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Two dimensional transducers for nanoscratching experiments 
were first developed in 1997. Nanoindents provide hardness 
and elasticity modulus that suffer from an “indentation size 
effect”. We report now on diverse aspects of the new 
possibilities. Previously, the normal force was fitted to the 
indentation depth by a power series. However, a quantitative 
evaluation reveals now proportionality of normal force and 
(normal displacement)3/2. The slope of the 1.5 exponential plot 
provides the indentation coefficient of dimension [µN.nm-1.5]. 
It represents the sensitivity of the crystal that differs on 
different faces. Interestingly, any kink in the 1.5 exponential 
plot points to pressure induced phase transformation, that can 
therefore be most easily detected. The 1.5 power law also 
scrutinizes the validity of the previously defined “friction 
coefficient (lateral force / normal force)” for all of the 
amorphous and varied crystalline materials (infinitely 
covalent, salts, metals, molecules with or without hydrogen 
bonding). It could be shown that the lateral force is 
proportional to the 1.5th power of the normal force upon 
constant-rate-nanoscratching. The slope of the 1.5 exponential 
plot with dimension [µN-0.5] is the scratch coefficient. It 
quantitatively describes the crystal’s response on different 
faces (e.g. of quartz) and in different directions depending on 
the anisotropy of the structure and is more precise than the 
“scratch resistance”. Cleavage planes or channels are very 
important for the anisotropies in all types of crystals. The 
various features obtained on the same surface of molecular 
crystals depend primarily on the relative orientation of 
cleavage planes that may be normal, skew, or parallel under 
the surface. For example, on (110) of anthracene or 
thiohydantoin (exhibiting skew cleavage planes) one obtains 
either complete abrasion of material, or migration of 
molecules to both sides and in front, or only to the right, or 
only to the left side just by proper choice of the scratch 
direction. The migrated molecules coming up over the surface 
form solid hills on the surface that extend up to 5 or 10 µm 
from the scratched ditch and there is no loss of material. If the 
cleavage planes are vertical under the surface (an example is 
thiourea under (100)) molecular migrations to both sides or 
sharply in front occur when the scratching crosses or follows 
the cleavage plane direction. Exclusive abrasion (eventually 
with some loose deposit of debris) arises by scratching against 
skew cleavage planes or on layer surfaces and in the case of 
3D-interlocked structures (without any possibility for 
migrations). Very detailed new effects of crystal dynamics are 
derived and can be used not only for diverse  surface modeling 
in relation to the packing characteristics. Also the direct study 
of molecular migrations within crystals is an invaluable 
advance for the understanding of solid-state chemistry 
including face-selective chemistry both in salts and molecular 
crystals. The possibility for molecular migrations within the 
crystal is the basis for chemical solid-state reactivity, though. 
If migrations are structurally impeded no reactions can occur. 
The new experimental tool allows to study such migrations in 
more detail without the complications of molecular change.  

 

 

 

 


