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 Particles of any substance and shape in the size range of one to several  

 nanometres (10-9 m) are called nanoparticles. 

What are nanoparticles ? 

An atom 

Nanometre scale 

(Au, Ag, Pt, Pd)  

 

Inorganic metal and semiconductor  

nanoparticles 
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Nanocrystals melt at much lower temperatures than those 

required for extended solids because of the large fraction of 

(more reactive) surface atoms
100
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-Phase stability 

In nanocrystals, the contribution of the surface energy to 

the total energy of nanocrystal formation is not any more 

negligible with respect to lattice energy 

Phase transitions 

Nanocrystals are usually so small that the probability of 

occurrence of defects inside them is much lower than in 

bulk solids. Therefore phase transition happens in higher 

pressures via different mechanisms.

100



Why nanoparticles are important ? 

The reason is that nanoparticles have physical, optical, magnetic, electrical, and 

mechanical properties which are different from the bulk.  

Gold Bulk 

cm 
nm 

Colloidal Gold nanoparticles 

11 



-by changing their size, shape and chemical composition. 

-by carefully selecting the appropriate surface functionality. 

 

We can ‘tune’ their properties and take advantage of them in  

several fields of science.  
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emission coefficient ~ 9.2 x 104 M-1 cm-1

80 nm Au NPs: molar scattering coefficient ~ 3.2 x 1010 M-1 cm-1  
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MRS Bull

Adv. Mater. 18

Nano Lett. 6

Colloidal Nanocrystals: Shape-Dependent Properties 

Nature 437 Science 298
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Optical Properties of silver colloidal 
nanoparticles- a qualitative approach 

more red-shifting

more intense the peaks 

more peaks
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Optical Properties 

more intense the peaks 

more peaks
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Optical Properties 

more red-shifting

more peaks
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Optical Properties 

more red-shifting

the 

more intense the peaks 
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1-D nanostructures display two dipole resonances: 
 
one transverse resonance (polarized along the short axis) and 
 
 one longitudinal resonance 
 

Optical Properties 

When the diameter is held constant, increasing the length will red-
shift the position of the longitudinal resonance while the transverse 
resonance will remain unaltered. 
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Nanoparticles as catalysts 



Nanoparticles as catalysts 



T. Sato and H. Ahmed 'Observation of a Coulomb staircase in electron transport through a 

molecularly linked chain of gold colloidal particles' Appl. Phys. Letts., 1997, 70, 2759-2760 
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Nanotoday  



Generating heat with metal nanoparticles 

Govorov et al. Nanotoday 2007, 2, 30-38  
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There are two major effects, which are responsible for different properties of the bulk material to the materials at the 

nanoscale.  

First, in nanoscale materials the number of surface atoms is a large fraction of the total. 

Second, the intrinsic properties of the interior of nanocrystals are transformed by quantum size effects 

 

Changes arise through systematic transformations in the density of electronic energy levels as a function of the size of 

the interior, known as quantum size effects. Nanocrystals lie in between the atomic and molecular limit of discrete density 

of electronic states and the extended crystalline limit of continuous bands. 

 

A property that changes to nanocrystals is that the melting temperature of a nanocrystal is lower than the melting 

temperature of the bulk. 
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Quantum Dots

Nanoparticles - From Theory to Application
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Density of states in metal (A) and semiconductor (B) 

nanocrystals. In each case, the density of states is 

discrete at the band edges. The Fermi level is in the 

center of a band in a metal, and so kT will exceed the 

level spacing even at low temperatures and small 

sizes. In contrast, in semiconductors, the Fermi level 

lies between two bands, so that the relevant level 

spacing remains large even at large sizes. The 

HOMO-LUMO gap increases in semiconductor 

nanocrystals of smaller size.  
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Quantum Dots

Nanoparticles - From Theory to Application
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Fluorescent bio-labels  

Photovoltaics 

Nanotoday 2005, 2, 20  
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Mouse 3T3 fibroblasts labelled with CdSe quantum  

dots. Red photoluminescence dots where designed  

to target the cytosketal filaments. Green – emitting  

where designed  to bind to the cell nucleus.   

Nanotoday 2005, 2, 20  



Photovoltaics 
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