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Abstract: In this work, I filled the single-walled carbon nanotubes (SWCNTSs) with cobalt diiodide.
The electronic properties were investigated by optical absorption spectroscopy, Raman spectros-
copy, photoemission spectroscopy. It was proven that there is the charge transfer in the filled
SWCNTs. The p-doping of SWCNTs in filled SWCNTs was confirmed. This is important for appli-
cations of filled SWCNTs in light emitters, thermoelectric power generation devices, sensors, nano-
electronics.

Keywords: electronic properties; cobalt diiodide; carbon nanotube; optical absorption spectroscopy;
Raman spectroscopy; photoemission spectroscopy

1. Introduction

Single-walled carbon nanotubes (SWCNTs) attract attention of research, because of
unique chemical, and physical properties [1,2]. The atomic structure of SWCNTs defines
the electronic properties of SWCNTs. The electronic properties of SWCNTs can be metal-
lic, or semiconducting. The SWCNTs are synthesized by arc-discharge, laser ablation, and
chemical vapor deposition methods. In all cases, the mixture of SWCNTs with different
electronic properties are obtained. It is impossible to use these samples in applications,
because they have inhomogeneous properties [3]. The approach to control the electronic
properties of SWCNTs is the filling of channels of SWCNTs. It was shown that channels
of SWCNTs can be filled with metals, inorganic substances, and metalorganic compounds.
These substances allow tailoring the electronic properties of SWCNTs for applications.
The application of SWCNTs are presented in Figure 1 [4].

Applications of
Solar cells . - ‘ Electrochemical
\ energy storage

filled SWCNTs

Mater. Proc. 2023, 14, x. https://doi.org/10.3390/xxxxx

www.mdpi.com/journal/materproc



Mater. Proc. 2023, 14, x FOR PEER REVIEW 2 of 3

Figure 1. Applications of filled SWCNTs [4]. Copyright 2023 by the authors. Licensee MDPI, Basel,
Switzerland. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license.

2. Experiments

The SWCNTs were mixed with cobal diiodide (Col2) in a quartz ampoule. The am-
poule was sealed under vacuum. The ampoule was heated to the temperature above the
melting point of Colz (Tsynthesis= 615 °C). The ampoule was slowly cooled down to achieve
the good crystallization of substances inside nanotubes. The details on the synthesis can
be found in paper [5].

3. Results

The samples were investigated by optical absorption spectroscopy (OAS), Raman
spectroscopy, photoemission spectroscopy. The optical absorption spectroscopy is the
method of investigation of the electronic properties of SWCNTs that allows extract the
information on charge transfer. The OAS spectra of Colz-filled SWCNTs is presented in
Figure 2 [5]. It is visible that there is the vanishing of the first peak in the spectrum of the
filled SWCNTs. This is because of the depletion of optical transitions between the valence
band, and conduction band. This is a result of charge transfer between the introduced
substance, and carbon nanotubes. There are similar results of investigations of filled
SWCNTs with OAS for other fillers [6-12].
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Figure 2. The OAS spectra of cobalt diiodide—filled SWCNTs [5]. Copyright 2022 by the author. Li-
censee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY) license.

Raman spectroscopy is a method of investigation of the electronic properties of
SWCNTs that gives the information about charge transfer. The results of Raman spectros-
copy for Colz-filled SWCNTs confirmed the charge transfer in filled SWCNTSs, and these
results are in agreement with the OAS data.

Photoemission spectroscopy results also provide valuable information on the charge
transfer in the filed SWCNTs. They confirm p-doping of SWCNTs. These results are very
important for applications of filled SWCNTs in light emitters, thermoelectric power gen-
eration devices, sensors, nanoelectronics.
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4. Conclusions

In this work, I filled the SWCNTSs with cobalt diiodide. I investigated the electronic
properties of filled SWCNTs by OAS, Raman spectroscopy, and photoemission spectros-
copy. It was proven that there is the charge transfer between the encapsulated substances,
and carbon nanotubes. The p-doping of SWCNTs was confirmed in the filled SWCNTs.
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