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Abstract: Micelles have lately come-up as an innovative and auspicious colloidal carrier for delivering poorly 

water-soluble drugs. They can solubilize considerable amounts of hydrophobic compounds in their inner core. 

Due to their hydrophilic shell and small size, they can also evince prolonged circulation in-vivo and can rack-up 

in tumoral tissues. This review highlights the keypoints of micelles alongwith its various properties and 

characteristics. Special attention is put on different models regarding structure of micelles. 
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I. INTRODUCTION  

Conducive to enhance the specific delivery of drugs with low therapeutic index, several drug carriers 

alongwith micelles have been developed (Yokoyama, 1998). 

 

    Micelles are known to be one of the strongest species consisting of huddled surfactants in an aqueous 

spectrum (Shinoda et al, 1967). They are amphiphilic molecules that comprehends both hydrophilic (water-

loving) and hydrophobic (water-hating) segments (Rosen, 1978). They were first put forward as drug carriers 

by Bader et al. in 1984 (Bader et al, 1984). 

Micelles have been developed as a potential carrier for poorly water-soluble drugs. They are capable to 

solubilize drugs in their inner core within a definite size range. They can also impart drug the tendency to elude 

scavenging by MPS system (Kwon et al, 1996). 

 

The significance of this study is to explore different models presented for the structure of micelle and to 

have a comprehensive study on different properties of micelles.  

 

This review article has attempted to explain the formulation of micelles by examining their different 

characteristics by thorough analysis on reviews of mentioned literatures. 

 

1.1Micelle Characteristics 

Micelles are robust collection of amphiphilic molecules (Mittal et al, 1984). The non-polar portion of the 

micelle is frequently termed as the hydrophobic tail, while the polar structure of amphiphiles is known as the 

hydrophilic head group (Fendler et al, 1975). They are, in general sense, assorted by the nature of their 

hydrophilic head-groups into cationic, anionic, non- ionic or zwitter ionic surfactants (Fendler, 1982). Alkali 
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and alkaline earth metals salts of carboxylic acids, sulfuric acids, and phosphoric acids are some of the 

examples of amphiphiles with anionic head groups. Cationic micelles contain quaternary nitrogen head groups 

which provide them stability and increase their commercial availability. The polar head groups of non-ionic 

micelles consist of either polyoxyethylene or polyoxypropylene chains (Schick et al, 1967). The hydrophobic 

tail of the surfactant is usually a linear or branched hydrocarbon entailing 7-21 carbons (Fendler, 1982). If the 

concentration of surfactant in solution is elevated, sooner or later, amassment occurs on a large-scale resulting 

in the diversification of the properties of bulk physical solution. The aggregate formed is known as a micelle. 

The point at which assemblage occurs is called as the critical micelle concentration (i.e., CMC, c.m.c., or Cm) 

(Wennerstorm et al,1979). 

The formation of micelle involves two forces: 

a. Attractive force: - leading to the union of molecules. 

b. Repulsive force: - to prevent unlimited growth of micelles to a marked observable phase (Price, 1983). 

 

 

Figure 1: The assemblage of N monomers to form a normal, aqueous micelle. 

 The open circle embodies polar head groups and may be anionic, cationic, non-ionic or zwitterionic. 

  

As demonstrated in Figure 1, the aggregates of amphiphiles come together in a way that the tails of the 

molecules are stuffed together in the interior or core of the micelle while the polar head groups form a boundary 

zone between the non-polar core of the micelle and the polar aqueous solution. The charged interfacial zone is 

known as the Stern Layer of ionic micelles. Non-ionic micelles lacks charged head groups, rather polar 

structures such as polyoxyethylene groups are presented in their bulk solution; referred to as a sheath. 

The geometry of micelles persists to be a matter of much discussion (Menger, 1979) and thus various models 

are being conferred with their respective theories to expound the structure of micelles. 

 

1.3 Structure  

 
Figure 2: Typical cross-sectional schematic representing the classical view of aqueous micelles (Menger, 1979). 
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(i) Figure 2 depicts a cross-sectional representation of the classical micelle, referred to as the Hartley, Oil-

Drop, Reef and/or Radial model. Progressively, theoretical and experimental evidence indicate a number of 

faults with the classical model (Hartley, 1935). This model forbids deep penetration of water into the micelle 

innards.  

 

(ii) Cues procured by the utilization of probe molecules, direct analysis, and model building suggest that 

there is substantial contact between water and the hydrocarbon stails of the surfactants which make up the 

micelle (Fendler, 1982). This contact build-up is the result of either of the three different ways:  

(a)  eloquent water riddling past the head groups and into the hydrophobic core of the micelle,  

(b)  no perforation of water into the micelle core but revelatory portions of the hydrocarbon tails are        

flaunted at the micelle-water interface, and 

(c)  few conjunctions of (a) and (b).  

Figure 3 epitomizes a cross-sectional representation of the “Menger-micelle” (Menger, 1979). 

 
Figure 3: A possible rendition of the Menger micelle. Here the hydrocarbon tails are protracted.  

The size of the core can alter, the surface is fairly rough and water is able to permeate past the stern layer. 

 

(iii) Some of the recent micelle models infer that they retain a hydrophobic core chiefly bereft of water (as 

in the case of classical model) and yet have substantive contact between water and the hydrophobic tail portion 

of the surfactants (as in the case of Menger-model). Fromherz expounded this rarity by claiming that the 

hydrocarbon portions of the surfactant as well as head-groups are bared at the surface. He developed a spherical 

structure for the micelle using space filling block models. It is a highly regularized blend of a bilayer and 

classical micelle. 

 
Figure 4: A feasible cross-sectional view of the Fromherz micelle. This model is assembled using cylindrical sticks to delineate 

surfactant molecules. These molecules are organized in a square lattice (Fromherz, 1980). 

 

(iv) Dill model of micelle represents hydrocarbon tails to be markedly asymmetrical as shown in Figure 5. 

The framework of this roughly spherical micelle is thought to be the result of: 

(a) Langmuir’s principle of differential solubility in which hydrocarbon tails are loaded into a waterless kernel,  

(b) steric forces which govern the assembly of core, and  

(c) molecular chain configurations of equal energy are of equal prospect.  
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Also, there is ample amount of hydrocarbon disclosed at the surface of the micelle. This (as in previous 

model) permits hydrophobic solutes to be solubilizing close to the surface and clarify how these solutes as well 

as chunks of surfactant hydrocarbon tails can be in contiguity with water when allied with micelle. 

 
Figure 5: A cross-sectional schematic of Dill model. The hydrocarbon tails are more randomly distributed as dictated by 

statistical considerations. There is a definitive hydrophobic core with little water penetration. There is also an appreciable amount of 

hydrocarbon exposed at the surface (Dill et al, 1980). 

Although various models are available, they are only the oversimplifications of real situation. The 

controversy on micelle structure will indubitably go on (Menger, 1979). 
 

1.3 Properties 

a) The aggregation number is the total of monomer surfactant molecules per micelle. 

b) The Kraft point is the estimated temperature at which the solubility of a surfactant is equal to its CMC 

(Cordes et al, 1973). It is the temperature below which the solubility of monomeric amphiphiles is underneath 

the value of cmc. Thus, micelles perish beneath such temperature. 

When a micellar solution is brought under its corresponding Kraft point, precipitation will ensues until the 

concentration of monomeric amphiphiles is curtailed to the level of solubility in that solution at that 

temperature (Armstrong, 1985). 

c) The fraction of charge for micelles composed of ionic surfactants is the ratio of the amount of counterions 

in the Stern Layer of the micelle to the aggregation number subtracted from 1. 

Most of these properties are subjected to temperature of the system and are also vigorously affected by the 

presence of organic and/or inorganic impurities (Cordes et al, 1973). Micelles formed of non-ionic surfactant 

are evaluated to have lower CMCs and higher aggregation numbers than their corresponding ionic micelles 

(Shinoda et al, 1967) possibly due to insufficient electrostatic repulsion betwixt the head groups of non-ionic 

surfactants (Rosen, 1978).  

The nature of counterion also plays important role in affecting the value of cmc. The alteration of counterion 

of ionic micelles can alter cmc alongwith the length or structure of hydrophobic tail, affecting the properties of 

the resulting micelles. These counterions or gegenions are also responsible to partially neutralize the charged 

surface of the micelle. The nature of these counterions also imparts dramatic effect in modifying the 

physicochemical properties of such type of micelles (Armstrong, 1985).  

Pure non-ionic micelles are estimated with zero fraction of charge nonetheless their head groups do have 

noticeable dipole moments. They can also form weak compounds with some metal ion impurities that may be 

found in solution.  

Unlike ionic surfactants, non-ionic surfactants can go through a phase separation (known as cloud point) 

with rising temperature in aqueous solution (Fendler et al, 1970). 
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Complexes link with a micelle have distinctive binding constants (K’s) or partition constants (P’s). The 

binding constant of solute to a micelle is selfsame to the ratio of the entrance and exit rate constants (Almgren 

et al, 1979).  

Surface energy minimization and steric exclusion are other aspects that also render to a micelle’s size and 

shape (Dill et al, 1984). 

 

CONCLUSION 

Micelles have got profuse benefits. These can be enlisted as having small size, high solubility, simple 

sterilization, and controlled release of drugs. Best owing such features make micelles an ideal carrier for poorly 

water-soluble drugs. Although the physical stability of this carrier get reflects as a critical issue. Therefore 

much work is left to design such a micelle which will be capable to deliver a drug efficiently to its target site. 
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