
Smart Materials: from Macroscopic to Nano Devices 

 

 

Physics/Astrophysics 
Planning Group Members: Jens Günster and Sakura Nishino Takeda 

 
Smart Materials: from Macroscopic to Nano Devices 

 
Speaker: 

Naruo Sasaki, Seikei University 
 

 
Theory of friction in nano-machines: Toward near zero-friction lubricant 

 
1. Introduction 
Nano- and micro-machines have been expected to trigger the creation of a new and 

future prominent industry. However, previous work on nano- and micro-machines has 
produced poor results, and micro-machines have been considered “machines incapable of 
movement” because of a marked increase in friction. Thus, the realization of a novel 
lubricity system and/or a novel lubricant, making it possible for microscopic machines to 
move easily, are strongly desired. Such a lubricant can also contribute to move variety of 
macroscopic objects. 
Therefore in this talk, we will discuss our recent theoretical works of nano-mechanics on 

evaluating friction force and interaction force acting between the microscopic objects, and 
costructing near-zero lubricant system, which is one of goals of our works. 
 
2. Basis of nano-friction 
As the size of the machine becomes smaller, effects of friction and adhesion due to 

physical bonding force (ex. van der Waals interaction) and chemical bonding force (ex. 
covalent bond), become stronger, which prevents machines from moving smoothly. 
Therefore it is necessary to evaluate atomic-scale friction force by dragging the nano-size 
needle on the sample surface. 
First we have developed the numerical method of evaluating atomic-scale friction force 

acting between the needle and the sample surface, and have succeeded in reproducing 
and interpreting the observed results of two-dimensional friction force map of graphite 
surface1)-2). The mechanism of imaging the two-dimensional map is clarified by studying 
the stick-slip motion of the tip. 
 
3. Superlubricity of carbon composite - graphite/C60/graphite, and C60 intercalated 
graphite film 
  Next we have recently developed graphite/C60/graphite system3)-4) [Fig.(a)] and C60 

intercalated graphite films consist of altenating close-packed C60 monolayers and 
graphite layers5) [Fig.(b)].Here Graphite/C60/graphite system, where a C60 
(soccer-ball-shaped fullerene molecule) monolayer is confined between graphite planes, 
exhibits nearly zero dynamic friction force.Furthermore, C60 intercalated graphite films 
results in superlubricity where both static and dynamic friction forces are observed to be 
very small, 0.4 nN or less.  

The mechanism of the above low friction has been tried to be explained by reducing the 
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problem to the C60 motion in graphite/C60/graphite system, proposing a concept of single 
molecular bearing [Fig.(c)]. Furthermore the role of dynamics of C60 molecule in ultra low 
friction is investigated by using atomistic simulation [Fig.(d)]. 
 
4.Conclusion 

We have developed a simulation method of atomic-scale friction and recently studied 
superlubricity of carbon composite - graphite/C60/graphite system and C60 intercalated 
graphite films, developed by our group, which are expected to provide an exciting 
breakthrough in industrial development. 
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