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Synthetic Approach 

Top-down approach 
  
Physical and lithographic principles of microtechnology are used 
for the construction of nanometre scale objects. 

Bottom-up approach 
 
Ionic, atomic, or molecular units are assembled through 
various processes to form structures in the nanometer 
range. 
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Top down approach

Bottom up approach: 
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Bottom-up approach 

bottom-up approach is driven mainly by 
the reduction of Gibbs free energy 

nanostructures and nanomaterials 
produced are in a state closer to a 
thermodynamic equilibrium state 
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Surface energy 

A restoring force is needed to pull the surface atoms 
back to their original positions  
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For an fcc structure with a lattice constant of α, the crystallographic face with 
the lowest surface energy is the 111. 
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Mechanisms for the reduction of surface energy 

 surface relaxation, the surface atoms or ions shift inwardly 
which occur more readily in liquid phase than in solid surface due to 
rigid structure in solids 

the surface energy can be reduced through: 

 surface restructuring through combining surface dangling bonds 
into strained new chemical bonds 

 surface adsorption through chemical or physical adsorption of 
terminal chemical species onto the surface by forming chemical 
bonds or weak attraction forces such as electrostatic or van der 
Waals forces 

 composition segregation or impurity enrichment on the surface 
through solid-state diffusion  
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Challenges to the synthesis of colloidal nanoparticles 



200 nm 

A simple example of colloidal nanocrystal synthesis 
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Different nanocrystal 
morphologies 
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Nucleation and growth-schematically 

I - the concentration of atoms steadily increases 
with time as the precursor is decomposed  

II - the concentration of atoms reaches a point 
of supersaturation, the atoms start to aggregate 
into small clusters (i.e., nuclei) via self- (or 
homogeneous) nucleation  

These nuclei then grow in an accelerated 
manner and the concentration of atoms in 
solution drops  

III - If the concentration of atoms drops quickly 
below the level of minimum supersaturation, no 
additional nucleation events will occur. With a 
continuous supply of atoms via ongoing precursor 
decomposition, the nuclei will grow into 
nanocrystals of increasingly larger size until an 
equilibrium state is reached between the atoms on 
the surface of the nanocrystal and the atoms in 
the solution  
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Nucleation Rate 

– : the diameter of the growth species (monomers) 

– : viscosity of the solution 

– C: initial concentration 
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Evolution from nuclei to seeds 
 

20 

Once a cluster has grown past a critical size, structural fluctuations 
become so energetically costly that the cluster becomes locked into a 
well-defined structure. 

This critical point marks the birth of a seed 

Structure of the seeds: 
 
 single-crystal 
 
 singly twinned crystal 
 
 multiply twinned crystal 
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Evolution from nuclei to nanoparticles 
 

R is the ratio between 
the growth rates along 
the <100> and <111> 

directions 
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Top down approach

Bottom up approach: 
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Types of colloidal nanoparticle‘s stabilization 

Steric stabilization  

Electrostatic stabilization 

Electrosteric  stabilization  
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• Electrostatic Stabilization 

 



29 

• Steric Stabilization 

 

∆S<0 

∆G=∆H-T∆S>0 
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Electrosteric  stabilization  
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A Wide Field View of 7-nm CdSe Nanocrystals 
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(001) (001) 
Nature 404

J. Am. Chem. Soc. 122
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Monolayer of 4x40 nm CdSe nanorods 
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Control of Length and Diameter 
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Wurtzite and Zinc Blende Structures 

WZ ZB 

wurtzite 

zinc blende 
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50 nm 
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et al , NanoLett. . 
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Ms. Dorota Bartczak 

Synthesis of gold nanorods-Seeding procedure 

50 nm 100 nm 
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100 nm 

44 



Gold nanoshells 

50 nm 
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Nanocages 
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