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Experimental evidence: 
Motta et al., Advanced Materials, 2007 

Theory: 





Buckling pressure of long cylindrical shells 

Pressure around a cylindrical cavity in 
a “liquid-like” materal: interaction 

between the nanotubes 

Buckling pressure of nanotubes in a bundle 



Theory vs MD (MD by Elliot et al., Physical Review Letters, 2004) 



Self-collapse condition 

Self-collapse radius 



Nanotube  
number 

Number N  
of walls 

Diameter of the 
internal wall [nm] 

Collapsed (Y/N) 
Exp. & Theo. 

1 1 4.6 Y 
2 1 4.7 Y 
3 1 4.8 Y 
4 1 5.2 Y 
5 1 5.7 Y 
6 2 4.2 N 
7 2 4.6 N 
8 2 4.7 N 
9 2 6.2 Y 
10 2 6.5 Y 
11 2 6.8 Y 
12 2 6.8 Y 
13 2 7.9 Y 
14 2 8.3 Y 
15 2 8.3 Y 
16 2 8.4 Y 
17 3 14.0 Y 



Fracture Mechanics 

Predicted bundle strength 

Maximum strength 



Strength increment up to 30% 

Strength self-collapsed/strength 
not self-collapsed 

Self-collapsed radius 

Maximum ratio 



Dog-bone configurations 

Peapods:  
fullerens in a nanotube  

Critical buckling pressure  
vs fullerene (linear fractional) 

content 



Self-rolling of graphene nanoribbons due to the competition between 
surface (vdW), initially prevailing, and elastic (bending), finally 

prevailing, energies: formation of nanoscrolls (SEE MOVIE) 

Work performed 
 in collaboration  

with the H. Gao’ group 
(LAMMPS MD simulations) 



Geometry 

Length 

Constant length: one degree of freedom, 
 e.g. the core radius  



Bending energy per unit area 

Stored bending energy 

Change in bending energy 



Equilibrium can be calculated imposing  dE=0 

Bending energy 

Surface energy 

Total energy 



Close agreement with MD simulations 

Equilibrium 



No best fit 



By applying an electrical field we can tune the effective surface energy 
and the core radius and thus we can control the fluid (here water) flow 



Pressure inside the 
nanoscroll: new energy 
term in the equilibrium 

equation 

Gigapascals are required to 
open (in an explosive way, 
i.e. the process is unstable) 

the nanoscroll.   



Lagrange Equation 
and breathing motion 

Natural frequency of the 
system can be deduced 



We can open the nanoscroll 
under resonance!  
Smart nanovectors. 



But expansion prevails over rolling:  
we fixed the core radius inserting a CNT… 



Net (positive or negative) 
driving force 

and Lagrange equation 



Theory and MD (still to be submitted, 
 similar to the previously discussed one for nanotube bundle/crystals) 
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