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Abstract:  

The quantum nature of phenomena, dominating the behavior of nanostructures such as 

nanotubes, raises new challenges when trying to predict and understand their response to 

electronic excitations.  Addressing this challenge is imperative in view of the continuous 

reduction of device sizes, which is rapidly approaching the atomic level. Due to fundamental 

limitations imposed on observations by the quantum nature of these systems, ab initio 

computer simulations, involving a combination of time-dependent density functional theory 

for electrons and molecular dynamics for the ions, emerge as a powerful tool to understand 

and predict the behavior of nanotubes following electronic excitations [1]. 

Addressing possible limitations in the frequency response of carbon nanotube-based 

electronic components, I will discuss the microscopic decay mechanism of photoexcitations 

[2], including the cross-over from purely electronic to phonon decay channels, and show its 

temperature dependence, as shown in Fig. 1. Depending on the energy scale, electronic 

excitations may play a decisive role in determining the outcome of sputtering events by ions, 

which could induce selective structural modifications. Nanotubes, one of the most promising 

building blocks of Nanotechnology, display an unexpected defect tolerance, owing to an 

efficient self-healing mechanism, which may be triggered by electronic excitations [3]. Due 

to the long lifetime of electronic excitations in nanotubes, which is comparable to phonon 

periods, irradiation by monochromatic light emerges also as a selective and powerful 



technique to purify nanotubes from chemical impurities [4]. 
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Figure 1. Left: Time-dependence of Kohn-Sham state during a decaying an 
electron-hole excitation in a (3,3) carbon nanotube. Right: Time dependence of the ionic 
potential energy in the system [2]. 
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