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Fig. 1. (a) (10 10) Non-defective armchair carbon nanotube;

(b) numbering of carbon atoms in six-membered ring.
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Table 1.  Carbon nanotubes containing diatomic  va-

cancy defects.
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Fig. 2. Local atomic configuration of carbon nanotubes containing diatomic vacancy defects corresponding to numbers 1-6 in Table 1.
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Fig. 3. Carbon nanotubes with polyatomic vacancy defects:
(a) Polyatomic vacancy defects distributed along the axial
direction; (b) polyatomic vacancy defects distributed along

the circumferential direction.
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Fig. 4. Non-defective carbon nano-peapod.
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Fig. 5. Defective carbon nano-peapod.
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Table 2. Effect of diatomic vacancy defects on
mechanical properties of carbon nanotubes under

axial compression.

% WERELII/GPa  WRBRIAZE/%  FRPEELEE/GPa
1 27.96 3.76 743.6
2 28.26 4.00 706.5
3 28.28 4.00 707.0
4 29.06 4.24 685.4
5 31.21 4.20 743.1
6 30.34 4.30 705.6
7 40.86 4.85 842.5
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Fig. 6. Buckling instability configuration of carbon nan-
otubes with polyatomic vacancy defects under axial loading:
(a) Carbon nanotubes with polyatomic vacancy defects dis-
tributed along the axial direction; (b) carbon nanotubes
with polyatomic vacancy defects distributed along the cir-

cumferential direction.
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Fig. 7. Variation of elastic modulus of carbon nanotubes

with the number of missing atoms when polyatomic va-

cancy defects occurs.
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Fig. 8. The variation of force on C60 molecule with the dis-

tance of its motion in a cycle.
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Fig. 9. Variation of the oscillation frequency of C60 mo-

lecule with the number of missing atoms in carbon tubes.
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Simulation of static and dynamic mechanical characteristics of
carbon nanotubes and carbon nano-peapods with defects”
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Abstract

The static and dynamic mechanical characteristics of carbon nanotubes with double and multiple vacancy
defects are simulated by the molecular dynamics method. Firstly, the effects of diatomic and polyatomic
vacancy defects on the quasi-static mechanical properties of carbon nanotubes are discussed. Then, the effects of
defects and axial pre-stress on the dynamics of C60 molecular oscillation in carbon nano-peapods are discussed.
The results show that the ultimate stress, ultimate strain and elastic modulus of carbon nanotube containing
different types of diatomic vacancies are significantly reduced as compared with those of non-defective carbon
nanotubes. When the carbon nanotubes have many defective atoms and the defects are connected together to
form a crack, the axial compressive properties of the carbon nanotubes are greatly reduced. Compared with the
circumferential development of cracks, the cracks along the axis greatly reduce the compressive capacity of
carbon nanotubes, which is similar to that of shell models with cracks. The oscillation frequency of C60
molecular in defective carbon nano-peapods is affected by the number of missing atoms. The single vacancy
defect increases the oscillation frequency of C60 molecule, while with the further increase of vacancy number,
the oscillation frequency of C60 molecule decreases gradually. When the defective carbon nano-peapod has axial
tensile or compressive pre-stress, the oscillation of the C60 molecule is affected not only by the defects, but also

by the axial pre-stress, which makes the oscillation of C60 molecule more complicated.

Keywords: carbon nanotubes, carbon nano-peapods, defects, static and dynamic mechanical characteristics
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