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Nanomaterials have superior properties than the 
bulk substances : 

 

 Mechanical strength 

 Thermal stability  

 Catalytic activity 

 Electrical conductivity  

 Magnetic properties 

 Optical properties 

   ……. 

 

New fields:  
 Nanofabrication, nanodevices, nanobiology, and nanocatalysis  

A wide range of applications: 
 

 Quantum electronics, nonlinear optics, photonics, sensing, 
information storage and processing, adsorbents, catalysis, solar 
cells, superplastic ceramics…  

























Advantages and disadvantages  







The sol-gel process is a wet-chemical technique that uses 
either a chemical solution (sol short for solution) or colloidal 
particles (sol for nanoscale particle) to produce an integrated 
network (gel).  
 
Metal alkoxides and metal chlorides are typical precursors. 
They undergo hydrolysis and polycondensation reactions to form 
a colloid, a system composed of nanoparticles dispersed in a 
solvent. The sol evolves then towards the formation of an 
inorganic continuous network containing a liquid phase (gel).  
 
Formation of a metal oxide involves connecting the metal 
centers with oxo (M-O-M) or hydroxo (M-OH-M) bridges, 
therefore generating metal-oxo or metal-hydroxo polymers in 
solution.  
 
After a drying process, the liquid phase is removed from the 
gel. Then, a thermal treatment (calcination) may be performed 
in order to favor further polycondensation and enhance 
mechanical properties. 
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mesoporous film (Yu, J. C. et al. Chem. 
Mater. 2004, 16, 1523.) 



In a sealed vessel (bomb, autoclave, etc.), solvents can be 
brought to temperatures well above their boiling points by the 
increase in autogenous pressures resulting from heating. 
Performing a chemical reaction under such conditions is 
referred to as solvothermal processing or, in the case of 
water as solvent, hydrothermal processing.  

Yu, J. C. et al. J. Solid State Chem. 2005, 178, 321; Cryst. Growth Des. 2007, 7, 1444 
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