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THE LEGENDS AND MYTHS OF NANOTECHNOLOGIES: WHAT IS A 

REAL NATURE OF ELASTIC PROPERTIES OF NANOCRYSTALLITES 
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Nanocrystalline materials have already played an important role in mankind’s 

history, their use ranging from ancient Damascan swords to modern lithium batteries.  

Today the physics of nanocrystalline solids continues to attract growing interest due 

to their extraordinary properties such as enhanced hardness, enlarged plasticity, and 

superior magnetic properties.  Since the elastic properties are tightly related to the 

lattice dynamics, clear understanding of 

the atomic vibrations in nanocrystalline 

materials is important. A key characteristic 

of atomic dynamics is the density of 

phonon states (DOS), which gives a 

frequency spectrum of atomic vibrations 

and provides a complete description of the 

elastic and thermodynamic properties. The 

experimentally-determined DOS of 

nanocrystalline systems reveals striking 

anomalies such as broadening of the 

phonon peaks and enhancement of the 

phonon states at low and high energies. 

These anomalies are generally believed to 

result from atoms at the nanograin surface, 

which can amount to ~65% of the volume 

for a grain of 2 nm in size.  

Contrary to the general believes, we 

found [1] that the atomic vibrations in 

nanograins are actually identical to those in the bulk even for extremely small grain 

sizes d (Fig.1).  The anomalous dynamics of nanocrystalline materials arises in fact 

from the atomic vibrations in the disordered interfaces.   
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