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yv- Diamagnetic susceptibility
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v- Pi bond

- Lewis structure
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v- Stone-Wales transformation
v- Vacancy defect reconstruction
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Data file for the carbon nanotube
2 atom types
246  atoms

-30 30 xlo xhi
-30 30 ylo yhi
-20 80 zlo zhi

Masses

1 12;carbon
2 12;carbon

Atoms

1.017716283601125 1.762736310887324 1.230622098777687
-0.353449156058592 2.004509772914317 1.230622098777687
-2.035432567202249 0.000000000000001 1.230622098777687
-1.559231807448679 -1.308350834550070 1.230622098777687
1.017716283601124 -1.762736310887325 1.230622098777687
1.912680963507270 -0.696158938364248 1.230622098777687
2.035432567202249 0.000000000000000 2.461244197555375
1.559231807448679 1.308350834550070 2.461244197555375
1.017716283601125 1.762736310887324 3.691866296333062
10 1 -0.353449156058592 2.004509772914317 3.691866296333062
11 1 -1.017716283601124 1.762736310887325 2.461244197555375

oo ~NOOTULTDS WN -
R R R R R R R R R

237 1 -1.017716283601124 1.762736310887325 49.224883951107472
238 1 -1.912680963507271 0.696158938364248 49.224883951107472
239 1 -1.017716283601126 -1.762736310887324 49.224883951107472
240 1 0.353449156058591 -2.004509772914317 49.224883951107472
241 2 2.035432567202249 0.000000000000000 0.000000000000000
242 2 1.559231807448679 1.308350834550070 0.000000000000000
243 2 -1.017716283601124 1.762736310887325 0.000000000000000
244 2 -1.912680963507271 0.696158938364248 0.000000000000000
245 2 -1.017716283601126 -1.762736310887324 0.000000000000000
246 2 0.353449156058591 -2.004509772914317 0.000000000000000
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#Input file for MD simulation

units metal
atom_style  atomic

dimension 3
boundary ppp

read_data datafile_nvt

group fixed type 2
group free subtract all fixed

pair_style airebo 3.0 1 1
pair_coeff * * CH.airebo C C

### ENERGY MINIMIZATION ###
min_style fire

fix min fixed setforce 0 0 0

timestep 0.001

thermo 10

thermo_style custom step etotal

dump min all Xyz 10 structure_minimized.xyz
minimize 0.0 1.0e-5 1000000 100000000
unfix min

undump min

### MD SIMULATION ###

velocity free create 300 2753 mom yes rot yes dist gaussian
fix nvt_ensemble free nvt temp 300 300 0.1

fix fixed fixed setforce 0 0 0

timestep 0.001

compute myTemp free temp

thermo 10

thermo_style custom step ¢_myTemp pe ke etotal

dump 1 all xyz 10 structure_nvt.xyz

dump 2 all custom 10 velocity nvt.txt id type vx vy vz
run 100000
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Abstract

In the present research, the effect of vacancy defects on natural frequencies of carbon
nanotubes is investigated and thermoelastic damping in these materials is discussed.
The geometric structure of single-walled and double-walled nanotubes is obtained
through programming and therefore, the defects in each nanotube model are simply
generated by removing one or more atoms from the structure. Molecular dynamics
simulations of nanotube vibrations are conducted using special software. In the
problems considered, many parameters are varied in order to do a comprehensive
analysis of the systems’ responses. Natural frequencies of a nanotube are determined by
means of a transform from the time domain to the frequency domain. The results show
that in most cases, the existence of a single vacancy or vacancies with a random
distribution causes a reduction in the fundamental natural frequency of the system.
However in some of the problems, the variation of frequency shift percent with the
position of a single vacancy along a nanotube’s axis or with the concentration of
vacancy defect does not follow a specific trend. It is also noteworthy that the values
calculated for the quality factor of nanotubes at room temperature are small and as in
the particular conditions provided the inverse of quality factor represents thermoelastic
damping, this form of damping leads to significant energy dissipation in the nanotubes
at room temperature. Finally, the dependence of thermoelastic damping on temperature
and the effect of a single vacancy on dissipation in nanotubes are discussed in this
thesis.

Keywords: carbon nanotubes, vacancy defect, natural frequency, quality factor,

thermoelastic damping, molecular dynamics simulation.
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