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Films of single-walled carbon nanotubes (SWNTs) are promising for usage as transparent 

electrodes. Their optical response can be controlled through electrostatic doping. Despite the 

large amount of experimental data on the optical parameters of SWNT films, there is no 

theoretical approach for their satisfactory description. Currently, the quantum model of π-electron 

transitions is considered to be the most appropriate to describes the optical resonances in 

SWNTs associated with interband electron transitions [1]. However, this model cannot 

adequately describe the contribution to the optical response caused by the UV π-plasmon in 

SWNTs. 

In this work, we propose to include in the existing quantum mechanical model of SWNT 

conductivity additional terms that take into account phenomenologically the ultraviolet pi-

plasmon, as well as the contribution from σ-electrons [2]. The parameters of additional terms are 

proposed to be determined from experimental data obtained for the optical conductivity of 

graphene. Such a microscopic approach makes it possible to describe the optical spectra of 

SWNT films. It predicts strong suppression of the transvers response of SWNTs due to the 

depolarization effect. In addition, the proposed approach satisfactorily describes the experiments 

[3] on observing an azimuthal plasmon in doped SWNT films. It explains why an azimuthal 

plasmon occurs for electrostatically doped SWNT films in ionic liquids and only for heavily doped 

SWNT films in the air. 

We have also developed the scattering theory for SWNT bundle when the incident light is 

polarized perpendicular to the bundle axis. We showed that bundling cannot significantly change 

the height and frequency of the azimuthal plasmon peak in the absorption spectrum of the doped 

SWNT film. 

The developed microscopic approach can be useful for the description of the optical 

parameters of SWNT films for different optoelectronic applications. 
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