
Chapter 1 

General Introduction 



1. Introduction 

1.1 Soft Matter Research: 

The pace of worldwide research in the areas like macromolecular and 

association colloids, emulsions and microemulsions, gels, membranes, liquid 

crystals, nano particles etc. in recent years is amazing. This has led to the 

emergence of "soft matter" science and technology as a distinct interdisciplinary 

area of Chemistry, Physics, Life Sciences, Chemical Engineering, Pharmacy and 

Material Science. The study of soft matter aims at identification of molecules that 

form specific structures in a particular environment and probing into the causes 

that induce the structures formation, understanding of the specific functional 

aspects the structures formed, designing specific structure with desired 

properties of the structures formed. Biological systems provide ample examples 

structure and compartment formation. A clear understanding may help drug 

design, encapsulation, targeting and delivery. Natural process may be 

mimicked to advantage for applications pharmacy, medicine, 

agriculture and 

polymers 

colloids amphiphiles 

Figurel.l: The "soft -matter triangle": it encompasses a broad, continuous range 
of materials, from colloidal suspensions of particles to flexible long-chain 
polymer molecules and amphiphilic or soap-like, systems. Many biological 
systems such as proteins, DNA and virus have the characteristics of all these soft
matter types. 
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1.2 Self-Assembly of Amphiphilic Molecules 

Amphiphilic molecules have been the realm of interest in chemistry for over a 

hundred years with attention not only in pure science but also in their wide 

applications to industry. Self-assembly is a spontaneous organization of 

molecules driven by noncovalent interactions into stable aggregates. Self

assembly is also well recognized in biological systems, e.g., lipid bilayers, the 

DNA duplex, and tertiary and quaternary structure of proteins. The process of 

spontaneous aggregation of single molecules in solution into larger structures 

with a certain order is also an important phenomenon in every-day-life as well as 

in science. The best known example of aggregation in every-day-life is the 

formation of micelles by detergent molecules. The most important type of 

aggregation, which is essential to life, is the formation of the lipid bilayer 

membrane by phospholipids. It has inspired chemists and physicists to study and 

mimic this and other types of aggregates [1 ]. Aggregation of molecules often 

occurs at the borderline of solubility. An important molecular property in this 

respect is polarity, for which solubility follows the rule 'like dissolves like'. Polar 

(hydrophilic) compounds are well soluble in polar solvents, e.g. salt in water, and 

the same goes for apolar (hydrophobic) compounds and solvents, e.g. vitamin E 

in oiL Furthermore, polar compounds are insoluble in apolar solvents and vice 

versa. Things become more interesting when a compound has amphiphilic 

properties, i.e. when it contains a polar as well as an apolar part. The polar part is 

called "head" and the apolar part usually a long chain hydrocarbon is called "tail" 

(see Figure 1.2). These compounds are most comfortable in a situation when 

each part is located in an appropriate environment, which is only possible at the 

interface between two media. Therefore, amphiphilic compounds are also called 

surface-active agents, or in short, surfactants [2]. The head group may be 

anionic, cationic or nonionic and accordingly the surfactants are classified as 

anionic, cationic or nonionic. 
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Polar Head 

Figure 1.2: Schematic representation of an amphiphile. 

There are some surface ·active amphiphHic molecules that contain both anionic 

and cationic centers at the head group. These are called zwitterionic surfactants. 

Surfactants can also have two hydrocarbon chains attached to a polar head and 

are called double chain surfactants. On the other hand, surfactants 

two hydrophobic and two hydrophilic groups are called "gemini;! 

Amphiphilic molecules can also have two head groups (both 

cationic or one ,;:,n1:r.n11" 

known as 

molecules depends on both the 

hydrocarbon chain length and nature head group{s). Amphiphiles with 

hydrocarbon chains are found to be more surface-active compared to 

having shorter hydrocarbon tail [4]. It is observed that amphiphiles with 

are more surface-active than those with hydrocarbon chain. 

because the fluorocarbon chain is more hydrophobic than hydrocarbon 

chain [5]. 

-- Hydrogen bond 

• • • •• Hydrogen bond 
not achieved 

Figure 1.3: Water molecules at the liquid-air interface 

Water is a very cohesive liquid due to the formation of a 3-dimensional hydrogen 

bond network (Figure 1.3) in addition to attractive van der Waals interactions. 
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This induces that the amount of work required to expand the interface air-water, 

characterized by the surface tension, is relatively high (72.6 mNm-1
, for pure 

water at 20°C). When surfactants are added to water, they adsorb at the water-air 

interface, which actually arises from their dualistic character. In aqueous solution 

the hydrophobic chain interacts weakly with the water molecules, whereas the 

hydrophilic head interacts strongly via dipole or ion-dipole interactions. It is this 

strong interaction that renders the surfactant soluble in water. However, the 

cooperative action of dispersion and hydrogen bonding between the water 

molecules tends to squeeze the surfactant chain out of the water (hence, these 

chains are referred to as hydrophobic). Therefore, surfactants tend to accumulate 

at the surface, which allows lowering the free energy of the phase boundary, i.e. 

the surface tension. 

1.3 Structure and Shape of Aggregates: The Packing Parameter 

The concept of molecular packing parameter has been widely cited in chemistry, 

physics, and biology literature because it allows a simple and intuitive insight into 

the self-assembly phenomenon [6]. The packing parameter approach permits 

indeed to relate the shape of the surfactant monomer to the aggregate 

morphology [7-9]. 

Figure 1.4: The critical packing parameter P (or surfactant number) relates the 
head group area, the extended length and the volume of the hydrophobic part of 
a surfactant molecule into a dimensionless number P=V j aolc 
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The molecular packing parameter P is defined as the ratio v/a0 lc, where v and lc 

are the volume and the extended length of the surfactant tail, respectively and a0 

is the equilibrium area per molecule at the aggregate interface (or mean cross

sectional {effective} head-group surface area), as illustrated in Figure 1.4. If we 

consider a spherical micelle with a core radius R, made up of Na99 molecules, 

then the volume of the core is V = Na99 x v = 4TTR3/3, the surface area of the core 

A= Na99 x ao = 4TTR2
. Hence, it can be deduced that R = 3 vI a0 , from 

Table1.1 Schematic representation of surfactant structures and shapes 

derived from various packing parameters 

Possible P(=V/aolc) Structures 
surfactant type Shape formed 

Single-tail cone <;phencal micelles 

surfactants p< 1/3 v,~·~~ with large 
head groups 

Single chain cv.lim:ifieal nlice.lles 
ttuncated c.one 

surfactants 
with small 

'VVV'{) 
1/3<P<1/2 

head groups . ' ,,··~ 

Double chain 

surfactants trrutc:ated cone flexible 

with large tJ 
bi!J:r'ren. 

' 
veside~ head groups ~-~ 1/2<P<1 

and flexible ~~-) . 
' 

chains 
planar bilayers 

Double-chain P~1 cylinder 

surfactants ~ EJ 
. 

with small 
head groups ' 

or rigid, 
immobile 
chains 

inverted truncated inverted. WJ.celles 

double-chain 

> 
cone or wedge 

surfactants P>l tJ with small 
head groups, 
and bulky 
chain 
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simple geometrical relations. If the micelle core is packed with surfactant tails 

without any empty space, then the radius R cannot exceed the extended length lc 

of the tail. Introducing this constraint in the expression for R, one obtains 0 :::; v I 

a0 lc ~ 113, for spherical micelles. These geometrical relations, together with the 

constraint that at least one dimension of the aggregate (the radius of the sphere 

or the cylinder, or the half-bilayer thickness, all denoted by R) cannot exceed lc, 

lead to the following well-known connection between the molecular packing 

parameter and the aggregate shape [7]. 0:::; vI ao lc ::5 113 for sphere, 113 ::5 vI ao lc 

s 112 for cylinder, and 1/2 s vI a0 lc s 1 for bilayer. Inverted structures are formed 

when P>1. Therefore, if the molecular packing parameter is known, the shape 

and size of the equilibrium aggregate can be readily identified as shown above. 

Noteworthy, a0 is often referred to as the "headgroup area" in the literature. This 

led to the erroneous identification of a0 as a simple geometrical area based 

on chemical structure of the headgroup in many papers, although ao is 

actually an equilibrium parameter derived from thermodynamic considerations [6}. 

Needless to say, that for the same surfactant molecule, the area a0 can assume 

widely different values depending on the solution conditions such as temperature, 

salt concentration, additives present, etc.; hence, it is meaningless to associate 

one specific area with a given head group. For example, sodium dodecy!benzene 

sulfonate forms micelles in aqueous solution whereas bilayer structures are 

formed when alkali metal chlorides are added [1 0]. Moreover, the role of the 

surfactant tail has been virtually neglected. This is in part because the ratio v lie 

appearing in the molecular packing parameter is independent of the chain length 

for common surfactants (0.21 nm2 for single tail surfactants) and the area a0 

depends only on the head group interaction parameter. Nagarajan showed that 

the tail length influences the head group area (consideration of tail packing 

constraints) and thereby the micellar shape [6]. 
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1.4 Self-Assembled Structures of Amphiphilic Molecules in 

Water 

1.4.1 Micelles 

The most intensely studied and debated type of molecular self-assembly and 

perhaps the simplest in terms of the structure of the aggregate is the micelle. 

Micelles formed by ionic amphiphilic molecules in aqueous solution are dynamic 

associations of surfactant molecules that achieve segregation of their 

hydrophobic portions from the solvent via self-assembly. They are loose, mostly 

spherical aggregates above their critical micellisation concentration 

Figure 1.5: Schematic representation of a spherical micelle in aqueous solution. 

(cmc) in water or organic solvents [1]. Also, micellar aggregates are short-lived 

dynamic species, which rapidly disassemble and reassemble [11]. Hence, only 

average shape and aggregation numbers of micelles can be determined. 

Micellization of surfactants is an example of the hydrophobic effect. In 

micellization there are two opposing forces at work. The first is the hydrophobicity 

of the hydrocarbon tail, favouring the formation of micelles and the second is the 

repulsion between the surfactant head groups. The mere fact that micelles are 
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formed from ionic surfactants is an indication of the fact that the hydrophobic 

driving force is large enough to overcome the electrostatic repulsion arising from 

the surfactant head groups. Figure 1.5 represents a spherical micelle formed in 

aqueous solution, where the hydrophobic chains are directed towards the interior 

of the aggregate and the polar head groups point towards water, hence allowing 

the solubility I stability of the aggregate (no phase separation). Micelles are also 

known to be disorganized assemblies whose interiors consist of mobile, non

stretched hydrophobic chains [12]. Note in addition that water molecules can 

penetrate partially into the micelle core to interact with surfactant hydrophobic 

tails [13]. There are a huge number of publications related to the micelles, micelle 

structures, and the thermodynamics of micelle formation. A huge amount of 

experimental and theoretical work devoted to the understanding of the 

aggregation of surface-active molecules has been carried out [14-16]. 

Micelles are generally formed by cationic, anionic, zwitterionic as well as nonionic 

surfactants having short alkyl chains. The environment of a micelle varies in a 

regular manner as a function of distance from the center of the micelle, going 

from a relatively dense aliphatic medium near the center to a relatively diffuse 

region known as either Stem layer in ionic micelles, or as Palisade layer in 

neutral micelles [17 -19] where the head groups, bound counterions, and solvent 

molecules coexist. The remaining counterions are contained in the Gouy

Chapman portion of the double layer that extends further into the aqueous phase. 

Fluorescence probe studies have indicated that micellar core is nonpolar, but less 

fluid than hydrocarbon solvents of equivalent chain length [20]. On the other 

hand, the Stern layer has polarity equal to that of alcohols [21 ]. 

When a nonpolar group is introduced into an aqueous solution, the hydrogen 

bonding network formed by the existing water molecules is disrupted and the 

water molecules order themselves around the nonpolar entity to satisfy hydrogen 

bonds (Figure 1.6 A). This results in an unfavourable decrease in entropy in the 

bulk water phase. As additional nonpolar groups are added to the solution, they 

self-associate thus reducing the total water-accessible surface of the complex 

relative to the monodisperse state. (Figure 1.6 B) Now, fewer water molecules 
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are required to rearrange around the collection of nonpolar groups. Therefore, the 

entropy associated with the complex is less unfavorable than for the 

monodisperse detergents. In short, hydrophobic association and the formation of 

micelles is driven by the favorable thermodynamic effect on the bulk water phase. 

B 

surfactant monomers (A). of 

as a 

great deal of work has been done on elucidating the various factors that 

determine the erne at which micelle formation becomes significant, especially 

aqueous media. An extensive compilation of the cmcs of surfactants in aqueous 

media has been published [22]. Among the factors that are known affect the 

erne aqueous solution are (i) the structure of the surfactant, (ii) the presence of 

added electrolyte (in the case of ionic surfactants) in the solution, (iii) the 

presence of various organic compounds in solution, and (iv) temperature of the 

solution. 

Surfactant structure. In general, the ionic surfactants have higher erne values 

compared to nonionie surfactants. The erne in aqueous media decreases as the 

hydrophobic character of the surfactant increases. It has been observed that the 

erne is halved by the addition of one methylene group to a straight-chain 

hydrocarbon tail. For nonionics and zwitterionics, the erne value is decreased to 

one fifth of its previous value. The branching of the hydrocarbon chain appears to 

have about one-half the effect of carbon atoms of a straight chain. When C-C 

double bond is present in the hydrocarbon chain the erne value is higher than that 

9 



of the corresponding saturated compound. An introduction of a polar group such 

as -0 or -OH into the hydrophobic chain generally causes a significant increase 

in the erne value in aqueous medium at room temperature. However, 

replacement of hydrocarbon chain by a fluorocarbon chain of same length causes 

a decrease in erne value. For n-alkyl ionic surfactants, the cmc decreases in the 

order aminium salts > carboxylates > sultanates > sulfates. It has been found that 

in quaternary cationics, pyridinium compounds have smaller cmcs than the 

corresponding trimethylammonium compounds. 

Counter/on. The degree of counterion binding, ~ (=1-a), has also an effect on 

the erne value of ionic surfactants. The larger the hydrated radius of the 
+ + + + -.-

counterion (NH > K > Na > Li and I >Br > Cl ), the weaker the degree of 
4 

binding, and hence larger the cmc. Thus in aqueous medium, for anionic lauryl 
2+ + + + + 

sulfates, erne increases order Ca < N(C H ) < N(CH ) < NH < Cs 
2 5 4 3' 4 4 

+ + + 

< K < Na < . On the other hand, for cationic dodecyltrimethylammonium and 

dodecylpyridinium salts, the order of decreasing in aqueous medium is I < Br < 
"' 

Cl <F. 

Electrolyte. In aqueous solution, the presence of electrolyte causes a decrease 

in the erne, the effect being more pronounced for anionic and cationic than for 

zwitterionic surfactants and more pronounced for zwitterionic than for nonionics. 

This is a consequence of decreased electrostatic repulsion between ionic 

headgroups in the micelle. The change in erne of nonionics and zwitterionics 

upon addition of electrolyte is mainly due to the "salting out" or "salting in" of the 

hydrophobic group in aqueous solvent. 

Organic additives. Water-soluble polar organic compounds such as alcohols 

and amides reduce the cmc at much lower concentrations. Shorter-chain alcohols 

are mainly adsorbed in the water-micelle interfacial region. The longer-chain 

compounds are adsorbed in the outer portion of the micelle core, between the 

surfactant molecules. Additives that have more than one group capable of 
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forming hydrogen bonds with water appear to produce greater depression of cmc. 

On the other hand, additives like urea, formamide, N-methylacetamide, 

guanidinium salts, short-chain alcohols, ethylene glycol, and other polyhydric 

alcohols, such as fructose and xylose increase cmc at relatively higher 

concentrations by modifying the interaction of water with surfactant molecules. 

Temperature. The effect of temperature on the CMC of surfactants in aqueous 

medium is complex, the value appearing first to decrease with temperature to 

some minimum and then to increase with further increase in temperature. 

Increase of temperature causes decrease of hydration of the hydrophilic group, 

which favors micellization and also causes disruption of the structured water 

surrounding the hydrophobic group, which disfavors micellization. The relative 

magnitude of these two opposing effects, therefore, determines increase or 

decrease of CMC. 

1.4.2 Worm-like micelles 

Worm-like micelles are long, flexible, cylindrical chains with contour lengths of the 

order of a few micrometers. The entanglement of these wormlike chains into a 

transient network imparts viscoelatic properties to the solution [23-24]. Single 

chain ionic surfactants, e.g., cetyltrimethylammonium bromide (CTAB), favor 

convex-up surface geometry of the micelles due to strong headgroup repulsion 

and form spherical or near spherical micelles at the critical micelle concentration 

(cmc), while either at much higher surfactant concentrations (-1.0 M) or in the 

presence of high inorganic salt concentrations (>0.1 M), morphological changes 

occur to rod-like micelles and vesicles [27 -30]. Hydrotropic salts like sodium 

salicylate (NaSal) also promote sphere to worm-like micellar transition at 

considerably lower concentration (e.g., -1.0 mM in CTAB) by increasing the 

packing parameter above the critical value of 1/3 via efficient charge screening of 

the surfactant head groups [31]. These worm-like micellar solutions at low 

concentrations show complex and unusual rheological phenomena. 
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The dynamics of these systems differs from those of conventional polymers in 

that the wormJike micelles are continuously breaking apart and recombining. The 

rheological behavior of these surfactant solutions is known to follow "reaction

reptation model" which is an extension of the reptation model of polymer 

relaxation to cylindrical micelles of surfactant molecules undergoing reversible 

scission and recombination processes [25]. The linear and nonlinear viscoelastic 

properties of surfactant solutions have been extensively studied over past few 

years, both theoretically [26,27] and experimentally [28-38]. In general, it is 

observed that there is a critical shear rate above which the viscosity dramatically 

increases for dilute concentration of surfactant solution. The cause of this shear 

thickening phenomenon is believed to be the flow-induced structure of surfactant 

solution under shear flow [28,34]. 

s 
Figure 1.7: .Microstructure of a typical wormlike micelle. 

With increasing flow intensity, the micelles undergo coalescence or tend to be 

stretched toward the flow direction, and as shear flow is going with time, the 

shear-induced structure of wormlike micelles continuously breaks down and re

forms at high shear rate [39]. This shear-induced structure {SIS) behaves like a 

gel and shows strong flow birefringence in solution state [31]. The classic 

example of such an 'abnormal' system is a solution containing cationic surfactant 

cetylpyridinium chloride (CPC) with sodium salicylate (NaSal) as the additive. For 
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semidilute surfactant solutions, zero shear viscosity initially increased with 

concentration, reached a maximum, and then decreased [24,32,40]. Also, the 

shear viscosity of semi-dilute CPC/NaSal solutions showed almost a constant 

value until the critical shear rate and then shear thinning began, followed by 

shear thickening at higher shear rate. 

The average micellar length is a thermodynamic quantity, and it responds to 

changes in solution composition and temperature. Normally when a wormlike 

micellar solution is heated, the micellar length decays exponentially with 

temperature [23,41 ]. The reduction in micellar length leads to an exponential 

decrease in viscosity of the solution. The reduction in micellar iength, in turn, 

leads to an exponential decrease in rheological properties such as the zero-shear 

viscosity r1o and the relaxation time tR. Accordingly, an Arrhenius plot of In Y)o 

versus 1/T (where Tis the absolute temperature) falls on a straight line, the slope 

of yields flow activation energy Values of Ea ranging from 70 to 300 

kJ/mol have been reported for various micellar solutions [41-43]. 

Inorganic and organic salts have been widely used as additives to facilitate the 

structural transition of micelles in ionic surfactant solutions [44-47}. Inorganic 

counterions promote gradual micellar growth by reducing the head group 

repulsions in the ionic micelles. On the other hand, organic salts aqueous 

micellar systems, dissociate to produce ionic species with a hydrophobic moiety, 

which affects the packing of the surfactant tails and leads to changes in the 

effective packing parameter. The growth of cationic surfactant such as CTAB 

micelles has been extensively studied in the presence of salts such as KBr [48], 

sodium salicylate [49,50] chlorobenzoates [51], and benzyl sultanates [52]. The 

increased salt concentrations cause the microstructure to change from globular to 

wormlike micelles. Addition of anionic surfactant, for instance, sodium dodecyl 

benzenesulfonate (SOBS) to solutions of cationic surfactants has also been 

found to generate wormlike micelles [53]. Kaler and coworkers have reported a 

million-fold increase in viscosity for mixtures of alkyltrimethylammonium bromide 

surfactants and sodium oleate (SO) relative to the single component solution [54]. 

The effect of nonionic additives on micellar shape has also been investigated by 
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many research groups. Hedin and co-workers have reported the elongation of 

CTAB micelles upon the solubilization of benzene [55]. Zhang and coworkers 

investigated the effect of benzyl alcohol on CTAB/KBr micellar systems through a 

combination of rheology and NMR and have suggested elongation of micelles 

upon alcohol solubilization [56]. The addition of alcohols has also been shown to 

promote growth of worm-like micelles in such transitions [57-59]. 

Although, studies related to the microstructural transitions of micelles to worm

like micelles and vesicles have been going on for quite some time, a common 

element in most of the works summarised above is the presence of an anion salt 

like NaSal. A number of studies on micellar shape transition in cationic, anionic, 

and catanionic surfactant systems induced by polar and nonpolar organic species 

have been reported the literature [55, 60-62]. However, these systems trigger the 

shape transition only very high concentrations and make themselves 

unsuitable for certain applications. Recent studies show that the above 

mentioned transitions takes place even in presence of neutral aromatichydroxy 

dopants like 1- and 2-naphthols. Studies on the microstructural modifications by 

neutral aromatichydroxy compounds are rather recent and will be discussed later 

in more detail. 

1.4.3 Vesicles 

Vesicles are closed bilayered structures similar to those of the lamellar phase 

characterized by two distinct water compartments, one forming the core and 

other the external medium [63,64]. Like micelles, the formation of vesicles is a 

result of energetically favorable hydrophobic association of the hydrocarbon 

tail(s) of an amphiphilic molecule. However, unlike micelles vesicles have two 

distinct domains: the lipophilic membrane and the interior aqueous cavity. 
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Figure 1.8: Figure sho~ing bilayer and 

forming the bilayer. The folding of the bilayer due to 

forms the vesicle. 

Specifically, the surface of micelles is a lipid monolayer, while the surface of 

liposomes is a lipid bilayer and the inner core of micelles is composed 

hydrocarbon chains, while the inner core of vesicles is an aqueous phase. 

Vesicles have been found useful as agent in many practical applications and also 

a basis for several theoretical investigations. Micelles can solubilize amphiphiles 

and organic compounds, while vesicles can solubilize {or encapsulate) organic 

compounds and amphiphiles found in the lipid bilayer, and inorganic compounds 

and amphiphiles found in the aqueous core. 

Vesicles can be prepared as small unilammellar vesicles (SUV), large unilamellar 

vesicles (LUV) or large multilamellar vesicles (liposomes). Multilamellar vesicles 

can be large having diameter of several IJms and they are also termed as onions 

[65,66]. Vesicles are classified in terms of number of lamellae and size. Figure 

1. 7 presents a schematic view of the major liposome types. Multi membrane 

vesicles are divided into three groups: multilamellar vesicles (MLVs) also called 

as onion-shaped vesicles, oligolamellar vesicles (OLVs), and multivesicular 

vesicles (MWs). OLVs are composed of several lamellae. 
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Figure 1.9: Morphology of different vesicle structures 

Unilamei!ar vesicles consist of a lipid bilayer separating an aqueous solution from 

the bulk phase, forming roughly spherical structures with an inner aqueous core 

[67 ,68]. These vesicles (UL Vs) are usually divided into three groups in terms of 

size: small unilamellar vesicles (SUVs), large unilamellar vesicles (LUVs), and 

giant unilamellar vesicles (GUVs). Vesicles under 100 nm are normally 

considered as SUVs, whereas those greater than 100 nm are LUVs. GUVs are 

those, which have sizes greater than 10 !Jm. The disadvantage of MLVs is their 

heterogeneous size distribution. The advantage of SUVs is the homogeneous 

size distribution and their disadvantage is low encapsulation efficiency. For LUVs, 

encapsulation efficiency is relatively high and macromolecules can be 

encapsulated. Vesicles have been found to form from synthetic surfactants 

containing one, two, or three alkyl hydrocarbon chains and quaternary 

ammonium, carboxylate, sulfate, sulfonate, hydroxide, or phosphate, zwitterionic 

or functionalized head groups. Vesicles are also generated by polymeric 

surfactants and block copolymers. 
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Role of Hydrogen Bonding Interaction in Self-Assembly 

Formation 

Hydrogen bonds play very important role in biological systems. Hydrogen bonds 
-1 

have directional property and are moderately strong (4-25 kJ mol ) [69,70]. One 

of the important features of hydrogen bonding is that the bond formation can be 

reversibly switched under mild conditions by physical stimuli such as heat. In fact, 

hydrogen bonds have become a tool in liquid crystal (LC) [71 ,72] and polymer 

[73, 74] chemistry. The role of hydrogen bonding on the gelation of organic 

solvents and water is well documented in the literature [7 4, 75]. Recent studies 

have shown that short range attractive interactions, such as hydrogen bonding 

could be a driving force in the formation of bilayer self-assemblies of single-chain 

surfactants [76,77, 78-80]. In fact, hydrogen bonding between the amide groups 

is responsible for the favorable aggregation of some cationic surfactants that 

amidegroup spacer between the hydrophobic tail and the quaternary 

ammonium ion [81-84). it has also been shown that intermolecular hydrogen 

bonding (IHB) between secondary amide groups in the hydrophobic tail of sodium 

11-acrylamidoundecanoate induces a stable linear state [48]. 

It is well known that the spontaneous curvature of a surfactant aggregate is 

related to the relative sizes of the hydrophilic head and hydrophobic tail of the 

surfactant molecule. Increase of attractive forces between the headgroups can 

cause a decrease in effective head-group area, and hence a decrease in the 

curvature of the aggregate. In other words, this is a driving force for aggregate 

growth. LBM studies at the air-water interface have suggested that OH

substitution near (2 or 3-position) the headgroup results in a loss of ordering 

which is caused by the headgroup enlargement by the neighboring -OH group 

and a misfit of the alkyl chains in hydroxypalmitic acid [85]. On the other hand, 

well-shaped condensed phase domains were found after the phase transition in 

9-hydroxypalmitic acid in which the -OH group is near the center of the 

hydrocarbon chain. The stability of the LC phase formed by the fatty acid 

derivatives bearing the -OH group is influenced by the ability of the substituent to 
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bonding role of -OH group in molecular cohesion in condensed monolayer, helical 

ribbon, and gel formation by 12-hydroxyoctadecanoic acid has been reported by 

Tachibana and coworkers [86,87]. 

1.5 Biodegradable Polymers:Poly(vinylalcohol) and Sodium 

alginate. 

Increasing concern exists today about the preservation of our ecological systems. 

Most of today's synthetic polymers are produced from petrochemicals and are not 

biodegradable. Persistent polymers generate significant sources of environmental 

pollution, harming wildlife when they are dispersed in nature. For example, the 

disposai of non-degradable plastic bags adversely affects sea-life. It is widely 

accepted that the use of long-lasting polymers in products with a short life-span, 

such as engineering applications, packaging, catering, surgery, and hygiene, is 

not adequate. Moreover, incineration of plastic waste presents environmental 

issues as well since it yields toxic emissions (e.g., dioxin). Synthetic plastics are 

resistant to degradation, and consequently their disposal is fuelling an 

international drive for the development of biodegradable polymers. Biodegradable 

polymers have been a subject of interest for many years because of their 

potential to protect the environment by reducing non-biodegradable synthetic 

plastic waste [88-92]. Biodegradation involves enzymatic and chemical 

degradation by living microorganisms [93-95].1n essence, the enzymatic 

degradation of polymers takes place by hydrolysis and oxidation.The 

Biodegradable polymers, i.e.biopolymers are polymers formed in nature during 

the growth cycles of all organisms; hence, they are also referred to as natural 

polymers. Their synthesis generally involves enzyme-catalyzed, chain growth 

polymerization reactions of activated monomers, which are typically formed within 

cells by complex metabolic processes. 

The applications of biodegradable polymers have been focused on three major 

areas:medical, agricultural, and consumer goods packaging. Some of these have 
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resulted in commercial products. Because of their specialized nature and greater 

unit value, medical device applications have developed faster than the other two. 

1.5.1 Poly (vinyl alcohol) : 

/H X 
+b-b 

\ I I 
\H H/n 

\ { ..0.4-

H 

I I I I I I 
c--c--c--c--c--c c--c 

1 1 1 1 1 1 \1 
' 

H X X H X H 

I 

where X is- OH 

Figure 1.1 0: A general structure of poly vinyl alcohol 

(Poly vinyl alcohol )(PVA) is the most readily biodegradable of vinyl polymers. It is 

readily degraded in waste-water-activated sludges. The microbial degradation of 

PVA has been studied, including its enzymatic degradation by secondary alcohol 

peroxidases isolated from soil bacteria of the Pseudomonas strain [96-99]. It was 

concluded that the initial biodegradation step involves the enzymatic oxidation of 

the secondary alcohol groups in PVA to ketone groups. Hydrolysis of the ketone 

groups results in chain cleavage. Other bacterial strains, such as Flavobacterium 

[99] and Acinetiobacter [1 00] were also effective in degrading PVA. The 

controlled chemical oxidation of PVA was carried out to yield poly( enol-ketone) 

(PEK), which has a similar structure to the intermediate formed as PVA is 

biodegraded [101].Poly (vinyl alcohol) (PVA) has attracted much attention in 

recent years due to its excellent flexibility, transparency,toughness, and relatively 

low cost, especially in the era of highprice petroleum. PVA has been widely used 

in different fields such as textile sizing and has been utilized as a finishing agent, 

an emulsifier, a photosensitive coating, and as an adhesive for paper, wood, 
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textiles, and leather [1 02,1 03]. In addition, it is a biologically friendly polymer 

because of its biodegradability and biocompatibility[1 04]. 

Poly (vinyl alcohol) is an industrially important polymer, and this is shown by the 

fact that its production increases every year [1 05-1 09]. It exhibits a high degree of 

compatibility with inorganic salt solutions[11 0] natural and synthetic resins, and 

other chemicals [111, 112]. Small amounts effectively stabilize emulsions [113] 

dispersions, and suspensions[114] It also forms chemical complexes of practical 

importance [115]. The intrinsic viscosity [rJ], a measure of the size of the isolated 

molecules,and Huggin's constant KH [116],a measure of their interactions with 

solvent, are both influenced by changes of solvent power [117] and temperature 

[118] .Besides theoretical interest,such measurements are also important for 

technical reasons including polymer addition in motor oil recovery. Advances in 

the preparation of stereoregular polymers have stimulated the need to 

characterize their microtacticity and fine structure [119]. A number of studies and 

experimental techniques were used to characterize the nature of polymers in 

different solvents, but there seems to be few systematic studies of the dilute 

solution properties in different solvents and that too restricted to one or two 

temperatures[120, 121 ]. As far as the polymers are concerned, the viscosity 

method can be successfully employed for the determination of the nature of the 

compound and their behavior in different solvents. Viscosity is affected by a 

number of parameters such as molecular mass, shape, and size of molecules, 

concentration, temperature, and intermolecular attractions, viz., ion-ion and ion

solvent interactions [11 0, 122] .Ahmed et ai.Takada et al., and Wang et al.[123-

125] studied the thermodynamics of supermolecular order of the polymer PVA in 

aqueous solutions by the viscometric behavior and light scattering studies 

[124, 125] 

1.5.2 Sodium Alginate 

Sodium alginate is a family of linear, binary co-polymers of ( 1 ~4) linked 13-D

mannuronate (M) and a-L- guluronate residues arranged in a non-regular, 
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blockwise fashion along the chain [126, 127]. The chain is composed of 

homopolymeric blocks of mannuronate (MM) and guluronate (GG),and blocks 

with an alternating sequence (Fig-1.11) The chain conformations of M- block and 

G- block were suggested to be "flat-ribbon" and "buckled-ribbon" 

forms,respectively [128].From light scattering and viscometric data, Smidsrod 

showed that the relative extension in the unperturbed state of the three types of 

blocks increase in the order of MG block < MM block < GG block [129]. Thus 

alginate polymer with high content of guluronate and long G-blocks generally 

showed a more extended, less flexible chain conformation than long M-block 

alginates. In general, the relative dimensions for the neutral unperturbed alginate 

chain at theta condition, a measure of chain stiffness, was higher than that of 

carboxyl methyl cellulose, dextran and amylase, but lower than double stranded 

DNA [130] 

M G G M M 

Figure 1.11:The chemical structure of alginate; the top figure illustrates the two 
monomers: mannuronic acid ( M) and gluronic acid (G) residues in their 
Haworth conformation where as the bottom figure shows a sample block 
structure of alginate. 

The biological properties of polysaccharides, especially of the algfnates, have 

been explored since many decades in countless medical and surgical 
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applications. Those properties, and the solubility in water, are due to the 

presence of inorganic ions in the alginate structure[131 ]. Alginic acid form water

soluble salts with monovalent cations but is precipitated upon acidification. 

Alginates of many bivalent cations, particularly of Ca2+, S~+ and Ba2+, are 

insoluble in water and can be prepared when sodium ions of NaAig are sodium 

alginate has been employed in the preparation of gels for the delivery of 

biomolecules such as drugs, peptides and proteins [ 136].Toxicological data 

replaced by di- and trivalent cations This property is used in the isolation of 

alginic acid from algae [132, 133]. Due to their physical and chemical properties 

alginic acid ( HAig )and sodium alginate (NaAig), have widely been used in food 

processing, medical and pharmaceutical industries [134] such as drug carrier 

[135], moreover, showed that alginates are safe when used in food. HAig and its 

derivatives acts as stabilizers and thickeners facilitating the dissolution and 

improving viscosity of the ingredients preventing the formation of crystals that will 

prejudice the appearance and homogeneity, mainly in frozen products [137]. 

Alginates are fainly characterized of the marinepolysaccharides [138].Most 

commercial alginates are extracted from brown seaweed. However alginates can 

also be synthesized by some bacterial species such as Azotobacter and 

Pseudomonas[138]. Bacterialalginates are additionally 0-acetylated on the 2 

and/or 3 positions of the D-mannuronic acid residues, and exhibit a greater water 

binding ability [139, 140]. Among the brown algal species, the most widely used 

are Laminaria hyperborea, Macrocystis pyrifera, and Ascophyllum nodosum due 

to their abundance [141] for extracting alginates. 
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