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Chapter II  

Scope and object 

The self-aggregation of amphiphilic molecules, either in the simplest form of 

monolayers or in the form of micelles, vesicles and liposomes, all provide unique 

opportunities to bring other molecules closer together, to orient them in specific way 

and to alter their reactivities. Normal micelles that form within aqueous surfactant 

solutions above a certain surfactant concentration (or a concentration range), usually 

called critical micelle concentration (cmc), are a topic of major interest due to their 

unusual physicochemical properties as a result of surfactant aggregation. Although 

some work has been done in this field, a complete understanding of the micellization 

phenomena, its fundamental aspects, use of related studies for technological 

developments, and understanding molecular behavior requires a comprehensive 

knowledge of the forces and factors controlling the said process. One approach that is 

widely being practiced for this knowledge has been the study of effect of additives 

especially electrolytes, on the micellization characteristics of ionic surfactants. The 

alteration or modifications of important physicochemical properties of aqueous 

surfactant solutions is highly desirable as far as potential applications of such systems 

are concerned. Modification of forces operating within the surfactant micelles has led 

to formation of sophisticated aggregates such as wormlike micelles, which have 

physical characteristics that are entirely different from that of the spherical micelles. 

Wormlike micelles are long, flexible, cylindrical chains with contour lengths of the 

order of a few micrometers. The rheological properties of entangled wormlike micellar 

solutions are similar to those of semidilute polymer solutions with the difference that 

the micelles are dynamic in nature (breaking and recombining rapidly). The formation 

of wormlike micelles is linked to the emergence of viscoelasticity in the solution. Due 

to their viscoelastic properties, wormlike micelles have found applications in many 

areas, such as home and personal care products and in oil field industry. Frequently, 

they are also used as drag reducing agents for district heating.1  Fluids those viscosify 

or gel upon heating are of high interest for biomedical and drug delivery applications, 

for flow control and separation using micro-fluidic devices and as hydraulic fracturing 

fluids in enhanced oil recovery. The simplicity, low cost and ease of preparation of 

these systems might make it attractive for some of these applications. Understanding 
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how the micellar structure is connected to the  chemical composition and geometry of 

the surfactants, and how the structural features of the aggregates can be tuned by 

specific control parameters, and how these dictate the bulk properties of the solution, 

offers a considerable challenge. Although it is generally believed that micellar 

entanglement and transient network formation are responsible for developing shear 

induced viscoelasticity, precise knowledge regarding the nature of interaction in 

micellar entanglement and shear induced structure formation of such complex fluids is 

still lacking. In view of the fact that most of the previous works on the micellar shape 

transition involved systems containing cationic surfactants in presence of hydrophobic 

salts as the triggering agents, the primary aim of the present work is to attempt for 

morphology transition under salt-free condition. The major objectives of this 

dissertation are, therefore, as follows: 

The objective of this work is to understand how the molecular geometry of surfactants 

determine their interaction with the class of π-conjugated aromatic additives viz., 1 

Naphthol, 2 Naphthol and 2,3 Dihyroxynaphthalene (2,3 DHN) in order to apply these 

compounds as triggering agents under salt-free condition. The surfactants chosen for 

this study are cetyltrimethylammonium bromide (CTAB) and cetylpyridinium bromide 

(CPB). Both CTAB and CPB are very important ionic surfactants from scientific as 

well as industrial points of view. Moreover, the quaternary ammonium head group of 

CTAB resemble the choline moiety, which also consist of quaternary ammonium group 

and are present in phosphocholine, the most abundant phospholipid found in plant and 

animal membranes. Both CTAB and CPB have identical hydrophobic chain length 

consisting of 16 carbon atoms in the linear hydrocarbon chain but they differ in charge 

type and size of the polar head groups. The naphthalene derivatives have been chosen 

since these aromatic compounds have shown promise of structural modification of 

cationic micelles via charge screening through their electron-rich aromatic skeleton and 

also because they resemble the aromatic aminoacid tyrosine, which is present   

abundantly in lipid membrane interface. To precisely understand the role of the OH 

group, all the three naphthalene derivatives, viz.,1 Naphthol, 2 Naphthol and 2,3 DHN, 

which only differ in the relative position of the OH group in their molecular 

architecture, have been investigated.  

The second objective is the detailed investigation on the surface properties of the 

individual naphthalene derivatives, viz., 1 Naphthol, 2 Naphthol and 2,3 DHN, in order 
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to understand their unique behaviour as triggering agents of morphology transition of 

the cationic micelles. These compounds will be studied to understand their interaction 

with the novel surface active ionic liquid (SAIL) 1-hexadecyl-3-methylimidazolium 

bromide (C16-3-MeImCl) as well. SAIL belonging to the imidazolium class, have 

superior surface property compared to conventional surfactants.2 Moreover, the 

imidazole ring has found application as bio-reagent due to its ability to bond to metals 

as ligands.3-7 In order to have a more comprehensive idea on the interaction with 

hydroxynaphthalene, C16-3-MeImCl, is chosen in particular, because its hydrocarbon 

chain is identical to CTAB and CPB. The scope of industrial application of the C16-3-

MeImCl-hydroxynaphthalene systems will be explored and metal tolerance of 

viscoelastic gel will be examined because of the possibility of its application as 

fractured fluids in oil-fields under neutral and salt-free conditions.  

Biological membranes exhibit various function-related shapes, and the mechanism by 

which these shapes are created is largely unclear. It is generally believed that the 

changes of membrane topology is produced as a result of a complex interplay between 

membrane proteins, lipids and certain physical forces. In an attempt to understand the 

specific role of interfacial aromatic aminoacids in tuning spontaneous membrane 

curvature, a physico-chemical investigation on a model system of charged 

micelle/water interface, loaded with aromatic aminoacids, is proposed. 

The scope of understanding the precise functioning of the aromatic amino acid viz., 

tyrosine and tryptophan would also be explored. Lipid membrane interface contain 

unusually high concentrations of residues of tyrosine and tryptophan, especially in the 

region where lipid density is maximum and it has been found that these residues 

perform vital antioxidant functions.8 With an objective to understand this preference of 

nature towards these two aminoacids in particular, aminoacid amphiphiles based of 

tyrosine and tryptophan will be synthesised and characterised. Attempts will be made 

to understand their molecular conformation in vacuum as well as in aqueous medium. 

Octyl and dodecyl esters of tyrosine and tryptophan in presence of cationic micelles of 

CTAB will be employed as the models for bio-membrane in order to study their surface 

and interfacial properties. Influence of Tyrosine and Tryptophan esters in modification 

of these properties at different concentration regimes will be explored. The rheology of 
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the systems will be examined in view of the possibility of unidimensional growth of the 

micelles and subsequent development of complex fluidic nature of the system 

References are provided in BIBLIOGRAPHY under “References for Chapter II” (Page 

169) 

 

  


