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Fig. 1. Schematic diagram of carbon nanotube structure.
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Fig. 2. Schematic diagram of the minimum torsional period angle of the six SWCNTs: (a) 90°% (b) 72°% (c) 60°% (d) 45° (e) 36°;

(f) 30°.
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Fig. 3. The (8, 0) SWCNT model diagram after torsion
(Torsional strength = 3.52 (°)/A).
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Fig. 4. Schematic diagram of the torsional process for (8, 0)
SWCNT.
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Fig. 5. Change in the band structure and electron localization function of (5, 5) SWCNT.
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Fig. 6. Band gap variation chart of SWCNTs: (a) Armchair SWCNTs; (b) SWCNTs in three types of carbon nanoribbons; (c) zig-

zag SWCNTs.
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Fig. 7. Diameter variation chart of SWCNTs: (a) Relationship between diameter and torsional strength for armchair SWCNTs;

(b) diameter of SWCNTs in three types of carbon nanoribbons; (c) relationship between diameter and torsional strength for zigzag
SWCNTs.
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Fig. 8. Variation of carbon bond length and carbon bond angle in SWCNTs: (a) Bond length; (b) bond angle.
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First-principles study of torsional single-walled
carbon nanotubes

Ding Yi  Sheng Lei-Mei |
(School of Science, Shanghai University, Shanghai 200444, China)

( Received 10 April 2023; revised manuscript received 28 July 2023 )

Abstract

The controllable band gap of single-walled carbon nanotube (SWCNT) has become a research hotspot. This
study introduces a torsional model that involves each rotating carbon atom along the axial direction of
SWCNT, and a detailed description of the model creation process. Two guidelines for constructing the model
are proposed, and the self-consistency of the torsion model is established through first-principles density
functional theory. Initially, the band gap map of SWCNTs under torsion is present. As the twist strength
increases, the band gap of SWCNT undergoes several phase transitions, including semiconductor-metal
transition and metal-semiconductor transition. Moreover, we investigate the variations in the average bond
length, average bond angle, and diameter of SWCNT under torsion. Furthermore, this work turns to the
analysis of carbon atomic energy statistics, revealing distinct energy changes for different types of single-walled
carbon nanotubes under identical torsion intensity. The findings shed light on the controllable band gap of
SWCNTs, offering a theoretical foundation for the development of nanoelectronic devices and microintegrated
circuits utilizing single-walled carbon nanotubes. In conclusion, this research presents a novel approach for
exploring the controllable band gap of single-walled carbon nanotube through torsional manipulation.
Theoretical insights into the behavior of SWCNTSs under torsion provide valuable contributions to the field and

pave the way for potential applications in nanoelectronics and microintegrated circuits.
Keywords: single-walled carbon nanotubes, first principles, torsional deformation, band gap
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