvature,
e.g. full-cylinders -» featureless bilayer [25], It was shown that admicelles with 
lower interfacial curvature have lower adsolubilization capacities, believed to be 
caused by denser packing of surfactant molecules in the admicelles [14]. Styrene 
adsolubilization affecting the admicelle structure was also recently studied by our 
group [15]. The incorporation of styrene induced the structure of CjôTAB admicelles 
in the same manner as naphthalene and naphthol did. The admicelle structural
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transition due to the incorporation of these aromatic molecules is thought to be 
governed by the cation-71 binding in vicinity of the cationic surfactant headgroups. ท- 
Alcohols partitioning into cationic admicelle immediately transform the admicelle 
structure from lower to higher admicelle/water interfacial curvature in contrast to 
aromatic adsolubilization [26],

This study aims to elucidate the effect of polarity and localization of organic 
solutes partitioning into the cationic admicelles on the admicelle structural 
transformation interpreted via AFM. The surfactant concentration for admicelle 
formation without pH-adjustment was kept below the CMC to avoid a competitive 
effect from micellar solubilization. The results will also provide the insight in the 
nature of electrostatic and hydrophobic interactions between solute and surfactant 
molecules in the admicelles.

6.3 Materials and Methods

6.3.1 Materials
Mica discs was purchased from Ted Pella, Inc. (Redding, CA) and 

used as the solid substrate. The mica disc was freshly cleaved just before use. The 
cationic surfactant cetylpyridinium chloride (CPC) monohydrate 99+% was obtained 
from Sigma (St. Louis, MO). The studied solutes are n-hexane 99% (Fluka, St. 
Louis, MO), naphthalene 99+wt% (Sigma, St. Louis, MO), diphenylmethane 
99+wt% (Aldrich, St. Louis, MO), diphenylether 99+wt% (Aldrich, St. Louis, MO), 
diphenylamine 98+wt% (Fluka, St. Louis, MO) and 4,4'-bipyridine 99% (Riedel- 
deHaën, Seelze). De-ionized water with a resistivity of 18.2 MQ-cm was obtained 
from a Bamstead E-pure water system. All chemicals were used as received.

6.3.2 Experimental Procedures
6 . 3 . 2 . 1  S a m p l e  P r e p a r a t i o n

An aqueous CPC solution of 0.72 mM (80% of its CMC, 0.91 
mM [27]) was prepared with no pH adjustment. The surfactant solution was then 
mixed with solute. The studied solute concentrations in the surfactant solution are 
shown in Table 5.1 [28, 29]. Most of them are at their aqueous solubilities.
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T able 6.1 P h y s ic o c h e m ic a l p ro p e r tie s  o f  s tu d ied  s o lu te s  at 2 5 ° c

S o lu te
A q u e o u s  
s o lu b ility  [2 8 ]  
(m o l/L )

D ip o le  
m o m e n t  [2 9 ]  

(D )

L iq u id  
v o lu m e  [2 9 ]  
(cm V rn o l)

n -H e x a n e 1 .1 0  X 10 -4 0 13 1 .3
N a p h th a le n e 2 .3 4  X 1 0 ’4 0 1 3 0 .8
4 ,4 '-B ip y r id in e 2 .9 0  X 1 0 ' 2 - 1 4 1 .0
D ip h e n y lm e th a n e 8 .3 8  X 1 0 ' 5 0 .2 6 1 6 7 .8
D ip h e n y le th e r 1 .0 6  X 1 0 ' 4 1 .1 6 1 6 0 .8
D ip h e n y la m in e 3 .1 3  X 1 0 ’4 1 .0 8 1 5 9 .7

6.3.2 .2  A tom ic F orce M icroscopy

A to m ic  fo r c e  m ic r o s c o p y  w a s  p er fo r m e d  u s in g  a m u lt im o d e  
sc a n n in g  p ro b e  m ic r o s c o p e  w ith  E -sc a n n e r  c o n tr o lle d  b y  N a n o s c o p e  I l ia  ( V e e c o  
In stru m en ts , N Y ) .  T h e  e x p e r im e n t  w a s  c o n d u c te d  in  co n ta c t  m o d e  d ir e c t ly  im a g in g  
in  th e  a q u e o u s  s o lu t io n . T h e  im a g in g  m e th o d  w a s  to  u se  th e  d o u b le  la y e r  (o r  ster ic )  
r e p u ls io n  b e tw e e n  th e  A F M  tip  an d  a d so rb ed  su r fa c e  la y er  b y  “f ly in g ” th e  tip  o v e r  
th e  a d so r b e d  la y er  o n  th e  m ic a  su r fa c e  [1 8 -2 1 ] .  S i l ic o n  n itr id e  m o d e l N P  c a n tile v e r  
( V e e c o  In stru m en ts , N Y )  w ith  a  n o m in a l sp r in g  co n sta n t o f  0 .0 6  N /m  w a s  u se d . It 
w a s  c le a n e d  w ith  m e th a n o l and  d e - io n iz e d  w a ter  an d  th en  d ried  p rior to  u se .

F or  o b se r v a t io n  o f  in itia l a d m ic e lle  stru ctu re, th e  m ic a  d isc  
w a s  fr e sh ly  c le a v e d  an d  m o u n te d  o n  a  m eta l d is c . T h e  m e ta l d is c  w a s  th e n  m o u n ted  
o n  to p  o f  th e  sc a n n e r  an d  th e  f lu id  c e l l  p la c e d  o n  to p . A  p rep ared  a q u e o u s  so lu t io n  
w a s  th e n  p la c e d  o n  th e  m ic a  d is c  b y  in je c tio n  th r o u g h  th e f lu id  c e l l  p ort. T h e  sy s te m  
w a s  a l lo w e d  to  e q u ilib r a te  th e r m a lly  fo r  10  m in u te s  b e fo r e  im a g in g .

T o  in v e s t ig a te  th e  e q u ilib r iu m  a d m ic e lle  stru ctu re, the  
a d m ic e lle  fo r m a tio n  o n  m ic a  su r fa ce  w a s  e q u ilib r a ted  in  th e  su r fa c ta n t-so lu te  
a q u e o u s  so lu t io n  fo r  10 d a y s  in  sep a ra te  g la s s  v ia ls .  T h e  w e t  m ic a  d is c  w a s  th en  
r e m o v e d  fro m  th e  s o lu t io n  an d  m o u n te d  in  th e  f lu id  c e ll  a lo n g  w ith  th e  e q u ilib r iu m  
a q u e o u s  so lu t io n  in  th e  v ia l.
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Im a g in g  p r o c e s s in g  u se d  sc a n  rates, in tegra l g a in s , 
p ro p o rtio n a l g a in s  and z -d e f le c t io n  ra n g e s  o f  1 2 -1 5  H z , 0 .1 5 - 0 .3 , 3 and  1 -1 .5  n m , 
r e s p e c t iv e ly . A l l  e x p e r im e n ts  w e r e  p er fo rm ed  at ro o m  tem p era tu re  (2 3 °C ). A ll  
im a g e s  are r a w  d e f le c t io n  im a g e s  th a t h a v e  b e e n  fla tten ed  a lo n g  th e  sc a n  l in e s  to  
r e m o v e  a n y  t ilt  fro m  th e  sa m p le . N o  o th er  im a g e  p r o c e s s in g  w a s  u sed . O n ly  k e y  
im a g e s  w e r e  p rese n te d  in  th is  paper.

6.4 R esults and D iscussion

6 .4 .1  S u rfactan t A d so r p tio n  o n  M ic a  S u rfa ce
A t  a b u lk  su rfactan t c o n c e n tr a tio n  o f  80%  o f  C M C , th e  in itia l 

stru ctu re o f  th e  C P C  a d m ic e lle s  o n  m ic a  su r fa ce  is  ord ered  fu ll-c y lin d r ic a l  
a g g r e g a te s  ( s e e  F ig u re  6 .2 ) ,  s im ila r  to  C lô T A B  a d m ic e lle s  u n d er  s im ila r  c o n d it io n s
[1 5 ] . E v e n  b e lo w  th e  C M C , th e  a d m ic e lle s  c o v e r e d  th e  en tire  m ic a  su r fa ce  w ith  no  
o b se r v e d  d isc o n t in u it ie s . T h e  c e n te r -to -c e n te r  d is ta n c e  b e tw e e n  th e  n e x t  n earest  
n e ig h b o r  c y lin d r ic a l a g g r e g a te s  w a s  ~ 7  n m . T h is  d is ta n c e  is  c lo s e  to  a th eo re tica l 
d ia m eter  o f  an  a d m ic e lle , 6 .8 4  n m , a s  eq u a l to  tw ic e  th e  fu lly  e x te n d e d  C P C  ch a in  
len g th . T h is  c h a in  le n g th  w a s  c a lc u la te d  as a su m m a tio n  o f  (1 )  fu l ly  e x te n d e d  len g th  
o f  n -C [6, 2 .1 7 4  n m  [3 0 ]  (2 )  tw ic e  m o le c u la r  rad iu s o f  g y ra tio n  o f  p y r id in e  for  
a p p ro x im a te  su rfactan t h ea d g r o u p  le n g th , 0 .5 8 8  n m  [2 9 ] and (3 )  th e  d ia m eter  o f  a 

h yd rated  c r  io n , 0 .6 6 4  n m  [3 1 ] . A  c lo s e  p r o x im ity  b e tw e e n  th e  th e o r e tic a l a d m ic e lle  
d ia m eter  and  th e  e x p e r im e n ta l c e n te r -to -c e n te r  d is ta n c e  in d ic a te s  th a t th e  a d m ic e lle s  
are fa ir ly  t ig h t ly  p a c k e d  o n  m ic a  su r fa ce  an d  is  c o n s is te n t  w ith  th e  a lig n m e n t o f  
c y lin d r ic a l a d m ic e lle  stru ctu re o b ta in ed  from  m o le c u la r  d y n a m ic  s im u la tio n  [3 2 ] .

A fte r  10  d a y s  o f  e q u ilib r a tio n , A F M  im a g e s  s till sh o w e d  th e  sa m e  
su r fa ce  p attern  ( fu ll-c y lin d r ic a l a g g r e g a te s )  and  c e n te r -to -c e n te r  d ista n c e . T h is  
eq u ilib r iu m  stru ctu re is  d iffe r e n t fro m  th e  c a t io n ic  C igT A B  a d m ic e lle s  (w ith  th e  
sa m e  a lk y l ta il a s  C P C  b u t d ifferen t h ea d g r o u p ) w h ic h  is  tran sfo rm ed  fro m  ord ered  
fu ll-c y lin d r ic a l to  fe a tu r e le s s  b ila y e r  a g g r e g a te s  at e q u ilib r iu m  [1 5 ] , T h e  u n ch a n g ed  
stru ctu re o f  C P C  a d m ic e lle s  is  p o s s ib ly  s ta b iliz e d  b y  stro n g er  e le c tr o s ta t ic  r e p u ls iv e  
fo r c e s  b e tw e e n  C P C  c h a r g e d  h e a d g r o u p s  w h ic h  is  rep resen ted  b y  lo w e r  d e g r e e  o f  
c a t io n  b in d in g , 0 .6 3  at 2 5 ° c ,  than 0 .8 3  at 2 5 ° c  o f  C )6T A B  [3 3 ] .
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F igure 6 .2  A F M  m icro g ra p h  o f  C P C  a d m ic e lle s  o n  m ic a  su r fa ce  at an e q u ilib r iu m  
c o n c e n tr a t io n  o f  7 2 0  |iM  (a ) and  in itia l ad so rp tio n  (<  1 h ou r).

6 .4 .2  A d s o lu b iliz a t io n
6 .4 .2 .1  A d s o lu b i l i z a t io n  o f  n -H e x a n e

T h e  a d so lu b iliz a t io n  o f  n -h e x a n e  w a s  c o n d u c te d  at its  
a q u e o u s  s o lu b ility  as sh o w n  in  T a b le  6 .1 . T h e  in it ia l an d  e q u ilib r iu m  A F M  
to p o g r a p h ic  im a g e s  o f  C P C  a d m ic e lle s  in  th e  p r e se n c e  o f  n -h e x a n e  are s h o w n  in  
F ig u re  6 .3 a -6 .3 c . T h e  in it ia l a d m ic e lle  stru ctu re w a s  o b se r v e d  as c o n t in u o u s , ord ered  
fu ll-c y lin d r ic a l a g g r e g a te s  (F ig u r e  6 .3 a ) . T h e  a d m ic e lle  stru ctu re w a s  tran sfo rm ed  to  
a fe a tu r e le s s  b ila y e r  a g g r e g a te s  at e q u ilib r iu m  (F ig u re  6 .3 b ). B e c a u se  s o lu b iliz e d  ท- 
h e x a n e  n o r m a lly  r e s id e s  in  th e  co re  r e g io n  o f  m ic e l le s  [3 4 ] , ju s t  h y d ro p h o b ic  
in te r a c tio n s  d o m in a n tly  d u e  to  n -h e x a n e /a lk y l ta il m ix in g  is  co rr e sp o n d e d . It is  th u s  
su g g e s te d  that th e  h y d r o p h o b ic  in tera c tio n  in d u c e  th e  a d m ic e lle /w a te r  in ter fa c ia l  
cu rva tu re fro m  h ig h  to  lo w  v a lu e . A t eq u ilib r iu m , w h i le  m o s t  o f  th e  m ic a  su rfa ce  w a s  
c o v e r e d  b y  a d m ic e lle s , d is c o n t in u o u s  su r fa c e  c o v e r a g e  w a s  s ti ll o b se r v e d  (F ig u r e  
6 .3 c ) . L o w e r  su r fa ce  c o v e r a g e  o b se r v e d  in  so m e  areas is  p o s s ib ly  d u e  to  a lo w e r in g
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(c )

F igure 6.3 A F M  m icro g ra p h  o f  C P C  a d m ic e lle s  s o lu b i liz in g  s o lu te s , n -h e x a n e  or  
d ip h e n y lm e th a n e , o n  m ic a  in  th e  c o r r e sp o n d in g  so lu te /C P C  a q u e o u s  so lu tio n . T h e  
to ta l c o n c e n tr a t io n s  o f  C P C , n -h e x a n e  and d ip h e n y lm e th a n e  are 7 2 0  p M  (b e lo w  
C M C ), 11 0  p M  an d  8 3 .8  p M , r e s p e c t iv e ly . F or  n -h ex a n e: (a ) <  1 h ou r, (b ) and (c )  10  
d a y s . T h e  fe a tu r e le s s  su r fa ce  sh o w n  in  (b )  d o m in a te d , w ith  o c c a s io n a l p a tc h e s  lik e  
that sh o w n  in  (c ) . F or  d ip h e n y lm e th a n e : (d )  <  1 h ou r and ( e )  10  d a y s.



64

o f  th e  a q u e o u s  b u lk  p o la r ity  at e q u ilib r iu m  le a d in g  to  m o r e  fa v o u r a b le  su rfactant 
p a rtit io n in g  in to  a q u e o u s  b u lk  so lu t io n .

6 .4 .2 .2  A d s o lu b i l i z a t io n  o f  N a p h th a le n e
A d s o lu b iliz a t io n  o f  n a p h th a len e  w a s  p er fo rm ed  at its  a q u eo u s  

s o lu b ility , ab o u t tw ic e  th at o f  n -h e x a n e . T h e  liq u id  m o la r  v o lu m e  o f  n a p h th a len e  is  
n ea r ly  th e  sa m e  a s that o f  n -h e x a n e  in d ic a tin g  s im ila r  m o le c u la r  v o lu m e s  ( s e e  T a b le
6 .1 ) . W e  w il l  u se  th is  a ssu m p tio n  in  c o m p a r in g  th e  e f fe c t  o f  th e  tw o  o n  a d m ic e lle  
structure. T h e  resu lts  s h o w  that th e  in itia l and  e q u ilib r iu m  stru ctu res o f  a d m ic e lle s  
s o lu b i liz in g  n a p h th a len e  are th e  sa m e  as th e  stru ctu re o f  th e  a d m ic e lle s  w ith o u t  an y  
so lu te .

It h as b e e n  o b se r v e d  that n a p h th a len e  p a r tit io n s  p r im a rily  
near th e  c a t io n ic  su rfa cta n t h e a d g ro u p s  (p a lisa d e )  r e g io n  in  m ic e l le s  [3 5 -3 8 ]  and  

a d m ic e lle s  [1 4 ] , B a s ic a l ly , th e  n e g a t iv e ly  c h a r g e  TT-electrons o f  n a p h th a len e  w ill  
form  th e  stron g  c o m p le x  w ith  th e  p o s it iv e ly  ch a rg ed  su rfa cta n t h e a d g r o u p s  c a lle d  
cation-7T b in d in g  [1 6 ]  re su lt in g  in  a r e d u ctio n  in  su rfactan t h ea d g r o u p -h e a d g r o u p  
in tera ctio n  le a d in g  to  lo w e r  a d m ic e lle /w a te r  in ter fa c ia l cu rva tu re. H o w e v e r , th is  
e f fe c t  w a s  n o t o b se r v e d  fo r  th is  c a se . T h at m e a n s  that th e  C P C  h e a d g r o u p -h e a d g o u p  
e le c tr o s ta t ic  r e p u ls iv e  in tera ctio n  is  v e r y  stro n g  e n o u g h  to  o v e r c o m e  th e  o p p o s ite  
e f fe c t  o f  th e  cation-71 b in d in g . In  c o m p a r iso n , th is  s u g g e s ts  that th e  e f fe c t  o f  
h y d r o p h o b ic  fo r c e  o n  th e  a d m ic e lle  structural tra n sfo rm a tio n  a s  o b se r v e d  w ith  ท- 
h e x a n e  is  p o s s ib ly  stro n g er  than th e  c a t io n -7t b in d in g  a lth o u g h  to ta l n a p h th a len e  
co n ce n tr a tio n  w a s  h ig h e r  th an  that o f  n -h e x a n e .

6 .4 .2 .3  A  d s o l u t i l i z a t i o n  o f  4 ,4  '-B ip y r id in e

4 ,4 '-B ip y r id in e , h a v in g  m o le c u la r  d im e n s io n s  s im ila r  to  
n a p h th a len e , w a s  s tu d ied  at tw o  c o n c e n tr a tio n s , ( 1) eq u a l to  th e  s tu d ie d  co n ce n tr a tio n  
o f  n a p h th a len e  (n a p h th a le n e  a q u e o u s  so lu b ility )  and  (2 ) at its  a q u e o u s  s o lu b ility  
( - 1 0 0  t im e s  o f  n a p h th a le n e  a q u e o u s  so lu b ility ) . Its p o la r ity  a s  sh o w n  fro m  a q u e o u s  
s o lu b ility  is  m u c h  h ig h e r  than  n a p h th a len e . It w a s  o b se r v e d  th at at 4 ,4 '-b ip y r id in e  
c o n cen tra tio n  eq u a l to  th e  n a p h th a len e  s o lu b ility  th e  stru ctu re o f  a d m ic e lle s  is  
u n c h a n g e d  a fter  in itia l a d so lu b iliz a t io n ;  ord ered  fu ll-c y lin d r ic a l a g g r e g a te s  w h ic h  
co n v e r t  to  a fe a tu r e le s s  b ila y er  at eq u ilib r iu m . T h is  su g g e s ts  th at a  h ig h ly  p o lar
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so lu te  m a y  h a s h ig h er  p o te n tia l to  tran sfo rm  the a d m ic e lle  structure at e q u ilib r iu m . 
H o w e v e r , it is  s till n o t  stro n g  en o u g h  to  m a k e  an im m e d ia te  ch a n g e  in  th e  a d m ic e lle  
structure. C o m p a red  w ith  n a p h th a len e , th e  rea so n  b e h in d  th is  h ig h e r  p o te n tia l  
tra n sfo rm a tio n  sh o u ld  b e  th e  a d d itio n a l e f fe c t  fro m  h ig h ly  co n cen tra ted  n e g a t iv e ly  

ch a rg e  at th e  n e g a tiv e  p o le s  o f  4 ,4 '-b ip y r id in e ;  that are, n itro g en  a to m s , b in d in g  w ith  
th e  c a t io n ic  su rfactan t h e a d g ro u p s  at th e  a d m ic e lle /w a te r  in ter fa ce .

F igure 6.4 A F M  m icro g ra p h  o f  C P C  a d m ic e lle s  s o lu b i liz in g  4 ,4 '-b ip y r id in e  in  a 

4 ,4 '-b ip y r id in e /C P C  a q u e o u s  so lu t io n  for  a d so lu b iliz a t io n  t im e  o f  1 0 -2 0  m in u te s . 
T h e  tota l c o n c e n tr a tio n s  o f  C P C  and  4 ,4 '-b ip y r id in e  are  7 2 0  p M  ( b e lo w  C M C ) and  

2 9 0 0 0  p M  (a q u e o u s  s o lu b ility  o f  4 ,4 '-b ip y r id in e ) .

A t  4 ,4 '-b ip y r id in e  c o n c e n tr a tio n  eq u a l to  its  a q u e o u s  
so lu b ility , th e  structural tra n sfo rm a tio n  b e h a v io r  o f  th e  a d m ic e lle s  w a s  d ifferen t. 
In it ia lly  a fter  a d so lu b iliz a t io n , th e  fu ll-c y lin d r ic a l a d m ic e lle s  w er e  lo c a l ly  s w o lle n  
(F ig u re  6 .4 ) ,  su g g e s t in g  an u n e v e n  d istr ib u tio n  o f  s o lu te  in  th e  a d m ic e lle s . S o m e  
p arts o f  th e  a d m ic e lle  h a v e  larger d ia m eter  than  th e  d ia m eter  o f  n orm al fu ll-  
cy lin d r ic a l a d m ic e lle s  w ith o u t  th e  p r e se n c e  o f  s o lu te , in d ic a tin g  p ure so lu te  p h a se  is
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fo rm ed  in  th e  a d m ic e lle  at th is  in itia l s ta g e . T h is  p h e n o m e n o n  w a s  o b se r v e d  at 1 0 -2 0  
m in u te s  a fter  a d so lu b iliz a t io n . A fte r  th at th e  a d m ic e lle s  w e r e  tra n sfo rm ed  to  n o rm a l 
ord ered  fu ll-c y lin d r ic a l a g g r e g a te s  (w ith  rather co n sta n t d ia m eter ) s im ila r  to  th e  
a d m ic e lle s  w ith o u t th e  a d so lu b iliz e d  so lu te . T h e d ia m eter  o f  th is  a d m ic e lle  s e e m s  
rather eq u a l to  th e  d ia m eter  o f  th e  a d m ic e lle  w ith o u t  so lu te . T h is  m e a n s  that p u re  
so lu te  p h a se  sep ara tio n  in  th e  a d m ic e lle s  d isa p p ea rs. T h e  e q u ilib r iu m  a d m ic e lle  
structure w a s  a fea tu r e le ss  b ila y e r  in  th e  sa m e  m an n er  o f  p r e v io u s  c a se .

6 .4 .2 .4  A d s o lu b i l i z a t io n  o f  D ip h e n y l  D e r iv a t iv e s
T h e e f fe c t  o f  so lu te  p o la r ity  o n  a d m ic e lle  stru ctu re w a s  

a d d it io n a lly  s tu d ied  b y  v a r y in g  a  se r ie s  o f  d ip h en y l d e r iv a t iv e  s o lu te s  p o s s e s s in g  
d iffe r e n t a q u e o u s  s o lu b ility  an d  d ip o le  m o m e n ts , i.e . d ip h e n y lm e th a n e , d ip h e n y le th e r  
and  d ip h e n y la m in e . N o r m a lly , m o le c u la r  p o lar ity  is  c o n s id e r e d  fro m  th e  a q u e o u s  
s o lu b ility  or  d ip o le  m o m e n t o f  su ch  m o le c u le . B o th  p r o p er tie s  g e n e r a lly  c h a n g e  in  
th e  sa m e  d irec tio n  for  th e  sa m e  m o le c u la r  se r ie s . H o w e v e r , in  o u r  s tu d ie s , th e  
a q u e o u s  s o lu b ilit ie s  o f  th e  so lu te s  run d ip h e n y lm e th a n e  <  d ip h e n y le th e r  <  
d ip h e n y la m in e , w h ile  th e  d ip o le  m o m e n t are d ip h e n y lm e th a n e  <  d ip h e n y la m in e  <  
d ip h e n y le th e r  ( s e e  T a b le  6 .1 ) .  T h e  m o le c u la r  v o lu m e s  o f  th e se  s o lu te s  are s im ila r  
d u e  to  th e ir  s im ila r  m o le c u la r  d im e n s io n s ;  th erefore; th e  e f fe c t  o f  o c c u p ie d  v o lu m e  
p er  m o le c u le  in  a d m ic e lle  w i l l  b e  n e g le c te d . T h e s tu d ie d  so lu te  c o n c e n tr a t io n s  are  
th e ir  a q u e o u s  so lu b ility . A s  w ith  n a p h th a len e , th e se  m o le c u le s  are e x p e c te d  to  r e s id e  
in  th e  p a lisa d e  r e g io n  o f  th e  a d m ic e lle  n ear th e  su rfactan t h e a d g r o u p s  du e to  th e  

cation-TT b in d in g .
F or  d ip h e n y lm e th a n e , its  a q u e o u s  s o lu b ility  is  lo w e r  than  that  

o f  n a p h th a len e  im p ly in g  h ig h e r  h y d r o p h o b ic ity . It w a s  fo u n d  that im m e d ia te ly  a fter  
a d so r p tio n /a d so lu b iliz a tio n  th e  a d m ic e lle  structure w a s  s t i ll  o rd ered  fu ll-c y lin d e r s  
(F ig u r e  6 .3 d ) . T h e  a lig n m e n t o f  th e se  a d m ic e lle s  b e c a m e  m o r e  d iso r d ered  w h e n  th e  
a d so lu b iliz a t io n  reach ed  e q u ilib r iu m  (F ig u r e  6 .3 e ) . T h is  eq u ilib r iu m  structure is  an  
in term ed ia te  stru ctu re b e tw e e n  fu ll-c y lin d e r s  and  fe a tu r e le s s  b ila y e r  as s im ila r ly  
o b se r v e d  in  th e  structural tra n sfo rm a tio n  o f  C lô T A B  a d m ic e lle s  d u e  to  s ty ren e  
a d so lu b iliz a t io n  [1 5 ] . C o m p a red  w ith  th e  c a se  o f  n a p h th a len e , d ip h e n y lm e th a n e  
a d so lu b iliz a t io n  h a s  a stro n g er  e f fe c t  o n  a d m ic e lle  structural tran sfo rm a tio n . T h e
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a d d itio n a l e f fe c t , o th er  than  th e  cation-7t b in d in g , i s  p o s s ib ly  crea ted  b y  a p r e se n c e  o f  
-C H 2- g ro u p  b e tw e e n  tw o  p h e n y l g ro u p s in  d ip h e n y lm e th a n e  m o le c u la r  structure. 
T h is  in c r e a se s  th e  m o le c u la r  v o lu m e  and th e  d ip o le  m o m e n t  o f  th e  so lu te  
(d ip h e n y lm e th a n e  >  n a p h th a len e). T h e  in crea se  in  th e  d ip o le  m o m e n t s u g g e s ts  that  
m ore co n cen tra ted  n e g a tiv e  c h a r g e s  at th e  n e g a tiv e  p o le  o f  d ip h e n y lm e th a n e  p la y  an  
a d d itio n a l ro le  to  n e u tra lize  th e  su rfactan t h ea d g ro u p s.

It w a s  o b se r v e d  that th e  in itia l stru ctu re o f  th e  
d ip h e n y la m in e /C P C  a d m ic e lle s  w a s  fu ll-c y lin d e r s  m e a n in g  th at th e  in f lu e n c e  o f  th e  
in co rp o ra tio n  o f  d ip h en y l a m in e , as sa m e  a s d ip h e n y lm e th a n e , is  s t i ll  n o t  stro n g  
en o u g h  to  tran sform  a d m ic e lle  stru ctu re in sta n tly . H o w e v e r , th e  e q u ilib r iu m  stru ctu re  
w a s  a fe a tu r e le s s  b ila y er . T h is  e q u ilib r iu m  stru ctu re in d ic a te s  that in c r e a s in g  p o la r ity  
o f  so lu te  m o le c u le  a d d it io n a lly  p r o m o te s  th e  p o te n tia l to  n e u tr a liz e  C P C  su rfactan t 
h e a d g ro u p s  b y  m o r e  co n cen tra ted  n e g a tiv e  ch a rg e  d istr ib u tin g  at o n e  p o le  o f  th e  
so lu te  m o le c u le ,  p o s s ib ly  -N H -  gro u p  b e tw e e n  tw o  p h e n y l g r o u p s. T h is  d o m in a n tly  
r e d u ces  C P C  h ea d g ro u p -h ea d g ro u p  r e p u ls io n  and  c o n s e q u e n t ly  in d u c e s  th e  
a d m ic e lle  structural tra n sfo rm a tio n  fro m  fu ll-c y lin d e r s  to  fe a tu r e le s s  b ila y e r .

D ip h e n y l e th er  w a s  a lso  s tu d ied  at it s  a q u e o u s  so lu b ility  
w h ic h  is  lo w e r  th an  d ip h e n y la m in e ;  h o w e v e r , its  d ip o le  m o m e n t  is  h ig h er . R e su lts  
d em o n stra te  that th e  in itia l stru ctu re o f  a d m ic e lle s  s o lu b iliz in g  d ip h e n y le th e r  (at it 
a q u e o u s  sa tu ration ) is  tran sfo rm ed  to  fe a tu r e le s s  b ila y e r  im m e d ia te ly  a fter  
a d so lu b iliz a t io n , s h o w in g  that th e  a n io n  b in d in g  e f fe c t  at th e  C P C  h e a d g r o u p s  is  v e r y  
stro n g . T h e  eq u ilib r iu m  a d m ic e lle  structure w a s  a lso  o b se r v e d  a s  a fe a tu r e le s s  
b ila yer .

A lth o u g h  th e  a q u e o u s  so lu b ility  o f  d ip h e n y le th e r  is  lo w e r  
than  d ip h e n y la m in e , th e  e f fe c t  o f  a d so lu b iliz e d  d ip h e n y le th e r  o n  th e  a d m ic e lle  
tra n sfo rm a tio n  is  m u c h  stron ger. T h is  in d ic a te s  that th e  n e g a tiv e  c h a rg e  in  th e  
p r o x im ity  o f  th e  o x y g e n  a to m  in  d ip h e n y le th e r  is  stro n ger  /  m o r e  c o n c e n tr a te d  than  
that in  th e  p r o x im ity  o f  th e  n itr o g e n  a to m  in  d ip h e n y la m in e , r e su lt in g  in  a  h ig h er  
d ip o le  m o m e n t th an  d ip h e n y la m in e  a lth o u g h  its  a q u e o u s  s o lu b i l ity  is  lo w e r . T h e  
h ig h er  d ip o le  m o m e n t o f  d ip h e n y le th e r  is  a lso  c o n fir m e d  b y  th e  b o n d  
e le c tr o n e g a t iv ity  d if fe r e n c e  (B E D ) , th at is , C - 0  b o n d  in  d ip h e n y le th e r  p o s s e s s e s  
h ig h er  B E D  ( 0 .8 9 )  than  that o f  N -H  ( 0 .8 4 )  and N - C  ( 0 .4 9 )  in  d ip h e n y la m in e  [3 9 ] ,
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T h u s, th e  p o ten tia l to  s ig n if ic a n tly  le s s e n  th e  su rfa cta n t h ea d g r o u p -h e a d g r o u p  
re p u ls io n  in  C P C  a d m ic e lle s  is  in  ord er o f  d ip h e n y lm e th a n e  <  d ip h e n y la m in e  <  
d ip h en y le th e r . T h is  ord er  is  th e  sa m e  as th e  trend  o f  th e ir  d ip o le  m o m e n ts  but n o t  o f  
th e ir  a q u e o u s  so lu b ility . T h erefo re , w e  su g g e s t  that th e  d ip o le  m o m e n t  sh o u ld  b e  
p r e fe r e n tia lly  u sed  to  co m p a re  th e  so lu te  e f fe c t  o n  a d m ic e lle  structural 
tra n sfo rm a tio n  and a lso  th e  re la tiv e  lo c a t io n s  o f  s o lu te s  in  th e  a d m ic e lle s .

H o w e v e r , h ig h  so lu te  d ip o le  m o m e n t h a s n o t  a lw a y s  c a u se d  a  

stro n g  in stan t e f fe c t  o n  C P C  h ea d g r o u p s, as o b se r v e d  fo r  4 ,4 '-b ip y r id in e  

a d so lu b iliz a t io n  earlier. 4 ,4 ' -B ip y r id in e  p o s s e s s e s  v e r y  h ig h  a q u e o u s  s o lu b i lity  as 
sh o w n  in  T a b le  6 .1 . T h e  ex p er im en ta l v a lu e  o f  th e  d ip o le  m o m e n t  is  u n k n o w n ;  
h o w e v e r , b e c a u se  its  a q u e o u s  m o la r  s o lu b ility  is  ~ 3 0 0  t im e s  o f  d ip h e n y le th e r , th is  
w o u ld  su g g e s t  that it h a s  a m u ch  h ig h e r  d ip o le  m o m e n t  than  th at o f  d ip h en y le th er .  
E v e n  at th e  h ig h  a q u e o u s  s o lu b ility  o f  4 ,4 '-b ip y r id in e , th e  in itia l a d m ic e lle  stru ctu re  
d id  n o t im m e d ia te ly  c h a n g e  u p o n  a d so lu b iliz a t io n  w h ile  ju s t  a  sm a ll a m o u n t o f  
d ip h e n y le th e r  ( - 3 0 0  t im e s  sm a lle r  than 4 ,4 '-b ip y r id in e  c o n c e n tr a t io n )  c o u ld  
tran sform  th e  a d m ic e lle  structure to  fe a tu r e le s s  b ila y er  im m e d ia te ly  after  
a d so lu b iliz a t io n . T h is  su g g e s ts  th at c o m p a r in g  th e  p o te n tia l fo r  a d m ic e lle  structural 
tra n sfo rm a tio n  u s in g  th e  d ip o le  m o m e n t is  v a lid  o n ly  for  s o lu te s  in  th e  sa m e  
m o le c u la r  ser ie s . T h is  w e a k e r  e f fe c t  o f  4 ,4 '-b ip y r id in e  m a y  b e  d u e  to  its  sm a ll 
o c c u p ie d  v o lu m e /m o le c u le  in  th e  a d m ic e lle s . T h e  d o m in a n t e f f e c t  o f  s o lu b iliz e d  
d ip o le  m o le c u le s  sh o u ld  b e  b etter ch a ra cter ized  b y  th e  p r e se n c e  o f  fu n c t io n a l gro u p  
p o s s e s s in g  d ifferen t e le c tr o n  a ff in ity  than th e  so lu te  co n c e n tr a tio n . In  th is  c a s e  N -C  
b o n d  in  4 ,4 '-b ip y r id in e  a ls o  h as B E D  lo w e r  th an  that o f  C - 0  in  d ip h e n y le th e r  [3 9 ] .

6.5 C onclusions

T w o -d im e n s io n a l structural tra n sfo rm a tio n  o f  a d m ic e lle s  w a s  s tu d ied  to  
in v e s t ig a te  th e  e f fe c t  o f  a d so lu b iliz e d  so lu te s  o n  c a t io n ic  a d m ic e lle  stru ctu re b y  
v a r y in g  so lu te  p o la r ity  an d  lo c a liz a t io n . It w a s  c o n c lu d e d  that ( 1 )  b o th  h y d r o p h o b ic  
in tera c tio n  and  cation-7X b in d in g  ten d  to in d u c e  c a t io n ic  a d m ic e lle  tra n sfo rm a tio n  
fro m  fu ll-c y lin d e r s  to  b ila y er; (2 )  th e  h y d r o p h o b ic  in tera c tio n  is  stro n ger  th an  th e
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cation-71 b in d in g ; and ( 3 )  th e  in f lu e n c e  o f  a d so lu b iliz e d  so lu te s  ( in  th e  sa m e  
m o le c u la r  s e r ie s )  on  C P C  a d m ic e lle  stru ctu re sh o u ld  b e  co m p a red  b y  s o lu te  d ip o le  
m o m e n t , w h ic h  rep resen ts  an ad d itio n a l d e g r e e  o f  a n io n  b in d in g  o n  th e  c a t io n ic  
su rfactan t h ea d g ro u p s in  th e  a d m ic e lle s , in stea d  o f  co m p a r in g  b y  so lu te  a q u e o u s  
s o lu b ility .

6.6 A cknow ledgem ent

W e are gra tefu l to  th e  T h a ila n d  R e se a r c h  F u n d  (T R F ) for  f in a n c ia l su p p o rt  
th ro u g h  th e R o y a l G o ld e n  J u b ile e  P h .D . P rog ram  (G ran t N o . P H D /0 2 1 7 /2 5 4 4 ) .
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