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   1. INTRODUCTION 
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2. AMPHIPHILES

2.1 Thermodynamics of self-assembly  

Figure 
2.1
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Fig. 2.1: Schematic illustration of the hydrophobic effect.
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Fig. 2.2: One-, two-, and three-dimensional structures by the association 
of identical monomer units in solution. 
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d Equation 2 

cf.

2.2 The concept of molecular packing parameter 

Figure 2.3

 
 
Fig. 2.3: The two opposite forces inside a micelle. 
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Figure 2.5
 

 
 
Fig. 2.4: A plot of the interaction free energy as function of head group 
surface area . 
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Fig. 2.5: Packing parameters and the related shapes of associated 
aggregates. 
 
2.3 Bilayers and closed vesicles 
 

o
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Stretching 

Figure 2.6

   Eq. (5) 

 

Fig. 2.6: Schematic illustration of stretching, shearing and bending. 
 
Shearing 

Figure 2.6
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   Eq. (6) 

Bending 

Figure 2.6

  Figure 2.7  

Fig. 2.7: Schematic illustration of the principal curvatures   and  .

   Eq. (7) 
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Figure 2.8
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    Eq. (9) 
 

kBT.

Fig. 2.8: Formation of a closed vesicle from an open bilayer disk.  

 

Figure 2.8
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   3. LIPOSOMES 
 

 
3.1 Lipids and lipid bilayers 

Figure 3.1  
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Fig. 3.1: Structure of some phosphoglycerides. 
 
3.2 Classification of liposomes 

Figure 3.2
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Fig. 3.2: Different types of liposomes according to their size and number 
of membranes bilayers.  = 
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3.3 Preparation of giant vesicles 
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Figure 3.3

 
Fig. 3.3: Experimental set-up of electroformation technique of giant 
phospholipid vesicles on a silicon substrate . 
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3.4 Formation of flat giant unilamellar vesicles 
 

Figure 3.4
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Fig. 3.4: Formation of a flat giant unilamellar vesicle.  = 
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3.5 Lipid nanotubes

in 
vitro

in vivo

3.6 Fabrication of linear nanotube-vesicle networks
 

et 
al.

Figure 3.5
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Fig. 3.5: Formation of a linear nanotube-vesicle network. 
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   4. NIOSOMES 

 

4.1 Non-ionic surfactants and bilayers 

Figure 4.1



30 
 

Fig. 4.1: Structure of Span 20, 40, 60 and 80. 
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4.2 Classification and preparation of niosomes 

in vitro in 
vivo 
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4.3 Niosomes versus liposomes  
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   5. METHODOLOGY 

5.1 Surfaces preparation 

Figure 5.1

 
Fig. 5.1: Schematic drawing of DC sputtering deposition. 
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Figure 5.2
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Fig. 5.2: Chemistry of photo-polymerization of SU-8. 
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5.2 Infrared Laser Heating 
 

Figure 5.3
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Fig. 5.3: Infrared laser heating system.

 
5.3 Imaging techniques 

NA

NA     Eq. (12) 
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Equation 13
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Figure 5.4

 
Fig. 5.4: Wide-field versus confocal microscopy. 
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   6. SUMMARY OF PAPERS & REMARKS 
 
Paper I

Paper II.

Paper III.

Paper IV.
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