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Electronic properties of solids are altered with great small in particle size :

Quantum confinement

Quantization of Energy Level 43Uall (5 giva
Chemical properties  4dbwsS alliad
Mechanical properties 4SS gailiad
Optical properties 4 pa paibad

Some properties at nanoscale enabling unique applications.

opaque substances become transparent 48 ) adixall o) gall
inert materials become catalysts 48aw ) 4lalad) 3 gall

stable materials turn combustible 3_tiue & 3 ga (A3 jaiusall 3 g4l
solids turn into liquids at room temperature 4blw I 4liall o) gl
insulators become conductors 4la g 3l g (A 4l jlall 3 g4l



Melting Point Depression i) da ja alddl)
When heating a solid to a certain point, there will be enough energy to break the

bonds holding the material together.

Since the atoms on the surface are bonded to fewer atoms, they are easier to pull

apart.

At the nanoscale, Surface Area to Volume ratio increases, and thus melting

requires less energy



Effects of Surface Area to Volume ratio aaall (M) mhadl daliue <l il
The Surface Area to Volume ratio is the surface area of a shape divided

by Its volume

More surface for interaction _S) Jelaill Ao dalis
More surface energy than bulk material S/ dalas ddla

Melting point depression _leai¥l da )y (aledl|
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Change in Melting Temperature for Au Particles
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What is Melting point

Melting point of a solid is the temperature at which it changes state from
solid to liquid.

At the melting point the solid and liquid phase exist in equilibrium depends

(usually slightly) on pressure and is usually specified at standard atmospheric
pressure.

the reverse change from liquid to solid, it is referred to as the freezing point

In theory, the melting point of a solid should be the same as the freezing
point of the liquid.

In practice, small differences between these quantities can be observed.



Phase Transition A4xaiy| dla sl

Involves a thermodynamic parameter called free energy (or Gibbs free energy), G.

is a function of thermodynamic parameters
1. Enthalpy, H (the internal energy of the system) &Y!

2. Entropy S (is a measurement of the randomness or disorder of the atoms or
molecules) 4 s _8Y!

With respect to phase transformations, an important thermodynamic parameter is
the change in free energy G.

There are two contributions to the total free energy change that accompany a
Melting/solidification transition



Hundred years of thermodynamic model
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Solid core with liquid layer Liquid

Liquid Skin Meiting T1<T2<Teom
Figure 1. Three different melting hvpotheses for nanoparticles




Nanoparticles can be synthesized through homogeneous nucleation in
three medium

1.Liquid
2. Gas
3. Solid

Fundamentals of nucleation and subsequent growth are essentially
same



Quantum Size Effect sl apad) il

Can be classified by Dimension

Dimensions in the orthogonal directions X,Y,Z .i. e., Lx, y, z If the Nanoscopic Limit is Lo (comparable
to de Broglie wave length)

ILx,yv,z >=Lo No Nanomaternals MNo confinement BULK

Ix,y >Lo>L=z 2-D Nanostructures One dimensional confinement Quantum wells

A&

ILx >Lo>=Lyvy,z 1 —-D Nanostructures Two dimensional confinement Quantum wires

P 4

lLo=Lx, vy, =z 0 —D Nanostructures Three dimensional confinement Quantum dots

7




Chemical Physics of atomic and molecular clusters

Important physical and chemical properties of bulk materials:

Structure

Melting

Conduction of electricity
Solubility

Magnetism

Chemistry



Bond types in solids Nanotechnology
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Bond types in solids Nanotechnology

The small (filled) circles represent the ionic cores

The shaded areas represent an appreciable amount of the electron
Density

Note that the electronic density is not uniform.

Van der Waals or covalent bonding in many metals, particularly in

noble metals where loosely bound d electrons participate in the
bonding.



Bond types in solids Nanotechnology

In covalent crystals, one faces a set of semi-localized electrons, which
gather along the lines joining atoms together. The typical example of
such a binding is the case of diamond.

In metals the valence electrons of each atom are fully delocalized, so
that they form a nearly free uniform gas of electrons

Each electron thus loses any direct contact with the atom it was
originally bound to.



