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Introduction

• Future high-tech material and devices will make use of SWCNTs.

• SWCNT properties are strongly dependent on their geometry (chirality).

• Today’s methods for producing SWCNT gives a mixture of chiralities.
• Exceptions to normal CCVD growth

Seeding: Sanchez-Valencia, J. et al. Nature. 2014, 512.
Templating: Yang, F. et al. Nature. 2014, 510. and An, H. et al. Nanoscale. 2016, 8.

• A product with mixture of chiralities will have a mixture of properties.

• The ultimate goal is to achieve chirality-specific growth.

• A deeper fundamental understanding of how SWCNTs grow is required!
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Finite Single-Walled Carbon Nanotubes

• SWCNT-edge
• H-termination

• OH-termination

• SWCNT-cap

• SWCNT-series
• Same chiral index sum,

𝑛 +𝑚 = 𝑋

• SWCNT-fragments
• 𝐿 real length in Å

• 𝑆 length in nr of layers

• 𝐿 =
𝑙𝑐𝑐 𝑛 3𝑆+1 +𝑚 3𝑆−1 −3𝑑

2 𝑛2+𝑚2+𝑛𝑚

Zigzag (12,0) Chiral (10,2) Armchair (6,6)

10-layer capped (5,5) SWCNT-fragment

𝐿

𝑆



First Principles Calculations

• Schrödinger Equation
• 𝐻Ψ = 𝐸Ψ, 𝐻 = 𝑇𝑒 + 𝑇𝑛+ 𝑉𝑒𝑒+ 𝑉𝑛𝑛+ 𝑉𝑒𝑛
• Many-body problem (very many electrons)

• Density Functional Theory (DFT)
• Developed in the 1960s by Hohenberg, Kohn and Sham.

• Replaced individual electrons with an electron density.

Computational Materials Physics
University of Vienna



Contributions

Can the statistical abundance of certain chiralities observed in 
products be explained by SWCNT stabilities?



Stability and Abundance of SWCNTs

• Study stability of SWCNTs and its relation to CCVD products.

• Literature review
• Gather chirality from relevant CCVD experiments.

• DFT calculations
• Relative energy (stability)

• Formation enthalpy

• Model
• 6-layer H-terminated SWCNT-fragments.

• All chiralities from series: 𝑛 +𝑚 = 8, 9, 10,… , 17 and 18.



Stability and Abundance of SWCNTs

D. Hedman, A Theoretical Study: The Connection between Stability of Single-Walled Carbon 
Nanotubes and Observed Products, Luleå University of Technology. 2017.



Stability and Abundance of SWCNTs
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Contributions

What gives rise to this energy difference for SWCNTs?



Length Dependent Stability of SWCNTs

• Study if the stability of SWCNTs is dependent on their length.

• DFT calculations
• Relative energy (stability)

• Effects of different lengths, curvatures and edges.

• Model
• H-terminated armchair and zigzag SWCNT-fragments.

• From series: 𝑛 +𝑚 = 8, 10, 12, 16 and 20.

• With lengths: 𝑆 = 4, 7, 10, 13, 16, 19, 22 and 25-layers.

• Periodic SWCNTs (pure curvature effects)

• Graphene nanoribbons (pure edge effects)



Length Dependent Stability of SWCNTs

• Relative energy, Δ𝐸 = 𝐴 ∙ 𝑆 + 𝐵

• Switch in the most stable chirality.

• DFT results show linear behavior.

• Switch length, 𝑆∗ = −
𝐵

𝐴



Length Dependent Stability of SWCNTs
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Length Dependent Stability of SWCNTs

Calculated edge and curvature energies.

• Derived equations, using edge and curvature energies
• 𝐴 = Δ𝐸𝑐 ∙ 2 𝑛 +𝑚
𝐵 = Δ𝐸𝑒 − Δ𝐸𝑐 ∙ 2(𝑛 +𝑚)

• Δ𝐸 = Δ𝐸𝑐 𝑆 − 1 + Δ𝐸𝑒 ∙ 2 𝑛 +𝑚

• 𝑆∗ = 1 − 0.5 ቔ ቓ2 ∙
ΔE𝑒

Δ𝐸𝑐

𝑛 + 𝑚 8 10 12 16 20 GNR

Δ𝐸𝑐
eV

atom
0.0702 0.0452 0.0295 0.0169 0.0105 0

Δ𝐸𝑒
eV

atom
-0.2547 -0.2049 -0.1758 -0.1725 -0.1679 -0.1446

𝑆∗ 4.5 5.5 7 11 17 -



Conclusions

• The chirality of CCVD products is determined by the stability of early short 
SWCNT-fragments.

• 84% of reported CCVD products are within 0.2eV of the most stable tube in 
its series.

• Results show a previously unknown link between the most stable chirality 
and the length of a SWCNT.

• Armchair tubes are most stable at short lengths, while zigzag tubes are 
most stable at long lengths.

• This switch in stability is caused by competing edge and curvature 
energies.

• A switching length, 𝑆∗, can be defined and calculated using
these energies.



Future work

• Investigate stability of chiral tubes, do they always lie in between 
armchair and zigzag tubes?

• How are other properties of SWCNTs affected by the length of the 
tube?

• Investigate the SWCNT-metal adhesion for different metallic catalysts.

• How does these different catalysts affect the SWCNT-fragment 
stability? Can we find a metal that energetically favors the zigzag 
edge?

• Investigate the bimetallic and carbide catalysts used for templating 
growth, how does these work? Collaboration with experimentalists?



Thanks for your attention!


