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Abstract. Carbon nanotubes (CNTs) can be synthesized from amorphous 

carbon thin films by electron irradiation in the transmission electron microscope 

(TEM). We propose that irradiation effects impart a tensile stress and introduce 

defects to a CNT thus formed and show that the CNTs can be made to fracture 

by a brittle or ductile mechanism. We also report a healing of the carbon film 

that is observed after some critical amount of irradiation.

TEM is normally only used to characterize CNTs synthesized by standard 

techniques, such as arc discharge, laser ablation, or chemical vapor deposition 

(CVD); however, Troiani et al.
1,2

 have shown that it is also possible to use 

electron irradiation in a TEM to construct single-walled carbon nanotubes 

(SWCNT) from an amorphous carbon film. In this method, two through-holes 

are created in an amorphous carbon film using electron-beam irradiation in a 

TEM. A thin graphitic fiber forms in between the two holes and is narrowed 

until forming a SWCNT. Here we show that by controlling the current density 

on a CNT formed by this technique, it is possible to cause fracture and to 

observe the fracture mechanism in the TEM. We observe that the CNT fractures 

either by a brittle or ductile fracture mechanism, depending on the amount of 

current density on the sample. 


