Study of doped carbon nanotubes by Raman spectroscopy
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Abstract - Raman spectroscopy is a straightforward technique, that requires no sample preparation, no special
environmental conditions and it doesn’t destroy the samples. In this work we study doped SWNTs doped with boron, which is an
electron acceptor to nanotubes, and phosphorous and nitrogen, which are electron donors to nanotubes, by using this technique. We
find that the Raman spectroscopy opens possibilities of detecting very small doping concentrations and understand better the dopants in
SWNTS.
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Carbon nanotubes are interesting systems to develop basic science, since they are stable systems and can
be computationally studied easily as they have only carbon atoms in its structure. Besides, nanotubes have
varied technological applications, from their use in large scale, to produce special compounds, from small
scale uses, as scanning probe microscopy tips [1]. Bus as nanoscopic systems, they are very sensitive to the
environmental conditions. It is important then, to understand the changes in their physical and chemical
properties due to doping molecules from air, surfactants in solutions, etc. The use of Raman spectroscopy
to study doped single-wall carbon nanotubes (SWNTs) is found to be a very powerful route since it is able to
detect very small amounts of dopants. In this work we study boron doped SWNTs grown by laser ablation
[2], and nitrogen and phosphorous doped SWNTs grown by chemical vapor deposition [3]. Boron is and
electron acceptor to nanotubes while phosphorous and nitrogen are electron donors. This p- or n-type
behavior can be easily distinguished by the study of the G´ band, which comes from a second order process
involving two phonons in the sp2 carbon materials. In our work we find that, when there is a n-type doping,
there is an extra peak in the G´ feature in smaller frequencies and when there is a p-type doping, the extra
peak appears in higher frequencies as compared to the pristine G´ band (see Figure 1). We study the G´
band in the doped carbon nanotubes cited above and explain this two-peak feature as coming from the
renormalization of the energies of the electrons and the phonons near charged defects in the SWNT
network. We also find that the G´ band can be used to compare the degree of charge localization in the
defective sites [4]. We also discuss diameter distribution changes due to doping and thermal dissipation of
bundled doped SWNTs.
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Figure 1 – G´ band for undoped, n-doped and p-doped SWNTs.
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