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EFFECT OF NANO-DIMENSIONS ON MATERIALS 
BEHAVIOUR

1. Elastic properties

• Nanomaterials, by virtue of their very high defect concentration, may 
have considerably lower elastic properties in comparison to bulk 
materials.

2. Melting point

• In other words, as the grain size is reduced, the melting point is 
lowered.

• It has been observed that nano-CdS of diameter ~ 2.5 nm melts at 
600 K, much lower than the bulk melting point (1675 K).



3. Diffusivity

• nanocrystalline materials are expected to exhibit enhanced 
selfdiffusivity in comparison to single crystals or conventional 
polycrystals with the same chemical composition. 

• This idea was confirmed by self-diffusion measurements in 
nanocrystalline Cu. The measured diffusivities in nanocrystalline Cu 
are about 14–20 orders of magnitude higher than lattice diffusion.
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4. Grain growth characteristics

• Nanocrystalline materials have a significantly larger surface area per 
unit volume fraction of grain boundaries compared to microcrystalline 
solids. 

• the smaller the crystallite size, the larger in the surface area per unit 
volume. 



• 5. Enhanced solid solubility

• hence the solubility may be enhanced (or reduced) in nanocrystalline
materials in comparison to single crystals or glasses with the same 
chemical composition.
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• 6. Magnetic properties

• The study of magnetic nanoparticles has seen a large research effort 
in recent years. The main driving force for this increased interest is 
their application potential in vital areas like ultrahigh density 
magnetic storage devices, magnetic random access memory (MRAM), 
magnetic semiconductors, etc. 
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• 7. Electrical properties

• Nanomaterials can hold considerably more energy than conventional 
coarse-grained materials because of their large grain boundary 
(surface) area. 

• They are materials in which an optical absorption band can be 
introduced, or an existing band can be altered by the passage of 
current through these materials, or by the application of an electric 
field. 

• Nanocrystalline materials are good candidates for separator plates in 
batteries because they can hold considerably more energy than 
conventional ones. 
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• 8. Optical properties

• Nanocrystalline systems have attracted much interest due to their 
novel optical properties, which differ remarkably from bulk crystals.

• Key contributory factors include quantum confinement of electrical 
carriers within nanoparticles, efficient energy and charge transfer 
over nanoscale distances and, in many systems, a highly enhanced 
role of interfaces. 

• The linear and non-linear optical properties of such materials can be 
finely tailored by controlling the crystal dimensions, and the 
chemistry of their surfaces. Fabrication technology becomes a key 
factor for the applications.
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• 9. Thermal properties

• In general, increasing the number of grain boundaries will enhance 
phonon scattering at the disordered boundaries, resulting in lower 
thermal conductivity. 

• Thus, nanocrystalline materials would be expected to have lower 
thermal conductivity compared to conventional materials. 



• 10. Mechanical properties

• The mechanical behaviour of nanocrystalline materials is being widely 
researched, because of their radically different properties.

• The tensile, work hardening, fatigue and deformation behaviour of 
nanocrystalline materials are significantly different from that of their 
bulk counterparts due to the complex interaction of the defect 
structures. 
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SUMMARY
• The unique properties of nanomaterials arise from their small size and 

structural features such as large fraction of grain boundaries, triple 
junctions, etc. 

• Initially, it was thought that the grain boundaries in nanomaterials are ‘gas-
like’; recently, there has been significant improvement in the 
understanding of the nature of grain boundaries in these materials. 

• A number of unanswered questions remain on the extent of defects such 
as dislocations, disclinations, etc., which influence the properties of these 
materials significantly. 

• The processing routes adopted to synthesize nanomaterials can 
significantly influence the grain boundary structure and the concentration 
of other defects in these materials, which in turn can influence their 
properties.   




