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The topics of the course 

• Chapter One: Fundamental Properties of

Nanomaterials

• Chapter Two: Preparation Methods of

Nanomaterials

• Chapter Three: Nanomaterials

Characterization

• Chapter Four: Application of Nanomaterials



What is the Nanotechnology?

• The National Nanotechnology Initiative
characterizes nanotechnology as manipulating
matter with at least one dimension between 1 and
100 nanometers.



What is the Nanotechnology?

• NASA is defined nanotechnology as “The

creation of functional materials, devices and

systems through control of matter on the

nanometer length scale (1–100 nm), and

exploitation of novel phenomena and

properties (physical, chemical, biological) at

that length”.



How small is Nanoscale?
• Nano is Greek means dwarf but Nano is

infinitely smaller than a dwarf.

• It is one billionth of a meter or 10−9 m.



How small is Nanoscale
• The nanometer is the scale used to measure

objects in the nanoworld.



History of Nanomaterials

• Richard Feynman, a Nobel
Laureate in Physics, delivered
the inaugural lecture on the
applications of nanoscale
materials. His lecture, titled
“There’s Plenty of Room at the
Bottom,” was presented on 29
December 1959 during the
annual meeting of the American
Physical Society at the California
Institute of Technology.



History of Nanomaterials

• In 1974 Norio Taniguchi first
used the defined term
nanotechnology as: mainly
consisting of the processing of
separation, consolidation, and
deformation of materials by
one atom or one molecule



History of Nanomaterials



Some Physical Properties of 
Nanomaterials

• Magic Numbers

As previously mentioned, a
reduction in particle radius results
in an increased surface-to-volume
ratio. Consequently, the
proportion of surface atoms rises
as the particle size diminishes.
Generally, for a sphere, the
relationship between the number
of surface and bulk atoms can be
expressed by specific formulas.
The fraction of atoms FA on the
surface of a spherical nanoparticle
can be expressed as

• Surface area A and volume

V of the nanoparticles

were calculated in the

following format equations:

• rA is the atomic radius, n is

the number of atoms



Some Physical Properties of Nanomaterials

• Consider a crystalline
nanoparticle as an example: in
addition to the particle's
morphology (shape), we must
also consider its crystalline
structure.

• For demonstration purposes,
we consider a nanoparticle
exhibiting a face-centred cubic
(FCC) structure. This crystal
structure holds practical
significance, as nanoparticles
of gold (Au), silver (Ag),
nickel (Ni), aluminium (Al),
copper (Cu), and platinum (Pt)
display structure.

❖ FCC has 14 atoms on the
surface

• The total number of surface
atoms: 𝑁𝑡𝑜𝑡𝑎𝑙

𝑆 = 12 𝑛2 + 2
• The total number of Bulk

atoms:

𝑁𝑡𝑜𝑡𝑎𝑙
𝐵 = 4𝑛3 − 6𝑛2 + 3𝑛 − 1



Some Physical Properties of 
Nanomaterials

• Why is the magic number important??

1) Enhanced Stability

Nanostructures with magic numbers often exhibit
greater stability due to their optimized atomic
arrangements, leading to lower surface energies and
increased resistance to aggregation or degradation.

2) Unique Properties

The particular atomic arrangements linked to magic
numbers can yield unique electrical, optical, magnetic, or
catalytic characteristics.



Some Physical Properties of 
Nanomaterials

• Surface area-to-volume ratio

Reference of image: https://www.thepsci.eu/nano/



Some Physical Properties of 
Nanomaterials
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