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NANO TECHNOLOGY 
 
Nano means 10-9.  A nanometer is 1 billionth or 10-9 of a meter.  Nanomaterials 
could be defined as those materials which have structured components with size 
less than 100nm. 

1nm=10-9m 
 

Properties of Nano particles are over other materials:-   
Most of properties of solid depends on size of solid.  The properties of nanoscale 
materials are very much different from those at a larger scale.  Two principal 
factors cause the properties of nanomaterials to differ significantly from other 
materials: (1). Increased surface to volume ratio and (2) quantum effects.  These 
factors can change or enhance the properties such as reactivity, strength and 
electrical characteristics. 
 
Nanoscience and nano technology 
Nano technology is an emerging engineering discipline that applies methods 
from nanoscience to create products. The difference between nanoscience and 
nano technology is that between theory and practice.  Nanoscience is the study 
of phenomena and objects at the nanoscale and nano technology deals with the 
ability to develop and use the technology to manipulate and observe at 
nanoscale.  Nano science is the study of nano structures and nano technology is 
the application of these knowledge in different industries. 
 
Increase in surface to volume ratio. 
Nano materials have a relatively large surface area when compared to the larger 
form of the materials of same volume (or mass) 
Let us consider a sphere of radius r 
 
Its surface area  = 4𝜋𝑟2 

Volume  = (
4

3
) 𝜋𝑟3 

Surface area to its volume ratio = 
4𝜋𝑟2

4

3
𝜋𝑟3

 = 
3

𝑟
 

 
When the radius of sphere decreases its surface area to volume ratio increases.  
When size decreased the surface area increases and properties like surface 
reactivity, catalytic activity, electrical and thermal conductivity melting point, 
mechanical strength, magnetic property change remarkably. 
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Given volume is divided into smaller pieces, the surface area increases. When 
particle size decreased, a greater proportion of atom are found at the surface 
compared to those inside. 
 
30nm – 5% of atoms at its surface 
10nm – 20% of atoms at its surface 
3nm – 50% of atoms at its surface 
 
Thus nano particles have a much greater surface area per given volume 
compared with larger particles.  It makes material more chemically reactive as 
chemical reaction occurs at surfaces.  In some cases materials which are 
chemically inert in their bulk form became reactive in their nano scale form eg. 
Gold.  This affects their strength or electrical properties.   
 
When gold is reduced to nanoscale, it’s colour, melting point and chemical 
properties will change.  Nanogold does not act like bulk gold.  Opaque 
substances become transparent. 
 
Quantum confinement effect  (Reduction of dimensionality) 
Quantum effects can begin to dominate the behaviour of matter at the 
nanoscale effecting optical, electrical and magnetic behaviour of materials.  
Quantum confinement is the restricted motion of randomly moving electron in 
specific  energy levels, when the dimension of a material approaches the de-
Broglie wavelength of electron.  When this occurs the properties change 
significantly because energy levels become discrete and motion of electrons 
becomes restricted.  Based on the number of dimension  that are confined, 
nanostructures are classified as quantum well (nanosheet), quantum 
wire(nanowire), and quantum dots. 
 

a) Nanosheets 
In nanosheets confinement is present in only one dimension.  That is carriers are 
allowed to move freely along a two dimensional plane. 
Suppose the confinement is present along z direction to a small distance Lz and 
free to move along X and Y directions/  Schrodinger equation in this case is 
 

 [−
ℏ2

2𝑚

𝜕2

𝜕𝑧2
+ 𝑉(𝑧)] 𝜓(𝑧) = 𝐸𝑧𝜓(𝑧)  

 
The wavefunction and energy in this case is  
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𝜓𝑛(𝑥, 𝑦, 𝑧) = (
2

𝐿𝑧
)

1
2

 𝑠𝑖𝑛 (
𝑛2𝜋 𝑧

𝐿𝑧
) 𝑒𝑖𝑘 𝑥𝑥

𝑒𝑖𝑘 𝑦𝑦
 

 

𝐸𝑛 =  
𝜋2𝑛2

2ℏ2

2𝑚𝐿𝑧
2

+
ℏ2𝐾𝑥

2

2𝑚
+

ℏ2𝐾𝑦
2

2𝑚
 

 
A thin layer of low bandgap semiconductor sandwiched between two layers of 
another semiconductor with a large bandgap is an example to this kind of 
confinement. 
 
 

 
 

Particles can move along x and y directions freely, and confined along z 
direction by a small distance Lz 

 
b) NanoWire 

In a nanowire, carriers are confined in tow dimension and allowed to move 
freely along one diemesion.  Suppose the carriers are confined in Y and Z 
directions to small distance Ly and Lz respectively and free to move in X direction 
then the wave function and energy will be. 
 

𝜓𝑛(𝑥, 𝑦, 𝑧) = (
2

𝐿𝑦
)

1
2

 (
2
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2
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𝐿𝑧
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𝐸𝑛 =  
𝜋2ℏ2

2𝑚
[
𝑛𝑦
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Motion of carrier in carbon nanotube is an example for this kind of confinement 
 

c) Quantum dot 
If the carriers are confined in three dimensions, then the nanostructure is called 
a quantum dot.  In this case Schrodinger equation is 

−ℏ2

2𝑚
∇2𝜓(𝑟)̅̅ ̅̅ + 𝑉(𝑟)̅̅ ̅̅ 𝜓(𝑟)̅̅ ̅̅ = 𝐸𝜓(𝑟)̅̅ ̅̅  

 
The corresponding wavefunction and energy is  
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2
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Spatial confinement 
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Nano particles with a fraction of nanometre to a few tens of nanometre size can 
be treated as example of three dimensional confinement of carriers. 
 
Excitons  
When an atom at a lattice site loses an electron, the atom acquires a positive 
charge and is called a hole.  If the hole remains localised at the lattice site and 
the detached negative e electron remains in its neighbourhood, it will be 
attracted to the positively charged hole through coulomb interaction and can 
bound to form a hydrogen type atom.  This bound pair of electron-hole is known 
as exciton. 
 
Exciton has the properties of a particle.  It is mobile and able to move around 
the lattice.  The electron and hole forming a given exciton could be physically  
close to each other or separated by a few lattice spacing.  The exciton radius can 
be taken as an index of the extent of confinement experienced by nanoparticle.  
For weak confinement, d>aeff  and for strong confinement, d<aeff if d>>aeff there 
is no confinement.  Under weak confinement condition , the exciton can 
undergo  unrestricted translational motion and in strong confinement condition 
translational motion is restricted.  Weakly bound electron hole pair is called 
mott-wannier exciton and strong bound exciton is called Frenkel exciton. 
 

 
Structure QC Number of 

Free direction 

Bulk solid 0 3 
Quantum well / 
Nanosheet 

1 2 

Quantum wire 2 1 

Quantum dot/ 
Nanocrystal 

3 0 
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Properties:- 
The physical, chemical, electronic and magnetic properties depend on the size 
of the material. 
 

1. Electrical properties:- 
In nanoscale electrical properties depend on size.  The resistance of a material 
is due to the scattering of conduction electrons with vibrating atoms and 
impurities.  The mean distance travelled between two successive collision is 
called mean free path and scattering length.  When the dimension of solid 
become comparable to this quantity, the scattering probability decreases and 
hence electrical properties change.  When its size is in the order or mean free 
path or deBroglie wavelength of electrons or holes which carry current, 
electronic structure of the system changes completely. 
 
The change in electrical properties can not be generalized.  In nano ceramic and 
magnetic nano composites the electrical conductivity increases with reduction 
in particle size and decreases in metals.   
 
Energy of particles inside a potential box 
 

𝐸𝑛 =
𝑛2ℎ2

8𝑚𝐿2
   Where n2 = 𝑛1

2 + 𝑛2
2 + 𝑛3

2 

 
In metal L = 1cm, separation between consecutive energy level is in the order of 
10-14eV. Ie energy levels are continuous. 
 
When L= 100nm, separation between energy levels is in the order of 10-4eV.  
Thus we conclude that energy levels are discrete in nano sized materials. 
 
 

2. Optical properties:- 
Depending on particle’s size, different colours are seen.   Gold nanospheres of 
100 nm appears orange in colour while 50nm nanosphere appear  green in 
colour.  In nano sized semiconductors particles quantum effects come in to play 
and optical properties are varied by controlling its size.  This particle can be 
made to emit or absorb specific wavelength of light according to their size. 
 

3. Mechanical properties:- 
In nanomaterials mechanical properties like hardness, young’s modules, yield 
strength, fracture toughness etc. show significant variation.  At nanoscale, 
strength of metal enhances.  For instance nanocrystalline nickel is as strong as 



7 
 

hardened steel.  Copper with average grain size of 6mm has five times higher 
micro hardness compared to a sample having grain size of 50𝜇𝑚.  The variation 
of ration of young’s modulus of nanocrystalline materials (E) to that of material 
having conventional grain size (Eo) as a function of grain size is given below 
 

 
 
Ratio of Young’s modulus of nanocrystalline materials to (E0) of conventional 

grain size material as a function of grain size. 
 

Some observations of the mechanical behaviours of nanostructured materials 
prepared by gas condensation method are 

1. 30-50% lower elastic  modulus than for conventional grain size materials 
2. 2-7 times higher hardness and strength for nanocrystallines pure metals   

( 10nm grain size) 
3. Super plastic behaviours in brittle ceramic  

Applications  
Nano particles are “the small particles with a big future”, Because of their 
extremely small particle size, they have extremely large specific surface area.  
Hence they are chemically very active.  They are stronger and more ductile.  They 
have electric state quite different from those of bulk. 
 
1. Material Technology 

• Harder metals 

• Fillers in replacement in body part and metal -car tyres 

• Sunscreen, self cleaning windows,  

• lipsticks 

• Lubricants 
2. Information Technology 

• Information storage – High density data storage 
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• Quantum electronic devices 

• Efficient display devices 

• Photonic crystals 
3. Biomedical 

• Tagging of DNA and DNA chips with bio sensitive nano particles  

• controlled drug delivery  

• Bio implant material, Artificial heart valves 
4. Energy storage  

• Hydrogen storage devices  

• Improved fuel efficiency  

• Fabrication of ionic batteries 

• Magnetic refrigeration. 
 




