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3D confinement

Fullerenes

Colloidal particles

Nanoparticles silicon

Activated carbons

Nitride and carbide particles in high-strength low-alloy steels
Semiconductors particles in a glass matrix for non-linear
optical components

Semiconductor quantum dots (self-assembles and colloidal
components

2D confinement

Carbon nanotubes

Metal and magnetic nanowires

Oxide and carbide nanorods

Semiconductor quantum wires

1D confinement

Semiconductor quantum wells and super lattices

Clay platelets

Grain boundary films

Magnetic multi-layers

Langmuir-Blodgett films
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1- outermost electronic energy levels
2- undergo metal- insulator transitions
3- forbidden energy band gap
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Effects Applications
Higher surface to volume ratio, enhanced reactivity | Catalysis, solar cells, batteries, gas sensors
Lower percolation threshold Conductivity of materials
Increased hardness with decreasing grain size Hard coating, thin protection layers
Narrower band gap with decreasing grain size Opto-electronics
Higher receptivity with decreasing grain size Electronics, passive components, sensors
Increasing wear resistance Hard coatings, tools
Lower melting sintering temperature Processing of materials, low sintering materials
Improved transport kinetics Batteries, hydrogen storage
Improved reliability Nanoparticle encapsulated electronic components
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1-Vapor phase deposition
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1- microemulsion-mediated solvothermal route
2- reversed micelles method

3- semi-batch crystallizer process

4- template-assisted method

5- self-organized formation

6- electrodeposition

7- self-assembly monolayers

8- thermoevaporated stearic membrane

9- polyanionic additives
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1- Klabunde
2- Marchin
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