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Optical properties of carbon nanotubes 
 
 
Carbon nanotubes are hollow tubes made entirely from 
carbon with diameters in the nanometer range such as the 
one shown in the picture below. Nanotubes are promising 
candidates for nanoscale light-emitters and many other 
optical applications, especially in the infrared wavelength 
region of interest for e.g. optical communication. Because 
nanotubes can be both semiconductors and metallic 
depending on the diameter and “twist” they display highly 
interesting features. 

 
We have studied in detail the unique optical 
properties of carbon nanotubes using a variety of 
theoretical tools including excitonic effects in 
semiconducting nanotubes. A demonstration of 
the importance of excitons is found in the figure 
here comparing the absorption spectrum with 
and without excitonic effects.  
 
 

Also, as shown in this figure, the exciton 
binding energy is extremely large and 
correlates very well with experimentally 
measured excitation energies for a wide 
range of nanotubes. 
 
 
 
 
As a separate investigation the nonlinear optical properties and electro-optic are calculated. 
These are very important for applications such as lasers, high-field emitters, saturable 
absorbers and electro-optic modulators.   
 
 
The plot to the right illustrates a non-
perturbative calculation of the electro-optic 
response of a (7,0) carbon nanotube. The 
resonances coincide with the band gaps of the 
nanotube. In addition, completely analytical 
approximations have been obtained.  
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Biexcitons are four-particle complexes comprised of two 
electrons and two holes. They are produced under intense 
excitation by high-power lasers. We have demonstrated 
that such complexes are highly stable in nanotubes and 
should be clearly detectable in experiments.  
 
 

To guide experiments, we have computed the 
response of nanotubes pumped by an intense laser 
and probed by a weaker beam. The plot to the right 
shows that the probe beam will experience either 
increased absorption (red areas) or reduced 
absorption (blue areas) depending on the probe 
photon energy. Subsequent to our work, biexcitons 
have indeed been seen in measurements based on 
pump-probe spectroscopy (Y.Z. Ma et al., Molecular 
Physics 104, 1179, 2006).  
 

 
In a separate project, we investigate the 
nonlinear optical properties of carbon 
nanotubes. In particular, optical second 
harmonic generation has been analyzed 
theoretically and it is hoped that 
experiments will follow soon. Our 
predictions are that nanotubes possess 
very large optical nonlinearities, which 
peak for diameters around 15 Å. 
Moreover, semiconducting species are 
found to show larger response than 
metallic ones. So far, excitonic effects 
have not been considered in the 
nonlinear response but we aim to correct 
this in the future. In the spectra to the 
left, the nonlinear response of (2n,n) 
nanotubes are compared. 
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