
How can surfactant liquid crystals be employed to 
fabricate mesoporous materials? 
 
Surfactant molecules consist of hydrophilic head and hydrophobic 
tail groups. These molecules self assemble in water to yield 
ordered structures 1,2,3 .The shape and size of these structures 
depends upon the way the surfactant molecules are packed 
therein. This geometrical characteristic of the surfactant molecule 
is expressed by a term called ‘packing parameter’. It is defined as 
the ratio of the volume of the tail group to the total cylindrical area 
defined by the product of the cross sectional area of the head 
group and the length of the molecule. This is depicted in the 
following Figure : Packing Parameter of surfactant 
 

 
      Figure : Packing parameter of surfactant  
 

 This surfactant parameter changes its value depending upon 
how the molecules are packed which in turn depends upon the 
concentration of the surfactant. With increasing concentration 
the surfactant molecules self assemble in different geometrical 
configurations. This is represented by the following Figure : Self 
assembled phases of surfactant molecules. 
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Figure : Self assembled phases of surfactant molecules 
 

 At a very low concentration below cmc (critical micelle 
concentration), the molecules place themselves at the water-air 
interface with the hydrophilic tails projecting out in the air. At 
concentrations above cmc, the surfactant molecules assemble 
into spherical micelles inside the water phase with their 
hydrophobic tails forming the core and hydrophilic heads 
shaping out as corona.  As the concentration increases further, 
it is no more possible to accommodate the incoming surfactant 
molecules in the spherical micelles. However, these unimers 
being energetically unstable, have to be packed into the 
micelles such that the micelles assume a shape with minimum 
surface area and the repulsive forces among the micelles are 
equilibrated. This is achieved by the formation of the cubical 
micelles. Further addition of surfactant leads to the formation of 
the cylindrical micelles that are packed in an hexagonal 
arrangement, with water molecules on the outer side. Yet 
further addition of surfactant causes the formation of the 
bicontinuous cubic structures. Even more addition of surfactant 
results in the formation of the lamellar structures and the 
continuity of water is lost. Figure: Shapes of various surfactant 
structures1 , shows the shapes of these various lyotropic 
structures.  In case of surfactants added to a non-aqueous 
solvent, the same sequence of phenomena takes place, 
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however, with the direction of the heads and tails being 
opposite to that in water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
         
 
       Figure : Shapes of various surfactant structures1 
 
 
 
 
The following Figure : Packing parameters at different surfactant 
structures, shows the relation between the packing parameter and 
the shape of the lyotropic phase. It is evident from the figure that 
the  values of packing parameter goes on increasing as the shape 
of the surfactant  lyotropic phase changes from spherical micelles 
to lamellar bilayers with the increase in surfactant concentration. 
These lyotropic phases are also referred to as liquid crystals due 
to their orderly arrangement. 
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Figure : Packing parameters at different surfactant structures1 
 

These lyotropic phases serve as nano-templates wherein they 
hold the nano solvent phase in the interstices. The material 
precipitated in this constrained solvent phases assumes the 
shape of the interstice which is of nanoscale.  
At a concentration, where the cylindrical micelles are 
hexagonally closely packed, the solvent will reside on the outer 
surface and the morphology of the precipitated material will be 
‘nanosize- hollow-cylindrical’. If the precipitation is carried out at 
bicontinuous cubic liquid crystals, the material produced will be 
bi-continuously mesoporous.  

 
Synthesis of Mesoporous Materials with Surfactant Liquid Crystals  
 

Materials with high degree of porosity 2,3 and large surface area 
have been of interest for many industrial applications like 
insulation, catalysis, adsorption and rheology. These porous 
materials are classified by IUPAC on the basis of the size of the 
pores as follows: a. Microporous:  Pore size < 2 nm   b. 
Mesoporous: Pore size   2 ~ 50 nm   c. Macroporous   Pore size 
> 50 nm. The mesoporous materials are also sometimes 
referred to as molecular sieves that arrived on the scene in 
early 1990s owing to the development of alumino-silicates by 
Mobil Corporation in the US. These materials called as MCM-41 
and MCM-48 have been the bench marks for mesoporous 
materials. Such materials have long range ordering of pores 
and the aluminosilicate framework is amorphous in nature. 



These materials possess narrow pore size distribution and very 
large surface area of the order of 700~1000 m2/ g. Such 
mesoporous materials can be fabricated by imaginative 
combination of the liquid crystalline properties of surfactants 
and the sol-gel process. In other words, the sol-gel process is 
carried out in the interstitial solvent phases formed by the 
surfactant liquid crystals. The materials so formed generate 
pores in the regions earlier occupied by the surfactant phase. 
Thus, the surfactant morphology in water at high concentration 
is able to mold the shape of the precipitate of aluminosilicate 
that is formed during the sol-gel process. . 

 
The typical process is as follows: 

 
Surfactant + solvent @ concentration to achieve 

Cylindrical micelles in hexagonal packing 
 
 
    

Add organometallic precursors of the desired metal oxide 
 
 
 
 

Adjust the pH, temperature and hold for specified duration 
 

 
 
 

Wash, filter & calcine 
 

 
 
  Holmberg 2   presents an example where water-mono-olein 
system has been used for fabrication of mesoporous 
nanostructure. This system generates a large bi-continuous cubic 
phase. The aqueous phase consisted of aluminium nitrate solution 
and ammonia was used to solidify the water channels leading to 
the formation of mesoporous alumina material with bi-continuous 
cubic geometry as shown in the Figure : Bicontinuous cubic 
structure.  
 
 



 
                  
 
                  Figure : Bicontinuous cubic structure4  
 
 
The surfactant layer was washed out and the material was 
calcined to yield well defined nanostructure with pore size of 5 nm 
and specific surface are of 240 m2/g. The TEM and X-ray analysis 
showed that the materials consists of crystallites of γ- Al2O3, 3~10 
nm in size, connected by an amorphous matrix.  
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