
CHAPTER II 
LITERATURE REVIEW

2.1.1 General Principle
The word surfactant is not only a technical term, but also a 

diminutive form of the phrase SURFace ACTive AgeNT. Surfactants are 
amphipathic molecules that consist of a non-polar hydrophobic portion (lipophilic), 
usually a straight or branched hydrocarbon or fluorocarbon chain, which is attached 
to a polar or ionic portion (hydrophilic or lipophobic). The hydrocarbon chain 
interacts weakly with the water molecules in an aqueous environment, whereas the 
polar or ionic head group interacts strongly with water molecules via dipole or 
ion-dipole interactions. It'is this strong interaction with the water molecules that 
renders the surfactant soluble in water. When surfactant dissolved in aqueous 
medium the hydrophobic group distorts the structure of the water. As a result of this 
distortion, some of the surfactant molecules are expelled to the interfaces of the 
system, with their hydrophobic groups oriented so as to minimize contact with the 
water molecules. The surface of the water becomes covered with a single layer of 
surfactant molecules with their hydrophobic groups oriented predominantly toward 
the air. Since air molecules are essentially non-polar in nature, as are the 
hydrophobic groups, this decrease in the dissimilarity of the two phases contacting 
each other at the surface result in a decrease in the surface tension of the water 
(Tadros, 2005).

Surfactants can aggregate in solution forming micelles, or 
micellization. The concentration at which this phenomenon occurs is called the 
critical micelle concentration (CMC). In aqueous solution, the surfactant 
hydrophobic groups are directed towards the interior of the aggregate and the 
surfactant hydrophilic groups are directed towards the solvent. In non-polar solution, 
the structure of the micelle is similar but reversed, the surfactant hydrophilic groups 
are directed towards the interior of the aggregate and the surfactant hydrophobic 
groups are directed towards the non-polar solvent (Rosen, 1989).

2.1 Surfactant
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Surfactants find applications in almost every chemical industry, such 
as in detergents, personal care and cosmetics, plastics and fibers, agrochemicals, 
pharmaceuticals, paints, inks, food processing, etc. In addition, they play an 
important role in the oil industry. The last decades have seen the extension of 
surfactant applications to such high-technology areas as magnetic recording, 
biotechnology, and micro-electronics (Tadros, 2005).

2.1.2 Basic Surfactant Classifications
A simple classification of surfactants based on the nature of the 

hydrophilic group is commonly used. The four basic classes of surfactants are 
defined as follows:

1. Anionic surfactants. The hydrophile is a negatively charged group 
such as carboxyl (RCOO' M+), sulfonate (RSOT M+), sulfate (ROSO3' M+), or 
phosphate (ROPO3' M+).

2. Cationic surfactants. The hydrophile is a positively charged group, 
for example, the quaternary ammonium halides (R4N+X').

3. Nonionic surfactants. The hydrophile has no charge, but derives its 
water solubility from highly polar groups such as polyoxyethylene (P E O  or 
R -O -C H 2 -C H 2 -O -), R-polyol groups including sugars, monoglyceride of long-chain 
fatty acid (R C O O C H 2 C H O H C H 2 O H ), polyoxyethylene alkylphenol 
(R C 6H 4(O C 2H 4)nO H ).

4. Amphoteric (and zwitterionic) surfactants. The molecule contains, 
or can potentially contain, both a negative charge and a positive charge, such as the 
sulfobetaines (RN+(CH3)2CH2CH2S03'), long-chain amino acid (RN+H2CH2COO').

2.1.3 Polymeric Surfactants
There has been considerable recent interest in polymeric surfactants 

due to their wide application. Various polymeric surfactants have been introduced 
and they are marketed under special trade names (such as Hypermers of ICI). One 
may consider the ethylene oxide-propylene oxide copolymers (EO/PO) as polymeric 
surfactants, but these generally do not have high molecular weights and they seldom 
produce speciality properties. Silicone surfactants may also be considered as
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polymeries. Graft copolymer of a poly(methyl methacrylate) backbone with several 
polyethylene oxide (PEO) side chains, which has excellent dispersing and stabilizing 
properties for concentrated dispersions of hydrophobic particles in water (Tadros, 
2005). Another important class of polymeric surfactants that are used for démulsifi­
cation is those base on alkoxylated alkyl formaldehyde condensates.

Normal polymers can be modified to increase their hydrophobic or 
hydrophilic characteristics and use as a polymeric surfactants. A common example of 
the modification of a water-insoluble material is the sulfonation of polystyrene for 
the preparation of polymeric surfactant. In addition, polyacrylic acid and 
polyacrylamide are typical water-soluble polymers that can be functionalized by the 
addition of hydrophobic side chains that turn them into amphiphilic materials 
(Myers, 2006).

2.1.3.1 PEO-PPO-PEO Triblock Copolymer
Water-soluble triblock copolymers of poly(ethylene oxide) 

(PEO) and polypropylene oxide) (PPO), often denoted PEO-PPO-PEO or 
(EO)ni(PO)m(EO)n2, are commercially available nonionic macromolecular surface 
active agents. PEO is hydrophilic part and PPO is hydrophobic part. The general 
formula of this copolymer can be written as:

(CH2-C H 2-0 )nftCH-CH2-0 )m(CH2-C H 2-0 )n2H
CH3

Variation of the copolymer composition (PPO/PEO ratio) and molecular weight 
(PEO and PPO block length) during synthesis leads to the production of molecules 
with optimum properties that meet the specific requirements in various areas of 
technological significance. The ratio number of ethylene oxide units by number of 
propylene oxide units, also known as the hydrophilic/lipophilic balance (HLB) can 
be changed easily. As a result, PEO-PPO-PEO triblock copolymers are an important 
class of surfactants and find widespread industrial applications in detergency, 
dispersion stabilization, foaming, emulsification, lubrication, and formulation of 
cosmetics and inks, etc., along with more specialized applications in, for example,
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pharmaceuticals (drug solubilization and controlled release and burn wound 
covering), bioprocessing (protecting microorganisms against mechanical damage), 
and separations (solubilization of organics in aqueous solutions). Commercial names 
for PEO-PPO-PEO polymeric surfactants are Poloxamers (manufactured by ICI) and 
Pluronics (manufactured by BASF). In addition, this copolymer can be expected to 
be environmentally acceptable surfactant with low toxicity.

The notation for the Pluronic triblock copolymers starts with 
the letters L (for liquid), p (for paste), or F (for flakes). The first one or two numbers 
are indicative of the molecular weight of the PPO block (multiply by 300 to obtain 
approximates molecular weight of PPO block in Da unit), and the last number 
signifies the weight fraction of the PEO block. For example, Pluronics P I04 is a 
paste form which has a PPO block roughly 3000 Da and 40 wt. % of PEO block.

2.2 Adsorption of Surfactant on Solid Oxide Surfaces

Surfactant adsorption is a process of transfer of surfactant molecules from 
bulk solution phase to the surface/interface. The adsorption phenomenon depends on 
the interaction between the surface of the adsorbent and the adsorbed species. 
The interaction may be due to: (1) chemical bonding, (2) hydrogen bonding,
(3) hydrophobic bonding, and (4) van der waals force (Parida et a l, 2006). The 
adsorption of surfactant at the solid-liquid interface plays an important role in many 
technological and industrial applications, such as detergency, mineral flotation, 
dispersion of solid, oil recovery and so on.

2.2.1 Adsorption of Single Surfactant
The adsorption of single surfactant can divided into ionic surfactants 

and nonionic surfactants.
2.2.1.1 A dsorption o f Ionic Surfactants

The adsorption isotherm of ionic surfactants onto an 
oppositely charged oxide surfaces is typically an elongated S-shaped curve when one 
plots the log of the adsorbed surfactant density versus the log of the equilibrium
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concentration of surfactant (Scamehorn et ai, 1982). In general, a typical adsorption 
isotherm can be subdivided into four regions as shown in Figure 2.1.

L o g  e q u i l ib r iu m  s u r f a c t a n t  c o n c e n t r a t i o n

Figure 2.1 Typical adsorption isotherm of surfactant on solid oxide surface.

In region I, occur at low concentration and low adsorption of 
surfactant. In this region, the adsorption obeys Henry’s law, adsorption increases 
linearly with concentration and the slope of the curve is approximately one (Chandar 
et a l, 1987). In addition, adsorbed surfactants in this region are viewed as being 
adsorbed alone by electrostatic interactions between ionic surfactants and oppositely 
charged substrates through ion exchange and not forming any aggregates. This is 
indicative of an absence of lateral interactions between the adsorbed surfactant 
molecules (Rosen, 1989).

Region II is distinguished by a sharply increased isotherm 
slope relative to the slope in region I. This increase in slope indicates the sudden 
increase in the adsorption due to lateral interactions between surfactant molecules, 
which result in the formation of surfactant aggregates on the surfaces. These 
adsorbed surfactant aggregates are called admicelles or hemimicelles, depending 
upon wether the aggregates are viewed as bilayers or monolayers. The admicelle is
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considered as a local bilayer structure with a lower layer of head groups adsorbed on 
the substrate surface and an upper layer of head groups in contact with solution. The 
hemimicelle is a monolayer structure having the head group adsorbed on the surface 
while the tail group is in contact with the aqueous phase. The transition point from 
region I to region II, representing the first formation of adsorbed surfactant 
aggregates, is called the critical admicelle concentration (CAC) or the critical 
hemimicelle concentration (HMC).

The slope of the isotherm decreases in region III. It indicates 
the adsorption rate of region III is lower than region II. This is thought to be caused 
by either repulsion between the like-charged head groups on the surface or the 
beginning of admicelle formation on lower energy surface patches. The surfactant 
concentration in this region is below the critical micelle concentration (CMC) of the 
surfactant.

Region IV is the plateau region above the CMC, having 
almost constant surfactant adsorption with increasing surfactant concentration. This 
region adsorption reaches a maximum. It is thought that the surface has become 
saturated with admicelle or that adsorption stops because the surfactant concentration 
has reached the CMC. Typically, the equilibrium surfactant concentration at the 
transition point from region III to region IV is approximately at the critical micelle 
concentration (CMC). At the CMC, the first micelle forms at the same chemical 
potential as the last admicelle to forms; if the surfactant concentration is increased 
further, this only results in the formation of more micelle at the same chemical 
potential as that of the first micelle to form, without an increase in the adsorption of 
surfactant.

Yeskie and Harwell (1988) investigated the structure of the 
adsorbed surfactant aggregates, focusing on the surface charge density at the 
hemimicelle/admicelle transition. They found that surfactants adsorbed from aqueous 
solution onto mineral oxide surface formed micelle-like aggregates at the interface. It 
has long been viewed that at low coverage these surfactant aggregates were 
principally in the form of monolayers, formed on patches of the surface. Individual 
surfactant molecules or monomers in these aggregates were viewed as being oriented 
such that the hydrophilic groups of the surfactants were next to the surface, with the
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surfactant tail groups forming a hydrophilic film in contact with the aqueous solution. 
Aggregates of this structure were commonly referred to as hemimicelles while it has 
been proposed that a bilayered aggregate, termed an admicelle, was formed 
(Scamehom et al., 1982).

2.2.1.2 Adsorption o f Nonionic Surfactants
Nonionic surfactants are physically adsorbed rather than 

electrostatically or chemisorbed. However, they differ from many other surfactants in 
that, quite small changes in concentration, temperature, or molecular structure of the 
adsorbent can have a large effect on the adsorption. This is due to adsorbate- 
adsorbate and adsorbate-solvent interactions, which causes surfactant aggregation in 
bulk solution and which leads to change in orientation and packing of surfactant at 
the surface. The adsorption isotherms of nonionic surfactants from aqueous solutions 
on polar substrates are also sigmoidal in shape (S-shaped), indicative of a 
cooperative adsorption mechanism (Livitz and Damme, 1986). At low coverage, 
the surfactant molecule may lie prone on the surface; at higher coverage, the 
hydrophobic group may be displaced from the surface by the hydrophilic group and 
lateral interactions between adjacent hydrophobic groups (hemimicelle formation) 
may occur. Maximum adsorption, which occurs near the critical micelle 
concentration of the surfactant, has been ascribed to both monolayer and bilayer 
formation (Rosen, 1989).

Partyka et al. (1984) studied the adsorption of nonionic 
surfactants of the oxyethylenic alkylphenol, oxyethylenic alkyl ether, and 
poly(oxyethylene) glycol type on a precipitated silica gel having a small specific 
surface area. They found that increasing temperatures slightly increased the 
adsorption. For the adsorption isotherm, with increasing chain length of EO group 
the amount adsorbed at the plateau decreases. The rate of adsorption is relatively 
rapid and depends on the length of the oxyethylenic chain. For example, the rate of 
adsorption of series of ethylene oxide (EO) alkylphenol surfactant on the silica gel 
increases with increase in the chain length of hydrophilic group (EO).
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2.2.1.3 Adsorption o f PEO-PPO-PEO Triblock Copolymers
If PEO-PPO-PEO triblock copolymer molecules adsorb, the 

conformation of the block copolymer molecule will depend on the properties of the 
surface and the quality of the solvent. For block copolymer adsorption from water 
onto a hydrophobic surface, the propylene oxide block acts as the anchor, being 
mainly situated near the surface because of its high surface affinity. The ethylene 
oxide segments (buoy) were found not to adsorb; they have no affinity for the surface. 
A brush conformation is the result. The thickness of a (saturated) brush layer 
depends mainly on the length of the ethylene oxide groups. For a hydrophilic 
substrate like silica, the situation is different. Ethylene oxide has the highest surface 
affinity and will adsorb preferentially, thus forming a pancake conformation. 
Compared to a saturated brush layer the pancake layer is in general less thick 
(Schroën et al., 1995). Schematic representation of PEO-PPO-PEO triblock 
copolymers adsorbed at a hydrophobic and a hydrophilic surface is shown in 
Figure 2.2.

Hydrophobic surface H yd rophilic surface

Figure 2.2 Schematic representation of PEO-PPO-PEO triblock copolymers 
adsorbed at a hydrophobic and a hydrophilic surface (Schroën et al., 1995).

Malmsten et al. (1992) studied the adsorption of PEO-PPO- 
PEO block copolymers on silica. For a number of polymers with a total molecular 
weight of approximately 15000, it was found that the adsorbed amount is rather low 
(0.35-0.40 mg/m2) and independent of the PPO content in the range 0-30% PPO. For 
a copolymer with a total molecular weight of 4000 and 50% PPO content, the
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adsorbed amount was approximately 0.20 mg/m2. Thin adsorbed layers, with 
hydrodynamic thicknesses of about 2-5 nm, were performed by all polymers 
investigated. At higher pH, both the adsorbed amount and the hydrodynamic 
thickness decrease until complete desorption occurs. This is because, at higher pH, 
the silica surface becomes increasingly (negatively) charged, thus increasing the 
affinity of cations for the surface, as well as decreasing the affinity of the polymer 
for the surface.

Shar et al. (19.98) investigated the adsorption of a series of 
PEO-PPO-PEO triblock copolymers onto hydrophobic polystyrene latex. They 
found that the adsorbed amount of copolymers increases with increasing total molar 
mass and with the variable block molar mass. The copolymers with PEO block sizes 
smaller than or equal to the PPO block size adsorb more strongly than the 
copolymers of the corresponding molar masses predominantly consisting of PEO 
blocks. The random copolymers (50:50 ratio of PEO/PPO) and the high anchor- 
fraction of block copolymers adsorb at similar levels but are at substantially higher 
levels than the PEO homopolymers. In contrast, the low anchor-fraction (high PEO 
content) of block copolymers adsorb at levels lower than the random copolymers but 
higher than the PEO homopolymers of the corresponding molar masses. An increase 
in the adsorbed amount of the copolymers with increasing PPO block molar mass at 
fixed PEO block size also confirms the strong dependence of adsorbed amount on the 
anchor content. In addition, the hydrodynamic thickness of the adsorbed layer was 
determined. An increase in PEO block size increases the number of segments in tails 
which contribute more towards the hydrodynamic thickness of the adsorbed layer. 
However, an increase in the PPO block size increases the affinity between the 
surface and the polymer segments which raises the adsorbed amount, and hence, in 
turn, the hydrodynamic thickness of the adsorbed layer. Random and block 
copolymers show higher hydrodynamic layer thickness values than the PEO 
homopolymers. For the block copolymers at high PPO content the layer thickness is 
greater than both the PEO homopolymer and the random copolymer.

Shar et al. (1999) studied the adsorption of the same series of 
PEO-PPO-PEO copolymers from aqueous solution onto hydrophilic silica particles. 
They found that the adsorbed amounts presented in the study are about 5-6 times
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lo w e r  th an  th o se  m ea su r e d  for  th e  sa m e  c o p o ly m e r s  o n  h y d r o p h o b ic  p o ly s ty r e n e  
la tex . T h e  ad so rb ed  a m o u n t in crea sed  w ith  in c r e a s in g  th e  to ta l p o ly m e r  m o la r  m a ss . 
C o m p a r iso n  b e tw e e n  th e  a d so rp tio n  o f  th e se  P E O -P P O -P E O  tr ib lo c k  c o p o ly m e r s  o n  
s il ic a  and  o n  p o ly s ty r e n e  la te x  s h o w  h ig h er  m a x im u m  a m o u n t a d so rb ed  at th e  
in te r fa c e  ( rmax) for  th e  h y d r o p h o b ic  su r fa ce . M o r e o v e r , m u c h  lo w e r  a d so rb ed  
a m o u n ts  w er e  o b se r v e d  fo r  P E O  h o m o p o ly m e r s  th a n  th e  c o p o ly m e r s . In th e  c a s e  o f  
P E O  h o m o p o ly m e r s  s h o w  o v e r a ll lo w e r  a m o u n t a d so rb ed  v a lu e s  s u g g e s ts  a fla tten  
a d so rp tio n  c o n fig u r a tio n  for  th e se  p o ly m e r s . In a d d it io n , th e y  fo u n d  that th e  
a d so rb ed  a m o u n t d e p e n d s  o n  b o th  a n ch o r  and  b u o y  b lo c k s . H y d r o d y n a m ic  th ic k n e ss  
o f  th e  c o p o ly m e r s  is  fo u n d  to  b e  a p p r o x im a te ly  4  t im e s  lo w e r  for  s i l ic a  su r fa ce  
than  that o b se r v e d  fo r  th e  p o ly s ty r e n e  la te x  su r fa ce . C o p o ly m e r s  s h o w  h ig h er  
h y d r o d y n a m ic  th ic k n e ss  v a lu e s  than  th e  P E O  h o m o p o ly m e r s  o f  th e  c o r r e sp o n d in g  
m o la r  m a ss . T h ere  is  an  in c r e a se  in  th e  h y d r o d y n a m ic  th ic k n e ss  o f  th e  a d so rb ed  la y er  
w ith  in c r e a s in g  P P O  b lo c k  s iz e  for co n sta n t P E O  b lo c k  s iz e . T h is -e f fe c t , h o w  e v e r , is  
sm a lle r  th a n  that o b se r v e d  for  th e  p o ly s ty r e n e  la te x .

2 .2 .2  A d so r p tio n  o f  M ix e d  S u rfactan t
A d so r p tio n  o f  m o re  th a n  o n e  su rfa cta n t s ig n if ic a n t ly  e n h a n c e s  th e  

e f f ic ie n c y  o f  m a n y  in ter fa c ia l p ro p er tie s  c o m p a r e d  to  th e  a d so r p tio n  o f  a s in g le  
su rfactan t. A d so r p tio n  o f  su rfactan ts fro m  th e  m ix e d  s y s te m s  m a in ly  d e p e n d s  o n  th e  
s o lu t io n  p ro p er tie s  o f  m ix e d  su rfactan t sy s te m .

H u a n g  et al. ( 1 9 8 9 )  h a v e  s tu d ie d  th e  a d so rp tio n  o f  c a t io n ic  and  
a n io n ic  su rfa cta n ts o n  s i l ic a  fro m  th e  a n io n ic -c a t io n ic  su rfa cta n t m ix tu re  so lu t io n .  
T h e y  fo u n d  that th e  in d iv id u a l c a t io n ic  su rfa cta n ts  ca n  b e  s tr o n g ly  a d so rb ed  o n to  th e  
s i l ic a  g e l ,  but n o  s ig n if ic a n t  a d so rp tio n  o f  a n io n ic  su rfa cta n t ca n  b e  d e te c te d .  
H o w e v e r , in  th e  m ix e d  sy s te m s , th e  a d so rp tio n  am o u n t o f  b o th  th e  c a t io n ic  and  
a n io n ic  su rfactan t io n s  i s  en h a n ced  and  th e  e x c e s s  a d so rp tio n  o f  c a t io n ic  su r fa ce -  
a c t iv e  io n s  is  e x a c t ly  e q u a l to  th e  a d so rp tio n  o f  a n io n ic  su r fa c e -a c t iv e  io n s . F rom  th e  
o b se r v a tio n s , th e y  a s su m e d  that th e  e x c e s s  a d so r p tio n  o f  c a t io n ic  an d  a n io n ic  
su r fa c e -a c tiv e  io n s  is  in  th e  form  o f  io n  pairs.

In th e  c a s e  o f  th e  a d so rp tio n  o f  c a t io n ic -n o n io n ic  su rfa cta n t m ix tu re ,  
th e  a d so rp tio n  o f  te tr a d a c y l-tr im e th y l-a m m o n iu m  c h lo r id e  (T T A C ) and
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p e n ta d e c y le th o x y la te d -n o n y l-p h e n o l ( N P -1 5 )  o n  a lu m in a  fro m  th eir  m ix tu r e  w e r e  
s tu d ie d  b y  S o m a su n d a ra n  and H u a n g  ( 2 0 0 0 ) .  F rom  th e  s tu d y , it w a s  fo u n d  
that T T A C  a d so rb ed  o n  n e g a tiv e ly  ch a rg e  a lu m in a  b ut N P -1 5  d id  n o t  a d so rb  a lo n e  
on  th e  a lu m in a . T h e  a d so rp tio n  b e h a v io r  d e p e n d s  u p o n  th e  ratio  o f  th e  tw o  
su rfa cta n ts . W ith  in c r e a s in g  the T T A C  c o n c e n tr a tio n  o f  th e  m ix tu r e s , th e  a d so rp tio n  
o f  N P -1 5  is  en h a n c e d  s ig n if ic a n tly , and th e  a d so rp tio n  iso th e r m s  are sh if te d  to  lo w e r  
c o n c e n tr a tio n  ra n g es . In c a se  o f  a d so rp tio n  o f  T T A C , th e  p la tea u  a d so rp tio n  
d e c r e a se s  m a rk ed ly  u p o n  th e a d d itio n  o f  n o n io n ic  su rfactan t. T h is  w a s  a ttr ib u ted  to  
th e  c o m p e tit io n  o f  th e  b u lk y  n o n io n ic  N P - 1 5  w ith  T T A C  fo r  th e  a d so r p tio n  s ite s  
u n d er  satu rated  a d so rp tio n  c o n d it io n s .

In th e c a se  o f  th e  a d so rp tio n  o f  a n io n ic -n o n io n ic  su rfa cta n t m ix tu re , 
th e  ad so rp tio n  o f  n o n io n ic  su rfactan t is  e n h a n c e d  w h ere  n o n io n ic  a lo n e  s h o w s  trace  
a d so rp tio n  and a d so rp tio n  o f  a n io n ic  su rfactan t s lig h t ly  d e c r e a se s . A n o th e r  fea tu re  o f  
a d so rp tio n  iso th erm  is  that w ith  th e in c r e a s in g  m o la r  ratio  o f  n o n io n ic  su rfa cta n t th e  
c o n tin u o u s  sh ift  o f  p la teau  o f  iso th erm  o f  a n io n ic  su rfa cta n t to w a r d s  lo w e r  
c o n c e n tr a tio n  and  th e  h e m im ic e lliz a t io n  co n ce n tr a tio n  o f  a n io n ic  su rfa cta n t a lso  
sh if ts  to w a rd s  lo w e r  co n cen tra tio n . A d so r p tio n  o f  n o n io n ic  su rfa cta n t ( T X - 1 0 0 )  from  
th e  m ix tu re  o f  a n io n ic -n o n io n ic  su rfactan t o n  n e g a t iv e ly  c h a r g e d  s i l ic a  g e l  s h o w s  
th e  d e c r e a s in g  am o u n t o f  a d so rb ed  T X -1 0 0  a b o v e  th e  C M C  w ith  in c r e a s in g  
c o n c e n tr a tio n  o f  a n io n ic  su rfactan t and  th ere  is  n o  c h a n g e  in  iso th e r m  b e lo w  th e  
C M C  b e tw e e n  m ix e d  sy s te m  and  th e  p ure T X -1 0 0  (G a o  et al. , 1 9 8 4 ). In  a d d itio n , 
S o m a su n d a ra n  and  H u a n g  ( 2 0 0 0 )  h a v e  fo u n d  that in  th e  c a s e  o f  a d so r p tio n  o f  
a n io n ic -n o n io n ic  su rfactan t o n  k a o lin , w h e n  th e  h y d ro ca rb o n  c h a in  le n g th  o f  
n o n io n ic  su rfactan t i s  eq u a l or lo n g e r  th an  th a t o f  a n io n ic , iso th e r m s  o f  a n io n ic  
su rfactan t d o  n o t c h a n g e  w ith  c h a n g in g  th e c h a in  len g th  o f  n o n io n ic  su rfa cta n t. B u t, 
i f  th e  ch a in  le n g th  o f  n o n io n ic  su rfactan t is  sh orter  than  that o f  a n io n ic , h o w e v e r , 
d iffe r e n t iso th e r m s o f  a n io n ic  su rfactan t are o b ta in e d  d u e  to  le s s  s h ie ld in g  o f  a n io n ic  
su rfactan t.
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2.3 Adsolubilization

2 .3 .1  F u n d a m en ta ls
A  form al d e fin it io n  o f  a d so lu b iliz a t io n  su g g e s te d  h ere  is  “th e  

in co rp o ra tio n  o f  c o m p o u n d s  in to  su rfactan t su rfa ce  a g g r e g a te s , w h ic h  c o m p o u n d s  
w o u ld  n o t b e  in  e x c e s s  at th e  in ter fa ce  in th e  a b se n c e  o f  th e  su rfa cta n t.” (S c a m e h o m  
and  H a r w e ll, 1 9 8 8 ). A c c o r d in g ly , su rfactan t a d so rb ed  la y e r s  e x h ib it  h y d r o p h o b ic  
p ro p erties  w h ic h  th e  o rg a n ic  so lu te s  fro m  a q u e o u s  so lu t io n  ca n  b e  in co rp o ra ted . 
A d s o lu b iliz a t io n  is  th e  su r fa ce  a n a lo g u e  o f  so lu b iliz a t io n , w h ic h  s o lu b iliz a t io n  is  
d e fin e d  as th e  sp o n ta n e o u s  d is s o lv in g  o f  a su b sta n c e  ( s o l id , liq u id  or g a s )  b y  
r e v e r s ib le  in tera c tio n  w ith  th e  m ic e l le  o f  the su rfactan t in  a s o lv e n t  to  fo rm  a 
th e r m o d y n a m ic a lly  s ta b le  iso tr o p ic  s o lu t io n  w ith  red u ced  th e r m o d y n a m ic  a c t iv ity  o f  
th e  s o lu b iliz e d  m ateria l (R o se n , 1 9 8 9 ). F a cto rs in f lu e n c in g  a d so lu b iliz a t io n  b e h a v io r  
are as fo l lo w s :  (a ) su rfa cta n t structure; (b )  k in d  o f  o r g a n ic  so lu te s ;  (c )  k in d  o f  
p a r tic le s . T h e  p h e n o m e n a  o f  s o lu b iliz a tio n  and a d so lu b iliz a t io n  are sh o w n  in  
F ig u re  2 .3 .
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Figure 2.3 T h e  p h e n o m e n a  o f  s o lu b iliz a tio n  and a d so lu b iliz a t io n .
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F ig u re  2 .4  s h o w s  th e  stru ctu re o f  a d m ic e lle . T h is  f ig u r e  in d ic a te s  that 
th e  a d m ic e lle  is  ch a ra c ter ized  b y  th ree  r e g io n s . T h e  o u ter  r e g io n , c o n s is t in g  o f  th e  
su rfactan t h ea d  g r o u p s, is  th e  m o s t  p o lar  an d  fo r m s  th e a d m ic e lle /w a te r  and  
a d m ic e lle /s o l id  in te r fa c e s . T h e  in n er re g io n  is  referred  to  as th e  co re  r e g io n . T h is  
r e g io n  c o n s is t s  o f  th e  h y d ro ca rb o n  c h a in s  and is  n o n -p o la r  in  nature. T h e  re g io n  
b e tw e e n  th e  h e a d g r o u p s  and th e co r e  is  th e  p a lisa d e  r e g io n . T h is  r e g io n  is  
in term ed ia te  in  p o la r ity , c o n s is t s  o f  th e  carb o n s n ear th e  h ea d g r o u p s, an d  is  a lso  
c h a ra c ter ized  b y  w a ter  m o le c u le s  that h a v e  p en etra ted  th e a d m ic e lle  (D ic k s o n  and  
O ’H a v er , 2 0 0 2 ).

Figure 2.4 T h e  a d m ic e lle  structure.

In ord er to  e lu c id a te  th e  lo c u s  o f  a d so lu b iliz a t io n  in  a d m ic e lle , the  
p artition  c o e f f ic ie n t s  h a v e  b e e n  u se d . T h e  fo l lo w in g  tren d s h a v e  b e e n  p r o p o se d  
c o n c e r n in g  th e  lo c u s  o f  a d so lu b iliz a t io n  and th e p artition  c o e f f ic ie n ts :  ( 1 ) i f  th e  
so lu te  p a r tit io n s  p r im a rily  to  th e  c o r e , th e  p artition  c o e f f ic ie n t s  w i l l  in c r e a se  as th e  
m o le  fra c tio n  o f  th e  so lu te  in c r e a se s ;  ( 2 ) i f  th e  so lu te  p artit io n s p r im a rily  to  th e  
p a lisa d e  r e g io n , th e  p a rtit io n  c o e f f ic ie n t s  w il l  d e c r e a se  a s  th e  m o le  fra c tio n  o f  th e  
so lu te  in c r e a se s ;  ( 3 ) i f  th e  so lu te  p a r tit io n s  to  b o th  th e  c o r e  an d  th e  p a lisa d e , th e  
p artition  c o e f f ic ie n t  w i l l  rem a in  c o n sta n t as th e  m o le  fra ctio n  o f  th e  so lu te  in c r e a se s  
(H a r w e ll, 1 9 9 1 ).
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K itiy a n a n  et al. ( 1 9 9 6 )  s tu d ied  th e  a d so lu b iliz a t io n  o f  sty ren e , 
iso p r e n e  and th eir  m ix tu r e s  in to  c e ty ltr im e th y la m m o n iu m  b r o m id e  (C T A B )  b ila y ers  
(a d m ic e lle s )  o n  p rec ip ita ted  s il ic a . T h e  resu lt  sh o w e d  that th e  a d so lu b iliz a t io n  
e q u ilib r iu m  co n sta n t or p artition  c o e f f ic ie n t  o f  s ty r e n e  is  co n sta n t. T h is  im p lie s  that 
s ty ren e  is  a d s o lu b iliz e d  in to  b o th  th e p a lisa d e  r e g io n  and th e  c o r e  o f  th e  a d m ic e lle .  
W h ile  th e  iso p r e n e  a d so lu b iliz a t io n  eq u ilib r iu m  c o n sta n t d e c r e a se  w ith  in c r e a s in g  
m o le  fra c tio n  im p lie s  that iso p r e n e  is  a d s o lu b iliz e d  in to  th e  p a lisa d e  r e g io n  o f  th e  
a d m ic e lle . In a d d it io n , T an  an d  O ’H a v er  ( 2 0 0 4 )  fo u n d  that th e  lo c a t io n  o f  sty ren e  
a d so lu b iliz t io n  ca n  v a ry  w ith  its  am o u n t o f  lo a d in g . T h e y  s tu d ie d  th e a d so lu b iliz a t io n  
o f  s ty r e n e  in  p o ly e th o x y la te d  a lk y lp h e n o ls  (T r ito n  X )  o n  s il ic a . T h e  resu lt  sh o w e d  
that at lo w  c o n c e n tr a tio n s  th e  sty ren e  p a rtitio n  c o e f f ic ie n t  d o e s  n o t  c h a n g e  
s ig n if ic a n tly  and  th en  s lo w ly  in c r e a se s  at h ig h e r  c o n c e n tr a t io n s . T h is  im p lie s  that 
s ty ren e  in it ia lly  a d s o lu b iliz e s  in to  b o th  th e  p a lisa d e  r e g io n  and  th e  c o r e  o f  the  
a d m ic e lle  and th en  p r im a rily  in to  th e  co r e  r e g io n  at h ig h e r  c o n c e n tr a t io n s .

D ic k s o n  and O ’H a v er  ( 2 0 0 2 )  in v e s t ig a te d  th e  a d so lu b iliz a t io n  o f  
n a p h th a len e  and a -n a p h th o l w ith  s im ila r  stru ctu res b u t d iffe r e n t in  p o la r it ie s  
in  C „ T A B  (ท =  12 , 14, 1 6 ) a d m ic e lle s . T h e y  in v e s t ig a te d  th e  a d so lu b iliz a t io n  
c a p a c it ie s  o f  th e  c o r e  an d  p a lisa d e  r e g io n s  w ith in  th e a d m ic e lle  and  th eir  in tera c tio n s  
w ith in  th e  a d m ic e lle . T h e  p artition  c o e f f ic ie n t s  fo r  a -n a p h th o l rem a in ed  co n sta n t as 
th e  m o le  fra ctio n  o f  a -n a p h th o l in  th e  a d m ic e lle  in c r e a se d , im p ly in g  that a -n a p h th o l  
a d s o lu b iliz e d  to  b o th  th e  c o r e  an d  p a lisa d e  r e g io n s . T h e  p artition  c o e f f ic ie n t s  for  
n a p h th a len e  in  th e  C iô T A B  an d  C 1 2 T A B  s y s te m  rem a in  e s s e n t ia l ly  c o n sta n t as th e  
m o le  fra c tio n  in  th e  a d m ic e lle  in cr e a se d  d u e  to  th e  in term ed ia te  p o la r ity  o f  
n a p h th a len e , in d ic a tin g  that n a p h th a len e  a d s o lu b iliz e d  to  b o th  th e  co r e  an d  p a lisa d e  
r e g io n s . In th e  C 14 T A B  sy s te m , th e  p a rtitio n  c o e f f ic ie n t  in c r e a se d  s l ig h t ly  as th e  
m o le  fra ctio n  o f  n a p h th a len e  in  th e  a d m ic e lle  in c r e a se d . T h is  in c r e a se  in  th e  p artition  
c o e f f ic ie n t  im p lie d  that th e  c o m p o n e n t  w a s  p a r tit io n in g  p r im a rily  to  th e  co re  o f  
a d m ic e lle s .

T h e  a d s o lu b iliz a t io n  h a s b e e n  w id e ly  u se d  in  th e  d e v e lo p m e n t  o f  
v a r io u s  in d u str ia l p ro d u cts  su c h  a s  p a in ts , p h a r m a c e u tic a ls , p rep ara tio n  o f  p o ly m e r  
th in  f i lm s , and w a s te  w a ter  trea tm en t to  c o l le c t  and  r e m o v e  o r g a n ic  p o llu ta n ts . M o re  
r e c e n tly , Y u  e t al. ( 1 9 9 2 )  h a v e  b e g u n  to  in v e s t ig a te  th e  u se  o f  a d so lu b iliz a t io n  for
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a d m ic e lla r  c a ta ly s is , a  su r fa ce  a n a lo g u e  o f  m ic e l la r  c a ta ly s is  w h ic h  m a y  g iv e  g rea ter  
ste r e o  s e le c t iv ity  than  m ic e lla r  c a ta ly s is  and  m a y  b e  m o r e  a m e n a b le  to  d e v e lo p m e n t  
in to  in d u str ia l s c a le  p r o c e s s e s  b e c a u se  it ca n  b e  e m p lo y e d  in  a f ix e d  b ed  m o d e .

2 .3 .2  A d s o lu b iliz a t io n  in  S in g le -S u r fa c ta n t  S y s te m
A  n u m b er o f  s tu d ie s  h a v e  b e e n  c o n d u c te d  o n  th e  a d so lu b iliz a t io n  in  

s in g le -su r fa c ta n t  sy s te m . A d s o lu b iliz a t io n  o f  h e x a n o l fo r  s i l ic a -c a t io n ic  su rfactan t  
s y s te m s  su ch  a s  d o d e c y lp y r id in iu m  c h lo r id e  (D P C 1) an d  c e ty lp y r id in iu m  ch lo r id e  
(C P C 1) h a s b e e n  stu d ied  b y  E su m i et al. (1 9 9 1 ) .  T h e  a d so rb ed  a m o u n t o f  CPC1 
in c r e a se s  s lig h t ly  w ith  in c r e a s in g  fe e d  c o n c e n tr a tio n  o f  h e x a n o l. T h e  in c r e a se  in  th e  
a d so rp tio n  o f  CPC1 is  d u e  to  an in crea se  o f  th e  su r fa ce  a c t iv ity  o f  CPC1 in  th e  
p r e se n c e  o f  C PC 1. A  s im ila r  trend is  o b se r v e d  for th e  s i l ic a - D P C l  sy s te m . T h e  
a d s o lu b iliz e d  a m o u n t o f  h e x a n o l in c r e a se s  w ith  th e  a d so rb ed  a m o u n t o f  CPC1 and  

' d e c r e a se s  a b o v e  th e  cr itica l m ic e l le  c o n c e n tr a tio n  o f  C PC 1. A ls o ,  th e  a d s o lu b iliz e d  
a m o u n t o f  h e x a n o l in c r e a se s  w ith  th e fe e d  c o n c e n tr a t io n  o f  h e x a n o l. H o w e v e r , for  
th e  s i l ic a - D P C l  sy s te m , h e x a n o l is  h ard ly  a d so lu b iliz e d . M ic r o e n v ir o n m e n ta l 
p ro p er tie s  su ch  a s  m icr o p o la r ity  and m ic r o v isc o s ity  o f  a d so rb ed  la y e r s  h a v e  b e e n  
e s tim a te d  u s in g  th e  f lu o f lu o r e s c e n c e  p ro b e  and sp in  p ro b e  te c h n iq u e s . T h e  
m ic r o p o la r ity  o f  th e  CPC1 la y er  o n  s i l ic a  is  lo w e r  th an  that o f  th e  D PC 1 la y er  o n  
s i l ic a , w h ile  th e  m ic r o v isc o s ity  o f  th e  fo rm er  is  grea ter  th a n  that o f  th e  latter. It is  
r e a so n a b le  to  co rre la te  th e  a d so lu b iliz a t io n  b e h a v io r  w ith  th e  m ic r o e n v ir o n m e n ta l  
p ro p er tie s  o f  th e  a d so rb ed  su rfactan t layer .

E su m i and Y a m a m o to  ( 1 9 9 8 )  in v e s t ig a te d  th e  a d so r p tio n  o f  so d iu m  
d o d e c y l su lfa te  ( S D S )  o n  h y d r o ta lc ite  and  a d s o lu b iliz a t io n  o f  2 -n a p h th o l. T h e y  fo u n d  
that th e  a m o u n t o f  S D S  a d so rb ed  in c r e a se d  sh a rp ly  at lo w  S D S  c o n c e n tr a t io n  and  
th en  rea c h ed  a p la tea u . T h e  ad so rp tio n  o f  S D S  w o u ld  o c c u r  at tw o  s ite s :  o n e  is  th e  
e x tern a l su r fa ce  and th e  o th er  is  th e  in ter lay er . T h e  m ic r o e n v ir o n m e n t in  th e  S D S  
a d so rb ed  la y er  b e c o m e s  h y d r o p h o b ic  w ith  in c r e a s in g  S D S  c o n c e n tr a t io n . T h e  
a m o u n t o f  S D S  a d so rb ed  in  th e  p r e se n c e  o f  2 -n a p h th o l w a s  a lm o s t  th e  sa m e  a s that 
in  th e  a b se n c e  o f  2 -n a p h th o l. T h e  a m o u n t o f  2 -n a p h th o l a d s o lu b iliz e d  in c r e a se d  w ith  
in c r e a s in g  S D S  c o n c e n tr a tio n  and reach ed  a m a x im u m , and  th en  g ra d u a lly  d ecr e a se d . 
T h is  gradual re d u c tio n  is  n o t corre la ted  w ith  th e  s o lu b i liz a t io n  in  S D S  m ic e l le s  in
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a q u e o u s  s o lu t io n . B u t it c o m e  fro m  th e  2 -n a p h th o l a d so rb ed  w o u ld  d eso rb  b y  
a d so rp tio n  o f  S D S  d u e  to  e le c tr o s ta t ic  r e p u ls iv e  in tera c tio n  b e tw e e n  S D S  and  
d is s o c ia te d  2 -n a p h th o l.

A  s im u lta n e o u s  so rp tio n  o f  2 -n a p h th o l and  c o p p e r  io n s  b y  c a t io n ic  
su r fa c ta n t-a d so rb ed  la p o n ite  w a s  carr ied  o u t b y  E su m i et al. ( 1 9 9 9 ) .  T w o  c a t io n ic  
su rfa cta n ts , d o d e c y l tr im e th y la m m o n iu m  b r o m id e  (D T A B )  and  1 ,2 -  
b is (d o d e c y ld im e th y la m m o n io )  e th a n e  d ib r o m id e  (2 R e n Q ), w e r e  u sed . T h e  resu lts  
sh o w n  that b o th  th e  su rfa cta n t-a d so rb ed  la p o n ite  re ta in ed  a h ig h  so rp tio n  c a p a c ity  for  
c o p p e r  io n s  d u e  to  c a t io n  e x c h a n g e , w h ile  th e  2 R e n Q -a d so r b e d  la p o n ite  c o m p le te ly  
a d s o lu b iliz e d  2 -n a p h th o l in  a w h o le  c o n c e n tr a tio n  r e g io n , b u t th e  D T A B -a d so r b e d  
la p o n ite  o n e  d e c r e a se d  th e  a d so lu b iliz a t io n  g ra d u a lly  a b o v e  th e  C M C  o f  D T A B .

E su m i et al. (2 0 0 0 )  e x a m in e d  th e  a d s o lu b iliz a t io n  o f  2 -n a p h th o l o n  
a lu m in a  w ith  a d so rp tio n  o f  so d iu m  d o d e c y l su lfa te  ( S D S ) . T h e  a d s o lu b iliz e d  a m o u n t  
o f  2 -n a p h th o l in c r e a se d  sh arp ly  and  r e a c h ed  a  m a x im u m , th e n  d e c r e a se d  w ith  S D S  
c o n c e n tr a tio n . T h e  d e c r e m e n t o f  th e  a d s o lu b iliz e d  a m o u n t b e g a n  b e lo w  th e  cr it ica l  
m ic e l le  c o n c e n tr a t io n  o f  S D S . T h e  resu lt  from  th e  e x p e r im e n t  d em o n stra ted  that th e  
d e c r e m e n t o f  a d so lu b iliz a t io n  o f  2 -n a p h th o l is  n o t  d u e  to  th e  p a rtit io n  o f  2 -n a p h th o l 
b e tw e e n  th e  S D S  a d so rb ed  la yer  and  S D S  m ic e l le s ,  but is  d u e  to  th e  d if fe r e n c e  o f  
S D S  a d so rp tio n  s ta te s  su ch  as m o n o la y e r s  and a d m ic e lle s .

A d a k  et al. (2 0 0 6 )  in v e s t ig a te d  th e  r e m o v a l o f  p h e n o l from  w a ter  b y  
so d iu m  d o d e c y l su lfa te  m o d if ie d  a lu m in a  th ro u gh  a d so lu b iliz a t io n . T h e  su rfa cta n t-  
m o d if ie d  a lu m in a  w a s  fou n d  to  b e  v e r y  e f f ic ie n t  s h o w in g  9 0 %  r em o v a l o f  p h e n o l  
fro m  p h e n o l-sp ik e d  d is t ille d  w a ter  u n d er  o p t im iz e d  c o n d it io n s . T h e  r e m o v a l o f  
p h e n o l fro m  w a ter  f o l lo w e d  a se c o n d  ord er  k in e t ic s . T h e  p H  <  7  fa v o r s  th e  r e m o v a l. 
T h e  r e m o v a l e f f ic ie n c y  w a s  in cr e a se d  d u e  to  th e  p r e se n c e  o f  a n io n s  and  w a s  
d e c r e a se d  a litt le  d u e  to  th e  p r e se n c e  o f  c a t io n s . T em p era tu re  an d  h u m ic  a c id  had  n o  
e f fe c t  o n  th e  r e m o v a l o f  p h en o l. T h e  r e m o v a l o f  p h e n o l-s p ik e d  in  tap  w a ter  w a s  
fo u n d  to  b e  v e r y  m u c h  co m p a ra b le  w ith  that o b ta in e d  for d is t i l le d  w a ter  sy s te m .  
D e so r p tio n  o f  b o th  S D S  and p h e n o l from  th e  su r fa c e  w a s  p o s s ib le  u s in g  so d iu m  
h y d r o x id e  so lu t io n s . D e so r p tio n  o f  o n ly  p h e n o l is  p o s s ib le  b y  a c e to n e  or r e c tif ie d  
sp irit.
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T h e  a d so lu b iliz a t io n  o f  d ih y d r o x y b e n z e n e s  (c a te c h o l an d  h y d ro q u i-  
n o n e )  in to  c e ty ltr im e th y la m m o n iu m  b ro m id e  (C T A B )  la y e r s  o n  s i l ic a  p a r t ic le s  h a v e  
b e e n  in v e s t ig a te d  b y  L i et al. ( 2 0 0 7 ) .  It w a s  fo u n d  that th e  a d so lu b iliz a t io n  am o u n t  
o f  c e ta c h o l in c r e a se s  w ith  in c r e a s in g  th e  c o n c e n tr a t io n  o f  C T A B , r e a c h e s  a 
m a x im u m  v a lu e  at th e  cr itica l m ic e l le  c o n c e n tr a tio n  (C M C ), and  th en  d e c r e a se s  w ith  
further in c r e m e n t o f  C T A B  co n c e n tr a tio n . F or  h y d r o q u in o n e , d iffe r e n t p h e n o m e n o n  
is  o b se r v e d . T h e  m a x im u m  a d s o lib il iz a t io n  a m o u n t r e a c h e s  at cr it ica l su r fa ce  
a g g r e g a tio n  c o n c e n tr a tio n  (C S A C )  in stea d  o f  C M C  o f  th e  C T A B  and  th en  d e c r e a se s  
u n til it r e a c h es  a  p la tea u  at C M C . T h is  is  b e c a u se  that th e  in tera c tio n  b e tw e e n  
h y d r o q u in o n e  and  C T A B  m o le c u le s  is  stro n g er  th a n  th e  in te r a c tio n  b e tw e e n  
h y d r o q u in o n e  and  C T A B  m ic e l le .  H e n c e , th e  a d so lu b iliz a t io n  a b ility  o f  th e  
a d m ic e lle  is  sm a lle r  than  th e  m o n o la y e r . T h is  w il l  lea d  to  th e  d e c r e a se  o f  th e  
a d so lu b iliz a t io n  am o u n t o f  h y d r o q u in o n e  o n  s i l ic a  su r fa ce . H o w e v e r , th e  fo rm a tio n  
o f  th e  m ic e l le s  h a s n o  e f fe c t  o n  th e  a d so lu b iliz a t io n  o f  h y d r o q u in o n e  b e c a u s e  o f  th e  
w e a k  in tera c tio n  b e tw e e n  C T A B  m ic e l le s  and h y d r o q u in o n e . T h is  is  th e  rea so n  that 
th e  a d so lu b iliz a t io n  a m o u n t rem a in s  co n sta n t a fter  C M C .

2 .3 .3  A d s o lu b iliz a t io n  in  M ix e d -S u r fa c ta n t S y s te m
S u rfactan t m ix tu r e s  p r o v id e  se v e r a l a d v a n ta g e s  o v e r  s in g le  

su rfa cta n ts , b e c a u s e  th e  a d so rp tio n  o f  su rfa cta n ts  o n  p a r tic le s  ca n  b e  c o n tr o lle d  u s in g  
ap p rop ria te  su rfa cta n ts  and  so lu t io n  p ro p erties . It w o u ld  b e  e x p e c te d  th at the  
a d s o lu b iliz a t io n  o f  o rg a n ic  c o m p o u n d s  c o u ld  b e  e n h a n c e d  u s in g  a m in im u m  am o u n t  
o f  su rfa cta n t m ix tu r e s . T h e  a d so lu b iliz a t io n  o f  2 -n a p h th o l u s in g  su rfa cta n t m ix tu r e s  
o f  an  a n io n ic  su rfa cta n t, so d iu m  d o d e c y l su lfa te  ( S D S ) ,  an d  a  n o n io n ic  su rfactan t, 
h e x a o x y e th y le n e d o d e c y l  e th er  (C ioE ô), o n  a lu m in a  h a s b e e n  in v e s t ig a te d  b y  E su m i  
et al. ( 2 0 0 0 ) .  In a s in g le -  su rfa cta n t sy s te m , C ioE ô i t s e l f  sh o w e d  a v e r y  lo w  
a d so lu b iliz a t io n  o f  2 -n a p h th o l, w h e r e a s  S D S  h a s  an a p p r e c ia b le  a d s o lu b iliz a t io n  
c a p a c ity . In a m ix e d -su r fa c ta n t sy s te m , th e  a d s o lu b iliz a t io n  b e c o m e  g rea ter  w ith  an  
in c r e a se  in  th e  S D S  c o n ten t in  th e  in itia l m ix tu res . O n  th e  o th er  h an d , th e  ra tio  o f  
a d s o lu b iliz e d  a m o u n t to  su rfactan t a d so rb ed  a m o u n t b e c o m e  sm a lle r  w h e n  th e S D S  
c o n te n t in  th e  in itia l m ix tu res  in cr e a se d . T h e y  u se  th e  ratio  o f  a d s o lu b iliz e d  am o u n t  
to  su rfactan t a d so rb ed  am o u n t to  co m p a r e  th e  e f f ic ie n c y  o f  a d so lu b iliz a t io n . W h en
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th e  ratio  o f  S D S  to  C 1 0 E 6 b e c o m e s  sm a ll, th e  e f f ic ie n c y  o f  a d so lu b iliz a t io n  b e c o m e s  
greater. T h e  su rfactan t a d so rb ed  la y er  for  b o th  S D S :C io E ô  =  1:3 and  1:1 p r o v id e s  
grea ter  e f f ic ie n c y  o f  a d so lu b iliz a t io n  th an  that for  S D S  a lo n e .

E su m i et al. ( 2 0 0 1 )  in v e s t ig a te d  th e  a d so lu b iliz a t io n  o f  2 -n a p h th o l b y  
b in ary  m ix tu r e s  o f  c a t io n ic  and n o n io n ic  su rfa cta n ts  o n  s il ic a . T w o  c a t io n ic  
su rfa cta n ts  u se d  w e r e  h e x a d e c y ltr im e th y la m m o n iu m  b r o m id e  (H T A B )  and  1 ,2 -  
b is (d o d e c y ld im e th y la m m o n io )e th a n e  d ib r o m id e s  (2 R e n Q ), and  a n o n io n ic  su rfactan t 
u sed  w a s  h e x a o x y e th y le n e d e c y l e th er  (C ioE ô). In th e  s in g le  su rfa cta n t s y s te m s ,  
a d so lu b iliz a t io n  o f  2 -n a p h th o l for H T A B  and  2 R e n Q  w a s  v e r y  s im ila r  and  w a s  
grea ter  than  that for CioEô- In th e H T A B /C io E ô  s y s te m , th e  a d so lu b iliz a t io n  o f  
2 -n a p h th o l w a s  en h a n c e d  b y  su rfactan t m ix tu r e s  o f  H T A B  and  C ioE 6 co m p a red  to  
th o se  o f  s in g le  s y s te m s . O n  th e o th er  h an d , in  th e  2 R en Q /C io E 6  sy s te m  th e  
a d so lu b iliz a t io n  o f  2 -n a p h th o l b y  su rfactan t m ix tu r e s  o f  2 R e n Q  and  C ioE ô w a s  rather  
sm a lle r  than  that o f  2 R e n Q  a lo n e  b ut s till larger th an  that o f  CioEô- It is  s u g g e s te d  
that th e  h y d r o p h o b ic  p rop erties  in  th e  m ix e d  su rfa cta n t a d so r b e d  la yer  for  
a d so lu b iliz a t io n  o f  2 -n a p h th o l are a f fe c te d  b y  th e  stru ctu re o f  c a t io n ic  su rfactan t.

2 .3 .4  A d so lu b iliz a t io n  in  P E O -P P O -P E O  T r ib lo c k  C o p o ly m e r  S y s te m
T h e u se  o f  p o ly m e r ic  su rfa cta n ts  as an a d so rb a te  is  m o r e  p ractica l 

im p ortan t b e c a u se  r e p la c e m e n t o f  th e  so lu t io n  p h a se  m a y  c a u se  d e so r p tio n  o f  th e  
a d so rb ed  su rfa cta n ts  a w a y  from  th e in ter fa ce . T h is  d e so r p tio n  w il l  n e c e s s a r ily  re su lt  
in  su b se q u e n t re le a se  o f  th e  a d s o lu b iliz e d  so lu te s . P o ly m e r ic  su rfa cta n ts  h a v e  an  
a d v a n ta g e  o v e r  lo w  m o le c u la r  su rfactan ts: th e  d e so r p tio n  rate o f  th e  fo rm er  ty p e s  is  
g e n e r a lly  lo w e r  than  that o f  th e  latter. In o th er  w o r d s , th e  a d so rb ed  la y er  o f  
p o ly m e r ic  su rfa cta n ts  is  a b le  to  rem ain  at th e  in te r fa c e , o v e r c o m in g  a p r o b le m  o f  
r e p la c e m e n t o f  th e  su p ernatan t b y  th e  su rfa cta n t free  so lu t io n .

M o n ta rg es  et al. ( 1 9 9 8 )  s tu d ie d  th e  a d so rp tio n  o f  o r g a n ic  to x ic a n ts  
fro m  w a ter  o n to  A l i 3 -p lu r o n ic  m o d if ie d  c la y . T h is  o r g a n ic  to x ic a n ts  are
4 -m o n o c h lo r o p h e n o l (4 -M C P ) and 2 ,5 -d ic h lo r o p h e n o l (2 ,5 -D C P ). In th e  c a se  o f  
4 -M C P , th e  p r e se n c e  o f  c o -in te r c a la te d  P E O -P P O -P E O  tr ib lo ck  c o p o ly m e r s  le a d s  to  
h ig h er  a d so rb ed  a m o u n ts  than  w h a t is  o b se r v e d  fo r  a c la s s ic a l a lu m in u m -p illa r e d  
c la y . In a c id  c o n d it io n s  th e  h ig h e s t  a d so rb ed  a m o u n ts  are o b ta in s  fo r  th e  c la y
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m o d if ie d  w ith  th e m o st  h y d r o p h o b ic  p o ly m er . In b a s ic  c o n d it io n s  a r e v e r se  tren d  is  
o b se r v e d  a s  th e  h ig h e s t  a d so rb ed  am o u n ts  are o b ta in e d  for  th e  c la y  m o d if ie d  w ith  th e  
m o st h y d r o p h ilic  p o ly m e r . In th e  c a s e  o f  2 ,5 -D C P , th e  h ig h e s t  a d so rb ed  a m o u n ts  are  
o b ta in ed  in  the c a se  o f  c la y  m o d if ie d  w ith  th e m o s t  h y d r o p h o b ic  p o ly m e r  for  b o th  
pH  d o m a in s .

T su ru m i et al. ( 2 0 0 6 )  in v e s tig a te d  th e  a d so lu b iliz a t io n  o f  2 -n a p h th o l  
in to  an a d so rb ed  la y er  o f  P E O -P P O -P E O  tr ib lo c k  c o p o ly m e r s  o n  h y d r o p h ilic  
s il ic a . T h e  resu lt sh o w e d  that th e  ord er o f  th e  a d so rp tio n  in  th e  sa tu ra tion  le v e l  
w a s  fo u n d  to  b e  P I 2 3  ~  P I 0 3  >  P I 0 5  »  F 1 0 8 , m e a n in g  that c o p o ly m e r s  w ith  h ig h e r  
h y d r o p h o b ic ity  ca n  ad so rb  p r e feren tia lly  to  th e  s i l ic a  su r fa ce . In  o th er  w o r d s , th e  
a d so rb ed  am o u n t in c r e a se s  as th e  H L B  v a lu e  d e c r e a se s . In d eed , th is  ord er  w a s  
p ara lle l to  th e  ord er o f  th e  a d so lu b iliz a t io n  a m o u n t o f  2 -n a p h th o l. T h is  s u g g e s ts  that 
an e n h a n c e m e n t o f  c o p o ly m e r s  ad so rp tio n  p r o v id e s  a n u m b er  o f  h y d r o p h o b ic  s ite s  
that is  su ff ic ie n t  to  e n a b le  a d so lu b iliz a t io n  o f  2 -n a p h th o l. In th e  c a se  o f  c o -a d d it io n  
o f  c o p o ly m e r s  and 2 -n a p h th o l, th e  a d so lu b iliz a t io n  a m o u n t in c r e a se d  g ra d u a lly  at 
lo w e r  su rfactan t co n ce n tr a tio n  r e g io n s , reach ed  a m a x im u m , and  th en  d e c r e a se d  w ith  
in c r e a s in g  c o n cen tra tio n  o f  c o p o ly m e r s . T h e  m a x im u m  a m o u n t ap p ea red  at C M C  o f  
ea c h  c o p o ly m e r . T h e  d e c rem en t in th e  a d so lu b iliz a t io n  a m o u n t is  in terp reted  as  
in co rp o ra tio n  o f  th e  2 -n a p h th o l tak es p la c e  n ot o n ly  in to  th e  a d so rb ed  la y er  b u t a lso  
in to  th e  s o lu t io n  m ic e l le s  s im u lta n e o u s ly . O n  th e  o th er  h an d , th e  f in a l d e c r e m e n t w a s  
n ot o b se r v e d  w h en  2 -n a p h th o l w a s  ad d ed  a fte r  r e p la c e m e n t o f  th e  c o p o ly m e r s  
su p ern atan t b y  free su rfactan t so lu tio n .

T h e sa m e  ex p e r im e n ta l w a s  in v e s t ig a te d  o n  h y d r o p h o b ic a lly  
m o d if ie d  s i l ic a  p a rtic le s  b y  T su ru m i et al. (2 0 0 6 ) .  T h e  resu lt s h o w e d  th at th e  a m o u n t  
o f  th e  P E O -P P O -P E O  a d so rb ed  o f  th e  m a x im u m /sa tu r a tio n  a d so rp tio n  le v e l  w a s  
in c r e a se s  w ith  a d e c r e a se  in  th e  H L B  v a lu e , s u g g e s t in g  that th e  m o r e  h y d r o p h o b ic  
c o p o ly m e r s  ( P I 03  and P I 2 3 )  ad sorb  p r e fe r e n tia lly  o n to  th e  h y d r o p h o b ic  s i l ic a  
su r fa ce  o v e r  th e  m o re  h y d r o p h ilic  c o p o ly m e r s  ( P I 0 5  and  P I 0 8 ) . T h e  grea ter  
a d so rb ed  am o u n t o f  th e  m o re  h y d ro p h o b ic  su rfa cta n ts  re su lted  in  a  g rea ter  a m o u n t o f  
2 -n a p h th o l a d so lu b iliz e d  in to  th e  a d so rb ed  c o p o ly m e r s  la y ers . In th e  c a se  o f  
s im u lta n e o u s  a d d itio n  o f  th e  c o p o ly m e r  and 2 -n a p h th o l, th e  a m o u n t a d s o lu b iliz e d  
in to  th e  ad so rb ed  P I 2 3  and P I 03  la y ers in c r e a se d , r e a c h ed  a m a x im u m , and



22

th en  d e c r e a se d . O n  th e o th er h an d , for  b o th  P I 0 5  and P I 0 8 , a d e c r e a se d  in  
th e  a d s o lu b iliz e d  a m o u n t w a s  n ot o b se r v e d . W h en  2 -n a p h th o l w a s  ad d ed  a fter  
r e p la c e m e n t o f  th e  c o p o ly m e r s  su p ern atan t b y  a su rfactan t free  so lu t io n , th e  fin a l 
d e c r e a se  w a s  in s ig n if ic a n t  for a ll c o p o ly m e r s .

A s  m e n tio n e d  earlier , w h e n  c o m p a re  b o th  r e se a r c h e s  o f  T su ru m i et al. 
th e  a d so rp tio n  and  a d so lu b iliz a t io n  o f  th e  m o re  h y d r o p h ilic  c o p o ly m e r s  ( P I 0 5  and  
P I 0 8 )  o n  th e h y d r o p h o b ic  s il ic a  p a r tic le s  is  e x p e c te d  to  b e  g rea ter  than  that o n  the  
h y d r o p h ilic  s i l ic a  p a r tic le s .

W attan ap h an  ( 2 0 0 8 )  s tu d ied  th e a d so rp tio n  o f  E O /P O  b lo c k  
c o p o ly m e r s  L 3 1 , P I 2 3 , L 6 4 , 1 7 R 2 , 2 5 R 4 , and 10 R 5  o n to  h y d r o p h ilic  s i l ic a  su r fa ces  
and  a d so lu b iliz a t io n  o f  p h e n o l, n a p h th a len e , and 2 -n a p h th o l in to  E O /P O  b lo c k  
c o p o ly m e r s  a d so rb ed  layer . T h e  resu lts  sh o w e d  that L 3 1 and  17 R 2  w ith  H L B  v a lu e s  
lo w e r  than 7 c o u ld  n o t  a p p rec ia b ly  ad sorb  o n to  h y d r o p h ilic  s i l ic a  d u e  to  th e  sm a ll  
n u m b er  o f  E O  g ro u p s  ca p a b le  o f  in tera ctin g  w ith  the s il ic a  su r fa c e . F ou r fa c to r s  are 
c o n s id e r e d  for  th e  a d so rp tio n  o f  b lo c k  c o p o ly m e r s  o n to  s il ic a ;  H L B  v a lu e , 
c o n fig u r a tio n , E O /P O  ratio , and  m o le c u la r  w e ig h t . C o n se q u e n tly , th e  m a x im u m  
a m o u n t o f  a d so rb ed  su rfactan t is  th u s a f fe c te d  b y  the c o p o ly m e r  c o n fig u r a tio n , 
E O /P O  ratio , and  m o le c u la r  w e ig h t  a s  w e l l .  F or a d so lu b iliz a t io n  stu d y , fo r  a  g iv e n  
H L B  v a lu e , th e  c o p o ly m e r s  w h ic h  h a v e  a larger  n u m b er o f  P P O  gro u p s and  h ig h er  
m o le c u la r  w e ig h t  ap p ear to  a p p rec ia b ly  a d s o lu b iliz e  o r g a n ic s  m o r e  th an  th o s e  w ith  a 
lo w e r  n u m b er  o f  P P O  gro u p s and lo w e r  m o le c u la r  w e ig h t . In a d d it io n , th e  e f fe c t  o f  
s iz e  and p o la r ity  o f  o r g a n ic  c o m p o u n d s  w e r e  in v e stig a te d . T h e  sm a ll m o le c u le s  
p re fer  to  b e  a d s o lu b iliz e d  m o re  than  th e  larger o n e  and th e  p o la r  c o m p o u n d s  ten d  to  
h a v e  s ig n if ic a n tly  h ig h e r  in  th e  a m o u n ts  o f  o r g a n ic s  a d s o lu b iliz e d  th an  th e n o n -p o la r  
c o m p o u n d s

2.4 Factors Affecting Surfactant Adsorption and Adsolubilization

M a n y  fa c to rs  a f fe c t in g  su rfactan t a d so rp tio n  at so l id - l iq u id  in ter fa ce , as w e l l  
as a d so lu b iliz a t io n  o f  o rg a n ic  m o le c u le s  h a v e  b e e n  in tro d u ced  in  th is  s e c t io n . T h e se  
fa c to rs  d e term in e  th e  m e c h a n ism , e f f ic ie n c y  and  e f fe c t iv e n e s s  o f  th e  a d so rp tio n  and  
a d so lu b iliz a t io n .
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2 .4 .1  N a tu re  o f  th e  S tru ctu ral G ro u p s on  the S o lid  S u r fa c e s
A d so r p tio n  and  a d so lu b iliz a t io n  is  re la ted  to  th e  n atu re o f  th e  

structural g ro u p s o n  th e  s o l id  su r fa ce  w h e th e r  th e  su r fa ce  c o n ta in s  h ig h ly  ch a rg ed  
s ite s  or e s se n tia l n o n p o la r  gro u p , and  th e  nature o f  a to m s o f  w h ic h  th is  s ite  or  
g r o u p in g  are co n stitu te d .

E su m i ( 2 0 0 1 )  in v e s t ig a te d  th e  a d so rp tio n  o f  io n ic  su rfa cta n ts  o n  
tita n iu m  d io x id e  w ith  d o d e c y l c h a in  g ro u p s or q u atern ary  a m m o n iu m  g ro u p s (X N m ,  
w h e r e  m  is  th e  carb o n  n u m b er  o f  th e  a lk y l ch a in , 4 - 1 6 ) .  T h e  a d so rb ed  a m o u n t o f  
c a t io n ic  su rfa cta n ts  (d o d e c y ltr im e th y la m m o n iu m  b ro m id e  (D T A B )  and 1 ,2 -  
b is (d o d e c y ld im e th y la m m o n io )e th a n e  d ib r o m id e  (2 R e n Q ))  o n  tita m iu m  d io x id e  w ith  
d o d e c y l c h a in  g ro u p s  in cr e a se d  w ith  in c r e a s in g  the c o n c e n tr a tio n  o f  d o d e c y l c h a in  
d u e  to h y d r o p h o b ic  in tera ctio n . T h e  a d s o lu b iliz e d  a m o u n t o f  2 -n a p h th o l o n  
D T A B -  tita n iu m  d io x id e  w ith  d o d a c y l c h a in  g ro u p s in cr e a se d  w ith  in c r e a s in g  th e  
c o n c e n tr a tio n  o f  d o d a c y l c h a in , but n o t o b se r v e d  for  2 R e n Q . A d so r p tio n  o f  an  
a n io n ic  su rfa cta n t (so d iu m  d o d e c y l su lfa te  (S D S ) )  o n  X N m  occu rred  m a in ly  d u e  to  
b oth  e le c tr o s ta t ic  a ttraction  fo r c e  and h y d r o p h o b ic  in tera ctio n . O n  th e  o th er  h an d , 
a d so rp tio n  o f  c a t io n ic  su rfa cta n ts , D T A C  and 2 R e n Q C l, o n  X N m  w a s  q u ite  sm a lle r  
co m p a red  w ith  that o f  S D S  d u e  to e le c tr o s ta t ic  r e p u ls io n  fo rce . In th e  c a se  o f  
a d so lu b iliz a t io n  o f  X N m , th e  am o u n t o f  2 -n a p h th o l a d so rb ed  in  th e  a b se n c e  o f  
su rfa cta n ts  in c r e a se d  w ith  in c r e a s in g  a lk y l c h a in  le n g th  o n  X N m . F urther, an  
a p p re c ia b le  in c r e a se  in  th e  a d so lu b iliz a t io n  o f  2 -n a p h th o l o n  X N m  w ith  a d so rp tio n  o f  
2 R e n Q C l w a s  o b se r v e d .

2 .4 .2  M o le c u la r  S tru ctu re o f  th e  S u rfactan t b e in g  A d so r b e d
T h e  c h e m ic a l structure o f  su rfactant in f lu e n c e s  o n  th e a d so rp tio n  and  

a d so lu b iliz a t io n . T h e  su r fa c e -a c tiv e  p ro p erties  o f  a su rfactan t are th erefore  
d eterm in ed  b y  its  n u m ero u s structural ch a r a c te r is tic s , w h ic h  in c lu d e s  th e  ty p e  o f  
su rfactan t ( io n ic  or n o n io n ic  su rfa cta n t) and w h eth er  th e  n u m b er, le n g th , stra igh t 
ch a in  or b ra n ch ed  o f  th e  h y d r o p h o b ic  part.

E su m i and Y a m a n a k a  ( 1 9 9 5 )  s tu d ied  th e  a d so rp tio n  o f  so d iu m  
d o d e c y l p o ly (o x y e th y le n e )  su lfa te , S D E nS (ท =  0 , 3 , 5 , and  8 ) , o n  p o s it iv e ly  ch a rg ed  
a lu m in a  in  a q u e o u s  so lu t io n . T h e  a d so rp tio n  o f  S D E n S  d e c r e a se s  w ith  in c r e a s in g
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o x y e th y le n e  c h a in  le n g th  o f  S D E nS. In p articu la r ly , th e  d e c r e a se  in  th e  a d so rp tio n  o f  
S D E gS  is  m a rk ed ly  la rge . T h e  a d so rp tio n  o f  S D E n S  w a s  c o n s id e r a b ly  in f lu e n c e d  in  
the p r e se n c e  o f  2 -n a p h th o l. In p a rticu la r ly , th e  e n h a n c e m e n t in  th e  a d so r p tio n  o f  S D S  
is  p ro b a b ly  d u e  to  th e  d e c r e a se  in  th e  e le c tr o s ta t ic  r e p u ls iv e  fo r c e  b e tw e e n  th e  
ad so rb ed  S D S  m o le c u le s . In a d d it io n , th e  a d so lu b iliz a t io n  o f  y e l lo w  O B  and  
2 -n a p h th o l h a v e  b e e n  in v e s t ig a te d . It is  fo u n d  that y e l lo w  O B  is  p refera b ly  
p a rtitio n ed  in to  the S D E nS a d so rb ed  la y er  o n  a lu m in a  as th e  o x y e th y le n e  ch a in  
len g th  o f  S D E n S  d e c r e a se s . T h e  a d s o lu b iliz e d  a m o u n t o f  2 -n a p h th o l in th e  c a se  o f  
S D S , S D E 3 S , and  S D E 5 S in crea sed  sh arp ly  at lo w  c o n c e n tr a tio n  o f  S D E n S  and  
rea ch ed  a m a x im u m , th en  d ecr e a se d . O n  th e  o th er  h a n d , in  th e  c a se  o f  S D E g S , the  
a d so lu b iliz e d  a m o u n t o f  2 -n a p h th o l in c r e a se d  g ra d u a lly . Further, th e  a d so lu b iliz a t io n  
c a p a c ity  for  2 -n a p h th o l in cr e a se d  fro m  ท =  0  to ท =  8  o f  S D E n S .

E su m i et al. ( 1 9 9 6 )  in v e s t ig a te d  th e a d so rp tio n  an d  a d so lu b iliz a t io n  
b y  m o n o m e r ic  ( I R Q ) , d im e r ic  (2 R e n Q ), or tr im er ic  (3 R d ie n Q ) q u atern ary  
a m m o n iu m  su rfa cta n ts  at s il ic a /w a te r  in ter fa ce . T h e y  fo u n d  that th e  a m o u n t a d so rb ed  
at sa tu ration  d e c r e a se  w ith  in c r e a s in g  d o d e c y l ch a in  n u m b er  o f  th e  su rfa cta n t from  
IR Q  to  2 R e n Q  and 3 R d ie n Q . T h e  a m o u n ts  o f  2 -n a p h th o l a d so lu b iliz e d  in cr e a se , 
reach  a m a x im u m , and th en  d e c r e a se  for the th ree  su rfa cta n ts . T h e  ratio  o f  a m o u n t o f  
2 -n a p h th o l a d s o lu b iliz e d  to  th e  a d so rb ed  a m o u n t o f  su rfa cta n t in c r e a se s  w ith  
in c r e a s in g  th e  ch a in  n u m b er  from  IR Q  to  2 R e n Q  and 3 R d ie n Q . E lo w e v e r , it is  
in terestin g  that th e  ratio  o f  am o u n t o f  2 -n a p h th o l a d so lu b iliz e d  to  d o d e c y l c h a in  
d e c r e a se s  w ith  in c r e a s in g  c h a in  n u m b er  from  IR Q  to  2 R e n Q  and 3 R d ie n Q . 
In a d d it io n , th e  resu lt s u g g e s te d  th at 2 R e n Q  and  3 R d ie n Q  a d so rb  s tr o n g ly  o n  th e  
s i l ic a  su r fa c e , in co rp o ra tin g  2 -n a p h th o l f irm ly  c o m p a r e d  to  IR Q .

2 .4 .3  E n v iro n m en ta l o f  th e  A q u e o u s  P h a se  (p H  and  Io n ic  S tren g th )
It is  w e l l  k n o w  that th e  su r fa ce  c h a rg e  d e n s ity  o f  d isp e r se  h y d r o p h ilic  

s o lid  in  w a ter  is  g o v e r n e d  p rim a rily  b y  th e  pH  o f  th e  sy s te m . T h u s , th e  a m o u n t o f  
a d so rp tio n  and  a d so lu b iliz a t io n  is  a f fe c te d  b y  c h a n g e  in th e  p H  o f  th e  s o lu t io n s . T h e  
p o in t o f  ze r o  ch a rg e  (p z c )  is  th e  pH  v a lu e  at w h ic h  a s o l id  su b m e r g e d  in  an  
e le c tr o ly te  e x h ib its  zero  n et e le c tr ic a l ch a rg e  o n  th e  su rfa ce . W h en  th e p H  is  lo w e r  
than the p z c  v a lu e , the su r fa ce  is  p o s it iv e ly  c h a rg ed . C o n v e r s e ly , a b o v e  p z c  the
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su r fa c e  is  n e g a t iv e ly  ch arg ed . P ra d u b m o o k  et al. ( 2 0 0 3 )  s tu d ie d  th e  e f fe c t  o f  p H  on  
th e  a d so rp tio n  o f  c e ty ltr im e th y la m m o n iu m  b r o m id e  (C T A B )  o n  s i l ic a  and th e  
a d so lu b iliz a t io n  o f  to lu e n e  and  a c e to p h e n o n e . T h e  a d so rp tio n  and  a d so lu b iliz a t io n  
w e r e  in v e s t ig a te d  at p H  v a lu e s  5 and 8 . T h e  C T A B  a d so rp tio n  at p H  8  w a s  h ig h e r  
th an  th e  a d so rp tio n  at p H  5. T h e  p o in t o f  ze r o  c h a r g e  for  s i l ic a  is  b e tw e e n  2  and  3. 
T h u s , th e  h ig h e r  a b o v e  p H  3 th e m o re  n e g a tiv e  th e  su r fa c e , and th e  grea ter  the  
a d so r p tio n  o f  c a t io n ic  su rfactan t. In c r e a s in g  th e  p H  lea d s  to  h ig h e r  a m o u n ts  o f  head  
o n  a d so rb ed  su rfa cta n t o n  th e  s ilic a . T h e  a d s o lu b iliz a t io n  o f  to lu e n e  and  
a c e to p h e n o n e  at p H  8  w a s  h ig h e r  th an  th e  a d s o lu b iliz a t io n  at p H  5. F or to lu e n e , pH  
h ad  litt le  e f fe c t  o n  th e  a d so lu b iliz a t io n . In co n tra st, th e  p H  e f fe c t  o n  a c e to p h e n o n e  
w a s  m u c h  m o r e  p r o n o u n ced .

F or e f fe c t  o f  io n ic  stren g th , th e  a d so r b e d  a m o u n t o f  io n ic  su rfa cta n ts  
ap p arently ' in c r e a se s  w ith  in c r e a s in g  io n ic  s tren g th  d u e  to  a d e c r e a se  in  the  
e le c tr o s ta t ic  r e p u ls io n  fo rce  b e tw e e n  th e  su rfa cta n ts . E su m i et al. ( 1 9 9 6 )  s tu d ied  the  
e f fe c t  o f  ad d ed  sa lt , N a B r , o n  a d so rp tio n  an d  a d s o lu b iliz a t io n  o f  2 -n a p h th o l b y  
g e m in i su rfa cta n t o n  s il ic a . T h e  g e m in i su rfa cta n t w a s  u se d  in th is  stu d y  is  
l ,2 -b is (d o d e c y ld im e th y la m m o n io )  e th a n e  d ib r o m id e  (2 R e n Q ). T h e y  fo u n d  that the  
a d so rb ed  a m o u n ts  an d  th e  p la tea u  a d so rp tio n  o f  2 R e n Q  in c r e a se  w ith  in c r e a s in g  
a m o u n t o f  N a B r  ad d ed . T h e  a d so lu b iliz a e d  a m o u n ts  o f  2 -n a p h th o l w ith  a d d ed  N a B r  
w e r e  grea ter  than  th a t w ith  n o  a d d ed  N a B r , b ut th e  ra tio  o f  th e  a d s o lu b iliz a e d  am o u n t  
o f  2 -n a p h th o l to  th e  a d so rb ed  a m o u n t o f  2 R e n Q  d e c r e a se  w ith  in c r e a s in g  N a B r  
c o n c e n tr a t io n  m a y  o c c u r  b e c a u se  in co rp o ra tio n  o f  2 -n a p h th o l m o le c u le s  in to  th e  
2 R e n Q  a d so rb ed  la y e r  is  p rev e n te d  b y  th e  in c r e a s in g  d e n s ity  2 R e n Q  m o le c u la r  
p a c k in g  c a u se d  b y  th e  ad d ed  N a B r . In a d d it io n , from  a  tw o  s te p s  p r o c e s s  o f  
a d so r p tio n -a d so lu b iliz a t io n , th e  resu lts  sh o w n  th e  a d s o lu b iliz e d  a m o u n ts  o f  
2 -n a p h th o l w ith  n o  ad d ed  N a B r  m a rk ed ly  d e c r e a s e s , a c c o m p a n y in g  th e  s ig n if ic a n t  
d e so r p tio n  o f  2 R e n Q , w h ile  th e  a d s o lu b iliz e s  a m o u n ts  o f  2 -n a p h th o l an d  ad so rb ed  
a m o u n ts  o f  2 R e n Q  w ith  N a B r  ad d ed  are a lm o s t  th e  sa m e . T h e r e fo r e , it is  in ferred  
that 2 R e n Q  a d so rb s  s tro n g ly  o n  th e  s i l ic a  su r fa c e  w ith  a d d ed  N a B r , in co rp o ra tin g  
2 -n a p h th o l m o r e  f ir m ly  co m p a r e d  to  th e  s itu a tio n  w ith  n o  a d d ed  N a B r .
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